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Abstract

Surrogate endpoints are needed to estimate clinical outcomes in primary
sclerosing cholangitis (PSC). Serum alkaline phosphatase was among the first
markers studied, but there is substantial variability in alkaline phosphatase levels
during the natural history of PSC without intervention. The Mayo risk score
incorporates noninvasive variables and has served as a surrogate endpoint for
survival for more than two decades. Newer models have better test performance
than the Mayo risk score, including the primary sclerosing risk estimate tool
(PREsTo) model and UK-PSC score that estimate hepatic decompensation and
transplant free survival, respectively. The c-statistics for transplant-free survival
for the Mayo risk model and the long-term UK-PSC model are 0.68 and 0.85,
respectively. The c-statistics for hepatic decompensation for the Mayo risk model
and PREsTo model are 0.85 and 0.90, respectively. The Amsterdam-Oxford model
included patients with large duct and small duct PSC and patients with PSC-
autoimmune hepatitis overlap and had a c-statistic of 0.68 for transplant-free
survival. Other noninvasive tests that warrant further validation include magnetic
resonance imaging, elastography and the enhanced liver fibrosis score. Prognostic
models, noninvasive tests or a combination of these surrogate endpoints may not
only serve to be useful in clinical trials of investigational agents, but also serve to
inform our patients about their prognosis.
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Core Tip: Several noninvasive prognostic models have been validated that improve upon serum alkaline phosphatase and the
Mayo risk score or include subgroups of patients not validated by these tests. The UK-PSC score has superior test
performance compared to the Mayo risk score for short and long term transplant free survival. The Primary sclerosing risk
estimate tool (PREsTo) has excellent test performance for risk of hepatic decompensation. The Amsterdam-Oxford model
includes patients with small duct primary sclerosing cholangitis (PSC) and PSC-autoimmune hepatitis overlap. Elastography
and magnetic resonance imaging show promise as prognostic tools.

Citation: Russo MW. Noninvasive prognostic models, imaging, and elastography to predict clinical events in primary sclerosing
cholangitis: A review. World J Hepatol 2023; 15(9): 1013-1020
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INTRODUCTION

Primary sclerosing cholangitis (PSC) is a cholestatic liver disease associated with diffuse inflammation of the biliary treat
that may lead to cirrhosis, complications from portal hypertension and cholangiocarcinoma. The diagnosis is typically
established on cholangiogram obtained during endoscopic retrograde cholangiography or magnetic resonance cholan-
giography and less commonly from findings on liver biopsy. The estimated prevalence of PSC varies by geographic
location and ranges from 0.1-13.6 per 100000 with higher rates seen in Scandinavian countries and the United States[1].
The median transplant free survival is 21 years and there is no effective medical therapy that improves upon this outcome
[2].

The etiology of PSC is not known but proposed mechanisms include dysregulation of the immune system, alterations
in bile duct transporters that result in accumulation of toxic bile salts, gut microbiome interactions and immune mediated
injury to the biliary epithelium, or environment triggers in genetically susceptible individuals[3].

There have been a number of drugs that have been evaluated for the treatment of PSC[4-6]. Because it would take years
or even decades to evaluate the effect of a medication on liver related events on survival surrogate endpoints are needed.
A consensus group suggested noninvasive surrogate endpoints are needed for clinical trials, which are preferred to more
invasive surrogate endpoints such as liver biopsy or ERCP[7]. Serum alkaline phosphatase (ALP) and the Mayo model,
which initially included liver histology, were among the first surrogate endpoints for PSC[8,9]. Since a prior review on
this topic noninvasive prognostic models have been developed and validated with excellent test performance[10]. The
most common clinical outcomes that surrogate endpoints have been associated with include liver transplant free survival,
hepatic decompensation and cholangiocarcinoma. A review of the topic of noninvasive prognostic tests and models is
timely because there are a number of molecules under development and noninvasive surrogate tests are recommended as
endpoints in clinical trials[7].

MATERIALS AND METHODS

The focus of this invited review is to discuss noninvasive surrogate endpoints for patients with PSC and how they
compare to ALP and Mayo Risk Score. Key words or search terms used to identify relevant articles published in English
from January 1, 2000 to January 1, 2023 that were entered into PUBMED, OVID and EMBASE included “primary

sclerosing cholangitis” and “biomarkers”, “primary sclerosing cholangitis” and “prognostic score”, “primary sclerosing

cholangitis” and “model” and “prognosis”, “primary sclerosing cholangitis” and “elastography”. The references of
articles were reviewed for additional relevant articles.

SERUM MARKERS
ALP and total bilirubin

A reduction or normalization of ALP has been associated with improved outcomes in patients with PSC. In a study of 86
patients with PSC, 38 (44%) achieved ALP normalization within 12 months of diagnosis[11]. Normalization of ALP was
not associated with ursodeoxycholic acid (UDCA) therapy or therapeutic endoscopic retrograde cholangiography.
Persistent ALP normalization was associated with a 79% lower risk of death, hepatobiliary neoplasia, or liver
transplantation. In a separate study, patients with PSC who achieved an ALP less than 1.5 times the upper limit of normal
had lower rate of a composite outcome (liver decompensation, liver transplantation, liver related deaths, cholangiocar-
cinoma) compared to those who did not have a reduction in ALP, 6% vs 38%, P = 0.0002[12]. Among 692 patients with
PSC, an ALP > 1.3 x upper limit of normal (ULN) at 1 year of follow-up was associated with a 2-fold greater risk of liver
transplant or PSC related death (death from end stage liver failure, cholangiocarcinoma or liver surgery)[13]. A reduction
in ALP is associated with improved transplant free survival in patients with PSC with or without dominant strictures[14].
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Among UDCA treated PSC patients who did and did not have ALP levels decrease by 40% or more after 1 year, 12 year
survival was 90% and 47 %, respectively, P = 0.001[15]. Patients in the placebo group had better survival if they had a 40%
reduction or more in ALP after 1 year compared to those who did not have a decline in ALP. In a study that included
patients who were and were not treated with UDCA no patient with persistently normal ALP reached a clinical endpoint
(cholangiocarcinoma, liver transplantation or death) compared to 33% with persistent ALP abnormalities[16].

Patients with PSC have substantial variability in ALP levels over 5 years with 65% and 34% of patients achieving an
ALP < 1.5 x ULN or normalizing ALP, respectively[17]. Despite variability in ALP levels, an ALP that declined to < 1.5 x
ULN was independently associated with death, liver transplantation, hepatic decompensation or cholangiocarcinoma.
However, others have shown that ALP reductions of 40% or more from baseline are seen in 15%-18% of patients with PSC
at 2 years that are not associated with disease progression[18].

Total bilirubin

Total bilirubin is associated with lower survival in patients with PSC, but studies demonstrating this association have
included patients with advanced disease, thus limiting its usefulness in patients with early stage PSC[19,20].

Enhanced liver fibrosis score and test
Enhanced liver fibrosis (ELF) score (R&D systems, Orion diagnostics, Espoo Finland) and ELF test (Siemens Medical
Solutions Diagnostics Inc., Tarrytown, NY, United States) are derived from algorithms that include tissue inhibitor of
metalloproteinase I, hyaluronic acid, and propeptide of type III procollagen. The association between transplant free
survival and ELF score was derived and validated in 167 and 138 PSC patients, respectively. ELF score was independent
of Mayo Risk Score and had a c-statistic of 0.82 for transplant free survival. A score of 10.6 or higher was associated with
lower transplant free survival independent of Mayo Risk Score[21]. The ELF test was better than the ELF score at
identifying the group at low risk for clinical endpoints. In a clinical trial that randomized patients with PSC to
simtizumab or placebo, an ELF test > 9.8 was associated with PSC-related progression events (ascites, spontaneous
bacterial peritonitis, variceal hemorrhage, hepatic encephalopathy, ascending cholangitis, cholangiocarcinoma, hepato-
cellular carcinoma, liver transplantation, and death)[22]. Among those with an ELF test = 9.8, 34% experienced a clinical
event compared to 11% of those with scores below this threshold.

Among patients with PSC and cholangiocarcinoma, the ELF test was higher compared to those with PSC alone, 11.4
and 9.9, respectively P < 0.001[23]. In multivariable analysis an ELF test > 9.8 was associated with a diagnosis of cholan-
giocarcinoma in patients with PSC (OR = 4.91, 95%CI: 1.19-20.21, P = 0.021).

NONINVASIVE PROGNOSTIC MODELS

Mayo risk score

The Mayo Risk Score was developed and validated in 405 patients and 124 patients, respectively with PSC from five
centers[24]. The earlier Mayo Model for PSC required liver biopsy because histologic stage of PSC is a variable in the
model[8,9]. The Mayo Risk Score includes age, total bilirubin, aspartate aminotransferase, variceal bleeding (yes/no), and
albumin (Table 1). In the Mayo risk score study median follow up was 36 mo and the outcome was overall survival up to
4 years. Newer models that have been compared to the Mayo Risk Score will be discussed in further detail below.

Amsterdam-Oxford model

The Amsterdam-Oxford model was developed and validated among 956 patients with PSC from 44 Dutch hospitals or
referral centers[25]. Large duct PSC was diagnosed in 91% of patients, 4% had PSC-autoimmune hepatitis overlap, 71%
had inflammatory bowel disease, and 80% of the derivation cohort was taking UDCA. Median follow-up was 110 mo and
the primary outcome was a composite outcome of liver transplant or PSC-related death (death from end-stage liver
failure, death from liver surgery, death from cholangiocarcinoma or death from colorectal carcinoma).

The Amsterdam-Oxford model includes PSC subtype, age at diagnosis, albumin, platelets, aspartate aminotransferase,
ALP, and total bilirubin (Table 2). The c-statistics for the primary outcome at 3 years of follow-up in the validation cohort
were 0.66 with similar c-statistics at 1 and 2 years of follow-up (Figure 1).

A study from three centers in Italy, Belgium and The Netherlands evaluated the test performance of the Amsterdam-
Oxford model and compared it to the Mayo Risk Score[26]. The cohort included 534 patients of which 3% had small duct
PSC, 10% had PSC-autoimmune hepatitis overlap, 60% had inflammatory bowel disease and 92% were on UDCA
therapy. The primary outcome was transplant free survival. The c-statistics for Amsterdam-Oxford model and Mayo Risk
Score at 5 years of follow-up in the validation cohort were 0.76 and 0.79, respectively.

Primary sclerosing cholangitis risk estimate tool
Primary sclerosing cholangitis risk estimate tool (PREsTo) was developed and validated in 787 patients with PSC from
centers in North America and Norway[27]. Patients with small duct PSC or PSC-autoimmune hepatitis overlap were
excluded and approximately 70% of patients had inflammatory bowel disease. The number of patients on UDCA was not
provided. Median follow-up was 6 and 4 years for the derivation and validation cohorts, respectively. The primary
outcome was hepatic decompensation defined as variceal hemorrhage, hepatic encephalopathy, or ascites.

The authors employed artificial intelligence and used gradient boosting machines, a machine learning technique, to
identify variables associated with hepatic decompensation. Variables included in the PREsTo model include total
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Table 1 Noninvasive prognostic tests for primary sclerosing cholangitis

Serum markers Models Elastography Imaging

Alkaline phosphatase; Total bilirubin; Mayo Risk Score; UK-PSC score; Vibration controlled transient elastography; Magnetic resonance
Enhanced liver fibrosis score Amsterdam-Oxford Model; PREsTo score Magnetic resonance elastography imaging-Anali score

PSC: Primary sclerosing cholangitis; PREsTo: Primary sclerosing risk estimate tool.

Table 2 Variables in noninvasive prognostic models for primary sclerosing cholangitis

MRS AOM PREsTo UK-PSC,; UK-PSC,;
Age V «l
PSC subtype N N
Albumin R N 4 J
ALP N J N
AST N N
Hemoglobin \ J
Platelets x/ V \ J
Sodium 4
Total bilirubin \ y N J N
Variceal bleed d N

AOM: Amsterdam-Oxford Model; ALP: Alkaline phosphatase; AST: Aspartate transaminase; MRS: Mayo Risk Score; PSC: Primary sclerosing cholangitis;
PREsTo: Primary sclerosing risk estimate tool.

AOM PREsTo
Small duct/Large duct PSC, Large duct PSC
PSC-AIH overlap Hepatic decompensation
Transplant free survival c-statistic 0.90
c-statistic 0.68
UK-PSC MRI (Anali score)

Large duct PSC Large duct PSC

Transplant free survival
Short term c-statistic 0.81
Long term c-statistic 0.85

Transplant free survival &
Cirrhosis decompensation
MRI without IV contract

c-statistic 0.76

Elastography MRI + Elastography
Large, small duct PSC Large duct PSC
LSM>18.5 kPa & Composite outcome

ALSM >2.5 kPa/yr
Composite outcome
c-statistic 0.84

DOI: 10.4254/wjh.v15.i9.1013 Copyright ©The Author(s) 2023.

Anali score>2 & LSM>10.5
kPa 5-fold increase risk

Figure 1 Noninvasive prognostic models and test performance for primary sclerosing cholangitis. AOM: Amsterdam-Oxford Model; PREsTo:
Primary sclerosing risk estimate tool; MRI: Magnetic resonance imaging; PSC: Primary sclerosing cholangitis; LSM: Liver stiffness measurements.

bilirubin, ALP, albumin, alanine aminotransferase, platelets, sodium, and hemoglobin (Table 1). Total bilirubin, albumin
and ALP had the highest relative importance in the PREsTo model. In the validation cohort the c-statistic was 0.90 for
PREsTo for 5-year risk of decompensation compared to c-statistics of 0.72, 0.85, and 0.65 for model for end stage liver
disease score, Mayo Risk Score, and ALP < 1.5 x ULN, respectively.

UK-PSC score

The UK-PSC score was developed and validated in 1452 patients with PSC from 155 sites throughout the United
Kingdom][28]. All patients had large duct PSC, 73% had inflammatory bowel disease, and 57% were on UDCA. Median
follow-up ranged from 6-14.8 years in the validation and derivation cohorts. The primary outcome was transplant-free
survival.
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A short-term model for 2-year outcome and long-term model for 10-year outcomes were developed. The variables in
the short-term UK-PSC score include total bilirubin, albumin, hemoglobin and platelet count (Table 2). The long-term
model includes baseline and year 2 total bilirubin, platelet count, ALP, disease type (presence or absence of extrahepatic
biliary disease) and history of variceal bleed (yes/no). In the validation cohort the c-statistics for short term UK-PSC
model, Mayo Risk Score, model for end stage liver disease score were 0.81, 0.73, and 0.78, respectively. The c-statistics for
long term UK-PSC model, Mayo Risk Score and aspartate aminotransferase platelet ratio index were 0.85, 0.69, and 0.70,
respectively (Figure 1).

IMAGING

Magnetic resonance imaging

Features on magnetic resonance imaging (MRI) with cholangiography have been associated with outcomes in patients
with PSC called the Anali score developed by Ana Ruiz and Lionel Arrive[29]. Based 289 MRI images from 64 patients
with a median follow-up of 4 years a model for findings on MRI without and with contrast were developed to predict
radiologic progression. The Anali score without gadolinium includes dilatation of intrahepatic bile ducts, dysmorphy,
and portal hypertension while the score with gadolinium includes dysmorphy and parenchymal enhancement hetero-
geneity. Dysmorphy was defined as significant atrophy of either the right or left hepatic lobe and/or marked lobulations
of the liver surface and/or increase in the caudate/right lobe ratio. The c-statistics for the Anali scores with and without
gadolinium were 0.83 and 0.80, respectively (Figure 1)[29].

The MRI derived Anali score was validated in a study that included 338 patients with large duct PSC from France,
Canada, Italy and the United Kingdom equally divided between a derivation and validation cohort[30]. The primary
endpoint was transplant free survival or cirrhosis decompensation. The c-statistics for the primary outcome for the Anali
score with and without gadolinium in the validation cohort were 0.73 and 0.76, respectively[30].

Transient elastography and magnetic resonance elastography

Liver stiffness measurements (LSM) obtained by vibration controlled transient elastography at baseline and during
follow-up are associated with outcomes. A prospective study that included patients with large duct, small duct PSC (9%)
or PSC-autoimmune hepatitis (3%) overlap reported adverse outcomes associated with baseline LSM and change in LSM
[31]. Adverse outcomes were defined as a composite of death, liver transplantation, ascites, hepatic encephalopathy,
gastrointestinal bleeding related to portal hypertension, cholangiocarcinoma or hepatocellular carcinoma. All patients
were on UDCA and 68% had inflammatory bowel disease. The LSMs with highest accuracy for adverse outcomes were
LSM > 18.5 kPa and change in LSM > 4 kPa/yr.

The group that developed PREsTo demonstrated an increase in magnetic resonance elastography (MRE) score is
associated with hepatic decompensation (ascites, variceal hemorrhage or hepatic encephalopathy)[32]. In this study of 204
patients with PSC of which 82% had inflammatory bowel disease and 34% were on UDCA reported an increase of LSM >
0.34 kPa/yr had a c-statistic of 0.79 for hepatic decompensation. Combining a LSM > 4.32 kPa at baseline and an increase
> (0.34 kPa/yr had a c-statistic of 0.93 for hepatic decompensation.

MRI and vibration controlled transient elastography

In a retrospective study that included 162 patients with PSC from 3 centers, Anali score without gadolinium and vibration
controlled transient elastography (VCTE) were combined to risk stratify patients at risk for liver transplantation or
cirrhosis decompensation[33]. Patients were categorized into three groups: Anali score < 2 and LSM < 10.5 kPa, Anali
score > 2 or LSM > 10.5 kPa, or Anali score > 3 and LSM score > 10.5 kPa. An Anali score > 2 and LSM > 10.5 kPa was
associated with a 5-year risk of liver transplantation, death or cirrhosis decompensation of 38% compared to 8% for those
with an Anali score <2 and LS <10.5 kPa, P < 0.001.

DISCUSSION

Despite the development and validation of several prognostic models and the evolution of imaging and elastography,
ALP has persevered as a surrogate marker for disease progression in PSC. ALP or changes in ALP remain as an outcome
in clinical trials of investigational agents for PSC[34-39]. The simplicity and availability of ALP make it an attractive
biomarker in clinical practice. However, there is variability in ALP that occurs over time without any intervention, and it
has inferior test performance compared to more recently validated prognostic models. Despite these limitations, ALP, it
remains a variable in Amsterdam-Oxford model, PREsTo and UK-PSC,; models (Table 2). The ELF score has been
associated with survival or cholangiocarcinoma but requires further validation. Furthermore, ELF is associated with
added cost compared to noninvasive prognostic models where variables and lab data are usually already available.

The Mayo Risk Score has stood the test of time, but a criticism has been that the study cohort included a large number
of patients with advanced PSC and the time span for the model is limited to 4 years. The PREsTo and UK-PSC scores
provide estimates for outcomes at 5 and 10 years of follow-up. The test performance of UK-PSC and PREsTo models are
better compared to the Mayo Risk Score.

Each of the models has its role in informing our patients with PSC about their prognosis (Figure 1). The UK-PSC model
provides short-term and long-term estimates of transplant free survival. The PREsTo score provides risk of hepatic
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decompensation over 5 years. The Amsterdam-Oxford model provide transplant free survival and included patients with
small duct PSC and PSC-autoimmune hepatitis overlap, although there were very small numbers in each group.

MRI and VCTE are attractive as prognostic tools because they are frequently obtained during clinical care. The Anali
score can be readily obtained from MRI of the abdomen with or without gadolinium because imaging is commonly
obtained as part of clinical practice. Results from VCTE or MRE, including baseline measurements as well as annual
changes can provide prognostic information, although data on VCTE and MRE are limited to those derived from
retrospective studies.

A number of novel biomarkers involved in inflammation, fibrosis or the gut barrier have been studied that are not
commercially available but may warrant further study, including third generation anti-neutrophil cytoplasmic antibodies
to serine protease-3[40-44]. Future studies could combine results for the prognostic models that include clinical and
laboratory data with scores from MRI and elastography (e.g. UK-PSC or PREsTo+Anali score+elastography score). As the
test performance of these noninvasive prognostic models improve they may not only serve as surrogate endpoints in
clinical trials, but they can also be used to inform our patients about their prognosis. Other cutting-edge techniques,
including artificial intelligence may be employed to identify findings on imaging associated with disease progression,
survival or patients at risk for cholangiocarcinomal[45].

CONCLUSION

In conclusion, a number of noninvasive prognostic models for PSC are available that can be used in clinical trials as
surrogate endpoints or as tools to inform patients about their disease progression. The models can be tailored to a specific
trial endpoint, such as PREsTo score for hepatic decompensation or UK-PSC score for transplant-free survival. In the
future, combining these models with results from elastography may improve test performance. Other areas warranting
further investigation include novel molecular diagnostics, composition of the gut microbiome and its association with
clinical outcomes as well as exploring the role of artificial intelligence in identifying imaging findings associated with
disease progression or cholangiocarcinoma.
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