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ABSTRACT

Background/Aims: We aimed to investigate the factors associated with piecemeal resection of colorectal neoplasia (CRN), in spite of

endoscopic submucosal dissection (ESD).

Materials and Methods: We analyzed the retrospective data for colorectal ESD cases from January 2005 to April 2014. We also reviewed
the piecemeal endoscopic mucosal resection (EMR) for CRNs 220 mm, performed over the same period.

Results: En bloc resection was possible in 648 (85.7%) of 756 lesions in 740 patients. Multivariate analysis showed that hybrid ESD
(odds ratio (OR), 29.07; 95% confidence interval (Cl), 15.46-54.65; p<0.01) and mild or severe submucosal fibrosis (OR, 3.62; 95% CI,
1.94-6.76; p<0.01) were independently associated with piecemeal ESD. The en bloc ESD group showed higher histologic complete resec-
tion rate than the piecemeal ESD group (80.4 % vs. 56.5%; p<0.01), and the piecemeal ESD group showed higher recurrence rate than in
the en bloc ESD group (5.6 % [4/72] vs. 0.7% [3/450]; p<0.01). Overall recurrence rate was 1.3% (7/522).

Conclusion: Hybrid ESD and submucosal fibrosis are independently associated with piecemeal ESD. Piecemeal ESD cases recurred more

frequently than en bloc ESD cases.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) is a highly
specialized technique for the en bloc resection of large
colorectal neoplasia (CRN) (1). The higher en bloc re-
section rate of ESD yields lower recurrence rates after
treatment in cases of large CRN, as compared to that
with conventional endoscopic mucosal resection (EMR)
(2,3). However, colorectal ESD is technically more chal-
lenging and requires longer procedure times as com-
pared to EMR or piecemeal EMR (4-7). Hence, en bloc
resection may not be completed in all ESD cases and
the piecemeal or incomplete resection rate of colorectal
ESD ranged from 1% to 16% in the previous studies (4,
8-12). Only a few studies have investigated the factors
related to incomplete resection or piecemeal resection.
One study suggested that longer procedure time, sub-
mucosal fibrosis, and paradoxical colonic movement
during ESD might be associated with incomplete resec-
tion, whereas another reported that en bloc ESD failure
was associated with low-volume institution (<30 ESDs

for 3 years), usage of a snare, and poor lifting after sub-
mucosal injection (13,14).

Recurrence data of piecemeal EMR are widely available
in the literature. The local recurrence rates of piecemeal
EMR for CRN ranges from 12.2% to 23.5% (2,15-17).Ina
western retrospective study on the outcomes of EMR (in-
cluding 46.2% cases of piecemeal resection) for colorec-
tal lesions with a mean size of 23 mm, 30.4% were found
to have recurrent or remnant lesions during follow-up
(18). However, the recurrence rate of piecemeal ESD has
not been extensively investigated relative to piecemeal
EMR. A recent Japanese multicenter prospective study
reported that the recurrence rate (13.9%) of piecemeal
ESD was similar to that (14.9%) of piecemeal EMR (2).
However, that study included a small number of piece-
meal ESD cases (n=36), as compared to piecemeal EMR
cases (n=378); hence, a relatively large number of cases
may be needed to evaluate the local recurrence rates of
piecemeal ESD.
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Table 1. Clinical characteristics, procedure-related variables and
histologic outcomes of en bloc and piecemeal endoscopic submu-
cosal dissection for colorectal neoplasia

En bloc Piecemeal
ESD ESD
(n=6438) (n=108) p
Age, years (mean+SD) 61.6+£9.7 62.6£10.4 0.329
Sex 0.082

Male, n (%) 405 (62.5) 58 (53.7)

Female, n (%) 243 (37.5) 50 (46.3)

Tumor size, mm (mean+SD) 32.5+15.5 31.2+111 0.406
Tumor location, n (%) 0.422

Cecum 16 (2.5) 3(2.8)

Ascending 95 (14.7) 21(19.4)

HF-transverse 88 (13.6) 17 (15.7)

SF-descending 23 (3.5) 6 (5.6)

Sigmoid 112 (17.3) 20 (18.5)

Rectum 314 (48.5) 41 (38.0)

Tumor morphology, n (%) 0.037

LST-G 308 (47.5) 37(34.3)

LST-NG 218 (33.6) 45 (41.6)

Sessile 122 (18.8) 26 (24.1)
Procedure time, min 52.7+49.4 645479 0.020
(meanxSD)

Adverse events, n (%)

Perforation 49 (7.6) 9(8.3) 0.780

Intraprocedural bleeding 69 (10.6) 25(23.1) 0.001

Delayed bleeding 13 (2.0) 2(1.9) 0.915
Histology, n (%) 0.115

Adenoma 376 (58.0) 56 (51.9)

SSA/P 11(1.7) 1(0.9)

Mucosal cancer 144 (22.2) 27 (25.0)

Superficial sm cancer 67 (10.3) 8 (7.4)

Deep sm or deeper cancer 50 (7.7) 16 (14.8)

Curative resection, n (%) 473 (73.0) 54 (50.0) <0.001
Histological complete 521 (80.4) 61(56.5) <0.001
resection, n (%)
Histological incomplete 127 (19.6) 47 (43.5) <0.001
resection, n (%)

Positive or uncheckable 111 (17.1) 45 (41.7) <0.001

lateral margin

Positive or uncheckable 16 (2.5) 6 (5.6) 0.112

deep margin
Experience of the 0.050
endoscopist, n (%)

High-volume endoscopist 495 (76.4) 73 (67.6)

Medium-volume 153 (23.6) 35 (32.4)
endoscopist
ESD type, n (%) <0.001

ESD 528 (81.5) 13 (12.0)

Hybrid ESD 120 (18.5) 95 (88.0)
Submucosal fibrosis, n (%) <0.001

None 577 (89.5) 61 (57.0)

Mild 55 (8.5) 35(32.7)

Severe 13 (2.0) 11 (10.3)

SD: standard deviation; ESD: endoscopic submucosal dissection; HF: hepatic
flexure; SF: splenic flexure; LST-G: lateral spreading tumor-granular type;
LST-NG: lateral spreading tumor-non-granular type; SSA/P: sessile serrated
adenoma or polyp; sm: submucosal

Data are presented as meanstandard deviation or number (%), unless other-
wise indicated

Here, we aimed to reveal the factors affecting piecemeal
resection of large (220 mm) colorectal epithelial neopla-
sia, despite the application of ESD, and to investigate the
long-term outcomes of piecemeal ESD cases relative to
en bloc ESD by using data from a single center.

MATERIALS AND METHODS

Study population

We reviewed the medical records of patients who under-
went ESD for CRNs from January 2005 to April 2014 at
our center. Cases with subepithelial lesions such as neu-
roendocrine tumor, leiomyoma, gastrointestinal stromal
cell tumor (GIST), and granular cell tumor were exclud-
ed. Furthermore, we excluded cases with a final patho-
logic diagnosis of hyperplastic or inflammatory polyps.
During the study period, 4 endoscopists (D.H.Y., J.S.B.,
B.D.Y,, and K.J.K)) performed ESD and removed 756 le-
sions in 740 patients. The endoscopists were categorized
as high-volume endoscopists (>200 ESDs during the
study period) and medium-volume endoscopists (100-
200 ESDs during the study period). Regarding the expe-
rience before starting colorectal ESD, all endoscopists
had performed more than 4,000 colonoscopy procedures
including EMR, but none had the experience of gastric
ESD. All the ESD cases were also categorized as en bloc or
piecemeal resection. Moreover, we analyzed the factors
associated with the piecemeal resection of CRNs. After
excluding patients who required subsequent surgery and/
or chemoradiation or patients who were lost to follow-up,
we compared the recurrence rates between en bloc ESD
and piecemeal ESD cases (Figure 1). Based on the guide-
lines of the colorectal ESD Standardization Implemen-
tation Working Group (19), colorectal ESD is generally
indicated for lesions if en bloc resection was considered
challenging via EMR technique due to location or fibrosis.

All the data related to the patients, tumors, procedures,
and adverse events were collected from the ESD data-
base and medical records. All endoscopic procedures
in this study including ESD and surveillance endoscopy
were conducted after getting informed consent from
the patients. Our institutional review board approved the
study protocol (No. 2015-0954).

ESD/hybrid ESD procedure

Details of the ESD technique and devices has been pre-
viously published (7,20,21). Transparent cap-attached
endoscope was used for ESD. After submucosal injection
using sodium hyaluonate solution (Hyal® Shinpoong Co.
or Endo-Ease® Unimed Co., Seoul, Korea) mucosal inci-
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sion and submucosal dissection were performed using a
Fixed Flexible knife (Kachu Technology Co., Seoul, Korea)
or a Dual knife (Olympus Co., Tokyo, Japan).

Hybrid ESD is a procedure wherein submucosal dissec-
tion is performed circumferentially until approximately <1
cm of the tissue is remaining, which is then resected with
the snaring method (21).

Follow-up endoscopy

All patients underwent periodic follow-up colonosco-
pies or sigmoidoscopies to assess the local recurrence
or remnants. Follow-up endoscopy was performed ap-
proximately in 1 year in case of histologic complete re-
section was achieved. In case of piecemeal resection or
a histologically positive lateral resection margin, the first
surveillance endoscopy was done within 6 months after
endoscopic treatment.

Data collection and study outcomes

The lesion locations were categorized as cecum, ascending
colon, transverse colon, descending colon, sigmoid colon,
and rectum. The colorectal lesions were classified as later-
ally spreading tumor granular type (LST-G), laterally spread-
ing tumor non-granular type (LST-NG), and sessile type,
based on the morphologic characteristics. The sessile type
had 0-Is gross appearance in Paris classification, and did not
show a transversal mode of growth on endoscopy (22).

The submucosal fibrosis was graded as none, mild, and
severe, according to the endoscopic transparency and
appearance of the exposed submucosal layer (23). In-
traprocedural bleeding was defined as bleeding during
endoscopic resection and interrupted procedure that
finally required endoscopic hemostasis with hemostat-
ic forceps. Delayed bleeding was defined as clinical evi-
dence of the occurrence of hematochezia/melena after
the procedure that required endoscopic hemostasis. Per-
foration was identified based on endoscopic and/or ra-
diological findings

All the resected specimens were fixed in 10% formalin
and microscopically evaluated. En bloc resection was de-
fined as grossly complete resection of the lesion in a sin-
gle piece. The greatest dimension of the gross specimen
was measured and recorded as the size of the tumor. In
cases of piecemeal resection, the greatest dimension of
the assembled gross specimen was considered as the
size of the lesion if all of resected tumors could be spread
and fixed onto a hard Styrofoam. In cases where the piec-
es of the specimens could not be accurately assembled,

the lesion size was endoscopically estimated using open
biopsy forceps as a reference.

Histological diagnoses were made according to the Vienna
classification (24). The extension of the tumor cells into
the resected margin was evaluated. Histologic complete
resection was defined as the absence of tumor cells at the
lateral and deep resection margins of the specimen. If the
pieces of the specimens could not be accurately assem-
bled after the piecemeal resection, it was considered as
histologic incomplete resection. Moreover, superficial sub-
mucosal cancer was defined as cancer invasion to a depth
of <1000 pm from the muscularis mucosa. Curative resec-
tion was defined as the clear deep and lateral resection
margins, without deep submucosal invasion (>1000 pym
from muscularis mucosa) or other unfavorable histologic
risk factors (lymphovascular invasion, poor differentiation,
or tumor budding) related with lymph node metastasis.
Recurrence of CRN after ESD was defined as any histologi-
cally identified CRN that recurred at the site of scar of ESD.

Statistical analysis

Continuous parameters were analyzed using Student’s
t-test or the Mann-Whitney U test, whereas categorical
variables were compared using the x? test and Fisher's
exact test, as appropriate. Values of p<0.05 were consid-
ered statistically significant. Risk factors for piecemeal re-
section were analyzed using univariate method. A logistic
regression model was used for the multivariate analysis of
significant factors detected by univariate analysis, defined
as p<0.05, with backward stepwise selection. Cumula-
tive recurrence rates were calculated by the Kaplan-Mei-
er method and compared between each group using the
log-rank test. SPSS version 21 for Windows (IBM Corp.; Ar-
monk, NY, USA) was used for the statistical analysis.

RESULTS

Baseline and clinical characteristics of the en bloc and
piecemeal ESD groups

Among the 756 lesions in 740 patients who underwent
ESD for colorectal epithelial neoplasia, en bloc resection
was achieved in 648 (85.7%). The baseline characteris-
tics of the en bloc ESD and piecemeal ESD groups are
described in Table 1.

Procedure-related and histologic variables of the en
bloc and piecemeal ESD groups

With regard to the experience of the endoscopists
performing colorectal ESD, high-volume endosco-
pists tended to have a higher en bloc resection rate as
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Table 2. Univariate and multivariate analysis of the related factors of piecemeal endoscopic submucosal dissection

Univariate analysis

Multivariate analysis

OR (95% ClI) p OR (95% Cl) p
ESD type <0.001 <0.001
ESD Reference Reference
Hybrid ESD 32.15 (17.43-59.33) 29.07 (15.46-54.65)

Tumor location
Reference
1.54 (1.01-2.33)

Rectum
Above the rectum

Tumor morphology

LST-G Reference
LST-NG 1.77 (1.03-3.06)
Sessile 1.03 (0.61-1.76)

Intraprocedural bleeding
No Reference
Yes 2.53 (1.52-4.22)
Submucosal fibrosis
Reference
6.33 (4.01-10.00)

None

Mild or severe
Procedure time

Reference
2.12 (1.89-3.23)

<60 min

>60 min

0.044 -

0.039
0.906
<0.001 -

<0.001 <0.001

Reference
3.62 (1.94-6.76)
<0.001 0.049
Reference

1.81 (1.00-3.26)

OR: odds ratio; Cl: confidence interval; ESD: endoscopic submucosal dissection; LST-NG non-granular-type laterally spreading tumor; LST-G: granu-

lar-type laterally spreading tumor

compared to medium-volume endoscopists (76.4% vs.
67.6%, respectively; p=0.050). Hybrid ESD, submucosal
fibrosis, and intraprocedural bleeding were more fre-
quent in the piecemeal ESD group than in the en bloc
ESD group. Piecemeal ESD group required longer pro-
cedure time than en bloc ESD group. Deep submucosal
or more advanced invasion was identified histologically
in 66 patients; of these patients, 5 refused subsequent
surgery, whereas the remaining 61 underwent rescue
surgery and/or chemoradiation therapy. Details of the
procedure-related variables and histologic outcomes
are summarized in Table 1.

The overall curative resection rate and histologic com-
plete resection rate were 69.7% (527/756) and 77.0%
(5682/758), respectively. Both histologically complete
resection rate and curative resection rate were higher in
the en bloc ESD group compared with the piecemeal ESD
group (p<0.001). Positive or uncheckable lateral resec-
tion margin involvement was more frequently noted in
the piecemeal ESD group than in the en bloc ESD group
(p<0.001).

Factors associated with piecemeal ESD

Univariate analysis indicated that piecemeal ESD was as-
sociated with the gross LST-NG type, hybrid ESD, tumors
located above the rectum, intraprocedural bleeding, sub-
mucosal fibrosis, and procedure time =60 min. However,
multivariate analysis revealed that only hybrid ESD, sub-
mucosal fibrosis, and procedure time =60 min were inde-
pendently associated with piecemeal ESD. Details of the
analyses of the factors associated with piecemeal ESD
are described in Table 2.

Recurrence in the en bloc and piecemeal ESD groups

A total of 234 cases were eliminated from the analysis of
recurrence due to rescue surgery (58 in the en bloc ESD
group and 19in the piecemeal ESD group), rescue chemo-
radiation (3 rectal cancers in the en bloc ESD group), and
absence of follow-up endoscopy (137 in the en bloc ESD
group and 17 in the piecemeal ESD group). Accordingly,
recurrence was evaluated in 450 cases of en bloc ESD
and 72 cases of piecemeal ESD, as shown in Figure 1. The
median follow-up period was 15.4 months (inter-quartile
rate (IQR), 12.3-29.3 months) in the en bloc ESD group
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Table 3. Clinicopathologic characteristics of the cases with recurrence

Treatment

Histology

Resection

of

tumor
recurrence

of the
recurred

Deep Lateral Numberof Timeto
tumor

resection

Histological

Tumor

(number

Age

resection endoscopy recurrence,

complete
resection

of size,

pieces)

Hybrid
ESD

(years)/ Tumor Gross
location type

No. Sex

margin to recur months

margin

mm  Histology

Endoscopist

Endoscopic
treatment

Adenoma

6.1

1

Negative Uncheckable

No

50 Adenoma

Moderate Yes Piecemeal

Sessile

R

55/F

1

(APC)

Surgery

17.4 Adenocarcinoma

R LST-NG Moderate Yes En bloc 12 Superficial No Positive Negative 4

50/M

o%

Sm cancer

17.8 Adenocarcinoma Chemotherapy

Negative 2

Negative

Yes

56 Mcancer

Moderate No En bloc

LST-G

R

67/F

3

due to
lung metastasis

Endoscopic
treatment (EMR)

16.0 Adenocarcinoma

Negative Positive 2

Yes Piecemeal (2) 35 M cancer No

Moderate

Scolon LST-G

78/F

4

Endoscopic
treatment (EMR)

35 Adenoma

Moderate Yes Piecemeal (3) 49 Adenoma Negative Positive 1

66/M  Acolon LST-G

5

Endoscopic
treatment (EMR)

6.6 Adenoma

58/M  Tcolon Sessile Highly Yes Piecemeal (3) 36 Adenoma Negative Positive 1

6

32.0 Adenocarcinoma Surgery

2

ESD: endoscopic submucosal dissection; APC: argon plasma coagulation; EMR: endoscopic mucosal resection; R: rectum; S: sigmoid; A: ascending; T: transverse; LST-NG: non-granular-type laterally spreading

tumor; LST-G: granular-type laterally spreading tumor; sm: submucosal; M: intramucosal

Negative Positive

No

60 Mcancer

Acolon LST-G  Moderate No En bloc

63/F

7

*Patient 2 refused additional surgery despite a diagnosis of submucosal invasive cancer and positive deep resection margin, and was subsequently diagnosed with local recurrence of invasive cancer at 17.4

months after ESD

and 13.7 months (IQR, 6.9-31.0 months) in
the piecemeal ESD group. There were 7 cas-
es of recurrence during follow-up period and
the overall recurrence rate was 1.3% (7/522).
Clinicopathologic characteristics of each case
are summarized in Table 3. Compared with
the en bloc ESD group, the recurrence rate
was significantly higher in the piecemeal ESD
group (5.6% vs. 0.7%,; p=0.008). The cumula-
tive recurrence rate was significantly higher in
the piecemeal ESD group (4.7% at 1 year and
7.7% at 3 years) than in the en bloc ESD group
(0% at 1 years and 1.9% at 3 years) (p<0.001,
Figure 2).

According to the univariate analysis, piecemeal
ESD (odds ratio (OR), 8.77; 95% confidence
interval (Cl), 1.92-40.02; p=0.005), tumor
size 235 mm (OR, 11.46; 95% ClI, 1.37-95.91;
p=0.024), histologically incomplete resection
(OR, 21.35; 95%, Cl 2.54-179.13; p=0.005),
and medium-volume endoscopists (OR, 21.35;
95% Cl, 2.564-179.13; p=0.005) were associat-
ed with recurrence after ESD.

DISCUSSION

In this study, we found that the en bloc resec-
tion rate of colorectal ESD was 85.7%, and that
the application of hybrid ESD and presence of
submucosal fibrosis were independently asso-
ciated with piecemeal resection. In our clinical
practice, hybrid ESD was performed to remove
lesions quickly, especially for the safety of pa-
tients with intraprocedural problems such as
bleeding or higher perforation risk, and to com-
plete the resection of lesions that were hard to
remove with standard ESD due to the difficult
location or submucosal fibrosis. Hence, the ap-
plication of hybrid ESD would reflect the cases
with difficulties and problems during ESD in our
cohort. A previous study suggested that snare
use in ESD was an independent factor associ-
ated with en bloc resection failure (14). In ad-
dition to hybrid ESD or snare use in ESD, pre-
vious studies suggested that factors reflecting
difficulty in the procedure, such as submucosal
fibrosis or poor lifting after submucosal injec-
tion, prolonged procedure time, and paradoxi-
cal movement, were associated with piecemeal
or incomplete ESD (13,14). Given that all these
factors are associated with technical difficulty
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or intraprocedural problems in ESD, the associations of
piecemeal ESD with hybrid ESD and submucosal fibrosis
observed in the present study appear to be consistent with
the findings of previous studies; hence, piecemeal ESD
should be considered as an undesirable outcome resulting
from technical or situational difficulty during ESD.

As expected, piecemeal resection, despite the applica-
tion of ESD, led to a significantly higher recurrence rate,
as compared to that with en bloc ESD cases (5.6% vs.
0.7%). This is consistent with the results of a recent
Japanese prospective study, wherein the recurrence
rate was found to be 13.9% in piecemeal ESD cases
and 0.7% in en bloc ESD cases (2). They showed that
local recurrence was associated with rectal lesions, le-
sions =50 mm in diameter, piecemeal resection, trim-
ming after resection, and a positive horizontal margin.
In the present study, we noted that larger lesion size,
histologic incomplete resection, and ESD performed
by medium-volume endoscopists were associated with
recurrence risk, based on univariate analysis. However,
we only assessed 7 cases of recurrence in the present
study; hence, a further statistical assessment, such as
multivariate analysis, to identify the relationships be-
tween piecemeal resection and other potential covari-
ates or confounding factors could not be performed in
our study. Although piecemeal resection is one of the
most important predictive factors for recurrence, addi-
tional studies on a larger number of cases should be per-
formed to confirm its impact on local recurrence after
ESD of early colorectal epithelial neoplasia.

With regard to the number of pieces in the resection, we
found that the recurrence rate was 0.7% (3/450) for 1-piece
resection, 2.3% (1/44) for 2-piece resection, and 10.7%
(3/28) for =3-piece resection. Thus, the local recurrence
rate tends to increase with the number of pieces in the re-
section, consistent with the results of a previous study (2).

Of 4 cases of piecemeal ESD, 3 exhibited local recur-
rence at the first follow-up endoscopy session after
ESD; hence, as mentioned in the current postpolypec-
tomy surveillance guidelines, a follow-up interval of 3-6
months after ESD may be essential in cases of piecemeal
resection (25-27). Although the exact mechanism of re-
currence could not be identified, a few case reports have
described metastasis or recurrence from intramucosal
colorectal adenocarcinoma (28,29). In our study, we also
noted 2 cases of local recurrence as invasive adenocar-
cinomas with metastasis in the en bloc ESD group (case
3 and 7 in Table 3), which is extremely rare; the original

‘ 909 underwent ESD from Jan 2005 to April 2014

Excluded (n=153)

1) Neuroendocrine tumor (n=132)
2) Leiomyoma (n=2)

GIST (n=3)

4)  Granular cell tumor (n=3)

5) Inflammation (n=10)

6) Hyperplastic polyp (n=3)

‘ Colorectal epithelial neoplasia (n=756)

)

‘ En bloc resection (n=648) |

L

‘ Piecemeal resection (n=108)

Excluded Excluded

.| 1) Rescue surgery (n=58) | 1) Rescue surgery (n=19)
“1'2) Rescue chemeradiation (n=3) | | 7| 2) Not followed-up (n=17)
3) Not followed-up (n=137)

y

En bloc ESD Piecemeal ESD
for recurrence rate (n=450) for recurrence rate (n=72)

1 3
‘ Recurrence 0.7% (3/450) | | Recurrence 5.6% (4/72) |

Figure 1. Flow diagram showing the categorization of lesions into the
two treatment groups
ESD: endoscopic submucosal dissection; GIST: gastrointestinal stromal tumor

20+
p<0.001
154 —— Piecemeal ESD
— Enbloc ESD

Recurrence (%)
2

L4]
1

0 12 24 36 48 60
Number at risk Follow up (months)

En bloc ESD 450 363 151 94 50 25
Piecemeal ESD 72 49 23 17 10 6

Figure 2. Kaplan-Meier plots in follow-up patients. Comparison of
cumulative recurrence rates between en bloc ESD and piecemeal
ESD groups (log rank test, p<0.001)

ESD: endoscopic submucosal dissection

lesions in these cases were well or moderately differen-
tiated adenocarcinomas confined to the laminar propria.
One case (case 3) had a focal least differentiated and the
other (case 7) showed severe cautery artifacts at the re-
section margin. Details of these recurrent cases and the
potential mechanism of recurrence have been described
in our recent case report (30).

Our study had certain limitations of note. First, as our data
were based on a retrospective, single center experience,
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selection bias related to surveillance and the decision of
rescue treatment after piecemeal resection might have
influenced the recurrence rate of the piecemeal ESD cas-
es. Second, the surveillance strategy after en bloc and
piecemeal ESD was not standardized among the endos-
copists, and a considerable proportion of patients were
not compliant to surveillance after ESD. Third, because
of the relatively short follow-up duration, the recurrence
rate might have been underestimated. Despite these lim-
itations, we believe that our study is helpful for under-
standing the risk of recurrence after piecemeal ESD, rela-
tive to en bloc ESD. The establishment of a well-designed,
large prospective cohort, and long-term follow-up of that
cohort is essential to investigate the risk of recurrence af-
ter en bloc and piecemeal ESD, and finally to help develop
a surveillance strategy after colorectal ESD.

In conclusion, the hybrid ESD technique and submuco-
sal fibrosis were independent risk factors for piecemeal
resection of large colorectal epithelial neoplasia, even in
cases where the ESD technique was applied. As piece-
meal ESD is associated with a higher risk of recurrence,
relative to en bloc ESD, a more meticulous endoscopic
surveillance is required.
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