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Abstract

Although the diagnostic and therapeutic opportunities for superficial nonampullary duodenal epithelial tumors
(SNADETSs) have been increasing, the natural history and treatment outcomes remain unclear. Due to the
anatomical characteristics of the duodenum, clinicians should be more sensitive to the occurrence of complications
for tumors in the duodenum compared to other gastrointestinal tumors. Recently, with the expectation of minimally
invasive treatment, cold snare polypectomy (CSP) and underwater endoscopic mucosal resection (UEMR) have
been accepted as simple and safe endoscopic treatments for SNADETSs. In our institution, CSP achieved good
treatment outcomes: a median procedure time of 3 (range, 1-23) min, an en bloc resection rate of 96.9%, an RO
resection rate of 50.0%, and a low incidence of adverse events (no delayed bleeding and no intra- and
postoperative perforation). Moreover, UEMR also achieved good treatment outcomes: a median procedure time of
5 (range, 1-104) min, an en bloc resection rate of 82.9%, an RO resection rate of 52.0%, and a low incidence of
adverse events (delayed bleeding occurred in 2.6% of cases, and there were no incidences of no intra- and
postoperative perforation). Residual recurrences occurred in two lesions (4.1%) that were treated with CSP and
three lesions (4.8%) that were treated with UEMR, but these recurrences could be treated by re-endoscopic
resection. Although there are limited data on these treatments for SNADETSs, some previous reports and our data
suggest that CSP could be indicated for adenomas sized 10 mm or less and that UEMR could be indicated for
adenomas sized 10-20 mm and for intramucosal carcinomas. However, at present, the number of cases evaluated
is still insufficient, and further studies are needed to evaluate long-term outcomes with enough cases.
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INTRODUCTION

The opportunities for the diagnosis and treatment of superficial nonampullary duodenal epithelial tumors
(SNADETS) have been increasing, and the treatment strategy for small lesions has become a matter of
concern. In the esophagus, stomach, and colon, endoscopic submucosal dissection (ESD) has been
established as a relatively safe procedure that achieves a higher en bloc resection rate with negative margins
compared to endoscopic mucosal resection (EMR), which reduces the local recurrence rate. However, the
duodenum has the following anatomical disadvantages: it has a very thin muscular layer; there is poor
operability of the endoscope; the duodenum is a retroperitoneal organ that is close to the pancreas; and
there can be perioperative exposure to the bile and pancreatic juice, which causes a high incidence of
complications during endoscopic resection. A previous report" showed that duodenal ESD has high
complication rates, such as intraoperative perforation (12%), delayed perforation (4%), and delayed bleeding
(4.5%). Therefore, an alternative method to ESD is desired, and that should be a reliable resection method to
prevent residual recurrence as well as minimal perioperative complications. Recently, cold snare
polypectomy (CSP) and underwater endoscopic mucosal resection (UEMR) have been introduced as
minimally invasive treatments and are becoming more widely accepted.

We reviewed the outcomes of CSP and UEMR for SNADETS, including the results in our institution.

COLD SNARE POLYPECTOMY

In 1992, CSP was first reported by Tappero et al.” as “cold snare excision” for colorectal tumors; currently,
its use is wide spread for the treatment of small lesions in the colon. CSP is a simple and safe endoscopic
procedure that removes the lesions by mechanical strangulation of both the lesion and the normal
surrounding mucosa, by using only a snare, without the use of submucosal injection or electrocautery.

CSP for colorectal polyps

CSP for colorectal polyps has already been established as one of the standard treatment options, and
multiple reports have shown good treatment outcomes. Kawamura et al.” reported the outcomes of CSP
compared with hot snare polypectomy (HSP) for the treatment of 796 sessile adenomatous colorectal polyps
that were 4-9 mm in size in a multicenter randomized controlled trial (RCT). The complete resection rates
for CSP and HSP were 98.2% and 97.4%, respectively, and they were proven to be non-inferior (P < 0.0001).
Moreover, even in the larger subgroup of colon polyps that were 6-9 mm, the complete resection rate was
100%, suggesting that CSP could be indicated for lesions less than 10 mm in size.

A further advantage of CSP compared to HSP is a lower delayed bleeding rate. Even in the patients who
underwent prophylactic clipping, comprising 81% (325/402) of the patients who had HSP and 9% (38/402)
of the patients who had CSP, the delayed bleeding rate was 1.9% (4/209) for the HSP patients and 0% for the
CSP patients, and the differences were significant (P = 0.02)".

For lesions larger than 10 mm, Murakami et al.”) compared CSP for lesions < 10 mm versus CSP for lesions
> 10 mm and reported that the < 10 mm group had a significantly higher en bloc resection rate (100% vs.
93.2%, P < 0.001) and a higher histopathological complete resection rate than the =2 10 mm group (72.7% vs.
54.0%, P = 0.001).
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Considering the above reports and referring to the American Gastroenterological Association, the European
Society of Gastrointestinal Endoscopy (ESGE), and the Japanese guidelines®®, CSP is indicated for
colorectal polyps that are nonpedunculated superficial tumors less than 10 mm in size.

CSP for SNADETS in our institution

We considered CSP to be also suitable for small duodenal lesions, and it has been performed in our
institution for endoscopic adenomas less than 10 mm in size since 2015". The typical case treated with CSP
is a 0-IIa adenoma in the Paris classification, 6 mm in size, and located in the 2nd portion. An example of
this type of case is presented in Figure 1.

Between January 2015 and July 2021, 64 lesions in 58 patients [male/female, 44/14; median age, 67 years
(range, 39-82 years)] were resected by CSP at the Shizuoka Cancer Center. Overall, 7 lesions were in the
bulbs, 55 were in the 2nd portion, and 2 were in the 3rd portion. The median size of the lesions was 6 mm
(range, 2-12 mm). In total, 7 lesions had the macroscopic type of 0-I in the Paris classification, 50 were 0-IIa,
3 were 0-ITa+IIc, and 4 were 0-IIc. A preoperative biopsy was performed before CSP in 28 lesions (43.8%).

Regarding the short-term outcomes, the median procedure time (from the end of observation to the
completion of resection) was 3 (range, 1-23) min. The en bloc resection rate was 96.9% (62/64). During this
period, CSP was attempted for 64 lesions, but 5 lesions could not be resected without electrocautery (the
CSP completion rate was 92.2%). The characteristics of the five incompletely resected lesions are described
in Table 1. When the risk factors for incomplete resection were examined by evaluating predictive factors
such as lesion site, gross tumor type, tumor size, availability of a preoperative biopsy, and the
histopathological diagnosis, only the lesion size was found to be a statistically significant risk factor (P =
0.045, Mann-Whitney U test). However, the sample size was very small, and further investigations are
needed.

At our institution, prophylactic clipping after CSP was performed in 37 lesions (57.8%), and the percentage
of spurting bleeding immediately after CSP was 0%. No adverse events or delayed complications were
observed. The necessity of prophylactic clipping after CSP is controversial. Hamada et al."” reported no
complications in patients with FAP when large numbers of polyps were resected at once without
prophylactic clipping. We usually perform prophylactic clipping after CSP for the following reasons: the
clipping procedure is easy because the lesions are diminutive lesions; the mucosal defects are small after
CSP; and the mucosa is soft without submucosal injections.

The median size of the resected specimens was 6 mm (range, 2-22 mm), and the histopathological
evaluations revealed 50 adenomas, 4 adenocarcinomas (intramucosal), and 10 nonneoplastic lesions. Of the
54 neoplastic lesions (adenomas and adenocarcinomas), the horizontal margin (HM) was negative in 27
lesions, positive in 1 lesion, and indeterminate in 26 lesions; for the vertical margin (VM), 48 lesions were
negative, 1 lesion was positive, and 5 lesions were indeterminate. It has been reported that the submucosal
tissue is not sufficiently resected in colorectal CSP specimens"", and similar results might be expected in
duodenal specimens. As a result, CSP could resect only the mucosal layer when using mechanical
strangulation without electrocautery. Therefore, we think that CSP is inappropriate for cancers in which
definitive en bloc resection is desirable because it is not able to reliably resect the submucosa and to ensure
an en bloc resection with a VMo.

Regarding the long-term outcomes, 49 of 64 lesions were followed-up endoscopically for more than one
month. The median observation period was 24 months (range, 1-64 months). Local recurrence was
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Table 1. Evaluation of the risk factors for incompletion of resection

CSP completion CSP incompletion

N=59 N=5 P value
Location, n
bulb/2nd/3rd 6/51/2 1/4/0
bulb/others, n 6/53 /4 0.46°
Endoscopic size, median (range), mm 6 (2-12) 10 (5-10) 0.045°
Macroscopic type
0-1/0-11a/0-llc/0-1la+lIc 6/47/4/2 1/3/0/1
with O-llc component/without O-lic, n 6/53 /4 0.45°
Biopsy before CSP 26/59 (44%) 2/5 (40%) 1.00°
Histopathological assessment, n
cancer/adenoma/non-neoplastic 3/46/10 1/4/0
cancer/adenoma + non-neoplastic, n 3/56 /4 0.28°

CSP: Cold snare polypectomy. °Fisher's exact test. bf\/\ann-Whitney U test.

Figure 1. (A) Endoscopic white light image showing adenoma, 2nd portion, O-lla, 6 mm; (B) endoscopic narrow band imaging; (C)
endoscopic image with indigo carmine spraying; (D) snaring with 10 mm snare; (E) mucosal defect after CSP with a procedure time of 1
min; (F) complete prophylactic clipping with three clips; (G) resected specimen shown as a white light image; (H) resected specimen
shown by narrow band imaging; and () histopathological image with hematoxylin and eosin stain. The histopathological diagnosis was
tubular adenoma, pHMO, pVMO.

observed in 2 of 49 lesions (4.1%), which could be treated by cold forceps polypectomy or UEMR.
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The advantages of CSP include a simple procedure, a short procedure time, and a low complication rate
(bleeding and perforation). On the other hand, the disadvantages of CSP are the limited indications for
small lesions and noncancerous lesions and a low Ro resection rate, which are common to lesions in both
the colon and the duodenum.

CSP for SNADETSs (other report)

Regarding the CSP for SNADETSs, only one report from a single center is available. Okimoto et al."”
reported a good long-term outcome of CSP for the treatment of sporadic SNADETs. In this report, 35
patients with SNADETSs and 46 lesions were evaluated. The median lesion size was 4 mm (range, 2-7 mm); 2
lesions were located in the duodenal bulb, 40 were in the 2nd portion, and 4 were in the 3rd portion.
Overall, 11 tumors were the macroscopic type 0-I in the Paris classification, 21 were 0-IIa, 12 were 0-Ila+IIc,
and 2 were 0-IIc. The en bloc resection rate was 97.8%, and histopathological evaluations showed that there
were 37 adenomas and 9 nontumor lesions. For the adenomatous lesions, the Ro resection rate was 70.3%
(26/37), and only one lesion (2.7%) in the 36 lesions had recurrence during a median follow-up period of 48
months (3-64 months).

Comparing the short- and long-term outcomes between those of Okimoto et al."” and our institution
[Table 2], both showed that CSP had a high rate of en bloc resection and a high rate for the completion of
the procedure, with excellent long-term results, despite the low Ro resection rate, and no intra- and
postoperative adverse events were observed. However, it should be noted that, although very rare, spurting
delayed bleeding"” and severe acute pancreatitis"! as serious adverse event might occur after duodenal CSP.

With the above results, we believe that CSP for SNADETSs should be considered for adenomatous lesions
that are sized 10 mm or less. A multicenter prospective study with further long-term follow-up is currently
ongoing, and the results will confirm the efficacy and safety of CSP.

UNDERWATER ENDOSCOPIC MUCOSAL RESECTION

Binmoeller et al." first reported UEMR for colorectal polyps in 2012. Technically, the lesion is lifted and
floated away from the muscularis propria by air deflation and water immersion; then, strangulation with
mucosal and submucosal tissue is easily performed, even for flat or sessile lesions.

UEMR for colorectal polyps

A multicenter RCT" previously reported that UEMR significantly improved the Ro resection and en bloc
resection rates compared to conventional EMR (cEMR) for colorectal polyps 10-20 mm in size [69% (59-
77%) vs. 50% (40-60%), P = 0.01; 89% (81-94%) vs. 75% (65-83%), P = 0.007]. This study also showed that
UEMR did not increase the incidence of adverse events. In another report"”, the local recurrence rate at the
first follow-up colonoscopy was lower in tumors that were treated with UEMR than in the tumors that were
treated with cEMR (7.3% vs. 28.3%, P = 0.008). A prospective RCT"® comparing UEMR and cEMR in 20-40
mm sessile or flat colorectal polyps showed that the en bloc and Ro resection rates were 33.3% vs. 18.4% (P =
0.045) and 32.1% vs. 15.8% (P = 0.025), respectively. The results show statistical significance for the
advantages of UEMR over cEMR, but both treatment outcomes were unsatisfactory. Therefore, no positive
evidence is available to indicate UEMR for lesions larger than 20 mm.

There is no specific indication for UEMR in any of the guidelines of any country. To summarize the above
reports, because few reports have suggested the usefulness of UEMR for lesions larger than 20 mm, the
definite indication might be for lesions that are 20 mm or less. In addition, UEMR may also be effective for
recurrent lesions with severe fibrosis in the submucosa'”.
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Table 2. Patient characteristics, procedural results (CSP), and previous literature

. 21
(Patients/Lesions) Our report (CSP) Okimoto et al."“" (CSP)

(58/64) (37/46)
Age, median (range) 67 (39-82) years 68 (46-84) years
Sex (male/female), n 44/14 24/1
Location (bulb/2nd/3rd), n 7/55/2 2/40/4
Size (endoscopic), median (range) 6 (2-12) mm 4 (2-7) mm
Macroscopic type, n 7/50/3/4 1/21/12/2
(0-1/0-1la/0-lla+llc/0-llc)
Biopsy before CP 43.8% (28/64) -
Closure after CP 57.8% (37/64) -
Complete resection 92.2% (59/64) 100% (46/46)
En bloc resection 96.9% (62/64) 97.8% (45/46)
Histopathological assessment, n 4/50/10 0/37/9
(carcinoma/adenoma/non-neoplastic)
RO resection 50.0% (27/54) 70.3% (26/37)
HMs negative 50.0% (27/54) -
VMs negative 88.9% (48/54) -
Adverse events, n 0/0/0 0/0/0
delayed bleeding/intraoperative perforation/ delayed perforation
Recurrence 4.1% (2/49)° 2.7% (1/36)b

CSP: Cold snare polypectomy; CP:cold polypectomy; HM: horizontal margin; VM: vertical margin; *carcinoma or adenoma only, a month after CP
with the median follow-up period of 24 months (range, 1-58 months); ®the median follow-up period was 48 months (range, 3-64 months).

UEMR for SNADETSs

Binmoeller et al.”” also reported in 2013 that UEMR could be indicated for duodenal adenomas using the
same theory and technique as for the colon. UEMR for SNADET: is generally performed as follows. Firstly,
the gastric and duodenal air should be deflated, and saline solution is injected through the water jet. After
filling the lumen with water, resection with electrocautery is performed while making sure that the lesion is
completely snared. The choice of the snare depends on the endoscopist’s preference according to the lesion
characteristics (a stiff or flexible one, as well as the size of snare). Then, the specimen is grasped with forceps
and removed with the scope to prevent causing the specimen to piecemeal by aspiration. Please refer to the
references for the detailed procedural information”. Recently, a multicenter RCT that examined the safety
and efficacy of UEMR for SNADETSs sized 20 mm or less was reported””. According to the results, the
outcomes of UEMR for 166 lesions in 155 patients were as follows: 50.6% (84/166) of the lesions larger than
10 mm were successfully resected, and the mean resection specimen size was 13.2 + 5.0 mm. In total, 10
lesions were in the bulbs, 151 were in the 2nd portion, and 5 were in the 3rd portion. Overall, 18 lesions
were the macroscopic type 0-I in the Paris classification, 106 were 0-IIa, and 42 were 0-IIc. The en bloc
resection rate was 89.8% (149/166), and the Ro resection rate was 66.9% (111/166). The mean resection time
(from the start of water immersion until the end of removal) was 5.4 + 4.3 min, and the mean total
procedure time (from the start of the water immersion until the end of closure) was 15.0 + 8.1 min.
Prophylactic clipping was achieved in 99.4% (165/166) of the cases, delayed bleeding occurred in only 1.2%
(2/166) of the cases, and no perforation was observed either intra- or postoperatively. In total, 155 lesions
were evaluated with a follow-up endoscopy at 12 months: 97.4% (151/155) of the lesions had no recurrence,
and all four cases of recurrence were treated by re-endoscopic resection.

It is desirable to compare UEMR and conventional EMR (cEMR) as both are electric cautery and snare-
based resection methods which obviously overlapped the indication. Several reports”*** have shown that
higher en bloc and Ro resection rates were achieved with cEMR than UEMR, in contrast to the results in



Suwa et al. Mini-invasive Surg 2022;6:20 | https://dx.doi.org/10.20517/2574-1225.2021.123 Page 7 of 11

colorectal polyps. However, no studies have directly compared the two treatments, and RCTs comparing the
two are needed to determine the indications.

UEMR for SNADETS in our institution

In our center, UEMR for SNADETS is indicated for adenomas larger than 10 mm and for intramucosal
carcinomas no larger than 30 mm in size that are diagnosed endoscopically. The typical case treated with
UEMR is an adenocarcinoma that is 0-IIa in the Paris classification, with a size of 12 mm and located in the
3rd portion. An example of this type of case is presented in Figure 2.

Between January 2015 and July 2021 at the Shizuoka Cancer Center, 76 lesions in 71 patients [male/female:
41/30; median age: 70.5 years (range, 28-89 years)] were resected by UEMR. Overall, 12 lesions were in the
bulbs, 61 were in the 2nd portion, and 3 were in the 3rd portion. The median size of the lesions was 10 mm
(range, 2-40 mm). Moreover, 10 lesions were the macroscopic type 0-I in the Paris classification system, 37
were 0-IIa, 21 were 0-IIa+Ilc, and 8 were 0-IIc. A preoperative biopsy was performed before UEMR in 37
lesions (48.7%).

All lesions that underwent UEMR were resected without conversion to any other techniques, such as ESD
(the UEMR completion rate was 100%). The median procedure time (from the completion of water
immersion to the end of resection) was 5 min (range, 1-104 min), and the en bloc resection rate was 82.9%
(63/76). Compared with CSP, the en bloc resection rate of UEMR was lower, but this may be due to the
invisibility of the anal side of the lesion during snaring, which could cause snare slipping. En bloc resection
is ideal for an accurate pathological diagnosis; therefore, some innovations in the procedure or device are
expected to solve this problem.

The percentage of spurting bleeding immediately after UEMR was 0%. Moreover, prophylactic clipping
after UEMR was performed in 72 lesions (94.7%), and no intraoperative adverse events were observed.
Delayed bleeding occurred in two lesions (2.6%), and no delayed perforation occurred. In both cases of
delayed bleeding, the UEMR procedure was completed without prophylactic clipping, and emergency
endoscopy was performed within 24 h following hematemesis. Fortunately, endoscopic hemostasis was
achieved, and surgical intervention was not required. In general, resection with electrocautery is expected to
suppress tumor remnants due to the “burn effect”; however, the risk of delayed bleeding increases due to
microvascular damage. We believe that prophylactic clipping is an essential procedure after UEMR because
of the burn effect and the larger mucosal defect in UEMR as compared with the defect in CSP, which
increases the risk of postoperative complications. In addition, a previous report on colorectal polyps
suggests that bipolar devices have the potential to reduce perioperative complications compared with

monopolar devices, but this has not been reported in the duodenum™”'.

The median size of the resected specimens was 9 mm (range, 3-40 mm). Histopathological evaluations
revealed 55 adenomas, 17 adenocarcinomas (intramucosal), and 4 nonneoplastic lesions. Of the 72
neoplastic lesions (adenomas and adenocarcinomas), the HM was negative in 36, positive in 1, and
indeterminate in 35; for the VM, 70 were negative, 1 was positive, and 2 were indeterminate. The Ro
resection rate (en bloc resection with negative margins) was 52.0%. Similar to CSP, the Ro resection rate was
relatively low. This might be due to an inadequate histopathological assessment of the specimen’s edges
because the lesion is relatively small. For procedures such as UEMR and CSP, which included relatively
small lesions, the Ro resection rate is an inappropriate measure for assessing the curability of endoscopic
treatment, and a careful assessment of the residual recurrence rate, including the associated factors, is
important.
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Figure 2. (A) An endoscopic white light image showing adenocarcinoma, 3rd portion, O-lla, cT1a (M), 12 mm; (B) endoscopic image
showing indigo carmine spraying; (C) filling the lumen with water after air deflation; (D) snaring with 15 mm snare; (E) mucosal defect
after UEMR where the procedure time was 3 min; (F) complete prophylactic clipping with two clips; (G) resected specimen shown as a
white light image; (H) resected specimen shown using narrow band imaging; and (1) histopathological image by hematoxylin and eosin
stain. The histopathological diagnosis was well differentiated tubular adenocarcinoma, pTla (M), pHMX, pVMO.

Regarding the long-term outcomes, 52 of 76 lesions were followed up endoscopically for more than a
month. Local recurrence was observed in 3 of 52 lesions (4.8%) during a median observation period of two
months (range, 1-37 months). Of the three lesions with local recurrence, two lesions were treated with re-
UEMR and one lesion was followed up without additional treatment due to the patient’s general condition.
The procedural and long-term outcomes that were reported by Yamasaki et al."” and our institution are
described in Table 3. A previous report and our data show that, although the Ro resection rate was low, the
recurrence rate was not as high (less than 5%). Importantly, the recurrent lesions were treatable by re-
endoscopic resection; however, this requires further evaluation with long-term follow-up data.

The advantages of UEMR include a relatively short procedure time and the ability to treat larger (> 10 mm)
and cancerous lesions. The disadvantages of UEMR are the low Ro resection rate, which is common to
lesions in both the colon and the duodenum. With the above results, we believe that the good indications of
UEMR are: (1) duodenal adenomas 10-20 mm in size; and (2) intramucosal carcinomas < 20 mm in size. In
addition, a modified UEMR, partial submucosal injection UEMR (PI-UEMR), in which submucosal
injection is performed only on the difficult side (mostly anal side), has been reported to be effective in the
treatment of duodenal tumors (en bloc resection rate, 97%; Ro resection rate, 83%)!. An RCT of UEMR
versus PI-UEMR with a primary endpoint of en bloc resection rate with pathologically confirmed negative
margins without conversion to ESD (R0 resection rate) is currently underway and the results are awaited.
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Table 3. Patient characteristics, procedural results (UEMR), and previous literature

Our report (UEMR) Yamasaki et al.™ (UEMR)
(Patients/Lesions) (71/76) (155/166)
Age, median (range) 70.5 (28-89) years® 65.9 (£10.6) yearsb
Sex (male/female), n 41/30 110/ 45
Location (1st/2nd/3rd), n 12/61/3 10/151/5
Size (endoscopic), (range) 10 (2-40) mm® 10.0 (£4.1) mm®
Macroscopic type, n
(0-1/0-lla/0-lla+llc/0-1Ic) 10/37/21/8 18/106/0/42
Biopsy before UEMR 48.7% (37/76) 100% (166/166)
Closure after UEMR 94.7% (72/76) 99.4% (165/166)
En bloc resection 82.9% (63/76) 89.8% (149/166)
Histopathological assessment, n
(carcinoma/adenoma/nonneoplastic) 17/55/4 74/91/1
RO resection 52.0% (39/75) 66.9% (111/166)
HMs negative 50.0% (36/72)
VMs negative 97.2% (70/72)
Adverse events, n
delayed bleeding/ 2/0/0 2/0/0
intraoperative perforation/delayed perforation
Recurrence 4.8% (3/52)° 2.6% (4/155)"

UEMR: Underwater endoscopic mucosal resection; HM: horizontal margin; VM: vertical margin; *median (range); ®mean (£SD); “carcinoma or
adenoma, a month after UEMR. The median follow-up period was 2 months (range, 1-37 months); %2 months after UEMR.

More cases for evaluation are needed to clarify the distinction between UEMR and other treatment
methods, such as EMR or ESD.

CONCLUSION

The indications and outcomes of CSP and UEMR as minimally invasive treatments for SNADETs are
outlined, and we present the results of previous reports, as well as our results. However, one of the most
important problems with SNADETSs was the lower preoperative diagnostic accuracy including preoperative
biopsy” ), and further research is needed to determine whether image enhancement endoscopy is
necessary and how to improve preoperative diagnostic quality. Recently, Japan and the ESGE"**" published
guidelines on the management of duodenal tumors, which provided certain directions for the treatment of
SNADETSs. However, previous reports are few, and the number of cases is still insufficient; thus, further
evidence is desired in the future.
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