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Abstract
BACKGROUND
Fistula formation is a severe adverse event related to antiangiogenetic agents such as bevacizumab and inferior mesenteric arteriovenous fistula (IMAVF) is a result of acquired factor, especially colon surgery. However, IMAVF occurs very rarely and there are few reports in patients during chemotherapy. We report a case of a patient who developed IMAVF during treatment with bevacizumab in metastatic colorectal cancer (mCRC) after colon surgery.

CASE SUMMARY
An 81-year-old man was diagnosed with descending colon cancer and underwent left hemicolectomy without any complications. He was definitely diagnosed with high-risk stage 2 and received tegafur-uracil plus leucovorin as adjuvant chemotherapy. Three years and 6 mo after the operation, the cancer relapsed with peritoneal dissemination. The patient underwent CyberKnife radiosurgery targeting the recurrent tumor and received chemotherapy with S-1 plus bevacizumab. At 1 year after chemotherapy, he complained of severe diarrhea, which is suspected drug-induced colitis. As diarrhea worsened despite the termination of treatment, he underwent colonoscopy and computed tomography (CT) scans that revealed edematous change from sigmoid to rectosigmoid colon. CT scans also revealed an aneurysm adjacent to the inferior mesenteric vein and multidetector CT angiography showed the IMAVF. Elective angiography confirmed the diagnosis of an IMAVF and it was successfully treated by arterial embolization. The patient resumed chemotherapy with only S-1 6 mo after embolization.

CONCLUSION
Clinicians should keep in mind the probability of severe diarrhea arose from IMAVF in mCRC patients treated with bevacizumab.
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Core Tip: Gastrointestinal perforation and fistula formation are s bevacizumab-induced serious adverse events (SAEs). Arteriovenous fistula may occur during bevacizumab treatment via the action of antiangiogenetic agent. Inferior mesenteric arteriovenous fistula (IMAVF) arises from acquired factors especially colon surgery, although there has been no report related to chemotherapy including bevacizumab. We report a case of IMAVF in metastatic colorectal cancer (mCRC) during bevacizumab treatment. This patient complained of severe diarrhea caused by ischemic colitis due to IMAVF. As fistula may be lethal complications, clinicians should pay attention to SAEs including IMAVF for mCRC patients during bevacizumab treatment.

INTRODUCTION
Angiogenesis is important for cancer proliferation and promotion since blood vessels in tumors supply oxygen and nutrients, which support cancer growth. Vascular endothelial growth factor (VEGF) is a key factor for angiogenesis, promoting new blood vessel formation[1-3]. Bevacizumab is a recombinant humanized monoclonal IgG1 antibody that acts as an antiangiogenic drug targeting VEGF-A related to angiogenesis and inhibits the growth of tumor vessels as well as tumor proliferation. Hence, it has survival benefits for patients with metastatic colorectal cancer (mCRC) and is a useful standard therapy not only in the first-line but also for second-line treatment of mCRC[4-6].
Major adverse events (AEs) of bevacizumab include secondary hypertension, wound healing complications, and proteinuria. Practitioners should also be aware of certain rare but fatal bevacizumab-induced AEs such as hemorrhage, thrombosis, gastrointestinal (GI), non-GI perforation, and fistula formation. Although perforation and fistula formation have been reported in various cancers, they have been predominantly observed in GI sites and very rarely in non-GI sites. Non-GI fistula formation has been reported at tracheoesophageal, bronchopleural, biliary, vaginal, renal, and bladder sites in patients treated with bevacizumab; however, few have been observed in patients with mCRC. Alternative drugs for mCRC targeting angiogenesis include aflibercept, ramucirumab, and regorafenib. The incidence of fistula formation during treatment with antiangiogenetic agents ranged from less than 1% to 1.5% across previous phase III clinical trials of mCRC, specifically 0.9% (6/694) during bevacizumab treatment[6], 1.5% (9/611) during aflibercept treatment[7], 0.8% (4/529) during ramucirumab treatment[8], and 0.4% (2/500) during regorafenib treatment[9]. 
To inform clinicians of the possibility of this rare AE, we herein report a patient who developed an inferior mesenteric arteriovenous fistula (IMAVF) during bevacizumab treatment.

CASE PRESENTATION
Chief complaints
An 81-year-old man complained of frequent diarrhea more than 10 times per day without bleeding and abdominal pain. The patient’s symptom started 1 year after the start of palliative chemotherapy with S-1 plus bevacizumab. The diarrhea worsened progressively, and we suspected S-1-induced AE. However, despite the termination of treatment for 1 mo, severe diarrhea did not improve; therefore, a careful investigation was conducted into the cause of the serious adverse event (SAE).

History of present illness
The patient was diagnosed with descending colon cancer and underwent laparoscopic left hemicolectomy without any complications at 5 years prior to this report. However, he was later pathologically diagnosed with high-risk stage 2 descending colon cancer with venous and lymph duct invasion for which he received tegafur-uracil plus leucovorin for 6 mo as an adjuvant chemotherapy. At 3 years and 6 mo after the operation, the cancer relapsed with peritoneal dissemination in front of the left kidney. Stereotactic CyberKnife radiosurgery targeting the limited margin of the recurrent tumor resulting in tumor shrinkage, and the patient went onto palliative chemotherapy with S-1 plus bevacizumab for the remaining tumors.

History of past illness
[bookmark: OLE_LINK134][bookmark: OLE_LINK135]He underwent surgery for appendicitis in his 20s and received Helicobacter pylori eradication therapy for gastric ulcer in his 80s.

Physical examination
The patient’s temperature was 36.5 ℃, heart rate was 86 beats per min, respiratory rate was 18 breaths per min, blood pressure was 122/71 mmHg, and oxygen saturation in room air was 98%. In clinical abdominal examination, his abdomen was soft, flat with spontaneous pain and tenderness in the left lower quadrant.

Laboratory examinations
Laboratory test results were almost normal. Blood analysis revealed that hemoglobin and hematocrit were slightly decreased at 12.2 g/dL and 37.0%, respectively, with normal leukocyte and platelet count. Prothrombin percentage activity was slightly decreased at 71% with normal activated partial thromboplastin time and d-dimers were slightly increased at 0.9 μg/mL. Serum C-reactive protein was slightly increased at 1.58 mg/dL (normal range < 0.3 mg/dL) and erythrocyte sedimentation rate at 21 mm/h. The blood biochemistries were almost normal. Urine analysis revealed mild proteinuria at 50 mg/dL. Chest X-ray was normal and electrocardiogram showed QT prolongation without clinical importance.

Imaging examinations
Colonoscopy showed abnormal colonic edematous mucosa with multiple ulcers stretching from the sigmoid colon (distal to the anastomotic site) to the rectosigmoid colon (Figure 1). Abdominal contrast-enhanced computed tomography (CT) scans revealed edematous change from the sigmoid colon to the rectum and a 1.8 cm × 1.3 cm aneurysm adjacent to the inferior mesenteric vein (IMV) (Figure 2A and B). Multidetector CT (MDCT) angiography showed the arteriovenous fistula with nidus involving the branches of the inferior mesenteric artery (IMA) and IMV (Figure 2C). An elective angiography of the IMA confirmed the existence of an IMAVF and defined several shunting points of the fistula from the branch of the IMA (Figure 3A and B).

FINAL DIAGNOSIS
The final diagnosis of the presented case was IMAVF with ischemic colitis.

TREATMENT
This diagnosis was followed by treatment with interventional radiology (IR) on the same day. Abdominal angiography revealed that four small feeding arteries from the branch of the IMA were involved in AVF. Interventional radiologists judged that this case was candidate for transcatheter arterial embolization (TAE). TAE was performed by using detachable micro coils with 2 mm in diameter through the microcatheter, which was utilized to access the AVF. We did not use a liquid agent because there was a risk of rectal ischemia by accidental embolization of the superior rectal artery distal to AVF. Treatment succeeded without any complications and the AVF completely disappeared (Figure 3C).

OUTCOME AND FOLLOW-UP
Twelve days after fistula embolization, the patient’s symptom improved, and CT findings indicated an improvement in the edematous change of the colon. Reattempt colonoscopy also showed improvement of the colonic edematous mucosa. At 6 mo after the procedure, the patient recovered and resumed palliative chemotherapy with only S-1. He has continued the same treatment without any complications as of June 2020.

DISCUSSION
Previous studies[10,11] have reported the risk factors for GI perforation or fistula formation, which induce several types of cancer such as colorectal, ovarian, or renal cell cancer, as well as untreated primary tumor, colorectal surgery, abdominal irradiation, and chemotherapy-induced colitis. More than once surgery, irradiation, peritoneal dissemination, and cancer infiltration of the digestive tract were shown to be particularly high-risk factors[10,11]. The average period for the development of perforation or fistula formation after the start of treatment with bevacizumab was around 15 wk in several studies[11,12]. Most fistula formation occurs as a rectoperineal or colovesical fistulae in GI sites[12], while an AVF in CRC is extremely rare. 
We report a case in which a patient with CRC developed an IMAVF during cancer treatment with bevacizumab after colorectal surgery. AVF including the IMA has been reported in only 35 cases so far. Among them, only seven articles available in the English language reported IMAVF following colorectal surgery from the PubMed database. Four of these patients were males and three females, with a median age of 63 years (range, 59–81 years) (Table 1)[13-17]. Most cases received surgical resection of the left colon involving the IMA and IMV. The median interval to diagnosis after the surgery was 5 years, and common symptoms were abdominal pain and GI bleeding. Only three cases of IMAVF have been observed in patients with CRC[16-18]. However, there has been no reported case of IMAVF related to chemotherapy, such as treatment with bevacizumab or other antiangiogenetic agents. 
Angiography is useful for diagnosis of the IMAVF as it provides specific findings such as influent artery dilatation, abnormal blood vessel gathering, and early venous return. Recently, it has been shown that minimally invasive examinations including MR angiography and three- or four-dimensional CT angiography are also effective for diagnosis of IMAVF[18-20]. Treatment for the IMAVF includes surgery, IR, or both[13,14]. In the previous reported IMAVF cases, about half of the patients underwent surgical treatment or intra-arterial embolization, and only one patient underwent both treatments due to failure of the first embolization treatment[13-17]. Recently, IR has become the preferred method of treatment as it is easily repeatable and less invasive. It presents a good option in cases with identified fistula sites or when surgery is difficult due to complications. In the present case, the IMAVF was diagnosed by abdominal MDCT, and the diagnosis was confirmed by angiography. Since the location of the fistula and its feeding vessels were known, the IMAVF was treated by using arterial embolization. However, embolization may cause extensive arterial thrombosis followed by organ ischemia or recurrence in cases with more than one feeding vessel; therefore, it should not be performed in cases where the fistula has developed in a large vessel or has multiple feeding vessels[13,21]. In this case, an alternative possible treatment for ischemic colitis is resection of sigmoid colon and part of the rectum that are supplied by the IMA. Surgery may also be required in complications such as rebleeding, intestinal stenosis, or necrosis after IR. 
To the best of our knowledge, the current case is the first report of an IMAVF in a patient with CRC who received palliative chemotherapy. The IMAVF occurred at 5 years after surgery (similar to the previously reported median time post-surgery) and 1 year after the initiation of bevacizumab treatment, which was later the average period of perforation or fistula formation after bevacizumab treatment initiation[12-17]. Also, although irradiation is considered to be a risk factor for perforation or fistula formation, it is unlikely to be the cause of the fistula in this case, because the recurrent site treated with CyberKnife stereotactic radiosurgery was distant from the site of the IMAVF and irradiation was limited to the margin of the tumor. 
An AVF could occur due to acquired factors such as the spontaneous rupture of an aneurysm, trauma, or surgery. These are responsible for fistula formation in approximately 60% of cases, whereas 25% of fistula are due to congenital factors such as arteriovenous malformation[13]. AVF most often develops in the celiac artery or one of its branches, especially the hepatic artery (45%), or the splenic artery (30%). An IMAVF may cause ischemic colitis by steal syndrome causing a reduction in blood flow supply to the bowel wall because arterial blood directly flows into venous blood[13,21]. Several reports have indicated the IMAVF formation after colectomy to hematoma or infection followed by necrosis of the vessel wall with pseudoaneurysm formation, such as vessel injury and ligation, during surgical procedures[22,23]. However, the mechanisms by which surgery or chemotherapy with antiangiogenetic agent or both treatments cause IMAVF formation remain unclear. The risk of IMAVF formation during treatment with antiangiogenetic agent in CRC patients after colorectal surgery has significant implications for clinicians. Most patients with IMAVF complained of symptoms such as abdominal pain and GI bleeding followed by diarrhea[13-17], which overlapped in some cases. These symptoms are very common in mCRC patients due to cancer itself or other drug related adverse events and they are many mCRC patients during treatment with antiangiogenetic agent, which is most bevacizumab, after colorectal surgery. Therefore, this is an extremely important case report that clinician need to know. In order to avoid SAEs like this case, we should pay attention to abdominal related symptoms, such as pain, bloody stool and diarrhea, then diagnose and treat a patient as rapidly as possible.

CONCLUSION
We report on a case of IMAVF to have occurred during bevacizumab treatment in a patient with mCRC after colon surgery. There are many recurrent CRC patients after colon surgery and they routinely receive bevacizumab in clinical practice; however, as this case indicates, clinicians need to pay attention to SAEs related to bevacizumab. Formation of IMAVF and other fistula are potentially lethal complications causing massive bleeding and peritonitis. Accordingly, the clinician should keep in mind the probability of vascular-related AEs, including IMAVF, if patients complain of severe diarrhea during treatment with bevacizumab or other antiangiogenetic agents.
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Figure Legends
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Figure 1 Colonoscopy showed abnormal colonic edematous mucosa with multiple ulcers from the sigmoid colon, distal to the anastomotic site, to the rectosigmoid colon and rectum below the peritoneal reflection. A: Mild inflammation in the anastomotic site; B: Severe inflammation with multiple ulcers and edematous mucosa in the sigmoid colon; C: Rectum below the peritoneal reflection with almost normal findings.
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Figure 2 Abdominal contrast-enhanced computed tomography at 5 year after left hemicolectomy and at 1 year after the start of palliative chemotherapy. A: Computed tomography (CT) showed edematous change from the sigmoid colon to the rectum (triple arrow); B: An aneurysm adjacent to the inferior mesenteric vein (IMV) (arrow); C: Multidetector CT angiography (three-dimensional volume-rendered image) showed the arteriovenous fistula with nidus involving the branches of the inferior mesenteric artery and IMV. 
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[bookmark: OLE_LINK136][bookmark: OLE_LINK137]Figure 3 An elective angiography of the inferior mesenteric artery. A: Angiography revealed the nidus of fistula supplied by the inferior mesenteric artery (IMA) (arrow head); B: Several shunting points of the fistula from the branch of the IMA (arrows), which confirmed the existence of an inferior mesenteric arteriovenous fistula (IMAVF); C: The IMAVF completely disappeared after arterial embolization. IMV: Inferior mesenteric vein.


Table 1 Cases of inferior mesenteric arteriovenous fistula after colorectal surgery
	Ref.
	Sex
	Age
	Surgery
	Interval to diagnosis
	Symptoms
	Treatment

	Capron et al[14], 1984
	F
	60
	Colon resection
	11 yr
	Abdominal pain, Meteorism
	Embolization

	Peer et al[15], 1989
	M
	63
	Anterior resection of rectum
	5 wk
	Abdominal pain, Upper GI bleeding
	Left colectomy

	Pietri et al [13], 1990
	M
	72
	Left colectomy
	Unknown
	Abdominal mass
	Left colectomy

	
	F
	60
	Left colectomy
	Unknown
	Lower GI bleeding
	Embolization

	Okada et al[16], 2002
	F
	69
	Sigmoidectomy
	8 yr
	Abdominal mass
	Left colectomy

	Gorospe et al[17], 2012
	M
	59
	Right hemicolectomy
	5 yr
	Abdominal pain, Lower GI bleeding, Diarrhea
	Embolization, Total colectomy

	Current case
	M
	81
	Left hemicolectomy
	5 yr
	Diarrhea
	Embolization


F: Female; GI: Gastrointestinal; M: Male.
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