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Abstract
BACKGROUND
There has been an increasing number of elderly patients with intraductal papillary mucinous neoplasm (IPMN), who are surgically intolerant and require less invasive treatment options, which are limited. In the present study, we report a case of IPMN presenting with acute recurrent pancreatitis (ARP), in which radiation therapy effectively prevented further attacks of ARP and reduced tumor volume.

CASE SUMMARY
An 83-year-old man was referred to our hospital with an asymptomatic incidental pancreatic cyst. Endoscopic ultrasound imaging and magnetic resonance cholangiopancreatography revealed a multiloculated tumor in the head of the pancreas, with dilated pancreatic ducts and mural nodules. The patient was diagnosed with mixed-type IPMN, and five years later, he developed ARP. Several endoscopic pancreatic ductal balloon dilatations failed to prevent further ARP attacks. Surgery was considered clinically inappropriate because of his old age and comorbidities. He was referred to our department for radiation therapy targeted at those lesions causing intraductal hypertension and radiation was administered at a dose of 50 Gy. An magnetic resonance imaging scan taken ten weeks after treatment revealed a decrease in tumor size and improvement of pancreatic duct dilatation. Fourteen months later, he remains symptom-free from ARP.

CONCLUSION
This case highlights the important role of radiation therapy in mitigating the signs and symptoms of ARP in patients with inoperable IPMN.
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Core Tip: For intraductal papillary mucinous neoplasm (IPMN) patients with symptoms of acute recurrent pancreatitis (ARP), the only therapeutic option recommended by current guidelines is surgical intervention. However, a growing number of IPMN patients require minimally invasive treatment options because of old age, systemic conditions, or personal preference. Herein, we present a case of IPMN presenting with ARP, in which radiation therapy effectively prevented further attacks of ARP and reduced tumor volume. This case highlights the important role of radiation therapy in preventing further episodes of ARP in patients with IPMN who cannot undergo surgery.

INTRODUCTION
Intraductal papillary mucinous neoplasm (IPMN) of the pancreas is a cystic lesion in which mucin-producing neoplastic epithelia proliferate abnormally. IPMN is benign, but is known to have malignant potential and requires regular surveillance; surgical resection is recommended for lesions at a high risk of malignancy. High-resolution imaging technology is being increasingly used to diagnose IPMN before it manifests any signs or symptoms[1]. Most patients with IPMN are asymptomatic until malignant transformation and are eventually diagnosed with intraductal papillary mucinous cancer, which has a poor prognosis. Therefore, current efforts are focused on identifying and treating IPMNs that are at a high risk of malignancy.
Recent studies have reported that some IPMNs present with acute pancreatitis (AP) or acute recurrent pancreatitis (ARP) associated with intraductal hypertension[2]. The prevention of repetitive attacks of ARP is preferred because ARP reduces the patients’ quality of life and may lead to irreversible chronic pancreatitis[3]. The latest guidelines state that patients with IPMN and accompanying AP may undergo surgical resection for symptomatic relief[4]. However, there has been inadequate discussion regarding other treatment options when surgery is not clinically appropriate. Here, we report a case of IPMN with ARP in which radiation therapy successfully prevented further attacks of ARP and reduced the tumor volume.

CASE PRESENTATION
Chief complaints
An 83-year-old man diagnosed with IPMN was referred to our radiation oncology department because of repetitive episodes of ARP resistant to endoscopic treatment.

History of present illness
The patient visited a physician to investigate an incidentally detected asymptomatic pancreatic cyst, and was subsequently referred to our hospital for suspected IPMN. Endoscopic ultrasound (EUS) imaging and magnetic resonance cholangiopancreatography (MRCP) revealed a 30 mm multiloculated tumor, located in the head of the pancreas; the main duct had a diameter of 10 mm and the mural nodules were 8 mm in height. The patient was diagnosed with mixed-type IPMN (Figure 1).
The patient was regularly monitored for four years using imaging for signs of malignancy. During regular outpatient surveillance, gradual dilation of the main pancreatic duct to 13 mm was observed, which met the “high-risk stigmata” criteria for surgical resection, as per IPMN management guidelines[4-6]. The patient’s old age and personal preference were indicative of conservative management with follow-up and not surgical intervention. Five years after the initial diagnosis, he developed mild AP twice, but recovered with supportive measures. However, the following year, he developed ARP once a month for three consecutive months. Several attempts at endoscopic pancreatic ductal balloon dilatation failed to prevent the recurrence of AP, and pancreatic juice samples obtained by these endoscopic procedures did not show cytological malignancy. Although international IPMN guidelines suggest surgery for symptomatic relief in pancreatitis[4], the surgeons who consulted with this patient concluded that pancreaticoduodenectomy would not be clinically appropriate because of his old age and comorbidities. Because the episodes of ARP in this case were mainly attributed to intraductal hypertension caused by viscous mucin-rich pancreatic juice secreted from IPMN, the patient was referred to our department for radiation therapy to reduce mucin secretion and prevent further episodes of AP.

History of past illness
The patient had a medical history of right lacunar infarction with residual hemiparesis, prostate cancer, colorectal polyps, nephrotic syndrome, chronic pulmonary obstructive disease, and hemorrhoids.

Personal and family history
He had smoked 60 cigarettes per day for 55 years, from 22 to 77 years of age.

Physical examination
On presentation to our outpatient clinic, the patient had no abnormal pathological signs or symptoms, including jaundice.

Laboratory examinations
At our radiation oncology department, laboratory tests indicated that complete blood count, C-reactive protein, liver enzymes, and pancreatic enzymes, were within the normal range.

Imaging examinations
One month before initiating radiation therapy, MRCP revealed a 36.5 mm multiloculated tumor in the head of the pancreas and significant pancreatic main duct dilatation (17 mm in diameter). The common bile duct was not dilated (Figure 2).

FINAL DIAGNOSIS
The final diagnosis in the current case was IPMN leading to episodes of ARP, which was not indicated for surgery due to the patient’s age and comorbidities.

TREATMENT
The patient was treated with radiation therapy at a total dose of 50 Gy in 25 fractions for 5 wk. Radiation therapy was delivered using 10 MV photon beams from a linear accelerator equipped with a multileaf collimator. Volumetric modulated arc therapy was performed to reduce acute gastrointestinal toxicity (Figure 3). The gross target volume (GTV) was defined as the IPMN lesion, and the clinical target volume (CTV) was defined as equal to the GTV. The internal target volume for GTV was contoured with reference to the respiratory movement, using four-dimensional computed tomography. The planning target volume (PTV) was defined as the CTV plus a 5 mm margin. The prescribed dose was calculated to cover 95% of the PTV.

OUTCOME AND FOLLOW-UP
During radiation therapy, the patient reported symptoms of acute radiation toxicity such as fatigue, nausea, radiation dermatitis, and diarrhea, all of which corresponded to grades 1 and 2 of the Common Terminology Criteria for Adverse Events[7]. The patient recovered completely within six weeks after radiation therapy. Magnetic resonance imaging performed ten weeks after the initiation of radiation therapy revealed a decrease in tumor size from 36 mm to 28 mm and an improvement in pancreatic duct dilatation (Figure 2). The patient had not experienced any symptoms indicating a recurrence of AP until his last follow-up, 14 mo after the administration of radiation therapy.

DISCUSSION
To the best of our knowledge, this report presents the first case in which radiation therapy was successfully administered to a patient with repetitive episodes of ARP caused by IPMN. The patient did not report any abdominal symptoms indicative of pancreatitis for at least one year after the completion of radiation therapy. Although chemoradiotherapy has recently been recognized as an adjuvant therapy, performed after surgical resection in patients with IPMN[8], little is known about the role of radiation therapy in unresected IPMN. Kameyama et al[9] reported the case of a patient with unresectable IPMNs with suspected involvement of the superior mesenteric artery, in which chemoradiotherapy successfully shrunk the tumor prior to conversion surgery. However, there have been no reports of patients with IPMN receiving radiation therapy for symptomatic relief of ARP. Jang et al[2] reported that among 488 patients with IPMN, 34 (7%) developed AP or ARP attributable solely to IPMN. Thus, considering our aging society, our patient is a representative case of ARP caused by IPMN, for which minimally invasive therapeutic measures are preferred. We expect that the number of similar cases will increase in the near future.
Therapeutic measures for ARP attributable to IPMN have not yet been established. Only a short explanatory note on symptomatic IPMN is found at the bottom of the IPMN management algorithm in the international guidelines of IPMN, stating, “pancreatitis may be an indication for surgery for relief of symptoms”[5]. However, regardless of the type of procedure, pancreatic surgery can lead to severe complications including postoperative pancreatic fistula (POPF). POPF, which causes leakage of pancreatic juice, intraperitoneal abscesses, and lethal hemorrhage from pseudoaneurysms, has an incidence of > 10%. Patients who develop ARP due to IPMN can also be treated endoscopically, which unfortunately failed in the present case. Another previously reported treatment option for pancreatic cysts is the injection of ethanol and paclitaxel into the cystic lesion[10]. This EUS-guided technique is undoubtedly less invasive than surgery but could potentially lead to severe complications in patients with IPMN. Because IPMN cysts directly communicate with the main pancreatic duct, post-procedural AP may occur more frequently in IPMN than in other pancreatic cystic lesions[11].
Immediately after the patient was referred to our radiation oncology department, we developed this treatment strategy by hypothesizing that an appropriate dose of radiation therapy could have an effect on abnormal mucin secretion from IPMN. Although chemoradiotherapy might have a better tumor control[9], it was not selected considering the negative cytological malignancy of the pancreatic juice, age, and comorbidities of the patient. Research on adverse late effects of radiation therapy on the pancreas has shown that pancreatic exocrine insufficiency, which could result in malabsorption, occurs at 45 Gy[12]. Recently, there was a case report describing the application of chemoradiotherapy (50.4 Gy irradiation and gemcitabine) for invasive pancreatic IPMN[13]. We set the radiation dose for this patient based on previously reported experiences. We believe that this case will help establish radiation therapy as a novel nonsurgical treatment for patients with ARP caused by IPMN. Therefore, more such cases are essential to investigate the necessary and adequate radiation dose and to establish this treatment strategy.

CONCLUSION
This case showed the important role of radiation therapy in recurrent episodes of ARP in patients with IPMN, who cannot undergo surgical resection.
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Figure Legends
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Figure 1 Pancreas magnetic resonance imaging scan at referral 5 years ago. A: Axial T2-weighted imaging (T2WI) image shows a multilobular tumor in the head of pancreas (arrow head); B: T2WI image shows pancreatic duct dilatation (arrow head); C: Magnetic resonance cholangiopancreatography shows a multilobular tumor (arrow head) and pancreatic duct dilatation (arrow).
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Figure 2 Pancreatic magnetic resonance imaging scans of pre- and post-radiation therapy. A-C: T2-weighted imaging single scans and magnetic resonance cholangiopancreatography (MRCP) taken one month before radiation therapy; D-F: Magnetic resonance imaging scans and MRCP taken three months after radiation therapy. T2WI: T2-weighted imaging; MRCP: Magnetic resonance cholangiopancreatography.
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Figure 3 Computed tomography image with dose distribution of radiation therapy. A: An axial image; B: A coronal image. White, red, inner-orange, outer-orange and yellow lines show 52.5 Gy, 50 Gy, 47.5 Gy, 45 Gy and 42.5 Gy, respectively.
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T2WI (pancreatic main duct)
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