Prospective small bowel mucosal assessment immediately after chemoradiotherapy of unresectable locally advanced pancreatic cancer using capsule endoscopy: Case series
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Abstract
In this case seriesprospective study, three consecutive patients with unresectable locally advanced pancreatic cancer (ULAPC) underwent capsule endoscopy (CE) before and after chemoradiotherapy (CRT) to evaluate duodenal and jejunal mucosa, and examine the relationship between CE findings and dose distribution. CE after chemoradiotherapy showed duodenitis and proximal jejunitis in all three patients. The most inflamed region was the third part of the duodenum, and in dose distribution, this was the closest region to the center of irradiation. This case series shows that CE can safely diagnose acute duodenitis and proximal jejunitis caused by CRT for ULAPC, and the dose distribution is possible to predict the degree of duodenal and jejunal mucosal injuries.All three patients had some digestive symptoms, which might have arisen from radiation duodenitis and proximal jejunitis, and CE might be useful for their diagnosis.
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Introduction
Pancreatic cancer is the 11th most common cancer worldwide[1], and the number of patients newly diagnosed continues to rise each year. In patients with unresectable locally advanced pancreatic cancer (ULAPC), chemoradiotherapy (CRT) is one of the effective standard therapies for ULAPC[1]. Despite the increasing numbers of cases of pancreatic cancer and patients undergoing radiotherapy (RT), there are only a small number of reports on the adverse gastrointestinal effects, especially radiation enteritis (RE).
It is known that RT causes a variety of adverse gastrointestinal effects that are associated with radiation enteritis: diarrhea, abdominal pain, nausea, vomiting, anorexia, and malaise. Radiation enteritis often appears within several hours to days after treatment at a rate of no less than 70%[3]. Sometimes, these adverse effects limit the radiation dose, and the patient does not achieve satisfactory therapeutic effects or require discontinuation of therapy. 
A wireless video capsule endoscopy (CE) device (Given Diagnostic Imaging System; Given Imaging Ltd., Norcross, GA, USA) was approved by the US Food and Drug Administration in 2001 for direct evaluation of small bowel injury[4]. Some recent studies have reported the usefulness of CE for examination of enteritis induced by low-dose aspirin and non-steroidal anti-inflammatory drugs[5,6]. Although CE for investigation of chronic radiation enteritis demands caution because of the high incidence of capsule impaction, there are still a few reports of CE investigation of acute radiation enteritis.
The aim of the present study was to evaluate the characteristics of enteritis induced by CRT for ULAPC using CE, and examine the relationship between CE findings and dose distribution.

Case Report
Methods
This was a prospective, observational, single-arm case study, conducted at an endoscopy unit in the Osaka Medical Center for Cancer and Cardiovascular Diseases. We investigated three consecutive patients who were histologically diagnosed with ULAPC from August to November 2014.  The study protocol was approved by the Local Ethics Committee in our center, and all three patients provided written informed consent on all procedures associated with the study. The patient characteristics and lesions are shown in Table 1.The study was registered in the University Hospital Medical Network Clinical Trials Registry (UMIN-CTR as number UMIN0000014646). All patients underwent CE (PillCam SB2 plus; Covidien, Dublin, Ireland) immediately before and immediately after CRT to investigate acute injury of the duodenum and small intestine. The most relevant findings obtained from CE were documented and categorized according to Capsule Endoscopy Structured Terminology (CEST)[7], and we used the Lewis Score to evaluate inflammatory activity and stenosis in the small intestine[8].
Patient A received 1000 mg/m2 gemcitabine, and Patients B and C received 1000 mg/m2 gemcitabine plus 100mg/m2 nab-paclitaxel intravenously beginning on the first day of RT, then weekly thereafter during radiation. The radiation dose was 1.8 Gy/day, 5 days per week, with a total dose of 50.4 Gy administered in 28 fractions over 5.5 weeks using 10 MV X-rays. Three-dimensional conformal RT was used at five different portals. Gross tumor volume (GTV) was contoured at both expiration and inspiration phases on computed tomography simulation. Clinical target volume (CTV) included GTV with 5-mm margins and planning target volume (PTV) included CTV with 5-mm margins (Figure 1). During treatment, all three patients try to avoid using non-steroidal anti-inflammatory drugs to prevent NSAIDs-caused ulcers. Complications of CRT were graded according to the Common Toxicity Criteria for Adverse Events (CTCAE) version 4.0[9].

Results
From August to November 2014, three patients (Patient A is a male in his 60’s, patient B is a female in her 70’s and patient C is a male in his 60’s) with ULAPC in the head of the pancreas were treated at the our hospitalOsaka Medical Center for Cancer and Cardiovascular Diseases. All three patients provided written informed consent on all procedures associated with the study. The patient characteristics and lesions are shown in Table 1. Patient A received 1000 mg/m2 gemcitabine, and Patients B and C received 1000 mg/m2 gemcitabine plus 100mg/m2 nab-paclitaxel intravenously beginning on the first day of RT, then weekly thereafter during radiation. The radiation dose was 1.8 Gy/day, 5 days per week, with a total dose of 50.4 Gy administered in 28 fractions over 5.5 weeks using 10 MV X-rays. Three-dimensional conformal RT was used at five different portals. Gross tumor volume (GTV) was contoured at both expiration and inspiration phases on computed tomography simulation. Clinical target volume (CTV) included GTV with 5-mm margins and planning target volume (PTV) included CTV with 5-mm margins (Figure 1). During treatment, all three patients try to avoid using non-steroidal anti-inflammatory drugs to prevent NSAIDs-caused ulcers. Evaluation of the entire small intestine was carried out immediately before and immediately after CRT, and there were no adverse effects related to CE. CE showed duodenitis and proximal jejunitis, and did not show enteritis in other area. Congested, erythematous and partially depleted mucosa was found in all three patients, and a small area of bleeding was seen in Patients B and C (Figures 2, 3 and 4). In all three patients, the most inflamed region was the third part of duodenum, and in terms of dose distribution, this was closest to the center of irradiation (Figures 1, 2, 3 and 4). These findings were not seen by CE before CRT. There was no significant stenosis and capsule retention did not occur. The Lewis score afterbefore CRT in Patients A, B and C was 135, 0 and 370, respectively, and 641, 4396 and 782 respectively after CRT, and the scores were higher than before CRT in all three cases. As shown in Table 2, there were no big changes in body mass index and neutrophil counts during 40 days of CRT, although there were decreases in hemoglobin and serum albumin levels in all three patients. However, there was no sign of gastrointestinal bleeding. The percentage volume of the duodenum receiving ≥45 Gy (V45) in Patients A, B and C was 23, 30 and 36%, respectively (Table 3). During treatment, we observed anorexia (grades 1 or 2 according to CTCAE) in all three patients.

Discussion
This is believed to be the first reported prospective case series of acute REradiation enteritis investigated by CE before and after CRT for ULAPC. Acute REradiation enteritis has been reported in 20–75% of patients as a complication of RT for abdominal or pelvic malignancies[2,3]. However, it was mainly acute radiation ileitis and there are few reports of duodenitis and jejunitis caused by CRT for ULAPC. In the present study, the patients were checked for any duodenal or small intestinal abnormality by CE before undergoing CRT, to enable evaluation of any injury caused by RT. CE showed that injury extended more deeply in the proximal jejunum than the duodenum in all three cases. These jejunal injuries cannot be seen by esophagogastroduodenoscopy, and CE is useful and safe for acute-phase evaluation of patients with CRT for ULAPC. 
The third part of the duodenum was more inflamed than the other parts of duodenum and proximal jejunum, and this might be significantly related to the dose distribution of radiation. In relation to the dose distribution and percent V45, the third part of the duodenum was exposed to the highest level of radiation in the duodenum and proximal jejunum, and it was the closest region to the pancreatic head. The dose distribution might be possible to predict the degree of duodenal and jejunal mucosal injuries. However, despite the V45 value not being the highest, Patient B showed the most severe mucosal damage and higher Lewis score than Patients A and C. This may have been because the BMI of Patient B was low and there was little fat tissue around the pancreas, and the third part of the duodenum was closer to the center of irradiation than in Patient C. 
The entire circumference of the proximal jejunum was included within the radiation field, because tumors of the pancreatic head move less in the craniocaudal direction than the anterior-to-posterior or left-to-right direction. Therefore, the safety margin of the radiation field was greater in the craniocaudal direction.
All three patients presented with anorexia and anemia, and duodenitis and proximal jejunitis may have contributed to these symptoms. Galland et al. have reported that concurrent chemotherapy is a predisposing risk factor for radiation enteritis of both normal and malignant proliferating cells[4]. However, in our study, the range of acute radiation enteritis was consistent with the radiation field, and RT may have had the most significant effect on enteritis.
Previous reports of fatal radiological and nuclear accidents have described that the intestinal epithelium was entirely depleted[12]. The victims were exposed to 16–25 Gy and the extent and area of gastrointestinal radiation injury were dependent on the absorbed radiation dose. Although the method and dose of radiation exposure differed in our study, depleted erythematous and edematous mucosa was also observed locally and around the pancreas. Depleted mucosal epithelium and reduced mucosal blood flow cause disturbance of absorption and secretion, glycocalyx disruption, mucosal ulceration, alteration of enteric flora, depletion of gut lymphoid tissue, and motility disturbances, and reduce food absorption[13,14].
Reducing the symptoms of acute REradiation enteritis requires paying attention to the radiation dose and irradiation field in the small intestine, and the use of concurrent chemotherapy. Intraoperative radiotherapy, which has been used alone or in conjunction with external beam RT, can also help reduce REradiation enteritis[4], because it is aimed directly at the tumor during surgery, thus avoiding surrounding normal tissues. 
The most serious complication of CE is capsule retention, which is caused by strictures of the intestinal lumen. Usually, strictures due to radiation enteritisRE occur 8–12 months after RT, and Kim et al. reported that CE may be able to diagnose acute radiation enteritisRE safely[2]. In our study, CE findings did not reveal any strictures and CE reached the cecum in all three cases without delay, thus, CE may be useful in diagnosing acute REradiation enteritis. Double balloon enteroscopy can also evaluate radiation jejunitis effectively and safely[5]. However, insertion of the enteroscope is difficult because of the edematous effect of RT, and there is the potential for exacerbating radiation-induced duodenitis and proximal jejunitis. Although computed tomography enterography, magnetic resonance enterography and the biomarkers such as calprotectin or lactoferrin are non-invasive diagnostic tools to evaluate RE, the data on these remain inconclusive[6].
This study had some limitations. Our study sample was small because not many patients undergo RT for pancreatic cancer, and there is the additional problem of the high cost associated with CE. Our patients completed the course of CRT, and despite the small sample size, we believe that our data warrant serious consideration. A prospective, large-sample randomized trial is the best means of controlling for such small sample size biases; however, it is difficult to conduct such a study in practice. Therefore, it is important to accumulate more retrospective data for further investigation.
In conclusion, this case seriesthis study shows that CE can safely diagnose acute duodenitis and proximal jejunitis caused by CRT for ULAPC, and the dose distribution is possible to predict the degree of duodenal and jejunal mucosal injuries. Furthermore, Radiation duodenitis and proximal jejunitis might cause of various digestive symptoms associated with CRT and CE is useful for their diagnosis.
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Table 1. Characteristics of all three patients in this study
	Case
	Age (years old)
	PS
(ECOG)
	Sex
	Location of tumor
	Radiation dose and fraction
(Gy/times)
	Chemotherapy
	Stage
(NCCN)

	A
	60s
	0
	M
	head
	50.4/28
	Gem 1000mg/m2
	T4N0M0 Stage3

	B
	70s
	0
	F
	head
	50.4/28
	Gem 1000mg/m2
/nabPTX100mg/m2
	T4N0M0 Stage4

	C
	60s
	0
	M
	head
	50.4/28
	Gem 1000mg/m2
/nabPTX100mg/m2
	T4N1M0
Stage3



COG, Eastern Cooperative Oncology Group; Gem, gemcitabine. NCCN, National Comprehensive Cancer Network; PS: performance status; PTX, paclitaxel.

Table 2. Body composition and biochemical markers of nutritional status before and 28 times after RT
	Case
	Before
BMI

	After
BMI

	Before
WBC
	After
WBC
	Before
Hb
	After
Hb
	Before
Alb
	After 
Alb
	Anorexia
(CTCAE)
	Before
Lewis score
	After
Lewis score

	A
	17.7
	18.1
	4720
	3600
	13.9
	12
	3.8
	3.5
	Grade 1
	135
	641

	B
	15.9
	14.7
	1790
	1770
	11.1
	8.8
	3.3
	3.0
	Grade 2
	0
	4396

	C
	21.7
	21.4
	4110
	3040
	12.3
	9.8
	3.4
	3
	Grade 2
	370
	782



Hb, hemoglobin; WBC, white blood cell.
Table 3. PTV, Dmax and V45 for duodenum
	Patient
	PTV(cc)
	Dmax(Gy)
	V45(%)

	A
	131
	51.096
	23

	B
	144
	51.026
	30

	C
	286
	51.573
	36



Dmax, maximum radiation dose of duodenum; V45: volume of the duodenum receiving ≥45 Gy


Figure legends

Figure 1. Yellow arrow indicates the beam setup for pancreatic head cancer. Red circle indicates the third part of duodenum. A: Patient A; B: Patient B; C: Patient C.
Figure 2. Patient A. CE showing segmental mucosal erythema, edema, superficial erosions and narrowing intestinal tract in descending part of duodenum (2A) and third part of duodenum (2B). A: Patient A; B: Patient B; C: Patient C.
Figure 3. Patient B. CE showing segmental mucosal edema, erythema, superficial erosions and depleted mucosa in descending part of duodenum (3A: with biliary stent) and third part of duodenum (3B).
Figure 4. Patient C. CE showing segmental mucosal edema, erythema, and depleted mucosa in descending part of duodenum (4A: with biliary stent) and third part of duodenum (4B).





