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Abstract

Background and aims Although endoscopic resection (ER) is already established as a minimally invasive technique for
small (< 4.0 cm) upper gastrointestinal subepithelial tumors originating from the muscularis propria layer (MP-SETs), pub-
lished data of ER for large (>4.0 cm) upper gastrointestinal MP-SETs are extremely rare and limited to case reports. This
retrospective study aimed to evaluate the feasibility and safety of ER for large (>4.0 cm) upper gastrointestinal MP-SETs
in a large case series.

Methods Between June 2012 and December 2018, 101 patients with large (>4 cm) upper gastrointestinal MP-SETs were
enrolled in this study. The main outcome measures included complete resection, total complications, and local residual or
recurrent tumor.

Results The rate of complete resection was 86.1%. Thirteen patients (12.9%) experienced complications including gas-related
complications (6/101, 5.9%), localized peritonitis (4/101, 4.0%), esophageal/cardiac mucosal laceration (2/101, 2.0%), and
delayed bleeding (1/101, 1.0%). These 13 patients recovered after endoscopic and conservative treatment. The independent
risk factor for incomplete resection was tumor size (P =0.005), and the independent risk factors for total complications were
tumor size (P=0.011) and tumor extraluminal growth (P=0.037). During the median follow-up of 36 months, local residual
tumor was detected in 1 patient. No local recurrence occurred in any patient.

Conclusions Despite being associated with a relatively low complete resection rate, ER is an alternative therapeutic method
for large (>4.0 cm) upper gastrointestinal MP-SETs when performed by an experienced endoscopist. This method is espe-
cially valuable for patients who are unwilling to undergo surgery.

Keywords Upper gastrointestinal subepithelial tumors - Endoscopic resection - Endoscopic submucosal dissection -
Endoscopic full-thickness resection - Submucosal tunneling endoscopic resection

The clinical pathology of upper gastrointestinal subepithe-  (MP-SETs) is complex. A proportion of these tumors are
lial tumors originating from the muscularis propria layer  gastrointestinal stromal tumors (GISTs) and neuroendocrine
tumors, which have the potential for malignant transforma-
tion [1, 2]. When enlarged, the tumors can cause abdominal
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Practice Committee of the American Society for Gastroin-
testinal Endoscopy (ASGE) guidelines, upper gastrointes-
tinal MP-SETs that measure more than 2.0 cm in diameter
or increase in size at follow-up should be resected either
endoscopically or surgically [2].

Currently, endoscopic resection (ER) is widely performed
to remove small (<4.0 cm) upper gastrointestinal MP-SETSs
[3-6]. However, because of the difficulty of en bloc endo-
scopic removal of the tumor, ER has rarely been used to
resect large (>4.0 cm) upper gastrointestinal MP-SETs
[7-9]. Therefore, surgical resection is still the primary thera-
peutic option for these patients. However, in daily clinical
practice, some patients with large (>4.0 cm) upper gastro-
intestinal MP-SETS are not willing to risk potential surgical
complications, preferring endoscopic resection instead of
surgical resection. Therefore, based on our previous experi-
ences using ER for gastrointestinal MP-SETs (< 4.0 cm) and
the requirements of patients, we have performed ER for large
(=4.0 cm) upper gastrointestinal MP-SETs since 2012 at our
endoscopy center. In this study, we evaluated the feasibility
and safety of ER for large upper gastrointestinal MP-SETs
(>4.0 cm) in a large case series.

Methods
Study design

This retrospective study was approved by the Ethics Com-
mittee of Taizhou Hospital of Zhejiang Province, Wenzhou
Medical University (No. K20190401). The inclusion criteria
for this study were as follows: (i) patients had upper gas-
trointestinal MP-SETs with clear boundaries confirmed by
endoscopic ultrasonography (EUS); (ii) the lesions had a
diameter of >4.0 cm; (iii) no lymph node or distant metas-
tasis as judged by computed tomography (CT) and/or EUS;
and (iv) patients could tolerate anesthesia with tracheal
intubation and did not have blood coagulation disorders
before the procedure. In this study, miniprobe EUS (UM-
2R, 12 MHz; UM-3R, 20 MHz) was performed first to detect
tumor characteristics, such as size, edge, and the internal
echo of the tumor. If the tumor characteristics could not be
delineated by miniprobe EUS, linear EUS was performed to
further evaluate the tumor characteristics.

As part of a quality assurance program, patient medi-
cal records were independently reviewed from a prospec-
tively maintained database of our hospital by one author of
this study (Dr. Peng JB). Search terms included esophageal
SETs, cardia SETs, gastric SETs, duodenal SETs, and vari-
ous endoscopic resection techniques. Between June 2012
and December 2018, 171 patients with large (>4 cm) upper
gastrointestinal MP-SETs were diagnosed in our endoscopy

center. Of them, 101 patients with large (>4 cm) upper gas-
trointestinal MP-SETs were included in this study.

All included patients provided informed consent after
spoken and written detailed explanations regarding the
endoscopic resection procedure and other possible treat-
ment options. Furthermore, all patients were informed that
surgery might be required if the tumor could not be removed
en bloc endoscopically or that severe complications might
not be managed by conservative treatment and/or endoscopic
methods. Given the potential need for surgical intervention,
we consulted a gastrointestinal surgeon before the procedure.
If necessary, the patient could convert to a laparoscopic
resection during the ER procedure. The main outcome meas-
ures for this study were; (i) complete resection, (ii) total
complications, and (iii) local residual or recurrent tumor.

Endoscopic resection procedure

In this study, the selection of ESD, EFTR, and STER for
upper gastrointestinal MP-SETs were mainly based on
tumor location, tumor extraluminal growth or extraluminal
growth, and narrow connection or extensive connection to
the underlying MP or serosal layer (Fig. 1). ESD was usually
performed for gastric MP-SETs with intraluminal growth,
EFTR was performed for gastric MP-SETs with extralu-
minal growth, extensive connection with the MP layer or
the serosal layer of the stomach, and submucosal tunneling
endoscopic resection (STER) was applied if the lesion was
located in the esophagus or in the stomach near the esopha-
gus, as these areas are suitable for establishing a submucosal
tunnel. All endoscopic resection procedures were performed
by an experienced endoscopist (Dr. Ye LP) at our endoscopy
center.

The main equipment and accessories included a single-
channel endoscope (Q-260J, Olympus Optical) and/or a
dual-channel endoscope (GTF-2TQ260M, Olympus), a
high-frequency electronic cutting device (ICC 200, Erbe,
Tiibingen, Germany), argon plasma coagulation (APC 300,
Erbe), a transparent cap (ND-201-11802, Olympus Opti-
cal), an injection needle (NM-4L-1, Olympus Optical), a
hook knife (KD-620LR, Olympus Optical), an insulated-
tip knife (KD-611L, IT2, Olympus Optical), a hybrid knife
(Erbe), hemostatic clips (ROCC-D-26-195-C, Micro Tech,
Nanjing, PRC), a snare (SD-230U-20, Olympus Optical),
hot biopsy forceps (FD-410LR, Olympus Optical), an endo-
scopic lithotriptor (BML-4Q, Olympus Optical), and a car-
bon dioxide insufflator (Olympus Optical).

The details of the procedures for ESD, EFTR, and
STER for resection of upper gastrointestinal MP-SETs are
described in our previous study [10]. The key steps of the
ESD procedure were as follows [11]. (i) Several marking
dots were marked around the tumor, then a submucosal ele-
vation was produced by the injection of several milliliters of
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Fig. 1 Clinical pathway of endoscopic resection for large upper gastrointestinal MP-SETs subepithelial tumors originating from the muscularis

propria layer

a mixed solution into the submucosa. (ii) A circumferential
incision was made along the marking dots, then the ESD
technique was used to resect the tumor. If there was difficulty
in exposing the dissection site between the tumor and the
surrounding tissue, the clip-with-thread traction method was
used. Firstly, a clip was inserted through the accessory chan-
nel after the endoscope was withdrawn. Secondly, a thread
of approximately 1.5 m in length was tied to either claw
of the clip. Finally, the endoscope was reinserted into the
stomach and the clip was anchored with the thread on the
proximal edge of the resected mucosa, which resulted in a
clear visualization of the dissection site. (iii) After the tumor
was completely resected, it was removed by an endoscopic
lithotriptor. However, if tumors could not be removed endo-
scopically, laparoscopic removal was recommended. If the
patient refused laparoscopic removal, the lesion was fixed
in the stomach temporarily and was removed en bloc by
endoscopy on the second day after ER. (iv) The mucosal
defect was sealed by loop-and-clips closure. In this study,
loop-and-clips closure or over-the-scope clip (OTSC) was
performed on gastrointestinal defects of less than 2.0 cm
in diameter. For defects of more than 2.0 cm in diameter,
OTSC was performed first, and if the defect could not be

@ Springer

completely closed safely using this method, the loop-and-
clips would be continuously added until the defect was
closed safely.

The key steps of the EFTR procedure were as follows
(Figs. 2, 3) [12]. (i) Marking dots and submucosal elevation
were similar to the ESD procedure. (ii) The ESD technique
was used to make a deep circumferential incision along the
marking dots. (iii) A small puncture was made in the sero-
muscular layer after the tumor was fully revealed, then a
circumferential incision was made along the puncture. (iv)
A snare resection was performed to completely remove the
lesion after more than three-quarters of the circumference
of the tumor had been resected. (v) The gastrointestinal wall
defect was closed by loop-and-clips closure or an OTSC
after removal of the tumor.

The key steps of the STER procedure were as follows
(Fig. 4) [13, 14]. (i) A 2-cm longitudinal mucosal incision
was made above the tumor at the entry point of the submu-
cosal tunnel. (ii) A submucosal tunnel was created between
the submucosal and muscular layers of the lesion. (iii) The
lesion was resected through the submucosal tunnel using the
ESD technique. (iv) The mucosal incision site was closed
with several clips after removal of the tumor.
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Fig.2 A Endoscopy showing subepithelial tumors (SETs) located in
the esophagus. B, C The same tumor was evaluated by endoscopic
ultrasonography (EUS) and computed tomography (CT). D, E, F The
tumor was resected completely by submucosal tunneling endoscopic

resection (STER) technique, and then it was removed by a endoscopic
lithotriptor. G The entrance of the submucosal tunnel was closed with
several clips; H the resection specimen was a 5.8-cm tumor

Fig.3 A Endoscopy showing SETs located in the fundus of stomach.
B, C The same tumor was evaluated by EUS and CT. D A mucosal
incision was made in the overlying mucosa to reveal the tumor. E
Before performing complete resection, a dual-channel gastroscope
was used while grasping the tumor in the gastric cavity to prevent

Definitions

In this study, narrow connection was defined as when
the connection width of the tumor to the MP layer was

it from falling into the peritoneal cavity. F, G After the tumor was
removed from the stomach, the gastric wall defect was closed with
loop-and-clips closure method. H The resection specimen was a 5.5-
cm tumor

less than 50% of the maximal tumor diameter. Extensive
connection was defined as a connection width of more
than 50% of the maximal tumor diameter, which was
evaluated by EUS. Perioperative bleeding was defined
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Fig.4 A Endoscopy showing SETs located in the descending part
of the duodenum; B EUS evaluated the same tumor; C, D the tumor
was resected by EFTR technique; E, F the duodenal wall defect was

as a complication if surgical intervention was needed
during the ER procedure, or a significant drop in hemo-
globin (>2 mg/dl) before and after the ER procedure was
detected [3]. Delayed bleeding was defined as active bleed-
ing from a post-procedural ulcer diagnosed by endoscopy
following the procedure [3]. Esophageal/cardiac mucosal
laceration was considered a complication when it occurred
during tumor removal. Localized peritonitis was defined
by location; in no more than two quadrants of the abdomi-
nal cavity [15]. Gas-related adverse events were consid-
ered a complication when the patient required puncture
or thoracic drainage. However, if no special interventions
were performed, simple pneumoperitoneum, pneumotho-
rax, and subcutaneous emphysema were not considered
complications [16].

Complete resection was defined as when the tumor was
resected en bloc with tumor-free lateral and basal margins
(confirmed by two gastrointestinal pathologists) [12]. Gas-
troscopy and/or EUS was used to check for the presence of a
submucosal protrusion lesion within 3 cm of the endoscopic
resection site at 3, 6, and 12 months during the first year
after the ER procedure. Subsequently, gastroscopy and/or
EUS was performed every year. If a submucosal protrusion
lesion was detected, using a biopsy forceps to create a defect
in the overlying mucosa of the lesion and then obtain 3 to 5
deeper biopsy specimens to identify if it was a residual or
recurrent tumor. Residual tumor was defined as the tumor
was found within 3 cm of the endoscopic resection site at
less than 6 months after procedure, while local recurrence
was defined as the tumor was reappeared within 3 cm of
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closed with an over-the-scope clip (OTSC); G the resection specimen
was a 5.0-cm tumor; H the wound was healed 6 months after the pro-
cedure

the endoscopic resection site at more than 6 months after
procedure.

Statistical analysis

For descriptive statistics, mean + standard deviation (SD)
was used for normally distributed variables, whereas the
median (interquartile range) was used for variables with a
skewed distribution. Univariate analyses were performed
with Chi-square tests or Mann—Whitney U tests to deter-
mine the effect associations of tumor features with incom-
plete resection and total complications. Variables for which
P <0.1 were then entered in the bivariate logistic regression
analysis. Statistical analysis was performed using SPSS 18.0
software (SPSS, Chicago, IL).

Results
Clinical characteristics of patients

In Table 1, the characteristics of the enrolled 101 patients
(male 62, female 39) with large (>4 cm) upper gastrointesti-
nal MP-SETs are summarized. The mean age of the patients
was 55.5+13.0 (range 19 to 84) years. Six patients had taken
aspirin or other anticoagulant drugs in the week preceding
the ER procedure. Gastrointestinal symptoms were expe-
rienced by 61 patients, including 22 with gastrointestinal
bleeding, 21 with upper abdominal pain, 11 with abdominal
distention and nausea, 4 with a choking feeling, and 2 with
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Table 1 Clinical characteristics of the 101 large (>4 cm) upper gas-
trointestinal SETs originating from MP layer

Age, mean + SD, years 55.5+13.0
Gender, n (%)

Male 62 (61.4)

Female 39 (38.6)
Anticoagulant drugs, n (%)

Yes 6(5.9)

No 95 (94.1)
Gastrointestinal symptoms, 7 (%)

Yes 61 (60.4)

No 40 (39.6)
Median size, cm (range) 43(4.0-17.0)
Tumor size (cm), n (%)

4<to<5 76 (75.2)

5<to<6 16 (15.8)

>6 9(8.9)
Tumor shape, (%)

Ovoid 82 (81.2)

Non-ovoid 19 (18.8)
Location of tumor, n (%)

Esophagus 21 (20.8)

Stomach 70 (69.3)

Duodenum 10(9.9)
Tumor growth pattern, n (%)

Intraluminal growth 71 (70.3)

Extraluminal growth 30 (29.7)
Connection of the MP layer, n (%)

Narrow connection 41 (40.6)

Extensive connection 60 (59.4)

upper abdominal pain and emesis. The other 40 patients had
no obvious clinical symptoms and their tumors were found
during routine endoscopic examination. In total, 71 lesions
showed intraluminal growth and 30 lesions showed extralu-
minal growth. EUS examination showed that 41 tumors had
a narrow connection, whereas the other 60 tumors had an
extensive connection to the MP layer. In this study, 9 patients
received EUS-guided fine needle aspiration (EUS-FNA) for
preoperative pathological diagnosis. Of the 9 upper gastro-
intestinal MP-SETs, 5 tumors were leiomyoma and 4 were
GISTs. The pathological results of EUS-FNA were consist-
ent with the postoperative pathological diagnosis.

Therapeutic outcomes and complications

In this study, 21 tumors were resected by ESD, 51 were
resected by EFTR, and 29 were resected by STER (Fig. 5).
All gastrointestinal wall or mucous defects were closed using
the endoscopic method, including clips (41 cases), loop-and-
clips closure (30 cases), OTSC (24 cases), and OTSC com-
bined with loop-and-clips closure (6 cases). The rate of en

bloc resection was 92.1% (93/101). Of the 93 tumors with
en bloc resection, 88 tumors were removed en bloc, 1 was
laparoscopically removed, and the other 4 tumors were fixed
in the stomach with several clips then removed en bloc on
the second day. After histological assessment, the rate of
complete resection was 86.1% (87/101). Fourteen tumors did
not achieve complete resection, including 8 resected in piece
by endoscopy, 1 removed by laparoscopy and 4 removed
using the endoscopic method on the second day (Table 2).
In this study, 13 patients (12.9%) had complications
including gas-related complications (6/101, 5.9%), localized
peritonitis (4/101, 4.0%), esophageal/cardiac mucosal lac-
eration (2/101, 2.0%), and delayed bleeding (1/101, 1.0%).
All 13 patients with complications recovered after conserva-
tive treatment. No patient had massive bleeding or any other
serious complications. The median hospitalization cost was
3641.6 USD (interquartile range, 2894.8 — 5041.1.0 USD).

Pathology results

The median maximal tumor size was 4.3 cm (range
4.0-7.0 cm; interquartile range 4.10-4.95 cm). In total, 82
tumors had an ovoid morphology and the other 19 tumors
were non-ovoid. Pathological examination showed that 47
tumors were GISTs (31 low risk, 11 intermediate risk, 5 high
risk), 41 were leiomyomas, 6 were Brunner’s gland adeno-
mas, 3 were schwannomas, 2 were heterotopic pancreas tis-
sue, 1 was a glomus tumor, and 1 was an angiolipoma. Of
the 101 tumors, 70 were located in the stomach (45 GISTs,
19 leiomyomas, 3 schwannoma, 2 heterotopic pancreas tis-
sue, and 1 glomus tumor), 21 were located in the esophagus
(20 leiomyomas and 1 GIST), and 10 were located in the
duodenum (6 Brunner’s gland adenomas, 2 leiomyomas, 1
GIST, and 1 angiolipoma).

Risk factors associated with incomplete resection
and the total complications

Among the analyzed factors related to incomplete resection,
only tumor size (P =0.005) was met the criteria for inclusion
in the bivariate logistic regression (Table 3). Therefore, uni-
variate logistic regression analysis (enter method) was per-
formed with one independent variable: tumor size. Among
the analyzed factors related to the total complications, tumor
size (P=0.016) and tumor extraluminal growth (0.054) met
the criteria for inclusion in the bivariate logistic regression.
Therefore, multivariate logistic regression analysis (Forward
LR method) was performed with two independent variable:
tumor size and tumor extraluminal growth.

Univariate logistic regression analysis demonstrated that
tumor size was a risk factor for incomplete resection (OR
5.490; 95% CI 1.681-17.934; P=0.005) (Table 4), and mul-
tivariate logistic regression analysis indicated that tumor size
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Fig.5 Flow chart of endoscopic resection for large upper gastrointestinal MP-SETs subepithelial tumors originating from the muscularis propria

layer

Table 2 Therapeutic outcome of endoscopic resection for 101 large
(=4 cm) upper gastrointestinal SETSs originating from MP layer

Procedure method, n (%)

ESD 21 (20.8)
EFTR 51 (50.5)
STER 29 (28.7)
En bloc resection by endoscopic resection, n (%) 93 (92.1)
Complete resection by endoscopic resection, n (%) 87 (86.1)
Mean procedure time, min (range) 65 (42-165)
Total complications, n (%) 13 (12.9)
Localized peritonitis 4 (4.0)
Esophageal/cardiac mucosal laceration 2(2.0)
Delayed bleeding 1(1.0)
Gas-related complications 6(5.9)
Histology diagnosis, n (%)
Leiomyomas 41 (40.6)
GISTs 47 (46.5)
Schwannomas 3(3.0)
Heterotopic pancreas tissue 2(2.0)
Glomus tumor 1(1.0)
Brunner’s gland adenomas 6(5.9)
Angiolipoma 1(1.0)
Median hospital stay after procedure, days (range) 7(2-20)
Median follow-up period, months (range) 36 (12 -90)
Tumor residual 1(1.0)
Tumor recurrence 0

@ Springer

(OR 5.186; 95% CI 1.459-18.438; P=0.011) and tumor
extraluminal growth (OR 3.851; 95% CI 1.085-13.661;
P=0.037) were the independent risk factors for total
complications.

Follow-up outcomes

The median hospital stay after the ER procedure was 7 days
(interquartile range, 5—8 days) and the median follow-up
period after the ER procedure was 36 months (interquartile
range 27.5-58.0 months). During the follow-up period, a
local residual tumor was detected in 1 patient, who sub-
sequently underwent laparoscopic resection. No recurrent
tumors and no deaths related to ER were observed in any
patients.

Discussion

In this study, the rate of complete resection by ER was
86.1%. Compared with our previous study of ER for small
upper gastrointestinal MP-SETs, this complete resection
rate was relatively low [3]. However, it should be noted
that due to the difficulty in removing the resected tumor
from the gastrointestinal tract, piecemeal removal or lapa-
roscopic removal might be applied for some tumors with en
bloc resection, which reduces the complete resection rate.
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Table 3 Factors rc.:lated to Incomplete resection P Total complications P
incomplete resection and total
complication rates of ER for Yes, n (%) No, n (%) Yes, n (%) No, n (%)
upper gastrointestinal MP-SETs
Tumor location 0.432 0.309
Esophagus 2(9.5) 19 (90.5) 4(19.0) 17 (81.0)
Stomach 12 (17.1) 58 (82.9) 7 (10.0) 63 (90.0)
Upper third 7 45 8 44
Middle third 6 35 4 37
Lower third 1 7 1 7
Duodenum 0 10 (100) 2(20.0) 8 (80.0)
Tumor size 0.005 0.016
4.0t0<5.0cm 6(7.9) 70 (92.1) 6(7.9) 70 (92.1)
>5.0cm 8(32.0) 17 (68.0) 7 (28.0) 18 (72.0)
Tumor shape 0.132 0.453
Ovoid 73 12 70
Non-ovoid 14 1 18
Pathology type 0.371 0.160
Leiomyoma 7(14.9) 40 (85.1) 3(6.4) 44 (93.6)
GIST 7(17.1) 34 (82.9) 8 (19.5) 33 (80.5)
Others 0 13 (100) 2 (15.4) 11 (84.6)
Growth pattern 0.221 0.054
Intraluminal growth 12 59 6 65
Extraluminal growth 2 28 7 23
Connection pattern > 0.999 0.231
Narrow connection 6 35 3 38
Extensive connection 8 52 10 50
Table 4 Logistic regression analysis for complete resection and total complications during endoscopic resection procedure
Incomplete resection Total complications
Odds ratio 95% CI P value Odds ratio 95% C1 P value
Tumor size (4.0 to<5.0 cm,>5.0 cm) 5.490 1.681-17.934 0.005 5.186 1.459-18.438 0.011
Tumor growth pattern (intraluminal - - - 3.851 1.085-13.661 0.037

growth, extraluminal growth)

Bold indicates significant values

Therefore, a complete resection rate of 86.1% is acceptable.
Thirteen patients (12.9%) had complications. These patients
recovered successfully after endoscopy and conservative
treatment. During the follow-up (median, 36 months), 1
patient (1.0%) was found to have a residual tumor and was
treated with surgical resection. Overall, no local recurrence
and no deaths were associated with ER for any patient.
Therefore, ER is an alternative therapeutic approach for
large (>4.0 cm) upper gastrointestinal MP-SETSs, especially
for patients who are unwilling to take on the potential risks
of surgery.

Although ER is a feasible, minimally invasive treatment
for large (> 4.0 cm) upper gastrointestinal MP-SETs, several
technical difficulty should be noted. The first is maintaining
a clear endoscopic view, especially when the digestive tract

collapses after puncture during the EFTR procedure [17]. A
clear endoscopic view is essential for success and to avoid
accidental damage to adjacent organs. Position change is
considered the simplest approach to acquiring a clear endo-
scopic view, but it is challenging to obtain a satisfactory
operation field in most cases [18]. Traction is another use-
ful method for maintaining a satisfactory endoscopic view
[19-21]. Several traction techniques have been described in
recent literature, among which the clip-with-thread method
is simple, economic, and useful for ER of large upper gas-
trointestinal MP-SETs [20].

The en bloc removal of large tumors from the narrow
cardia and esophageal cavity is another technical difficulty.
Based on our experience, we have several recommendations.
Firstly, we used an endoscopic lithotriptor for the removal
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of large tumors, which requires a steady hold during the
removal process. Secondly, the tumor was pulled slowly
and steadily close to the cardia before removing it from the
stomach to the esophagus. When the cardia is relaxed and
the lesion can be accommodated, the tumor is immediately
pulled from the stomach to the esophagus using an endo-
scopic lithotriptor. Thirdly, the patient’s chin was lifted,
which keeps the month, neck, and thorax aligned before
removing the lesion from the esophagus. This reduces the
resistance of the esophageal export. During the removal pro-
cess, undue force should be avoided, otherwise the tumor
may rupture or injury to the esophagus/cardia may occur.
For tumors that cannot be removed en bloc by endoscopy,
laparoscopic removal should first be considered. Piece-
meal removal using the endoscopic method is an alterna-
tive approach for patients who refuse laparoscopic removal
and fit the inclusion criteria. However, piecemeal resection
of a large lesion using the endoscopic method requires an
extended period of time. In this study, we temporarily affixed
the resected tumor to the stomach with clips. The tumor
became small after corrosion by stomach acid, then it was
removed using the endoscopic method on the second day.
This method was suited to patients who could not tolerate a
long operation duration. Four tumors were removed using
this method in this study. During the follow-up, no residual
or recurrent tumors occurred in these four patients.

Although a growing body of evidence has demonstrated
that gastrointestinal defects after ER can be effectively
managed by endoscopy, the closure of large gastrointestinal
defects is still technically demanding for most endoscopists
[17,22]. Moreover, current management strategies for gas-
trointestinal defects are still not well established. As pre-
viously reported, clips combined with an omental patch
can be used for the closure of large defects, although the
safety of this approach has not been fully verified with large
scale clinical evidence [23]. Recently, several novel sutur-
ing devices have been reported for the management of large
defects. However, these devices are expensive, complex, and
not readily available [24]. Therefore, a simple and reliable
suturing method should first be considered. Loop-and-clips
closure and OTSC are effective suturing techniques that are
safe and simple to perform [16, 17, 25].

Due to its technical difficulties, ER of large (>4.0 cm)
upper gastrointestinal MP-SETs is associated with cer-
tain complications. In this study, the types of complica-
tions included gas-related complications (5.9%), localized
peritonitis (4.0%), esophageal/cardiac mucosal lacera-
tion (2.0%), and delayed bleeding (1.0%). Additionally,
we analyzed the risk factors associated with ER-related
adverse events, including incomplete resection and total
complications. The analyses showed that tumor size was
an independent risk factor for incomplete resection. Fur-
thermore, tumor size was an independent risk factor for
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total complications. Our study also showed extraluminal
growth to be another independent risk factor for total com-
plications. These results indicate that tumor extraluminal
growth and tumor size can be used for risk assessment
when carrying out ER for large (>4.0 cm) upper gastro-
intestinal MP-SETs.

In this study, the constituent ratios of GISTs in the esoph-
agus, stomach, and duodenum were 4.8%, 64.3%, and 10.0%,
respectively. These results are consistent with several pre-
vious studies in which the stomach was the most common
location of GISTs in the upper gastrointestinal tract [3-5].
EUS-FNA is widely performed to obtain tissue and to make
a pathological diagnosis preoperatively for gastrointestinal
MP-SETs before the procedure, and has a high diagnostic
yield in the evaluation of gastrointestinal SETs (>2.0 cm)
[26]. In this study, EUS-FNA showed high accuracy in the
diagnosis of large gastrointestinal MP-SETs (>4.0 cm).
Therefore, EUS-FNA may be an effective pathological diag-
nosis method, which could assist with treatment decision-
making for large gastrointestinal MP-SETs prior to surgery.

For intermediate-risk or high-risk GISTs, further surgi-
cal therapy and imatinib mesylate were recommended after
pathological diagnosis. In this study, 3 patients with high-
risk GISTs received imatinib mesylate for the prevention of
recurrence or metastasis, as none of these patients were will-
ing to have further surgery. After discharge, all patients with
GISTs received strict follow-up examinations, which were
described in our previous study [27]. In this study, residual
tumor was detected in 1 patient, and this patient underwent
laparoscopic resection. No recurrent lesions were detected
in any patient.

Our study has several limitations, including the possibil-
ity of selection bias. This was a retrospective, single-center
study, although data were derived from a prospectively
maintained database. Moreover, some patients with large
(=4 cm) upper gastrointestinal MP-SETs did not undergo
ER between June 2012 and December 2018. Our institu-
tion is a tertiary endoscopic center in Zhejiang Province and
is the ESD training center of the Chinese Medical Doctor
Association. All ER procedures were performed by an expe-
rienced surgeon Ye LP, who is a tutor for the ESD training
center of the Chinese Medical Doctor Association. Hence,
the results of this study may not apply to other endoscopic
centers, which may reduce their generalizability. Addition-
ally, this study was not randomized and did not include
control samples. Thus, it was impossible to make a cost-
effectiveness analysis.

In conclusion, our study highlights ER as an alterna-
tive therapeutic method for large (>4.0 cm) upper gastro-
intestinal MP-SETs when performed by an experienced
endoscopist. This method was especially valuable for
patients who were unwilling to assume the potential risks
of surgery.
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