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ABSTRACT

Background: No definite guidelines for the management of small esophageal subepithelial 
tumors (SETs) have been established, because there are limited data and studies on their 
natural history. We aimed to assess the natural history and propose optimal management 
strategies for small esophageal SETs.
Methods: Patients diagnosed as esophageal SETs ≤ 30 mm in size between 2003 and 2017 
using endoscopic ultrasound (EUS) with a minimal follow-up of 3 months were enrolled, and 
their esophagogastroduodenoscopy (EGD) and EUS were retrospectively reviewed.
Results: Of 275 esophageal SETs in 262 patients, the initial size was < 10 mm, 10–20 mm, 
and 20–30 mm in 104 (37.8%), 105 (38.2%), and 66 (24.0%) lesions, respectively. Only 22 
(8.0%) SETs showed significant changes in size and/or echogenicity and/or morphology 
at a median of 40 months (range, 4–120 months). Tissues of 6 SETs showing interval 
changes were obtained using EUS-guided fine needle aspiration biopsy; 1 was identified as 
a gastrointestinal stromal tumor (GIST) and was surgically resected, while the other 5 were 
leiomyomas and were regularly observed. Eight SETs showing interval changes were resected 
surgically or endoscopically without pathological confirmation; 1 was a GIST, 2 were granular 
cell tumors, and the other 5 were leiomyomas.
Conclusion: Regular follow-up with EGD or EUS may be necessary for esophageal SETs 
≤ 30 mm in size considering that small portion of them has a possibility of malignant 
potential. When esophageal SETs ≤ 30 mm show significant interval changes, pathological 
confirmation may precede treatment to avoid unnecessary resection.

Keywords: Endosonography; Esophagus; Gastrointestinal Stromal Tumors;  
Subepithelial Tumors

INTRODUCTION

Subepithelial tumors (SETs) of the upper gastrointestinal tract, which were previously called 
submucosal tumors, originate from the layers under the epithelium such as the muscularis 
mucosa, submucosa, and muscularis propria. Although the precise incidence or prevalence 
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of SETs is unknown because of lacking epidemiologic data, the reported prevalences fall 
within 0.36–1.45%.1-3 The stomach is the most frequently involved organ, and the esophagus 
is relatively less affected.2,3

Endoscopic ultrasound (EUS) is the most accurate modality for differentiating SETs since tumor 
size, echogenicity pattern, and the layer of origin can be evaluated.4-6 Moreover, pathological 
diagnoses can be obtained using EUS-guided fine needle aspiration biopsy (EUS-FNAB).

Small esophageal SETs are often found in asymptomatic individuals in Japan and Korea where 
esophagogastroduodenoscopy (EGD) is performed during cancer screening examinations.6 
Esophageal SETs consist of various subtypes, such as gastrointestinal stromal tumor (GIST), 
leiomyoma, and granular cell tumor (GCT). Among these, leiomyomas are benign and are 
the most common subtype in the esophagus.7 GISTs have malignant potentials and are 
commonly located in the stomach in 70% of cases, with approximately only 5% of cases 
encountered in the esophagus.8 GCTs are rare and are considered benign, but a malignant 
transformation has been reported, specifically in tumors > 40 mm in size.5

The recent development of endoscopic procedures has allowed upper gastrointestinal 
SETs, including esophageal ones, to be removed through endoscopic resection (ER).9-12 
Nevertheless, GIST is very rare in the esophagus in contrast to its relatively high frequency 
in the stomach, and leiomyomas are the most common subtype of esophageal SETs.6,7 
Therefore, the need to resect asymptomatic esophageal SETs is controversial considering the 
risk of complications.13

Although several guidelines and management plans for gastric SETs have been 
published,5,6,14 no definite guidelines for small esophageal SETs have yet been established 
owing to the lack of epidemiologic data and knowledge of their natural history. In this study, 
we assessed the natural course of esophageal SETs ≤ 30 mm in size to determine optimal 
therapeutic strategies.

METHODS

Patients
Between 2003 and 2017, a total of 464 patients underwent EUS for asymptomatic esophageal 
SETs ≤ 30 mm in size at the Asan Medical Center, a tertiary center in Seoul, Korea. The EGD 
and EUS images of 477 esophageal SETs in 464 patients were reviewed. Among these, 202 
esophageal SETs (202 patients) were excluded; 33 lesions were extrinsic compressions; 152 were 
lost to follow-up; 17 underwent surgery or ER within 3 months of tumor diagnosis. Finally, 275 
esophageal SETs in 262 patients with a minimal follow-up period of 3 months were enrolled 
(Fig. 1). None of these esophageal SETs had malignant features at the initial test.

EGD and EUS
EGD and EUS were performed at the Asan Medical Center by expert endoscopists (Kim DH, 
Na HK, Ahn JY, Lee JH, Choi KD, and Song HJ). The location, size, presence of the ulcer on 
the surface, layer of origin, and echogenicity pattern of SETs were evaluated using EUS at the 
initial diagnosis and either EGD or EUS were periodically performed during follow-up. A SET 
was defined as a mass covered with normal-appearing mucosa on EGD, which was located in 
the second, third, or fourth layer on EUS. Significant changes were defined as follows: ≥ 25% 
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increase in the longest diameter, echogenicity changes indicative of malignancy (irregular 
border, echogenic foci, cystic spaces, heterogeneity),6 and ulcerative changes on the surface.

Follow-up
A total of 262 patients with 275 esophageal SETs ≤ 30 mm in size with benign echogenicity 
and no ulceration on the surface underwent EGD or EUS with a minimal follow-up period of 3 
months after the initial evaluation. Patients without significant changes in size, echogenicity, 
and morphology received EGD or EUS every 12–24 months for surveillance. Furthermore, 
patients with one or more significant changes in their lesions were advised to undergo EUS-
FNAB, ER, or surgery.

Pathologic review
Tissue samplings of esophageal SETs obtained using EUS-FNAB, ER, or surgery were reviewed 
to arrive at a pathological diagnosis. Specific immunohistochemical staining was used as 
follows: 1) leiomyoma: smooth muscle actin and desmin; 2) GIST: C-Kit (CD117) and CD34; and 
3) GCT: CD68 and S100.13,15 In addition, GISTs were classified as very low, low, intermediate, or 
high risk, according to the modified National Institutes of Health consensus criteria.16

Statistical analysis
Medical records and the EGD and EUS images were reviewed by a single investigator. 
Baseline characteristics were presented as medians and means with standard deviations for 
continuous variables and as numbers with percentages for categorical variables. Univariate 
Cox regression analysis was conducted to identify factors associated with significant changes 
of SETs. All statistical analyses were carried out using IBM SPSS Statistics for Windows 
version 24.0 (IBM Corp., Armonk, NY, USA). P values were two-sided and < 0.05 were 
considered as statistically significant.

Ethics statement
Ethical approval for this study was obtained from the Institutional Review Board (IRB) of the 
Asan Medical Center (IRB number: 2018-0884). Informed consent was waived because of the 
retrospective nature of the study.
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477 SETs in 464 patients

275 SETs in 262 patients

253 SETs without
significant changea

22 SETs with
significant changea

Exclusion of 202 SETs (202 patients)
- 33 Extrinsic compression
- 152 Loss to follow-up
- 17 Resection < 3 months 

Fig. 1. Flowchart of the patient enrollment process. 
SET = subepithelial tumor. 
aSignificant change: ≥ 25% increase in the longest diameter, changes in echogenicity indicating malignancy, or 
ulcerative changes.



RESULTS

Baseline characteristics
The baseline characteristics of the 262 patients with 275 asymptomatic esophageal SETs ≤ 30 
mm in size are shown in Table 1. The male-to-female ratio was 1.82:1 (169/93) and the median 
patient age was 52.0 years (range, 16–78 years). The median follow-up period was 40 months 
(range, 3–158 months), and the median lesion size was 11.9 mm (range, 2.8–30.0 mm). The 
most common layer of origin was the fourth layer, and the initial size of tumor was < 10 mm, 
10–20 mm, and 20–30 mm in 104 (37.8%), 105 (38.2%), and 66 (24.0%) lesions, respectively.

Natural courses of asymptomatic esophageal SETs ≤ 30 mm
Of the 275 esophageal SETs, 22 (8.0%) showed significant changes in size, echogenicity 
(suggesting malignant transformation), and/or morphology at a median follow-up period 
of 40 months (range, 4–120 months). Among them, 18 increased in size by ≥ 25% (1 tumor 
had changes in both size and echogenicity), and 4 showed ulcerative changes (Table 1). No 
consistent growth pattern was observed during follow-up in the SETs showing significant 
interval changes (Supplementary Fig. 1A).

Table 2 documents that age, sex, location, initial size, and the layer of origin were not 
statistically significant factors associated with tumor changes.

Esophageal SETs with significant interval changes
Fig. 2 indicates the flowchart of 275 small esophageal SETs during follow-up. Of the 
22 SETs that had significant interval changes, 8 did not undergo further evaluation for 
tissue samplings because of loss to follow-up, patient refusal, or technical difficulties. 
Six underwent EUS-FNAB for pathological diagnosis (1 was identified as a GIST and was 
surgically resected, while the other 5 were leiomyomas and were regularly observed using 
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Table 1. Baseline characteristics of all included individuals
Characteristics Total (262 patients) With interval changes (22 patients)
No. of SETs 275 22
Age, yr 52.0 (52.7 ± 10.6) 47.5 (45.8 ± 12.4)
Sex (M:F) 169:93 14:8
Follow-up duration, mon 40.0 (51.7 ± 39.8) 51.0 (63.2 ± 39.5)
Location

Upper third 48 (17.5) 1 (4.5)
Middle third 142 (51.6) 11 (50.0)
Lower third 85 (30.9) 10 (45.5)

Initial size, mm 11.9 (13.6 ± 7.0) 15.0 (13.9 ± 5.5)
< 10 104 (37.8) 6 (27.3)
10–20 105 (38.2) 10 (45.5)
20–30 66 (24.0) 6 (27.3)

Layer on initial EUS
Second 94 (34.2) 7 (31.8)
Third 14 (5.1) 1 (4.5)
Fourth 167 (60.7) 14 (63.6)

Duration until interval change, mon 40.0 (47.0 ± 28.8)
Significant interval changes

25–50% increase in size 10
> 50% increase in size 7
Surface ulcerations 4
Increase in size and echogenicity changes 1

Values are presented as median (mean ± standard deviation) or number (%).
SET = subepithelial tumor, M = male, F = female, EUS = endoscopic ultrasound.



EGD or EUS), whereas 8 underwent ER or surgery without pathological confirmation (1 was a 
GIST, 2 were GCTs, and the other 5 were leiomyomas) (Table 3).

The resected SETs had no consistent growth patterns (Supplementary Fig. 1B).

DISCUSSION

Management and follow-up of small esophageal SETs are clinically important because 
some SETs, such as GISTs, have malignant potentials. Several guidelines or management 
plans for gastric SETs have been published. The American Gastroenterological Association 
recommended that gastric SETs > 30 mm in size, arising from the muscularis propria, 
showing hypoechoic echogenicity, and having patterns indicative of malignancy should be 
resected, whereas SETs ≤ 30 mm in size and without features indicative of malignancy can 
be observed regularly.14 The American Society for Gastrointestinal Endoscopy suggested 
that gastric SETs > 20 mm with malignant features can be removed either surgically or 
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Table 2. Factors associated with significant tumor changes
Variables HR 95% CI P value
Age ≥ 60 0.291 0.068–1.246 0.096
Male 0.827 0.347–1.974 0.669
Location

Upper third 1.000 Reference
Middle third 3.334 0.430–25.834 0.249
Lower third 5.832 0.746–45.580 0.093

Initial size, mm
< 10 1.000 Reference
10–20 1.557 0.565–4.289 0.392
20–30 1.160 0.373–3.609 0.797

Layer of origin
Second 1.000 Reference
Third 0.757 0.093–6.162 0.794
Fourth 0.916 0.370–2.273 0.851

HR = hazard ratio, CI = confidence interval.

275 SETs

10–20 mm (n = 105)< 10 mm (n = 104)

Change in size 9
(4: no further w/u)

Change in size 4
(3: no further w/u) Ulceration 1Ulceration 2

20–30 mm (n = 66)

Change in size 4
(1: no further w/u)

Change in size
& echogenicity 1Ulceration 1

Leiomyoma 1
GCT 1

Leiomyoma 2
GIST 1 GIST 1GCT 1Leiomyoma 2 Leiomyoma 2 Leiomyoma 1 Leiomyoma 1Leiomyoma 1

ER 1ER 1ER 1 ER 2 OP 2 OP 1EUS-FNAB 2 EUS-FNAB 3 EUS-FNAB 1

Fig. 2. Flowchart of 275 small esophageal SETs during follow-up. 
SET = subepithelial tumor, w/u = work-up, ER = endoscopic resection, EUS-FNAB = endoscopic ultrasound-guided fine needle aspiration biopsy, OP = operation, 
GCT = granular cell tumor, GIST = gastrointestinal stromal tumor.



endoscopically, and suggested surveillance EUS for SETs that were < 20 mm in size.5 
However, GISTs rarely occur in the esophagus, where leiomyomas are most often located; 
therefore, it is unclear whether these guidelines and management plans can be applied in the 
management of esophageal SETs.6,13,17 Furthermore, studies focusing on esophageal SETs 
are limited.

In this study, we found that 92.0% of asymptomatic esophageal SETs ≤ 30 mm in size showed 
no significant changes in size, morphology, or echogenicity during a mean period of 51.7 
months (median, 40.0 months; range, 3–158 months). Of 22 SETs that showed significant 
changes during follow-up, 14 were diagnosed pathologically using EUS-FNAB, ER, or surgery 
and only 2 (0.7%) were diagnosed with GISTs.

Our findings are consistent with previous studies of upper gastrointestinal SETs. Bruno et al.17 
showed that nearly 90% of small (< 30 mm) SETs did not change in size and echogenicity. Kim 
et al.18 reported that 91.5% of small (≤ 30 mm) SETs showed no interval changes. However, 
these studies did not include esophageal SETs. Several studies for SETs containing esophageal 
tumors have been published. Tio et al.19 studied 21 small (≤ 30 mm) SETs and reported that 
all tumors, including 6 esophageal SETs, showed no changes during a follow-up period of 1–3 
years. Lim et al.2 reported that 244 out of 252 SETs (< 30 mm in size), including 104 esophageal 
tumors, did not show interval changes during a mean period of 59.1 months. Unfortunately, 
these studies mainly focused on gastric SETs rather than esophageal ones.

Despite EUS being the most valuable diagnostic tool for SETs, as it can be used to evaluate 
their size, margin, the layer of origin, and echogenicity,4-6 differentiating between benign 
and malignant lesions, especially between leiomyomas and GISTs, is challenging, and a 
pathological confirmation is often required.5 The diagnostic value of EUS is also relatively 
lower in SETs < 30 mm in size.20 EUS can allow tissue samples from SETs to be obtained 
using EUS-FNAB, which is the most widely used and established tissue sampling method.5,21 
EUS-FNAB can be used for all gastrointestinal tract lesions, with accuracy rates of 
approximately 80–90%.22-26 Nevertheless, EUS-FNAB for SETs may often be non-diagnostic 
owing to insufficient quality or amount of specimen acquired. In our study, of the 22 SETs 
showing significant changes, 8 SET tissues were obtained using EUS-FNAB, all of which were 
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Table 3. Characteristics of 14 pathologically confirmed subepithelial tumors
No. Initial size, 

mm
Duration until 

interval change, mon
Follow-up size, 

mm
Echogenicity change Ulcerative 

change
Layer of 
origin

EUS-FNAB Tx Pathologic 
diagnosis

1 8.4 69 8.4 No Yes 2 No ER Leiomyoma
2 20 51 25 Yes (heterogeneity, a cystic space) No 4 No OP GIST, low risk
3 15 36 22 No No 4 No OP Leiomyoma
4 23 4 33 No No 4 Yes OP GIST, low risk
5 9.4 49 11 No Yes 2 No ER GCT
6 11 29 18 No No 4 No OP Leiomyoma
7 15 38 14 No Yes 2 No ER Leiomyoma
8 10 11 13 No No 2 No ER GCT
9 6.1 17 8 No No 2 No ER Leiomyoma

10 20 56 43 No No 4 Yes obs Leiomyoma
11 20 24 20 No Yes 4 Yes obs Leiomyoma
12 15 42 22 No No 4 Yes obs Leiomyoma
13 20 38 25 No No 4 Yes obs Leiomyoma
14 12 24 22 No No 4 Yes obs Leiomyoma
EUS-FNAB = endoscopic ultrasound-guided fine needle aspiration biopsy, Tx = treatment, ER = endoscopic resection, OP = operation, GIST = gastrointestinal 
stromal tumor, GCT = granular cell tumor, obs = observation.



diagnostic. Among a total of 275 SETs, 25 EUS-FNAB were performed, and the diagnostic 
yield was 80.0% (20 out of 25), which were in accordance with findings of previous reports. 
Five cases whose EUS-FNAB results were non-diagnostic were observed regularly because 
malignancy was not highly suspected. All showed no significant interval changes at a median 
follow-up period of 26 months (range, 15–87 months). In cases where EUS-FNAB is non-
diagnostic, there are several options as follows: observation if malignancy is not highly 
suspected, repeating EUS-FNAB, and the unroofing technique (also called deep biopsy after 
endoscopic mucosal resection or endoscopic submucosal dissection). The diagnostic yield 
of unroofing technique is reportedly comparable to that of EUS-FANB.24,27,28 However, 
complications, such as bleeding and perforation, exist while performing the unroofing 
technique owing to its invasiveness.21

Recently, interest in ER of upper gastrointestinal SET has been increasing with the 
development of endoscopic techniques.9-12 In contrast to the relatively high frequency of 
GISTs in the stomach, the most common subtype of esophageal SETs is leiomyomas. EUS 
alone is not enough to distinguish malignant from benign stromal cell tumors because it 
has a sensitivity and specificity of only 64% and 80%, respectively.29 Since interpreting 
EUS images is operator-dependent, the interobserver agreement on significant changes 
was poor in terms of changes in echogenicity indicative of a malignancy (irregular border, 
echogenic foci, cystic spaces, heterogeneity). Hence, further pathological confirmation 
is required. Therefore, in many guidelines and algorithms, pathological confirmation is 
always recommended to establish the basis for tumor resection, and the indications for 
such pathological confirmation are a tumor size of > 20–30 mm and/or risk of malignant 
changes.4,6,30-32 Based on our results, most asymptomatic esophageal SETs ≤ 30 mm in size 
that were managed by ER or surgery were benign lesions that did not require treatment. In 
addition, since only 2 out of 22 esophageal SETs that had significant interval changes were 
GISTs, pathological confirmation should be made prior to ER or surgery, even if significant 
changes were identified.

To the best of our knowledge, this is the largest single-center study specific to esophageal 
SETs rather than gastric ones; previous studies of gastrointestinal SETs have primarily 
focused on gastric ones. Furthermore, we showed that age, initial size, tumor location, 
and the layer of origin were not statistically significant factors associated with changes in 
esophageal SETs ≤ 30 mm in size (Table 2). Moreover, esophageal SETs ≤ 30 mm in size that 
had significant interval changes had no consistent growth patterns (Supplementary Fig. 1). 
Of 275 SETs, only 2 (0.7%) were diagnosed as GISTs and their initial sizes were ≥ 20 mm. This 
implies that endoscopic surveillance for esophageal SETs < 20 mm can be an appropriate 
management strategy.

Our study has some limitations. First, this was a single-center, retrospective, observational 
study; therefore, this may limit the generalizability of our findings. Second, not all SETs were 
followed up using EUS. However, the size of SETs was evaluated using EGD with open biopsy 
forceps, and this had a reasonable correlation with EUS.33 Moreover EUS was performed 
in cases where significant changes were detected. Third, SETs were evaluated by multiple 
endoscopists. A single investigator reviewed the serial images of EGD and EUS in order to 
avoid interobserver variations. Finally, of the 22 SETs that showed significant changes during 
follow-up, 8 were not diagnosed pathologically. Some cases were technically difficult for EUS-
FNAB owing to their small size. The other patients either became lost to follow-up or refused 
further evaluation.
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In conclusion, most of esophageal SETs of 30 mm or less in size do not show significant 
interval changes during long-term follow-up. However, regular follow-up with EGD or EUS 
may be necessary considering that small portion of esophageal SETs ≤ 30 mm in size has a 
possibility of malignant potential. When esophageal SETs ≤ 30 mm show significant interval 
changes, pathological confirmation may precede treatment to avoid unnecessary resection.

SUPPLEMENTARY MATERIAL

Supplementary Fig. 1
Changes in the size of small esophageal SETs within the follow-up period. (A) Changes in 
the size of the 22 esophageal SETs in which significant interval changes were observed. At 
the initial diagnosis, 6, 10, and 6 measured ≤ 10 mm (black line), 10–20 mm (blue line), and 
20–30 mm (red line), respectively. (B) Size changes of the 9 resected SETs, of which 2, 2, and 
5 were diagnosed as gastrointestinal tumors (red line), granular cell tumors (blue line), and 
leiomyomas (black line), respectively.

Click here to view
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