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Precutting endoscopic band sl
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submucosal dissection in patients with small
gastric submucosal tumors originating

from the muscularis propria: study protocol
of a randomized controlled trial
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Abstract

Background The management of small gastric submucosal tumors (SMTs) originating from the muscularis pro-

pria layer (SMT-MPs) remains a subject of debate. Endoscopic submucosal dissection (ESD) is currently considered

the optimal treatment for resection. However, high expenses, complex procedures, and the risk of complications have
limited its application. Our previously proposed novel operation, precutting endoscopic band ligation (precutting
EBL), has been demonstrated in a long-term, single-arm study to be an effective and safe technique for removing
small gastric SMTs. However, the absence of a pathological examination and the potential for delayed perforation
have raised concerns. Thus, we modified the precutting EBL by adding endoscopic resection to the snare after ligation
and closure, yielding the precutting endoscopic band ligation-assisted resection (precutting EBLR). Moreover, the ini-
tial pilot study confirmed the safety and efficacy of the proposed approach and we planned a randomized controlled
trial (RCT) to further validate its clinical feasibility.

Methods This was a prospective, single-center, open-label, parallel group, and randomized controlled trial. Approxi-
mately 40 patients with SMT-MPs will be included in this trial. The patients included were allocated to two groups: ESD
and precutting EBLR. The basic clinical data of the patients were collected in detail. To better quantify the difference
between ESD and precutting EBLR, the primary outcome was set as the operation duration. The secondary outcomes
included total operation cost and hospitalization, intraoperative adverse events, and postoperative recurrence. The
primary outcome was tested for superiority, while the secondary outcomes were tested for noninferiority. SPSS

is commonly used for statistical analysis.
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Discussion This study was designed to validate the feasibility of a novel operation for removing gastric SMT-MPs. To
intuitively assess this phenomenon, the operation durations of precutting EBLR and ESD were compared, and other

outcomes were also recorded comprehensively.

Trial registration Chinese Clinical Trial Registry ChiCTR2200065473. Registered on November 5, 2022.
Keywords SMTs, SMT-MPs, GISTs, Precutting EBLR, ESD, Randomized controlled trial

Introduction

Background and rationale

Submucosal tumors (SMTs) histologically include
both epithelial and nonepithelial tumors. Nonepithe-
lial tumors typically present as protruding lesions or
masses covered with intact mucosa [1]. Large SMTs
(>2 cm) in the stomach may lead to early-stage com-
plications such as bleeding or perforation, resulting in
symptoms such as abdominal bloating, pain, hemate-
mesis, or melena, which prompt patients to seek medi-
cal attention. In contrast, small gastric SMTs (<2 cm)
are typically discovered incidentally during endoscopy
without any apparent symptoms [2, 3].

The risk of small gastric SMT-MPs has been underes-
timated [4]. Studies suggest that 60-70% of SMT-MPs
are pathologically identified as gastrointestinal stromal
tumors (GISTs) and categorized as potential malignan-
cies regardless of their size [2, 3]. However, although
surgeons propose resection for large gastric SMT-MPs,
clinical controversy persists [1, 5, 6]. In a retrospective
study conducted by Ge QC et al. [7], a cutoff value of
1.48 cm was established to predict the malignant poten-
tial of GISTs. Tumors larger than 1.48 cm were asso-
ciated with greater malignant potential, warranting
intensive surveillance or endoscopic surgery. Accord-
ing to the modified National Institute of Health, the
risk of small GISTs varies only with the mitotic count.
The classifications included very-low risk (mitotic count
<5), intermediate risk (mitotic count between 5 and
10), and high risk (mitotic count >10). Some advocate
for imaging surveillance as the primary approach, sug-
gesting resection only when tumor progression is con-
firmed. This includes cases where the tumor shows
signs of increasing size, irregular borders, or pathologi-
cal confirmation as a cancer [8]. Although endoscopic
ultrasound (EUS) is a common method for diagnosing
gastrointestinal superficial lesions, its role in diagnosing
SMT-MPs has not been determined. Additionally, con-
sistent observation of dynamic changes in tumor size
and border length for patients with SMT-MPs < 16 mm
is challenging. Although EUS-guided fine needle aspira-
tion (EUS-ENA) is often employed for pathology, it may
not fully reveal the pathological features of GISTs due to
heterogeneity. In conclusion, en bloc resection is crucial
for both diagnosis and prognosis [9].

Endoscopic resection, in comparison to open or lapa-
roscopic surgery, vields a shorter operation duration,
reduced blood loss, and shorter average hospitalization
duration [9-14]. Endoscopic submucosal resection (ESD)
has been demonstrated to be feasible for treating gastric
SMTs. Guidelines from the European Society of Gastro-
intestinal Endoscopy (ESGE) and the American Soci-
ety for Gastrointestinal Endoscopy (ASGE) recommend
ESD as the preferred treatment for most gastric super-
ficial neoplastic lesions [15, 16]. However, its effective-
ness is limited for lesions originating from deeper layers
such as the muscularis propria, increasing the complex-
ity of the operation and the risk of complications. A sys-
tematic review by Ichiro Oda et al., encompassing more
than 300 patients with early gastric cancer treated with
ESD, identified several complications associated with the
procedure. These complications included perforation
(1.2-5.2%), bleeding (7% for immediate bleeding, up to
15.6% for delayed bleeding), stenosis (0.7-1.9%), aspira-
tion pneumonia (0.8—1.6%), and air embolism, among
others [17]. Although management strategies exist for
these adverse events, they demand a higher level of tech-
nical expertise, adding to the financial burden and psy-
chological stress on patients. Furthermore, ESD may not
always achieve RO resection, posing challenges for diag-
nosis and prognosis [18, 19]. According to an analysis
of 733 patients with upper gastrointestinal SMT-MPs,
extensive tumor connection was identified as a risk factor
for incomplete resection [20]. In a multicenter prospec-
tive study by Ye LP et al. involving 692 patients, the RO
resection rate was 84.2% [19]. Hence, a more judicious
treatment approach is imperative.

We previously introduced a novel endoscopic treat-
ment termed precutting EBL. In this operation, an elec-
trosurgical snare resection is performed to initially
remove the mucosa surrounding the tumor, followed
by the use of a transparent ligator to suction the tumor.
A long-term, single-center study has substantiated its
safety and efficacy. Precutting EBL was associated with
a significantly shorter operation duration (16.6 min) and
lower cost ($603.3 + 5.9) than ESD ($2783 + 601), and it
was associated with fewer complications [21]. However,
precutting EBL has two notable drawbacks. First, patho-
logical specimens were not collected since the tumor
spontaneously drops off after ligation, necessitating
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long-term follow-up for eradication verification. Second,
like other ligate-and-let-go techniques, there is a risk of
delayed perforation after the operation, which warrants
careful consideration [22]. Given that we did not have
sufficient samples to assess the possibility of delayed per-
foration, we opted to perform en bloc resection of lesions
after ligation. Although this approach increases the
chances of intraoperative perforation, we can promptly
address this possibility if it occurs. Consequently, we
propose a modified endoscopic operation for small gas-
tric SMT-MPs, termed precutting EBLR. This involves
an additional snare resection immediately after ligation.
After thorough communication and detailed informed
consent, we experimentally performed precutting EBLR
on 16 patients. All patients showed rapid postoperative
recovery, with no instances of delayed gastric bleeding or
perforation. Importantly, subsequent pathological exami-
nation confirmed RO resection in every patient.

To further enhance the clinical validation of precutting
EBLR, we opted to initiate a randomized controlled trial
comparing the efficacy and safety of ESD and precutting
EBLR for the treatment of small gastric SMT-MPs.

Trial design and objective

This was a single-center, open-label, parallel-group, ran-
domized controlled trial. The main objective of this trial
was to verify the efficacy and safety of precutting EBLR
in the management of small gastric SMT-MPs. The trial
began on December 1, 2022. The procedures included
recruitment, informed consent, allocation of partici-
pants, intervention, data collection, data monitoring, and
statistical analysis. All procedures were conducted at The
First Affiliated Hospital of Chongqing Medical Univer-
sity (CQMU). A detailed flowchart for this trial is avail-
able in the Supplementary Materials. The drafting of this
manuscript adheres to the SPIRIT reporting guidelines
[23]. The SPIRIT checklist is attached as Additional file 2
in Supplementary Materials.

Methods
Definition
Several key definitions are outlined below:

1) Efficacy: the efficacy was determined based on the
operation duration, operation cost, and hospitaliza-
tion duration

2) Operation cost: the sum of the operational and mate-
rial expenses, retrievable from the hospital system

3) Operation duration: the time from the administra-
tion of preoperative anesthesia to the patient’s recov-
ery of consciousness in the postoperative period
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4) Safety: the ratio of intraoperative to postoperative
complications

5) En bloc resection: complete removal of a lesion with-
out any segmentation or partial lesion remaining

6) RO resection: the absence of cancerous tissue on the
edges of the lesion after resection

7) Postoperative gastric bleeding: a patient experienced
hematemesis, melena, or an unexplained decrease in
hemoglobin levels after the operation

8) Delayed perforation: the occurrence of sudden
abdominal pain after the operation, accompanied by
the detection of retroperitoneal pneumatosis or free
gas through imaging examination

9) Postoperative recurrence: the discovery of a newly
investigated tumor-like lesion that is eventually
proven to be the same pathology as the previously
resected tumor

10)  Hospitalization duration: the number of days
from admission to discharge

Patient and public involvement
No patients or members of the public were involved in
any way in the design of this trial.

Recruitment

Patients with SMT-MPs admitted to The First Affiliated
Hospital of CQMU were recruited. The inclusion criteria
were as follows:

1) Age between 18 and 80 years

2) SMT-MPs with a diameter less than 1.6 cm con-
firmed through EUS

3) Preoperative computed tomography (CT) indicated
no evidence of tumor metastasis in the liver or other
organs

4) Willingness of the patient to undergo treatment with
either ESD or precutting EBLR

5) Informed consent was obtained

The exclusion criteria were as follows:

1) EUS data were not available from The First Affiliated
Hospital of CQMU or any other hospitals

2) Contraindications for gastroscopy or endoscopic
surgery, such as cardiopulmonary insufficiency ren-
dering the patient unsuitable for endoscopy, shock,
or gastrointestinal perforation; inability to cooper-
ate due to psychiatric disorders; acute severe lar-
yngopharyngeal disorders preventing endoscope
insertion; acute stage of corrosive esophageal
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injury; coagulation disorders; or a hemorrhagic
tendency

3) Pregnant or breastfeeding

4) Presence of advanced malignant tumors

5) Allergy to oral lidocaine syrup and dimethicone oil

6) Current participation in other clinical trials

7) Option to withdraw from the trial exercised at any
time

The entire recruitment process is managed by post-
graduates MfL and RY. All patients with SMT-MP
who met the inclusion criteria were approached for
potential participation. Despite the absence of spe-
cific literature and sample data on enrollment and
recruitment rates, achieving the desired sample size is
deemed feasible based on the current participant flow.
As the principal investigator of this trial, Physician LD
assumes the responsibility of conducting comprehen-
sive communication and obtaining informed consent
from patients. Each participant received a copy of the
informed consent form detailing the trial’s potential
benefits and risks. After thoughtful consideration, par-
ticipants are empowered to make independent deci-
sions about their involvement. The recruitment and
informed consent process is devoid of inducements or
pressures, ensuring voluntary participation and pre-
venting unwarranted termination or loss to follow-up.
Participants retain the option to withdraw from the
trial at any point.

Allocation
The sample size was determined based on the primary
outcome, operation duration, using PASS 2011 soft-
ware (NCSS, LLC, Kaysville, Utah, USA). Drawing from
insights obtained from our previous single-arm retro-
spective study and a trial investigating ESD [24], with
a power of 90% (5 = 0.1) and a significance level (a) of
0.05 [25], the estimated primary sample size was approxi-
mately 34 patients. To account for a potential drop-
out rate of 10-20%, the final sample size was set at 40
patients. Consequently, each group included 20 patients.
Randomization was performed by SL using a random
numbers table generated by IBM SPSS Statistics 23. From
1 to 40, each order was randomly assigned either the let-
ter A or B with an equal probability. After the genera-
tion was completed, participants with the letter A were
assigned to the Precutting EBLR group, while those with
the letter B were assigned to the ESD group.

Interventions
The participating operators were required to meet the
following criteria:
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1) Possess more than 5 years of experience in medicine

2) Demonstrated ability to independently conduct endo-
scopic operations

3) Operators with a history of performing no fewer than
300 endoscopic operations annually and a total of at
least 1000 procedures

Patients were required to undergo a comprehen-
sive preoperative evaluation to ensure the absence of
absolute surgical contraindications. The operation was
immediately stopped in the event of an unexpected
intraoperative contingency, and appropriate clinical
measures were taken accordingly. A detailed analysis
and documentation of the possible reasons for such
contingencies will be conducted. Intraoperative and
postoperative interventions may be adjusted follow-
ing established guidelines [26]. Implementing ESD or
precutting EBLR will not require alteration to usual care
pathways (including the use of any medication), and
these steps will continue for both trial arms. Regarding
postdischarge interventions (regular intake of esome-
prazole), we contacted each participant via phone to
provide reminders for consistency in medication adher-
ence. This approach was approved by the participants
when they signed the informed consent form.

ESD

Initially, a high-viscosity solution is employed to elevate
the submucosal covering of the tumor. Subsequently,
electrocautery knives are used for dissecting the tissue
beneath and surrounding the lesion, leaving a resection
bed. In the event of a perforation, closure can be facili-
tated using titanium clips or a purse-string suture [18].
Following the completion of the operation, patients
undergo a 48-h observation period during which they
fast and regularly take esomeprazole (40 mg, twice daily).
Upon discharge, patients are required to continue taking
esomeprazole (40 mg, once daily) for 2 weeks.

Precutting EBLR

Initially, an electrosurgical snare is positioned on the
tumor’s mucosal protuberance, followed by snare resec-
tion using an electrosurgical current set at 30 W to
precut and remove the covering mucosa. Subsequently,
an appropriate ligator is chosen based on the tumor size:
a small ligator for tumors within 1 ¢cm, a medium ligator
for tumors ranging from 1 to 1.2 cm, and a large liga-
tor for tumors greater than 1.2 cm. After proper ligator
installation, the tumor is drawn from the surface and
effectively removed using an electrosurgical snare. Clo-
sure of the perforation caused by ligation is assisted by
employing three-armed clips or titanium clips. Finally,
the excised tumor is sent for pathological examination.
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Fig. 1 Steps of the precutting EBLR and postoperative pathology. A The tumor investigated in the fundus of the stomach by white light
gastroscopy. B The tumor (white arrow) investigated by EUS. C The tumor’s covering mucosa was precut and removed. D The tumor was drawn

from the surface using a transparent ligator. E The tumor was removed using an electrosurgical snare. F Active perforation was closed with titanium
clips. G Microscopic view of the tumor. H Gastrointestinal stromal tumor was pathologically demonstrated

Postsurgery, fast for 12—-24 h is required, followed by a
liquid diet for 2-3 days and esomeprazole (40 mg, once
daily) for 2 weeks. The steps of the operation and postop-
erative pathology are shown in Fig. 1.

Devices

CT, EUS (OLYMPUS EU-M2000, 20 MHz, Japan), and
standard endoscopy (AOHUA AQ200L, China) were
used for preoperative assessment and follow-up. Stand-
ard endoscopes (AOHUA AQ200L, China) and loop
snares (MICRO-TECH (NANJING) Co., Ltd., China)
were used for mucosal protuberance precutting. Small
ligators (TIANJIN TY, Medical Organism Material
Research Company Ltd., China) were used for tumors
< 10 mm in length; medium ligators (OTSC cap plus
ligation band, Ovesco Endoscopy AG, Tubingen, Ger-
many) were used for tumors > 10 mm but <12 mm in
length; and large ligators (colonoscopy transparent cap
plus ligation band, OLYMPUS, Japan) were used for
tumors >12 mm in length. All the ligators were dispos-
able. Injectors (OLYMPUS, Japan), an IT knife, a dual
knife, and an electronic cutting device (EREB VIO
200S, Germany) were used for ESD.

Outcomes and follow-up

The primary outcome for the trial was operation dura-
tion, and the secondary outcome was operation cost.
Both outcomes will be assessed prior to discharge.
Additional meaningful indicators, also set as second-
ary outcomes, include estimated blood loss, intraopera-
tive and postoperative adverse events (such as bleeding,
immediate and delayed perforation, infection), tumor
recurrence, mortality rates, and hospitalization costs.

/
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The trial’s endpoint will be established as 6 months
after the operation of the last included patient. Each
patient is given a detailed follow-up evaluation via tel-
ephone 6 months after discharge to gather information
about their postoperative condition. At the 6-month
mark, patients are required to undergo an endoscopic
re-examination to assess tumor recurrence.

Data management

Collection

All the data were collected and verified by two statisti-
cians simultaneously using a spreadsheet (Microsoft
Excel 2016) in accordance with each patient’s personal
information and medical images. Patients are assigned
numerical codes instead of their names to ensure the
confidentiality of personal information. To minimize
statistical errors, any controversial data is reviewed and
discussed by a third person. Preoperative, intraoperative,
and postoperative data are collected. Missing data will be
declared in the appendix, and the corresponding partici-
pant will be considered withdrawn.

Preoperative data included demographic information
(age, sex, date of admission) and tumor characteristics
(size, layer, location, shape, and density of the echo site
investigated via EUS). Intraoperative data included the
operation date, duration, estimated blood loss, and details
related to intraoperative perforation (size, duration, and
amount of titanium clips). Postoperative data included
the size of the resected tumor (assessed by ruler), tumor
pathology (tumor type, mitotic count, achievement of
RO resection or not, and immunohistochemistry), post-
operative management (duration of fasting and liquid
diet, use of medications), postoperative symptoms and
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adverse events, hospitalization duration and cost, opera-
tion cost, and 6-month follow-up outcome.

Monitoring

The data were monitored by The First Affiliated Hospital
of CQMU. In this trial, the platform is exclusively utilized
for hospitalization purposes and remains independent of
any competing interests. Monthly trial audits will be con-
ducted without the presence of funders or sponsors to
assess the progress of each participant. LD will conduct
an interim analysis around June 2024, and the trial may
be terminated earlier than planned if the data are suffi-
ciently convincing to draw a final conclusion or if a sig-
nificant proportion of precutting EBLR patients develop
unexpected postoperative complications. Adverse events
(AEs) or severe adverse events (SAEs) will be promptly
reported to the clinical trial team. Relevant information
will also be recorded locally for further analysis.

Statistical analysis

For statistical analysis, commercial software, spe-
cifically IBM SPSS Statistics 23, will be used. Nor-
mally distributed data are presented as the means and
standard deviations (X+S). Student’s ¢t test was used
to analyze significant differences between groups.
The data that conformed to a skewed distribution are
expressed as the median and range. Statistical differ-
ences between groups were analyzed using the Mann—
Whitney U test. Categorical data are presented as
numbers and percentages and were analyzed using

Table 1 Participant timeline
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Fisher’s exact test or the chi-square test. To explore
potential risk factors, participants were allocated to
two subgroups based on tumor recurrence. Relevant
data, including age, operation duration, tumor size,
tumor layer, pathology, and mitotic count (if there was
a GIST), were collected again. Univariate analysis will
be conducted to identify differential expression of the
genes. Multiple regression analysis was subsequently
conducted on the various indicators. P < 0.05 indicated
statistical significance.

Participant timeline
See Table 1.

Discussion

Initially, precutting EBL was designed to address the cur-
rent challenge of treating small gastric SMT-MPs, and
a previous study demonstrated its clinical feasibility.
However, before we could extend its application to other
areas or institutions, notable shortcomings emerged. In
response, we promptly started to further modify the oper-
ation. This is why precutting EBLs were not tested on a
larger scale. Simultaneously, a case of delayed perforation
heightened our concern. Forty-eight hours after receiving
precutting EBL, a middle-aged male patient suddenly com-
plained of severe abdominal pain. A CT scan revealed a
gastric perforation at the site of the lesion. Fortunately, the
patient soon recovered and was discharged after immedi-
ate closure of the perforation. This case indicated a way to
further modify precutting EBL to a certain extent.

Study period

Recruitment Allocation

Timepoint -t, 0

Hospitalization Follow-up

Admission

Operation Discharge 6 months 12 months

Recruitment:
Eligibility screen X
Informed consent X
Allocation X
Interventions:
ESD
Precutting EBLR
Assessments:
Baseline characteristics
Operation duration
Estimated blood loss
Intraoperative adverse events
Postoperative adverse events
Operation cost
Hospitalization cost
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Precutting EBLR was proposed. Its local perfor-
mance in 16 patients revealed its advantages in terms
of a shorter operation duration and lower expenses.
Encouraged by these findings, we decided to gradually
expand the scale of the study in anticipation of pro-
moting precutting EBLR. The current trial is specifi-
cally designed to compare precutting EBLR and ESD.
The operations were conducted at The First Affiliated
Hospital of CQMU, a large-scale 3A general teaching
hospital renowned for its high level of clinical and aca-
demic research. Located in southwestern China, the
hospital attracts a substantial amount of patient flow,
mainly from the surrounding regions and provinces.
The Department of Gastroenterology at this hospital
handles an extensive patient population, both in terms
of quantity and variety, providing the necessary con-
ditions to achieve the planned sample size. Prior to
conducting this RCT, we collected primary data from
16 patients who underwent precutting EBLR. The
data showed a mean operation duration of 21.3 + 4.5
min (Table 2). Moreover, we performed a retrospec-
tive study involving 537 patients in whom the use of
Table 2 Perioperative outcomes and follow-up results of
precutting EBLR on 16 patients

Category

Tumor specimen characteristics

Tumor specimen size®, cm
Mean + SD
Median (range)

1.1+02
1.0 (0.8-1.4)
Pathological diagnosis, No.(%)
GIST
Leiomyoma

11 (68.8%)
5 (31.2%)
Operative outcomes

16 (100%)
16 (100%)

En bloc resection

RO resection

Operative time, min
Mean + SD
Median (range)

213+45
21.0(14.0-30.0)
Intraoperative perforation, No.(%) 10 (68.8%)
Adverse events, No.(%)

Major bleeding

2
s &

Delayed perforation
Fever
Peritonitis

o O O O

Operative cost,
Mean + SD
Median (range)

588.6 £ 554
583.0 (499.0-710.0)
Follow-up outcomes

Recurrence, No.(%) 0 (%)

2 Specimens’ sizes were measured by rulers after resections
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endoscopic resection for the treatment of small gastric
SMTs was analyzed. The study revealed a mean opera-
tion duration of 38.3 + 21.8 min.?* The shorter opera-
tion duration of precutting EBLR was evident. In this
RCT, we designated the operation duration as the pri-
mary outcome. Based on sample size estimation guide-
lines for clinical studies, we set a and B to 0.05 and
0.9, respectively. With the above numerical values, 17
patients were included in one group. In other words,
34 participants were necessary in total for a 1:1 group
ratio. We considered a 10-20% drop-out rate. The final
sample size was determined to be 40 patients in total.

The primary outcome was set as the operation dura-
tion, with the objective of showcasing the main advan-
tage of precutting EBLR. The other outcomes also help
to demonstrate the safety and efficacy of the treatment,
such as reduced hospitalization costs when the duration
is equal or shorter hospitalization duration when the
costs are equal. Precutting EBLR holds the potential to
emerge as a creative and promising endoscopic approach
for treating SMT-MPs, offering a more practical, sim-
pler, and safer alternative. Moreover, this approach has
the potential to alleviate the economic burden on both
patients and health insurance companies, leading to sub-
stantial societal benefits. These advantages also foster the
prospect of transforming the resection of gastric small
SMT-MPs from a hospitalized operation to an ambula-
tory operation.

This trial has several limitations. The relatively small
sample size may introduce bias if patients are lost to fol-
low-up, and conducting further multicenter studies could
address this issue. Additionally, the 6-month follow-up
duration might be insufficient to thoroughly observe
tumor recurrence. Currently, there is a lack of a specific
method for investigating tumor recurrence in a timely
manner. In other words, if tumor recurrence occurs at 1
or 6 months after the operation, it is ultimately identified
during the re-examination 6 months after discharge. This
may lead to an underestimation of the impact of different
operations on tumor recurrence.

Abbreviations

SMT Submucosal tumor

SMT-MP Submucosal tumor originating from the muscularis propria
layer

ESD Endoscopic submucosal dissection

Precutting EBL
Precutting EBLR

Precutting endoscopic ligation
Precutting endoscopic band ligation-assisted resection

RCT Randomized controlled trial

GIST Gastrointestinal stromal tumor
EUS Endoscopic ultrasound

cT Computed tomography

EUS-FNA EUS-guided fine needle aspiration
AE Adverse event

SAE Severe adverse event
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