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Background and aims: The standard treatment for stage T1b colorectal cancers with
1,000µm or greater submucosal invasion is surgical resection. However, the risk of lymph
node metastases is only 1-2% when excluding risk factors for metastases other than
depth of submucosal invasion. The number of elderly patients with significant
comorbidities is increasing with societal aging in Japan. Therefore, local endoscopic
resection of T1b colorectal cancers needs more consideration in the future. We previously
showed that the pocket-creation method (PCM) for endoscopic submucosal dissection
(ESD) is useful regardless of the morphology, including large sessile tumors with
submucosal fibrosis, or location of the colorectal tumor. However, some T1b colorectal
cancers have pathologically positive margins even when using the PCM. We
retrospectively investigated the causes of failure to achieve negative vertical margins.

Methods: We retrospectively analyzed 953 colorectal tumors in 886 patients resected
with the PCM. Finally, 65 pathological T1b colorectal cancers after en bloc resection were
included in this study. ESD specimens and recorded procedure videos of T1b cancer
resections with pathologically positive vertical margins were reviewed.

Results: The 65 cancers were divided into positive vertical margin (VM+ group) and
negative vertical margin (VM- group) groups with 10 [10/65 (15%)] and 55 [55/65 (85%)]
patients in each group, respectively. There was a significant difference in the rate of
submucosal fibrosis (P=0.012) and dissection speed (P=0.044). There were no significant
differences between the two groups in other regards. When verifying 8/10 available videos
in the VM+ group, endoscopic technical factors led to positive vertical margins in five
patients, and essential pathological factors of ESD led to positive vertical margins in the
other three. Six of these eight patients underwent additional surgical resection. No residual
tumor was identified in six T1b cancers. None of these six resected specimens contained
lymph node metastases on pathological examination.
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Conclusion: The PCM resulted in a high rate of negative-vertical-margin resections. The
PCM resulted in complete resection of T1b cancers when examining additional surgical
specimens. ESD using the PCM is a viable option for the endoscopic treatment of T1b
colorectal cancers.
Keywords: pocket-creation method, endoscopic submucosal dissection, ESD, colon, rectum
INTRODUCTION

The standard treatment for stage T1b colorectal cancers with
1,000µm or greater submucosal invasion is surgical resection
because the risk of lymph node metastases is 12.5% according to
the Japanese guideline (1). However, the risk of lymph node
metastases is only 1-2% when excluding other risk factors for
metastatic disease such as lympho-vascular invasion, budding,
and poorly differentiated cancer (2, 3). Other reports described
that the risk of lymph node metastases is approximately 0.8-1.3%
excluding other risk factors when the pathologist determined the
tumor grade based on the most unfavorable area, even if it was a
small region (4, 5). Therefore, expanded indications for
endoscopic treatment have been discussed (2, 6, 7). Together
with the increase in the number of elderly patients with
comorbidities, local resection with/without chemoradiation is
considered an alternative to surgical resection including lymph
node resection for stage T1b rectal cancers in clinical trials
(JCOG1612). Endoscopic local resection of stage T1b colorectal
cancers will be required more frequently in the future. As a
requisite for endoscopic local resections, pathologically negative
vertical margins should be achieved in endoscopically
resected specimens.

The pocket-creation method (PCM) was developed as a
technique for colorectal endoscopic submucosal dissection
(ESD) (8). We have shown that the PCM is useful regardless of
the morphology, including large sessile tumors with submucosal
rsin.org 2
fibrosis, or location of the colorectal tumor and is also more
effective than conventional colorectal ESD (9–11). Although
large colorectal sessile tumors commonly have severe
submucosal fibrosis, we showed that the PCM facilitates ESD
of tumors with a higher rate of negative vertical margins (12, 13).
This is because the submucosa is dissected just above the
muscularis, since the small-caliber-tip transparent hood (ST
hood, Fujifilm, Tokyo, Japan) stretches the submucosal tissue
allowing one to visually identify the surface of the muscularis
during the PCM of ESD. Although the PCM is the most suitable
way to perform endoscopic local resection of stage T1b cancers,
there have been some T1b colorectal cancers with pathologically
positive vertical margins even using the PCM. Therefore, we
retrospectively investigated the causes of failure to achieve
negative vertical margins.
MATERIALS AND METHODS

Study Design and Participants
This is a single-center retrospective study. All data was extracted
from the ESD database of Jichi Medical University, reflecting
patients cared for between July 2013 and March 2021 (Figure 1).
A total of 1,054 tumors in 980 patients were resected during this
period. The PCM was used for the resection of 953 tumors in 886
patients. Of these, 733 mucosal lesions, 75 T1a cancers with
submucosal invasion shallower than 1,000µm,49 neuroendocrine
FIGURE 1 | Flow chart for the inclusion of lesions in this study.
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tumors, four non-neoplastic lesions, one tumor failing retrieval,
and one leiomyoma originating from the muscularis were
excluded. Three tumors with failure of en bloc resection and 20
tumors with discontinuation of ESD were excluded. The purpose
of this study was to assess the utility of ESD with the PCM for
pathologically diagnosed deep submucosal invasive cancers by
analyzing their vertical margins. Therefore, we excluded patients
who had a piecemeal resection or for whom ESD was
discontinued because reliable pathologic evaluation was
impossible. Two tumors with T2 and T3 were excluded
because this study is focused on the technical aspects of the
PCM for T1b cancers. Finally, 65 pathological stage T1b
colorectal cancers obtained by en bloc resection were analyzed
in this study. Written informed consent for undergoing ESD was
obtained from all patients. Informed consent for inclusion in this
study was not required because it is limited to a retrospective,
anonymous data analysis. This study complied with the
Declaration of Helsinki and the current code of ethics and was
approved by the Ethics Committee of Jichi Medical University
(No. 20-103).

Data Collection
Gender, age, tumor location, tumor morphology, endoscopic
depth prediction, resected tumor diameter, specimen diameter,
dissection time, dissection speed, degree of submucosal fibrosis,
histopathology, lympho-vascular invasion, evaluation of
horizontal and vertical margins (negative or positive), and
occurrence of complications (perforation, delayed bleeding)
were extracted from the ESD database. Tumor locations were
classified as in the colon or rectum. The colon was defined from
the cecum to the rectosigmoid segment. Dissection time was
defined as the time from the mucosal incision to the end of the
resection. Dissection speed was defined as specimen area/
dissection time (mm2/min) (14). Submucosal fibrosis was
classified as F0, F1, or F2 according to previous studies (15).
Perforation was defined as a defect in the muscularis propria and
serosa that allowed flow between the inside and outside of the
intestinal lumen. Delayed bleeding was defined as overt bleeding
within 14 days after ESD requiring endoscopic hemostasis or
causing hemoglobin to drop >2g/dl. Post-ESD electrocoagulation
syndrome was defined as localized abdominal tenderness and
fever (≥37.6 °C) or an inflammatory reaction [leukocytosis
(≥10,000 cells/mL) or increased CRP (≥0.5)] without definitive
evidence of perforation, which occurred 6 h or later after
colorectal ESD according to criteria from a previous study
(16). When patients underwent additional surgical resection,
the histopathology of the resected specimen was also recorded.

Clinical Indications for ESD
Prediction of depth of invasion before ESD is performed by
magnification and/or image-enhanced endoscopy and/or
endoscopic ultrasound using miniature probe. The indications
for colorectal ESD included the following criteria as described in
our previous report (11): (1) magnifying and/or image-enhanced
endoscopy did not suggest deep submucosal invasion of 1000 µm
and (2) lesions difficult to resect with EMR in an en bloc fashion.
Difficulty related to lesion size, location, or shape is not an
Frontiers in Gastroenterology | www.frontiersin.org 3
exclusion criterion in our institution. In addition, after obtaining
careful informed consent from the patient, ESD even of lesions
with suspected 1000µm or deeper submucosal invasion may be
performed for relative indications and/or a total excisional biopsy.

Equipment and Devices Used for ESD
We used the following devices for ESD:

-Therapeutic endoscopes with a narrow diameter, an accessory
channel of 3.2mm in diameter, and a water jet channel (EG-
450RD5, EG-L580RD7, and EC-580RD/M; Fujifilm, Tokyo,
Japan),

-A small-caliber-tip transparent (ST) hood (DH-15GR, DH-
28GR, and DH-33GR; Fujifilm),

-Sodium hyaluronate 0.4% (MucoUp; Boston scientific Co.,
Tokyo, Japan) with 0.002-0.004% indigo carmine and
0.001% epinephrine as the submucosal injection solution,

- Needle-type knives such as the DualKnife (KD-650Q;
Olympus, Tokyo, Japan), DualKnife J (KD-655Q;
Olympus), Flushknife BT (DK2618JB-15-; Fujifilm), or
Flushknife BT-S (DK2620J-B15S-; Fujifilm),

-Hot hemostatic forceps (HOYA Corporation, Tokyo, Japan) to
control intraprocedural bleeding,

-VIO-300D (ERBE Elektromedizin GmbH, Tuebingen,
Germany) with Endocut I (effect 1, duration 4, Interval 1)
for mucosal incision, Swift coagulation (effect 4, 25-30W) for
submucosal dissection, soft coagulation (effect 4, 80W) for
hemostasis as diathermy, and

-When endoscopic maneuvering was unstable, balloon-assisted
endoscopes (EN-450BI5 and EI-580BT; Fujifilm) with an
overtube (TS-13101, Fujifilm) were used (17).
The Pocket-Creation Method
First, a circumferential submucosal injection was performed
around the entire tumor. An initial mucosal incision
approximately 15 mm from the distal edge of the tumor was
made. The width of the incision should be less than 2cm. The
submucosal layer was dissected to create a submucosal pocket
under the tumor. In the pocket, both traction and
countertraction produced by the ST hood efficiently stretched
the submucosal tissue, which allowed identification of the surface
of the muscularis and dissection of the submucosa just above the
muscularis. After dissecting the submucosa below the tumor, the
pocket was opened in a step-by-step manner, with repetition of
the mucosal incision and subsequent submucosal dissection, up
to the proximal margin of the tumor. Finally, the upper
remaining area was opened to complete the ESD (Figure 2).

Analysis of Positive Vertical-Margin Stage
T1b Cancers
Specimens and recorded videos for ESD procedures of stage T1b
cancers with pathologically positive vertical margins were
reviewed by three physicians (T.M, H.F, Y.H), two board-
certified fellows and one board-certified trainer of the Japan
Gastroenterological Endoscopy Society, to classify the causes of
May 2022 | Volume 1 | Article 879615
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FIGURE 2 | Schematic illustration of the sequence for the pocket-creation method of endoscopic submucosal dissection (ESD). (A) A circu
(B) An initial mucosal incision approximately 15 mm from the distal edge of the tumor was made. The width of the incision should be less th
submucosal pocket under the tumor. (E) After dissecting the submucosa below the tumor, the pocket was opened in a step-by-step mann
dissection, up to the proximal margin of the tumor. (F, G) The upper remaining area was opened to complete the ESD.
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positive margins as either endoscopic technical factors or
essential pathological factors that do not depend on ESD skill.
Technical factors were defined as a shallow dissection level
leaving submucosa above the muscularis and/or an accidental
cauterization on the cancer. Essential pathological factors were
defined as the submucosa between the cancer and the muscularis
thinner than a knife-tip diameter (DualKnife; 0.65 mm,
Flushknife BT and BT-S; 0.90 mm).

Statistical Analysis
The Mann-Whitney U-test was used to analyze continuous or
ordinal variables for comparison between patient groups. The
chi-square test or Fisher’s exact test was used for categorical data.
In comparisons of submucosal fibrosis, P values were interpreted
after Bonferroni’s correction for multiple comparisons. A
significance level with a p-value of 0.05 or less was considered
significant. EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan) was used for all statistical
analyses (18).
RESULTS

Baseline Characteristics
Sixty-five patients with stage T1b colorectal cancers who
underwent en bloc resection using the PCM (Table 1) were
analyzed. Patients were divided into two groups, those whose
lesions had a positive vertical margin (VM+ group) and those
with a negative vertical margin (VM- group). The number of
Frontiers in Gastroenterology | www.frontiersin.org 5
patients in each group were 10 [10/65 (15%)] and 55 [55/65
(85%)], respectively. There were no significant differences
between the two groups with regard to patient characteristics
such as gender, age, tumor morphology, tumor location, and
endoscopic depth prediction.

Therapeutic Outcomes
There was a significant difference between the two groups
regarding submucosal fibrosis graded F0 and F2 determined
using Fisher’s exact test with Bonferroni’s correction (p=0.012).
The dissection speed was 12.4 and 16.8 mm2/min in the VM- and
VM+ groups, respectively, and there was a significant difference
between the two groups (P=0.044). However, there were no
significant differences between the two groups in resected tumor
diameter, specimen diameter, dissection time, histopathologic
type, lymphatic invasion, venous invasion, or incidence of
complications (Table 1).

Analysis of Vertical-Margin-Positive
Resections
ESD procedure videos for lesions in the VM+ group were
reviewed to identify the causes of positive vertical margins
(Table 2). Two of 10 patients did not have videos available
and the remaining ten ESD videos were reviewed. Review
showed that technical factors associated with the endoscopist
resulted in positive vertical margins in five patients (Figure 3). It
was judged that essential pathological factors resulted in positive
vertical margins in the other three patients (Figure 4). In
addition, 6/8 patients underwent additional surgical resection.
TABLE 1 | Clinical characteristics of patients and treatment results for pathological stage T1b cancers.

VM+(n=10) VM-(n=55) P value

Gender (male) 5 (50%) 30 (55%) 1
Age, y/o (range) 68.5(56-83) 68.0 (43-89) 0.434
Location
Colon/Rectum 7 (70%)/3 (30%) 27 (49%)/28 (51%) 0.309
Tumor morphology
Ip/Is/IIa 0/5/5 1/32/22 0.772
Clinical diagnosis
cTis-cT1a/cT1b 7 (70%)/3(30%) 49 (89%)/6(11%) 0.135
Resected tumor diameter (mm) 23.0 (11.0-40.0) 26.0 (12.0-78.0) 0.291
Specimen diameter (mm) 37.5 (17.0-51.0) 40.0 (22.0-95.0) 0.295
Dissection time (min) 65.5 (31-152) 63.0 (21-248) 0.682
Dissection speed (mm2/min) 12.4 (4.3-26.6) 16.8 (7.1-53.6) 0.044
Submucosal fibrosis
F0 0 (0%) 20 (36%)
F1 4 (40%) 23 (42%) 0.012*
F2 6 (60%) 12 (22%)
Pathological findings
Histopathology (tub1/tub2/pap/muc) 6 (60%)/3 (30%)/0/1 (10%) 37 (67%)/16 (29%)/2 (4%)/0 0.263
Horizontal margin positive 1 (10%) 3 (6%) 0.496
Lymphatic vessel invasion 3 (30%) 20 (36%) 1
Venous invasion 5 (50%) 17 (31%) 0.287
Complication
Perforation 0 1 (2%) 1
Delayed bleeding 0 2 (4%) 1
Post-ESD electrocoagulation syndrome 0 1(2%) 1
May 2022 | Volume 1 | Article
VM+, positive vertical margin; VM-, negative vertical margin; tub1, well-differentiated tubular adenocarcinoma; tub2, moderate-differentiated tubular adenocarcinoma; pap, papillary
adenocarcinoma; muc, mucinous adenocarcinoma.
*Significant difference between F0 and F2 after Bonferroni’s correction.
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Pathologic evaluation of the resected specimens did not show
any lymph node metastases in all six patients.
DISCUSSION

Patients with colorectal T1b cancers have a risk for developing
lymph node metastases. As an indication in the guidelines,
additional surgery should be performed even if an endoscopic R0
resection was successful. However, rates of developing lymph node
metastases differ among T1b cancers depending on the presence of
risk factors for metastases. In addition, the level of tolerance for
additional surgery may vary according to the patient’s age,
comorbidities, and site of lesions. Therefore, it is acceptable to
choose between endoscopic treatment as a relative indication for
ESD or additional surgery for T1b cancers, depending on reliability
Frontiers in Gastroenterology | www.frontiersin.org 6
of the assessment of risk factors for metastases based on an accurate
pathological diagnosis and individual risk tolerance. The PCM
under visual dissection facilitates a reliable R0 resection. The
PCM allows for resection with no residual lesions and a highly
reliable estimation of the risk of developing metastases through
accurate pathological evaluation.

The PCM for ESD facilitates a high rate of negative vertical
margins in the resected specimens (85%) despite being used to
resect stage T1b colorectal cancers. Severe submucosal fibrosis
(F2) was significant among lesions in the VM+ group (P=0.012).
The dissection speed was significantly slower in the VM+ group
(P=0.044). Extremely thin submucosa with severe fibrosis under
the lesion would lead to cauterization of the vertical edge of the
cancer during ESD, which would result in a positive vertical
margin. Furthermore, the dissection speed was also reduced
because careful manipulation was required to dissect the
FIGURE 3 | An example of endoscopic submucosal dissection (ESD) factors identified as “endoscopist’s technical factors” in patient 2 (Table 2). The ESD knife
incidentally cauterized the cancer because the submucosa was not stretched using the ST-hood tip.
TABLE 2 | Characteristics of vertical-margin-positive cases.

Patient Gender Age Location Morphology Submucosal
fibrosis

Pathology SM invasion
distance (mm)

Budding Ly V Surgical
pathology

Lymph
node

metastasis

Video
validation

1 F 61 A Is F2 tub2 >3000 X 1 1 No
remains

None Essential pathological
factors

2 M 64 A IIa F1 tub1 >1000 X 0 1 No
remains

None Technical factors

3 M 78 Rb IIa F2 tub1 >4000 X 0 1 – – –

4 F 70 S IIa F2 tub1 >1000 X 0 1 No
remains

None Technical factors

5 M 67 RS IIa F2 tub2 >2000 X 0 0 No
remains

None –

6 F 56 S Is F1 tub1 >4000 2 1 0 No
remains

None Technical factors

7 M 80 T IIa F1 tub2 >2500 2 1 1 – – Technical factors
8 M 83 Rb Is F1 tub1 >7000 X 0 0 – – Technical factors
9 F 66 S Is F2 muc >8600 1 0 0 No

remains
None Essential pathological

factors
10 F 75 A Is F2 tub1 >6000 1 0 0 No

remains
None Essential pathological

factors
M
ay 2022 | Volu
A, ascending colon; T, transverse colon; S, sigmoid colon; RS, rectosigmoid; Ra, upper rectum; Rb, lower rectum.
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submucosal layer which was narrowed by severe fibrosis. Similar
to the results of the present study, previous reports have shown
that dissection speed is reduced for ESD of colorectal lesions with
severe fibrosis (19, 20). However, when examining surgical
specimens, no residual tumor nor lymph node metastasis were
detected pathologically for all stage T1b cancer cases required
additional surgery. Therefore, this study suggests that even stage
T1b cancers can be completely resected with the PCM for ESD.
The en bloc resection rate of colorectal ESD was reportedly 94.5%
in a Japanese multicenter study (21). Asayama et al., reported in a
study from a single Japanese center that the en bloc resection rate
and R0 resection rate of ESD for stage T1 cancers are 100% (37/
37) and 91.9% (34/37), respectively. All three stage T1 cancers in
that study without R0 resection had deep submucosal invasion.
Two of them had severe submucosal fibrosis. The other one
contained poorly differentiated cancer at the front of the invasion
(22). Watanabe et al. reported that there was no difference in en
bloc resection rate between stage T1a and T1b cancers (98.7 vs.
100%). However, they showed the R0 resection rate was
significantly higher in stage T1a cancers than stage T1b
cancers (97.4 vs. 64.7%). Their rate of positive vertical margins
was significantly lower for stage T1a cancers than T1b cancers
(0% vs. 35.3%) (23). Although the present study shows that
cancers in the VM+ group had a significantly higher rate of
severe fibrosis than those in the VM- group (P=0.012) as in
previous reports, the rate of pathologically positive vertical
margins with stage pT1b cancers (15% [10/65]) was lower than
in the previous reports. This result suggests that the PCM is a
viable option for ESD of stage T1b colorectal cancer. The reasons
why the PCM achieves a high rate of negative vertical margins
even in the resection of stage T1b cancers is that this technique
keeps the submucosa thick because of a minimal mucosal
incision and stretching of the thin and/or fibrotic submucosal
tissue using the ST hood. The PCM can prevent leakage of
submucosally injected solution because the mucosal incision is
minimal, which keeps the submucosa thickened for a long time.
The long-lasting thick submucosa also allows the endoscopist to
easily identify the submucosa between the cancer and the
muscularis. Insertion of the conical-shaped ST hood into the
Frontiers in Gastroenterology | www.frontiersin.org 7
limited space of the submucosal pocket naturally produces both
traction and countertraction, stretching the submucosa. This
allows the stretched submucosa to be cut precisely with
identification of the deepest tip of an invading cancer under
direct vision (Figure 5). In general, when tightly stretching even
soft objects such as cloth or paper, they can be cut efficiently with
scissors without excessive physical energy. Similarly, the
stretched submucosa can be cut with minimal thermal energy,
which prevents the vertical margin from being damaged by
burning or scarring.

However, some stage T1b cancers cannot be resected with
negative vertical margins. Even if the ST hood stretches the thin
and/or fibrotic submucosa under the invading cancer, the
stretching will be limited. When the stretched submucosa is
thinner than the tip of the ESD knife used, it is inevitable to
cauterize the front of the cancer. To completely overcome this
problem, we must remove the cancer together with the inner
layer of circular muscle. The technique has been established
similar to anal endoscopic myotomy with an internal myotomy
in the rectum (24). Recently, Fukuda et al. reported complete
ESD of a stage T1b cecal cancer with muscle retraction after
clipping the retracted muscle with a reopenable clip to prevent
immediate perforation (25). However, both procedures can only
be performed by skilled endoscopists in limited situations.
Although Guillaumot, et al. reported the feasibility of
endoscopic full-thickness resection (26), there are still issues
that need to be resolved, such as the risk of perforation with the
development of peritonitis and intraperitoneal dissemination of
the tumor.

When focusing on depth prediction prior to ESD for
pathological T1b cancers, 56 (86%) and nine (14%) of them were
diagnosed as clinical stages Tis-T1a and T1b, respectively (Table 1).
Therefore, 86% of the pathological T1b cancers were understaged.
Meanwhile, 14% of the pathological stage T1b cancers were
intentionally treated with ESD using the PCM for a relative
indication. The PCM allowed 88% (49/56) of pathological T1b
cancers which were understaged as clinical stage Tis-T1a and 67%
(6/9) of correctly diagnosed T1b cancers to be resected with
pathologically negative vertical margins (P=0.135). We analyzed
FIGURE 4 | An example of endoscopic submucosal dissection (ESD) factors identified as the “essential pathological factors” in patient 10 (Table 2). Although the
submucosa was stretched by the ST-hood tip as much as possible, fibrotic submucosa between the cancer and the muscularis was still thinner than the tip of ESD
knife. Therefore, the cancer could not be resected without its incidental cauterization.
May 2022 | Volume 1 | Article 879615
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only pathological stage T1b cancers as research targets in this study.
Therefore, it can be said that these 65 results reflect characteristics of
relative-indications for ESD. This study indicates that ESD with the
PCM may be a useful therapeutic technique even for pathological
stage T1b cancers as a relative indication. However, in actual clinical
practice, the indications for ESD must be determined based on the
clinical diagnosis, including endoscopic prediction of pathological
depth.Wemay underestimate or overestimate cancer depth prior to
ESD in practice. Even if the cancer is limited to pathological stage
Tis-T1a, ESD may be technically challenging due to severe
submucosal fibrosis, etc. It is essential to determine a therapeutic
plan with an understanding of the limitations of preoperative
clinical diagnosis and the technical limitations of endoscopic
treatment. Therefore, the PCM is a useful technique for total
excisional biopsy and relative indications for ESD for cancers
suspected to have submucosal invasion because the PCM allows
us to dissect the submucosa under direct visualization of the vertical
margin despite their submucosal invasion depth.

This study suggests the following important considerations
for the endoscopic treatment of T1b colorectal cancers. First,
ESD of cancers accompanied by severe submucosal fibrosis
should be performed by expert endoscopists to avoid
pathologically positive vertical margins due to technical factors.
In this study, there were significantly more instances of severe
fibrosis in patients with positive vertical margins than in patients
with negative vertical margins. Second, even if the vertical
margin of a resected specimen is positive, the cancer might
have been completely removed by ESD when the submucosa was
divided under the cancer with visual identification of the front of
cancer invasion during ESD using the PCM. The PCM for ESD
also allows us to dissect the submucosa right above the
muscularis by direct visual identification.

While understanding the limitations of ESD, we must make
efforts to achieve negative vertical margins. Toward this goal, we
believe that the PCM is optimal because the deepest tip of a
cancer invading to the submucosa is identified under direct
vision in the pocket and dissection proceeds under the
tip precisely.

There are several limitations to this study. First, this is a
single-center retrospective study. Second, there is a relatively
Frontiers in Gastroenterology | www.frontiersin.org 8
small number of patients because colorectal ESD is formally
indicated only for up to stage T1a cancers in Japan. It is necessary
to continue to accumulate cases to validate these results. Third,
there could be significant selection bias in the present study. We
analyzed only pathological stage T1b cancers because this study
focused on the technical aspects of ESD with the PCM for
colorectal submucosal invasive cancers. Both piecemeal-
resection lesions for which pathological margins cannot be
assessed accurately and advanced cancers as revealed by
additional surgical resection were excluded from this study.
Fourth, long-term follow-up results are needed to evaluate the
appropriateness of non-surgical follow-up after ESD for stage
T1b lesions.

In conclusion, the PCM is a viable option for the endoscopic
treatment of stage T1b colorectal cancers.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Jichi Medical University (No.
20-103). Written informed consent for participation was not
required for this study in accordance with the national legislation
and the institutional requirements.

AUTHOR CONTRIBUTIONS

TM, YH, HF: conception and design, analysis and interpretation
of the data, drafting of the article. HI, TN, EI, MK, MO, TT, KS,
NF: analysis and interpretation of the data, critical revision of the
article for important intellectual content. AL: drafting of the
article, critical revision of the article for important intellectual
FIGURE 5 | The small-caliber-tip transparent hood inserted into the limited space of the submucosal pocket naturally produces both traction and countertraction to
stretch the submucosa. The stretched submucosa can be cut precisely with identification of the deepest tip of an invading cancer under direct vision.
May 2022 | Volume 1 | Article 879615

https://www.frontiersin.org/journals/gastroenterology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/gastroenterology#articles


Morikawa et al. PCM-ESD for T1b CRC
content. HY: conception and design, analysis and interpretation
of the data, drafting of the article, critical revision of the article
for important intellectual content. All authors reviewed and
approved the final manuscript and final responsibility for the
decision to submit for publication.
Frontiers in Gastroenterology | www.frontiersin.org 9
ACKNOWLEDGMENTS

The authors would like to thank all members of Department of
Medicine, Division of Gastroenterology, Jichi Medical University
for their continuous support.
REFERENCES

1. Hashiguchi Y, Muro K, Saito Y, Ito Y, Ajioka Y, Hamaguchi T, et al. Japanese
Society for Cancer of the Colon and Rectum (JSCCR) Guidelines 2019 for the
Treatment of Colorectal Cancer. Int J Clin Oncol (2020) 25:1–42. doi: 10.1007/
s10147-019-01485-z

2. Nakadoi K, Tanaka S, Kanao H, Terasaki M, Takata S, Oka S, et al.
Management of T1 Colorectal Carcinoma With Special Reference to
Criteria for Curative Endoscopic Resection. J Gastroenterol Hepatol (2012)
27:1057–62. doi: 10.1111/j.1440-1746.2011.07041.x

3. Yoshii S, Nojima M, Nosho K, Omori S, Kusumi T, Okuda H, et al. Factors
Associated With Risk for Colorectal Cancer Recurrence After Endoscopic
Resection of T1 Tumors. Clin Gastroenterol Hepatol (2014) 12:292–302.e3.
doi: 10.1016/j.cgh.2013.08.008

4. Ueno H, Mochizuki H, Hashiguchi Y, Shimazaki H, Aida S, Hase K, et al. Risk
Factors for an Adverse Outcome in Early Invasive Colorectal Carcinoma.
Gastroenterology (2004) 127:385–94. doi: 10.1053/j.gastro.2004.04.022

5. Ueno H, Hase K, Hashiguchi Y, Shimazaki H, Yoshii S, Kudo SE, et al. Novel
Risk Factors for Lymph Node Metastasis in Early Invasive Colorectal Cancer:
A Multi-Institution Pathology Review. J Gastroenterol (2014) 49:1314–23.
doi: 10.1007/s00535-013-0881-3

6. Oka S, Tanaka S, Nakadoi K, Kanao H, Chayama K. Risk Analysis of
Submucosal Invasive Rectal Carcinomas for Lymph Node Metastasis to
Expand Indication Criteria for Endoscopic Resection. Dig Endosc (2013) 25
Suppl 2:21–5. doi: 10.1111/den.12089

7. Saitoh Y, Inaba Y, Sasaki T, Sugiyama R, Sukegawa R, Fujiya M. Management
of Colorectal T1 Carcinoma Treated by Endoscopic Resection. Dig Endosc
(2016) 28:324–9. doi: 10.1111/den.12503

8. Hayashi Y, Sunada K, Takahashi H, Shinhata H, Lefor AT, Tanaka A, et al.
Pocket-Creation Method of Endoscopic Submucosal Dissection to Achieve
En Bloc Resection of Giant Colorectal Subpedunculated Neoplastic Lesions.
Endoscopy (2014) 46 Suppl 1 UCTN:E421–2. doi: 10.1055/s-0034-1377438

9. Kanamori A, Nakano M, Kondo M, Tanaka T, Abe K, Suzuki T, et al. Clinical
Effectiveness of the Pocket-Creation Method for Colorectal Endoscopic
Submucosal Dissection. Endosc Int Open (2017) 5:E1299–305. doi: 10.1055/
s-0043-118744

10. Sakamoto H, Hayashi Y, Miura Y, Shinozaki S, Takahashi H, Fukuda H, et al.
Pocket-Creation Method Facilitates Endoscopic Submucosal Dissection of
Colorectal Laterally Spreading Tumors, Non-Granular Type. Endosc Int Open
(2017) 5:E123–9. doi: 10.1055/s-0042-122778

11. Takezawa T, Hayashi Y, Shinozaki S, Sagara Y, Okada M, Kobayashi Y, et al.
The Pocket-Creation Method Facilitates Colonic Endoscopic Submucosal
Dissection (With Video). Gastrointest Endosc (2019) 89:1045–53.
doi: 10.1016/j.gie.2019.01.022

12. Yamashina T, Hayashi Y, Fukuda H, Okada M, Takezawa T, Kobayashi Y,
et al. The Pocket-Creation Method may Facilitate Endoscopic Submucosal
Dissection of Large Colorectal Sessile Tumors. Endosc Int Open (2020) 08:
E1021–30. doi: 10.1055/a-1190-7880

13. Yamashina T, Nemoto D, Hayashi Y, Fukuda H, Okada M, Takezawa T, et al.
Prospective Randomized Trial Comparing the Pocket-Creation Method and
Conventional Method of Colorectal Endoscopic Submucosal Dissection.
Gastrointest Endosc (2020) 92:368–79. doi: 10.1016/j.gie.2020.02.034

14. Hayashi Y, Shinozaki S, Sunada K, Sato H, Miura Y, Ino Y, et al. Efficacy and
Safety of Endoscopic Submucosal Dissection for Superficial Colorectal Tumors
More Than 50 Mm in Diameter. Gastrointest Endosc (2016) 83:602–7.
doi: 10.1016/j.gie.2015.08.037

15. Matsumoto A, Tanaka S, Oba S, Kanao H, Oka S, Yoshihara M, et al. Outcome
of Endoscopic Submucosal Dissection for Colorectal Tumors Accompanied
by Fibrosis. Scand J Gastroenterol (2010) 45:1329–37. doi: 10.3109/
00365521.2010.495416
16. Yamashina T, Takeuchi Y, Uedo N, Hamada K, Aoi K, Yamasaki Y, et al.
Features of Electrocoagulation Syndrome After Endoscopic Submucosal
Dissection for Colorectal Neoplasm. J Gastroenterol Hepatol (2016) 31:615–20.
doi: 10.1111/jgh.13052

17. Yamashina T, Hayashi Y, Sakamoto H, Yano T, Miura Y, Shinozaki S, et al.
Balloon-Assisted Endoscopy Facilitates Endoscopic Submucosal Dissection of
Difficult Superficial Proximal Colon Tumors. Endoscopy (2018) 50:800–8.
doi: 10.1055/s-0044-100720

18. Kanda Y. Investigation of the Freely Available Easy-to-Use Software ‘Ezr’ for
Medical Statistics. Bone Marrow Transplant (2013) 48:452–8. doi: 10.1038/
bmt.2012.244

19. Inada Y, Yoshida N, Kugai M, Kamada K, Katada K, Uchiyama K, et al.
Prediction and Treatment of Difficult Cases in Colorectal Endoscopic
Submucosal Dissection. Gastroenterol Res Pract (2013) 2013:523084.
doi: 10.1155/2013/523084

20. Kaosombatwattana U, Yamamura T, Limsrivilai J, Nakamura M,
Leelakusolvong S, Hirooka Y, et al. Preoperative Endoscopic Predictors of
Severe Submucosal Fibrosis in Colorectal Tumors Undergoing Endoscopic
Submucosal Dissection. Endosc Int Open (2019) 7:E421–30. doi: 10.1055/a-
0848-8225

21. Nakajima T, Saito Y, Tanaka S, Iishi H, Kudo SE, Ikematsu H, et al. Current
Status of Endoscopic Resection Strategy for Large, Early Colorectal Neoplasia
in Japan. Surg Endosc (2013) 27:3262–70. doi: 10.1007/s00464-013-2903-x

22. Asayama N, Oka S, Tanaka S, Hayashi N, Arihiro K, Chayama K. Endoscopic
Submucosal Dissection as Total Excisional Biopsy for Clinical T1 Colorectal
Carcinoma. Digestion (2015) 91:64–9. doi: 10.1159/000368866

23. Watanabe D, Toyonaga T, Ooi M, Yoshizaki T, Ohara Y, Tanaka S, et al.
Clinical Outcomes of Deep Invasive Submucosal Colorectal Cancer After
ESD. Surg Endosc (2018) 32:2123–30. doi: 10.1007/s00464-017-5910-5

24. Toyonaga T, Ohara Y, Baba S, Takihara H, Nakamoto M, Orita H, et al.
Peranal Endoscopic Myectomy (PAEM) for Rectal Lesions With Severe
Fibrosis and Exhibiting the Muscle-Retracting Sign. Endoscopy (2018)
50:813–7. doi: 10.1055/a-0602-3905

25. Fukuda H, Kowazaki Y, Saito I, Hirooka S, Kurokawa T, Kanzaki N, et al. A
Clip in the Right Place: Successful Endoscopic Submucosal Dissection of a
Cecal Tumor Exhibiting the Muscle-Retracting Sign. Endoscopy (2021).
doi: 10.1055/a-1656-9340

26. Guillaumot M-A, Barret M, Jacques J, Legros R, Pioche M, Rivory J, et al.
Endoscopic Full-Thickness Resection of Early Colorectal Neoplasms Using an
Endoscopic Submucosal Dissection Knife: A Retrospective Multicenter Study.
Endosc Int Open (2020) 08:E611–6. doi: 10.1055/a-1127-3092

Conflict of Interest: HY has a patent for the ST hood produced by Fujifilm
Corporation. The hood was used for ESD and shown in figures. He also has a
consultant relationship with Fujifilm Corporation and has received honoraria,
grants, and royalties from the company.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Morikawa, Hayashi, Fukuda, Ishii, Nomura, Ikeda, Kitamura,
Kagaya, Okada, Takezawa, Sunada, Lefor, Fukushima and Yamamoto. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
May 2022 | Volume 1 | Article 879615

https://doi.org/10.1007/s10147-019-01485-z
https://doi.org/10.1007/s10147-019-01485-z
https://doi.org/10.1111/j.1440-1746.2011.07041.x
https://doi.org/10.1016/j.cgh.2013.08.008
https://doi.org/10.1053/j.gastro.2004.04.022
https://doi.org/10.1007/s00535-013-0881-3
https://doi.org/10.1111/den.12089
https://doi.org/10.1111/den.12503
https://doi.org/10.1055/s-0034-1377438
https://doi.org/10.1055/s-0043-118744
https://doi.org/10.1055/s-0043-118744
https://doi.org/10.1055/s-0042-122778
https://doi.org/10.1016/j.gie.2019.01.022
https://doi.org/10.1055/a-1190-7880
https://doi.org/10.1016/j.gie.2020.02.034
https://doi.org/10.1016/j.gie.2015.08.037
https://doi.org/10.3109/00365521.2010.495416
https://doi.org/10.3109/00365521.2010.495416
https://doi.org/10.1111/jgh.13052
https://doi.org/10.1055/s-0044-100720
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1155/2013/523084
https://doi.org/10.1055/a-0848-8225
https://doi.org/10.1055/a-0848-8225
https://doi.org/10.1007/s00464-013-2903-x
https://doi.org/10.1159/000368866
https://doi.org/10.1007/s00464-017-5910-5
https://doi.org/10.1055/a-0602-3905
https://doi.org/10.1055/a-1656-9340
https://doi.org/10.1055/a-1127-3092
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/gastroenterology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/gastroenterology#articles

	Endoscopic Submucosal Dissection of Deeply Invasive Colorectal Cancers Using the Pocket-Creation Method: Analysis of Vertical Margins
	Introduction
	Materials and Methods
	Study Design and Participants
	Data Collection
	Clinical Indications for ESD
	Equipment and Devices Used for ESD
	The Pocket-Creation Method
	Analysis of Positive Vertical-Margin Stage T1b Cancers
	Statistical Analysis

	Results
	Baseline Characteristics
	Therapeutic Outcomes
	Analysis of Vertical-Margin-Positive Resections

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


