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Abstract:

<b>Background and study aims:</b> Colorectal endoscopic submucosal dissection (ESD) is increasingly used for treating
early-stage colorectal cancer, including large, protruded lesions (LPL). However, the challenges posed by LPLs, especially those
accompanied by severe fibrosis or muscle-retracting sign (MRS), remain unclear. This study aims to investigate ESD outcomes
for LPL, focusing on factors such as tumor size and, submucosal fibrosis.

<b>Patients and methods:</b> In a multicenter retrospective study (June 2012 to May 2023), data from 526 patients with 542
LPL lesions (= 2 cm) were analyzed. Parameters included lesion size, procedure time, dissection speed, physician experience,
submucosal fibrosis, and adverse events. The tunnel method, including the double tunnel method, was used for cases with
severe fibrosis or MRS. Multivariate analysis assessed factors affecting procedure difficulty, particularly LPLs > 4 cm.
<b>Results:</b> The study revealed an impressive en bloc resection rate of 97.8% and a curative resection rate of 78.6% for LPLs.
Notably, fibrosis and MRS were present in 25% and 18% of 4-cm LPLs, respectively, and their frequency tended to increase as
the tumor diameter increased. One treatment strategy for LPLs was the tunneling method, which was used most frequently (41
cases, 7.6%). Factors affecting dissection speed included larger tumor size, submucosal fibrosis, MRS, and physician experience.
<b>Conclusions:</b> Treating LPLs through colorectal ESD presents significant challenges, especially in patients with fibrosis
and MRS. This study highlights the importance of recognizing these complexities, and that more reliable resection strategy
must be established for accurate pathological evaluation.
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[Heading 1]Iintroduction

Colorectal endoscopic submucosal dissection (ESD) has become a popular
treatment for early-stage colorectal cancer, with recent reports from Western
countries as well as Japan and Asian countries [1-3]. Because of developments in
treatment strategies, endoscopic devices, and endoscopic equipment, ESD is now
aggressively performed for large and fibrotic lesions [4-6]. However, it is still difficult
to overcome challenges in all cases, especially in the colon, where the bends and
folds can make a stable approach to the tumor difficult, and when the tumor is
accompanied by severe fibrosis or muscle-retracting sign (MRS). In such cases, the
procedure may have to be interrupted [7-9]. Large, protruded lesions are among the
most difficult cases to treat, which is well known, but their clinical characteristics, size
at which fibrosis and MRS appear, and frequency of curative resection have not
been clarified. For large, protruded lesions (O-Is in the Paris classification [10]) with
MRS, there are currently no established strategies, although a few case reports have
been published about strategies such as the double tunnel method (DTM) [11] and

the pocket creation method (PC) [12].

Therefore, the aim of this study was to examine results of large, protruded lesion
(LPL) treatment, excluding pedunculated lesions (0-Ip in the Paris classification [10]),

and factors that make them difficult to treat,

[Heading 1]Patients and methods

This was a multicenter, observational, retrospective study, which included all LPLs >
2 cm resected by ESD from June 2012 to May 2023 at Omori Red Cross Hospital
and one affiliate hospital (NTT Medical Center Tokyo). To consider only pure

protruded lesions in this study, all non-polypoid lesions including laterally spreading



tumors and all O-Ip (in the Paris classification) lesions were excluded from this study.
Diagnostic colonoscopy with image-enhanced endoscopy was used to identify
indications for ESD in all cases. Among the protruded lesions, if a tumor was
accompanied by an obvious expanded change with white light imaging or deep
depressed surfaces, or if it was clearly Vi high or VN irregular with magnifying
endoscopy, it was diagnosed as submucosal (SM) invasive carcinoma (T1b;
submucosal infiltration depth >1000 uym) and was not an indication for ESD [13].
Moreover, inflammatory elevated lesions (e.g., mucosal prolapse syndrome), post-
endoscopic treatment recurrent elevated lesions, subepithelial lesions, and other
cases of interrupted endoscopic treatment, such as endoscopic mucosal resection
(EMR), were not considered pure LPLs and were also excluded from the present

study.

All ESDs were planned according to Japanese guidelines for ESD and EMR of
colorectal cancer [14]. Antithrombotic and anticoagulant agents were stopped before

the procedure in accordance with current guidelines [15].
[Heading 2]ESD procedure

Colorectal ESD was performed using a single-channel endoscope (PCF-Q260JI,
GIF-Q260J, or GIF-H290T; Olympus, Tokyo, Japan) with carbon dioxide insufflation.
Intravenous sedation was performed using a combination of midazolam or
flunitrazepam and pethidine according to the judgment of each endoscopist. All
procedures were performed by or under the supervision of experienced endoscopists
who had previously performed > 100 colorectal ESD procedures. After injecting
undiluted 0.4% sodium hyaluronate (MucoUp, Boston Scientific, Tokyo, Japan;

KSmart, Olympus, Tokyo, Japan) and indigo carmine with diluted epinephrine, the



procedures were primarily performed using one or two ESD knives. A Dual knife (KD-
650L; Olympus, Tokyo, Japan) and a Tech Knife (Micro-Tech, Nanjing, China) were
mainly used for mucosal incision and submucosal dissection. In addition, the IT knife
nano (KD-612; Olympus, Tokyo, Japan) was also used for submucosal dissection,
especially for making a submucosal tunnel. We used an Erbe electrosurgical unit

(VIO300D or VIOS3 [Erbe, Tubingen, Germany]).

Regarding conventional ESD, we use gravity-focused strategies without device
assistance. The ESD strategy for standard lesions was as follows. Initially, a mucosal
flap was created from the distal side using mainly cutting waves of sufficient size to
allow the scope to dive behind the lesion (VIO300D and VIO3: EndoCut I, effect 2,
duration 2, interval 2). A sufficient endpoint was then created to the lesion. Next, the
direction of fluid collection was taken as the direction of gravity, and incisional
dissection was performed on that side. The submucosal layer on the gravitational
side was then thoroughly dissected by entering behind the mucosal flap again.
Finally, the procedure was completed with the remaining gravitational contralateral
mucosal incision and dissection of the remaining submucosa. Endoscopic
hemostasis was achieved with the tip of the knife in coagulation mode (VIO300D:
forcedCOAG 45 W, VIO3: forced or sprayCOAG 3.5). When hemostasis could not be

achieved with the knife alone, hemostatic forceps were used.

Since 2018, the DTM has been used mainly to treat LPL. The strategy is to penetrate
two tunnels on both sides of the fibrotic tissue, and finally resect the fibrotic and MRS
areas (DTM), especially when wide and severe fibrosis or MRS is observed in the

center of a lesion [11,16] (Video) (Fig. 1).

[Heading 2]Data analysis and evaluations



In the present study, the primary outcome was the en bloc resection rate. Treatment
outcomes including size, location, procedure time, dissection speed, physician
experience, submucosal fibrosis (including the presence of MRS, curative resection
rate, post-procedure bleeding, and intraoperative/delayed perforation), as well as

post-ESD coagulation syndrome (PECS) were evaluated.

In addition, a subanalysis was performed in this study. We evaluated the difficulty in
treating LPLs = 2 cm from the point of slower dissection speed (DS) with multivariate
analysis. DS was calculated by dividing the area of the resected specimen by the
procedure time (cm?/min). We considered the area of the resected specimen to be
oval shaped. Thus, the area was calculated as follows: 3.14 x.25 x long axis x minor
axis. In the present study, DS < 0.15 cm?min was defined as a lower DS group
because the mean DS was 0.25 cm?#min and the 25th percentile (the first percentile)

was 0.157 cm?/min.
[Heading 2]Histopathological assessment

En bloc resection was defined as a tumor that was removed whole in a single piece.
Patients were defined as having undergone “curative resection” when all the
following criteria based on the Japanese Classification for Cancer of the Colon and
Rectum were met: lateral and vertical margins were free of tumor, well/moderately
differentiated or papillary carcinoma, no vascular invasion, submucosal invasion
depth < 1000 mm, and grade 1 budding [14].

[Heading 2]Definitions

Delayed bleeding was defined as presentation of bloody stools within 14 days after
ESD, followed by emergency colonoscopy. Intraoperative perforation was defined as
occurrence of an immediately recognizable hole in the bowel wall. Delayed

perforation was defined as perforation of the colon that occurred after the scope had



been withdrawn following completion of ESD in which intraprocedural perforation did
not occur [15]. PECS was defined as presence of pain and fever caused by
inflammation of the peritoneum, which occasionally occurs after electrocoagulation,
even when there is no subsequent perforation [17]. MRS was defined as the
appearance of the muscle layer under a colorectal tumor being drawn by the tumor
to form a triangular shape during ESD [8]. Severe fibrosis was defined as the
appearance of a whitish submucosa or a white muscle-like structure without a blue
transparent layer in the submucosal layer [4]. In this study, all lesions with MRS were
judged as cases with fibrosis. Interruption of ESD was defined as cessation of
submucosal dissection, which resulted in termination of the procedure without tumor

removal.
[Heading 2]Statistical analysis

For statistical analyses, we used the Chi-squared test, Fisher’s exact test, Student’s
t-test, and Mann—Whitney U test. Factors identified as being significant on univariate
analysis (P < 0.10) were entered into the multivariate logistic regression analysis
model. The odds ratio and 95% confidence interval (Cl) were calculated for each
variable. All analyses were performed using SPSS 23 for Windows. P < 0.05 was

considered to denote statistical significance.

[Heading 2]Ethics

The study was conducted in accordance with the principles of the Declaration of
Helsinki. Informed consent was obtained from all patients before the procedures.

The Institutional Review Board at our hospital approved this study (no. 23-19[].

[Heading 1]Results

[Heading 2]Patient and lesion characteristics



Of 5011 colorectal ESD procedures performed in our centers, a total of 526 patients
(542 lesions) underwent ESD for treatment of LPLs = 2 cm (Table 1). The mean
patient age was 65.6 = 13.3 years and 285 of 526 (54.2%) were male. According to
the Paris classification, 433 (79.9%) were 0O-Is lesions, 106 (19.6%) were O-Is+lla

lesions, and three (0.6%) were 0-Is+lIc lesions.
[Heading 2]Outcomes

Median lesion size was 27.0 mm (range, 20-115) (Table 1). The median procedure
time was 33.5 minutes (range, 3-390) and the median DS (cm?min) was 0.25
(range, 0.018-1.18). Of the total ESDs performed by experienced physicians in
48.9% of cases, 12 cases (2.2%) required ESD interruption. Intraoperative
submucosal fibrosis was relatively common, occurring in 129 lesions (21.8%), and
MRS was present in 49 cases (9.0%). Fig. 2 shows incidence rates for fibrosis and
MRS positivity at 1-cm intervals. In particular, the MRS incidence rate was found to
be 20% higher when the size exceeded 4 cm. Among them, ESD was mostly
performed using conventional methods, but the tunnel method was applied to 41
lesions (7.6%) (single tunnel; 25 lesions/double tunnel; 16 lesions). En bloc and
curative resection rates were 97.8% and 78.6%, respectively. Fig. 3 shows the
percentage of histopathologic depth for each 1 cm of tumor size. When the tumor
size reached 6 to 7 cm, the occurrence of T1b or deeper carcinomas was as high as
20%; however, even at 2 cm, 9.7% of T1b or deeper carcinomas still occurred.
Regarding adverse events, delayed bleeding occurred in 12 lesions (2.2%).
Intraoperative perforation and delayed perforation occurred in 15 cases (2.8%) and
one case (0.2%), respectively, and in one case of delayed perforation, emergency

surgery was required. PECS occurred in seven lesions (1.3%).

[Heading 2]Risk factor analysis of slow resection speed for LPL > 2 cm



Regarding the difficulty in performing colorectal ESD for LPLs = 2 cm according to
the lower DS of < 0.15 cm?min, multivariate logistic regression analysis revealed
that larger size (=4 cm), presence of submucosal fibrosis, MRS, and procedure
performance by non-experienced physicians (< 100 colorectal ESD procedures

performed) decreased procedure speed (Table 2).

[Heading 1]Discussion

It is very crucial for endoscopists to understand the reality of colorectal ESD for LPLs
because of the high degree of treatment difficulty, which sometimes results in
interruptions. This study demonstrated that fibrosis and MRS appeared in more than

25% and 15% of LPLs = 4 cm, respectively, and that treatment difficulty increased.

Colorectal ESD has evolved not only through development of endoscopic equipment,
but also through various strategies such as traction methods, the PCM, and the
tunnel method to achieve high en bloc resection rates [18-20]. Challenges in
performing colorectal ESD can be categorized into endoscopic operability (due to
respiratory movement and difficulties in approaching lesions) and lesion-related
factors (location, macroscopic type, tumor size, and fibrosis) [5,6,9]. Among
macroscopic types, it is believed that protruded type tumors are more challenging,
considering the frequency of fibrosis and the risk of MRS occurrence. In this study,
ESD for LPLs = 2 cm achieved a high en bloc resection rate of 97.8%, but treatment
interruptions were observed in 12 cases (2.2%). Research focusing on protruded
tumors has been limited, and the main purpose of this study was to clarify which
characteristics of protruded lesions require special attention. Among LPLs, there are
also pedunculated polyps (0-1p in the Paris classification), but they were excluded

from this study due to differences in treatment strategies [21]. In addition, other



dominant-type macroscopic lesions such as 0-lla+ls (laterally spreading tumor -
granular - mixed type) were all excluded. Preoperative diagnosis of MRS enables
establishment of an easier treatment strategy. This study revealed that when the
tumor size reaches approximately 3 to 4 cm, MRS occurs in 11% to 18% of cases.
Furthermore, Fukuchi et al. reported a moderate correlation between tumor size and
MRS positivity, with a sensitivity of 79.4% and specificity of 65.2% when using a size
cutoff of 27 mm [7]. While preoperative endoscopic ultrasound was associated with a
sensitivity and specificity for MRS positivity in protruding lesions of 87.5% and
83.3%, respectively, the total number of cases was limited to 20, thus warranting
further verification [12]. MRS is considered to be caused by severe fibrosis
associated with mechanical forces and the desmoplastic reaction to cancer invasion
[8]. Although MRS tends to appear more frequently as tumor size increases (Fig. 2),
it is noteworthy that MRS was observed in 5% of cases even with a size < 2 cm. Of
these 14 cases, 11 (78.6%) were T1b (submucosal infiltration depth > 1000 um) or
deeper carcinomas, which may have been partly due to tumor invasion and the
desmoplastic reaction. In addition, half of these cases were in highly movable sites
with mesentery (five in the sigmoid colon and two in the transverse colon), and the
tumors themselves were affected by peristalsis, resulting in traction in the muscularis

propria.

In a study of treatment difficulty factors evaluated from the DS of LPLs, tumor size >
4 cm, MRS, fibrosis, and a non-experienced physician (colorectal ESD experience <
100 cases) were each identified as independent factors. MRS and fibrosis are
intraoperative findings, but tumor size can be assumed preoperatively. Therefore, it

would be advisable to have an experienced physician perform the procedure in



cases where a tumor measures = 4 cm. Furthermore, the tunnel method may be
useful. Because a certain tumor size is necessary to create a tunnel entry, the
usefulness of the DTM is likely to increase in tumors large than 3to 4 cm. The
presence of severe fibrosis or MRS can only be determined once it is within the
submucosal layer. For this reason, we believe that the DTM is useful in all cases of
LPLs larger than 3 to 4 cm, with tunnels created on both sides when MRS or
advanced fibrosis is detected. If no MRS or advanced fibrosis is observed, ESD will
be completed using the single tunnel method. This study was retrospective and
conducted after 2018, and the aim was to verify whether the tunneling method was
useful for LPLs in randomized controlled trials (RCTs) with a larger number of
patients. In this study, the tunnel method was performed in 41 lesions (7.6%). Of
these, the single tunnel method was performed in 25 lesions (61%) and the DTM in

16 lesions (39%).

The single tunnel technique is sometimes compared with the PCM in its strategy
similarity; both can stabilize scope maneuverability by entering behind the mucosal
flap. PCM is a strategy that creates a wide entry over time, followed by a peripheral
incision and endpoint, whereas the tunnel method creates a tunnel the width of one
scope and proceeds with dissection in a straight line. Therefore, creating a single
tunnel is relatively easy with experience, and multiple tunnels can be formed.
Sometimes, however, it is not possible to clearly distinguish between the two

procedures.

The overall curative resection rate of ESD for LPLs in this study was 78.6% (Fig. 3).

In addition, accurate preoperative diagnosis of LPL is difficult. Although it is important



to determine whether the muscularis mucosae is involved, it is difficult to predict the
invasive area based on the pit pattern and other surface structures alone in tumors
with a high elevation type. ESD for diagnostic evaluation is considered acceptable to
avoid unnecessary surgery, if white light is used to visualize tumors with expanded
changes and deep depressions, and a comprehensive evaluation is conducted of the
site (e.g., rectal lesions) and the patient’s background (age and underlying disease).
On the other hand, it is not easy to determine whether intraoperative severe fibrosis
Is due to cancer or to MRS as a mechanical and benign change. If the fibrosis is due
to cancer, interruption is acceptable because SM invasive cancer is suspected first,
but if the fibrosis is benign, the patient is expected to continue treatment despite the
difficulty. Considering that 6.4% to 9.7% of LPLs < 3 cm were T1b (submucosal
infiltration depth > 1000 um) or deeper carcinomas, it is desirable to try en bloc
resection with ESD for LPLs of this size, even if they have advanced fibrosis or MRS.
However, at present, the issue of difficulty in preoperative diagnosis has not been
resolved, and when treatment is initiated, it should ideally be performed safely and
on pathologically diagnosable specimens using various strategies, including the

tunnel method.

There are some limitations to this study. First, this retrospective study may have an
institutional selection bias. All cases were treated in a high-volume center with some
experienced endoscopists. This fact may have led to an overestimate of the
outcomes and the feasibility of the technique with the tunnel method. Second, there
may have been cases in which endoscopic curative resection was obtained
pathologically, even though preoperative endoscopic examination determined that

ESD was not indicated and surgery was performed. Considering the relatively small



number of cases of tumors measuring > 6 cm in this study, it is possible that surgery
was chosen because many tumors > 6 cm fill the lumen, making accurate
preoperative diagnosis difficult and assurance of technical safety impossible
(detailed data not available). Future studies including surgical cases are needed to

provide more accurate information about pathologic trends in LPLs.

[Heading 1]Conclusions

In conclusion, understanding the challenges in treating LPLs through colorectal ESD
is essential because of procedure difficulty and the potential for treatment
interruptions. This novel study summarizes the substantial number of pure LPLs > 2
cm, excluding other macroscopic types such as lateral spreading tumors, and
underscores the increased treatment difficulty in cases of LPL = 4 cm with fibrosis
and MRS. For tumors = 4 cm, experienced endoscopists are recommended.

However, further research, including RCTSs, is needed to validate these findings.
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Table 1 Patient characteristics and outcomes.

Lesions/patients, n
Sex, male, n (%)
Age, mean, years
Location, n (%)
Cecum
Ascending
Transverse
Descending
Sigmoid

Rectum
Morphology in Paris classification, n (%)
O-Is

O-Is+lla/ O-Is+lic

Lesion size, median (range), mm
Procedure time, median (range), min
Dissection speed, median (range), cm?min
Experienced physician, n (%)

Interruption, n (%)

Submucosal fibrosis, n (%)
Muscle-retracting sign, n (%)

Use of tunnel method (single: double), n (%)
En bloc resection, n (%)

Curative resection, n (%)

Depth, n (%)

Adenoma (low grade)

Tis

Tla

542/526
285 (54.2)
65.6+13.3

59 (10.9)
111(20.5)
42 (7.7)
25 (4.6)
104 (19.2)
201 (37.1)

433 (79.9)

106 (19.6)/ 3
(0.6)

27 (20-115)
33.5 (3-390)
0.25 (0.018-1.18)
265 (48.9)

12 (2.2)

129 (21.8)

49 (9.0)

41 (26: 15) (7.6)
530 (97.8)

426 (78.6)

63 (11.9)
364 (68.7)
24 (4.5)



T1b or deeper
Adverse events

Delayed bleeding

Intra perforation

Delayed perforation

Post-ESD coagulation syndrome
Emergency surgery

79 (14.9)
35 (6.5)
12 (2.2)
15 (2.8)
1(0.2)

7 (1.3)
1(0.2)

ESD, endoscopic submucosal dissection



Table 2 Difficulty factors for large protruded lesions.

Univariate, P Multivariate, P
odds ratio value odds ratio value
(95% ClI) (95% ClI)
Lesion size=4 cm 1.779 0.045 2.662 0.005
(1.014 -3.123) (1.349 - 5.254)
Location*
Rectum 1
Left colon 0.670 0.148
(0.390 - 1.153)
Right colon 0.708 0.155
(0.439 - 1.140)
Mixed type 1.551 0.12
(0.892 - 2.698)
Muscle-retracting 6.237 <0.001 4.581 0.001
sign (3.188 - 12.201) (1.901 -
10.942)
Fibrosis 3.53 < 0.001 3.930 < 0.001
(2.255 - 5.528) (2.133 - 7.238)
Non-experienced 2.455 <0.001 3.945 < 0.001

physician**

(1.591 - 3.788)

(2.340 - 6.652)

*The right colon refers to the transverse colon-cecum, and the left colon to the
sigmoid colon-descending colon.
** Non-experienced endoscopists: These physicians had previously performed less
than 100 colorectal endoscopic submucosal dissection (ESD) procedures.



Figure legends

Fig. 1 Strategy for double tunnel method. 1) First, create a U-shaped entry of the
tunnel from the distal side. 2) A mucosal flap is created and the submucosa within
the tunnel is dissected. 3) If severe fibrosis is observed in the center of the lesion,
one tunnel is penetrated on each side of the fibrotic area. 4) Enlarge the tunnel to
expose the fibrosis. (5) Air insufflation stretches the fibrotic area and makes it easier
to identify the line of dissection. (6) Once the fibrotic area has been removed, the
remaining sides are resected, and the procedure is completed.

Fig. 2 Incidence rates for fibrosis/muscle-retracting sign positivity and interrupted
cases at 1-cm intervals.

Fig. 3 Percentage of histopathologic depth at each tumor size of 1 cm.



NOTE TO PRODUCTION: Video text was copyedited

The lesion was located in the rectum and its size was 60 mm.
From the distal side, the tunnel entry was made.
To create a tunnel quickly, an IT knife nano is useful.

The end point of the tunnel was made in the retroflex view.

a bk w0 N

The first tunnel was completed on the right side of the muscle retracting
sign (MRS).

Next, the second tunnel was created on the left side of the MRS.

o

7. After creating the tunnel end point in the retroflex view, the tunnel was
completed from the forward view.

8. Air insufflation clarified the dissection line just above the muscle layer.

9. The MRS area was carefully peeled off so that the two tunnels were
connected.

10.0One large tunnel was created.

11. The remaining areas on both sides were resected, considering the force
of gravity.

12.ESD with the double tunnel method was completed.
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