
Introduction
Gastric subepithelial tumors are usually considered benign neo-
plasms. The most common pathology for gastric subepithelial
tumors includes gastrointestinal stromal tumor (GIST), leio-
myoma, Schwann cell tumor, pancreatic heterotopia as well as

neuroendocrine tumor. Current guidelines state that surgical
resection should be performed for GIST >2 cm, while endo-
scopic surveillance should be conducted for GIST of low risk
and<2cm [1, 2]. Determination of risks from these small gas-
tric GIST depends on suspicious features on endoscopic ultraso-
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ABSTRACT

Background and study aims Submucosal tunnel endo-

scopic resection (STER) is being increasingly performed for

treatment of gastric gastrointestinal stromal tumor (GIST),

while STER has been limited by close dissection within tun-

nel and risking breach of tumor capsule. Endoscopic full-

thickness resection (EFTR) allows resection of GIST with

margins to prevent recurrence. This study aimed to com-

pare EFTR against STER for treatment of gastric GIST.

Patients and methods We retrospectively reviewed clini-

cal outcomes of patients with gastric GIST who received

either STER or EFTR. Patients with gastric GISTs < than 4 cm

were included. Clinical outcomes including baseline demo-

graphics, perioperative and oncological outcomes were

compared between the two groups.

Results From 2013 to 2019, 46 patients with gastric GISTs

were treated with endoscopic resection, 26 received EFTR

and 20 received STER. Most of the GISTs were in the proxi-

mal stomach. There was no difference in operative time

(94.9 vs 84.9 mins; P=0.401), while endoscopic suturing

was applied more for closure after EFTR (P<0.0001). Pa-

tients after STER had earlier resumption of diet and shorter

hospital stay while there was no difference in adverse event

rate between two groups. The en-bloc resection rate for

EFTR was significantly higher than for STER (100% vs 80%;

P=0.029), while there was no difference in the local recur-

rence.

Conclusions This study demonstrated that although pa-

tients who received EFTR had longer hospital stays and

slower resumption of diet compared to those who under-

went STER, EFTR achieved a significantly higher rate of en-

bloc resection compared to STER for treatment of gastric

GIST.
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nography (EUS), while fine-needle aspiration or biopsy could be
challenging due to the small size of these GISTs [3].

Endoscopic submucosal dissection (ESD) has been estab-
lished as standard treatment for intramucosal early gastrointes-
tinal neoplasia [4]. Recently, studies have demonstrated the
feasibility of applying techniques of ESD for treatment of gas-
tric subepithelial tumors [5–7]. Despite the success in achiev-
ing resection of these tumors, various cohort studies demon-
strated high risk of full-thickness perforation during resection
by ESD as the majority of these tumors arise from or adherent
to muscularis propria [5–9]. Submucosal tunnel endoscopic re-
section (STER) and per-oral endoscopic tumor resection (POET)
were developed with the aim of achieving endoscopic resection
of submucosal tumors of the gastrointestinal tract without in-

ducing full-layer perforation [10–12]. However, during dissec-
tion of the tumor within the submucosal tunnel, the space for
manipulation was quite narrow, which might lead to close dis-
section to the tumor, causing breach of the tumor capsule [13].

Recently, advances in endoscopic resection have led to de-
velopment of techniques for endoscopic full-thickness resec-
tion (EFTR) [14]. The American Society for Gastrointestinal
Endoscopy Technology Committee established guidelines for
EFTR and STER, and EFTR is classified into exposed and non-ex-
posed procedures. Exposed EFTR is performed with a tunneled
or non-tunneled technique and subsequent closure of the de-
fect, while for non-exposed EFTR, a secure serosa-to-serosa ap-
position is achieved before full-thickness resection. Recent Eu-
ropean Society of Gastrointestinal Endoscopy (ESGE)guidelines
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▶ Fig.1 Schematic illustration of Gastric Endoscopic Full Thickness Resection (EFTR) for treatment of Gastric GIST in proximal stomach.
a – ½ circumferential mucosal incision from anal side of submucosal tumor (SMT); b – submucosal & muscular dissection for mobilization of
SMT; c – Double retraction of SMT for full thickness & serosal dissection; d – Complete resection from oral side approach.
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on management of gastrointestinal subepithelial lesions re-
commend endoscopic resection as an option for gastric subepi-
thelial lesions < 20mm [15]. Meanwhile, the evidence to sup-
port the type of endoscopic resection to achieve en bloc resec-
tion of these lesions is lacking. This study aimed to compare the
clinical and oncological outcomes of tunneled resection (STER)
versus non-tunneled exposed EFTR of gastric GIST.

Patients and methods
This was a retrospective cohort study conducted at the endos-
copy center of a university-affiliated tertiary referral hospital.
The objective was to compare clinical outcomes of STER against
exposed EFTR for treatment of gastric GIST. Case records of pa-
tients with a diagnosis of gastric GIST who received endoscopic
resection by STER and exposed EFTR that were included in a
prospectively collected database were retrospectively re-
viewed.

All patients received preoperative investigation of the gas-
tric submucosal tumors, including EUS and abdominal compu-
ted tomography (CT) with contrast. The decision to use EUS-
guided fine-needle aspiration cytology was at endoscopist dis-
cretion. The size of the gastric submucosal tumors was deter-
mined by esophagogastroduodenoscopy (EGD), EUS, CT or a
combination. Patients with gastric GISTs located at the gastric
cardia, lesser curvature, and antrum that measured 15mm to
40mm on preoperative testing were recruited for endoscopic
resection with STER or EFTR. The study was conducted with
standards according to the principles of the Declaration of Hel-
sinki. All procedures were performed by two endoscopists who
had vast experience in performing advanced endoscopic proce-
dures including ESD, POEM, STER, and EFTR. All procedures
were performed under general anesthesia at the endoscopy
suite with CO2 insufflation.

Intervention
Submucosal endoscopic tumor resection (STER)

The procedure of STER was described in a previous publication
[16]. Briefly, after endoscopic location of the gastric GIST and
pre-injection, a 2- to 3-cm mucosal entrance was created 2 cm
proximal to the tumor border. A short submucosal tunnel was
developed up to the point of visualization of the tumor. The lat-
eral borders of the subepithelial tumor were dissected, and
subsequently a 2-cm pocket was created distally for manipula-
tion. Subsequently, the tumor was dissected away from muscu-
laris propria layer to the subserosal layer. Upon completion of
the dissection, the tumor was retrieved per orally. The mucosal
entrance was closed by primary clip closure method.

Endoscopic full-thickness resection

The procedure steps of EFTR for treatment of gastric subepithe-
lial tumors is shown in ▶Fig.1, ▶Fig. 2 and the ▶Video 1. Pro-
cedure planning depended on the location of the gastric GIST.
For gastric GISTs located over the proximal stomach, cardia and
fundus, EFTR was performed with the endoscope in retroflexed

position, while for those located at the antrum and prepyloric
canal, the endoscope was in antegrade position.

After adequate lifting of the submucosa, mucosal incision
was performed using a Dual Knife jet (Olympus Co Ltd, Japan).
Upon trimming of the mucosal incision and exposure of submu-
cosal plane on the surface of the muscularis propria, the tumor
was identified. To ensure en bloc margin negative resection,
the dissection plane was performed to preserve an intact tumor
pseudo-capsule while dividing the muscularis attachment 1 to
2mm away from the capsule. The serosal layer was often brea-
ched upon deep dissection of the muscularis propria and resul-
ted in full-thickness resection. After adequate mobilization of
the GIST, transoral clip-string countertraction was applied to
retract the GIST and expose the serosal plane. Upon full-thick-
ness incision to the peritoneum, insufflation of CO2 was re-
duced to minimum manually. As the tumor and covering muco-
sal layer was still attached to the luminal wall, the full-thickness
defect was reduced, thus minimizing CO2 leakage by pulling the
transoral clip-string. Percutaneous needle decompression of
the intraperitoneal CO2 was performed when the pressure was
so high that it impaired adequate mechanical ventilation. At
this juncture, the serosal border of the GIST could be clearly
identified by recognizing abnormal tumor vessels, and the dis-
section over normal serosa and muscularis propria ensured
adequate resection margins. During serosal dissection in close
proximity to adjacent intraperitoneal organs such as the colon,
inadvertent damage was avoided by using an insulated tip knife
(IT2, Olympus Co Ltd, Japan). Once the tumor was fully mobi-
lized and pulled inside the stomach, the resection was comple-
ted by placing the endoscope in antegrade manner. The tumor
was then retrieved using a Roth Net retrieval device to avoid
slippage of the tumor to peritoneal cavity.

Closure of the luminal defect after EFTR

The luminal defect in the gastric wall was re-examined to deter-
mine the optimal method of safe closure. Options for luminal
defect closure included: 1. primary through the scope (TTS)
clip closure; 2. clip-loop closure (Crown technique); and 3.
endoscopic suturing device closure. Choice of closure depen-
ded on the size of the luminal defect and proportion of the

VIDEO

▶ Video 1 Endoscopic full thickness resection for treatment of
gastric gastrointestinal stromal tumor.
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full-thickness segment. For a luminal defect ≤10mm with mini-
mal full-thickness segment, we used primary clip closure with
multiple TTS clips. However, for most defects > 10mm, clip-
loop closure was performed if the full-thickness segment was
<50% (▶Fig. 3). If the full-thickness segment was >50% of the
luminal defect, endoscopic suturing was the preferred closing
method (▶Fig. 2). The endoscopic suturing device employed
was the OverStitch endoscopic suturing system including the
OverStitch and OverStitch Sx (Apollo Endosurgery Inc., Austin,
Texas, United States). The OverStitch was attached to the end
of double channel endoscope while the OverStitch Sx was at-
tached along the side of a single channel endoscope. The pro-
cedure of closure was similar between these two systems
(▶Fig. 2). First, the needle was passed over the whole thickness
of one side of the luminal defect. The detachable needle was
caught by anchor exchange catheter, and after opening of the
needle driver the tissue was disengaged. After passage of nee-
dle back to needle driver, the needle was driven as full-thick-
ness suture to the opposite side of the gastric wall. After re-
peating this procedure of suturing in “Figure of 8” manner, the
needle was detached and cinching procedure performed to
achieve full-thickness suture closure. The procedure was re-
peated as necessary until the defect was completely closed as
evidence by full distension of stomach upon insufflation with-

out gas leakage and visual confirmation of closure without rem-
nant defect.

The specimen was sent to dedicated pathologist for analysis
with immune staining as well as observation of resection mar-
gins.

Outcome measures and statistical analysis

The primary outcome was the en-bloc resection rate of GIST,
while secondary outcomes included the need for conversion to
other procedures for resection, operative time, length of hospi-
tal stay, and rate of complications. Oncological outcomes in-
cluded the en-bloc resection rate of gastric GISTs as well as the
rate of tumor recurrence. En-bloc resection was defined upon
histopathological examination as resection of the GIST in one
piece with clear resection margins.

Statistical analyses comparing clinical outcomes between
the two groups were performed using the Student t-test for
parametric data and Mann-Whitney U test for non-parametric
data when appropriate. Categorical data were analyzed using a
Chi-square test or Fisher’s exact test. Statistical analyses of the
data were performed using SPSS 27.0 statistical software. P<
0.05 was considered statistically significant.

▶ Fig. 2 Endoscopic Full Thickness Resection of Gastric GIST; a – ½ circumferential mucosal incision and submucosal dissection to exposure
the gastric GIST; b – per oral clip string retraction to lift the submucosal GIST; c – full thickness resection with dissection at border of GIST;
d – Exposure of the serosal margin for en-bloc dissection through pulling of the tumor by clip string retraction; e – Closure of luminal defect
with Overstitch (Single Channel system; Apollo Surgical Co Ltd); f – complete closure of luminal defect evidence by full distension of stomach
without gas leakage.
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Results
From 2013 to 2019, 46 patients with gastric GIST received
endoscopic resection at our institution, including 26 patients
who received non-tunneled exposed EFTR while 20 who receiv-
ed tunneled exposed EFTR / STER (▶Table 1). All patients re-
cruited into this study were confirmed to have gastrointestinal
stromal tumor (GIST) upon histopathology after resection.
When compared between the two groups, there was no differ-
ence in basic demographics. Mean GIST size was 22.0 ±9.79mm
for the EFTR group and 20.9 ±12.4mm for the STER group (P=
0.757). Most of the gastric GISTs were located at the cardia and
proximal stomach, and there was no difference in the distribu-
tion of locations between the two groups. Apparently, EFTR
was applied for resection of GIST at the fundus – a location
which is usually contraindicated for submucosal tunnel devel-
opment in the STER group.

There was no difference in operative time between the two
groups (94.9 vs 84.9 mins; P=0.401), while endoscopic sutur-
ing was applied more frequently for closure after EFTR compar-
ed to STER (P<0.0001). Patients who received STER were able
to resume on full diet 1 day earlier than those who received
EFTR (mean 2.92 vs 2.0 days; P=0.0002). Moreover, the STER
group had significantly shorter hospital stays than the EFTR
group (mean 4.38 days vs 3.50 days; P=0.015). The most com-
mon complication was fever after the procedure in both

groups, but there was no leakage after closure of the mucosal
incision or full-thickness defect. There was no difference in
overall complication rates between the two groups (P=0.593).
Of the patients in the EFTR group, 92.3% required release of the
CO2 pneumoperitoneum that developed during the procedure,
compared to only 35.0% of patients who received STER (P<
0.0001).

All the histopathologic results confirmed gastrointestinal
stromal tumors (GIST) with c-kit and CD117 positivity. There
was no difference in the proportion of GISTs > 20mm or mitotic
figures between the two groups (▶Table 1). Upon histopatho-
logical examination of the resected specimen, the en-bloc re-
section rate for EFTR was 100%, which was significantly higher
than for STER (100% vs 80%; P=0.0297). Meanwhile, there was
no difference in local recurrence rates between the two groups.
The mean follow-up was significantly longer for the STER group
compared to the EFTR group (21.15 vs 50.50 months; P<
0.0001).

Discussion
Gastric GISTs are increasingly being recognized during diagnos-
tic endoscopy [15, 17]. The malignant potential of a GIST can be
assessed by size, location as well as mitotic figures through EUS,
CT and EUS-guided fine-needle biopsy [15, 18]. The National

▶ Fig. 3 Alternative closure of luminal defect with clip and loop technique (Crown technique); a – A relatively small portion of gastric luminal
defect had involved full thickness resection; b – Application of first clip over detachable loop for fixation at proximal defect; c – further appli-
cation of clips to attach the loop to mucosal border of the defect; d – Tightening of the detachable loop after application of multiple clips around
the mucosal border; e – Complete closure of the defect after closure of the clip-loop; f – release of the detachable loop upon complete closure of
the gastric luminal defect.
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Comprehensive Cancer Network guidelines recommend surgi-
cal resection for treatment of gastric GIST >20mm or those
with high-risk features upon EUS [2]. For GISTs < 20mm without
high-risk features, periodic endoscopic or radiographic surveil-
lance is recommended. Recently, ESGE guidelines for manage-
ment of gastrointestinal subepithelial lesions suggested that
surveillance for gastric subepithelial lesions without definite di-
agnosis should be conducted with EGD at 3- to 6-month inter-
vals. Afterward, surveillance EGD should be done at 2- to 3-year
intervals for lesions < 10mm and at 1- to 2-year intervals for le-
sions 10 to 20mm [15]. Meanwhile for pathologically con-
firmed gastric GISTs < 20mm, ESGE recommended manage-
ment by either regular endoscopic surveillance or endoscopic
resection as an acceptable alternative [15].

Although endoscopic surveillance is both feasible and safe in
managing gastric GISTs < 20mm, the long-term compliance is
usually suboptimal. In a cohort study of 65 patients with fore-
gut subepithelial lesions on endoscopic follow-up over 30
months, 25% of these lesions demonstrated growth. However,
fewer than 50% of patients underwent surveillance EUS as re-
commended [19]. The authors suggested that endoscopic sur-
veillance is a poor strategy because compliance is very low. On
the contrary, when technically feasible, tissue acquisition
should be pursued as tissue diagnosis will reassure patients,
provide guidance for surveillance recommendations, and in
some cases eliminate the need for follow-up.However, a meta-
analysis of 17 studies on use of EUS-guided tissue acquisition
for upper gastrointestinal subepithelial tumors only achieved a
diagnostic yield of 59.9% [20].

Endoscopic resection served as an alternative approach for
definite treatment for small gastric GISTs. Endoscopic resection
will not only provide tissue diagnosis but also can be curative
and alleviate patient need for surveillance. Endoscopic resec-
tion can be considered for small gastric GISTs to avoid the bur-
den of surveillance among young patients and those who have
high-risk features on EUS [14, 15]. ESD was first explored as a
treatment for gastric GISTs in a cohort of 33 patients [21]. The
mean size of the GISTs was only 14.5mm while 93.9% of them
were resected in one piece. However, vertical resection margin
was insufficient in 4 of 33 GISTs. As GIST originates from inter-
stitial cells of Cajal which are located in the muscularis propria,
endoscopic resection would likely result in full-thickness per-
foration during the procedure [22]. STER was developed to
avoid full-thickness perforation during resection of gastric
GISTs through a submucosal tunnel [10–13]. In a retrospective
cohort comparing STER with ESD for treatment of gastric GISTs
at cardia, similar clinical outcomes were demonstrated, includ-
ing en bloc resection and complication rates [22]. However, the
en bloc resection rates for STER and ESD were only 70.2% and
67.5%, respectively. One of the major technical issues for STER
is dissection within limited space in the submucosal tunnel,
which may lead to breaching of the tumor capsule during dis-
section and increased risks of local recurrence. Second, as
most of gastric GISTs are located in the proximal stomach, car-
dia, and fundus, there may be major difficulty in developing a
tunnel to reach a target GIST [23].

▶Table 1 Comparison of clinical outcomes of EFTR against STER for
treatment of gastric gastrointestinal stromal tumors (GIST).

Parameters EFTR (26) STER (20) P

Age (mean) 59.6 57.5 0.585

Male (%) 8 (30.7%) 8(40%) 0.548

Location of gastric GIST

Cardia 5 9

Lesser curve 6 4

Greater curve 5 3

Body 3 0

Fundus 4 0

Antrum 3 4

Size of gastric GIST
(mm) (mean)

22.0 ± 9.79 20.9 ± 12.4 0.757

Size < 20mm 8 10 0.231

Size > 20mm 18 10

General anesthesia 26 (100%) 26 (100%) 1.0

Mean procedure time
(mins)

94.9 84.9 0.401

Closure method

Clips/clip-loop 12 20 < 0.00011

Endoscopic suturing 14 0

Hospital stay (days)
(mean)

4.38 3.50 0.0152

Days to resume full
diet (mean)

2.92 2.00 0.00022

Adverse event rate
(overall)

1 (3.8%) 2 (10%) 0.593

Postoperative fever 1 (3.8%) 2 (10%)

Leakage 0 0

Release of CO2 pneu-
moperitoneum

24 (92.3%) 7 (35.0%) < 0.00011

Conversion to laparo-
scopic surgery

2 0 0.497

En bloc resection rate 26 (100%) 16 (80%) 0.02971

Mitotic figure (per HPF)

< 1/10 HPF 26 18 0.184

>1/10 HPF 0 2

Follow-up period
(months)

21.15 50.50 < 0.0001

Recurrence 0 1 0.435

EFTR, endoscopic full-thickness resection; STER, submucosal tunnel endo-
scopic resection; GIST, gastrointestinal stroma tumor; HPF, high power field.
1 Chi square test with significant difference.
2 Student t test with significant difference.
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EFTR avoids dissection close to tumor capsule as the tumor is
mobilized through endoscopic dissection at the muscularis
propria without space limitation. Moreover, the tumor can be
retracted using a clip and string technique, which provides a
clear view of the dissection plane, avoiding inadequate resec-
tion margins over both the muscularis and serosa. In our study,
EFTR demonstrated significantly higher rates of en-bloc resec-
tion compared to STER while there was no difference in overall
adverse event (AE) rates. Although patients who received EFTR
resumed a diet later than those who received STER, there was
no leakage from the full-thickness defect after EFTR. The pre-
ferred method for closure after EFTR included the clip and
loop technique and endoscopic suturing. In a meta-analysis on
endoscopic resection for gastric GISTs < 20mm, the complete
resection rate was 97% with an AE rate of 8% [24]. However, in
a study comparing endoscopic resection against laparoscopic
resection for 130 cases of GIST >20mm, endoscopic resection
demonstrated a significantly lower R0 resection rate of 25.6%
compared to 85% for laparoscopic resection [25]. The methods
of endoscopic resection included ESD, STER, EMR, EFTR, and
polypectomy and noticeably numerous important AEs occurr-
ed, including bleeding, macroscopic perforation requiring la-
paroscopic closure, as well as falling of the specimen into peri-
toneal cavity after resection. In our study, we carefully applied
techniques to avoid these AEs, including adjustment of energy
platform to achieve hemostasis, as well as various techniques
for defect closure. Moreover, we always applied one to two
per-oral clips for suture traction to avoid dropping the speci-
men into the peritoneal cavity after dissection. The traction by
per-oral clip suture during dissection not only exposed the dis-
section plane but also served to minimize the full-thickness de-
fect and reduce gas leakage during EFTR.

There are several limitations of this study. First, it was a ret-
rospective cohort comparing EFTR with STER, in which STER
was first applied for treatment of gastric GIST followed by
EFTR. There could have been an improvement in endoscopic
techniques over this transition period, which might partially ex-
plain the higher en bloc resection rate. Second, because all the
procedures were performed by two endoscopists, there could
be operator bias and the clinical outcomes may be not applic-
able in other centers.

Conclusions
In conclusion, our study demonstrated that EFTR achieved sig-
nificantly higher rates of en bloc resection compared to STER
for treatment of gastric GISTs. Although patient recovery was
hastened by STER due to secure closure, there was no differ-
ence in AE rates or procedure times. Hence, EFTR should be re-
commended for treatment of gastric GISTs amendable to endo-
scopic resection.
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