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Abstract
Introduction: Patients with ulcerative colitis (UC) have an in-
creased risk of colorectal cancer. Some studies have recently 
investigated endoscopic resection of UC-associated neopla-
sia (UCAN), but the indications for endoscopic resection of 
UCAN remain controversial. This study sought to clarify the 
problems encountered in endoscopic submucosal dissec-
tion (ESD) for UCAN. Methods: Seventeen lesions in 12 pa-
tients with UCAN (UCAN group) and 913 epithelial lesions in 
824 control patients without UC (non-UC group) were evalu-
ated. Both groups underwent ESD between January 2010 
and December 2017 at Toranomon Hospital, Tokyo, Japan. 
Treatment outcomes of the 2 groups were compared retro-
spectively. Results: Univariate analysis showed that the 
mean tumor size was significantly smaller in the UCAN group 
than in the non-UC group (25.1 ± 26.7 mm vs. 31.9 ± 19.0;  

p = 0.0023); however, the R0 resection rate was significantly 
lower in the UCAN group (70.6 vs. 92.9%; p = 0.001). Multi-
variate analysis showed a significantly lower negative hori-
zontal margin rate in the UCAN group (odds ratio 11.3, 95% 
confidence interval 3.588–34.525; p = 0.000). Discussion/
Conclusion: ESD for UCAN is associated with a low-negative 
horizontal margin rate. When performing ESD for UCAN, it is 
important to evaluate the accuracy of the UCAN demarca-
tion line, especially for flat lesions, using white-light imaging 
and chromoendoscopy as well as other modalities, including 
biopsy of surrounding tissues. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

The risks of dysplasia and cancer are high in patients 
with ulcerative colitis (UC) [1–3]. The standard treat-
ment for UC-associated neoplasia (UCAN) is total colec-
tomy because the characteristics of UCAN are unclear 
and endoscopic diagnosis is difficult [4]. Recently, the 
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rates of endoscopic diagnosis of dysplasia and intramu-
cosal cancer have been improved by high-resolution en-
doscopy and chromoendoscopy [5]. The SCENIC (Sur-
veillance for Colorectal Endoscopic Neoplasia Detection 
and Management in Inflammatory Bowel Disease Pa-
tients: International Consensus Recommendations) 
guidelines [6] have classified macroscopic types of dys-
plasia found by endoscopy into polypoid, nonpolypoid, 
and invisible. According to the European Crohn’s and 
Colitis Organization guidelines [7], endoscopic resection 
of polypoid dysplasia is acceptable, but there is no evi-
dence for endoscopic resection of lesions with nonpolyp-
oid dysplasia.

The outcomes of endoscopic resection for UCAN have 
been reported. Iacopini et al. [8] reported that the R0 re-
section rate was 80% for nonpolypoid UCAN following 
ESD. No recurrence was seen during a median observa-
tion period of 24 months, even though margin delinea-
tion was difficult in 5 cases and submucosal fibrosis was 
observed in 9 cases. Kinoshita et al. [9] reported an R0 
resection rate of 76% and a negative lateral margin rate of 
100%, but all lesions that were not R0 resected had a pos-
itive vertical margin. In this study, we aimed to clarify the 
problems encountered in ESD in patients with UCAN by 
comparing their outcomes with those of patients with ep-
ithelial tumors but without UC.

Materials and Methods

Patients and Lesions
Seventeen lesions of 12 patients with UCAN (UCAN group) 

and 913 epithelial lesions in 824 patients without UC (non-UC 
group) were retrospectively compared. Both groups underwent 
ESD at the Department of Gastroenterology, Toranomon Hospi-
tal, Tokyo, Japan, between January 2010 and December 2017. This 
study was approved by the Institutional Review Board of Torano-
mon Hospital. Written informed consent for surgery was obtained 
from all patients prior to the ESD.

The indication for ESD in both groups was an estimated depth 
of submucosal invasion <1,000 μm measured on chromoendos-
copy magnifying endoscopy or endoscopic ultrasonography. En-
doscopically invisible UCAN lesions with an unclear border and 
lesions in patients with endoscopically moderate-to-severe active 
UC were excluded. All lesions were observed by white-light endos-
copy and chromoendoscopy with indigo carmine as well as mag-
nifying narrowband imaging and crystal violet staining before 
ESD. The demarcation line of the lesion was identified by chromo-
endoscopy with indigo carmine dye, magnification, and patholog-
ical diagnosis using biopsies from the surrounding mucosa near 
the lesion. The macroscopic type of each lesion was defined based 
on the SCENIC guidelines [6].

Endoscopic Submucosal Dissection Technique for UC-
Associated Neoplasia
ESD was performed using the dual knife (Olympus, Tokyo, 

Japan) through a PCF-Q260JI/GIF-Q260J endoscope with a wa-
ter-jet function (Olympus) as described previously [10]. In brief, 
a soft transparent Olympus hood was attached to the tip of the 
endoscope to obtain direct endoscopic views of the submucosal 
layer. Marking dots were placed on the normal mucosa approxi-
mately 5 mm from the tumor margin to provide safety margins 
for UCAN. After submucosal injection of a 10% glycerol/5% fruc-
tose solution (Chugai Pharmaceutical, Tokyo, Japan) containing 
0.005% indigo carmine and 0.0005% epinephrine, a mucosal inci-
sion was made outside the marking dots. Hyaluronic acid solution 
was added to the injection solution when mucosal elevation was 
insufficient due to ulceration of the lesion or extensive fibrosis of 
the submucosal layer. After mucosal incision, the submucosal lay-
er was dissected directly to obtain an intact specimen and allow 
complete en bloc resection. Hemostatic forceps (Olympus) were 
used to control bleeding during the procedure. ESD was usually 
performed under conscious sedation using pethidine hydrochlo-
ride (35–70 mg).

Postoperative bleeding was defined as bloody stool requiring 
an endoscopic hemostatic procedure after ESD. Perforation dur-
ing the procedure was sutured by clipping. After procedure, we 
confirmed by detection of free air on a plain radiograph. Endo-
scopic balloon dilatation was performed when the endoscope 
could not pass a stenosis due to an ESD ulcer scar.

All ESD procedures were performed by an endoscopist who 
had sufficient experience to safely perform ESD for upper digestive 
tumors independently. The endoscopist who performed ESD in 
the patients with UCAN had previously performed >100 colorectal 
ESD procedures unrelated to UC. Nine endoscopists performed 
ESD in non-UC group, and 5 out of 9 endoscopists performed ESD 
in UCAN group.

Definitions and Evaluation
UCAN was defined as follows: (1) a definitive diagnosis of UC, 

(2) inflammation from UC in the mucosa around the tumor or past 
inflammation on endoscopy, and (3) histological diagnosis of 
UCAN confirmed by routine hematoxylin and eosin staining and 
p53 immunochemistry. We evaluated for overexpression or com-
plete absence of p53, basal positivity for p53, and the presence of 
UC-associated inflammation in the surrounding lesions. We also 
defined UCAN when Ki-67 was expressed in all layers. Sporadic 
adenomas were defined as (1) tumors that formed outside the area 
affected by UC or (2) polypoid or superficially elevated tumors that 
formed within the area affected by UC and showed spotty or focal 
p53 staining. Tumors found within 1 year of the date of the first 
ESD were defined as synchronous, and those found more than 1 
year after the date of the first ESD were defined as metachronous.

We reviewed the characteristics of the patients with UCAN and 
analyzed their short- and long-term outcomes following ESD. 
Univariate and multivariate analyses were performed to compare 
the following parameters between the 2 groups: sex, age, tumor 
size, histological type, depth of tumor invasion, negative lympho-
vascular invasion rate, negative horizontal and vertical margin 
rates, submucosal fibrosis rate, R0 resection rate, and complica-
tions. The primary outcome was the R0 resection rate. Secondary 
outcomes were tumor size, depth of tumor invasion, lymphovas-
cular invasion rate, negative horizontal and vertical margin rates, 
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and complications. R0 resection was defined as en bloc resection 
with horizontal and vertical margins that were free of histopatho-
logic evidence of tumor.

Statistical Analysis
Data are presented as means ± standard deviations. The statis-

tical analysis was carried out using the χ2 test, Wilcoxon rank-sum 
test, and logistic regression analysis. All statistical analyses were 
performed using Intercooled StataTM 11.0 for Windows (Stata 
Corp., College Station, TX, USA). A p value <0.05 was considered 
statistically significant.

Results

Characteristics of Patients with UCAN
Patients in the UCAN group had a mean age of 59.3 ± 

14.5 years and a mean disease duration of 20.4 ± 10.8 
years; 83.3% had extensive disease (Table 1). The mean 
Mayo score during ESD was 1.33 ± 1.82 and the mean 
Mayo endoscopic subscore was 0.58 ± 0.51, indicating 
clinically mild disease activity to remission. Many pa-
tients showed mucosal healing.

Clinicopathological Findings and Outcomes in the 
UCAN Group
UCAN was localized to the rectum in 58.8% of cases, 

the macroscopic type was the superficial elevated type in 
58.8% of cases according to the SCENIC classification, 
and the nonpolypoid type was common (Table 2). The 
mean tumor diameter was 25.1 ± 26.7 mm; 35.3% of the 

lesions were a mixture of histological types, and the depth 
of tumor invasion was mucosal in all cases. Notably, the 
negative horizontal margin rate was low (70.6%). The R0 
resection rate was also 70.6%.

Two of the 17 lesions (11.8%) were stenosed after ESD; 
all lesions were treated with circumferential ESD (Table 3). 
One of the cases with stenosis after ESD was a whitish, su-
perficial elevated lesion extending from Rb to Ra (Fig. 1). 
In this case, the anal side of the lesion was in contact with 
the squamous epithelium of the anus and was seen circum-
ferentially (Fig. 1a, b). The oral side of the lesion had spread 
to Ra for a maximum of two-thirds (Fig. 1c, d). Marking 
dots were placed with reference to the results of the periph-
eral biopsy done before ESD (Fig. 1e). ESD was performed 
circumferentially on the anal side and involved three-
quarters of the circumference on the oral side (Fig. 1f). A 

Table 1. Clinical characteristics of patients with UC

Characteristic Value, n = 12

Sex
Male/female, n (%) 6 (50):6 (50)

Age, mean ± SD, years 59.3±14.5
Duration of disease, mean ± SD, years 20.4±10.8
Extent, n (%)

Extensive 10 (83.3)
Left-sided 2 (16.7)
Proctitis 0 (0)

Medication for UC, n (%)
None 1 (8.3)
Mesalazine 7 (58.3)
PSL 2 (16.7)
IFX 2 (16.7)

Mayo score, mean ± SD, points 1.33±1.82
Mayo endoscopic subscore, mean ± SD, points 0.58±0.51

IFX, infliximab; PSL, prednisolone; SD, standard deviation; 
UC, ulcerative colitis.

Table 2. Clinicopathological findings in patients with UCAN

Characteristic Value, n = 17

Location, n (%)
Rectum 10 (58.8)
Sigmoid 3 (17.6)
Descending 2 (11.8)
Ascending 2 (11.8)

Macroscopic type, n (%)
Polypoid sessile 1 (5.9)
Superficial elevated 10 (58.8)
Flat 6 (35.3)

Tumor size, mean ± SD, mm 25.1±26.7
Major histologic type, n (%)

Tubular adenoma 2 (11.8)
Low-grade dysplasia 4 (23.5)
High-grade dysplasia 4 (23.5)
Differentiated adenocarcinoma 7 (41.2)

Histologic type, n (%)
Monomorphic 11 (64.7)
Mixed 6 (35.3)

Depth of tumor invasion, n (%)
Intramucosal 17 (100)
Submucosal 0 (0)

Lymphovascular invasion, n (%)
Negative 17 (100)
Positive 0 (0)

Horizontal margin, n (%)
Negative 12 (70.6)
Unevaluable 3 (17.6)
Positive 2 (11.8)

Vertical margin, n (%)
Negative 17 (100)
Positive 0 (0)

SD, standard deviation; UCAN, ulcerative colitis-associated 
neoplasia.
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total of 6 endoscopic balloon dilations were performed 
from 69 to 198 days after ESD (Fig. 1g). In another case, 
ESD was performed for a lesion with unclear margins in 
the sigmoid colon. Because the horizontal margin was pos-
itive pathologically, an additional ESD procedure was per-
formed 10 days later. This patient underwent full-circum-
ference ESD that included the first ESD ulcer. In total, 3 
endoscopic balloon dilatations were performed in the 27–
46 days after the second ESD. During a mean observation 
period of 28.5 months, the local recurrence rate was 0%, 
the synchronous tumor rate was 25.0%, and the metachro-
nous tumor rate was 8.3%.

Horizontal Margin-Negative Lesions versus 
Horizontal Margin-Positive Lesions
In this study, the horizontal margin was positive in 2 

cases and unevaluable in 3 cases. One of the 3 unevaluable 
cases underwent circumferential ESD of the rectum, so 
the horizontal margin could not be evaluated. In 1 case, 
thermal degeneration occurred on the anal side of the tu-
mor, precluding evaluation of the horizontal margin. In 
the remaining unevaluable case and the 2 positive cases, 
the demarcation line of dysplasia around the superficial 
elevated lesion could not be detected.

We compared the endoscopic features of the lesions 
according to whether their horizontal margins were neg-
ative or positive. In conventional white-light images, den-
dritic blood vessels were clearly seen around an elevated 
lesion (Fig. 2a, c) and could be considered an endoscopic 
feature of a negative horizontal margin. However, in the 

2 cases with a positive horizontal margin, plastic mucosa 
with poor color change was extensively observed, and no 
dendritic blood vessels were evident (Fig. 3a, c). On chro-
moendoscopy with indigo carmine, the mucosal pattern 
around the elevated lesion was relatively uniform in the 
cases with a negative horizontal margin (Fig. 2b, d); how-
ever, the pattern was uneven in the positive cases, and it 
was difficult to judge whether the change was inflamma-
tory or neoplastic (Fig. 3b, d). The characteristic endo-
scopic findings for identifying the demarcation line were 
not clear on magnifying endoscopy with narrowband im-
aging and crystal violet spraying.

Comparison of Patient Characteristics in the UCAN 
and Non-UC Groups
Univariate analysis revealed that the UCAN group, 

compared with non-UC group, had significantly lower 
mean age (59.25 ± 14.5 years vs. 66.8 ± 10.7 years; p = 
0.0173), mean tumor size (25.1 ± 26.7 mm vs. 31.9 ± 19.0 
m; p = 0.0023), negative horizontal margin rate (70.6 vs. 
94.7%; p = 0.000), and R0 resection rate (70.6 vs. 92.9%;  
p = 0.001; Table 4). Furthermore, the UCAN group had a 
significantly longer mean procedure time (155 ± 133 min 
vs. 110 ± 74 min; p = 0.0315). There was no significant dif-
ference between the groups in specimen size; however, the 
specimen/tumor size ratio was significantly larger in the 
UCAN group (3.33 ± 3.13 vs. 1.44 ± 1.10; p = 0.0000). The 
stenosis rate was significantly higher in the UCAN group 
(11.8 vs. 0.66%; p = 0.000), but there was no significant 
difference in the delayed bleeding rate or perforation rate.

Table 3. Outcomes of ESD in patients with UCAN

Outcome Value (12 patients, 17 lesions)

Observation period, months mean±SD (range) 28.5±23.2 (5–82)
Observation rate, n (%) 11/12 patients 91.7
Follow-up, months mean±SD (range) 24.7±23.6 (4–82)
Total colectomy rate after ESD, n (%) 1/12 patients 8.3
R0 resection rate, n (%) 12/17 lesions 70.6
Complications, n (%) Delayed bleeding 0/17 lesions

Perforation 0/17 lesions
Stenosis 2/17 lesions

0
0

11.8
Local recurrence rate, n (%) 0/17 lesions 0
Synchronous tumor rate, n (%) 3/12 patients 25.0
Metachronous tumor rate, n (%) 1/12 patients 8.3
Overall survival rate, n (%) 12/12 patients 100

“Observation” means at least 1 visit after ESD or patients for whom outcomes were confirmed. “Follow-up” 
is the time interval from the date of ESD to the last surveillance colonoscopy. ESD, endoscopic submucosal dis-
section; SD, standard deviation; UCAN, ulcerative colitis-associated neoplasia.
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Fig. 1. Endoscopic images of a case of stenosis. a White-light image 
of the anal side of the lesion. b Image of the anal side of the lesion 
obtained by chromoendoscopy with indigo carmine. c White-light 
image of the oral side of the lesion. d Image of the oral side of the 
lesion obtained by chromoendoscopy with indigo carmine. e Im-
age of the lesion with marking dots obtained by chromoendoscopy 
with indigo carmine. f White-light image of an ESD ulcer. g White-
light image of the stenosis 69 days after ESD. ESD, endoscopic 
mucosal dissection.

Fig. 2. Endoscopic images of cases with a negative horizontal mar-
gin. a White-light image of a lesion with a negative horizontal mar-
gin obtained from case 1. b An image of the same lesion in case 1 
obtained by chromoendoscopy with indigo carmine. c White-light 
image of a lesion with a negative horizontal margin obtained from 
case 2. d An image of the same lesion in case 2 obtained by chro-
moendoscopy with indigo carmine.

Fig. 3. Endoscopic images from cases with a positive horizontal 
margin and cases that could not be evaluated. a White-light image 
of a lesion with a positive horizontal margin. b An image of the 
same lesion obtained by chromoendoscopy with indigo carmine. 
c White-light image of a lesion in which the horizontal margin 
could not be evaluated. d An image of the same lesion obtained by 
chromoendoscopy with indigo carmine.
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Multivariate analysis showed that the UCAN group 
had significantly lower negative horizontal margin rate 
(odds ratio [OR] 11.09, 95% confidence interval [CI] 
3.366–36.555; p = 0.000) and significantly longer operat-
ing time (OR 1.006, 95% CI 1.002–1.010; p = 0.002; Ta-
ble 5). In addition, the UCAN group had a significantly 
greater specimen/tumor size ratio (OR 1.213, 95% CI 
1.029–1.429; p = 0.021).

Discussion/Conclusion

To our knowledge, this is the first study to compare 
the efficacy and safety of ESD between patients with 
UCAN and control patients with epithelial lesions not 

associated with UC. In this study, the R0 resection rate 
was significantly lower in the UCAN group (70.6%) 
than in the non-UC group (92.9%), which could reflect 
the significantly lower negative horizontal margin rate 
in the UCAN group found in multivariate analysis. The 
negative horizontal margin rate was 70.6% in this study, 
which is considered to be due to inflammatory or post-
inflammatory changes in the mucosa around the UCAN 
lesion. Even though the average Mayo endoscopic sub-
score in the patients with UCAN was only 0.58 ± 0.51, 
it was difficult in some cases to make a clear endoscop-
ic diagnosis of the demarcation line between inflamma-
tory mucosa with low-disease activity and dysplasia. 
Furthermore, diagnosis of the demarcation line may be 
difficult in UCAN when the dysplasia spreads horizon-

Table 4. Univariate analysis of the tumor after ESD in the UCAN and non-UC groups

Characteristic UCAN group, 
n = 17

Non-UC group, 
n = 913

p value

Age, mean ± SD, years 59.25±14.5 66.8±10.7 0.0173
Male sex, n (%) 8 (47.1) 534 (58.5) 0.344
Tumor size, mean ± SD, mm 25.1±26.7 31.9±19.0 0.0023
Specimen size, mean ± SD, mm 46.1±27.9 40.2±18.6 0.6866
Specimen/tumor size ratio, mean ± SD 3.33±3.13 1.44±1.10 0.0000
Procedure time, mean ± SD, min 155±133 110±74 0.0315
Histological type, mixed, n (%) 8 (47.1) 492 (53.9) 0.576
Depth of invasion, intramucosal, n (%) 17 (100) 757 (82.9) 0.175
Lymphatic invasion negative, n (%) 17 (100) 879 (96.3) 0.720
Vascular invasion negative, n (%) 17 (100) 875 (95.8) 0.692
Horizontal margin negative, n (%) 12 (70.6) 865 (94.7) 0.000
Vertical margin negative, n (%) 17 (100) 893 (97.8) 0.537
Submucosal fibrosis positive, n (%) 1 (5.9) 129 (14.1) 0.331
R0 resection, n (%) 12 (70.6) 848 (92.9) 0.001

Complications, n (%)
Delayed bleeding 0 (0) 22 (2.4) 0.517
Perforation 0 (0) 10 (1.1) 0.664
Stenosis 2 (11.8) 6 (0.66) 0.000

UC, ulcerative colitis; UCAN, ulcerative colitis-associated neoplasia; ESD, endoscopic submucosal dissection.

Table 5. Multivariate analysis

OR SE p value 95% CI

Tumor size 0.9659766 0.0184927 0.071 0.9304032–1.00291
Specimen/tumor size ratio 1.212812 0.1014413 0.021 1.029432–1.428858
Procedure time 1.006174 0.0019655 0.002 1.002329–1.010033
Submucosal fibrosis 0.2213803 0.2372302 0.159 0.0271016–1.808351
Horizontal margin 11.09294 6.749357 0.000 3.366232–36.55521

CI, confidence interval; OR, odds ratio; SE, standard error.



Matsui et al.Inflamm Intest Dis 2021;6:70–7776
DOI: 10.1159/000512292

tally. This raises the question of how to detect the de-
marcation line.

We consider peripheral biopsy before ESD to be im-
portant for detecting the demarcation line. Shinagawa et 
al. [11] reported that pine cone and villi patterns are en-
doscopic findings suggestive of UCAN. Moreover, Nishi-
yama et al. [12] recommend that the focus should be on 
high residual density of pits and regular pit margins ob-
served under magnifying chromoendoscopy when differ-
entiating between UCAN and nonneoplastic lesions. 
Therefore, attention should be paid to such findings when 
identifying the demarcation line. It has been reported that 
acetic acid should be used in combination with indigo 
carmine to detect the demarcation line when performing 
ESD for gastric tumors [13]. It has also been suggested 
that spraying sessile serrated adenomas/polyps with ace-
tic acid and indigo carmine together is useful for border-
line diagnosis [14]. However, no studies have investigated 
the use of acetic acid to detect the margin of UCAN. We 
did not examine this in our study given the lack of infor-
mation on the safety of spraying acetic acid on the mu-
cosa in patients with UC.

We believe that chromoendoscopy makes it easier to 
identify endoscopic features that help to detect the de-
marcation line, especially when indigo carmine is used. 
By spreading indigo carmine around the tumor and sur-
rounding tissue, taking care to avoid foaming and having 
a distant view, it is possible to identify the spread of le-
sions and demarcation lines that cannot be seen on white-
light imaging. Furthermore, we recommend that after 
identifying an adequate demarcation line endoscopically, 
biopsies be obtained from the surrounding tissues and be 
pathologically confirmed before performing ESD. How-
ever, given that biopsy scars can make ESD difficult, we 
do not recommend tumor biopsy in patients without UC; 
nevertheless, biopsy scars were not a major factor com-
plicating ESD in our UCAN group. Furthermore, there 
was no significant difference in the frequency of submu-
cosal fibrosis between the 2 groups in this study. These 
observations raise the question of why the procedure time 
was significantly longer in the UCAN group. The reason 
is that peripheral biopsy and marking of dots are needed 
before ESD, which increases the size of the resected spec-
imen. Therefore, in this study, we examined the size of the 
resected specimen relative to the size of the tumor and 
found that this ratio was significantly larger in the UCAN 
group, which indicates that the procedure time would be 
long even if the tumor diameter were small. The high ste-
nosis rate was probably the result of increasing the resec-
tion area in order to achieve a negative horizontal margin.

Although this study has some limitations, including a 
single-center, retrospective observational design and a 
small sample size, we consider that its findings have clin-
ical relevance. The low rates of local recurrence and total 
colectomy after ESD suggest that total colectomy can be 
avoided in some cases of UCAN by performing ESD.

Detection of the demarcation line is more difficult 
when ESD is performed for UCAN than when it is per-
formed for lesions not associated with UC. Adequate con-
sideration of the demarcation line is essential when per-
forming ESD for UCAN.
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