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INTRODUCTION

Even though the small intestine makes up 75% of the length 
of the digestive tract, small bowel malignancies are rare, ac-
counting for less than 5% of gastrointestinal cancers. Annually, 
about 10,470 new patients are diagnosed with small bowel 

malignancies, while 1,450 patients die of them.1-4 Owing to its 
nonspecific and ambiguous symptoms, small bowel malignan-
cies are difficult to diagnose and may progress without symp-
toms.5

Various types of malignant tumors occur in the small bowel, 
including adenocarcinoma, gastrointestinal stromal tumors 
(GISTs), neuroendocrine tumors (NETs), and lymphoma.2 In 
the past, diagnosis of small bowel malignancies in the early 
stages was difficult due to limitations of tools. However, the in-
troduction of double-balloon enteroscopy (DBE) has enabled 
the full evaluation of the entire small bowel, which dramat-
ically improved the diagnosis and treatment of small bowel 
lesions, including obscure gastrointestinal bleeding and small 
bowel tumors.5-12 Nowadays, video capsule endoscopy (VCE), 
DBE, and abdominal computed tomography (CT) are used to 
diagnose small bowel malignancy. Each tool has its advantages 
and disadvantages. 
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VCE is widely used to diagnose small bowel diseases be-
cause it is non-invasive and relatively easy to perform. VCE 
allows for visualization of the small bowel mucosa and its ab-
normalities on video.7,13,14 

DBE not only enables full-length visual inspection of the 
small bowel, but also allows for direct intervention in the deep 
portions of the jejunum and ileum. It is therefore the most 
innovative diagnostic tool for small bowel diseases. DBE yields 
a high rate of successful diagnosis, but it has some limitations, 
including abdominal pain, side effects from anesthesia or en-
doscopy, and large economic burden.5,9,10,12,15,16 

There is no single best way to diagnose small bowel disease 
because the currently available tools complement each other. 
Therefore, the choice of tool for evaluation should be made 
according to individual patient complaints and conditions.7,12,17

In this study, we retrospectively analyzed the clinicopatho-
logical features of small bowel malignant tumors that were di-
agnosed with VCE, DBE, or abdominal CT in a single tertiary 
center. 

MATERIALS AND METHODS

Patients
Between January 2010 and September 2018, 438 patients 

underwent VCE or DBE at Guro Hospital, Korea University. 
We retrospectively analyzed the findings of VCE, DBE, and 
abdominal CT as well as their clinicopathologic characteris-
tics. This study was approved by The Ethics Commission of 
Korea University, Guro Hospital. 

Video capsule endoscopy 
VCE was performed with MiroCam® (IntroMedic, Seoul, 

Korea). Laxatives were used for bowel preparation and the 
capsule was ingested 2 hours thereafter. The video was record-
ed for 12 hours, and the capsule was retrieved 24 hours after 
ingestion. The recorded videos were then analyzed by two 
enteroscopists, and the lesions were differentiated into three 
categories: submucosal, ulceroinfiltrative, and bleeding.

Double-balloon enteroscopy 
DBE was performed using EN-450T5 (Fujinon Toshiba ES 

Systems, Tokyo, Japan). Patients were sedated with midazolam 
and propofol intravenously. DBE procedures were performed 
by a single endoscopist (BJL) and were predominantly indicat-
ed for tissue confirmation or therapeutic interventions includ-
ing hemostasis, polypectomy, or foreign body removal. The 
insertion route was determined by the location of the lesion as 
evaluated by abdominal CT or VCE. During DBE, biopsy was 
performed on all lesions. The lesions were then differentiated 

into four categories, namely, ulceroinfiltrative, submucosal, 
ulcerofungating, and ulcers with stricture. Every patient un-
derwent either VCE or DBE, and the choice for first-line diag-
nostic modality depended on the physician.

Abdominal computed tomography
Abdominal CT was performed either before or after VCE 

or DBE. The modality of choice may be non-enhanced, en-
hanced, or enteroclysis CT, based on the judgment of the 
physician. In some cases, CT was performed multiple times on 
one patient. 

Analyses
Patients’ clinical features and their disease-specific pathol-

ogies were analyzed and compared for VCE, DBE and ab-
dominal CT findings. SPSS 11.5 (SPSS Inc., Chicago, IL, USA) 
was used for all statistical analyses. Continuous variables are 
presented as mean±standard deviation. Categorical variables 
were analyzed using the chi-square test or Fisher’s exact test. A 
p-value lower than 0.05 was considered statistically significant.

RESULTS 

Frequency of malignant small bowel cancer 
A total of 510 VCE and 126 DBE exams was performed on 

438 patients from January 2010 to September 2018 at Korea 
University Guro Hospital. The mean age was 55.1±18.1 years, 
and 228 patients (52.1%) were male. Abdominal pain was the 
chief complaint in 28.8% (126) of the subjects; 69.2% (303) of 

Table 1.  Clinical Characteristics of Enrolled Patients

Characteristic n (%)

Mean age (SD) 55.1±18.1

Male 228 (52.1)

Chief complain

  Abdominal pain 126 (28.8)

  Obscure gastrointestinal bleeding 303 (69.2)

  Other symptoma) 9 (2.1)

Video capsule endoscopy 510

Double-balloon enteroscopy 126

Abdominal CT 

  Non-enhanced CT 1

  Enhanced CT 267

  Enteroclysis CT 77

CT, computed tomography; SD, standard deviation.
a)Nauea, vomiting, diarrhea, abnormal image finding.
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Table 2.  Clinical Characteristics, Symptoms and Practical Findings of Small Bowel Malignancy 

Characteristic GIST (7) Lymphoma (8) Adenocarcinoma (8) Metastatic cancer (5) p-value
Mean age 63.5±11.2 62.3±11.3 57.3±9.3 55±8.6 0.963
Sex (M:F) 3:4 5:3 4:4 3:2
Hemoglobin (g/dL) 8.8±2.4 11.3±2.9 9.8±2.3 9.6±3.3 0.357
Symptoms and sign
  Obscure GI bleeding 6 2 3 0
  Abdominal pain and obstructive symptoms 0 2 2 4
  No symptoms 0 4 3 1
  Other symptoms 1 0 0 0
CT findings
  Eccentric thickening 0 4 5 2
  Concentric thickening 0 1 2 3
  Mass formation 7 2a) 1 0
  Unrevealing study 0 1 0 0
DBE findings
  Ulceroinfiltrative 0 6 3 2
  Submucosal mass 4 0 0 0
  Ulcerofungating 0 0 4 0
  Ulcer with stricture 0 2 1 3
  Not done 3 0 0 0
Capsule endoscopy
  Submucosal lesions 2 0 1 0
  Ulceroinfiltrative 1 1 2 0
  Bleeding 0 0 0 2
  Not done 4 7 5 3

CT, computed tomography; DBE, double-balloon enteroscopy; GI, gastrointestinal; GIST, gastrointestinal stromal tumor.
a)Intussusception.

438 patients who needed small bowel evaluation

Video capsule endoscopy
(510 cases)

Abdominal computed tomography
(345 cases)

Diagnosis of small bowel 
malignancies

Double-balloon enteroscopy
(126 cases)

Biopsies were taken 
from lesions

Fig. 1.  Study flow chart.

cases were obscure gastrointestinal bleeding and proceeded for 
evaluation (Table 1). As mentioned, 510 VCEs and 126 DBEs 
were performed in 438 patients, and some patients underwent 
the same procedure multiple times. Biopsies were obtained as 
needed (Fig. 1). Of the 126 DBE cases, 67 were via the anus, 

49 via the oral route, and 10 via both routes. Among the ab-
dominal CTs performed, only one was with non-enhanced 
CT, 267 cases were with enhanced CT, and 77 cases were with 
enteroclysis CT. The following small bowel malignancies were 
discovered in 28 patients (15 males; mean age, 61.0 years; 
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range, 42 to 81 years): 8 lymphomas, 8 primary adenocarcino-
mas, 7 GISTs, and 5 metastatic cancers (Table 2). Among the 
8 cases of lymphoma, 5 were diffuse large B-cell lymphoma, 2 
were mucosa-associated lymphoid tissue lymphoma (MALT 
lymphoma), and 1 was peripheral T-cell lymphoma. 

Clinical symptoms of small bowel malignancy  
Among the patients diagnosed with adenocarcinoma, 3 

were asymptomatic, 3 had obscure gastrointestinal bleeding, 
and 2 had abdominal pain and obstructive symptoms. Among 
those with lymphoma, 4 were asymptomatic, 2 had obscure 
bleeding, and 2 had abdominal pain and obstructive symp-
toms. Six of the 7 patients diagnosed with GIST had obscure 
gastrointestinal bleeding and received small bowel evaluation. 
Four of the 5 patients with metastatic cancer had abdominal 
pain and obstructive symptoms (Table 2). Abdominal pain 
and obstructive symptoms were the most common findings in 
metastatic cancers (4/5, 80%). Obscure gastrointestinal bleed-
ing was the most common symptom of GIST (85.7%) and 
adenocarcinoma (37.5%). 

Video capsule endoscopy and double-balloon 
enteroscopy findings 

Abdominal CT scans were performed before or after VCE 
or DBE (Table 2). Nine of 28 patients who were diagnosed 
with malignancy underwent VCE and 25 underwent DBE. 

VCE was performed on 3 out of 7 GIST patients; 2 showed 
submucosal tumors and 1 showed ulceroinfiltrative lesions. 

Out of 8 lymphoma patients, VCE was performed on 1 patient 
who showed ulceroinfiltrative lesions. In the case of adenocar-
cinomas, VCE was performed on 3 patients, which revealed 
submucosal lesions in 1 and ulceroinfiltrative lesions in 2 pa-
tients. Two patients with metastatic cancer underwent VCE, 
and both involved bleeding lesions.

In the case of GISTs, 57.1% (4/7) patients with DBE showed 
submucosal tumors and 42.9% (3/7) did not undergo DBE. Six 
of 8 patients with lymphoma showed ulceroinfiltrative lesions 
and 2 showed ulcers with stricture. Among the 8 cases of ade-
nocarcinoma, ulcerofungating lesions were the most common 
finding (4/8), followed by ulceroinfiltrative lesions (3/8) and 
ulcers with stricture (1/8). Among the 5 cases of metastatic 
cancer, 60% (3/5) showed ulcers with stricture and 40% (2/5) 
showed ulceroinfiltrative lesions. The main DBE findings are 
shown in Fig. 2.

Pathologic finding of double-balloon enteroscopy
DBEs were performed depending on patient symptoms and 

the observations from VCE or abdominal CT. The presence of 
ulceroinfiltrative, ulcerofungating or stricture lesions indicated 
a biopsy for confirmation of pathologic findings. Biopsy was 
not performed on submucosal mass. There was a total of 11 
cases of ulceroinfiltrative lesions and the final diagnoses of 9 
of them were coherent with the pathologic findings of their 
endoscopic biopsies (Table 3). Three out of 4 were coherent in 
the case of strictures, and 4 out of 6 in the case of ulcerofun-
gating lesions. 

Fig. 2.  Representative double-balloon enteroscopy findings. (A) Submucosal mass (B) Ulcerofungating lesions (C) Ulcer with stricture (D) Ulceroinfiltrative lesions.

A B

C D
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Locations of small bowel malignancy 
Tumor location varied depending on subtype (Table 4). Tu-

mor location was confirmed through abdominal CT. In cases 
where abdominal CT was not performed, jejunum- and ile-
um-located tumors were differentiated depending on the loca-
tion of enteroscopic findings; close to the mouth or close to the 
anus. Among the 8 cases of adenocarcinoma, 2 occurred in the 
duodenum, 5 in the jejunum, and 1 in the ileum. Among the 
7 cases of GIST, 28.6% (2/7) occurred in the ileum and 71.4% 
(5/7) in the jejunum. Among the 5 cases of metastatic cancer, 
80% (4/5) occurred in the jejunum and 20% (1/5) occurred in 
the ileum. However, all 8 cases of lymphoma occurred in the 
ileum. When the 4 subtypes were compared, the locations of 
tumor differed significantly (p=0.002).

Clinical courses 
Tissue biopsies were done for all ulcerative epithelial lesions. 

The misdiagnosis rate was 10% (2/21) in cases of ulcerative 
lesions, and this was also observed in 2 cases of MALT lym-
phoma. Of the 28 patients diagnosed with small bowel malig-
nancy, 64.2% underwent small bowel resection. All patients 
with malignant lymphoma and GIST underwent small bowel 

resection. Only 3 cases of adenocarcinoma underwent small 
bowel resection and all metastatic cancers were treated conser-
vatively. 

DISCUSSION 

Small bowel malignancy is challenging to diagnose because 
the small bowel is difficult to evaluate. Diagnosis is further 
challenged owing to the nonspecific symptoms and, some-
times, the absence of symptoms during malignancy progres-
sion. Diagnosis and treatment are therefore usually delayed, 
and the consequences tend to be serious.18-20 Abdominal CT is 
a valuable tool for diagnosing patients with small bowel ma-
lignancies, but there are many cases in which abdominal CT 
cannot provide useful information. Risk factor analyses may 
facilitate the diagnostic process, but the risk factors for small 
bowel cancer are difficult to predict because of its rarity and 
the various types of tumors that may be involved.7

After development of VCE in 2000, the entire small bow-
el and its lumen could be fully evaluated. VCE is relatively 
non-invasive, and is often used when small bowel malignancy 
is suspected following abdominal CT. However, VCE has its 
limitations, including false positives and false negatives as well 
as limited options for immediate action when malignancy is 
found.9,10

Since the introduction of DBE in the early 2000s, a large 
amount of data has proven its diagnostic value for patients 
with small bowel pathologies. Like VCE, DBE allows full ex-
amination of the entire small bowel, which can help identify 
pathologies such as bleeding, strictures, and tumors. However, 
DBE can also be used for a variety of therapeutic interven-
tions, including hemostasis, polypectomy, endoscopic mucosal 
resection, balloon dilatation, and stent insertion.7,12,17

Abdominal CT, VCE, and DBE are not meant to be used 
exclusively, but to complement each other depending on 
circumstances such as patient condition.7,12 According to a 
guideline for enteroscopy published in Japan in 2017, VCE is 
recommended as a first-line diagnostic modality for obscure 
gastrointestinal bleeding, but is contraindicated for obstructive 

Table 3.  Concordance Rate between Enteroscopic Biopsies and Final 
Pathologic Results 

Concordance rate (%)

Ulceroinfiltrative lesion 9/11 (91.8%)

  Lymphoma 6/6

  Adenocarcinoma 1/3

  Metastatic cancer 2/2

Stricture lesion 3/4 (75.0%)

  Lymphoma 1/2

  Adenocarcinoma 1/1

  Metastatic cancer 1/1

Ulcerofungating lesion 4/6 (66.7%)

  Adenocarcinoma 3/4

  Metastatic cancer 1/2

Table 4.  Tumor Subtypes Found in the Small Bowel Varies depending on the Location

GIST Lymphoma Adenocarcinoma Metastatic cancer p-value

Duodenum 0 0 2 (25%) 0

0.002Jejunum 5 (71.4%) 0 5 (62.5%) 4 (80%)

Ileum 2 (28.6%) 8 (100%) 1 (12.5%) 1 (20%)

GIST, gastrointestinal stromal tumor.
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symptoms. It also suggests CT, magnetic resonance imaging, 
and enteroclysis as first diagnostic modalities for large tumors 
in the small intestine, and VCE for easier observation of small 
neoplasms or flat lesions. Thus, when evaluating the small 
bowel, it is necessary to perform the appropriate modalities 
depending on the different suspected conditions.21

Abdominal CT and VCE were used as screening exam-
inations for small bowel diseases, while DBE was used for 
tissue biopsy and therapeutic interventions. For example, after 
achieving a diagnosis through abdominal CT and VCE, DBE 
would be performed if a biopsy or therapeutic intervention 
is needed. As DBE is more invasive than abdominal CT and 
VCE, it is unfeasible to be performed in every patient. More-
over, the requirement for sedation to reduce abdominal dis-
comfort and pain may cause side effects such as desaturation 
and allergic reactions. There is also the possibility of endo-
scopic side effects, including bleeding and perforation. Finally, 
financial burden is another concern in patients undergoing 
endoscopy. For these reasons, DBE was only performed on 
selected patients who needed it the most.7,12,17 

In our study, 28 patients were diagnosed with small bowel 
malignancy. The most common signs and symptoms were ob-
scure bleeding (11/28, 39.3%), as well as abdominal pain and 
weight loss. The clinical signs varied depending on malignan-
cy subtype. In cases of lymphoma, abdominal pain, including 
obstructive symptoms, was most common (4/8, 50%), whereas 
obscure bleeding was most common in cases of GIST (6/7, 
85.7%). The presenting symptoms or clinical signs may be ex-
plained by the endoscopic features of each tumor type. For ex-
ample, malignant lymphomas harbor encircling and ulcerative 
lesions, whereas a mass with ulceration is the major finding of 
GIST.

In a previous study, abnormal imaging findings were the 
most common clinicopathologic features of small bowel tu-
mors, and the most common symptoms were bleeding and 
abdominal pain, including obstructive symptoms.5 In the pres-
ent study, 11 subjects (39.3%) showed bleeding, and 8 (28.6%) 
showed abdominal pain and obstructive symptoms. Moreover, 
all 438 patients in this study underwent abdominal CT, and 
27 of the 28 patients (96.4%) who were diagnosed with small 
bowel malignancy had positive CT findings, including het-
erogeneous wall thickening or masses (in all cases of GIST, 
adenocarcinoma, and metastatic cancer). However, in terms of 
lymphomas, 2 cases of MALT lymphoma showed positive en-
doscopic findings despite negative CT results. Abdominal CTs 
showed high sensitivity for diagnosing small bowel malignan-
cy, but a positive finding itself cannot diagnose the exact sub-
type. As exemplified by the 2 cases of lymphoma with negative 
abdominal CT findings, additional examinations with DBE or 
VCE are required regardless of CT findings.

In the present study, tumor location significantly differed 
according to the type of malignancy. GIST was mainly located 
in the proximal small bowel, whereas malignant lymphoma 
was located at the distal portion of the duodenum. Horie et al. 
reported in 2019 that they diagnosed 16 epithelial tumors, 22 
small bowel lymphomas, and 6 GISTs in 1,328 patients with 
DBEs.22 However, they failed to show statistical significance 
between tumor locations in the small bowel and the types of 
cancer. In this study, small bowel tumors were classified into 
4 types; 71.4% of GIST was observed in the jejunum, 100% of 
lymphoma in the ileum, 62.5% of adenocarcinoma in the jeju-
num, and 80% of metastatic cancer in the jejunum. The study 
period was shorter and the number of subjects was smaller 
than those in Horie et al., but it showed statistically significant 
results with a p-value of 0.002.22 Therefore, abdominal CT 
findings in a specific anatomical location may be helpful in 
predicting the properties of small bowel malignancy and in 
planning for future treatment approaches.

There was no case of NET in our study, and this was in 
line with studies conducted in other Asian countries.8,15,23 In 
a Korean multicenter study, the most common small bowel 
tumors were GIST (n=29, 25.9%), lymphoma (n=18, 16.1%), 
and adenocarcinoma (n=14, 12.5%).8 In a Taiwanese study on 
1,070 cases of DBE, the most common type was lymphoma 
(n=20, 29.0%), followed by GIST (n=19, 27.5%), adenocar-
cinoma (n=18, 26.1%), metastatic cancer (n=10, 14.5%), and 
only a few cases of NET (n=2, 0.9%).15 In contrast, NET was 
the most common type of small bowel malignancy in Western 
studies. Cangemi et al. showed that in 1,652 DBEs, the most 
common lesions were NET (19.4%), GIST (7.5%), and lym-
phoma (7.5%).5

Regarding the prevalence of NET, a study from the United 
States showed that out of 25,531 cases of gastrointestinal NET, 
38% occurred in the small bowel and 34% occurred in the 
rectum.24 In contrast, a Korean study showed that a majority 
of the cases of gastrointestinal NET were detected in the rec-
tum (48%), 15% in the stomach, and 9% in the pancreas.18 
The reasons for this epidemiological difference are unclear. 
Differences in ethnicity and the environment of clinical prac-
tice between Western and Asian countries might influence the 
location of gastrointestinal NET. Further research is therefore 
needed.

One limitation of this study is its retrospective-nature, which 
posed a possibility of bias. In addition, the small number of 
small bowel malignancy cases (28 patients) led to statistically 
nonsignificant results, although a trend could be drawn. How-
ever, we focused on the malignant cancer patients exclusively, 
and we had 438 patients who received small bowel evaluation, 
which is not few when compared to the other studies.

In conclusion, adenocarcinoma, malignant lymphoma, and 
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GISTs were observed to be the most common small bowel 
malignant tumors. In our study, 28 of 438 patients who un-
derwent VCE or DBE were diagnosed with small bowel ma-
lignancy, and tumor location significantly differed by tumor 
type. These findings elucidated the different clinical character-
istics of each type of small bowel malignancy and hence merit 
further study.
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