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Prevalence, natural progression, and clinical practices of upper 
gastrointestinal subepithelial lesions in Korea: a multicenter study 

The prevalence of subepithelial lesions in the UGI tract was �.��%, mostly followed up without pathologic confirmation after EUS.
Of the gastric subepithelial lesions (≥� cm), ��% were premalignant.
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Gastric Subepithelial Lesions (≥ 1cm) (n=236)

Further procedures to get
pathologic diagnosis (n=61)

Follow up (n=15) Loss (n=22)Follow up (n=120) Loss (n=55)

• General biopsy: 3 of 36
• Bite-on-bite biopsy: 4 of 5
• FNA/B: 0 of 1

Resection due to increased size, n=20; ER (8), Surgery (12)
• GIST (12)
• Ectopic pancreas (3)
• Leiomyoma (2)
• Lymphoepithelioma-like carcinoma (medullary carcinoma) (1)
• Not mentioned (1)

• Incisional biopsy: 0 of 2
• Endoscopic resection: 8 of 8
• Surgical resection: 4 of 4

No biopsy (n=175)

Pathologic diagnosis
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INTRODUCTION 

Subepithelial lesions (SELs) in the gastrointestinal (GI) tract 
include lesions with a smooth prominence in the inner cav-
ity of the GI tract and no changes in the mucosal surface on 
endoscopy. SELs are subepithelial tumors in the GI wall layer 
that grow under the epithelium. SELs are typically classified as 
non-neoplastic or neoplastic. Most lesions are asymptomatic 
and clinically insignificant. However, neuroendocrine tumors 
(NETs), lymphomas, glomus tumors, and gastrointestinal stro-
mal tumors (GISTs) are often malignant or potentially malig-
nant. Despite state-of-the-art endoscopic facilities and extensive 
research, SELs are still difficult to diagnose before surgery using 
noninvasive methods, such as endoscopy or endoscopic ultra-
sound (EUS). Histological diagnosis of lesions includes bite-on-
bite biopsy, EUS-guided fine needle aspiration/biopsy (FNA/B), 
endoscopic mucosal resection/endoscopic submucosal dissec-
tion, and submucosal tunneling with endoscopic resection.1-3 To 
detect and treat malignant lesions early, appropriate diagnostic 
approaches are required according to the characteristics of the 
lesions.4,5 

Globally, there are few reports on the prevalence of upper GI 
SELs. Endoscopic identification has increased in recent years 
owing to the development of endoscopic technologies and in-
creased interest in upper GI SELs.6 In Korea, the incidence of 
upper GI SELs from a single-center study was reported to be 
0.8% to 1.7%, but these data are insufficient; there are no es-
tablished guidelines, and hence each hospital uses a variety of 
approaches.7,8 

The current clinical guidelines suggest that hypoechoic 
lesions in the second or third layers are removed if they are 

symptomatic or larger than 2 cm; even in the absence of symp-
toms, as much of the pathology is obtained as possible.9 On 
the other hand, SELs on the fourth layer are recommended 
for removal unconditionally due to the possibility of GISTs.4 
EUS images often cannot distinguish malignant lesions and 
third-layer tumors. In Korea, esophagogastroduodenoscopy 
(EGD) is frequently performed, and endoscopic resections 
have also been developed.10-12 Therefore, it is necessary to 
assess whether the guidelines are followed in actual clinical 
conditions. We investigated the incidence, clinical practice pat-
terns (diagnostic approaches), and the natural progression of 
upper GI SELs. 

METHODS 

Subjects 
This multicenter retrospective study was conducted between 
2010 and 2016 at the EUS Research Group of the Korean Gas-
trointestinal Endoscopy Society. The medical records of patients 
with upper GI SELs among the population who underwent 
endoscopic screening at eight university hospitals between Jan-
uary 1 and December 31, 2010, were retrospectively analyzed. 
These participants, in whom SELs were found, were followed 
up for 6 years through to 2016. Gastroscopy and EUS reports 
and clinical courses were reviewed. 

Definitions 
Diagnoses were divided into clinical and pathological. Patholog-
ical diagnoses were made using endoscopic biopsy, EUS-guided 
FNA/B, endoscopic resection, or surgical resection. If a patho-
logical diagnosis could not be obtained, a clinical diagnosis was 

Background/Aims: This study aimed to evaluate the prevalence and natural progression of subepithelial lesions (SELs) in the upper 
gastrointestinal (UGI) tract. 
Methods: The medical records of patients with UGI SELs who underwent endoscopic screening at eight university hospitals between 
January and December 2010 were retrospectively investigated. The follow-up evaluations were performed until December 2016. 
Results: UGI SELs were found in 1,044 of the 65,233 participants screened (endoscopic prevalence, 1.60%; the total number of lesions, 
1,062; mean age, 55.1±11.2 years; men, 53.6%). The median follow-up period was 48 (range, 8–74) months. SELs were most frequently 
found in the stomach (63.8%) and had a mean size of 9.9±6.1 mm. Endoscopic ultrasonography (EUS) was performed in 293 patients 
(28.1%). The most common lesions were leiomyomas, followed by gastrointestinal stromal tumors (GISTs), and ectopic pancreas. The pro-
portions of SELs with malignant potential according to size were 3% (<1 cm), 22% (1–2 cm), 27% (2–3 cm), and 38% (≥3 cm). In gastric 
SELs larger than 1 cm, resections were performed in 20 patients because of an increase in size, of which 12 were found to be GISTs. 
Conclusions: The prevalence of UGI SELs was 1.60%. Further, 23% of gastric SELs ≥1 cm were precancerous lesions, most followed by 
EUS and clinical decisions without initial pathological confirmation.  
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made by tracking the clinical progress for more than 1 year and 
ultrasound imaging.  

Examinations and endpoints  
First, for each healthcare center, the number of patients with 
SELs found during gastroscopy was checked in those who had 
undergone endoscopy for 1 year, and the number of patients 
who received additional tests, such as EUS, computed tomogra-
phy, and biopsy. In addition, the percentage of patients who un-
derwent endoscopic or surgical resection was determined, and 
those who did not undergo resection were followed up until 
2016. During follow-up, the number and interval of follow-ups, 
size change of the SEL, and presence or absence of tumor resec-
tion were identified. 

The primary endpoint was the incidence of upper GI SELs in 
asymptomatic patients. The secondary endpoints were clinical 
practice patterns and natural courses. 

Ethical statements 
The Institutional Review Board of each hospital approved the 
study protocol (KC20RIDI0036).

RESULTS 

Prevalence and characteristics of upper GI SELs 
Between January 1 and December 31, 2010, 65,233 individuals 
underwent screening endoscopies at eight university hospitals. 
Upper GI SELs were identified in 1,044 patients (1,062 lesions 
in total). Thus, the endoscopic prevalence of upper GI SELs was 
thus 1.60%. The prevalence differed significantly between insti-
tutions (range, 0.72%–3.48%; Table 1). The median age of the 

Table 1. Incidence of subepithelial lesions in each of the eight uni-
versity hospitals 

Hospitalsa) Total subjects No. of patients with 
subepithelial lesions

Incidence 
(%)

A 16,786 199 1.19
B 21,609 156 0.72
C 3,888 65 1.67
D 5,215 156 2.99
E 5,283 184 3.48
F 3,321 81 2.44
G 4,953 101 2.04
H 4,178 102 2.44
All 65,233 1,044 1.60

a)C and D, and F and G are hospitals in the same area.

Table 2. Demographic characteristics of upper gastrointestinal sub-
epithelial lesions 

Characteristic No. of patients
Gastroscopy examinees for cancer screening 65,233
Total no. of subepithelial lesions 1,062
People with subepithelial lesions found by 

endoscopy (n=65,233)
1,044 (1.6)

  Single (n=1,044) 1,026 (98.3)
  Multiple (n=1,044) 18 (1.7)
Age (yr) (n=1,044) 55.1±11.2/56 (12‒86)
  <39 88 (8.4)
  40–49 213 (20.4)
  50–59 380 (36.4)
  60–69 258 (24.7)
  ≥70 105 (10.1)
Male sex 560 (53.6)
Locations
  Esophagusa) 246 (23.6)
    Upper 27 (2.6)
    Middle 72 (6.9)
    Lower 81 (7.8)
    Undocumented 66 (6.3)
  Stomachb) 666 (63.8)
    Upper 291 (27.9)
    Middle 53 (5.1)
    Lower 133 (12.7)
    Undocumented 189 (18.1)
  Duodenum 132 (12.6)
    Bulb 25 (2.4)
    Second portion 47 (4.5)
    Undocumented 60 (5.7)
Maximal diameter (mm) (all SELs) (n=748) 9.9±6.1
  <10 373 (49.9)
  10–20 322 (43.0)
  20–30 40 (5.3)
  ≥30 13 (1.7)
Mean size of SELs at the time of diagnosis (mm) 9.9±6.1
  Esophagus 9.6±5.7
  Stomach 9.8±6.1
  Duodenum 11.1±6.5

Values are presented as number (%), mean±standard deviation/median 
(range), or mean±standard deviation.
SEL, subepithelial lesion.
a)If there is no mention of the location of the esophagus, within 20 cm of 
the upper incisor was classified as ‘upper esophagus,’ and if more than 
30 cm from the upper incisor, it was classified as ‘lower esophagus.’ The 
distance to the upper incisor was classified as ‘undocumented’ if it was 
not mentioned. b)Cardia, fundus, and upper body were classified as ‘upper 
stomach,’ midbody and lower body were classified as ‘middle stomach,’ 
and angle, antrum, and pylorus were classified as ‘lower stomach.’
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participants was 56 years (range, 12–86 years, mean 55.1±11.2 
years), and 560 participants (53.6%) were men. Eighteen pa-
tients (1.7%) had two or more tumors. If an external indenta-
tion or vascular structure could be distinguished by endoscopy 
or other imaging studies, it was excluded from the SELs. 

The most common location was the upper third of the stom-
ach (39.9%). Ten of the 14 histologically confirmed GISTs were 
located in the upper body. The mean size of the SELs when they 
were first identified on endoscopy was 9.9±6.1 mm, and 49.1% 
of the SELs were 1 cm or larger, 7.0% were larger than 2 cm, 
and 1.7% were larger than 3 cm (Table 2). 

Among the 1,044 patients with SELs identified by EGD, 293 
(28.1%) underwent additional endoscopic ultrasonography. 
The EUS characteristics of the upper GI SELs according to the 
organ are described in Table 3. A total of 154 lesions (14.8%) 
were biopsied. The histological results of the biopsy confirmed 
were as follows; esophageal duplication cyst (1), esophageal or 
gastric leiomyoma (11), esophageal hemangioma (1), gastric or 
duodenal ectopic pancreas (10), gastritis cystica profunda (1), 
inflammatory fibrinoid polyp (1), lipoma (1), gastric adenocar-
cinoma (1), Brunner’s gland hyperplasia (7), duodenal lymph-
angioma (2), and duodenal neuroendocrine tumor (1). 

A total of 394 SELs were followed up for >12 months, with 
a median of 54 months (range, 12–83 months); of these, the 
esophagus, stomach, and duodenum SELs were followed up 
59 (range, 12–77) months, 52 (range, 12–83) months, and 60 
(range, 12–82) months, respectively. Fifty-four patients (5.2%) 
had their SELs removed by endoscopic procedures or surgery, 
29 immediately after diagnosis, and 25 during follow-up, owing 

8 University hospitals 
65,233 Screening population

293 Subjects who underwent 
endoscopic ultrasonography

154 Subjects who underwent biopsy 
(general 114, bite-on-bite 23, FNA/B 5, 

incisional biopsy 3)

1,044 People diagnosed with subepithelial lesions by gastroscopy

54 Patients whose lesions have been resected through endoscopic 
or surgical approach

293

74 80

1731 6

Fig. 1. Study population. There were 29 cases of subepithelial lesions 
resected immediately after diagnosis, and 25 cases resected after fol-
low-up gastroscopy.

Table 3. Characteristics of upper gastrointestinal subepithelial lesions on endoscopic ultrasound 
Total (n=293) Esophagus (n=71) Stomach (n=182) Duodenum (n=40)

Layer of origin
  2nd (muscularis mucosae) 61/265 (23.0) 28/65 (43.1) 16/164 (9.8) 16/35 (45.7)
  3rd (submucosa) 80/265 (30.2) 12/65 (18.5) 53/164 (32.3) 16/35 (45.7)
  4th (muscularis propria) 124/265 (46.8) 25/65 (38.5) 95/164 (57.9) 3/35 (8.6)
Echogenicity
  Anechoic 6/262 (2.3) 1/66 (1.5) 2/160 (1.3) 3/36 (8.3)
  Hypoechoic 198/262 (75.6) 56/66 (84.8) 116/160 (72.5) 26/36 (72.2)
  Isoechoic 15/262 (5.7) 7/66 (10.6) 6/160 (3.8) 2/36 (5.6)
  Hyperechoic 20/262 (7.6) 1/66 (1.5) 15/160 (9.4) 4/36 (11.1)
  Mixed 23/262 (8.8) 1/66 (1.5) 21/160 (13.1) 1/36 (2.8)
Mixtures
  Homogenous 33/54 (61.1) 11/13 (84.6) 20/35 (57.1) 2/6 (33.3)
  Heterogenous 21/54 (38.9) 2/13 (15.4) 15/35 (42.9) 4/6 (66.7)

Values are presented as number/total number (%).

to increased SEL sizes (Fig. 1). The final histological results of 
the 54 resected SELs were as follows: GIST (11); leiomyoma 
(10); ectopic pancreas (10); NET (3); granular cell tumor (3); 
Brunner’s gland adenoma (3); lipoma (2); inflammatory fi-
broid polyp (2); schwannoma (1); advanced gastric cancer (1); 
lymphoepithelioma-like carcinoma (medullary carcinoma) (1); 
eosinophilic abscess (1); ectopic gastric mucosa (1); and not 
mentioned (5). 

Choe et al. Upper gastrointestinal subepithelial lesions
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Types and distribution of SELs according to the location 
The most common SELs among all the upper GI SELs were 
leiomyomas (30.4%), followed by GISTs (24.6%), ectopic pan-
creas (16.7%), and lipomas (5.1%) (Table 4). The most com-
mon SELs in the stomach were GIST (39.1%), ectopic pancreas 
(22.5%), and leiomyoma (18.3%). Common SELs in the esoph-
agus were leiomyoma (75.8%) and granular cell tumor (15.2%), 
whereas common SELs in the duodenum were Brunner’s gland 
hyperplasia/adenoma (29.3%) and lymphangioma (22.0%). 

Some SELs were uniquely distributed in the esophagus and 
duodenum. For example, granular cell tumors (15% of esopha-

geal SELs) occur in the esophagus. Brunner's gland hyperplasia/
adenoma (29% of duodenal SELs) and lymphangiomas (22% of 
duodenal SELs) were observed in the duodenum. 

Forty-four esophageal and gastric SELs were greater than 2 
cm in size. Among them, the proportion of malignant SELs was 
18% (seven GISTs and one adenocarcinoma; Fig. 2). In the stom-
ach, the proportion of malignant SELs increased with size, with 
3% of SELs >1 cm, 29% of SELs >2 cm, and 38% of SELs >3 cm. 

Natural course of upper GI SELs 
Figure 3 shows the clinical practice patterns of gastric SELs 

Table 4. The frequency order of the subepithelial lesions according to the location of the upper gastrointestinal tract 

Location

Any size (n=1,044) 1‒2 cm (n=322) >2 cm (n=375)

Confirmative  
diagnosisa)

Suggestive on  
EUS & pathologic 

confirmedb)

Confirmative  
diagnosisa)

Suggestive on  
EUS & pathologic 

confirmedb)

Confirmative  
diagnosisa)

Suggestive on  
EUS & pathologic 

confirmedb)

Upper gastrointestinal tract (n=1,044)
  Leiomyoma 20/85 (23.5) 84/276 (30.4) 7/45 (15.6) 51/158 (32.3) 8/24 (33.3) 12/40 (30.0)
  GIST 15/85 (17.6) 68/276 (24.6) 9/45 (20.0) 43/158 (27.2) 5/24 (20.8) 9/40 (22.5)
  Ectopic pancreas 18/85 (21.2) 46/276 (16.7) 9/45 (20.0) 28/158 (17.7) 4/24 (16.7) 5/40 (12.5)
  Lipoma 3/85 (3.5) 14/276 (5.1) 1/45 (2.2) 8/158 (5.1) 2/24 (8.3) 3/40 (7.5)
  BGH/BGA 9/85 (10.6) 12/276 (4.3) 3/45 (6.7) 5/158 (3.2) 2/24 (8.3) 2/40 (5.0)
  Granular cell tumor 3/85 (3.5) 10/276 (3.6) 3/45 (6.7) 7/158 (4.4) 0/24 (0) 0/40 (0)
  Lymphangioma 2/85 (2.4) 9/276 (3.3) 1/45 (2.2) 6/158 (3.8) 0/24 (0) 1/40 (2.5)
  NET 3/85 (3.5) 3/276 (1.1) 1/45 (2.2) 1/158 (0.6) 0/24 (0) 0/40 (0)
  Malignancy (excluding GIST) 2/85 (2.4) 2/276 (0.7) 1/45 (2.2) 1/158 (0.6) 1/24 (4.2) 1/40 (2.5)
  Other benign lesions 10/85 (11.8) 24/276 (8.7) 6/45 (13.3) 6/158 (3.8) 0/24 (0) 3/40 (7.5)
  External indentation on EUS  

or CT
0/85 (0) 4/276 (1.4) 2/45 (4.4) 2/158 (1.3) 2/24 (8.3) 2/40 (5.0)

Esophagus (n=246)
  Leiomyoma 14/20 (70.0) 50/66 (75.8) 6/10 (60.0) 34/43 (79.1) 4/5 (80.0) 6/8 (75.0)
  Granular cell tumor 3/20 (15.0) 10/66 (15.2) 3/10 (30.0) 7/43 (16.3) 0/5 (0) 0/8 (0)
  Duplication cyst 1/20 (5.0) 2/66 (3.0) 0/10 (0) 0/43 (0) 0/5 (0) 1/8 (12.5)
  GIST 1/20 (5.0) 1/66 (1.5) 0/10 (0) 0/43 (0) 0/5 (0) 0/8 (0)
Stomach (n=666)
  GIST 14/44 (31.8) 66/169 (39.1) 9/25 (36.0) 43/98 (43.9) 5/16 (31.3) 9/27 (33.3)
  Ectopic pancreas 12/44 (27.3) 38/169 (22.5) 6/25 (24.0) 24/98 (24.5) 4/16 (25.0) 5/27 (18.5)
  Leiomyoma 6/44 (13.6) 31/169 (18.3) 1/25 (4.0) 15/98 (15.3) 4/16 (25.0) 6/27 (22.2)
  Lipoma 2/44 (4.5) 11/169 (6.5) 1/25 (4.0) 6/98 (6.1) 1/16 (6.3) 2/27 (7.4)
  Malignancy (excluding GIST) 2/44 (4.5) 2/169 (1.2) 1/25 (4.0) 1/98 (1.0) 1/16 (6.3) 1/27 (3.7)
  NET 1/44 (2.3) 1/169 (0.6) 0/25 (0) 0/98 (0) 0/16 (0) 0/27 (0)
Duodenum (n=132)
  BGH/BGA 9/21 (42.9) 12/41 (29.3) 3/8 (37.5) 5/19 (26.3) 2/3 (66.7) 2/5 (40.0)
  Lymphangioma 2/21 (9.5) 9/41 (22.0) 1/8 (12.5) 6/19 (31.6) 0/3 (0) 1/5 (20.0)
  Ectopic pancreas 6/21 (28.6) 8/41 (19.5) 3/8 (37.5) 4/19 (21.1) 0/3 (0) 0/5 (0)
  NET 2/21 (9.5) 2/41 (4.9) 1/8 (12.5) 1 (5.3) 0/3 (0) 0/5 (0)

Values are presented as number/total number (%).
EUS, endoscopic ultrasonography; GIST, gastrointestinal stromal tumor; BGH/BGA, Brunner’s gland hyperplasia; NET, neuroendocrine tumor; CT, 
computed tomography.
a)Final diagnosis on biopsy, b)pathologic confirmed plus strongly suspicious on endoscopic ultrasonography.
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Fig. 2. Distribution of upper gastrointestinal subepithelial lesions (SELs) according to size. (A) Types of SELs of 2 cm or more. (B, C) Com-
parison of the proportion of malignancy or premalignant gastric SELs by size. Malignancy or premalignant lesions included gastrointestinal 
stromal tumors, neuroendocrine tumors, and gastric cancer. BGH, Brunner’s gland hyperplasia; Ext., external; GIST, gastrointestinal stromal 
tumor. 

greater than 1 cm and gastric SELs greater than 2 cm. Further, 
34 stomach SELs measured >2 cm in size. Eight SELs were 
pathologically diagnosed, and 3 SELs proved to be malignant 
(one adenocarcinoma and two GISTs). Additionally, 22 SELs 
were followed up without pathological confirmation (median, 
48 months; range, 8–74 months). Seven gastric SELs >2 cm in-
creased in size during a median follow-up period of 60 months 
(range, 45 to 74 months) and were resected endoscopically or 
surgically. Fifteen SELs remained unchanged in size or shape 
during the median follow-up period of 46 months (range, 8–61 
months). Eventually, 65% of gastric SELs >2 cm were clinically 
followed up without a pathological diagnosis; among them, 
13.6% (3/22) were found to be malignant. 

Figure 4A shows the practice patterns of the 246 esophageal 
SELs. The pathological analysis confirmed leiomyomas in 17 
patients. A total of 105 (42.7%) patients were followed up with-
out pathological confirmation. Four patients underwent SEL 
resection because of an increase in size. 

Approximately 37 of the 132 patients with duodenal SELs 
attempted to obtain a pathological diagnosis (Fig. 4B). Twenty 
patients were pathologically confirmed at their first detection, 
and two were diagnosed with endoscopic resection of an NET. 
Among those with confirmed duodenal SEL, 33 (25.0%) were 
followed up without a pathological diagnosis. Four SELs that 
had increased in size during the follow-up period were resect-
ed. The malignant potential was observed in 1.5% (2/132) of 
duodenal SELs (duodenal NETs). 

A total of 35 SELs (seven esophageal, 24 gastric, and four du-
odenum SELs) increased in size during the median 58 months 
follow-up period (range, 12–73 months; mean, 51.5±17.5 
months). The size of SELs was 1.3±0.4 cm at the initial diagno-
sis and 2.0±0.8 cm at the last follow-up or excision. The pathol-
ogies were GIST in five patients, leiomyoma in three patients, 
ectopic pancreas in one patient, and others that could not be 
identified. 

Others 
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Ext. indentation 
5%

BGH 
5%

Lipoma 
8%

Ectopic pancreas
GIST 
22%

Leiomyoma 
30%
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Gastric subepithelial lesions, 1–2 cm (n=202)

Gastric subepithelial lesions >2 cm (n=34)

No biopsy (n=154)

No biopsy (n=21)

Further procedures to get pathologic diagnosis (n=48)

Further procedures to get pathologic diagnosis (n=13)

General Bx. (n=33)
- Ectopic pancreas (2)
- Lipoma (1)
- GCP (1)
- IFP (1)
- Non-conclusive (30)

General Bx. (n=3)
- Non-conclusive (3)

Bite-on-bite Bx. (n=2)
- Leiomyoma (12)
- Non-conclusive (1)

Bite-on-bite Bx. (n=3)
- Leiomyoma (2)
- Ectopic pancreas (1)

FNA/B (n=0)

FNA/B (n=1)
- Non-conclusive (1)

Incisional Bx. (n=1)
- Non-conclusive (1)

Incisional Bx. (n=1)
- Non-conclusive (1)

ER (n=6)
- Ectopic pancreas (3)
- Leiomyoma (1) 
- IFP (1)
- Schwannoma (1)

ER (n=2)
- GIST (1)
- Ectopic pancreas (1)

Surgery (n=1)
- Eo. abscess (1)

Surgery (n=3)
- GIST (1)
- Ectopic pancreas (1)
- AGC (1)

Follow-up (n=102), loss (n=52)

Follow-up (n=18), loss (n=3)

Follow-up (n=15), loss (n=22)

Follow-up (n=4), loss (n=1)

Follow-up without pathologic confirmation (113 of 202, 55.9%)

Follow-up without pathologic confirmation (22 of 34, 64.7%)

Resection due to increased size, n=13; ER (7), surgery (6)
- GIST (9)
- Ectopic pancreas (2)
- Leiomyoma (0)
- Lipoma (0)
- Lymphoepithelioma-like carcinoma (medullary carcinoma) (1)
- Not mentioned (1)

Resection due to increased size, n=7; ER (1), surgery (6)
- GIST (3)
- Leiomyoma (2)
- Ectopic pancreas (1)
- Lipoma (1)

AA

BB

Fig. 3. Natural course of gastric subepithelial lesions (SELs) according to size. (A) Gastric SELs measuring 1 to 2 cm in size. (B) Gastric SELs 
larger than >2 cm. Bx., biopsy; GCP, gastritis cystica profunda; IFP, inflammatory fibroid polyp; FNA/B, fine needle aspiration/biopsy; ER, 
endoscopic resection; Eo., eosinophilic; GIST, gastrointestinal stromal tumor; AGC, advanced gastric cancer. 
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Esophageal subepithelial lesions 
(n=246)

Duodenal subepithelial lesions 
(n=132)

F/U without pathologic confirmation 
(105 of 246, 42.7%)

F/U without pathologic confirmation 
(33 of 132, 25.0%)Resection due to increased size,  

n=4; ER (2), surgery (2)
- Leiomyoma (3), not mentioned (1) Resection due to increased size,  

n=4; ER (3), not mentioned (1)
- BGA (2), ectopic pancreas (1), not mentioned (1)

No biopsy (n=212) No biopsy (n=95)Further procedures to get 
pathologic diagnosis (n=34)

Further procedures to get 
pathologic diagnosis (n=37)

F/U (n=11)  
Loss (n=4)

F/U (n=10)  
Loss (n=6)

F/U (n=94)  
Loss (n=118)

F/U (n=23)  
Loss (n=72)

General Bx. (n=16)
- Duplication cyst (1) 
- Non-conclusive (15) 

Bite-on-bite Bx. (n=8) 
- Leiomyoma (7) 
- Hemangioma (1)

General Bx. (n=25)
- BGH/A (7)
- Leiomyoma (2) 
- Non-conclusive (15) 

Bite-on-bite Bx. (n=6) 
- Ectopic pancreas (5) 
- BGA (1)

FNA (n=1) 
- Non-conclusive (1) 

ER (n=7)
- Leiomyoma (3)
- GCT (3)
- GIST (1)

Surgery (n=2) 
- Leiomyoma (1)
- Not mentioned (1)

ER (n=4)
- NET (2)
- BGA (1)
- Lipoma (1)

Surgery (n=2) 
- Ectopic pancreas (1)
- Not mentioned (1)

BBAA

Fig. 4. Clinical practice and natural course of (A) esophageal and (B) duodenal subepithelial lesions. Bx., biopsy; ER, endoscopic resection; 
GCT, granular cell tumor; GIST, gastrointestinal stromal tumor; F/U, follow-up; BGA, Brunner’s gland adenoma; BGH, Brunner’s gland hy-
perplasia; NET, neuroendocrine tumor; FNA, fine needle aspiration.

DISCUSSION 

This study evaluated the prevalence and natural progression of 
upper GI SELs detected during endoscopic screening. We also 
evaluated the clinical practice patterns of upper GI SELs. The 
prevalence in the total screening population was 1.6% (1,044 
out of 65,233). The institutional prevalence varied from 0.72% 
to 3.48%. In previous studies, the prevalence of upper GI SELs 
in the screening population was 0.8% to 1.7%.7,8 Studies per-
formed in the Korean population were 0.8% to 1.1% during 
2010–2022. These large differences between institutions suggest 
that the detection of upper GI SELs may depend more on the 
fidelity of the endoscopist or endoscopic records than on an 
increase in the actual prevalence or development of endoscopic 
techniques. 

In this study, 54 SELs were endoscopically or surgically re-

sected immediately after diagnosis, and 28 SELs were resected 
during follow-up owing to their increased size. Considering 
that the SELs lost during follow-up were not counted, there is 
likely to be an increase in tumor size. Several studies investi-
gated the natural history of upper GI SELs. Lim et al.7 reported 
an increase in the size of SELs in only 8 (3.2%) of 252 SELs 
over 84 months.Other studies showed that only 8.5% of 989 
SELs changed significantly in size and morphology at a median 
follow-up period of 24 months (range, 3–123 months). 

Most SELs are benign at diagnosis. NETs, lymphomas, glo-
mus tumors, and GISTs are generally malignant or likely to 
become malignant. Endoscopy makes it difficult to predict ma-
lignant tumors based solely on the tumor shape. A possible di-
agnosis can be made by synthesizing endoscopic characteristics, 
such as tumor location, organ, mobility, and consistency.13 In 
general, additional diagnostic modalities of EUS are required. 
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In this study, only 28.1% (293/1,044) of the SELs underwent 
additional EUS. This may have included some SELs already dis-
covered before the study and those undergoing follow-up. The 
common frequency of tumors by organ was not significantly 
different from that reported in previous studies. GISTs are the 
most common SELs of the stomach. 

Small, incidentally detected SELs can be monitored periodi-
cally using endoscopy or EUS. The European Society of Gastro-
intestinal Endoscopy guidelines recommend that the manage-
ment of each SEL depends on its size, location, pathology, and 
malignant potential or symptoms.14,15 A pathological diagnosis 
is recommended if the lesion is larger than 2 cm or if EUS sug-
gests malignancy.16 Several SELs, such as lipomas, cysts, or ecto-
pic pancreas, show typical characteristics during endoscopy or 
EUS. However, the diagnostic accuracy of EUS for SELs located 
in the third and fourth layer is unsatisfactory without pathol-
ogy. Tissue acquisition for histopathological diagnosis is often 
necessary to decide further treatment policies.17-19 SELs arising 
from the submucosa and muscularis propria can be sampled us-
ing tunnel biopsies (or deep-well biopsies), EUS-guided FNA/B, 
or advanced endoscopic techniques (unroofing or endoscopic 
resection).2,20-25 

This study has some limitations. First, the prevalence rates 
varied among different institutions, suggesting that the inci-
dence may depend on the endoscopist. Second, because this was 
a retrospective study, it was impossible to review all endoscopic 
images. Pathological diagnosis, which is the gold standard, was 
not performed for all lesions; therefore, it was impossible to cal-
culate an accurate diagnosis. 

In this study, the tissue yield for the pathological diagnosis of 
upper GI SEL was not high at approximately 44%. Therefore, it 
is important to follow up according to clinical judgment using 
endoscopy and EUS findings, as well as a biopsy. In this study, 
in the stomach, the proportion of malignant SELs increased as 
the size increased, and in the case of upper GI SELs of size 1 cm 
or larger, it is necessary to recommend additional tests, such as 
biopsy or EUS. If the pathology cannot be confirmed, close fol-
low-up may be needed. 

In conclusion, the prevalence of SELs in the upper GI tract 
was 1.60% in an endoscopically screened population. In the 
case of the stomach, where GIST occurs, it is necessary to rec-
ommend additional tests such as biopsy or EUS if the size is 
≥1 cm. 

Conflicts of Interest 

Gwnag Ha Kim is currently serving as a deputy editor in Clinical 
Endoscopy; however, he was not involved in the peer reviewer 
selection, evaluation, or decision process for this article. The au-
thors have no potential conflicts of interest.

Funding 

None. 

Author Contributions 

Conceptualization: GHK; Data curation: YC, YKC, GHK, JHC, 
ESK, JHK, EKC, THK, SHK; Formal analysis: YC, YKC; Super-
vision: YKC, GHK; Software: YC; Project administration: GHK, 
JHC, JHK; Writing–original draft: YC; Writing–review & editing: 
all authors. 

ORCID 

Younghee Choe� https://orcid.org/0000-0002-9443-2108  
Yu Kyung Cho� https://orcid.org/0000-0002-7297-6577 
Gwang Ha Kim� https://orcid.org/0000-0001-9721-5734 
Jun-Ho Choi� https://orcid.org/0000-0002-8792-6249 
Eun Soo Kim� https://orcid.org/0000-0003-0806-9136
Ji Hyun Kim� https://orcid.org/0000-0003-0861-2792 
Eun Kwang Choi� https://orcid.org/0000-0002-6376-1849 
Tae Hyeon Kim� https://orcid.org/0000-0002-9723-2136 
Seong-Hun Kim� https://orcid.org/0000-0002-7592-8060 
Do Hoon Kim� https://orcid.org/0000-0002-4250-4683 

REFERENCES 

1.   Lee M, Min BH, Lee H, et al. Feasibility and diagnostic yield of endo-
scopic ultrasonography-guided fine needle biopsy with a new core 
biopsy needle device in patients with gastric subepithelial tumors. 
Medicine (Baltimore) 2015;94:e1622. 

2.   Kim GH, Cho YK, Kim EY, et al. Comparison of 22-gauge aspiration 
needle with 22-gauge biopsy needle in endoscopic ultrasonogra-
phy-guided subepithelial tumor sampling. Scand J Gastroenterol 
2014;49:347–354. 

3.   He G, Wang J, Chen B, et al. Feasibility of endoscopic submucosal 
dissection for upper gastrointestinal submucosal tumors treatment 
and value of endoscopic ultrasonography in pre-operation assess 
and post-operation follow-up: a prospective study of 224 cases in a 
single medical center. Surg Endosc 2016;30:4206–4213. 

4.   Standards of Practice Committee, Faulx AL, Kothari S, et al. The role 
of endoscopy in subepithelial lesions of the GI tract. Gastrointest 

752

http://orcid.org/0000-0002-9443-2108
https://doi.org/10.1097/md.0000000000001622
https://doi.org/10.1097/md.0000000000001622
https://doi.org/10.1097/md.0000000000001622
https://doi.org/10.3109/00365521.2013.867361
https://doi.org/10.3109/00365521.2013.867361
https://doi.org/10.3109/00365521.2013.867361
https://doi.org/10.3109/00365521.2013.867361
https://doi.org/10.1007/s00464-015-4729-1
https://doi.org/10.1007/s00464-015-4729-1
https://doi.org/10.1007/s00464-015-4729-1
https://doi.org/10.1007/s00464-015-4729-1
https://doi.org/10.1016/j.gie.2017.02.022
https://doi.org/10.1016/j.gie.2017.02.022


Endosc 2017;85:1117–1132. 
5.   Gao Z, Wang C, Xue Q, et al. The cut-off value of tumor size and ap-

propriate timing of follow-up for management of minimal EUS-sus-
pected gastric gastrointestinal stromal tumors. BMC Gastroenterol 
2017;17:8. 

6.   Ryu DG, Choi CW. Common gastric subepithelial tumors in Kore-
ans. Korean J Helicobacter Up Gastrointest Res 2022;22:29–37. 

7.   Lim YJ, Son HJ, Lee JS, et al. Clinical course of subepithelial lesions 
detected on upper gastrointestinal endoscopy. World J Gastroenterol 
2010;16:439–444. 

8.   Lee JH, Lee HL, Ahn YW, et al. Prevalence of gastric subepithelial 
tumors in Korea: a single center experience. Korean J Gastroenterol 
2015;66:274–276. 

9.   Sharzehi K, Sethi A, Savides T. AGA clinical practice update on man-
agement of subepithelial lesions encountered during routine endos-
copy: expert review. Clin Gastroenterol Hepatol 2022;20:2435–2443. 

10. Moon JS. Role of endoscopic ultrasonography in guiding treatment 
plans for upper gastrointestinal subepithelial tumors. Clin Endosc 
2016;49:220–225. 

11. Kim SM, Kim EY, Cho JW, et al. Predictive factors for differentiating 
gastrointestinal stromal tumors from leiomyomas based on endo-
scopic ultrasonography findings in patients with gastric subepithelial 
tumors: a multicenter retrospective study. Clin Endosc 2021;54:872–
880. 

12. Bang CS, Baik GH, Shin IS, et al. Endoscopic submucosal dissection 
of gastric subepithelial tumors: a systematic review and meta-analy-
sis. Korean J Intern Med 2016;31:860–871. 

13. Kim TW, Kim GH, Park DY, et al. Endoscopic resection for duode-
nal subepithelial tumors: a single-center experience. Surg Endosc 
2017;31:1936–1946. 

14. Deprez PH, Moons LM, O’T oole D, et al. Endoscopic management 
of subepithelial lesions including neuroendocrine neoplasms: Eu-
ropean Society of Gastrointestinal Endoscopy (ESGE) Guideline. 
Endoscopy 2022;54:412–429. 

15. Kim MN, Kang SJ, Kim SG, et al. Prediction of risk of malignancy of 
gastrointestinal stromal tumors by endoscopic ultrasonography. Gut 
Liver 2013;7:642–647. 

16. Kim SE, Park MI. Natural course of gastric subepithelial tumor. Ko-
rean J Helicobacter Up Gastrointest Res 2015;15:1–8. 

17. Cho JW; Korean ESD Study Group. Current guidelines in the man-
agement of upper gastrointestinal subepithelial tumors. Clin Endosc 
2016;49:235–240. 

18. Zhang XC, Li QL, Yu YF, et al. Diagnostic efficacy of endoscopic 
ultrasound-guided needle sampling for upper gastrointestinal sub-
epithelial lesions: a meta-analysis. Surg Endosc 2016;30:2431–2441. 

19. Pouw RE, Barret M, Biermann K, et al. Endoscopic tissue sampling: 
Part 1: Upper gastrointestinal and hepatopancreatobiliary tracts. 
European Society of Gastrointestinal Endoscopy (ESGE) Guideline. 
Endoscopy 2021;53:1174–1188. 

20. Lee JS, Cho CM, Kwon YH, Seo AN, Bae HI, Han MH. Comparison 
of diagnostic performances of slow-pull suction and standard suc-
tion in endoscopic ultrasound-guided fine needle biopsy for gastro-
intestinal subepithelial tumors. Clin Endosc 2022;55:637–644.

21. Nabi Z, Reddy DN. Submucosal endoscopy: the present and future. 
Clin Endosc 2023;56:23–37.

22. Chen H, Li B, Li L, et al. Current status of endoscopic resection of 
gastric subepithelial tumors. Am J Gastroenterol 2019;114:718–725. 

23. Lee HL, Kwon OW, Lee KN, et al. Endoscopic histologic diagnosis of 
gastric GI submucosal tumors via the endoscopic submucosal dis-
section technique. Gastrointest Endosc 2011;74:693–695. 

24. van Wanrooij RL, Bronswijk M, Kunda R, et al. Therapeutic endo-
scopic ultrasound: European Society of Gastrointestinal Endoscopy 
(ESGE) Technical Review. Endoscopy 2022;54:310–332. 

25. Pimentel-Nunes P, Libânio D, Bastiaansen BA, et al. Endoscopic sub-
mucosal dissection for superficial gastrointestinal lesions: European 
Society of Gastrointestinal Endoscopy (ESGE) Guideline: Update 
2022. Endoscopy 2022;54:591–622.  

Choe et al. Upper gastrointestinal subepithelial lesions

753

https://doi.org/10.1016/j.gie.2017.02.022
https://doi.org/10.1186/s12876-016-0567-4
https://doi.org/10.1186/s12876-016-0567-4
https://doi.org/10.1186/s12876-016-0567-4
https://doi.org/10.1186/s12876-016-0567-4
https://doi.org/10.7704/kjhugr.2021.0051
https://doi.org/10.7704/kjhugr.2021.0051
https://doi.org/10.3748/wjg.v16.i4.439
https://doi.org/10.3748/wjg.v16.i4.439
https://doi.org/10.3748/wjg.v16.i4.439
https://doi.org/10.4166/kjg.2015.66.5.274
https://doi.org/10.4166/kjg.2015.66.5.274
https://doi.org/10.4166/kjg.2015.66.5.274
https://doi.org/10.1016/j.cgh.2022.05.054
https://doi.org/10.1016/j.cgh.2022.05.054
https://doi.org/10.1016/j.cgh.2022.05.054
https://doi.org/10.5946/ce.2016.047
https://doi.org/10.5946/ce.2016.047
https://doi.org/10.5946/ce.2016.047
https://doi.org/10.5946/ce.2021.251
https://doi.org/10.5946/ce.2021.251
https://doi.org/10.5946/ce.2021.251
https://doi.org/10.5946/ce.2021.251
https://doi.org/10.3904/kjim.2015.093
https://doi.org/10.3904/kjim.2015.093
https://doi.org/10.3904/kjim.2015.093
https://doi.org/10.1007/s00464-016-5200-7
https://doi.org/10.1007/s00464-016-5200-7
https://doi.org/10.1007/s00464-016-5200-7
https://doi.org/10.1055/a-1751-5742
https://doi.org/10.5009/gnl.2013.7.6.642
https://doi.org/10.5009/gnl.2013.7.6.642
https://doi.org/10.5009/gnl.2013.7.6.642
https://doi.org/10.7704/kjhugr.2015.15.1.1
https://doi.org/10.7704/kjhugr.2015.15.1.1
https://doi.org/10.5946/ce.2015.096
https://doi.org/10.5946/ce.2015.096
https://doi.org/10.5946/ce.2015.096
https://doi.org/10.1007/s00464-015-4494-1
https://doi.org/10.1007/s00464-015-4494-1
https://doi.org/10.1007/s00464-015-4494-1
https://doi.org/10.1055/a-1611-5091
https://doi.org/10.1055/a-1611-5091
https://doi.org/10.1055/a-1611-5091
https://doi.org/10.1055/a-1611-5091
https://doi.org/10.5946/ce.2021.257
https://doi.org/10.5946/ce.2021.257
https://doi.org/10.5946/ce.2021.257
https://doi.org/10.5946/ce.2021.257
https://doi.org/10.5946/ce.2022.139
https://doi.org/10.5946/ce.2022.139
https://doi.org/10.14309/ajg.0000000000000196
https://doi.org/10.14309/ajg.0000000000000196
https://doi.org/10.1016/j.gie.2011.04.037
https://doi.org/10.1016/j.gie.2011.04.037
https://doi.org/10.1016/j.gie.2011.04.037
https://doi.org/10.1055/a-1738-6780
https://doi.org/10.1055/a-1738-6780
https://doi.org/10.1055/a-1738-6780
https://doi.org/10.1055/a-1811-7025
https://doi.org/10.1055/a-1811-7025
https://doi.org/10.1055/a-1811-7025
https://doi.org/10.1055/a-1811-7025



