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Background/Aims: The risk factors of colorectal stricture
associated with ulcerative colitis (UC) carcinogenesis in the
long-term disease duration remain unclear. Methods: This
study included all UC patients registered from a prospectively
maintained database between June 1986 to July 2018.
The demographic data, clinical features, and outcomes in
patients with dysplasia and stricture were assessed using
univariable analysis and multivariate logistic regression
models. Results: A total of 246 eligible patients were in-
cluded in the analysis. The median follow-up time was 13.0
years (interquartile range [IQR], 9.0 to 16.0). There were 35
cases (14.2%) of colorectal stricture. Patients with stricture
had worse clinical outcomes. Stricture formation (odds ratio
[OR], 9.350; 95% confidence interval [Cl], 2.842 to 30.762),
inflammatory polyps (OR, 5.464; 95% ClI, 1.692 to 17.638),
disease duration of more than 10 years (OR, 3.223; 95% Cl,
1.040 to 9.985), and age >40 years at diagnosis (OR, 8.499;
95% Cl, 1.903 to 37.956) were significantly associated with
high-grade dysplasia or colorectal cancer. In addition, disease
duration of more than 5 years (OR, 3.211; 95% CI, 1.168
to 8.881), moderated anemia (OR, 3.373; 95% ClI, 1.472
to 7.731), and primary sclerosing cholangitis (OR, 5,842;
95% Cl, 1.395 to 24.468) were contributing factors for the
development of colorectal stricture. Conclusions: Colorectal
stricture had the highest risk for malignant transformation.
Earlier initiation of colonoscopic surveillance in UC patients

with risk factors for stricture should be considered to prevent
stricture formation and further malignant transformation.
(Gut Liver 2020;14:601-610)

Key Words: Colitis, ulcerative; Stricture; Dysplasia; Colorectal
neoplasms

INTRODUCTION

As a major form of inflammatory bowel disease (IBD), ulcerative
colitis (UC) is characterized by a chronic course of recurrent re-
lapse and remission, which markedly compromises the patient’s
quality of life." Despite advances in the treatment for UC, the
therapeutic effects remain poor.” Approximately 25% to 30% of
UC patients ultimately need to undergo colectomy due to the in-
effectiveness of drugs and disease complications such as colitis-
associated neoplasia.’

Colorectal neoplasia is the most serious complication in
UC patients,”” and there is a positive correlation between the
cumulative risk of neoplasia and the duration of disease.’
Colorectal stricture may occur as a serious complication in UG,
with an incidence ranging from 1.5% to 11%.”'” Notably, a
previous study has shown that colorectal stricture increased
the risk of neoplasia in UC patients and caused disease
complications that require colectomy.” However, few studies
have reported the risk factors of the stricture in the long-term
disease duration.

This study aimed to assess the impact of stricture on clinical out-
comes of UC to further confirm the severity of stricture. More impor-
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tantly, we first discovered the risk factors of colorectal stricture in UC
patients, which could provide some implications for clinical practice
to identify the potential risk of stricture, earlier conduct endoscopic
surveillance to reduce the incidence of stricture or neoplasia.

MATERIALS AND METHODS
1. Study population

All consecutive UC patients who underwent long-term and
regular medical treatment or surgery at Xinhua Hospital and Rui
Jin Hospital, Shanghai Jiao Tong University School of Medicine
(Shanghai, China) from June 1986 to July 2018 were identified
from a prospectively maintained, institutional review board-
approved database (Chinese Database System for IBD). The sur-
gery mentioned above refereed to colectomy. We included UC
patients aged >18 years and received a regular follow-up at our
department. Meanwhile, those with previous colorectal cancer
(CRQ) history, familial adenomatous polyposis or indeterminate
colitis, and lost to follow-up were excluded. The Ethics Commit-
tee of Xinhua Hospital approved this study (approval number:
XHEC-D-2018-088). Written informed consent was obtained.

2. Data collection and clinical evaluation

The clinical profiles of UC patients were retrospectively col-
lected from the hospital medical records. The following clinical
data were collected: sex, age at diagnosis, relapse, gastroin-
testinal symptoms, weight loss, extraintestinal manifestation,
comorbidity, disease extent, disease duration, history of surgery,
familial history of IBD or CRC, use of steroids and immunomod-
ulators, and laboratory results (hemoglobin and albumin). His-
tory of surgery referred to any surgery prior to treatment of UC.
Disease extent was categorized according to the Montreal classi-
fication system,"* and the diagnosis of UC was based on clinical,
radiological, endoscopic examination, and histologic findings.
Comorbidity was defined as primary sclerosing cholangitis (PSC)
before UC diagnosis. The complications in the present study re-
fer to various clinical complications during hospitalization and
malignant transformation in the long-term follow-up. Serious
complications were defined as bleeding, intestinal obstruction,
or perforation. Additionally, bleeding referred to patients hav-
ing significant bleeding in the lower gastrointestinal, not just
bloody stool or presented with significant signs of anemia. All
complications were diagnosed based on clinical manifestations,
laboratory results along with endoscopic and imaging findings.
Moreover, the diagnosis of colonic stricture with fibrotic lumi-
nal narrowing was mainly determined by imaging procedures
or colonoscopy occurring during the period of following-up
in the present retrospective study. A stricture was defined as a
fixed, localized colonic narrowing and an endoscope could not
pass through.'”” Radiographically identifiable strictures were also
included. Obvious polypoid lesions producing narrowing of the
lumen and transient stricture caused by inflammatory edema of

the intestine were excluded. Colorectal structures were identified
in 35 patients, initially diagnosed either by barium enema or
computed tomography (five patients), colonoscopy (28 patients),
or surgery (two patients).

3. Statistical analysis

SPSS version 19.0 software (IBM Corp., Armonk, NY, USA)
was used for statistical analysis. The statistical methods were
similar to those in our previous study.'® In brief, results are re-
ported in numbers and percentages, mean and standard devia-
tions (SD), or the median and interquartile range (IQR). Unpaired
Student t-test analysis and chi-square or Fisher exact test were
used for analysis, as appropriate. Multivariate logistic regression
was further performed to evaluate the risk factors of high-grade
dysplasia or CRC and colorectal stricture in UC disease duration,
with adjustments for variables that may be significant prognos-
tic factors according to the univariate analyses. Confidence in-
tervals (CI) were set at 95%. All statistical tests were two-sided,
with a p-value of <0.05 considered statistically significant.

RESULTS
1. Patient characteristics

Of the 271 UC patients who underwent medical treatment
or surgery in our institution, 25 were lost to follow-up, one of
them had the familial adenomatous polyposis and another one
had indeterminate colitis, leaving 246 UC patients included in
the current analysis. The characteristics of the study population
are shown in Table 1. The men and women were 120 and 126,
respectively. The median follow-up time was 13.0 years (IQR, 9.0
to 16.0 years) from June 1986 to July 2018 in the whole cohort.
The median age at diagnosis was 42.0 years (IQR, 29.5 to 54.0
years), and the median disease duration was 6.0 years (IQR, 4.0
to 10.0 years). Among the 246 patients, six (2.4%) had proctitis
(E1), 124 (50.4%) had left-sided colitis (E2), and 116 (47.2%) had
pancolitis (E3). Moreover, extraintestinal manifestation, comor-
bidity (PSC), and familial history of IBD or CRC were present
in 11.0%, 4.1%, and 2.8% of patients, respectively. In addition,
63.0% and 12.2% patients were previously treated with steroids

and immunomodulators.
2. Analysis of complications and outcomes in UC patients

Table 2 shows the various complications noted during the in-
vestigation. A total of 95 patients (38.6%) experienced compli-
cations that included colorectal stricture (n=35, 14.2%), gastro-
intestinal bleeding (n=25, 10.2%), intestinal obstruction (n=21,
8.5%), colon perforation (n=6, 2.4%), toxic megacolon (n=2,
0.8%), Crohn’s disease (CD) (n=2, 0.8%), inflammatory polyps
(n=57, 23.2%), and abscess (n=3, 1.2%). In addition, 19 patients
(7.7%) underwent malignant transformation; of them, eight
patients (3.3%) developed high-grade dysplasia and 11 (4.4%)
developed CRC.
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3. Comparison of clinical outcomes between UC patients
with and without stricture

To identify whether colorectal stricture was a risk factor for
poor prognosis in UC, we then compared the outcomes between
patients with and without stricture (Table 3). After regular medi-
cal treatment, remission was more commonly seen in the non-
stricture group (n=109, 51.7%) than that in the stricture group
(n=9, 25.7%) (p=0.006). The patients with stricture experienced
serious complications (bleeding, intestinal obstruction, or per-

Table 2. Complications

Complications No. (90)
Colorectal stricture 35 (14.2)
Inflammatory polyps 57 (23.2)
Intestinal obstruction 21(8.5)
Colon perforation 6 (2.4)
Toxic megacolon 2 (0.8)
Crohn'’s disease 2 (0.8)
Abscess formation 3(1.2)
High-grade dysplasia 8(3.3)
Colorectal cancer 11 (4.5)
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foration), and the frequency of surgery was higher than that in
the non-stricture group (45.7% vs 12.3%, p<0.001 and 71.4% vs
36.5%, p<0.001). In addition, the number of patients who devel-
oped dysplasia (n=2, 5.7%) or CRC (n=9, 25.7%) was higher in
the stricture group than that in the non-stricture group (n=11,
31.4% and n=8, 3.8%; p<0.001). Meanwhile, there were no sta-
tistical differences in the cure, disease activity status, and death
rates (p>0.05).

4. Risk factors for developing high-grade dysplasia or CRC
inUC

Previous studies indicated that colorectal stricture caused
poor clinical outcomes and even increased the risk of malignant
transformation. Thus, we further analyzed the risk factors asso-
ciated with malignant transformation. Among the 246 patients,
11 developed CRC and eight developed high-grade dysplasia.
In univariate analysis, age at diagnosis (p=0.010), disease du-
ration (p=0.001), colorectal stricture (p<0.001), inflammatory
polyps (p=0.001), extraintestinal manifestation (p=0.028), PSC
(p=0.037), and familial history of IBD or CRC (p<0.001) were
significantly associated with malignant transformation. No
statistical differences in sex, relapse, weight loss, history of
surgery, disease extent, use of steroids and immunomodulators,
and general conditions were observed between the malignant

Table 3. Comparison of Clinical Outcomes between Ulcerative Colitis Patients with and without a Stricture

Variable Non-stricture group Stricture group p-value
Cure 0.084
No 193 (91.5) 35 (100)
Yes 18 (8.5) 0
Remission 0.006
No 102 (48.3) 26 (74.3
Yes 109 (51.7) 9 (25.7
Alternate or continuous disease activity 1.000
No 147 (69.7) 25 (71.4)
Yes 64 (30.3) 10 (28.6)
Serious complications <0.001
No 185 (87.7) 19 (54.3)
Yes 26 (12.3) 16 (45.7)
Surgery <0.001
No 134 (63.5) 10 (28.6)
Yes 77 (36.5) 25 (71.4)
Malignant transformation <0.001
No 203 (96.2) 24 (68.6)
Yes 8 (3.8) 11 (31.4)
Death 0.156
No 204 (96.7) 32 (91.4)
Yes 7 (3.3) 3 (8.6)

Data are presented as number (%).
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Table 4. Multivariate Logistic Regression Analysis of Risk Factors for High-Grade Dysplasia or CRC in UC

Univariate Multivariate
Variable
OR (95% CI) p-value OR (95% CI) p-value
Colorectal stricture 11.630 (4.261-31.747) <0.001 9.350 (2.842-30.762) <0.001
Inflammatory polyps 5.410 (2.058-14.222) 0.001 5.463 (1.692-17.638) 0.005
Age at diagnosis (>40 yr) 4.590 (1.301-16.189) 0.018 8.499 (1.903-37.956) 0.005
Disease duration (>10 yr) 4.300 (1.646-11.230) 0.003 3.223 (1.040-9.985) 0.043
PSC 5.893 (1.390-24.986) 0.016 1.441 (0.221-9.393) 0.703
Family history (CRC or IBD) 1.488 (0.646-3.422) 0.349 - -
Steroids 0.396 (0.153-1.024) 0.056 - -

CRC, colorectal cancer; UC, ulcerative colitis; OR, odds ratio; CI, confidence interval; PSC, primary sclerosing cholangitis; IBD, inflammatory bowel
disease.
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Fig. 1. Histopathological changes, endoscopic view, and gross resected lesion in the colon in an ulcerative colitis patient. (A) Colonic inflamma-
tion (A1), a serious stricture (A2), and dysplasia (A3 and A4) were detected in the endoscopic view. (B) The gross surgical specimen of the lesion
in the colon (B1); dysplasia and adenocarcinoma (B2) and a severe colorectal stricture (B3) were observed. (C) Different grades of dysplasia and
adenocarcinomas were observed in the same slice of the ascending colon (C1, H&E, x12.5), including tubulovillous adenoma (C2, H&E, x100),
mucinous adenocarcinoma (C3, H&E, x100), and poorly differentiated adenocarcinoma (C4, H&E, x100). Multiple intestinal inflammatory changes
were noted, and these mainly presented as edema and fibrosis (C5, H&E, x50) and a large crypt abscess (C6, H&E, x100).

group and non-malignant groups (Table 1). Table 4 shows a (I, 1.692 to 17.638), age more than 40 years at diagnosis (OR,
multivariable logistic regression model for the description of risk 8.499; 95% CI, 1.903 to 37.956), and disease duration more than
factors associated with malignant transformation in UC patients. 10 years (OR, 3.223; 95% CI, 1.040 to 9.985) were risk factors
In multivariate logistic analysis, colorectal stricture (OR, 9.350; for developing high-grade dysplasia or CRC.

95% CI, 2.842 to 30.762), inflammatory polyps (OR, 5.463; 95% To further show the carcinogenic risk of stricture, we present



Xu W, et al: Risk Factors of Colorectal Stricture 607

Table 5. Multivariate Logistic Regression Analysis of Risk Factors for Colorectal Stricture Formation in UC

Univariate Multivariate
Variable
OR (95% CI) p-value OR (95% CI) p-value
Disease duration (>5 yr) 3.664 (1.366-9.829) 0.010 3.221(1.168-8.881) 0.024
Moderate anemia 3.431 (1.566-7.518) 0.002 3.373 (1.472-7.731) 0.004
PSC 6.687 (1.876-25.131) 0.004 5.842 (1.395-24.468) 0.016
Extraintestinal manifestation 2.994 (1.194-7.506) 0.019 1.765 (0.637-4.888) 0.274
Multiple recurrence 1.076 (0.678-1.706) 0.756 - -

UG, ulcerative colitis; OR, odds ratio; CI, confidence interval; PSC, primary sclerosing cholangitis.

here the endoscopic view (Fig. 1A) of a grossly resected lesion
in the colon with stricture and dysplasia (Fig. 1B) and the
histopathological change (Fig. 1C) in a UC patient with long-
term disease duration.

5. Risk factors for colorectal stricture in UC patients

Based on the above results, UC patients who developed
colorectal stricture had the highest OR to develop malignant
transformation. Therefore, we then analyzed the certain factors
that contributed to the development colorectal stricture. In uni-
variable analysis, disease duration more than 5 years (p=0.006),
multiple relapse (p=0.022), extraintestinal manifestation
(p=0.033), comorbidity (PSC) (p=0.004), and moderate anemia
(hemoglobin <90 g/L) (p=0.001) were significantly associated
with colorectal stricture formation. There was no difference in
sex, age at diagnosis, weight loss, history of surgery, familial
history of IBD or CRC, disease extent, use of steroids and immu-
nomodulators, and the level of alanine aminotransferase (Table
1). In multivariate logistic analysis, disease duration more than
5 years (OR, 3.211; 95% CI, 1.168 to 8.881), moderated anemia
(OR, 3.373; 95% CI, 1.472 to 7.731), and PSC (OR, 5,842; 95%
CI, 1.395 to 24.468) contributed to the development of colorec-
tal stricture (Table 5).

6. Analysis in 11 UC patents developed colorectal stricture
and CRC

To further evaluate the relationship between site of the stric-
ture and malignant colonic segment, we performed analysis in
11 UC patients developed colorectal stricture and CRC. Theses
11 UC patients had colorectal stricture and developed malignant
transformation. The number of strictures in each colorectal seg-
ment in 35 stricture patients (including multi-segmental stric-
ture) is as follows: seven strictures were in ascending colon, five
in transverse colon, 10 in descending colon, 11 in sigmoid co-
lon and five in rectum, respectively. Then we found that two as-
cending colon strictures, three transverse colon strictures, three
descending colon strictures, five sigmoid colon strictures, and
one rectal stricture developed malignant lesions. In 11 cases,
two malignant lesions were diagnosed in ascending colon, three
in transverse colon, three in descending colon, five in sigmoid

colon, and one in rectum. Therefore, we found that sigmoid
colon was most prone to develop stricture (28.2 %) and sigmoid
colon stricture had the highest risk to develop malignant lesion
(12.8%). In the site of CRC, sigmoid colon malignancy was the
most common (35.7%). Additionally, seven patients (63.6%)
developed malignant lesion at the proximal location to the
primary stricture, which further indicated that proximal bowel
segment to the stricture was prone to develop malignant trans-

formation.

DISCUSSION

Colorectal stricture remains a serious and intractable com-
plication in UC and is a treatment challenge for clinicians.
Patients with colorectal stricture more frequently have a poor
clinical outcome, and even develop high-grade dysplasia and
CRC. Although previous research already showed that stricture
was associated with malignant transformation, few studies
have investigated the risk factors of the stricture. We conducted
herein the largest multicenter study in China evaluating the risk
of dysplasia or CRC and colorectal stricture in UC patients. The
major findings that we discovered in this study can be sum-
marized as follows: (1) UC patients with colorectal stricture had
worse clinical outcomes, and these included lower remission
rates, more complications, need for surgery, and even malignant
transformation; (2) colorectal stricture, inflammatory polyps,
higher age at diagnosis, and long-term disease duration were
significantly associated with dysplasia/CRC; (3) disease duration
more than 5 years, moderate anemia, and the presence of PSC
were risk factors for colorectal stricture in UC.

Although colitis-associated neoplasia constitutes only 1% to
29 of all colorectal carcinomas,” it is the most serious complica-
tions for UC patients. Several studies have reported that UC pa-
tients with colonic stricture have a 0% to 33% risk of develop-
ing CRC."""*'”'® In our study, colorectal stricture was confirmed
as the most important risk factor for malignant transformation
(OR, 9.350; 95% (I, 2.842 to 30.762; p<0.001), decreased remis-
sion rate, and increased incidence of colectomy and complica-
tions. Among the 246 patients, 35 patients (14.2%) developed
colorectal strictures. Of them, nine patients (25.7%) were diag-
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nosed with CRC and two patients (5.7%) developed high-grade
dysplasia. The incidence of dysplasia or CRC in UC patients with
stricture was similar to those in previous studies. Moreover, we
found that inflammatory polyps, which are detected on colo-
noscopy, also increased the risk of dysplasia. UC-associated car-
cinogenesis is a complex process and can be summarized as a
sequence of “inflammation-dysplasia—carcinoma,” showing that
the intestine exposed to chronic inflammation is at higher risk
of developing dysplasia.”” Long-term chronic intestinal inflam-
mation with recurrent relapse could be the cause for the forma-
tion of inflammatory polyps, which may accelerate the process
of the above sequence, to promote malignant transformation.

To detect precancerous dysplasia or asymptomatic cancer,
colonoscopic surveillance, as recommended by the American or
British guidelines,”®*' was performed in UC patients. However,
Lutgens et al.”’ reported that the diagnosis of CRC was delayed
or missed in almost approximately 17% to 25% of patients af-
ter compliance with the recommended guidelines. In addition,
definite diagnose of dysplasia or CRC via endoscopic biopsies is
challenging, and negative biopsies cannot completely rule out
the possibility of malignant transformation.” Therefore, predic-
tive factors of UC-associated carcinogenesis need to be identi-
fied, and the initial strategy of colonoscopic surveillance should
be adjusted.

As reported previously, patients with colorectal stricture have
the highest risk of developing dysplasia, but few studies have
investigated the causative factors of stricture. Notably, we first
discovered in this study that disease duration, moderate ane-
mia, and the presence of PSC were significantly associated with
stricture. These findings could have crucial implications in the
timely identification of individuals at risk for stricture and thus
allow earlier colonoscopic surveillance for detecting dysplasia at
the beginning of UC.

Anemia is a common clinical manifestation in UC patients.
A recent meta-analysis on the prevalence of anemia in IBD in
Europe reported that anemia occurred in 24% of IBD patients, in
27% of CD, and 21% in UC,” respectively. In our study, 17.9%
of patients experienced moderate anemia, which was lower
than the reported values of 21%. To identify a more sensitive
risk factor, we specified anemia to moderate anemia at a he-
moglobin value <90 g/L. We believed that the value lower than
the more common <110 g/L would result in lower frequency of
anemia. Vegh et al.”” reported that anemia was associated with
the transformation from non-stricture to stricture/penetrating
and also increased the hospitalization rate in both UC and CD.
In addition, research indicated that vitamin B,, deficiency was
associated with higher rate of complications in CD patients, par-
ticularly stricture (p=0.013) and the need for intestinal surgery
(p=0.002). Further, CD patients with iron-deficiency anemia are
at higher risk of developing intestinal stricture (p=0.001) and fis-
tula (p=0.004).”° The Crohn’s Disease Activity Index was higher
in patients with anemia, indicating that they underwent higher

disease severity. This can be explained that by the fact that in
general, anemia leads to long-term intestinal and extraintesti-
nal complications.”® Moreover, a previous study reported that
higher disease activity increased the risk of anemia.”’” Therefore,
UC patients with anemia usually develop chronic and serious
inflammatory response, which ultimately leads to complications
and poor outcome.

Another contributing factor for colorectal stricture is PSC,
which is a chronic inflammatory disease of the biliary tree re-
sulting in biliary cirrhosis, hepatic fibrosis, and increased risk of
cholangiocarcinoma.”” Previous research indicated that patients
with UC and concomitant PSC had higher risk of developing
dysplasia or CRC.”” However, in the present study, we found that
PSC was not significantly associated with malignant transforma-
tion. Similar results were reported by Braden et al.’' and Nava-
neethan et al.*> However, interestingly, we discovered that PSC
can significantly increase the risk of developing colorectal stric-
ture in UC. There were 10 UC patients (4.1%) who also had PSC;
of them, six (60%) had colorectal stricture. The characteristic
chronic bile duct inflammation in PSC is considered to arise from
a complex interaction between immunological and environmen-
tal factors in a genetically predisposed individual; this then leads
to biliary strictures and ultimately to cirrhosis. Recently, Lamp-
inen et al.”’ reported that serum soluble CD40 was significantly
upregulated in UC patients with PSC. Donaldson et al.** reported
that the soluble CD40 ligand in proximal areas of stenosis of the
superficial femoral artery increased immediately. Similarly, pre-
vious literatures also indicated that CD40/CD40 ligand is associ-
ated with inflammation in atherothrombosis™ and contributed to
the development of renal artery stenosis.”® Interestingly, Friedrich
et al.”” discovered that elevated serum soluble CD41 levels are
beneficial in prevent the formation of biliary stricture in PSC
patients. Collectively, these findings indicate that complex innate
immune response could be involved in the development of UC-
PSC, including regulated CD14 and CD40 signaling. This could
explain why PSC increased the risk of colorectal stricture in UC
patients.

Colonoscopic surveillance guidelines recommended that sur-
veillance should be initiated after 8 to 10 years of extensive
colitis or after 15 to 20 years for left-sided colitis. However, the
findings of the present study show that following such timing
may delay or cause missed diagnosis of dysplasia in UC patients.
Therefore, clinicians should pay more attention on the risk of
colorectal stricture formation in UC patients with moderate ane-
mia or concomitant PSC and disease duration more than 5 years.
Appropriate and earlier endoscopic biopsies should be conducted
when colorectal stricture occurs, particularly in patients with the
above risk factors for stricture formation.

It is important to identify the formation time of stricture and
malignant lesion, while we found that no patients developed
stricture and malignant lesion at the same time. These patients
developed malignant transformation after a long disease dura-



tion of 8.0 years (range, 6.0 to 13.0 years). Strictures in patients
with UC are rare but may harbor or be the result of malignancy.
The pathogenesis of stricture formation in UC remains uncertain.
It is not certain whether strictures degenerate into malignancy
or whether malignant strictures are carcinomas to start with. It
is difficult on the basis of the present retrospective analysis to
make definitive recommendations for the management of stric-
tures. This study at least indicated that colorectal stricture forma-
tion should be taken into full consideration in clinical practice.

There are limitations to our study. First, there could have been
some selection bias because all included patients were diagnosed
and managed by physicians from two different departments
(colorectal surgeons and gastroenterology clinicians). Second,
due to the retrospective nature and long duration of this study,
loss to follow-up and incomplete clinical data are inevitable.

Colorectal stricture, inflammatory polyps, age >40 years at
diagnosis, and 10-year disease duration was associated with ma-
lignant transformation in UC. Of these factors, colorectal stric-
ture has the highest risk of causing high-grade dysplasia or CRC.
UC patients with disease duration more than 5 years, moderate
anemia, or PSC should be closely monitored via colonoscopic
surveillance for the occurrence of colorectal stricture and fur-
ther malignant transformation. Earlier initiation of colonoscopic
surveillance in UC patients with risk factors for stricture is rec-
ommended for timely diagnosis of precancerous dysplasia or as-
ymptomatic cancer and for more appropriate and individualized
treatment.
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