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WHAT YOU NEED TO KNOW: 

 

Background and Context: There are insufficient population-level data on the effects 

of primary sclerosing cholangitis (PSC) in patients with inflammatory bowel disease 

(IBD). 

 

New findings: In a 10-year study of 284,560 patients with IBD, onset of PSC 

increased risks of cancers and death. The incidence of liver transplantation or PSC-

related death was increased in patients who received a diagnosis of PSC younger than 

40 years, patients of Afro-Caribbean heritage, and men. 

 

Limitations: This analysis of the population of England, based on medical databases, 

is restricted to patients with PSC and concomitant IBD. 

 

Impact: Age at diagnosis, sex, and race should be considered in design of clinical 

trials, disease prediction models, and prognostic biomarkers of PSC. 

 

 

LAY SUMMARY:  

 

In an analysis of patients with inflammatory bowel diseases in England, the study 

shows that development of primary sclerosing cholangitis affects risk of needing 

surgery, development of cancer, and death; rates differ according to age at diagnosis, 

sex, and race. 
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- Incidence increasing

Clinical events Risk stra fica on in PSC-IBD
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41,055 deaths

173 liver transplants (LT)

31,587 colonic resec�ons

5,608 colorectal cancers (CRC)

164 cholangiocarcinomas

103 gallbladder cancers

47 liver cancers
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6,608 cholecystectomies
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>7-fold increased mortality rate vs. IBD alone
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ABSTRACT 

 

Background & Aims: There are insufficient population-level data on effects of primary 

sclerosing cholangitis (PSC) in patients with inflammatory bowel disease (IBD). 

 

Methods: We identified incident cases of IBD, with PSC (PSC-IBD) and without, from April 

2006 through to April 2016 and collected data on outcomes through April 2019. We linked 

data from national healthcare registries maintained for all adults in England on hospital 

attendances, imaging and endoscopic evaluations, surgical procedures, cancer, and deaths. 

Our primary aim was to quantify the effects of developing PSC in patients with all subtypes 

of IBD and evaluate its effects on hepatopancreatobiliary disease, IBD-related outcomes, and 

all-cause mortality, according to sex, race, and age. 

 

Results: Over 10 years, we identified 284,560 incident cases of IBD nationwide; of these 

2588 developed PSC. In all, we captured 31,587 colectomies, 5608 colorectal cancers 

(CRCs), 173 first liver transplants, 6608 cholecystectomies and 41,055 patient deaths. 

Development of PSC was associated with increased risk of death and CRC (hazard ratios 

[HRs], 3.20 and 2.43, respectively; P<.001), and a lower median age at CRC diagnosis (59 

years vs 69 years without PSC; P<.001). Compared to patients with IBD alone, patients with 

PSC-IBD had a 4-fold higher risk of CRC if they received a diagnosis of IBD at an age 

younger than 40 years; there was no difference between groups for patients diagnosed with 

IBD at an age older than 60 years. Development of PSC also increased risks of 

cholangiocarcinoma (HR, 28.46), hepatocellular carcinoma (HR, 21.00), pancreatic cancer 

(HR, 5.26), and gallbladder cancer (HR, 9.19) (P<.001 for all). Risk of hepatopancreatobiliary 

cancer-related death was lower among patients with PSC-IBD who received annual imaging 

evaluations before their cancer diagnosis, compared to those who did not undergo imaging 
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(HR, 0.43; P=.037). The greatest difference in mortality between the PSC-IBD alone group vs 

the IBD alone group was for patients younger than 40 years of age (incidence rate ratio >7), in 

contrast to those who received a diagnosis of IBD older than 60 years (incidence rate ratio 

<1.5). Among patients with PSC-IBD, liver transplantation and PSC-related events accounted 

for approximately 75% of clinical events when patients received a diagnosis of PSC at an age 

younger than 40 years, vs 31% of patients who received a diagnosis older than 60 years 

(P<.001). Afro-Caribbean heritage associated with increased risks of liver transplantation or 

PSC-related death compared with Caucasian race (HR, 2.05; P<.001), whereas female sex 

associated with reduced risk (HR, 0.74; P=.025). 

 

Conclusions: In a 10-year, nationwide study, we confirmed that patients with PSC-IBD have 

increased risks of CRC, hepatopancreatobiliary cancers, and death compared to patients with 

IBD alone. In the PSC-IBD group, diagnosis of IBD at age younger than 40 years was 

associated with greater risks of CRC and all-cause mortality compared with diagnosis of IBD 

at older ages. Patients who receive a diagnosis of PSC at an age younger than 40 years, men, 

and patients of Afro-Caribbean heritage have an increased incidence of PSC-related events. 

 

KEY WORDS:  epidemiology, malignancy, population-based, survival 

 

 

. 
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INTRODUCTION 

 

The dominant clinical presentation of primary sclerosing cholangitis (PSC) is in association 

with inflammatory bowel disease (IBD).1,2 However, despite improvements in managing IBD, 

interventions that benefit patients with PSC remain limited, and clinical outcomes are 

determined by development of recurrent cholangitis, cirrhosis and end-stage liver disease. 

This is alongside a heightened but variable risk for malignancies of the biliary tree1 and 

colon.3–5 Disease heterogeneity compounds challenges to ‘risk-predict’ for patients in routine 

care; and importantly, to best design and deliver effective clinical trials based on carefully 

considered eligibility criteria.  

 

Representative data from high-volume programmes indicate a median transplant-free survival 

approximating 15 years,1,6 with population-based cohorts, largely from Scandinavia and the 

Netherlands, providing further insight,2,3,7 However, significantly greater survival time is 

reported for patients diagnosed in non-transplant units,2 underscoring the need for nationally-

representative epidemiological data.  

 

PSC affects all age groups, with older age at diagnosis reportedly associated with worse 

transplant-free survival.1,6,8 However, causal mortality analysis according to age at PSC 

diagnosis has not been determined. Such findings have critical implications for interventional 

trial design, as 40 to 50% of all deaths may not be attributable to liver disease.2,6 Nevertheless, 

currently proposed surrogates which are applied to clinical trials derive from studies that 

incorporate transplantation and all-cause mortality as a composite endpoint.9,10 Phenotypic 

diversity according to sex and age may also influence the clinical course that patients 

experience.8,11 Whilst the majority of datasets derive from Caucasian populations, a recent 
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study indicates that PSC may be as common in patients of Afro-Caribbean descent.12 

However, it is unknown whether heritage-specific differences in disease risk exist in PSC. 

 

In this study we evaluate patients with PSC and concomitant IBD, as reflective of the 

dominant pattern of PSC, using a large population-based dataset from across the whole of 

England. In so doing, we seek to better understand key features of disease including 

incidence, as well as natural history. Our analyses quantify the additive risk of developing 

PSC for patients with IBD across all its subtypes, and show critical differences in event rates 

according to sex, race and age, as relate to hepatobiliary disease, IBD-specific outcomes, and 

all-cause mortality. 
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METHODS 

 

Study population 

This was a nationwide population-based study conducted throughout England, performed via 

evaluating patient medical records held by the Hospital Episode Statistics (HES) registry, and 

linkage to the Office of Population Censuses and Surveys Classification of Interventions and 

Procedures Classification version 4 (OPCS-4), and the Office of National Statistics (ONS) 

database. HES data encompasses all National Health Service (NHS) Clinical Commissioning 

Groups in England, detailing every adult (>18y of age) hospital admission, attendance, and 

investigative and therapeutic procedure undertaken in the National Health Service (NHS).13 

Notably, NHS free healthcare constitutes 98-99% of all hospital activity in England,14 being 

available to every British citizen. Individual HES records have been longitudinally linked to 

the same patient since 1997/98, with outpatient data captured prospectively from 2004/5 

onwards. Patient identification is reliant on the unique 10-digit NHS number ascribed to all 

registered users of health services in England. Each HES record contains a broad range of 

data about a patient attending healthcare services, including information about diagnoses and 

operations; demographics; and administrative and geographical data such as the dates and 

route of admission and discharge, patient residential address, location of treatment, and 

hospital type. No laboratory parameters or medication data are captured. OPCS-4 

classification relates to all surgical procedures performed throughout the NHS; whereas ONS 

captures dates, location, and causes of death of all individuals across the UK. 

 

Case ascertainment 

Extraction of NHS registry data yields fully anonymised records, with no traceable patient 

identifiable information provided to the researcher. Case finding was through detailed review 

of all hospital attendances and admissions, out-patient visits, imaging logs (transabdominal 
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ultrasound scans, magnetic resonance cholangiopancreatograms (MRCP) and/or MRI liver 

scans, ultrasound-guided and transjugular liver biopsies, endoscopic retrograde 

cholangiopancreatograms (ERCP), and endoscopic ultrasound scans), endoscopy reports, 

theatre reports (bowel resections, liver resections and liver transplantations), cancer records 

(colorectal, bile duct, hepatocellular, gallbladder and pancreatic), and deaths across the 

aforementioned time period. The level of accuracy and completeness of NHS registry data is 

presented elsewhere.15–19  

 

First, data was collected prospectively from all incident cases of IBD from the 1st of April 

2006 to 1st of April 2016 throughout England, with a minimum observation period of three 

years thereafter (study end date 1st April 2019). Patients having an IBD diagnosis recorded 

prior to April 2006 were excluded, in order to reduce the possible impact of prevalent out-

patient cases on our findings.4,20 Case finding strategy was extrapolated from the studies by 

Jess, Olén and Lindqvist.3,4,7,21–23 Briefly, we applied the International Statistical 

Classification of Diseases and Related Health Problems (ICD) version 10 codes for ulcerative 

colitis (UC, K51), Crohn’s disease (CD, K52) or IBD-unclassified (IBD-U, K52.3) before 

identifying patients having PSC-IBD more specifically.3,4,7,21–23 Given that the ICD10 code 

for IBD-unclassified was only introduced in 2012, patients with IBD-U were also identified 

by the methods introduced by Everhov and Olén,23,24 wherein patients having a UC diagnosis 

who later went on to have a code for CD attributed (or vice versa) were reclassified as IBD-U.  

 

To avoid diagnostic ambiguity, and in order to maximise the legitimacy and accuracy of PSC 

diagnosis, we excluded those with alternative aetiologies of liver disease (Supp. Table 1A), 

and only patients having a documented PSC-related investigation or intervention approved for 

diagnosis (either an MRCP, ERCP, or liver biopsy performed by any route), together with a 

documented PSC diagnosis code, were classified as having PSC. Additional validation and 
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quality control was performed, via manual cross-referencing of selected medical records held 

within the host institution against their recorded codes including the accuracy of dates (Supp. 

Table 1B and C). 

 

Data collection and clinical events 

Individual patient characteristics were captured, relating to patient sex, age at IBD diagnosis, 

subtype of IBD diagnosis, age at PSC diagnosis, index of multiple deprivation, Charlson 

Comorbidity Index, race, residential location, and hospital at which IBD diagnosis and PSC 

diagnosis were first recorded. Follow-up continued until the point of death, or censoring at the 

end of the study (31st March 2019).  

 

Clinical events were classified according to all-cause mortality, liver transplantation, PSC-

related death, colorectal cancer (CRC) and colonic resection. Incidents of cholangiocarcinoma 

(CCA), pancreatic cancer, gallbladder cancer, hepatocellular carcinoma (HCC) and 

cholecystectomy were evaluated as additional endpoints. These were analysed separately from 

liver transplantation and PSC-related death, given that the majority of hepatopancreatobiliary 

(HPB) cancers, particularly CCA, develop within the first 12 months of PSC diagnosis,1 and 

factors contributing to progressive liver disease are likely distinct to those leading to 

malignancy. 

 

Surveillance practice and post-cancer survivorship 

National administrative healthcare registries do not capture the indication for endoscopic 

procedures. However we evaluated the impact of periodic colonoscopy performed at 1-2 

yearly intervals, and its potential impact on CRC-related death, as per methodology by 

Claessen and Boonstra.2,25 To account for competing risks, and in order to classify patients’ 

surveillance status prior to CRC diagnosis, patients who underwent colectomy, developed 
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CRC, or who died/reached the end of follow-up within 2 years of PSC diagnosis were 

excluded from this analysis (given that they would not have had an opportunity to undergo at 

least 2 surveillance examinations a year apart). 

 

Routine surveillance for HPB malignancies is more contentious, and not standard of care in 

the UK given paucity of evidence and the fact that the vast majority of CCA occur in the first 

year after PSC diagnosis.1 However, annual imaging is performed by some centres; consisting 

of a transabdominal ultrasound, and/or MRCP, and/or computed tomography (CT). To this 

effect, we determined the impact of annual imaging on post-cancer survivorship, akin to 

methodology presented by the Mayo clinic.26 Liver transplantation and non-HPB cancer 

events were handled as competing risks. 

 

Data interpretation and statistical analysis 

Categorical variables are expressed as raw numbers (percentages in parenthesis), and 

continuous data as medians (and interquartile ranges, IQR). Differences between individual 

groups of continuous and categorical data were assessed using the Mann Whitney U test and 

Chi-squared test, respectively. Clinical event rates (with 95% confidence intervals, CI) are 

presented from both the point of IBD diagnosis and PSC diagnosis. Patients failing to meet a 

clinical event were censored at the end of the study, taking into account competing risks as 

indicated. In line with the principal aims of this study, incidence rates per 1,000-patient-years 

(IR) were stratified according to patient age at presentation of IBD diagnosis and PSC 

diagnosis as indicated, before determining the incidence rate ratio (IRR) between PSC-IBD vs 

IBD alone. 

 

To calculate years of life lost (YLL), the numbers of deaths occurring at each age were 

counted, split according to cohort group and sex. These counts were multiplied by the period 
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expectation of life 2016-2018 estimates from the Office for National Statistics,27 summed to 

obtain the total YLL and then divided by the death count for that group, to obtain average 

YLL. Cox proportional hazards models were fit to assess the impact of individual covariates 

on the instantaneous rate of clinical events, and hazard ratios (HR) with respective 95% CIs 

shown in parenthesis. Covariates yielding a P-value of 0.1 on univariate analysis were fed into 

respective multivariable models.28–32 P-values <0.05 were deemed statistically significant. 

Given that development of IBD does not parallel that of PSC, the prognostic impact of PSC 

onset was assessed as a time-dependent covariate.  

 

Statistical analyses were performed using R, including the packages ‘ggplot2’ and ‘sf’ 

(plotting choropleth maps), ‘epiR’ and ‘epitools’ (estimation of incidence rates and incidence 

rate ratios),  ‘survival’ and ‘survminer’ (survival analyses and plotting), and ‘cmprsk’ (for 

competing risk models; Supp. Table 2). Regulatory board approval was obtained prior to 

study initiation and database/chart review (UHB CAB-04186-12 and CARMS-02246). 
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RESULTS  

 

Cohort overview 

Over a ten-year period, 50,168,647 adult patients had contact with healthcare services in 

England. Of this group, 284,560 incident cases of IBD were identified (Fig. 1, Supp. Table 

3). From the overall IBD cohort, 2,588 individuals were diagnosed with PSC >12 months 

prior to (n=393), within 12 months of (n=1,306), or >12 months of IBD diagnosis (n=889) 

(Supp. Fig. 1). A male predominance was observed in PSC-IBD and PSC-UC groups when 

PSC presented at an age <40 years (~70%), which became less apparent in older age (~50%, 

Supp. Fig. 2). 

 

From 2006 to 2016, the incidence of IBD remained relatively constant, but appeared to 

increase for PSC-IBD (0.58 per-100,000-population in 2016). Notably, regions of heightened 

PSC-IBD incidence did not parallel that of IBD, neither was there tendency for PSC diagnosis 

to cluster around liver transplant units (Fig. 2, Fig. 3 and Supp. Figs. 3-5).  Overall, we 

captured 31,587 colonic resections, 5,608 incidents of colorectal cancer (CRC), 173 first liver 

transplants and 41,055 patient deaths (Fig. 4). Cumulative follow-up till death or censor was 

1,994,441-person-years for the IBD alone group, and 18,823-person-years for those with 

PSC-IBD. 

 

Patients with PSC-IBD exhibit a heightened mortality rate  

Relative to the background population, the YLL following IBD diagnosis was 12.7 and 12.6 

years vs 17.1 and 16.4 years for men and women with IBD alone vs PSC-IBD, respectively. A 

greater all-cause mortality rate was observed with PSC-IBD vs IBD (Fig. 5), with PSC onset 

conferring a time-dependent HR of 3.20, 3.01-3.40, P<.001), independently of sex, race, 

deprivation index, comorbidities and advancing age, and on PSC-IBD sub-group analysis 
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(Supp. Fig. 6). In both groups, all-cause mortality was approximately 2-fold greater in 

Caucasian vs non-Caucasian patients, and also increased with advancing age at IBD diagnosis 

(Supp. Tables 4-6). In PSC-IBD specifically, the negative prognostic impact of age was 

retained on multivariable analysis (but not for race); however, the greatest most discrepant 

mortality ratio compared to IBD alone was for those diagnosed <40 years old (Fig. 6; Supp. 

Tables 7-8). 

 

Patients with IBD had a greater comorbidity index compared to PSC-IBD, although 

differences for any single comorbidity were not significant upon age-adjustment (Supp. 

Table 9). The single leading cause of death in the IBD alone group related to ischaemic heart 

disease, although the majority died from other, miscellaneous causes. In turn, 50.1% of deaths 

in the PSC-IBD group were not related to liver or biliary disease (Supp. Table 10); however, 

this varied by age at PSC diagnosis (Fig. 5 and Fig. 6). 

 

Afro-Caribbean heritage and male sex confer heightened risk of liver transplantation 

and PSC-related clinical events 

Compared to Caucasians, PSC-IBD patients of Afro-Caribbean heritage were at greater risk of 

transplantation/PSC-related death, whilst women were at a 25% lower risk than men (Supp. 

Table 11-13). These findings were retained on multivariable testing (adj. HR: 2.05, 1.14-3.70, 

P=.016; and HR: 0.74, 0.57-0.97, P=.026; respectively). Notably, adult-onset PSC manifest at 

a younger age amongst patients of non-Caucasian vs Caucasian heritage (median diagnosis 

age in patients of Afro-Caribbean, Asian and Caucasian descent: 40 (IQR 29-48) years, 38 

(29-52) years, and 58 years (38-71) years, respectively). Advancing age at PSC diagnosis was 

not a risk factor for transplantation/PSC-related death (HR: 1.02; 0.96-1.09, P=.543). 
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Incidence of liver transplantation/PSC-related death is greatest in patients of young 

presenting age, those diagnosed at transplant centres, and who have PSC-UC. 

According to age, we found the highest incidence rate for liver transplantation/PSC-related 

death amongst PSC-IBD patients diagnosed between 31 to 40 years (Fig. 5 and Fig. 6). 

Moreover, the proportional contribution of PSC-related clinical events approximated 75% for 

patients diagnosed <40 years vs ~30% for the over 60s (Fig. 5). The median age at 

transplantation was 43 years (33-57) and 46 years (35-60) for men and women with PSC-IBD, 

respectively. 

 

The incidence of liver transplantation/PSC-related death was significantly lower for patients 

diagnosed with PSC at non-transplant (IR 17.6, 15.4-20.1) vs liver transplant centres (IR 33.1, 

22.1-48.1); IRR 0.5, 0.4-0.8, P<.001. This contrasted to all-cause mortality rates, which were 

greater amongst patients first presenting to non-transplant sites (Supp. Table 14). Of note, 

adults diagnosed with PSC at a transplant centre were of a lower median age than those in 

non-transplant units (47 years, IQR 29-62; vs 57 years, 32-66; P<.01). In turn, a greater 

proportion of patients diagnosed at non-transplant sites had a comorbidity index >5 (18% vs 

15%; P<.001). 

 

When examining primary clinical event rates by PSC-IBD sub-group, we found that PSC-CD 

conferred heightened risks of all-cause mortality vs PSC-UC, albeit a lower risk of 

transplantation / PSC-related death (Supp. Fig. 7 and 8). Non-hepatic deaths in the PSC-CD 

group were attributable to miscellaneous causes, with extra-colonic / extra-hepatic 

malignancy also being prevalent (Supp. Table 15). 
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PSC onset confers heightened risks of HPB cancer 

164 patients with PSC-IBD developed cholangiocarcinoma (Supp. Table 16), with a 

numerically lower median age at CCA onset amongst men than women (64 years, IQR 48-71 

years; vs 67 years, 56-79 years; respectively, P<.001). Incidence rates of CCA were 2.4 (1.0-

4.7), 8.1 (4.5-13.3), 11.3 (7.6-16.1), 11.9 (7.6-76.6) and 20.2 (16.5-25.0) per 1,000 patient-

years, for individuals diagnosed with PSC aged 18-30 (n=13), 31-40 (n=11), 41-50 (n=24), 

51-60 (n=38) and >60 years (n=78), respectively. 138 patients died from CCA during the 

study period (median time till death of 0.45 years; IQR 0.15-1.30). Only advancing age at 

PSC diagnosis was identified as a risk factor for CCA amongst PSC-IBD patients (HR per 10-

year increase: 1.26, 1.16-1.37, P<.001). The number of CCA amongst PSC-CD and IBD-U 

was too small to permit sub-group analyses. 

 

Additionally, 1.8% patients with PSC-IBD (n=47/2,588) developed HCC (Supp. Table 16, 

Supp. Fig. 9). Within this group specifically, the only factor conferring increased HCC risk 

was advancing age at PSC diagnosis (HR: 1.33, 1.13-1.57, P<.001). We also observed 800 

incidents of pancreatic cancer; n=717 (<1%) in the IBD alone group and 83 (3%) amongst 

those with PSC-IBD. PSC onset associated with heightened pancreatic cancer risk, even after 

adjustment for age, sex, race, deprivation, IBD phenotype and comorbidities (time-dependent 

adj. HR 5.26, CI 2.81-9.84, P<.001; Supp. Fig. 9). Within the PSC-IBD group, advancing age 

at PSC diagnosis was a risk factor for pancreatic cancer (HR: 1.76, 1.52-2.03; P<.001), but no 

effect was seen for other covariates. 

 

Overall, 33 patients with PSC-IBD developed gallbladder cancer (Supp. Table 16). The risk 

of cancer was heightened for PSC-IBD patients, even after adjusting for age, sex, race, 

deprivation, comorbidities and IBD-subgroup (adj. HR: 9.19, 2.91-29.05; Supp. Fig. 9). 
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Advancing age at PSC diagnosis was the only identifiable risk factor for gallbladder cancer 

within the PSC-IBD group (HR 1.44, 1.18-1.75, P>0.001). 

 

In entirety, 6608 patients with IBD underwent cholecystectomy; 6304 with IBD alone and 

304 with PSC-IBD (including 18/33 PSC-IBD patients with a gallbladder cancer diagnosis). 

All but 2 of the PSC-IBD patients with gallbladder cancer who did not undergo 

cholecystectomy died before the end of follow up. Development of PSC associated with 

greater risk of cholecystectomy vs IBD alone (Supp. Fig. 9), with the onset of gallbladder 

cancer conferring even greater risk (HR: 11.42, 5.06-25.76). Advancing age at PSC diagnosis 

(HR: 1.16, 1.10-1.23; P<.001) and female sex (HR: 1.37, 1.11-1.71; P=.004) were identified 

as additional risk factors for cholecystectomy. 

 

Annual imaging is associated with a lower risk of cancer-related death 

Of all patients who developed HPB cancer >12 months following PSC diagnosis (n=117/334), 

64/117 died before the end of follow-up. Post-cancer survivorship analysis showed that 

annual imaging (minimum of 2 interval scans) prior to cancer diagnosis was associated with 

>2-fold risk reduction in HPB cancer-related death (HR 0.43, 0.23-0.80, P=.037; Supp. Fig. 

10a). In all, 66% of CCA (n=111/164) were identified within the first year of PSC diagnosis, 

and 84% (n=138/164) died prior to the end of the study period. After exclusion of all CCA 

cases from the first year there was no difference in post-CCA survivorship, specifically, 

between surveillance vs no surveillance groups (Supp. Fig. 10b). 

 

PSC onset confers heightened risks of colectomy in UC, IBD-U but not CD 

Amongst patients with IBD alone, the incidence (Supp. Table 17 and 18) and risks of colonic 

resection (Supp. Table 19) were greatest in the CD group, even following adjustment for 

other covariates (adj. HR: 2.21, 2.15-2.27, P<.001).  
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Development of PSC conferred >40% added risk for colonic resection amongst IBD patients 

(time-dependent adj. HR: 1.65, 1.45-1.85, P<.001); a finding retained on sub-analyses of 

PSC-UC vs UC and PSC-IBD-U vs IBD-U. However, colectomy rates were no different 

between PSC-CD vs CD alone (Supp. Fig. 11).  

 

The incidence of colectomy is similar for older age PSC-IBD versus IBD alone 

In patients with IBD alone, the risk of colonic resection was lower for women vs men (adj. 

HR: 0.85, 0.83-0.88; P<.001) and amongst non-Caucasian patients (pooled adj. HR <0.7; 

P<.001), but decreased with advancing age (adj. HR: 0.89, CI:0.89-0.90, P<.001) (Supp. 

Table 19). With regards PSC-IBD, a lower risk of colonic resection was also observed for 

women (adj. HR: 0.74, 0.60-0.93, P=.009), but there was no effect of race (Supp. Table 20). 

The incidence of colonic resection was greatest amongst PSC-IBD patients diagnosed <50 

years, with a gradual decline observed in advancing age. Reciprocally, no difference in 

colectomy rate was observed in the PSC-IBD vs IBD only groups diagnosed >50 years 

(IRR<1; Fig. 6). 

 

We found a greater proportion of patients undergoing colonic resection had CRC as an 

indication in the PSC-IBD group vs IBD alone (22% vs 12%, respectively, P<.001; Supp. 

Fig. 12). Of the 30 PSC-IBD patients who did not undergo resection within 12 months of 

CRC diagnosis, 21 died during the study period. 

 

Colorectal cancer develops at a younger age in PSC-IBD versus IBD alone 

In IBD alone, the incidence of CRC increased with advancing age (Fig. 6), and was greater 

amongst patients of Caucasian vs non-Caucasian race, men vs women, and patients with UC 

compared to other IBD subtypes (Supp. Tables 21-23). This differed to our PSC-IBD group; 
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whilst the risk of CRC was significantly lower amongst women vs men (adj. HR: 0.46, 0.29-

0.72, P<.001), the incidence peaked when IBD was diagnosed between the ages of 40 and 50 

years, particularly amongst those with PSC-UC (Fig. 6, Supp. Table 21). Notably, the 

median age at CRC diagnosis was significantly lower for patients with PSC-IBD vs IBD 

alone (59 years, IQR 47-72 years; versus 69 years, IQR 58-78; P<.001). In turn, the incidence 

of CRC was 5-fold greater for the PSC-IBD group vs those with IBD alone amongst those 

diagnosed <50 years, but <2-fold for older individuals (Fig. 6). No difference in the incidence 

of CRC was found between PSC-IBD vs IBD alone for patients diagnosed above the age of 

60 years (Fig. 6). CRC cases amongst non-Caucasians with PSC-IBD numbered too few to 

permit robust statistical analysis according to race (Supp. Table 24). 

 

Observing the study population in its entirety, the onset of PSC associated with >3-fold 

increased risk of developing CRC (Fig. 7A), independently of sex, age, race, deprivation and 

comorbidities, and in sub-analysis of patients with UC and IBD-U (Fig. 7B). CRC risk was 

also increased for PSC-CD vs CD alone, but of borderline significance. 

 

Across our PSC-IBD cohort, 363/2,588 patients (14%) underwent colonic resection and 

105/2,588 (4%) developed CRC at some point. Of this group 162 and 43 patients underwent 

resection or developed CRC, respectively, after IBD diagnosis (but prior to PSC), with an 

additional 83 and 32 patients experiencing these clinical events within the first 2 years of PSC 

onset. Of the remaining 30 patients who developed CRC thereafter, 6 experienced a CRC-

related death. Lower rates of CRC-related death were observed in the group undergoing 

annual colonoscopy vs the non-surveyed group (18% vs 21%), although numbers were 

underpowered to detect statistical significance. 
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DISCUSSION 

 

In recognition of the barriers involved in developing effective new therapy for rare disease, it 

is critical that robust descriptors of clinical course exist, in a way that is least biased, most 

representative of the patient population, and inclusive of the target demographic. Herein, we 

report that the incidence of PSC-IBD, whilst numerically low (consistent with the rarity of 

disease), appear to be rising across England, but does not follow that of IBD overall, 

geographically or temporally. This supports distinctions in epidemiology between the two 

entities, and argues against the fact that ‘more IBD begets more PSC.’  Whilst all-cause 

mortality rates increase with age in all patients, the magnitude of risk between PSC-IBD vs 

IBD alone exceeds seven-fold if PSC is diagnosed below the age of 40, but lower than two-

fold in the over 60s.  

 

Perhaps most striking is the fact that the proportional representation of clinical events differs 

according to age at diagnosis. Liver transplants/PSC-related deaths predominate across 

younger age groups, whereas non-PSC-related deaths are the majority case-contributor in 

older individuals. Taken together with data indicating a more inflammatory biochemical 

phenotype in young- versus older-age onset PSC,8 we propose that existing and future clinical 

prediction tools and surrogate markers be modified to account for young presenting age as a 

risk stratifier, and be calibrated to PSC-related events specifically, rather than transplantation 

and all-cause mortality.  

 

Historically, there has been little data to suggest an increased risk of pancreatic cancer in PSC, 

although one previous study reported a standardised incidence rate greater than that of the 

general population;33 data which is supported by our findings herein. We were also able to 

validate findings presented by the Mayo clinic, in that the probability of all-cause HPB 
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cancer-related death is lower in patients undergoing annual imaging prior to cancer diagnosis. 

Whilst national administrative healthcare registries do not capture tumour stage, our findings 

suggest that surveillance may be associated with better clinical outcomes for patients. 

Unfortunately, as the incidence of cholangiocarcinoma is greatest nearer the time of PSC 

diagnosis, we were unable to demonstrate survival benefit for this group specifically. Further 

efforts, potentially looking at prevalent PSC cases and the future, longer-term incidence of 

cholangiocarcinoma are urgently needed. 

 

Availability of an unselected nationwide cohort also showed that Afro-Caribbean race and 

male sex are associated with heightened risks of transplantation and PSC-related death – the 

latter mirroring our experience as part of the International PSC Study Group.1,34 Additionally, 

we confirm a lower incidence of transplantation/PSC-related death, and of CRC, in those with 

PSC and Crohn’s disease compared to PSC-UC.34,35 The reasons for these differences are 

unknown, but highlight a need to better understand IBD classification in PSC. Whilst national 

registries do not capture details pertaining to the distribution of intestinal inflammation, 

evidence suggests that the CD of PSC is invariably localised to the colon (isolated small 

bowel disease being rare), yet genetic signals appear distinct to PSC-UC.34,36,37  

 

The long-held view that IBD follows a quiescent clinical course in PSC also appears to be 

challenged. Our data, together with that from others, show a greater incidence of colonic 

resection in PSC-IBD compared to IBD alone.3,38 Whilst CRC is more commonly an 

indication, most often colectomies were performed for non-CRC-related reasons, presumably 

persistent active colitis. Whilst the number of CRC-related deaths was low and our 

observation period too short to determine the protective impact of CRC surveillance, a 

number of studies are supportive. Notably, Boonstra et al. showed a lower number of CRC-

related deaths amongst PSC-IBD patients who participated in colonoscopic surveillance over 
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the long-term, presumably due to cancer diagnosis at an earlier more curable stage.2 Notably, 

to detect any beneficial effect of CRC surveillance requires longer terms studies, particularly 

as the incidence of CRC is greatest nearer the time of PSC diagnosis.4,39 Moreover, 40-45% of 

all colonic resections take place prior to PSC diagnosis;40 a statistic which we validate herein. 

Auditing and addressing the reasons for non-adherence to surveillance practice is important, 

given that PSC patients more often present with advanced colonic lesions than those with IBD 

alone, together with persistence of sub-clinical inflammation.41 

 

Our study represents a large population-based cohort in terms of patient number, clinical 

events captured and cumulative follow-up. Notwithstanding, there are recognised limitations. 

Firstly, the observation period was restricted to 10(+3) years, and prolonged follow-up is 

needed to determine validity of findings over the longer-term. The proportion of individuals 

who developed CRC is similar to that of other populations,2,4 although differences in follow-

up time may account for the lower frequency of PSC amongst IBD patients compared to some 

studies.42 Nonetheless, the proportion of IBD patients who developed PSC in our cohort is 

within the expected range quoted by contemporary population-based estimates from Spain 

(0.6%)43 and Denmark (2.6%).3 Moreover, the incidence of PSC-IBD in England mirrors that 

of the Netherlands (0.5 per 100,000),2 albeit slightly lower than in Finland, Norway and 

Sweden.23,44,45 The reason for these differences are unclear, but potentially explained by 

variations in follow-up, methodology, and distinct burden of genetic and/or environmental 

contributors between regions.46 The median age at transplantation is similar to that presented 

elsewhere,47 although we do find an older median age at PSC diagnosis in England compared 

to certain other countries. This is likely because of our enrolment criteria, which excludes 

patients diagnosed <18 years of age, and hence those with paediatric age onset PSC. 

Regardless, data from several independent sources confirm an older age at PSC diagnosis in 

the UK compared to other European and North American centres.20,35,48,49 Importantly, we 



 23

find that patients diagnosed at non-transplant centres are older at PSC diagnosis compared to 

those from liver transplant units. Whilst this could indicate a more aggressive disease course 

for younger patients, it is equally possible that the difference in transplant rates is because of 

referral bias, whereby patients of older age having a greater comorbidity index are perceived 

as ‘not ideal’ transplant candidates, and thus less likely to be referred to transplant centres. 

 

Of importance to highlight is the fact that NHS registry data does not capture laboratory 

parameters, extent of disease involvement, high-level phenotypic classification (for instance; 

small duct versus large duct PSC, dominant stenoses), histopathology or prescription level 

data. This highlights a caveat when interpreting the risks of HPB cancer in PSC. For instance, 

the proportion of patients who developed HCC is within the expected range quoted for PSC-

IBD; whilst greater than that reported from studies in Germany,50 it is lower than the 2.8% 

rate quoted in North America.26 However, studies identifying a higher rate of HCC are almost 

exclusively of cirrhotic PSC patients.26 Whilst we suspect the same to be true of HCC patients 

in our cohort, the absence of data relating to liver fibrosis stage or disease severity highlights 

a relevant limitation to our study. Similarly, our data suggests that an added risk of pancreatic 

cancer also exists, but it is possible that a proportion of these are in fact cholangiocarcinomas 

originating in the distal common bile duct that have infiltrated the pancreatic head. As data 

relating to the location and histology of pancreatic cancers is limited in most (if not all) 

published PSC series, our understanding of risk would benefit by linking administrative 

healthcare and national cancer registries in future studies.51 

 

Moreover, as our approach to case finding is reliant on the correctness of clinical coding, we 

sought the most homogeneous PSC patient cohort to test a hypothesis – namely PSC 

associated with IBD. We maximised the legitimacy of diagnosis by excluding those with 

other concomitant liver disorders, and including only those patients who had undergone a 
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relevant investigation (or intervention) from which a PSC diagnosis can be inferred. Whilst 

we validate the accuracy of case finding methodology through the host institution, it is 

plausible that estimates may have still undercut the true incidence of disease in England. As 

the principled intent was to determine the additive burden of developing PSC amongst 

individuals with IBD, detailing the clinical course of PSC-non-IBD cases was outside study 

remit. Indeed, a major limitation is the fact that it was not possible to identify PSC patients 

without IBD, as the accuracy of coding could not be validated in this context. Future 

epidemiological studies using this dataset may therefore benefit from the recently introduced 

ICD11 code for PSC (K83.01) in order to overcome these limitations. 

 

In conclusion, we present prospectively collected epidemiological data across one of the 

largest nationwide population-based PSC-IBD cohorts. Our study indicates that whilst 

PSC-IBD is rare, the incidence is rising compared to IBD alone. The onset of PSC 

confers heightened risks of all HPB malignancies, although annual imaging surveillance 

may associate with a reduced risk of cancer-related death. Whilst all-cause mortality 

rates increase with age, younger patients show a disproportionately increased incidence 

of liver transplantation, PSC-related death and colorectal cancer. Consideration of age 

at diagnosis should therefore be applied in the stratification of patients for future 

clinical trials, disease prediction models and prognostic biomarker discovery. 
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Fig. 1: Study cohort 

 

(A) At time of analysis, data were available for n=50,168,647 individuals in England, who 

had registered contact with healthcare services at any point during the indicated time frame 

(including obstetric care, day case attendances, clinic appointments, radiological 

investigations, hospital admissions, investigative / therapeutic procedures, or operations). 

Following identification of incident IBD cases, and application of indicated exclusions, 

resulted in 284,560 patients with IBD overall, of which 2,588 developed PSC. (B) The IBD 

patient group (adjusted) was categorised into those receiving a first diagnosis of UC, CD or 

IBD-U. Notably, an ICD10 code for IBD-U was only introduced in 2012, therefore patients 

coded as having concomitant CD and UC during follow-up, either concurrently or 

sequentially, were reclassified as having IBD-U.  
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Fig. 2: Incidence of IBD and PSC-IBD across England 

 

The incidence per 100,000 population are presented for (A) and (B) IBD alone, and (C) and 

(D) PSC-IBD. Data shown at the start of the study in 2006 in (A) and (C), and at the end of 

the study recruitment period in 2016 (B) and (D). Choropleth maps indicate the rates by 

geographical region, and hierarchical colour coding indicates the regions of greatest (dark) to 

lowest incidence (light). Red squares indicate liver transplant units in England. 
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Fig. 3: Changes in the incidence rate of IBD and PSC-IBD in England 

 

Changes in incidence over the course of our study period are summarised for the whole 

population of England between 2006 and 2016, for IBD (A) and PSC-IBD (B). 
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Fig. 4: Landscape of clinical event rates across our study cohort 

 

The observed clinical event rates are shown for our study cohort per 1,000-patient-years, 

specifically for those with IBD alone in (A); and from the point of IBD and PSC diagnosis in 

(B). *PSC-related deaths do not include HPB cancer (presented separately); **Colonic 

resections occurring after IBD diagnosis but prior to PSC diagnosis excluded respectively. 

***CRC occurring after IBD diagnosis but prior to PSC diagnosis excluded respectively. 
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Figure 5: All-cause mortality and transplantation / PSC-related clinical events 

 

Kaplan-Meier estimates shown for all-cause mortality in panel (A), stratified according to 

IBD alone versus PSC-IBD groups; adjusted time-dependent hazard ratio of PSC-onset 

independent of age, sex, race, deprivation, IBD subtype and comorbidities on multivariable 

analysis: 3.20 (95% CI 3.01-3.40) P<.001. All-cause mortality rates from the point of IBD 

diagnosis: 20.2 (20.0-20.4) and 39.2 (36.5-42.2) per-1,000-person-years for IBD alone and 

PSC-IBD, respectively (IRR: 1.9 (CI 1.8-2.1)). All-cause mortality rate from the point of PSC 

diagnosis in PSC-IBD: 49.8 (46.3-53.5) per-1,000-person-years. Cumulative incidence 

estimates are shown for liver transplantation or PSC-related death in (B), with non-PSC-

related deaths handled as competing risk. IBD study groups are stratified according to the 

presence or absence of PSC. The incidence rate of clinical events in the PSC-IBD group from 

the point of IBD diagnosis and PSC diagnosis are 15.8 (13.5-18.3) and 20.3 (17.5-23.5), 

respectively, per-1,000-person-years. The proportion of first clinical events attributable to 

liver transplantation, PSC-related death, cholangiocarcinoma and non-PSC-related death is 

shown for the PSC-IBD group specifically in (C), stratified by age at PSC diagnosis. 
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Figure 6: Stratified clinical event rates by age at diagnosis 

 

Clinical event rates are shown for all-cause mortality (A), liver transplantation/PSC-related 

deaths (B), colonic resection (C), and CRC (D); all stratified according to age at diagnosis. 

Blue circles indicate the patient group with IBD alone and red those with PSC-IBD. Solid 

circles indicate onset stratified by age at IBD diagnosis, and clear circles indicate onset 

stratified by age at PSC diagnosis. Incidence rate ratios calculated for PSC-IBD versus IBD 

alone groups, matched according to age at IBD diagnosis. 

  



 31

Figure 7: Incidence of colorectal cancer 

 

Cumulative incidence estimates are shown for developing CRC, after colectomy events have 

been taken into account by competing risk analysis in (A). Event rates stratified according to 

the presence or absence of PSC. Incidence rates from the point of IBD diagnosis: 2.9 (95% CI 

2.8-3.0) and 6.1 (5.0-7.4) for the IBD alone and PSC-IBD groups, respectively; IRR: 2.1 (1.7-

2.6); and from the point of PSC diagnosis: 5.9 (4.7-7.4) per-1,000-patient-years. In (B), 

hazard ratios are presented, illustrating the impact of PSC onset (as a time-dependent 

covariate) on the development of CRC amongst patients with IBD, independently of age, sex, 

race, deprivation and comorbidity. 
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