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Abstract:
Objectives
Histological confirmation of subepithelial lesions (SELs) in the upper gastrointestinal tract remains challenging. Endoscopic re-
section of SELs is increasingly used for its excellent diagnostic yield and opportunity to do away with continued surveillance. In 
this study, we aimed to evaluate the indications, success-rates and complications of different endoscopic resections techniques 
for SELs in a large, tertiary referral hospital in Rotterdam, The Netherlands.
Methods
Data between October 2013 and December 2021 were retrospectively collected and analyzed. Main outcomes are R0-resection 
rate, en bloc resection rate, recurrence rate and procedure-related adverse events (Clavien-Dindo). Secondary outcomes are 
procedure time, need for surgical intervention and clinical impact on patient management. 
Results
A total of 58 patients were referred for endoscopic resection of upper gastro-intestinal SELs. The median diameter of lesions 
was 20 mm (range 7-100mm). Median follow-up time was 5 months (range 0.4-75.7). Forty-eight (83%) procedures were com-
pleted successfully leading to en bloc resection in 85% and R0-resection in 63%. Procedure-related adverse events occurred in 6 
patients (13%). Severe complications (CD grade 3a) were seen in 3 patients. Local recurrence rate for (pre)malignant diagnosis 
was 2%. Additional surgical intervention was needed in 7 patients (15%). A total of 32 patients (67%) could be discharged from 
further surveillance after endoscopic resection.
Conclusions
Endoscopic resection is a safe and effective treatment for SELs and offers valuable information in undetermined SELs in which 
repeated sampling attempts have failed to provide adequate tissue for diagnosis.  
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Tables

Table 1 Clinical and patient demographics. SEL = subepithelial lesion, mm = millimeters.

Clinical and patient demographics of 58 patients referred 
for endoscopic resection of upper gastrointestinal SELs.

Gender, male (n, %) 27 (47%)

Age (median, range) 58 (20-81)

Incidental findings (n, %) 27 (47%)

Indication for endoscopic resection (n, %)

Suspected or proven (pre)malignant SEL 34 (59%)

Symptomatic lesion 10 (17%)

Undetermined SEL and patient-preference 12 (21%)

Previous incomplete endoscopic resection 2 (3%)

Tumor diameter in mm (median, range) 20 (7-100)

Tumor location

Oesophagus 8 (14%)

Stomach 42 (72%)

Duodenum 8 (14%)

Pre-procedural determined layer of origin 

Muscularis mucosae 9 (16%)

Submucosa 19 (33%)

Muscularis propria 27 (47%)

Muscularis propria with extraluminal growth 3 (5%)

Follow-up, months (median, range) 4,9 (0.4-75.7)
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Table 2 Overview of histopathological diagnosis 
of included patients. GIST = gastrointestinal 
stromal tumor.

Histopathological  diagnosis  in  total  study
population 

Brunner's glands 1

Calcifying fibrous polyp 1

GIST (low-risk) 21

Hamartoma 1

Heterotopic pancreas 7

Inflammatory fibroid polyp 3

Leiomyoma 7

Leiomyosarcoma 2

Lipoma 3

Neuroendocrine tumor

Low-grade (1) 6

Intermediate-grade (2) 2

Pyloric gland adenoma 1

Reactive cells 1

Unknown because of 

unsuccessful endoscopic 

resection

2
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Overview of primary and secondary outcomes of endoscopic resection procedures

EFTR ESD STER

Total number of procedures 22 28 8 

Tumor diameter, mm (median, range) 15 (9-25) 21.5 (7-100) 35 (10-60)

Technical success (n, %) 17 (77) 25 (89) 6 (75)

En bloc resection (n, %) 12 (71) 23 (92) 6 (100)

R0-resection (n, %) 13 (76) 13 (52) 4 (67)

R1-resection in premalignant diagnosis (n, %) 3 (18) 8 (29) 1 (17)

Local recurrence (n, %) 1 (6) 1 (4) -

Procedure time, min (median, range) 35.5 (19-120) 72 (9-240) 138.5 (44-487)

Additional surgical intervention (n, %) 2 (9) 5 (18) -

Post-procedural complications (n, %) 2 (9) 4 (14) 1 (13)

Table 3 Overview of primary and secondary outcomes of endoscopic resection procedures. EFTR = Endoscopic Full
Thickness Resection. ESD = Endoscopic submucosal dissection. STER = Submucosal Tunneling Endoscopic 
Resection. R0 = pathological radical resection. R1 = pathological irradical resection.
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Overview of procedure-related complications

Clavien-Dindo 
classification 

EFTR ESD STER Total 

No complications 
(n, %)

20 (91) 24 (86) 7 (88) 51 (88)

1 (n, %) 1 (5)  
Post-ERCP pancreatitis

2 (7) 
Nausea and pain

- 3 (5)

2 (n, %) - - - -

3 (n, %) 1 (5) – 
Obstruction of common 
bile duct due to OTS-clip

2 (7) 
Additional endoscopy
for bleeding

1 (13) 
Additional endoscopy for
pain after dehiscence of 
mucosal access

4 (7)

4 (n, %) - - - -

5 (n, %) - - - -
Table 4 Overview of procedure-related complications. EFTR = Endoscopic Full Thickness Resection. ESD = Endoscopic submucosal 
dissection. STER = Submucosal Tunneling Endoscopic Resection. OTS-clip = over the scope clip. ERCP = Endoscopic retrograde 
cholangiopancreatography.
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Introduction
Subepithelial lesions (SELs) appear as a mass or bulge covered by normal-appearing mucosa and

originate from the gastrointestinal wall [1]. Only 10-15% are (pre)malignant and require follow-up or

even endoscopic or surgical resection [2]. 

As SELs are covered by normal-appearing mucosa, conventional endoscopy with biopsies are usually

insufficient to obtain a definite diagnosis. Endoscopic ultrasonography (EUS) is the preferred primary

diagnostic modality because of its ability to determine the lesion and the ability to obtain a tissue

diagnosis by means of EUS-guided fine needle aspiration (EUS-FNA) or biopsy (EUS-FNB) [3, 4].  The

reported diagnostic accuracy for EUS-FNA/B, however, varies widely. 

Endoscopic  resection  can  be  used  as  diagnostic  tool  as  well  as  a  treatment  for  small  SELs  [2].

Different  methods  for  endoscopic  resection  have  been  described  including  endoscopic  mucosal

resection  (EMR),  submucosal  tunneling  endoscopic  resection  (STER),  endoscopic  submucosal

dissection (ESD) and endoscopic full-thickness resection (EFTR). Compared with surgery, endoscopic

resection is less invasive, has short recovery time, and preserves the normal anatomy and function

of the digestive tract [5].

Choice and success rate of the different endoscopic resection methods depends on the layer of

origin,  the  location of  a  lesion  and  the  experience  of  the  endoscopist.  The  rates  for  complete

resection vary between 85% and 98%, with reported adverse event rates around 5-10% [5-7]. Data

on efficacy and complications of endoscopic en bloc resection limited and mainly derives from Asian

countries [8]. 

Therefore, this retrospective study aims to evaluate the indications, success rates and complications

of different endoscopic resection techniques in SELs in a large academic hospital in The Netherlands. 

Methods
Patients and data collection
This  study  was  approved  by  the  Medical  Research  Ethics  Committees  United  (MEC-U).  Data  of

patients who underwent endoscopic resections for a SEL in the upper gastrointestinal tract at the

Erasmus  MC Cancer  Institute  (University  Medical  Center  Rotterdam,  The  Netherlands)  between

October 2013 and December 2021 were analyzed. All consecutive adult (>18 years old) patients that

underwent endoscopic resection for a SEL during this time period were included.
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The following data were collected: patient demographics, lesion characteristics, such as size (mm),

determined by EUS or endoscopy when available, procedure-related outcomes, histological data and

follow-up data.

Outcome parameters 
The  main  outcomes  of  this  study  are  technical  success  rate  of  endoscopic  resection,  en  bloc

resection  rate,  pathological  radical  (R0)  resection  rate,  procedure-related  adverse  events  and

recurrence rate.  Technical  success rate is  defined as the percentage of  procedures in which the

intended endoscopic resection technique was completed successfully, without early termination of

the procedure or the need for conversion to another technique or surgical intervention. En bloc

resection  rate  is  defined  as  number  of  lesions  that  are  macroscopically  completely  and  intact

removed as described by the endoscopist. R0 resection indicates a microscopically margin-negative

resection determined by the pathologist. Secondary outcomes are procedure time, need for surgical

intervention and the clinical impact of endoscopic resection on patient management. The clinical

significance of endoscopic resection is defined by the number of patients who can be discharged

from further surveillance following a successfully completed procedure. Adverse events are graded

according to the Clavien-Dindo scoring system [9]. 

Procedures and follow-up
The endoscopic resections described in this study were performed by two experienced endoscopists

from the gastroenterology department with a colonic FTRD. The endoscopist determined the type of

endoscopic resection based on lesion characteristics such as location, size and previous imaging.

After all endoscopic procedures, patients were observed in the recovery unit. When there were no

signs of delayed complications, the patients were discharged on the same day. The patients are

prescribed high dose proton pomp inhibitors orally (40mg twice daily for at least four weeks) and

advised to keep a clear liquid diet for 12-24 hours as per local protocol. 

All  patients  returned  to  visit  the  outpatient  department  within  one  to  three  weeks  after  the

procedure  for  follow-up.  Dependent  of  clinical  and  histopathological  outcomes,  patients  were

discharged from further follow-up or entered a surveillance program. When the histopathological

diagnosis was GIST, NET or another malignant outcome, the decision for further management was

discussed in a multidisciplinary sarcoma or neuro-endocrine tumor team considering features of the

lesion such as size and histopathological risk assessment and comorbidities of the patient.

Results
A total of 58 patients with 67 SELs in the upper gastrointestinal tract were referred for endoscopic

resection in the study period and included in this study. 
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Clinical and patient demographics are shown in Table 1. 

The indications for endoscopic resection were distributed over 3 major groups; referral because of

suspected or proven (pre)malignant diagnosis (e.g. GIST or NET) (n=34), a symptomatic lesion (n=10)

or uncertain diagnosis despite previous attempts for tissue acquisition and preference of the patient

for removal of the lesion instead of surveillance (n=12). 

A total of 58 procedures were initiated, including 22 EFTRs, 28 ESDs, and 8 STER-procedures. The

median diameter of all lesions was 20mm (range 7-100mm). Forty-eight out of 58 procedures (83%)

could  be  successfully  completed.  En  bloc  resection  was  achieved  in  41/48  patients  (85%)  and

pathological radical (R0) resection in 30/48 patients (63%). Procedure-related adverse events were

seen in 7 patients (12%). The overall local recurrence-rate after en bloc endoscopic resection was 4%

(n=2) during a median follow-up of 5 months (range 0.4-75.7), one inflammatory polyp and one NET.

Additional complementary surgical intervention was needed in 7 patients (12%). 

Twenty-seven patients (47%) had benign histopathological outcome. Most of these patients (10/27,

37%) were referred for resection because a (pre)malignant diagnosis was suspected, followed by

uncertain diagnosis despite previous attempts for histology as reason for resection (9/27, 33%). For

this reason, benign lesions as heterotopic pancreas were resected. 

A total of 31 patients (31/58, 53%) had definitive (pre)malignant histopathological diagnosis (GIST,

NET or leiomyosarcoma) (table 2). Fifteen out of these 31 (48.4%) patients had prior histology with a

(pre)malignant histopathological outcome. The other 16 patients were referred because a GIST or

NET was suspected based on EUS-features or radiologic imaging. All confirmed GIST lesions were

deemed very low to low risk based on mitotic count.  Five out of 8 NETs were radically resected (R0,

62.5%). Of the 19 endoscopically resected GISTs, 10 were R0-resected (52.6%). 

An  overview  of  the  outcomes  for  endoscopic  resection  are  shown  in  table  3.  An  overview  of

procedure-related complications according to Clavien-Dindo classification is shown in table 4. 

EFTR 
The EFTR was successful in 17/22 patients (77%) with a median lesion size of 15mm (range 9-25).

Most  EFTR were performed in  the stomach (n=14),  the other  8  were performed in  duodenum.

Endoscopic en bloc resection was accomplished in 12 out of 17 procedures (71%) [Supplementary

material: Figure I]. Three (18%) of the lesions that were not radically resected (R1) concerned a NET

(n=3) (grade 1-2), but none recurred during a median follow-up time of 8 months (range 0.3-75.7). 

In 5/22 patients EFTR was unsuccessful, because the lesion could not be pulled into the cap based on

size or rigidity. Eventually, 2/5 patients with incomplete procedures were referred for surgical wedge
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excision of the lesions as there was a high suspicion of a malignant diagnosis, 2/5 patients were

rescheduled for ESD leading to successful resection of GIST and 1 patient remains in surveillance to

date (47 months follow-up).

Two patients (9%) experienced procedure-related complications. In both cases, the (pre)malignant 

lesions were located in duodenum, near the ampulla of Vater. Given the patients’ comorbidities, 

surgical intervention was not viable and endoscopic resection was deemed to be the second best 

option. One patient developed a mild post-ERCP pancreatitis after pre-procedural placement of a 

protective stent in the common bile duct (Clavien-Dindo 1). Another patient developed obstruction 

of the common bile duct due to the position of the OTS-clip. Later, the OTCS-clip was removed. 

(Clavien-Dindo 3a). 

ESD
Of 28 initiated ESD-procedures, 25 (89%) procedures were successful [Supplementary Material: 

Figure II] in lesions with a median size of 21.5 (range 7-100) . All ESD were performed in stomach. 

Three procedures were unsuccessful due to extraluminal growth (n=2) or because the lesion was too

large to resect endoscopically (n=1). En bloc resection rate was 92% (23/25), the R0 resection rate 

was 52% (13/25). In patients with R1-resection, 8/12 lesions (29%) were low-risk GIST, other lesions 

were heterotopic pancreas (n=3/12) and an inflammatory polyp (n=1/12). Despite R1-resection of 

GIST, 5/8 patients were discharged because of benign characteristics and en bloc resection of the 

lesion. Local recurrence after ESD developed in one patient during a median follow-up time of 7 

months (range 0.4-69.3), this was a grade I NET.   

In one frail elderly patient, a symptomatic GIST was too large (60mm) to be removed after ESD 

through the mouth. Consequently, the tumor was left in the stomach following dissection, making 

the assessment of resection margins unfeasible. Resection margins could therefore not be 

evaluated. Surgical intervention was not considered an option for the patient. A follow-up visit was 

occurred two months after the intervention. The symptoms subsided and the patient remained in 

good health. Therefore, further monitoring was deemed unnecessary. 

As shown in Table 4, 4 patients experienced post-procedural complications. Two patients presented 

with melena and needed additional endoscopy to treat the post-procedural bleeding (Clavien-Dindo 

3a). Two patients needed hospitalization for observation of symptoms such as nausea or pain 

(Clavien-Dindo 1).

Additional surgery (n=5) was successfully performed in four patients with an unsuccessful 

endoscopic resection, resulting in radical resection of 3 GISTs and 1 leiomyoma, and in 1 patient with

an R1- resection of a GIST.
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STER
All patients underwent STER because the lesion was located in the esophagus. The lesions had a 

median size of 35mm (range 10-60mm). Of 8 procedures, 6 were successful (75%) and en bloc 

resection was achieved [Supplementary material: figure III]. Despite circumferential dissection, one 

lesion could not be removed because of fibrosis. The supplying blood vessels were transsected and 

the lesion was left in situ. Per-procedural biopsies showed leiomyoma. After three months the lesion

decreased in size and the patient reported resolvement of dysphagia.  

The lesions with irradical resection margins were all leiomyomas. However, radical resection could 

not be determined in one patient due to damaging of the lesion when passing through the upper 

esophageal sphincter. This was a low-grade leiomyosarcoma for which surveillance was advised in 

the referring hospital.  

One patient was hospitalized after the procedure because of progressive thoracic pain caused by a 

post-procedural dehiscence of the mucosal access with spill into the submucosal tunnel. This 

dehiscence was closed by clipping a mucosal flap over the defect. The patient recovered swiftly with 

additional antibiotics (Clavien-Dindo 3a). 

Clinical impact on patient management
An overview of the clinical impact of the endoscopic resections in this study is shown in figure 1. 

Of 48 completed procedures, 32 patients (67%) were discharged from further surveillance after the

procedure. The majority of these patients (20/32) had R0-resection of a histopathological benign

lesion (n = 13) or low-risk (pre)malignant diagnosis (n = 7). In addition, 12 patients with R1-resections

could also be discharged from further follow-up because of benign histopathological outcome (n=7),

a diagnosis of low-risk GIST in a patient with severe comorbidities (n=1) or benign characteristics in

the  histopathological  sample  in  combination  with  en  bloc  resection  of  the  lesion  (n=3).  One

discharged patient with R1-resection of low-risk GIST achieved additional surgical wedge excision

showing no residual malignant cells in the histopathological sample. No local recurrence is known to

have occurred in these patients during a median follow up time of 1 month (range 0.3-69.3). 

A total of 16 patients (33%) entered a surveillance program. Three patients had irradical resection

margins of GISTs, 3 other patients had low-grade NETs. The other 10 patients had radical resection

margins, but the histopathological diagnosis (e.g. NET (n=6), large, recurrent or multiple GIST (n=3)

or leiomyosarcoma (n=1)) entailed that the patient had to enter a surveillance program. During a

median follow-up period of 7 months (range 0.4-69.3), one patient developed a local recurrence of a

neuroendocrine  tumor  (NET)  after  undergoing  ESD  and  one  patient  had  local  recurrence  of  a

symptomatic inflammatory fibroid polyp after EFTR.
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Discussion
Adequate  tissue  sampling  is  essential  to  achieve  a  diagnosis  that  distinguishes  between

(pre)malignant lesions requiring follow-up or resection, and non-neoplastic lesions, which require no

additional  surveillance.  In  addition,  histological  diagnosis  is  important  for  risk  stratification  and

subsequent management of a NET and a GIST. Current tissue acquisition methods, however, have

their limitations and optimal management strategy remains unclear, especially in small SELs  [10].

This retrospective clinical data study in 58 patients with SELs demonstrates endoscopic resection

could provide a safe and effective treatment with a technical success-rate of 83%, and adverse event

rate of 12%, achieving en bloc resection and R0-resection in 85% and 63% respectively. In addition,

in only 12% additional surgery was needed and 67% of patients could subsequently be discharged

from further surveillance after successful endoscopic resection. 

Guidelines suggest obtaining tissue with EUS-guided fine needle aspiration (EUS-FNA), fine needle

biopsy (EUS-FNB) or mucosal incision-assisted biopsy (MIAB) [2, 10, 11]. In clinical practice, EUS-FNA

and  EUS-FNB  are  the  most  widely  used  but  have  a  poor  diagnostic  yield  especially  in  lesions

<20mm[12-14]. Current literature suggests that MIAB-techniques result in higher diagnostic yield.

[15-17].  However,  the reported diagnostic yield of these techniques is  limited in small  (<20mm)

lesions (47—79%) [12-14] and all available MIAB-techniques can result in local fibrosis, which may

hamper future attempts of endoscopic resection using for instance submucosal tunneling  [18-20].

This study indicates that endoscopic resection can be considered an effective diagnostic tool for

small SELs with 36 out of 58 (62%) SELs being <20mm (range 7-100) [15, 16, 21].

Undiagnosed SELs often require intensive surveillance [2, 10], which may lead to a significant burden

especially in young patients. In addition, previous data showed a low compliance (44.6%) for the

recommended surveillance strategy [22]. In the most recent ESGE-guideline for the management of

SELs, it is therefore suggested that resection is an option for undetermined SELs of < 20mm to avoid

the need for intensive follow-up [10]. 

The challenge remains in setting correct eligibility criteria for choosing endoscopic resection. Since

the current study was performed with clinical data from a tertiary referral hospital, specialized in

GIST and NET treatment, most patients (59%) were referred for endoscopic resection because of a

high suspicion or proven (pre)malignant SEL. Twelve patients (21%) were referred for endoscopic

resection because of an undetermined SEL for which the patient expressed a preference to resection

instead of surveillance. In this group with a median diameter of SEL of 18.5 mm (range 9-30 mm),

the technical success-rate was 91.7% (11/12 procedures) with pathological (R0) resection rate of

54.5% (6/11 procedures). Long-term surveillance could be prevented in 8/11 patients because of
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benign histopathological outcome (n=6) or R0-resection of low-risk premalignant lesion (n=2). These

results suggest that even though a R0-resection is not achieved, endoscopic resection can be safe

and effective in managing small, undetermined SELs, as the majority are benign. 

When considering the clinical impact of successful endoscopic resection, this study showed out of 48

successful endoscopic resections, 32 (67%) patients could be discharged from follow-up. There are

no  direct  comparisons  between  a  follow-up  strategy  and  direct  diagnostic  excision  strategy.

However,  the findings  in  this  study might  indicate  that  endoscopic  treatment  can contribute  in

preventing the patient from unnecessary diagnostic and therapeutic procedures through diagnosing

an undetermined lesion or curation of a malignant lesion. 

Surgical wedge excision is considered to be the gold standard in Western guidelines for treatment of

(malignant)  SELs.  In  agreement  with  previous  studies  the  choice  for  an  endoscopic  resection

technique was dependent on the diameter and location of the lesion, and local expertise  [7, 23].

There are no previous studies directly comparing the different endoscopic resection techniques. In

the current study, adverse events were seen in 12% (7/58 procedures), but these were only severe

(CD >= 3) in 7% (4/58 procedures) and could be quickly resolved. These rates are consistent with

previously reported adverse event rates, which range from 5-15% [7, 24]. The adverse event rates of

endoscopic  resection  are  comparable  to  laparoscopic  resection techniques  [25,  26].  Endoscopic

resection can therefore be considered a safe, less invasive alternative for providing both diagnosis

and treatment in SELs, with less procedure time, less blood loss and length of hospital stay [25, 27].

The optimal treatment of small GISTs still remains controversial. For intraluminal GISTs smaller than

20  mm,  resection and  surveillance  are  both  acceptable  alternatives.  For  lesions  up  to  35  mm,

endoscopic resection may be an alternative to laparoscopic wedge excision  [10, 28]. The current

study shows high technical success rates for EFTR (77%), ESD (89%) and STER (75%), with en bloc

resection rate of 71%, 92% and 100% respectively. These outcomes for ESD are in concordance with

previous literature, but higher successful resection rates are reported for EFTR and STER [7, 29, 30].

A possible explanation for this could be that the average diameter of resected lesions in this study

was relatively large which might have hampered successful performance of the EFTR- and STER-

procedures.  However, subgroup analysis demonstrated only an improved success rate for STER in

lesions with diameter ≤30mm (n=4; 100%). Good visibility and the ability to successfully resect the

lesion in EFTR and STER is limited by the maximum diameter of the cap size for EFTR and the upper

esophageal sphincter in STER. Also, some SELs are fixed to the surrounding gastro-intestinal wall

making it difficult to be captured into the cap. Reported complete resection rates in literature ranges

from 74- 100%, with  higher  rates  reported for  lesions originating from the third  wall  layer  and
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smaller of size [31, 32]. In ESD, the resection margin is close-fitted to the SEL and evaluation of the

pathological margin is more difficult, which might explain the lower reported pathological resection

rate of 52% found in the current study. However, no local recurrence was seen in the R1-resected

lesions. Local recurrence rate for premalignant diagnosis in this study was only 2% during follow-up.

In addition, it is implied R1-resection in GIST is not associated with a higher risk of local recurrence or

lower survival outcome as long as an en bloc resection is achieved [33]. 

Although the present results support the feasibility and effectiveness of endoscopic treatment in

SEL,  it  is  appropriate  to  recognize  several  limitations of  the  study.  The  study  is  a  retrospective

evaluation of  clinical  data of  an experienced referral  tertiary center.  Important data or  nuances

could be missed when these were not documented  in the electronic health records. Even though

most  patients  were  discharged  from  further  surveillance,  the  follow-up  time  in  the  remaining

patients was modest. The possibility of long-term recurrence therefore cannot be completely ruled

out. In addition, because the procedures were performed by experienced endoscopists in a tertiary,

referral center, data cannot be transposed to smaller, regional centers with less experience for this

specific indication. 

In conclusion, endoscopic resection is an effective treatment for SELs and offers valuable information

in undetermined SEL in a field with a low diagnostic accuracy of current techniques. In addition, in

the current  study  two-third  of  the  referred  patients  could  be  discharged from surveillance  and

unnecessary follow-up procedures were prevented. Eligibility criteria and the long-term recurrence

rate for endoscopic resection are not yet well-established and need further investigation.

Figure 1 Clinical impact of endoscopic resections. GIST = gastro-intestinal stromal tumor. 
NET = neuro-endocrine tumor. R0 = pathological radical resection. R1 = 
pathological irradical resection.
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Supplementar
y Figure I

EFTR-procedure for a gastric neuro-endocrine tumor A. Marked nodule lesser 
curvature. B. Resection surface above the above the deployed over-the-scope 
clip (OTSC) C. Full thickness resection of the lesion pinned down on foamboard.

Supplementar
y Figure II

ESD-procedure for a gastro-intestinal stromal tumor A. Gastric subepithelial 
lesion B. Submucosal dissection of the lesion. C. Resection surface. D. View of 
en bloc resection lesion.

Supplementar
y Figure III

STER-procedure of a leiomyoma A. View of subepithelial lesion in oesophagus B.
Submucosal tunneling C. Dissection of lesion out of tunnel D. View of tunnel 
before closing the entry.

Figure Legends

REFERENCES

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



1. Humphris JL, Jones DB. Subepithelial mass lesions in the upper gastrointestinal tract. J 
Gastroenterol Hepatol 2008; 23: 556-566. DOI: 10.1111/j.1440-1746.2007.05232.x

2. Faulx AL, Kothari S, Acosta RD et al. The role of endoscopy in subepithelial lesions of the GI 
tract. Gastrointestinal Endoscopy 2017; 85: 1117-1132. DOI: 10.1016/j.gie.2017.02.022

3. Landi B, Palazzo L. The role of endosonography in submucosal tumours. Best Practice and 
Research: Clinical Gastroenterology 2009; 23: 679-701. DOI: 10.1016/j.bpg.2009.05.009

4. Joo HH, Saunders MD, Rulyak SJ et al. A prospective study comparing endoscopy and EUS in 
the evaluation of GI subepithelial masses. Gastrointestinal Endoscopy 2005; 62: 202-208. 
DOI: 10.1016/s0016-5107(05)01567-1

5. Chen H, Li B, Li L et al. Current Status of Endoscopic Resection of Gastric Subepithelial 
Tumors. Am J Gastroenterol 2019; 114: 718-725. DOI: 10.14309/ajg.0000000000000196

00000434-201905000-00012 [pii]
6. McCarty TR, Ryou M. Endoscopic diagnosis and management of gastric subepithelial lesions. 

Curr Opin Gastroenterol 2020; 36: 530-537. DOI: 10.1097/mog.0000000000000674
7. Bhagat VH, Kim M, Kahaleh M. A Review of Endoscopic Full-thickness Resection, Submucosal

Tunneling Endoscopic Resection, and Endoscopic Submucosal Dissection for Resection of 
Subepithelial Lesions. J Clin Gastroenterol 2021; 55: 309-315. DOI: 
10.1097/MCG.0000000000001500

00004836-202104000-00005 [pii]
8. Kim SY, Kim KO. Endoscopic Treatment of Subepithelial Tumors. Clin Endosc 2018; 51: 19-27.

DOI: 10.5946/ce.2018.020

ce-2018-020 [pii]
9. Clavien PA, Barkun J, de Oliveira ML et al. The Clavien-Dindo classification of surgical 

complications: five-year experience. Ann Surg 2009; 250: 187-196. DOI: 
10.1097/SLA.0b013e3181b13ca2

10. Deprez PH, Moons LMG, O'Toole D et al. Endoscopic management of subepithelial lesions 
including neuroendocrine neoplasms: European Society of Gastrointestinal Endoscopy 
(ESGE) Guideline. Endoscopy 2022; 54: 412-429. DOI: 10.1055/a-1751-5742

11. Jacobson BC, Bhatt A, Greer KB et al. ACG Clinical Guideline: Diagnosis and Management of 
Gastrointestinal Subepithelial Lesions. Am J Gastroenterol 2023; 118: 46-58. DOI: 
10.14309/ajg.0000000000002100

12. Minoda Y, Chinen T, Osoegawa T et al. Superiority of mucosal incision-assisted biopsy over 
ultrasound-guided fine needle aspiration biopsy in diagnosing small gastric subepithelial 
lesions: A propensity score matching analysis. BMC Gastroenterol 2020; 20. DOI: 
10.1186/s12876-020-1170-2

13. Ikehara H, Li Z, Watari J et al. Histological diagnosis of gastric submucosal tumors: A pilot 
study of endoscopic ultrasonography-guided fine-needle aspiration biopsy vs mucosal 
cutting biopsy. World J Gastrointest Endosc 2015; 7: 1142-1149. DOI: 
10.4253/wjge.v7.i14.1142

14. Inoue T, Okumura F, Sano H et al. Impact of endoscopic ultrasound-guided fine-needle 
biopsy on the diagnosis of subepithelial tumors: A propensity score-matching analysis. 
Gastroenterol Endosc 2020; 62: 85-92. DOI: 10.11280/gee.62.85

15. Dhaliwal A, Kolli S, Dhindsa BS et al. Clinical efficacy and safety of mucosal incision-assisted 
biopsy for the diagnosis of upper gastrointestinal subepithelial tumors: A systematic review 
and meta-analysis. Ann Gastroenterol 2020; 33: 155-161. DOI: 10.20524/aog.2020.0460

16. Sanaei O, Fernandez-Esparrach G, De La Serna-Higuera C et al. EUS-guided 22-gauge fine 
needle biopsy versus single-incision with needle knife for the diagnosis of upper 
gastrointestinal subepithelial lesions: a randomized controlled trial. Endosc Int Open 2020; 8:
E266-E273. DOI: 10.1055/a-1075-1900

281
282
283
284
285
286
287
288
289
290
291

292
293
294
295
296
297
298

299
300
301

302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



17. Osoegawa T, Minoda Y, Ihara E et al. Mucosal incision-assisted biopsy versus endoscopic 
ultrasound-guided fine-needle aspiration with a rapid on-site evaluation for gastric 
subepithelial lesions: A randomized cross-over study. Dig Endosc 2019; 31: 413-421. DOI: 
10.1111/den.13367

18. Kobara H, Mori H, Nishimoto N et al. Comparison of submucosal tunneling biopsy versus 
EUS-guided FNA for gastric subepithelial lesions: A prospective study with crossover design. 
Endosc Int Open 2017; 5: E695-E705. DOI: 10.1055/s-0043-112497

19. Kuroha M, Shiga H, Kanazawa Y et al. Factors Associated with Fibrosis during Colorectal 
Endoscopic Submucosal Dissection: Does Pretreatment Biopsy Potentially Elicit Submucosal 
Fibrosis and Affect Endoscopic Submucosal Dissection Outcomes? Digestion 2021; 102: 590-
598. DOI: 000510145 [pii]

dig-0102-0590 [pii]

10.1159/000510145
20. Kim HG, Thosani N, Banerjee S et al. Effect of prior biopsy sampling, tattoo placement, and 

snare sampling on endoscopic resection of large nonpedunculated colorectal lesions. 
Gastrointest Endosc 2015; 81: 204-213. DOI: S0016-5107(14)02161-0 [pii]

10.1016/j.gie.2014.08.038
21. Tan Y, Tang X, Huang J et al. Efficacy, Feasibility, and Safety of Endoscopic Ultrasound-guided

Fine-needle Biopsy for the Diagnosis of Gastrointestinal Subepithelial Lesions: A Systematic 
Review and Meta-Analysis. J Clin Gastroenterol 2022; 56: E283-E292. DOI: 
10.1097/mcg.0000000000001680

22. Kushnir VM, Keswani RN, Hollander TG et al. Compliance with surveillance recommendations
for foregut subepithelial tumors is poor: results of a prospective multicenter study. 
Gastrointest Endosc 2015; 81: 1378-1384. DOI: S0016-5107(14)02413-4 [pii]

10.1016/j.gie.2014.11.013
23. Sharzehi K, Sethi A, Savides T. AGA Clinical Practice Update on Management of Subepithelial 

Lesions Encountered During Routine Endoscopy: Expert Review. Clin Gastroenterol Hepatol 
2022. DOI: 10.1016/j.cgh.2022.05.054

24. Li B, Chen T, Qi ZP et al. Efficacy and safety of endoscopic resection for small submucosal 
tumors originating from the muscularis propria layer in the gastric fundus. Surg Endosc 2019;
33: 2553-2561. DOI: 10.1007/s00464-018-6549-6 [pii]

10.1007/s00464-018-6549-6
25. Meng FS, Zhang ZH, Hong YY et al. Comparison of endoscopic submucosal dissection and 

surgery for the treatment of gastric submucosal tumors originating from the muscularis 
propria layer: a single-center study (with video). Surg Endosc 2016; 30: 5099-5107. DOI: 
10.1007/s00464-016-4860-7 [pii]

10.1007/s00464-016-4860-7
26. Liu YB, Liu XY, Fang Y et al. Comparison of safety and short-term outcomes between 

endoscopic and laparoscopic resections of gastric gastrointestinal stromal tumors with a 
diameter of 2-5 cm. J Gastroenterol Hepatol 2022; 37: 1333-1341. DOI: 10.1111/jgh.15834

27. Meng Y, Li W, Han L et al. Long-term outcomes of endoscopic submucosal dissection versus 
laparoscopic resection for gastric stromal tumors less than 2 cm. J Gastroenterol Hepatol 
2017; 32: 1693-1697. DOI: 10.1111/jgh.13768

28. Demetri GD, von Mehren M, Antonescu CR et al. NCCN Task Force report: update on the 
management of patients with gastrointestinal stromal tumors. J Natl Compr Canc Netw 
2010; 8 Suppl 2: S1-41; quiz S42-44. DOI: 8/Suppl_2/S-1 [pii]

10.6004/jnccn.2010.0116

330
331
332
333
334
335
336
337
338
339
340

341

342
343
344
345

346
347
348
349
350
351
352
353

354
355
356
357
358
359
360

361
362
363
364
365

366
367
368
369
370
371
372
373
374
375

376

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



29. Bang CS, Baik GH, Shin IS et al. Endoscopic submucosal dissection of gastric subepithelial 
tumors: a systematic review and meta-analysis. Korean J Intern Med 2016; 31: 860-871. DOI:
10.3904/kjim.2015.093

kjim.2015.093 [pii]
30. Peng W, Tan S, Huang S et al. Efficacy and safety of submucosal tunneling endoscopic 

resection for upper gastrointestinal submucosal tumors with more than 1-year' follow-up: a 
systematic review and meta-analysis. Scand J Gastroenterol 2019; 54: 397-406. DOI: 
10.1080/00365521.2019.1591500

31. Bialek A, Wiechowska-Kozlowska A, Pertkiewicz J et al. Endoscopic submucosal dissection for
treatment of gastric subepithelial tumors (with video). Gastrointest Endosc 2012; 75: 276-
286. DOI: S0016-5107(11)02111-0 [pii]

10.1016/j.gie.2011.08.029
32. Zhang Y, Ye LP, Zhou XB et al. Safety and efficacy of endoscopic excavation for gastric 

subepithelial tumors originating from the muscularis propria layer: results from a large study
in China. J Clin Gastroenterol 2013; 47: 689-694. DOI: 10.1097/MCG.0b013e3182908295

33. Kong M, Liu G, Zhuo H et al. Association between R1 resection and oncological outcome in 
resectable gastrointestinal stromal tumors without tumor rupture: A systematic review and 
meta-analysis. Eur J Surg Oncol 2021; 47: 1526-1534. 

 

377
378
379

380
381
382
383
384
385
386
387

388
389
390
391
392
393
394

395

396

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



 

 

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



 

 

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t



 

Th
is

 a
rt

ic
le

 is
 p

ro
te

ct
ed

 b
y 

co
py

rig
ht

. A
ll 

rig
ht

s 
re

se
rv

ed
.

Ac
ce

pt
ed

 M
an

us
cr

ip
t


