
Patients with Ulcerative Colitis and Primary Sclerosing 
Cholangitis Frequently Have Subclinical Inflammation in the 
Proximal Colon

Noa Krugliak Cleveland1, David T. Rubin1, John Hart2, Christopher R. Weber2, Katherine 
Meckel1, Anthony L. Tran1, Arthur S. Aelvoet1, Isabella Pan1, Alex Gonsalves1, John Nick 
Gaetano1, Kelli Williams1, Kristen Wroblewski3, Bana Jabri1, and Joel Pekow1

1University of Chicago Medicine Inflammatory Bowel Disease Center

2University of Chicago, Department of Pathology

3University of Chicago Department of Public Health Sciences

Abstract

Background and Aims—Primary sclerosing cholangitis (PSC) patients with ulcerative colitis 

(UC) have a high risk of colonic neoplasia. As histologic inflammation is an independent risk 

factor for the development of neoplasia, we hypothesized that patients with UC and PSC have 

more subclinical disease activity than patients with UC alone.

Methods—We performed a retrospective evaluation of patients with ulcerative pancolitis who 

were in clinical remission and compared endoscopic and histologic activity between those with 

and without PSC. Disease activity was scored per colonic segment using a modified Mayo 

endoscopic subscore and histologic assessment. In each colonic segment, differences in disease 

activity and the degree of discordance between endoscopic and histologic inflammation among 

UC patients with and without PSC were compared.

Results—143 patients (23 UC-PSC, 120 UC) with 205 exams (36 UC-PSC, 169 UC) were 

included in the analysis. UC-PSC patients had significantly more endoscopic (OR=4.21, 95% CI 

1.67–10.63) and histologic activity (OR=5.13, 95% CI 2.25–11.68) in the right colon as well as 

greater degree of histologic than endoscopic inflammation in the proximal colon (OR = 3.14, 95% 
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CI 1.24–7.97) than UC without PSC. UC-PSC patients had significantly less histologic activity in 

the rectum on multivariate analysis (OR=0.24, 95% CI 0.08–0.72).

Conclusion—UC patients with PSC who are in clinical remission are significantly more likely to 

have endoscopic and histologic inflammation in the right colon compared to UC patients without 

PSC. As neoplasia frequently develops in the right colon in patients with PSC, these findings 

provide novel insight into the cause of colorectal cancer in UC patients with PSC.
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Introduction

Patients with ulcerative colitis (UC) are at an increased risk for developing dysplasia and 

colorectal cancer (CRC).1 Numerous risk factors for neoplasia in UC patients have been 

described, including chronic mucosal inflammation, early age disease onset, increased 

disease duration, and extensive mucosal involvement.1–3 One of the most significant risk 

factors is having concomitant primary sclerosing cholangitis (PSC), a progressive disease 

characterized by biliary ductal inflammation and fibrosis.4, 5 A meta-analysis performed by 

Soetikno and colleagues described an odds ratio of CRC of 4.09 (95% CI, 2.89–5.76) when 

compared to UC patients without PSC.6 Despite the significant increased risk of CRC 

among UC patients with concurrent PSC (UC-PSC), the etiology and pathogenesis of CRC 

remain unknown in this population.

Observational studies of UC-PSC patients describe a unique UC disease phenotype as well 

as CRC presentation. UC patients with PSC are more likely to have pancolitis, backwash 

ileitis, and rectal sparing than UC patients without PSC.7–10 Importantly, colitis in patients 

with PSC is often asymptomatic or milder than patients with UC alone.9, 10 This has led to a 

theory that the increased risk of CRC stems from subclinical disease and delayed UC 

diagnosis. Subclinical disease activity and discordance between clinical and endoscopic 

disease activity has been well described in patients with UC alone,11 although it has not 

been assessed in patients with UC-PSC compared to UC patients without PSC. We therefore 

hypothesized that patients with UC and PSC have a greater degree of subclinical disease 

activity compared to patients with UC alone.

Materials and Methods

The study protocol was approved by the Institutional Review Board at the University of 

Chicago (IRB-1030). Patients with UC-PSC and UC without PSC were identified 

retrospectively from an IRB-approved prospective registry of patients with confirmed IBD at 

the University of Chicago that is linked to patients’ electronic medical records.

Using standard database management software, we identified patients with the diagnosis of 

ulcerative pancolitis who had a clinic visit within 3 months of a surveillance colonoscopy; 

clinic notes on patients seen with UC at the University of Chicago IBD Center since 2011 

contain a Simple Colitis Activity Index (SCCAI). We then manually reviewed the electronic 
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medical records of each patient. Only those who were confirmed to be in clinical remission 

as defined as a SCCAI score ≤2 within 3 months of a surveillance colonoscopy and had a 

histologically and clinically confirmed diagnosis of ulcerative colitis with documented 

pancolitis by endoscopy and pathology were included in the final analysis. The identified 

patients were extracted into REDcap (Research Electronic Data Capture, Memphis, TN) and 

additional data were collected by chart review including date of UC and PSC diagnosis, age, 

sex, race, ethnicity, medication usage [corticosteroids, 5-aminosalicylic acids (5-ASA), anti-

tumor necrosis factor therapies (anti-TNF), immunomodulators (IMM) (6-mercaptopurine, 

azathioprine, and methotrexate), and anti-integrins].

We reviewed all colonoscopy, pathology, and clinical encounters that met criteria from May, 

2011 until May, 2016. Disease activity was scored based on the description of endoscopic 

severity (normal/quiescent, mild, moderate or severe), photographic images, and when 

specified, the Mayo endoscopic subscore from the endoscopic report. Using this 

information, we assigned a modified Mayo subscore12 of 0,1,2,3 based on the highest degree 

of inflammation present during the endoscopic exam to each of three distinct colorectal 

segments: the right colon (including the cecum, ascending and transverse colon), the left 

colon (including the sigmoid, descending colon and splenic flexure), and the rectum. 

Additionally, each patient was assigned an overall endoscopic Mayo score based on the 

highest degree of disease activity described in any segment.12

Gastrointestinal pathologists at the University of Chicago routinely grade histologic severity 

of disease activity during standard of care interpretation of specimens as either normal, 

quiescent, mild, moderate, or severe using the following criteria: normal is defined as no 

features of acute or chronic injury; quiescent (inactive) is defined as evidence of chronic 

injury (i.e. basal lymphoplasmocytic infiltrate, architectural distortion, or metaplastic 

changes), increased lamina propria lymphocytes, but no neutrophilic involvement of the 

epithelium; mild is defined as neutrophils within the epithelium, but not spilling over into 

the crypts; moderate is defined by neutrophils within crypts; and severe disease is defined by 

mucosal erosions.13 For this study, histologic reporting of normal/quiescent, mild, moderate 

or severe inflammation were converted to ordinal numbers of 0, 1, 2 or 3. If the degree of 

activity varies regionally or within the biopsies from one region of the gut, it is standard for 

the reviewing pathologist to state the range of activity. For the purposes of this analysis, we 

used the worst activity reported in the right colon, left colon, and rectum. We excluded 

exams without adequate histologic labeling of the segmental location of origin. We also 

recorded an overall score per patient based on the highest level of histologic disease activity 

seen in an individual examination.

Statistical Analysis

Subjects in the two groups were evaluated for statistically significant differences in 

demographic characteristics including sex, race, medication usage and age at the time of 

their first colonoscopy evaluated in the study analysis using a chi-square test or two-sample 

t-test. We compared disease activity between the UC-PSC and UC groups by dichotomizing 

our results in two ways: (1) normal/quiescent disease versus active disease (including all 

degrees of disease activity, score of 1–3) and (2) normal/quiescent or mild disease (score of 
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0–1) versus moderate or severe disease activity (score of 2–3). Using similar 

dichotomization of disease activity, we also evaluated the impact of ursodiol on endoscopic 

and histologic inflammation in UC-PSC patients. Variables were evaluated utilizing 

univariate and multivariate generalized estimating equation (GEE) logistic regression 

models, which account for the correlation among multiple observations from the same 

patient. All analyses were performed for both endoscopic and histologic activity for each of 

the three segments of the colon, and separately for the “worst” segment (the highest degree 

of inflammation) per exam. Additionally, using the ordinal scale of 0–3, we compared the 

degree of discordance between endoscopic and histologic inflammation in UC-PSC 

compared to UC patients. A multivariate analysis was performed to adjust for age at 

colonoscopy, sex, race, and use of corticosteroids.

RESULTS

Characteristics of the study population

After an electronic query of the IBD database, we initially identified 38 UC-PSC patients 

with 89 exams and 140 UC patients with 196 exams who had pancolitis and a clinic visit 

within 3 months of a surveillance colonoscopy. Following confirmation of inclusion criteria, 

143 patients [23 (16%) UC-PSC and 120 (84%]) UC] who had a total of 205 exams [36 

(18%) UC-PSC and 169 (82%) UC] were included in the final analysis. The two groups 

were similar in their demographic characteristics and medication usage (Table 1) except UC-

PSC patients were younger with median age of 35.6 years old (range 20.1–66.7) compared 

to 44.8 years old (range 18.4–87.7) in the UC group (p=0.01). A total of 10 of 23 (43.5%) 

UC-PSC patients were on ursodiol therapy at the time of clinical remission and colonoscopic 

evaluation. The median dose (mg/kg/day) was 12.2 (range 5.9–17.6).

Global endoscopic and histologic disease activity are not different between UC patients 
with and without PSC

On evaluation of patients using the most inflamed segment per exam (the most severe degree 

of inflammation identified per exam), 21 (58%) exams among UC-PSC patients and 110 

(65%) among UC patients had active disease on endoscopic evaluation in at least one 

colonic segment (unadjusted OR=1.19, 95% CI 0.47–3.02, p=0.72). Likewise, there was no 

statistically significant difference between groups when patients were dichotomized into 

those with quiescent or mild disease versus those who had moderate or severe disease 

(unadjusted OR=0.73, 95% CI 0.28–1.90, p=0.52). There was also no difference in 

endoscopic disease activity based on the use of ursodiol in the UC-PSC group (p=0.71).

On histologic evaluation, 25 (69%) exams among UC-PSC patients and 97 (58%) among 

UC patients had active disease on at least one biopsy (unadjusted OR=1.98, 95% CI 0.84–

4.70, p=0.12). There was not a statistically significant difference between the groups when 

patients were dichotomized to quiescent/normal or mild disease versus moderate or severe 

disease (unadjusted OR=1.18, 95% CI 0.50–2.78, p=0.71. Furthermore, use of ursodiol was 

not associated with difference in histologic inflammation in patients with UC and PSC 

(p=0.32).
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UC patients with PSC have increased subclinical endoscopic disease activity in the right 
colon compared to UC patients without PSC

Endoscopic disease activity was compared between the two groups in each segment of the 

colon. In the right colon, 20 (56%) exams of UC-PSC patients had active disease on 

endoscopic evaluation compared to 52 (32%) exams of the UC patients without PSC 

(unadjusted OR=4.12, 95% CI 1.67–10.20, p=0.002). This remained significant after 

adjusting for gender, age at colonoscopy, corticosteroid use, and race (OR=4.21, 95% CI 

1.67–10.63, p=0.002). In order to explore the impact of ursodiol use on these findings, 

endoscopic inflammation of UC-PSC patients was compared between those taking or not 

taking ursodiol at the time of colonoscopy. In UC-PSC patients taking ursodiol, 53% had 

proximal colonic inflammation compared to 58% of patients not taking the medication 

(p=0.92).

No differences in endoscopic disease activity in the left colon were observed between groups 

where 19 (53%) UC-PSC exams had endoscopic disease activity in the left colon compared 

to 86 (51%) UC exams (unadjusted OR=1.69, 95% CI 0.69–4.16, p=0.25). Similarly, the 

proportion of patients who had active endoscopic disease in the rectum was comparable in 

each group with 14 (39%) UC-PSC exams and 77 (47%) UC exams (unadjusted OR=1.00, 

95% CI 0.42–2.37, p=1.00) (Table 2). A comparison of the distribution of endoscopic scores 

between the two groups is shown in Figure 1A.

UC patients with PSC who are in clinical remission have increased histologic activity in 
the right colon and decreased histologic activity in the rectum compared to UC patients 
without PSC

When histologic disease of the right colon was evaluated, patients with PSC had 

significantly greater histologic disease activity than those without PSC; 23 (64%) exams in 

the UC-PSC group and 50 (31%) exams in the UC group had active disease on histologic 

examination (OR= 5.13, 95% CI 2.25–11.68, p<0.001), this remained statistically significant 

after adjusting for gender, age at colonoscopy, corticosteroid use, and race (OR=4.87, 95% 

CI 2.04–11.61, p<0.001). In the left colon, however, 18 (55%) exams of UC-PSC patients 

and 77 (47%) exams of UC patients had active histologic disease (unadjusted OR 1.52, 95% 

CI 0.67–3.47, p=0.32). In contrast to the subclinical histologic inflammation observed in the 

proximal colon in patients with PSC, 8 (26%) UC-PSC exams and 72 (46%) UC exams had 

active disease in the rectum. This was not statistically significant in univariate analysis (OR 

0.47, 95% CI 0.17–1.29, P=0.14); however, when adjusted for gender, age at colonoscopy, 

corticosteroid use, and race, PSC patients had significantly less histologic disease activity in 

the rectum (OR=0.24, 95% CI 0.08–0.72, p=0.01) A breakdown of the histologic scores 

within each group is demonstrated in figure 1B.

In a separate analysis examining the impact of ursodiol on these findings, there was no 

association with histologic disease activity in any colonic segment in the UC-PSC group 

(proximal colon: p=0.49, left colon: p=0.5, rectum: p=0.81).
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Patients with PSC have a more severe grade of histologic than endoscopic inflammation in 
the proximal colon

When comparing the degree of histologic inflammation to endoscopic inflammation 

between the two groups in the right colon, patients with PSC had significantly greater odds 

of having a higher grade of histologic inflammation compared to their endoscopic disease 

activity (unadjusted OR = 3.14, 95% CI 1.24–7.97, p=0.02). In contrast, there was no 

significant discordance among grades of endoscopic and histologic activity in either the left 

colon or rectum between patients with and without PSC (Left colon: unadjusted OR = 1.57, 

95% CI 0.62–3.97, p=0.35; Rectum: unadjusted OR = 0.54, 95% CI 0.15–1.94, p=0.34).

DISCUSSION

In this study of patients with UC in clinical remission, we found a greater degree of active 

endoscopic and histologic inflammation in the proximal colon of patients with concomitant 

PSC compared to patients without PSC. Furthermore, there was a discordance observed 

between histologic and endoscopic activity in the proximal colon of PSC patients, where 

histologic findings were frequently more severe than the endoscopic description of disease 

activity. In addition, UC-PSC patients had significantly less histologic disease activity in the 

rectum compared to UC patients without PSC. This is aligned with the previously described 

phenotype of colitis with decreased rectal inflammation in UC-PSC and provides a potential 

explanation for the reduced symptomatology in such patients despite proximal disease 

activity. To our knowledge, this is the first study to assess endoscopic and histologic 

inflammation in patients in clinical remission with PSC compared to IBD patients without 

PSC, and we believe that these novel observations provide a potential mechanistic 

explanation for the predominance of right-sided neoplasia that has been well described in 

UC-PSC patients.

PSC is a chronic progressive syndrome characterized by intrahepatic and extrahepatic biliary 

ductal inflammation and fibrosis. Its progressive nature leads to cholestasis and eventually 

may result in cirrhosis and liver failure.14 PSC is a known co-existing condition with IBD 

and has a prevalence of 8% with UC and approximately 1%–3% with Crohn’s disease.15, 16 

IBD patients with PSC are at increased risk for numerous gastrointestinal malignancies,17–19 

including CRC. The increased risk of CRC among UC-PSC patients has been of great 

interest, with studies describing a cumulative risk as high as 20–30% by 20 years from the 

time of diagnosis,17, 20, 21 making CRC one of the leading causes of death in this patient 

group.17 Because of this well-described and strong risk, regular colonoscopic surveillance 

has been recommended. Current guidelines recommend annual surveillance colonoscopy 

with random biopsies starting from the time concurrent PSC and IBD are diagnosed.22–24

The etiology and pathogenesis of CRC in UC-PSC is unknown. However, the fact that 

patients with IBD and PSC have a much higher risk of predominately proximal colonic 

neoplastic lesions has led to a number of proposed theories. One hypothesis suggests that 

bile acids may be the major culprit. Cholestasis observed in patients with PSC leads to a 

build-up of secondary bile acids,5 which in animal models have been found to have a 

carcinogenic effect.25 An observed increased prevalence of right-sided tumors in IBD-PSC 

patients,26 where bile acids concentration is the highest, has led to the hypothesis that bile 
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acids may have a key role in CRC development.5,20,26,27 This position gained support when 

studies examining ursodeoxycholic acid (UDCA) suggested a potential reduction in the 

carcinogenic effect by reducing the levels of the secondary bile acid, deoxycholic acid.28 In 

a randomized controlled trial by Pardi and colleagues evaluating the effect of UDCA in UC-

PSC patients, 10% of the patients in the interventional arm developed colorectal neoplasia 

compared to 35% in the control group (RR = 0.26, 95%CI: 0.06–0.92).29 Furthermore, a 

number of meta-analyses also demonstrated a chemoprotective effect for the development of 

high-grade dysplasia and CRC using low dose UDCA.30, 31 However, these findings have 

been challenged by additional studies demonstrating no reduction in the incidence of CRC 

with UDCA32 and an even higher rate of CRC development when a high dose of UDCA was 

used (HR=4.44, 95% CI: 1.30–20.1).33 Further supporting the argument against toxic bile 

acids contributing to neoplasia is the fact that the risk of colonic neoplasia does not decrease 

following a liver transplant.34 In our cohort, 43.5% of UC-PSC patients were on ursodiol 

therapy. Although the impact of ursodiol on the risk of neoplasia was not evaluated in this 

study, there was no association between use of ursodiol with subclinical endoscopic or 

histologic activity in this cohort of patients.

A second mechanistic hypothesis proposed for the development of CRC in this patient group 

is related to a prolonged course of subclinical inflammatory disease activity.4 As a milder 

clinical disease course has been reported in patients with IBD and PSC than IBD without 

PSC,9 a lack of clinical symptoms may lead to untreated active histologic inflammation or 

delayed diagnosis of PSC. Therefore, the effective disease duration (and exposure to 

inflammation) may be much longer than appreciated at the time of diagnosis. This 

hypothesis is supported by previous work that identified a correlation between mucosal 

inflammation and colorectal neoplasia in patients with IBD.1, 2 Although not focused on 

patients with PSC, previous studies demonstrate a 4 to 5-fold increased risk for colorectal 

neoplasia for every 1-unit increase in histological inflammation in patients with IBD, 

including patients with histologic inflammation without associated endoscopic disease 

activity.35

There are several limitations to this study. As the study was retrospective, there are 

limitations to the data collection, including exclusion of patients related to lack of available 

data, and the potential for ascertainment errors. Second, we used non-standard measures of 

inflammation, by extrapolating data from endoscopy and pathology reports. Although the 

grading system utilized by the pathologists is standardized at our center, it is not validated. 

We have previously described inter-observer agreement with this histologic grading 

approach2, however, and these endoscopic evaluations were performed by experienced IBD 

clinicians who routinely provide detailed evaluation of disease activity by segment. Finally, 

we were not able to measure severity of the liver disease in PSC patients, which may have 

influenced these findings.

In conclusion, UC patients with PSC who are in clinical remission have a greater degree of 

endoscopic and histologic inflammation in the proximal colon compared to UC patients 

without PSC. As long-standing mucosal inflammation is a known independent risk factor for 

colonic neoplasia, we believe that these findings may provide an explanation to prior 

observations of a greater prevalence of right-sided CRC and more advanced CRC at time of 
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cancer diagnosis in patients with PSC. Based on this study, we recommend that clinicians 

routinely assess histologic disease activity in the proximal colon of UC-PSC patients who 

are in clinical remission, even in patients without endoscopic inflammation. As the field of 

IBD continues to move towards so-called “tight disease control” and treating to achieve the 

objective target of mucosal healing, understanding the distinctive pattern of inflammation in 

patients with PSC and UC will be key to managing these patients more effectively. It seems 

logical that the goal of management in these patients should be mucosal healing, but it is 

acknowledged that it is not known whether this can actually be achieved in such patients, or 

if doing so will reduce the risk of cancer. Therefore, longer-term prospective studies are 

needed to assess the impact of achieving mucosal healing on the prevention of neoplasia in 

this population.
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Figure 1. 
Comparison of subclinical colonic inflammation between UC patients with and without 

PSC. A) Endoscopic activity using the Mayo endoscopic subscore where ordinal subscores 

of 0, 1, 2,and 3 represent normal, mild, moderate, and severe mucosal inflammation, 

respectively. B) Histologic activity using clinical pathology reports of quiescent, mild, 

moderate or severe inflammation.
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Table 1

Demographics and medication usage in the study population. Age represents the age of the patient at the time 

of their first colonoscopy used in the study analysis.

UC-PSC
n=23

UC
n=120 p value

Age [Mean (SD)] 38.1 (13.7) 46.4 (16.8) 0.01

Female gender (%) 6 (26.1%) 52 (43.3%) 0.12

White (%) 19 (82.6%) 93 (79.5°%) 0.73

Ever used anti-TNF (%) 8 (34.8%) 36 (30.0%) 0.65

Ever used IMM (%) 13 (56.5%) 59 (49.2%) 0.52

Ever used steroids (%) 5 (21.7%) 26 (21.7%) 0.99

Ever used 5-ASA (%) 13 (56.5%) 70 (58.3%) 0.87

Ever used vedolizumab (%) 3 (13.0%) 7 (5.8%) 0.21

IMM=immunomodulator. 5-ASA= 5-aminosalicylic acid
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Table 2

Segmental endoscopic and histologic activity in UC patients with PSC compared to UC patients without PSC. 

Odds ratios and 95% confidence interval calculated using a multivariate analysis adjusting for gender, 

corticosteroid exposure, race, and age.

OR (95% CI) p value

Right colon

Endoscopic activity 4.21 (1.67–10.63) 0.002

Histologic activity 4.87 (2.04–11.61) <0.001

Left colon

Endoscopic activity 1.54 (0.61–3.90) 0.36

Histologic activity 1.51 (0.62–3.68) 0.37

Rectum

Endoscopic activity 0.80 (0.33–1.96) 0.63

Histologic activity 0.24 (0.08–0.72) 0.01
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