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ABSTRACT

Background and Aims: Primary sclerosing cholangitis (PSC) is a progressive cholestatic liver disease with a high risk of ma-
lignancy and limited therapeutic options. Both the American Association for the Study of Liver Diseases (AASLD) and the
European Association for the Study of the Liver (EASL) recommend structured baseline evaluation, fibrosis staging and longitu-
dinal surveillance. However, real-world adherence to these practices in North America remains unclear.

Methods: We conducted a retrospective cohort study of 1300 patients with PSC enrolled in the Consortium for Autoimmune
Liver Diseases (CALiD) registry between 2018 and 2024 across 19 centres in North America. Guideline adherence was assessed
for diagnostic measures at baseline (colonoscopy to establish IBD status and noninvasive fibrosis staging) and longitudinal sur-
veillance (colonoscopy in PSC-IBD, abdominal imaging for hepatobiliary cancer surveillance and CA 19-9 testing). Prescribing

Abbreviations: AASLD, American Association for the Study of Liver Diseases; ACS, American Community Survey; AFP, Alpha-fetoprotein; AIH, Autoimmune
hepatitis; aOR, Adjusted odds ratio; CA 19-9, Carbohydrate antigen 19-9; CALiD, Consortium for Autoimmune Liver Diseases; CCA, Cholangiocarcinoma; CI,
Confidence interval; CT, Computed tomography; EASL, European Association for the Study of the Liver; GED, General Educational Diploma; HCC, Hepatocellular
carcinoma; HRQoL, Health-related quality of life (appears in cited background studies; optional to include); IBD, Inflammatory bowel disease; IQR, Interquartile
range; LT, Liver transplantation; MHI, Median household income; MOR, Median odds ratio; MRCP, Magnetic resonance cholangiopancreatography; MRE, Magnetic
resonance elastography; MRI, Magnetic resonance imaging; OR, Odds ratio; PSC, Primary sclerosing cholangitis; PSC-AIH, Primary sclerosing cholangitis—
autoimmune hepatitis overlap; SD, Standard deviation; SDI, Social Deprivation Index; UDCA, Ursodeoxycholic acid; USD, United States dollars; VTCE, Vibration-
controlled transient elastography.
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patterns for ursodeoxycholic acid (UDCA) were also characterised. Multivariable logistic regression was used to evaluate demo-
graphic, clinical and socioeconomic predictors of adherence.

Results: At diagnosis, 78.8% of eligible patients with available data underwent colonoscopy to establish IBD status, and 45%
underwent noninvasive fibrosis staging. During follow-up, only 30%-35% of patients with PSC-IBD underwent colonoscopy an-
nually, while abdominal imaging for hepatobiliary cancer surveillance declined from 74% at Year 1 to 51% by Year 4. CA 19-9
testing was documented in 47% over 5-year period. UDCA was prescribed in 51% at baseline, with median dose of 12.5mg/kg/
day. Socioeconomic factors, including lower education and household income, were associated with reduced adherence, while
cirrhosis strongly predicted completion of surveillance imaging.

Conclusions: Adherence to guideline-based care in PSC remains suboptimal in North America Suboptimal adherence was
observed for strongly recommended practices with longstanding guideline support (colonoscopy to establish IBD status; annual
CRC surveillance in PSC-IBD) as well as practices where guideline consensus has evolved more recently or where societies differ
(baseline fibrosis assessment; hepatobiliary cancer imaging). Efforts to standardise care and address socioeconomic barriers are

urgently needed to improve outcomes.

1 | Introduction

Primary sclerosing cholangitis (PSC) is a chronic, progressive
cholangiopathy characterised by multifocal biliary strictures,
leading to cholestasis, recurrent cholangitis and eventual liver
failure. The disease is frequently associated with inflamma-
tory bowel disease (IBD) and carries a markedly increased risk
of hepatobiliary malignancies, most notably cholangiocarci-
noma, gallbladder cancer and hepatocellular carcinoma, in
addition to colorectal cancer when IBD is present [1]. Despite
its clinical severity, no medical therapy has yet demonstrated
an ability to modify the natural history of PSC, and manage-
ment focuses on monitoring, timely detection of complications
and referral for liver transplantation [2-4].

Recognising the complexities of PSC, both the American
Association for the Study of Liver Diseases (AASLD) and the
European Association for the Study of the Liver (EASL) developed
guidelines emphasising a structured approach to care, including
comprehensive baseline assessments, risk stratification, cancer
surveillance and longitudinal follow-up with noninvasive tools
such as magnetic resonance modalities and elastography [2, 3].
Moreover, they highlight the importance of systematic evaluations
of metabolic bone disease and quality of life, underscoring that
optimal management extends beyond biochemistry and malig-
nancy surveillance alone. Together, these guidelines establish an
evidence-informed standard for the management of PSC.

Despite these recommendations and emerging evidence, real-
world practice patterns remain variable [5]. Adherence to
guideline-recommended surveillance and follow-up strategies is
often inconsistent across institutions and providers, potentially
affecting optimal patient outcomes [6].

In this context, understanding gaps in adherence is critical
for identifying barriers to implementation and informing
strategies to standardise care. Importantly, current AASLD
and EASL guidelines contain recommendations that differ in
their strength and level of supporting evidence. Colonoscopy
to establish IBD status at PSC diagnosis and annual colonos-
copy CRC surveillance in PSC-IBD have been consistently rec-
ommended since 2010; annual hepatobiliary cancer imaging
was first formally endorsed in 2022-2023; while the optimal

frequency of fibrosis staging remains an area where AASLD
and EASL guidance differs. Evaluating adherence across this
spectrum provides insight into both implementation gaps for
established recommendations and practice variation in areas
where evidence continues to evolve. In this study, we con-
ducted a 5-year analysis of PSC care across North America
to evaluate adherence to guideline-based recommendations.
We specifically examined whether patients underwent the
assessments and surveillance considered essential by current
AASLD and EASL guidelines and whether real-world prac-
tice reflects the level of care that evidence suggests should be
achieved. By comparing real-world management to evidence-
based standards, we aim to provide insights into the current
state of PSC care and highlight opportunities to enhance out-
comes through improved guideline adherence.

2 | Methods
2.1 | Study Population

We conducted a retrospective cohort study utilising data from the
Consortium for Autoimmune Liver Diseases (CALiD), a multi-
centre registry comprising 19 academic and non-academic hepa-
tology centres across North America; study methods have been
previously described [7]. All patients with available data who
were enrolled in the registry between its inception in 2018 and
May 2024, when data extraction was performed, were consid-
ered for inclusion. The cohort consisted of adult patients with a
confirmed diagnosis of PSC, as determined by local investigators
based on clinical, cholangiographic, histologic and/or biochemical
criteria, in accordance with AASLD and EASL guidelines [2, 3].
Individuals with autoimmune hepatitis overlap were also included
if they met diagnostic criteria for PSC per guidelines. Patients were
excluded if baseline demographic data were incomplete or if they
had a history of liver transplantation (LT) prior to enrolment, and
were censored if they underwent LT during follow-up.

2.2 | Data Collection

Data were collected using standardised case report forms de-
veloped and maintained by the CALiD coordinating centre,
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Lay Summary

» Primary sclerosing cholangitis (PSC) is a serious liver
disease that increases the risk of liver failure and can-
cer, making regular monitoring essential.

In a large North American study of 1300 patients,
we found that many recommended tests—both at di-
agnosis and during follow-up—are not consistently
performed, and cancer surveillance decreases over
time.

Socioeconomic factors also influence whether patients
receive recommended care.

Improving adherence to guidelines may help detect
complications earlier and improve outcomes.

designed to ensure consistency across participating sites and
enable harmonised longitudinal data capture. Case report forms
were completed by site investigators and research coordinators
based on medical record review, capturing both historical data
from prior to enrolment and prospective data collected during
follow-up. Per protocol, forms were completed at enrolment and
updated annually. Structured fields captured information on de-
mographics, clinical history—including disease characteristics
and complications—presence of coexisting IBD, and treatments
applied.

Guideline adherence was assessed according to guideline
recommendations [2, 3] and included specific evaluations at
diagnosis and throughout follow-up. At the time of PSC di-
agnosis, adherence measures included the performance of
screening colonoscopy for patients without known diagno-
sis of IBD and noninvasive fibrosis staging, such as mag-
netic resonance elastography (MRE) or vibration-controlled
transient elastography (VTCE). Of note, while EASL 2022
guidelines provide a strong recommendation for elastogra-
phy at baseline and every 2-3years (LoE 3, 96% consensus),
AASLD 2023 guidance notes that the optimal frequency and
clinical utility of repeated measurements remain under in-
vestigation [2, 3]. For both measures, completion was defined
as occurring within 1 year before or after the recorded date
of diagnosis. Prescribing patterns for ursodeoxycholic acid
(UDCA) and oral vancomycin at baseline were also character-
ised; these therapies were assessed descriptively to document
real-world practice variation rather than as adherence out-
comes, given that they have not been formally recommended
by any guideline. Longitudinal surveillance practices were
evaluated annually and included colonoscopy among patients
with concomitant IBD, as well as abdominal imaging for chol-
angiocarcinoma surveillance (ultrasound, computed tomog-
raphy or magnetic resonance imaging) among patients with
large-duct PSC and/or cirrhosis, consistent with guideline
recommendations identifying these populations as at risk for
hepatobiliary malignancy [2, 3]. CA 19-9 measurement, with
or without concurrent, was also assessed. These practices
were assessed for up to 5years of follow-up after enrolment
in CALiD.

Cirrhosis was defined using previously published criteria [8, 9],
requiring the presence of at least one of the following: [1] liver

stiffness measurement (MRE >4.93kPa or VTCE > 14.4kPa),
[2] cirrhotic morphology on imaging, [3] stage 4 fibrosis on his-
tology, or [4] an APRI score >2. Among patients with cirrho-
sis, hepatocellular carcinoma (HCC) surveillance was assessed
based on imaging alone, as alpha-fetoprotein (AFP) testing is
not captured in the CALiD registry.

Socioeconomic data were derived from publicly available
datasets and linked to individual patient records using self-
reported residential ZIP codes. Geographic linkage was per-
formed using ArcGIS Pro to map ZIP code-level indicators
to each participant [10]. Patients from the Canadian centre
(N=48, University of Alberta) were not included in analy-
ses examining socioeconomic predictors (Tables 2, 3, S1-S5)
due to inability to link Canadian postal codes to US Census-
derived variables. Variables included median household in-
come (MHI) and the percentage of the population with at
least a General Educational Diploma (GED) certificate, both
obtained from the US Census Bureau [11]. SDI, a composite
measure of area-level social disadvantage, was sourced from
the Robert Graham Centre 2019 dataset, which is derived from
the 2015 to 2019 American Community Survey (ACS) 5-Year
Summary Files [12].

2.3 | Outcomes of Interest

Because clinical practice guidelines for PSC comprise multiple
distinct recommendations—each applicable to different pa-
tient populations—we evaluated adherence to each measure
separately rather than constructing a composite endpoint. The
prespecified adherence measures included: [1] screening colo-
noscopy at the time of PSC diagnosis among patients without
known IBD [2]; noninvasive fibrosis assessment at diagnosis
among all patients and [3] annual surveillance practices (colo-
noscopy for colorectal cancer [CRC] in PSC-IBD; abdominal
imaging for hepatobiliary malignancies in patients with large-
duct phenotype and/or cirrhosis; and CA 19-9 measurement)
(Figure 1). These specific practices were selected because they
represent core AASLD and EASL recommendations with clearly
defined, measurable endpoints that could be reliably ascertained
from registry data. Other guideline recommendations—such as
assessment of metabolic bone disease, quality of life evaluation
or specific laboratory monitoring intervals—were either not
systematically captured in CALiD case report forms or lacked
standardised definitions amenable to adherence measurement.
Other outcomes were the demographic, socioeconomic and
clinical predictors of adherence to each of these practices, in-
cluding sex, age, race, GED, MHI, SDI and cirrhosis diagnosis
at baseline.

2.4 | Statistical Analysis

Descriptive statistics were reported as means with standard
deviations (SD) or medians with interquartile ranges (IQR) for
continuous variables, and as frequencies with proportions for
categorical variables. Temporal trends in surveillance comple-
tion rates over the 4-year follow-up period were assessed using
the Cochran-Armitage test for trend. Exact binomial confi-
dence intervals (95% CI) were calculated for proportions. Each
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Total Cohort

BASELINE ASSESSMENTS

S

—

=m0 \

LONGITUDINAL
SURVEILLANCE

T

Screening Colonoscopy Non-invasive Fibrosis

(at PSC diagnosis) Assessment
_— (at PSC diagnosis)
Eligible: No known IBD

With available data: N = 362 N =1,300

CRC Surveillance
(colonoscopy)

—_————— Eligible: PSC-IBD
N =387 Eligible: All patients N =913
With available data: N = 822

CA 19-9 Measurement
(conditional
recommendation)

CCA Surveillance
(abdominal imaging)

Eligible: Large-duct PSC
and/or cirrhosis
N=1,005

Eligible: All patients
N =1,300

FIGURE1 | Eligible patient populations for each guideline-adherence outcome. Because clinical practice guidelines for PSC comprise multiple

distinct recommendations applicable to different patient populations, adherence to each measure was evaluated separately. Baseline assessments:

Screening colonoscopy was evaluated among patients without known IBD at PSC diagnosis (N=387; data available for N=2362); noninvasive fibrosis

assessment was evaluated among all patients (N=1300). Longitudinal surveillance: Colorectal cancer (CRC) surveillance colonoscopy was assessed

among patients with concomitant inflammatory bowel disease (PSC-IBD; N=913; data available for N=822); cholangiocarcinoma (CCA) surveil-

lance imaging was assessed among patients with large-duct PSC and/or cirrhosis (N=1005); CA 19-9 measurement, a conditional guideline recom-

mendation, was assessed across the entire cohort (N=1300). No composite endpoint was constructed.

guideline-recommended practice was analysed independently.
No composite endpoints were constructed, as the clinical
significance and target populations differ across individual
recommendations. For each outcome, analyses included all
patients with available data for that measure; denominators
vary accordingly. Follow-up duration and sample sizes at each
timepoint are detailed in Table S1. Logistic regression models
were used to evaluate associations between demographic and
socioeconomic characteristics and the likelihood of receiving
guideline-adherent care longitudinally by years of follow-up.
Univariate models, including all covariates, were first applied
to examine individual predictors, followed by multivariable
models including covariates that showed significance in the
univariate model. Covariates included sex, race (White vs.
non-White), age (per 10-year increment), educational attain-
ment measured by GED, MHI per 10000US dollars (USD)
increment, SDI and cirrhosis diagnosis. Odds ratios (OR)
and 95% CI were estimated using Wald's test. Time-stratified
models were applied to evaluate longitudinal surveillance
outcomes across 4 years of follow-up. For cholangiocarcinoma
imaging, where quasi-complete separation was observed,
Firth's penalised logistic regression was additionally applied.
Between-centre heterogeneity was evaluated in sensitivity
analyses using mixed-effects logistic regression models with
a random intercept for centre, and quantified by the median
odds ratio (MOR). To assess potential collinearity between
centre location and socioeconomic variables, variance infla-
tion factors (VIF) were calculated for multivariable models.
VIF <5 was considered acceptable, with adjusted generalised
VIF (GVIF~(1/(2Df))) < 2 for categorical variables with multi-
ple levels. All analyses were conducted using R version 4.4.2
and its packages ‘logistf’, ‘stats’, ‘epiDisplay’, ‘lme4’, ‘dplyr’
and ‘broom’ [13]. Person-time was calculated for each patient
from the date of enrolment to the last available follow-up,
defined as the most recent laboratory test, ultrasound, MRI,
CT or elastography performed within 2years after enrolment.
Follow-up was truncated at 5years.

2.5 | Ethical Considerations

The study was approved by institutional review boards at each par-
ticipating CALIiD site. All data were de-identified prior to analysis.
As a retrospective analysis of previously collected registry data, in-
formed consent was waived in accordance with institutional and
federal regulations. The study was conducted in accordance with
the ethical principles of the Declaration of Helsinki.

3 | Results
3.1 | Cohort Characteristics

A total of 1300 patients with PSC were included in the analy-
sis. The median age at enrolment was 48 years [36-62], and 63%
were male. Most patients self-identified as White (83%) and 9% as
Black. Regarding ethnicity, 6% of patients identified as Hispanic
or Latino (Table 1).

The median age at diagnosis was 39years [28-54], with a me-
dian disease duration of 7years [3-13] at the time of enrolment.
Large duct disease accounted for the majority of cases (77%),
followed by small duct (10%), unclassified phenotypes (5%) and
PSC-autoimmune hepatitis overlap (8%). IBD was present in 70%
of patients, predominantly ulcerative colitis (76%), with Crohn's
disease (20%) and indeterminate colitis (4%) comprising the re-
mainder. Cirrhosis was present in 41% of the cohort at enrolment.
Among the 534 patients with cirrhosis at baseline, cirrhosis was
established or confirmed by elastography in 23.2%, while the re-
mainder were diagnosed through imaging findings (77.3%), histol-
ogy (22.3%) or APRI > 2 (31.6%).

At enrolment, 51% were receiving UDCA, 20% had used but dis-
continued prior to enrolment, and 23% had never received. The
median UDCA dose was 12.5mg/kg/day [8.5-15.3]. Of patients
currently taking UDCA, 28% have been receiving a 15-20mg/kg/
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TABLE 1 | Clinical and demographic characteristics of the cohort

at baseline.

All subjects
(N=1300)
Age at enrolment (years), median [IQR] 48 [36-62]
Age at PSC diagnosis 1 (years), median 39 [28-54]
[IQR]
Time since PSC diagnosis (years) 7 [3-13]
Male gender, n (%) 823/1300 (63)
Race, n (%)
White or Caucasian 1084 (83)
Black or African American 117 (9)
Hispanic or Latino 84 (6)
PSC phenotype, n (%)
Large duct 1005 (77)
Small duct 125 (10)
Unclassified 60 (5)
PSC/ATH 110 (8)
Concomitant IBD, n (%) 909 (70)
Ulcerative colitis 697/909 (77)
Crohn disease 188/909 (20)
Unclassified colitis 24/909 (3)
UDCA therapy, n (%)
Current 617/1206 (51)
Past 240/1206 (20)
Never 284/1206 (23)

UDCA dose mg/kg/day, median [IQR] 12.5[8.5-15.3]

Current dose 15-20 mg/kg/day 175/617 (28)
Vancomycin use, n (%)

Current 28/1161 [3]

Never 1013/1161 (86)
Cirrhosis at baseline, n (%)* 534 (41)

Abbreviations: ATH, autoimmune hepatitis; IBD, inflammatory bowel

disease; IQR, interquartile range; PSC, primary sclerosing cholangitis; UDCA,
ursodeoxycholic acid.

aCirrhosis diagnosis was determined by the presence of any of the following
criteria: APRI >2, VTCE > 14.4kPa, MRE >4.93kPa, Stage 4 per histology, and
imaging findings consistent with cirrhosis.

day dose. Oral vancomycin use was infrequent (3%), and the indi-
cation—whether for IBD or PSC—was not captured.

3.2 | Adherence to Guideline Recommendations
3.2.1 | AtDiagnosis

3.2.1.1 | Screening Colonoscopy. Among the 1300

patients included, 391 (30%) had no prior diagnosis of IBD or had
unknown IBD status and were therefore eligible for screening

colonoscopy at the time of PSC diagnosis. Of these, 335 (86%)
had sufficient data available; 264 (78.8%) underwent colonos-
copy within 1 year before or after the recorded date of PSC diag-
nosis. In a sensitivity analysis restricted to patients enrolled
within 1year of diagnosis (n=53), the colonoscopy rate was
47.2% (95% CI: 33.3%-61.4%), and among those enrolled within
2years (n=85), the rate was 55.3% (95% CI: 44.1%-66.1%).

In univariate analysis, male sex (OR 0.55; 95% CI: 0.32-0.94;
p=0.03) and lower educational attainment (OR 0.84; 95% CI:
0.74-0.96; p=0.008), were associated with lower odds of screen-
ing colonoscopy, while higher MHI (OR 1.10 per 10000 USD
increase; 95% CI: 1.02-1.20; p=0.01) was associated with in-
creased odds. In multivariable analysis, both male sex (ad-
justed odds ratio [aOR] 0.77; 95% CI 0.61-0.98; p=0.02) and
higher MHI remained significantly associated with screening
completion (adjusted OR 1.17 per 10000 USD increase; 95% CI:
1.03-1.36; p=0.02) (Table 2).

3.2.1.2 | Noninvasive Fibrosis Assessment. Among all
patients in the cohort, noninvasive fibrosis staging was per-
formed in 590 of 1300 patients (45%) at diagnosis. In univari-
ate analysis, male sex (OR 0.77; 95% CI: 0.61-0.98; p=0.02)
and older age (OR 0.84 per 10-year increment; 95% CI: 0.98-0.96;
p=0.002) were associated with lower odds of undergoing fibro-
sis assessment through elastography methods within 1 year
before or after the recorded date of diagnosis, while higher
MHI (OR 1.03 per $10000 increase; 95% CI: 1.00-1.06; p=0.03)
was associated with higher odds. In multivariable analysis, all
significant variables remained independently associated with
undergoing fibrosis staging (Table 2).

3.2.2 | Longitudinal Surveillance Practices

3.2.2.1 | Colorectal Cancer Surveillance Among Patients
With PSC-IBD. Among the 909 patients with concomitant
IBD, 822 (90%) had available data, of whom 661 (80%) under-
went colonoscopy for surveillance purposes within 1year before
or after enrolment. During follow-up, the proportion of patients
completing surveillance colonoscopy decreased thereafter
and remained relatively stable, with 34% of eligible patients
(114/338) at year 1, 32% (82/258) at year 2, 25% (42/166) at year
3 and 35% (38/108) at year 4. When sequentially performed,
the median interval between colonoscopies was 1.3years (IQR:
1-2). (Figure 2).

To assess adherence specifically to the current EASL recom-
mendation for colonoscopy every 1-2years, we evaluated sur-
veillance patterns among the 735 PSC-IBD patients enrolled
between 2018 and 2022, allowing at least 2 years of potential fol-
low-up. Of these, 332 (45.2%, 95% CI: 41.5%-48.8%) underwent
at least one surveillance colonoscopy within 2years of enrol-
ment. Among the 167 patients who had multiple colonoscopies,
generating 277 intercolonoscopy intervals, the median interval
was 1.47years (IQR: 1.05-2.25), with 184 intervals (66.4%, 95%
CIL: 60.5%-72.0%) occurring within the recommended 2-year
window (Table S2).

In univariate analysis, higher GED attainment was associated
with higher odds of undergoing surveillance colonoscopy at
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TABLE 2 | Baseline outcomes: Factors associated with completion
of screening colonoscopy and noninvasive fibrosis evaluation.

Univariable Multivariable
OR (95%
Variable CI) P OR (95% CI) P

Screening colonoscopy?

Male sex 0.55(0.32, 0.03 0.48 (0.26, 0.01
0.94) 0.84)

White 1.19 (0.66, 0.51 —

race 2.43)

Age 1.07 (0.92, 0.38 —
1.24)

GED 0.84 (0.74, 0.008 0.91 (0.76, 0.29
0.96) 1.08)

MHI 1.10 (1.02, 0.01 10.17 (1.03, 0.02
1.20) 1.36)

SDI 0.97 (0.74, 0.86 —
1.29)

Cirrhosis 1.50 (0.90, 0.12 —
2.51)

Noninvasive fibrosis evaluation®

Male sex 0.77 (0.61, 0.03 0.76 (0.60, 0.03
0.98) 0.98)

White 1.08 (0.78, 0.61 —

race 1.49)

Age 0.90 (0.98, 0.002 0.91 (0.85, 0.01
0.96) 0.98)

GED 0.95 (0.90, 0.067 —
1.00)

MHI 1.03 (1.00, 0.03 1.01 (1.00, 0.006
1.06) 1.01)

SDI 1.09 (0.96,  0.17 —
1.24)

Cirrhosis 1.16 (0.93, 0.185 —
1.46)

Note: Univariate and multivariate logistic regression analyses evaluating
demographic and clinical factors associated with the likelihood of undergoing
screening colonoscopy (among patients without known IBD) and noninvasive
fibrosis evaluation (among all patients). Results are presented as odds ratios
(95% confidence interval); p <0.05 are considered statistically significant and are
highlighted in bold.

Abbreviations: GED, general education diploma; MHI, median household
income; SDI, social deprivation index.

2Among patients without a known diagnosis of IBD.

bAmong all patients included in the study and without baseline liver biopsy.

year 4 (OR 1.20; 95% CI 1.01-1.42; p=0.028). This association
remained significant in multivariable analysis (aOR 1.26; 95% CI
1.00-1.57; p=0.040). No significant associations were observed
for sex, race, age, MHI or SDI in any follow-up year (Table 3).

3.2.2.2 | Hepatobiliary Malignancies: Imaging-Based
Surveillance. Hepatobiliary cancer surveillance was
assessed among patients with large-duct PSC and/or cirrhosis.

Of 1300 patients, 1125 (87%) met eligibility criteria: 1005 with
large-duct PSC (of whom 414 also had cirrhosis) and 120 addi-
tional patients with cirrhosis but non-large-duct phenotypes.
Among eligible patients, baseline abdominal imaging—defined
as any documentation of abdominal ultrasound, CT or MRI—
was performed in 924 (82%). During follow-up, 74% of eligible
patients (370/494) underwent imaging evaluation for cholan-
giocarcinoma at Year 1, with rates decreasing to 62% (223/361),
51% (114/223) and 51% (73/142) in years 2, 3 and 4, respectively.
(Figure 2).

We examined adherence to completion of at least one imaging
test for cholangiocarcinoma surveillance during the 4-year
follow-up period (excluding baseline). In univariate analysis,
higher SDI (OR 2.05; 95% CI 1.14-4.03; p=0.02) and cirrho-
sis (OR 7.69; 95% CI 2.19-46.68; p <0.01) were associated with
greater odds of surveillance imaging. In the multivariable
model, cirrhosis remained the only significant predictor (aOR
35.08; 95% CI 4.64-4493.37; p<0.001). Because very few cir-
rhotic patients were represented in the nonsurveillance group,
the model experienced quasi-complete separation, leading to
unstable estimates and excessively wide CIs. (Table 3). Between-
centre heterogeneity was substantial across all surveillance out-
comes, with MORs ranging from 3.5 to 6.1, indicating that the
treating centre exerted a stronger influence on whether patients
underwent surveillance than most individual demographic or
socioeconomic predictors (Tables S3-S7). Over the total fol-
low-up, patients contributed 1147 person-years of observation.
Centres varied substantially in patient characteristics, with MHI
ranging from $69400 to $125400, cirrhosis prevalence ranging
from 0% to 55%, and Year 1 imaging surveillance rates ranging
from 0% to 74% (Table S8). VIF analysis showed that MHI (VIF
3.3-4.2), educational attainment (VIF 1.9-2.3) and SDI (VIF
2.4-2.8) demonstrated acceptable collinearity when modelled
with centre (adjusted GVIF 1.03-1.04) (Table S8).

3.2.2.3 | Impact of COVID-19 on Surveillance Pat-
terns. When stratified by enrolment period (Table S9), colo-
noscopy surveillance among patients with PSC-IBD showed
no significant differences between pre-COVID (2018-2019)
and COVID (2020-2021) enrollees across most time points (Year
1: 15.9% vs. 18.5%, p=0.446; Year 2: 11.6% vs. 15.1%, p=0.228).
In contrast, abdominal imaging surveillance among patients
with large-duct PSC was significantly lower during the COVID
period, particularly at year 1 (40.6% vs. 21.4%, p <0.001) and year
4 (12.0% vs. 1.3%, p<0.001). While these findings indicate that
COVID-19 restrictions contributed to reduced imaging surveil-
lance, suboptimal adherence rates were evident in both periods
(colonoscopy <20%; imaging declining from 41% to 12% over
4years).

3.3 | Conditional Guideline Recommendations
3.3.1 | CA19.9 Measurement During Follow-Up

CA 19-9 measurement was inconsistently documented and in-
frequently performed over time. Among patients with large-duct
PSC and/or cirrhosis (n=1125), the target population for CA
19-9 surveillance per AASLD 2023 guidelines, 435 (38.7%) had
a recorded CA 19-9 level at baseline. During follow-up, testing
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Annual test completion in patients with PSC
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FIGURE 2 | Annual test completion in patients with PSC. Colonoscopy surveillance was assessed among patients with concomitant inflamma-

tory bowel disease (PSC-IBD). Abdominal imaging surveillance (ultrasound, computed tomography or magnetic resonance imaging) was evalu-

ated among patients with large-duct PSC. CA 19-9 testing, a conditional guideline recommendation, was assessed among patients with large-duct

PSC and/or cirrhosis. Error bars represent 95% confidence intervals. All three surveillance measures showed significant declining trends over the
4-year follow-up period (all p<0.001, Cochran-Armitage test). Sample sizes: Colonoscopy (PSC-IBD): Baseline N=737/808, Year 1: N=120/909,
Year 2: N=88/909, Year 3: N=42/909, Year 4: N=38/909. Abdominal imaging (Large-duct PSC and/or cirrhosis): Baseline N=924/1125, Year 1:
N=269/1125, Year 2: N=182/1125, Year 3: N=99/1125, Year 4: N=65/1125. CA 19-9 (Large-duct PSC and/or cirrhosis): Baseline N=435/1125, Year
1: N=207/1125, Year 2: N=119/1125, Year 3: N=62/1125, Year 4: N=37/1125.

was performed in 207 (18.4%) at Year 1, 119 (10j.6%) at Year 2, 62
(5.5%) at Year 3 and 37 (3.3%) at Year 4. Overall, 549 of 1125 eligi-
ble patients (48.8%) had at least one CA 19-9 measurement doc-
umented during the 5-year follow-up period. (Figure 2) Among
patients who underwent surveillance imaging for cholangiocar-
cinoma, CA 19-9 was measured concurrently in 40.8% at base-
line, 58.0% at Year 1, 52.2% at Year 2, 49.5% at Year 3 and 36.9%
at Year 4, indicating that combined imaging and biomarker sur-
veillance was performed in approximately half of cases where
imaging was obtained.

3.3.2 | Pharmacotherapy

At the time of enrolment, of the 1206 individuals with avail-
able data for this measure, 617 (51%) were receiving UDCA
at baseline. UDCA use was similar across disease pheno-
types, with 48% of patients with large duct PSC (481/1005),
42% with small-duct PSC (53/125), 37% with unclassified phe-
notype (22/60) and 55% with PSC-AIH overlap (61/110). An
additional 240 patients (20%) had previously used UDCA but
were no longer on therapy, and 284 (23%) had never received
it. The median dose among current users was 12.5mg/kg/day
[8.5-15.3].

Use of oral vancomycin was infrequent. Among 1161 patients
with available data, only 28 (3%) reported current therapy, and
86% had never received it.

4 | Discussion

In this large, multicentre North American cohort of 1300 pa-
tients with PSC, we identified substantial gaps in adherence
to guideline-recommended practices. Because PSC guidelines
comprise distinct recommendations for different patient pop-
ulations, our analyses focused on multiple independent ad-
herence measures rather than a unified endpoint, with results
presented separately according to guideline applicability. At di-
agnosis, while the majority of patients underwent colonoscopy
when IBD status was unknown and nearly half received non-
invasive fibrosis assessment, adherence remained incomplete.
Longitudinally, surveillance practices were inconsistent: only
about one-third of patients with PSC-IBD underwent colonos-
copy annually, and abdominal imaging for cholangiocarcinoma
declined to nearly 50% by Year 4. Socioeconomic factors such as
educational attainment and household income were associated
with adherence to some diagnostic measures, while cirrhosis
emerged as the strongest predictor of hepatobiliary surveillance.
These findings highlight a persistent gap between evidence-
informed guideline recommendations and real-world clinical
practice in PSC.

These inconsistencies in surveillance practices in North
America reflect challenges highlighted by international stud-
ies [6, 14, 15]. Both the AASLD 2023 and EASL 2022 guide-
lines emphasise structured baseline evaluation—including
colonoscopy to establish IBD status and noninvasive fibrosis
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TABLE 3 | Longitudinal outcomes: Factors associated with CRC and cholangiocarcinoma surveillance.

Univariable Multivariable

Variable OR (95% CI) p OR (95% CI) P
CRC surveillance?

Male sex 0.55(0.19, 1.35) 0.22 —

White race 0.70 (0.25, 2.50) 0.53 —

Age 0.82(0.64, 1.05) 0.11 —

GED 0.96 (0.79, 1.20) 0.71 —

MHI 1.06 (0.94, 1.20) 0.35 —

SDI 0.97(0.62, 1.53) 0.88 —

Cirrhosis 1.40 (0.62, 3.35) 0.43 —
Cholangiocarcinoma surveillance®

Male sex 1.13(0.43, 2.77) 0.78 —

White race 1.49 [0.42, 10.0) 0.59 —

Age 1.02 (0.77, 1.36) 0.86 —

GED 1.01 (0.81, 1.31) 0.95 —

MHI 0.93 (0.83,1.05) 0.22 —

SDI 2.05(1.14, 4.03) 0.02* 2.20(0.94, 5.78) 0.07

Cirrhosis 7.69 (2.19, 48.68) <0.01* 35.08 (4.64,4493.37)* p<0.001*

Note: Univariate and multivariate logistic regression analyses evaluating demographic and clinical factors associated with receipt of colorectal cancer (CRC)
surveillance (among patients with IBD) and cholangiocarcinoma surveillance (among patients with large-duct PSC). Results are presented as odds ratios (95%

confidence interval); p <0.05 are considered statistically significant.

Abbreviations: ATH, autoimmune hepatitis; CRC, colorectal cancer; GED, general education diploma; MHI, median household income; PSC, primary sclerosing

cholangitis; SDI, social deprivation index.
2Among patients with a diagnosis of IBD.
bAmong patients with large-duct PSC.
*Statistically significant (p <0.05).

staging—as well as ongoing cancer surveillance with MRI or
ultrasound in patients with large-duct PSC or cirrhosis [2, 3].
Yet, real-world uptake remains suboptimal. In a 2022 European
survey of 174 hepatologists, Eliasson et al. reported wide vari-
ation in surveillance strategies for PSC: 66% endorsed annual
imaging for cholangiocarcinoma, 23% relied primarily on ultra-
sound and 17% did not recommend any imaging; similarly, only
about half routinely used elastography for fibrosis assessment,
and there was no uniform approach to colorectal cancer sur-
veillance [6]. Patient perspectives echo these gaps. According to
a 2023 international survey of nearly 800 individuals with PSC,
24% had never undergone elastography, 49% had never had a
bone density scan and 15% of those with PSC-IBD underwent
colonoscopy less often than every 2years [5, 16]. Moreover, the
clinical utility of CCA surveillance itself remains uncertain. In
a prospective Swedish study of 512 patients with PSC followed
for 5years with yearly MRI/MRCP and CA 19-9, Villard et al.
found that only 2% developed CCA, and despite structured sur-
veillance, long-term survival remained poor; the authors con-
cluded that yearly imaging failed to detect cancer early enough
to enable curative intervention [17]. These findings underscore
that while guidelines recommend hepatobiliary surveillance,
the optimal strategy and its impact on outcomes remain areas
of active investigation. Taken together, our findings align with
and extend prior reports, reinforcing that adherence to even the

most strongly endorsed recommendations remains inconsistent
in North America.

It is important to note that guideline recommendations have
evolved during the study period, and the 2022 EASL and 2023
AASLD publications postdate the diagnosis and enrolment of
most patients in our cohort. This temporal context affects in-
terpretation of specific outcomes differently. The 45% rate of
baseline non-invasive fibrosis assessment may reflect emerging
rather than established practice, given that EASL and AASLD
differ on the strength of this recommendation. Similarly, annual
imaging for cholangiocarcinoma was first formally endorsed in
2022-2023 [2, 3]. In contrast, colonoscopy at PSC diagnosis and
annual CRC surveillance in PSC-IBD have been consistently
recommended since 2010, making suboptimal adherence to
these practices more clearly interpretable as implementation
gaps. Our findings therefore document real-world practice
across a period of evolving evidence, highlighting opportunities
to standardise care as recommendations solidify.

Importantly, this study provides novel insights by being the larg-
est multicentre evaluation of PSC guideline adherence in North
America, and the first to systematically examine the role of socio-
economic determinants of health in shaping adherence to recom-
mended practices. Our findings that educational attainment and
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household income influenced uptake of diagnostic and surveil-
lance tests highlight potentially modifiable disparities and point
to opportunities for targeted interventions such as financial assis-
tance, care navigation programmes and policy-level reforms to re-
duce barriers to access. Additionally, male sex was independently
associated with lower odds of both screening colonoscopy at di-
agnosis (@OR 0.48; 95% CI 0.26-0.84) and noninvasive fibrosis
assessment (aOR 0.76; 95% CI 0.60-0.98); while sex-based dispar-
ities in healthcare utilisation have been reported across multiple
conditions, the mechanisms in PSC remain unclear and warrant
further study. Nonetheless, awareness of this sex-based disparity
may prompt clinicians to proactively discuss and reinforce the
importance of these evaluations with male patients during clinic
encounters, as a pragmatic step toward reducing this gap.

Beyond individual patient characteristics, the substantial
between-centre heterogeneity observed in our study (MOR
3.5-6.1) indicates that institutional factors meaningfully influ-
ence surveillance adherence. Variance inflation factor analysis
demonstrated that centre effects were independent of socioeco-
nomic clustering (adjusted GVIF 1.03-1.04), with surveillance
rates ranging from 0% to 74% across centres despite similar
patient populations. This variation likely reflects differences
in practice culture, care coordination systems and resource
availability—factors that are potentially modifiable through
standardised protocols, quality metrics and targeted resource
allocation. The persistence of such variation among tertiary
hepatology centres with recognised PSC expertise underscores
that expertise alone is insufficient to ensure uniform guideline
implementation and highlights the need for system-level inter-
ventions to reduce unwarranted practice variation.

Our study also sheds light on practices where guideline en-
dorsement is conditional or absent, but which remain part of
real-world decision-making. CA 19-9 testing is not mandated by
AASLD or EASL yet is frequently used by clinicians as an ad-
junct to imaging tests for cholangiocarcinoma surveillance. The
fact that fewer than half of patients in our cohort had CA 19-9
measured during follow-up underscores the absence of consen-
sus on its role and reflects real-world heterogeneity.

UDCA prescribing patterns show similar heterogeneity. Current
guidelines provide at best a conditional recommendation to con-
sider UDCA use in selected patients [2, 3]. Given this guidance,
we assessed UDCA use descriptively rather than as an adher-
ence measure. In our study, about half of patients were pre-
scribed UDCA, aligning with international data [5, 16]. When
UDCA was prescribed, the median dose of 12.5mg/kg/day in
our cohort fell below the 15-20mg/kg/day range, consistent
with prior reports of under-dosing [2].

It should also be noted that most patients in CALiD were en-
rolled years after their PSC diagnosis. As a result, assessments
such as colonoscopy ‘at diagnosis’ may underestimate true ad-
herence, since procedures performed before enrolment were not
always captured. Part of the study period overlapped with the
COVID-19 pandemic, and stratified analyses (Table S9) con-
firmed that COVID-19 restrictions contributed to reduced im-
aging surveillance; however, suboptimal adherence was evident
in both prepandemic and pandemic periods, indicating systemic
implementation barriers beyond the acute pandemic phase.

4.1 | Strengths and Limitations

The retrospective design relied on registry documentation,
which may underestimate adherence if patients underwent
procedures outside participating centres without sharing re-
cords. Additionally, the CALiD registry captures whether sur-
veillance tests were performed but does not record whether
tests were recommended by providers. We therefore cannot
distinguish between patient-level nonadherence (recom-
mended tests not completed) and provider-level practice varia-
tion (tests not recommended). Participating centres do not have
uniform written surveillance protocols, and management de-
cisions are provider-specific within a shared decision-making
framework. In addition, our evaluation of colonoscopy at diag-
nosis was limited by documentation; the intent of procedures
was not always clear, and the term ‘screening colonoscopy’
may not fully capture guideline-recommended ileocolonos-
copy with systematic biopsies. Furthermore, while CALiD cap-
tures historical data via medical record review, procedures
performed at outside institutions before enrolment may not
be fully documented. Because most patients were enrolled
years after their PSC diagnosis (median 7years), the colonos-
copy rate at diagnosis (78.8%) could be interpreted as an upper
bound; sensitivity analysis restricted to patients enrolled
within 1-2years of diagnosis yielded lower rates (47%-55%).
The higher colonoscopy rates observed among patients with
longer disease duration at enrolment likely reflect that these
patients were due for surveillance at the time of enrolment
and were more likely to have had the procedure performed
and documented within a CALiD-affiliated site. Data on bi-
opsy performance was inconsistently reported and could not
be reliably analysed. Residual confounding from unmeasured
variables and heterogeneity across sites also remain possi-
ble. Still, colonoscopy data was available for 94% of patients
with PSC without IBD and 90% of PSC-IBD. Finally, because
all sites were tertiary hepatology centres, adherence rates ob-
served here may overestimate those in broader community
practice, where resources and expertise may be more variable.

Despite these limitations, our study has notable strengths. It
represents the largest multicentre, real-world analysis of PSC
care in North America, including over 1300 patients across 19
diverse hepatology centres. The use of standardised case report
forms enabled harmonised data capture, and linkage with so-
cioeconomic datasets allowed assessment of the influence of
social determinants of health on care delivery. Importantly, the
5-year longitudinal design provides a robust view of surveillance
practices over time, offering a unique opportunity to benchmark
real-world management against guideline recommendations.

5 | Conclusions and Future Directions

This multicentre North American analysis demonstrates that
adherence to guideline-recommended practices in PSC remains
inconsistent, with substantial gaps in both diagnostic assess-
ments at diagnosis and longitudinal surveillance. While some
variation reflects conditional recommendations and evolving
practice standards, our findings highlight opportunities to im-
prove the uniformity and quality of care. Future efforts should
focus on identifying and addressing barriers to implementation,
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in addition to developing strategies to standardisze surveillance
across diverse practice settings. Ultimately, improving adher-
ence to strongly recommended practices and standardising
approaches to evolving recommendations will require not only
dissemination through patient and provider education, but also
system-level strategies—including multidisciplinary care mod-
els, quality metrics and policy reforms—alongside increased pa-
tient engagement through advocacy and navigation.
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