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Abstract

BACKGROUND

Endoscopic resection remains an effective method for the treatment of small rectal
neuroendocrine tumors (NETs) (€10 mm). Moreover, endoscopic mucosal resection
with double band ligation (EMR-dB), a simplified modification of EMR-B, is an

alternative strategy to remove small rectal NETs.

AIM
We aimed to evaluate the feasibility and safety of EMR-dB for the treatment of small
rectal NETs (<10 mm).

METHODS

A total of 50 patients with small rectal NETs, without regional lymph node enlargement
or distant metastasis confirmed by endoscopic ultrasound (EUS), computerized
tomography (CT) scan, or magnetic resonance imaging (MRI), were enrolled in the
study from March 2021 to June 2022. These patients were randomly assigned into the
EMR-dB (n = 25) group or ESD group (n = 25). The characteristics of the patients and
tumors, procedure time, devices cost, complete resection rate, complications, and

recurrence outcomes were analyzed.

RESULTS

There were 25 patients (13 males, 12 females; age range 28-68 years) in the EMR-dB
group, and the ESD group contained 25 patients (15 males, 10 females; age range 25-70
years). Both groups had similar lesion sizes (EMR-dB 4.53 + 1.02 mm, ESD 5.140 +1.74
mm; P = 0.141) and resected lesion sizes (1.32+0.52cm vs. 1.5840.84cm; P = 0.269) .
Furthermore, the histological complete resection and en bloc resection rates were
achieved in all patients (100% for each). In addition, there was no significant difference

in the complication rate between the two groups. However, the procedure time was




significantly shorter and the devices cost was significantly lower in the EMR-dB group.

Besides, there was no recurrence in both groups during the follow-up period.

CONCLUSION
The procedure time of EMR-dB was shorter compared with ESD, and both approaches
showed a similar curative effect. Taken together, EMR-dB was a feasible and safe option

for the treatment of small rectal NETs.
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Core Tip: Endoscopic mucosal resection with double band ligation (EMR-dB), a
simplified modification of EMR-B, is an alterlﬁive strategy to remove small rectal
NETs. Our study first evaluates the feasibility and safety of EMR-dB and endoscopic
submucosal dissection (ESD) for the treatment of small rectal NETs (<10 mm). We
discovered that the EMR-dB technique took less time than ESD, and displayed a similar
curative effect to ESD. If no lymph nodes and distant metastases are revealed by either

EUS or CT, EMR-dB is a feasible and safe option for the treatment of small rectal NETs.

INTRODUCTION

With the wide application of screening colonoscopy, the incidence of neuroendocrine

tumors (NETs) has increased in the past few des. The gastrointestinal (GI) tract is
s®epresent 34% of all diagnosed GI NETs
and are the most common NETs behind small bowel NETs[2. Most GI NETs do not

the most frequent site for NETs!!l. Rectal NET




cause clinical symptoms. Therefore, they are only found by colonoscopy accidentally®l.
Rectal tumors of 10-19 mm in diameter have a metastatic rate of 4%-30%[%. 5], whereas
over 80% of tumors measuring more than 20 mm in diameter are associated with lymph
nodes or liver metastases. Well-differentiated NETs < 10.0 mm in diameter and limited
to the submucosal layer are reported to be associated with a low frequency of lymph
nodes and distant metastases. These NETs are good candidates for endoscopic resection
(ER) [.7], because ER can achieve high RO resection rates like many minimally invasive
techniquesl®], and it has reduced ts, morbidity, and mortalityl’) compared with
conventional surgery. However, the consensus about the optimal endoscopic treatment
modaliléfor rectal NETs has not been established yet.

ER, including conventional endoscopic mucosal resection (EMR), modified
endoscopic mucosal resection (m-EMR), and endoscopic submucosal dissection (ESD),
is a safe and effective modality for the treatment of small and localized early rectal
NETsl2.  However, although conyentional EMR canremove small rectal
NETs in a minimally invasive manner, it is difficult to achieve deep resection margins
because most rectal NETs invade the submucosal layer!'?l. Therefore, various modified
methods of EMR have been developed. m-EMR includes EMR with cap (EMR-C)[!1],
EMR with band ligation (EMR-B)[2, ﬁMR-L)[”], EMR with circumferential incision
(CIEMR)[4], and so on. These strategies have all been proven to be safe and effective for
removing rectal NETs. However, according to previous reports, EMR-B and EMR-L
show a histological complete resection (R0) rate that varies from 82.8% to 95.5% in
treating rectal NETsl'2 13 15, The positive basal margins may be attributed to the
insufficient distance from lesion to the resection margin. To overcome the shortcomings
of the EMR-B and EMR-L, we presented a new EMR technique. Endoscopic mucosal
resection with double band ligation (EMR-dB), a simplified modification of EMR-B,
could achieve a deeper vertical resection margin compared with EMR-B. However, the
safety and efficacy of such m-EMR tec]-\ﬂ'que in treating small rectal NETs has not been
determined. Therefore, in the present study, we compared the safety and efficacy of

EMR-dB and ESD in the treatment of rectal NETs. Moreover, we aimed to evaluate the




feasibility of EMR-dB for the treatment of small rectal NETs (<10 mm) in comparison to
ESD.

MATERIALS AND METHODS

Study design and participants

EMR-dB and ESD were performed in 50 patients with rectal NETs in the
Gastroenterology Unit of Shenzhen People's Hospital from March 2021 to June 2022.
These patients were randomly assigned into the EMR-dB (n = 25) group or ESD group
(n = 25). The inclusion criteria were as follows: (1) rectal NETs confirmed by histological
diagnosis; (2) tumors were <10 mm in diameter by endoscopic ultrasound (EUS); and
(3) EUS and computerized tomography (CT) of the thorax/abdomen/pelvis were
negative for lymph node and distant metastases. The study protocol was approved by
the ethics committee of the hospital, and all patients gave their informed consent before
the procedures (Clinical trial registration number: ChiCTR2200063871).
Randomization strategy

A researcher who was unaffiliated with this trial created a randomization list.
Specific software (www.randomizer.org) was used, and the participants were randomly
allocated at a 1:1 ratio to the EMR-dB group or the ESD group. Outcomes assessor
was blinded after assignment to interventions.
Endoscopic devices and procedures

A wide (14.9 mm in diameter), soft, straight, transparent cap with an inside rim (D-
201-11802, Olympus) was fitted onto the tip of a standard single-channel endoscope
(GIF-260, Olympus).

A ligating device with a 110-cm maximum Multiple Band Ligator (M00542251,
Boston Scientific) was inserted into the accessory channel of the endoscope.

Other devices included a dual knife, injection needles, snares, hot biopsy forceps
from Olympus, and a high-frequency generator (ICC-200, ERBE).
EMR-dB procedure: (Figure 1a-h)




Marking dots were made approximately 2-3 mm on the lesion with an electric snare tip
(KD-650Q, Olympus, Tokyo, Japan) (Figure 1b).

2) A solution (10% glycerin plus 5% fructose in 0.9% saline diluted by 1:100,000 with
epinephrine normal saline solution and mixed with a small amount of indigo carmine)
was injected submucosally around the lesion to lift it off from the muscle layer.

3) When the lesion was suctioned into the ligating device, the first band was deployed
to ligate the lesion and increase luminal protuberance (1c). Then the second band was
deployed below the first one after endoscopic suctioning of the tumor into the cap (1d).
4) Given intestinal inflation to fill the intestinal cavity, the lesion resection was
performed via electrocautery below the second band (le), and then the resection
specimen was aspirated into the cap.

5) Next, the visibly exposed vessels on the wound were coagulated with argon plasma
coagulation and clamped with clips (1g). Subsequently, the resection specimen was
entirely flattened (1h).

ESD procedure:

ESD was performed using a single-channel endoscope with a short transparent cap
attached to the tip of the endoscope.

1) Submucosal solution was injected as described above, and the circumferential
mucosa of the lesion was incised using a dual knife. The mucosal incisions were placed
at least 2-3 mm from the lesion periphery to create a sufficient tumor-free lateral
resection margin.

2) Circumferential incision and submucosal dissection were carried out as previously
described(el.

3) The wound was treated as described above.

Two experienced endoscopists (Jun Yao and Wang LS) conducted all procedures. All
patients were subjected to food deprivation for 1 day after the operation.

QOutcomes and definition




The efficacy was evaluated by assessing the rates of histological complete resection (R0),
en bloc resection, and operation success, and the safety was evaluated by assessing the
complications.
The primary outcome was the histological complete resection (R0) rate. Histological
complete resection was defined as a complete single-piece (en bloc) resection of the
lesion with a tumor-free margin in both the lateral and vertical margins.
Secondary outcomes included:
-En bloc resection rate: En bloc resection was defined as a complete single resection of
the targeted lesion, regardless of whether the basal and lateral tumor margins were
infiltrated or undetermined.
-Complications: The primary complications included bleeding and perforation.
Immediate bleeding was defined as an evident hemorrhage during the procedure that
could not be controlled by endoscopic hemostasis. Delayed bleeding was defined as
bleeding that caused hemoglobin to drop >2 g/dL or hematochezia, which required
endoscopic and/or radiologic hemostasis or transfusions within 14 days after the
procedure. Perforation was defined as the wall defect identified by endoscopy or free
air in the abdominal cavity detected by radiological examinations (such as plain
abdominal X-ray and /or abdominal CT) after the procedure.
-Procedure time was counted from the time of submucosal injection to the end of
complete resection of the targeted lesion.
-Devices cost was defined as the cost of the required use of clips and the ligation devices
in EMR-dB or dual knife using in ESD procedures, except the cost of other endoscopic
procedures.
-Histopathologic grade included NET grade 1, NET grade 2, NET grade 3, and NEC
according to the 2019 WHO classification[7].
Follow-up

All patients were followed up by colonoscopy at 3 mo after endoscopic treatment to

detect the recovery of the surgical wound and local recurrence. The patients with




vertical and/or lateral margin involvement were recommended to undergo additional
treatment.

Statistical analysis

All statistical analyses were performed using SPSS statistics version 26. Continuous
data were described as mean * standard deviation (SD), or median and range.
Categorical data were expressed as numbers (n) and percentages (%). Chi-square or
Fisher's exact tests were performed for comparative analysis of categorical variables.
Continuous variables were analyzed using Student's t-test. P < 0.05 was considered

statistically significant.

RESULTS
Chagacteristics of patients and tumors

There were 25 patients (13 males, 12 females; age range 28-68 years) in the EMR-dB
group, and the ESD group contained 25 patients (15 males, 10 females; age range 25-70
years). The average age of the EMR-dB and ESD groups was comparable between the
two groups (47.044£10.58 vs. 42.92+10.93, P = 0.182). There was no statistical difference in
the location (average distance from anus) between the EMR-dB group and the ESD
group (7.96+3.52cm vs. 7.364+2.83cm; P = 0.509). Sex and age distribution were similar
between the two groups. Moreover, both groups had identical mean lesion sizes (4.53
+1.02 mm vs. 5.140 +1.74 mm; P = 0.141) and resected lesion diameters (1.32+0.52cm
vs. 1.5840.84cm; P = 0.001) . Table 1 shows the characteristics and tumor sizes of the
patients in the two groups.
Intervention outcomes

The histological complete resection and en bloc resection rates were the same in the
two groups (100% for _each). No significant difference in the complication rate
between the two groups (delayed bleeding occurred in 0 patients in the EMR-dB group
and two patients in the ESD group [8.0%] [P = 0.47], and no perforation was observed in
either group.). However, the procedure time was significantly shorter in the EMR-

group (6.28 £ 0.75 minutes) compared with the ESD group (14.30 +1.51 minutes) (P <




0.001) and the devices cost was significantly lower in the EMR-dB group than in the
ESD group ($494.04+$85.47 vs. $808.98+$143.67, P<0.05). The pathological results were
similar between the two groups (P>0.99). All umors were classified as G1 grade
according to the staging system for NETs of the American Joint Committee on Cancer,
absence of lymphovascular invasion, pVMO0, and pHMO0. Table 2 shows the therapeutic
outcomes of ER in the two groups. In the two cases with delayed bleeding, bloody stool
appeared on the 1stday and the 7t day after the ESD procedure, respectively. A
colonoscopy revealed that the postoperative wound was bleeding, hemostasis was well
managed using endoscopy, and no blood transfusion or surgical intervention was
necessary. All patients were followed upafter3 moof the treatment. Again, a
colonoscopy was performed, and a postoperative scar was seen.
Follow-up outcomes

No local remnant lesions or recurrences were observed during the follow-up

period in both groups.

DISCUSSION

NETs of the rectum are a heterogeneous group of tumors. The pathological types
mainly include NET, neuroendocrine carcinoma, mixed gland neuroendocrine
carcinoma, and site-specific and functional NETs[18 191, Less than 2% and 0.7% of rectal
NETs < 10 mm in diameter arerelated tolymph nodes and distant metastases,
respetively(?l. According to the current European Neuroendocrine Tumor Society
(ENETS) guidelines, ER is considered curative for tumors smaller than 10 mm and well
differentiated!?’l. EMR has the advantages of simple and rapid operation and low
complication ratel2-23], while its high recurrence rate of residual lesions is
a limiting factor for its application/'’l. On the other hand, ESD is an effective method
with a higher complete resection rate, while its technical requirements and the rate of
complications are relatively highl1 24 25]. The consensus about the optimal endoscopic

treatment modality for rectal NETs has not yet been established.




Previous studies have proved that EMR using a band-ligation device (EMR-B)
(EMR-L) is sufficient for tumors <10 mm in diameter(iz 13 15l However, the
histopathological examination shows a positive margin for some lesions that have
invaded the submucosa or deeper layers of the rectal wall. Therefore, we presented the
EMR-dB technique, a new approach derived from EMR-B, containing an extra band
below the first one. With EMR-dB, the second band could lengthen the distance from
the lesion to the vertical resection margin, especially for some flat lesions and tumors
that invaded the submucosa or deeper layers of the rectal wall. Therefore, this approach
might better improve the complete resection rate and reduce the risk of residual tumors.
However, there have been no more research reports about the EMR-dB technique.

The present study was the first randomized controlled trial to compare the safety
and efficacy of EMR-dB with ESD for treating small rectal NETs. To remove the tumor
completely, we carried out a series of optimization and improvement on operation
steps. Firstly, we marked the head-end of the tumor to avoid deflecting the tumor
during the ligation, making it easier to be suctioned it into the ligating device
completely. Secondly, a submucosal injection was given to completely lift the
submucosal layer of the tumor and set the basal layer of the tumor apart from the
muscularis propria. This procedure could achieve a better complete resection and
prevent the muscularis propria from being suctioned into the cap leading to
perforation. Thirdly, given intestinal inflation when the NETs and part of the
muscularis propria layer were ligated by band ligation, the muscularis propria layer
will fall out of the band ligation over time due to the ductility of muscularis propria
layer, leaving only the mucosal layer and submucosa, which may reduce the risk of
perforation durinéresection.

EMR-dB showed an en bloc resection of all lesions with a tumor-free margin in both the
lateral and vertical margins. Moreover, no complications occurred, and there were free
of local remnant lesions or recurrence during the follow-up period, indicating similar
efficacy with ESD. However, the procedure time of the EMR-dB group was significantly
shorter compared with the ESD group (6.28 £ 0.75 minutes vs. 14.30 + 1.51 minutes) and




the devices cost was significantly lower in the EMR-dB group than in the ESD group

($494.04+$85.47 vs. $808.98+$143.67). When compared with EMR-B, the use of the

Itiple Band Ligators for continuous ligations at one time in EMR-dB procedure may
resulted in a little increase in technical difficulty, cost.and procedure time, the size of
the resected specimen may enlarge, but it could better reduce residual tumor infiltration
within vertical and lateral margins, and potentially reduce recurrence rates. Recently, a
case of rectal NET removal using the EMR-dB technique has been reported2¢l, and the
pathological examination reveals a G1 NET with a negative margin and without
complications, indicating that EMR-dB could work more significantly, which is
consistent with our result.

In addition, the EMR-dB technique has several other advantages. Firstly, the
tightening of the elastic band in EMR-dB could shrink the wound size. Therefore, the
required use of clips is less. Secondly, as demonstrated in our study, the cost of the
devices in the EMR-dB group was much lower than in the ESD group. It is mainly due
to the fact that the ligation device of EMR-dB is lower than that of ESD group using a
dual knife, combined with the less required use of clips, which led to the reduction of
the operation and hospitalization cost. Moreover, there was no complication in the
EMR-dB group. In contrast, two cases in the ESD group had delayed bleeding and
needed further treatment, which also increased the hospitalization cost and days,
bringing more physical and_mental pain to patients.

The present study has some limitations. First, this study was a single-center study
with Iirated sample size. In addition, considering that rectal NET is a slow-growing
tumor, further prospective studies with a long-term follow-up period are needed to
verify our findings.

In conclusion, our study demonstrated that the EMR-dB technique took less time
than ESD, and it displayed a similar curative effect to ESD. If no lymph nodes and
distant metastases are revealed by either EUS or CT, EMR-dB is a feasible and safe

option for the treatment of small rectal NETs.




CONCLUSION

In conclusion, our study demonstrated that the EMR-dB technique took less time
than ESD, and it displayed a similar curative effect to ESD. If no lymph nodes and
distant metastases are revealed by either EUS or CT, EMR-dB is a feasible and safe

option for the treatment of small rectal NETs.

ARTICLE HIGHLIGHTS
ﬁesearch background

Endoscopic resection remains an effective method for tE treatment of small rectal
neuroendocrine tumors (NETs) (£10 mm). However, the consensus about the optimal

endoscopic treatment modality for rectal NETs has not been established yet.

Research motivation

To overcome the shortcomings of EMR with band ligation (EMR-B) (EMR-L) , we
presented a new EMR technique. Endoscopic mucosal resection with double band
ligation (EMR-dB), a simplified modification of EMR-B, could achieve a deeper vertical
resection margin compared with EMR-B. However, the safety and efficacy of EMR-

dB technique in treating small rectal NETs has not been determined.

Research objecﬁ'ves

In the present study, we compared the safety and efficacy of EMR-dB and ESD in the
treatment of rectal NETs. We aimed to evaluate the feasibility of EMR-dB for the
treatment of small rectal NETs (<10 mm) in comparison to ESD.

Research methods

A randomized controlled trial comparing EMR-dB and ESD was conducted. The
primary outcome was the histological complete resection rate; secondary outcomes
included en bloc resection rate, procedure time, complications and so on. Follow-up

was also performed.




Research results

A total of 50 patients were analyzed and were 25 patients in each group.The
demographic and baseline characteristics of the participants were similar between the
two groups, including age, gender, lesion location (average distance from anus) ,
lesion sizes, and resected lesion sizes. histological complete resection and en bloc
resection were achieved in all 50 patients. No significant difference in the
complication rate between the two groups (delayed bleeding occurred in 0 patients in
the EMR-dB group and two patients in the ESD group [8.0%] [P = 0.47]), indicating that
EMR-dB is non-inferior to ESD with a similar complete resection rate and
complication rate. However, the procedure time was significantly shorter in the EMR-
dB group (6.28 + 0.75 minutes) compared with the ESD group (14.30 + 1.51 minutes) (P
< 0.001) and the devices cost was significantly lower in the EMR-dB group than in the
ESD group ($494.04+$85.47 vs. $808.98+$143.67, P<0.05), which demonstrated that
EMR-dB had shorter procedure duration time and lower operation costs. No local
remnant_lesions or recurrences were observed during the follow-up period in both
groups, further prospective studies with a long-term follow-up period are needed to

verify our findings.

Research conclusions

Endoscopic mucosal resection with double band ligation (EMR-dB), a new EMR
technique presented in our study, took less time than ESD, and displayed a similar
curative effect to ESD. If no lymph nodes and distant metastases are revealed by either

EUS or CT, EMR-dB is a feasible and safe option for the treatment of small rectal NETs.

esearch perspectives

First, this study was a single-center study with 1Eited sample size. In addition,

considering that rectal NET is a slow-growing tumor, further prospective studies with a




long-term follow-up period are needed to verify our findings. Moreover, statistical

analysis between EMR-B and EMR-dB can be further investigate.
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