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Endoscopic Treatment of Subepithelial Tumors

Su Young Kim and Kyoung-Oh Kim

Division of Gastroenterology, Department of Internal Medicine, Gachon University Gil Medical Center, Incheon, Korea

Gastrointestinal subepithelial tumors (SETs) are generally found during endoscopy and their incidence has gradually increased. 
Although the indications for the endoscopic treatment of patients with SETs remain to be established, the feasibility and safety of 
endoscopic dissection, including the advantages of this method compared with surgical treatment, have been validated in many studies. 
The development of endoscopic techniques, such as endoscopic submucosal dissection, endoscopic enucleation, endoscopic excavation, 
endoscopic submucosal tunnel dissection, submucosal tunnel endoscopic resection, and endoscopic full-thickness resection has enabled 
the removal of SETs while reducing the occurrence of complications. Here, we discuss the endoscopic treatment of patients with SETs, 
outcomes for endoscopic treatment, and procedure-related complications. We also consider the advantages and disadvantages of the 
various endoscopic techniques. Clin Endosc  2018;51:19-27
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INTRODUCTION

Subepithelial tumors (SETs) in the gastrointestinal tract were 
previously treated exclusively using surgical resection.1 How-
ever, SETs with the ingrowth type are difficult to surgically 
remove, because it does not allow for the visualization of the 
gastrointestinal tract lumen. In addition, surgical resection 
may result in gastrointestinal deformation, impaired function 
due to excessive tissue removal, and other complications. 
Following technical advances in endoscopic treatment, the 
endoscopic dissection of gastrointestinal SETs was proposed.2-6 
Novel endoscopy devices have allowed better dissection con-
trol, opening up a new horizon for the endoscopic treatment 
of patients with gastrointestinal SETs.6,7 Conventional and 
modified endoscopic submucosal dissections (ESDs) are effec-

tive and safe methods that allow tissue resection for the treat-
ment of lesions in the subepithelial layers of the gastrointesti-
nal tissue. Excellent results have also been reported in patients 
with gastrointestinal SETs, including those originating from 
the muscularis propria (MP) layer using endoscopic tunneling 
techniques and endoscopic full-thickness resection (EFTR).6-8 In 
this brief review, we discuss the current techniques used in the 
endoscopic treatment of patients with gastrointestinal SETs.

Endoscopic mucosal resection

The small sized SETs (1 to 2 cm) can be resected with en-
doscopic mucosal resection (EMR) using snare. This method, 
like standard snare polypectomy, places the snare under the 
SET and resects it with electrocautery. Before resection, it is 
necessary to confirm whether the tumor can move without 
being fixed. This method is mainly used for resecting tumors 
originating in the muscularis mucosa or submucosa.9-11 Endo-
scopic submucosal resection with a ligating device (ESMR-L) 
is a method in which tumor is aspirated into the ligation device 
and band to deploy the lesion. Then, snare resection is per-
formed under the band. Lee et al. showed that ESMR-L was 
successfully performed in all patients with esophageal SETs 
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without perforation.12 However, complete resection of SETs 
larger than 1 cm in diameter is very difficult, since the diameter 
of the ligation device is limited to 1 cm. The transparent cap is 
also a tool that can be used for EMR. ESMR with a transpar-
ent cap is performed as follows. The cap is attached to the tip 
of endoscopy and a snare is positioned within the cap. After 
endoscopic suction of the lesion into the cap, the lesion is re-
moved using prepositioned snare.13 These EMR and modified 
EMR are relatively easy and safe, however it is difficult to re-
move larger sized SETs (>2 cm) or those originating from the 
MP layer.

Endoscopic submucosal 
dissection

ESD is well established as an effective treatment for gastric 
adenoma and early gastric cancer.14 Recently, the application 
of ESD for the treatment of SETs has been extended beyond 
mucosal lesions of the gastrointestinal tract (Table 1, Fig. 1).4,6 
Lee et al. reported the feasibility of the removal of SETs from 
the MP layer and a complete success rate of 75% in patients 
treated with ESD.15 None of the patients in that study had 
severe complications including perforation or massive hem-
orrhage. In another study, researchers demonstrated that ESD 
was an effective and safe method for removing gastric SETs; 
the overall rate of R0 resection was 81.1% and none of the pa-
tients had disease recurrence.4 Notably, the success rate for R0 
resection was influenced by the site of tumor origin. In partic-
ular, the R0 resection rate was 100% for tumors in the submu-
cosa layer and 68.2% for those in the MP layer. In these cases, 
endoscopic ultrasonography may contribute to the achieve-
ment of complete SET resection.4 Chun et al. identified the 
appropriate indications for ESD for the treatment of patients 
with gastric SETs originating from the MP layer.2 The complete 
resection rate in their series of patients was 74.3%, and tumor 
size <20 mm and a positive rolling sign were significantly 
linked to complete resection. In addition, fixed tumor mo-
bility was significantly associated with perforation, because 
a tumor with less mobility has a more extensive muscular 
connection, and is thus difficult to remove from adjoining 
muscle tissue.2 Despite its efficacy and safety, ESD may not be 
appropriate for SETs originating in the MP layer, as evidenced 
by the inconsistent complete resection rates and the relatively 
high (up to 15%) risk for perforation.2-4 Therefore, other types 
of endoscopic dissection are needed to treat these tumors. 

Modified ESD techniques have recently been introduced, such 
as endoscopic excavation (Table 1). In this method, the muco-
sa overlying the lesion is cut, rather than making a circumfer-
ential incision. The SET is then dissected from the submucosal 

or MP layer before the incision site is closed with endoscopic 
clips (Fig. 2).16,17 With this technique, gastric and esophageal 
SETs were almost completely (96.8%) removed, but the per-
foration rate was also high (12.9%).16 Endoscopic excavation 
has been widely used in patients with esophageal SETs. It was 
successfully performed in small esophageal SETs originating 
from the MP layer (95.6%).17 Although procedure-related 
perforation occurred in 8.9% of the patients in that study, 
recovery was achieved in all of the cases with conservative 
management. Another study demonstrated the feasibility of 
endoscopic enucleation in the MP layer of patients with gas-
tric SETs.18 An insulated-tip knife and snare were used in the 
elimination of these tumors and the rate of successful resec-
tion was high (92.3%), but so was the perforation rate (12.3%). 
The investigators also analyzed factors that may cause perfo-
ration in endoscopic dissection. All of the perforations arose 
in gastrointestinal stromal tumors (GISTs) and schwannomas, 
because they are tightly attached to the surrounding tissue and 
have an incomplete tumor capsule. Another important factor 
was tumor location. The most common site of perforation was 
the fundus, and the perforation rate was significantly higher 
than that of other sites (p<0.001). This can be attributed to 
the thin gastric wall of the fundus and the relatively difficult 
endoscopic approach, compared with that needed for SETs in 
other locations. Chu et al. showed that the modified ESD with 
enucleation was effective in patients with gastric SETs >2 cm 
in diameter.19 Moreover, endoscopic dissection was possible 
even for large SETs, which were otherwise treated surgically. 
Nonetheless, despite the advantages of ESD and modified 
ESD methods, the limitations include the relatively high rate 
of procedure-related complications (particularly, perforation) 
and the inability to achieve complete resection in some cases. 
Furthermore, given the short follow-up duration of the above-
mentioned studies, SETs suspected of being malignant should 
continue to be treated surgically rather than via endoscopic 
dissection. 

Endoscopic submucosal 
tunneling

Peroral endoscopic myotomy (POEM), which was developed 
by Inoue et al., is currently the standard of care in patients 
with achalasia.20 The POEM technique creates a submucosal 
tunnel enabling endoscopic procedures under the mucosal 
layer as well as the treatment of the MP layer lesions with 
only a low risk for contamination and leakage after closure. 
Submucosal tunneling has been applied to the endoscopic 
dissection of gastrointestinal SETs, a procedure referred to 
as endoscopic submucosal tunnel dissection (ESTD) or sub-
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mucosal tunnel endoscopic resection (STER) (Table 2).25-27 
Benefits include the retention of an intact mucosal layer, fast 
wound healing, and avoidance of the leakage of bowel mate-
rial. Inoue et al. performed a submucosal endoscopic tumor 
resection that included the creation of a submucosal tunnel.25 
The key steps of the procedure are: making a mucosal inci-
sion proximal to the SET, creating the submucosal tunnel, 
dissecting the tumor from the overlying mucosal/submucosal 
and muscular layers under direct endoscopic viewing, and 
endoscopic hemostasis followed by closure of the mucosal 
incision using endoscopic clips. In that study, all of the SETs 
in the esophagus and cardia were resected completely and no 
complications occurred.25 Gong et al. also showed the feasi-
bility of ESTD in patients with upper gastrointestinal SETs.26 
All of the tumors were located in the esophagus and cardia, 
and 83.3% were removed by en bloc resection. In a prospective 
large study of STER in patients with SETs, the procedure was 
successful in all cases (100%) and no residual or recurrent tu-
mors were detected.27 The complication rate was 9.4%, and all 
of the complications were successfully treated using conserva-

tive management. GISTs and tumors originating deeper in the 
MP layer were risk factors for postoperative complications. 
Endoscopic dissection is more difficult for SETs located in 
the esophagogastric junction than in other locations, because 
the narrow space and esophageal peristalsis interfere with 
detailed endoscopic control. Nonetheless, a complete resec-
tion rate of 100% in patients with SETs at the esophagogastric 
junction was reported.28 None patients had disease recurrence 
or procedure-related esophageal stricture during follow-up. 
Compared with studies on submucosal tunneling techniques 
in patients with esophageal SETs, the utility of this approach 
in gastric SETs has been less well examined. In their study, Li 
et al. examined the clinical effects of STER in patients with 
gastric SETs,29 and reported a complete resection rate of 100% 
and all of the adverse events could be managed conservatively. 
In addition, a recent report evaluated the long-term outcome 
of STER in patients with upper gastrointestinal SETs.30 The 
180 patients who underwent STER were free from disease 
recurrence during a median follow-up of 36 months. Despite 
these successes, the limitations of ESTD and STER must be 

Fig. 1. Endoscopic submucosal dissection of a gastrointestinal stromal tumor. (A) A large subepithelial tumor is observed at the high body of the stomach. (B, C) Circum-
ferential incision and submucosal dissection of the tumor is performed. (D) Most of the subepithelial tumor is exposed to the lumen. (E) A post-endoscopic submucosal 
dissection ulcer is observed. (F) The resected specimen (tumor size is 2.4 cm).

A B C

FED
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kept in mind, particularly their difficult use in tumors located 
in the fundus and proximal corpus, because of the difficulty 
tunnel creation, the considerably thick gastric mucosa, and 
the complicated removal of SETs >4 cm in diameter.

Endoscopic full-thickness 
resection without laparoscopy

EFTR is the preferred treatment option for patients with 
gastrointestinal SETs originating from the deep MP layer and 
exhibiting predominantly extraluminal growth (Table 3). Zhou 
et al. showed that EFTR without laparoscopy was effective for 
the removal of gastric SETs originating from the MP layer.31 
The EFTR procedure is as follows: after precutting, a circum-
ferential incision is made in the MP layer around the tumor; 
an incision is then made in the serosal layer around the tu-
mor; full-thickness resection of the tumor, including the serosal 
layer, is performed; and the perforated gastric wall is sutured 
using endoscopy clips. The mean tumor size was 28 mm and 

the complete resection rate was 100%. There were no major 
complications and no recurrences during the mean follow-up. 
Another study also demonstrated the feasibility of EFTR for 
gastric SETs arising from the MP layer.32 A complete resection 
rate of 98% was achieved and none of the patients had severe 
adverse events. The use of clip closure and Endoloop ligature 
(additional closure devices) may have contributed to the pre-
vention of gastric perforation. New suturing devices have also 
been used to correct the perforations that may occur during 
EFTR. Schmidt et al. recommended the use of these devices to 
place one to three full-thickness sutures underneath the tumor, 
after which resection is performed.5 Although perforations oc-
curred in 9.6% of the patients treated in this manner, all were 
managed endoscopically. An advantage of this “suture first, 
cut later” method is that it can be used to treat relatively large 
(approximately 4 cm) SETs regardless of their location in the 
stomach and without the need for laparoscopy.5 While EFTR 
is feasible for lesions of any shape and located on any side of 
the lumen, it should be noted that EFTR without laparoscopy 
assistance requires a high-quality endoscopic technique and 

Fig. 2. Endoscopic excavation with clipping of a gastrointestinal stromal tumor. (A) A large and round subepithelial tumor is found at the high body of the stomach. (B-
D) After the mucosa overlying the lesion is cut, the subepithelial tumor is excavated from the muscularis propria layer. (E) The wound is closed endoscopic clips. (F) The 
resected specimen (tumor size is 2.0 cm).

A B C

FED



24   

Ta
bl

e 
2.

 C
lin

ica
l O

utc
om

es
 of

 E
nd

os
co

pic
 S

ub
mu

co
sa

l T
un

ne
lin

g T
ec

hn
iqu

e f
or

 G
as

tro
int

es
tin

al 
Su

be
pit

he
lia

l T
um

or
s

St
ud

y
N

at
io

n
N

o.
 ca

se
s 

(tu
m

or
s)

Lo
ca

tio
n 

of
 

le
sio

n

Si
ze

 o
f 

tu
m

or
, m

m
, 

m
ea

n

Pr
oc

ed
ur

e 
tim

e,
 m

in
, 

m
ea

n 

Re
se

ct
io

n 
m

et
ho

d

C
om

pl
et

e 
re

se
ct

io
n 

ra
te

 (%
)

A
dv

er
se

 ev
en

ts
 

(%
)

Pa
th

ol
og

ic
 d

ia
gn

os
is

M
ea

n 
fo

llo
w

 u
p 

pe
ri

od
 

an
d 

re
cu

rr
en

ce
, m

o

In
ou

e e
t a

l.
  (

20
12

)25
Ja

pa
n

7 
(7

)
Es

op
ha

gu
s

  S
to

m
ac

h 
(c

ar
di

a)
19

.0
15

2.
4

Su
bm

uc
os

al
 

  e
nd

os
co

pi
c

  t
um

or
  r

es
ec

tio
n

10
0.

0
0

Le
io

m
yo

m
a (

5)
G

IS
T 

(1
)

Ab
er

ra
nt

 p
an

cr
ea

s (
1)

5.
5

N
o 

re
cu

rr
en

ce

G
on

g 
et

 al
.

  (
20

12
)26

C
hi

na
12

 (1
2)

Es
op

ha
gu

s
  S

to
m

ac
h 

(c
ar

di
a)

19
.5

48
.3

ES
TD

83
.3

16
.7

G
IS

T 
(7

)
Le

io
m

yo
m

a (
5)

N
/A

Xu
 et

 al
.

  (
20

12
)33

C
hi

na
15

 (1
5)

Es
op

ha
gu

s
  S

to
m

ac
h 

(c
ar

di
a)

19
.0

78
.7

ST
ER

10
0.

0
13

.3
Le

io
m

yo
m

a (
9)

G
IS

T 
(5

)
G

lo
m

us
 tu

m
or

 (1
)

3.
9

N
o 

re
cu

rr
en

ce

Li
u 

et
 al

.
  (

20
13

)34
C

hi
na

12
 (1

2)
Es

op
ha

gu
s

  S
to

m
ac

h 
(c

ar
di

a)
18

.5
78

.3
tE

M
D

10
0.

0
66

.7
Le

io
m

yo
m

a (
9)

G
IS

T 
(2

)
Sc

hw
an

no
m

a (
1)

7.
1

N
o 

re
cu

rr
en

ce

Ye
 et

 al
.

  (
20

14
)27

C
hi

na
85

 (8
5)

Es
op

ha
gu

s
  S

to
m

ac
h

19
.2

57
.2

ST
ER

10
0.

0
9.

4
Le

io
m

yo
m

a (
65

)
G

IS
T 

(1
9)

C
al

ci
fy

in
g 

fib
ro

us
 tu

-
m

or
 (1

)

8.
0 

(m
ed

ia
n)

N
o 

re
cu

rr
en

ce

W
an

g 
et

 al
.

  (
20

14
)35

C
hi

na
57

 (5
7)

Es
op

ha
go

ga
str

ic
 

  j
un

ct
io

n
21

.5
47

.0
ST

ER
10

0.
0

21
.0

a)
/8

.8
b)

/
5.

2c)
/3

.5
d)

Le
io

m
yo

m
a (

46
)

G
IS

T 
(7

)
O

th
er

s (
4)

12
.0

N
o 

re
cu

rr
en

ce

Lu
 et

 al
.

  (
20

14
)36

C
hi

na
18

 (1
9)

St
om

ac
h 

(fu
nd

us
)

20
.1

75
.1

TC
TT

10
0.

0
11

.1
G

IS
T 

(1
3)

Le
io

m
yo

m
a (

6)
5 

(m
ed

ia
n)

N
o 

re
cu

rr
en

ce

Zh
ou

 et
 al

.
  (

20
15

)28
C

hi
na

21
 (2

1)
Es

op
ha

go
ga

str
ic

 
  j

un
ct

io
n

23
.0

62
.9

ST
ER

10
0.

0
42

.9
Le

io
m

yo
m

a (
15

)
G

IS
T 

(6
)

6 
(m

ed
ia

n)
N

o 
re

cu
rr

en
ce

Li
 et

 al
.

  (
20

15
)29

C
hi

na
32

 (3
2)

St
om

ac
h 

(c
ar

di
a/

  f
un

du
s/

bo
dy

/
  a

nt
ru

m
)

23
.0

51
.8

ST
ER

10
0.

0
43

.8
Le

io
m

yo
m

a (
18

)
G

IS
T 

(1
1)

Fi
br

ou
s t

um
or

 (1
1)

O
th

er
s (

2)

28
.0

N
o 

re
cu

rr
en

ce

W
an

g 
et

 al
.

  (
20

15
)37

C
hi

na
80

 (8
3)

Es
op

ha
gu

s
  S

to
m

ac
h 

(c
ar

di
a)

23
.2

61
.2

ST
ER

97
.6

8.
8

Le
io

m
yo

m
a (

68
)

G
IS

T 
(1

5)
10

.2
N

o 
re

cu
rr

en
ce

C
he

n 
et

 al
.

  (
20

17
)30

C
hi

na
18

0 
(1

80
)

Es
op

ha
gu

s
  S

to
m

ac
h

26
.0

 
(m

ed
ia

n)
45

.0
(m

ed
ia

n)
ST

ER
90

.6
8.

3
Le

io
m

yo
m

a (
14

6)
G

IS
T 

(2
8)

O
th

er
s (

6)

36
 (m

ed
ia

n)
N

o 
re

cu
rr

en
ce

G
IS

T,
 g

as
tro

in
te

sti
na

l s
tro

m
al

 tu
m

or
; E

ST
D

, e
nd

os
co

pi
c 

su
bm

uc
os

al
 tu

nn
el 

di
ss

ec
tio

n;
 N

/A
, n

ot
 a

va
ila

bl
e; 

ST
ER

, s
ub

m
uc

os
al

 tu
nn

el 
en

do
sc

op
ic

 re
se

ct
io

n;
 tE

M
D

, t
un

ne
lin

g 
en

do
sc

op
ic

 
m

us
cu

la
ris

 d
iss

ec
tio

n;
 T

CT
T,

 tr
an

sc
ar

di
ac

 en
do

sc
op

ic
 tu

nn
eli

ng
 te

ch
ni

qu
e.

a)
Em

ph
ys

em
a; 

b)
Pn

eu
m

ot
ho

ra
x;

 c)
Pn

eu
m

op
er

ito
ne

um
; d)

Pl
eu

ra
l e

ffu
sio

n.



   25 

Kim SY et al. Endoscopic Resection of SET

large SETs cannot be easily removed. In addition, there is a 
risk for intraperitoneal infection after the procedure if muco-
sal suturing is inadequate. 

Issues to overcome in the 
endoscopic dissection of 
gastrointestinal SETs

Several unsolved issues remain regarding the use of different 
endoscopic dissection techniques to treat gastrointestinal SETs. 
First, the clear endoscopic treatment indication for gastro-
intestinal SETs has yet to be determined. A very large tumor 
with primarily extraluminal growth or widespread involve-
ment of the MP layer may be better treated surgically because 
the incidence of procedure-related complications following 
endoscopic dissection is relatively high and the rate of en bloc 
resection is low. Second, there is no optimal tumor-surveil-
lance protocol for patients treated with endoscopic resection. 
Both considerations carry added weight for SETs with malig-
nant potential. Third, the rate of complications arising from 
endoscopic procedures is still troublesome, particularly for 
SETs originating from the MP layer. Finally, the feasibility of 
endoscopic treatment may differ according to the location of 
the SET, whereas this is not a concern with surgical treatment. 
In particular, endoscopic approaches to SETs involving the 
fundus or cardia are challenging and the risks for procedural 
adverse events and incomplete resection are therefore relative-
ly high. 

Conclusions

Endoscopic treatment of gastrointestinal SETs is feasible, 
but before the role of endoscopy can be expanded, several 
limitations have to be addressed, particularly the currently 
high rate of complications, specifically perforations. More-
over, if perforation occurs, secondary complications such as 
emphysema and intraperitoneal infection must be prevented. 
Carbon dioxide insufflation and recently developed closing 
devices may contribute to lowering the perforation rate. While 
numerous studies have evaluated the efficacy of endoscopic 
dissection for SETs, prospective comparative studies seeking 
to determine the indication for endoscopic dissection versus 
surgery are needed, as are long-term follow-up studies to eval-
uate recurrence after endoscopic dissection of SETs. A hybrid 
approach combining endoscopy and laparoscopy may turn 
out to be the best method for SETs that are difficult to treat 
using endoscopy alone and will increase patients’ satisfaction. 
Finally, the experience and skill of the endoscopist are obvi-Ta
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ously important factors in achieving complete resection and 
minimal complications. In conclusion, endoscopic treatment 
is a technically feasible procedure for the treatment of patients 
with gastrointestinal SETs, but technical advances and addi-
tional studies are needed to improve the clinical outcome of 
patients with endoscopically treated SETs. 
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