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Primary sclerosing cholangitis (PSC)

1 Introduction

1.1 Brief description

Primary sclerosing cholangitis (PSC) is a chronic, progressive
liver disease characterized by inflammation and fibrosis of the
intrahepatic and extrahepatic bile ducts [1-3]. PSC focally affects
the biliary tree and results in strictures of the large bile ducts,
leading to cholestasis. In 5-10% of cases, PSC affects only the
small bile ducts (small-duct PSC), up to 20% of which however
will progress to classic large-duct PSC. Complications associated
with PSC include episodes of acute cholangitis, progression to
advanced liver disease/cirrhosis with hepatic decompensation
and an increased risk of malignancies, primarily cholangiocarci-
noma (CCA), but also non-hepatic cancers such as those of the
colon and gall bladder. PSC can occur in individuals of any age,
sex, or ethnicity worldwide, though its prevalence and incidence
are significantly higher in young men and in the Northern Euro-
pean regions. This disease affects more men than women, with a
ratio of 2:1, and is typically diagnosed in individuals in their fourth
decade of life [2, 3]. Another notable aspect of PSC is its associa-
tion with inflammatory bowel disease (IBD), particularly ulcerative
colitis, which is observed in up to 80% of cases [4].

1.2 Why it is important to diagnose and treat PSC

The course of disease in PSC can vary greatly and is often unpre-
dictable; the disease can either be clinically quiescent and progress
slowly or have a more aggressive and rapidly advancing form

[4, 5]. Unfortunately, there is currently no effective medical treat-
ment available for PSC, and orthotopic liver transplantation (LT)

is so far the only curative option for patients with this condition.
PSC patients carry a high burden of disease, combining both
diverse physical symptoms and psychological consequences of
the unpredictable and often unfavorable prognosis [6]. Patients
diagnosed with PSC suffer from disease-related symptoms, with
pain and fatigue being the most reported, that significantly impact
their quality of life [7]. Although PSC is a rare liver disease with

a global incidence of 0.5 and prevalence of 6 in 100,000 [8, 9],
both measures show a notable rise, with considerable geographic
variability [4, 10, 11]. PSC patients have a median life expectancy
(free of LT) of 13-21 years following the diagnosis, with a threefold
higher mortality rate compared to the general population [8, 12, 13],
mainly due to malignancies and liver failure [14]. Moreover, PSC
can recur after LT in more than 30% of cases and is frequently



associated with graft loss [15-20]. Fortunately, the overall survival
rate of patients with PSC is on the rise, possibly based on early
detection, LT, and cancer monitoring [4].

1.3 Impact of PSC (on individual, society, health care systems)

The burden of any disease, in particular PSC, includes its effects
on both the individual and society, encompassing clinical, psycho-
logical, economic, and social factors. As a rare disease, PSC often
presents at a young age and frequently requires LT [4]. Overall,
around 4.5% of all LT in Europe and 5% in the US are performed
for PSC [21-23]. PSC is the number 3 indication on the waiting
list for LT in Europe and a leading indication in some countries
such as UK and Norway [21, 22]. This poses significant challenges
for patients and health systems due to ongoing healthcare costs.

PSC, though rare, significantly affects healthcare costs due to its
morbidity, early onset at young age, and progressive nature [24],
leading to reduced quality of life and increased risk of early death,
with patients losing many quality-adjusted life years (QALYs).

A recent study using a Markov economic model estimated an
average overall survival of 25 years and transplant-free survival of
22 years [25]. According to this study, 14.5% of PSC patients are
expected to undergo a LT, with 24.2% experiencing recurrence
[25]. In a European study, 8.6% of over 6000 patients needed

a second transplant due to recurrent PSC [21]. The lifetime likeli-
hood of developing CCA, colorectal cancer (CRC), and gall-
bladder cancer in PSC patients ranges from 5-20%, 4-20%, and
2-3%, respectively [25, 26]. According to a recent Dutch popu-
lation-based study, patients with PSC accrue only 18.2 QALYs in
the first 30 years after diagnosis, which is 5.7 fewer than an age-
matched reference population. Proportional shortfall increased
from 7% in the first 5 years after diagnosis to 48% after 26-30
years after diagnosis, highlighting PSC’s severe impact on life
expectancy [27].

The burden of PSC is also influenced by symptoms such as pain,
fatigue, and pruritus, which significantly impact health-related
quality of life (HRQoL) [7, 28, 29]. Patients with concurrent IBD
face additional HRQoL challenges [30]. Compared to other
liver diseases, PSC patients experience more mental health issues,
such as anxiety and depression [31, 32]. PSC also results in an
increased permanent work disability and 25% work productivity
loss [27, 30]. Not only patients but also their caregivers and family
members experience significant emotional distress, psychological
burden, and anticipatory grief alongside the patient [32].
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2 Background/Presentation

2.1 Causes and risk factors

At present, the pathogenesis of PSC cannot be explained by a
single mechanism, and its exact cause remains unknown [1, 33].
Various aspects have been explored, including bile physiology,
genetics, immunology, inflammatory bowel disease, diet, and

the gut microbiome. Environmental factors like diet, microbiome,
and exposome are important in PSC development, but many
open questions remain, such as the nature of environmental
exposures and whether they act alone or in combination [34].
Answers are currently based on circumstantial evidence. While
its initial triggers remain unknown, PSC leads to ongoing inflam-
mation around the bile ducts, progressive fibrosis—often with
concentric layers (“onion skin” features)—and development of
strictures in larger bile ducts that obstruct bile flow, thus favoring
recurrent bacterial cholangitis and increasing the risk of chol-
angiocarcinoma (Figure 1).

Unlike in PSC, the cause of secondary sclerosing cholangitis
(SSC) can usually be identified (Table 1). The morphological
similarities between PSC and SSC suggest that PSC may also
comprise multiple disease entities. However, from a genetic and
pathophysiological standpoint, the co-occurrence of IBD and
PSC might be considered a single disease entity (see below).

PSC is a complex disease that is influenced by genetic and
environmental factors [13, 33]. Genome-wide association studies
(GWAS) have found a strong association with HLA, which is 1000
times stronger than the association with any other gene, and
identified multiple other genetic regions linked to PSC [35-39].
Individuals with HLA B8 and HLA DR3 are at higher risk to develop
PSC. The largest GWAS study on PSC has uncovered significant
loci and suggested that reduced expression of ubiquitin-associated
and SH3 domain-containing protein A (UBASH3A), a protein

that negatively regulates T cell activation, may decrease PSC risk
[36]. Despite genetic factors and a hazard risk of approximately
1 for first-degree relatives [40], PSC is rarely familial, indicating
environmental factors as the predominant triggers. The involvement
of autoantibodies and HLA haplotypes suggests immune dys-
function in PSC pathogenesis. Recent research highlights diverse
roles of immune cells in PSC development, with 25 pathways
shared by B cells, CD4+ T cells, CD8+ T cells, monocytes, and NK
cells, alongside cell-specific pathways, detected by gene set
enrichment analysis [41].



Figure 1: Presentation of PSC

PSC is a chronic liver disease characterized by inflammation and fibrosis that
results in multiple strictures in the bile ducts (A). The condition is closely linked
to inflammatory bowel disease (IBD), which affects approximately two-thirds
of patients with PSC (B). The most common form of colonic involvement in
PSC is ulcerative colitis, although it can also be classified as Crohn’s disease or
indeterminate colitis. Despite often experiencing only mild symptoms, patients
with PSC typically have pancolitis, with a tendency towards right-sided inflam-
mation, subtle ileal inflammation (“backwash” ileitis), and sparing of the rectum.
PSC is associated with a significant risk of gastrointestinal cancers, particularly
cholangiocarcinoma (CCA), gall bladder cancer (GBC), and colorectal cancer
(CRC). The unpredictable influence of environmental factors on biological
events can result in different clinical subtypes of PSC. Modified from [33].

To date, no definitive environmental factors have been identified
as the cause of PSC, and no known triggers for the onset of the
disease exist. The disease’s higher prevalence in northern Europe
and evidence of intestinal dysbiosis in patients suggest that micro-
bial exposure may contribute to its development. This supports
the hypothesis of immune-mediated pathogenesis involving the
biliary microbiome. Interestingly, smoking appears to have a
protective effect and individuals with PSC tend to consume less
coffee compared to those without the disease [42-44]. Patients
with PSC report higher childhood exposure to farm animals, but
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Table 1: Differential diagnosis of secondary sclerosing cholangitis
(modified from [2])

Chronic obstruction @« Choledocholithiasis
* Malignancies (e.g., CCA, liver metastases)
» Portal hypertensive biliopathy
« Bile duct stricture after surgery (e.g. CHE)
* Chronic pancreatitis

Ischemic/Vascular * Ischemic type biliary strictures after LT
* Intra-arterial chemotherapy, chemoembolisation
» Radiation therapy
* Small vessel vasculitis
» Systemic hypoxemia
» Sclerosing cholangitis of critically ill patients
(SC-CIP)
= Polytrauma/burn
* Post-COVID cholangiopathy

Immunological » lgG,-associated cholangitis
* Eosinophilic cholangitis
« Mast cell cholangiopathy
* Sarcoidosis
* Hepatic allograft rejection

Infectious * Cryptosporidiosis
* Microsporidiosis
« Parasitic (Cryptosporidia, Microsporidia,
O. viverrini, F. hepatica)
« CMV
» HIV/AIDS-associated cholangiopathy
* Recurrent pyogenic cholangitis
Toxic/drug-induced | - Side effects of bevacizumab, immune checkpoint
inhibitors and ketamine
Hereditary » Cholangiopathy in cystic fibrosis
« ABCB4-associated liver disease

Neoplastic * Hodgkin’s disease
« Histiocytosis X

Abbreviations: AIDS, acquired immune deficiency syndrome; CCA, cholangiocarcinoma; CHE, cholecystectomy,
CMV cytomegaly virus; HIV, human immunodeficiency virus; LT, liver transplantation



not domestic animals, compared to controls [42]. Female patients
are less likely to use contraceptive hormones and report more
frequent urinary tract infections than controls [42, 45]. Addition-
ally, PSC patients consume less fish but more well-done steak

or hamburgers than controls, regardless of sex or associated IBD
[45]. These findings suggest that dietary intake and food prepa-
ration methods may influence disease development, potentially
through gut microbiome alterations. Further research is necessary
to identify specific environmental triggers for the disease, such
as nutrition.

Co-morbidity with IBD and the impact of the gut-liver axis in
PSC pathogenesis have already been mentioned above. In terms
of risk factors, IBD presence is an independent PSC risk factor,

as highlighted by a Norwegian MRI study showing that long-term
IBD patients undergoing magnetic resonance cholangiopancrea-
tography (MRCP) as a screening procedure have a 3-fold higher
PSC prevalence than symptom-detected cases. 65% of these
patients exhibit subclinical PSC linked to progressive IBD, detected
only by radiological findings in patients with normal liver
enzymes [46].

2.2 Pathophysiology

Over the years, various theories on the pathophysiology of PSC
have emerged, inspired by clinical observations and research

on other liver and bowel diseases. Potential mechanisms include
genetic predisposition, dysbiosis, and the “leaky gut” concept,
where pathogen-associated molecular patterns (PAMPSs) released
from the inflamed gut enter the bloodstream [33, 47, 48, 49]
(Figure 2). Theories also suggest that gut-derived T cells migrate
to the liver and biliary system (“gut homing hypothesis”) or that
a colon antigen causes liver inflammation via enterohepatic circu-
lation. Additionally, toxic bile composition may induce cholangio-
cellular injury.

Genetic predisposition

Initial evidence of a genetic component in PSC came from a
Scandinavian study, demonstrating that siblings of PSC and IBD
patients have a significantly increased risk of developing PSC
(M-fold and 8-fold, respectively) [40]. GWAS identified 23 risk loci,
mostly related to autoimmune processes [33]. The main genetic
finding is concentrated within the HLA complex on chromosome 6,
with weaker associations among non-HLA genes like fucosyltrans-
ferase 2 (FUT2) and G protein-coupled bile acid receptor 1 (GBARI1
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Figure 2: Pathogenesis of PSC

Primary sclerosing cholangitis is the result of a combination of genetic factors
and environmental influences that affect biological processes in the gut and
liver. These processes include gut lymphocyte migration to the liver, chronic
mucosal inflammation, activation of cholangiocytes, and changes in the bile
environment. The condition is also influenced by factors such as the intestinal
microbiome, the epigenome, and the metabolome. Modified from [49].

or TGR5) [38, 50]. Most PSC-related genes are linked to adaptive
immune function. There are limited genetic overlaps between PSC
and IBD, suggesting PSC-IBD is a distinct subtype with unique
genetic features [36]. Remaining PSC genes are associated with
autoimmune conditions like type 1 diabetes and multiple sclerosis.
While these studies highlight the role of immune mechanisms

in PSC pathogenesis as immune-mediated disease, this concept
is challenged by the limited effectiveness of immunosuppressive
therapies.



Gut-liver axis

PSC is a prototypic disease of gut-liver axis [48]. The clinical
evidence is reflected by the unique phenotype of PSC-IBD with its
right-sided involvement, backwash ileitis, sparing of the rectum,
and a high risk of colorectal cancer [51] (Figure 1B). Interestingly,
PSC can manifest after colectomy in IBD patients [52], and IBD
may occur after LT in PSC patients [53]. Notably, colectomy
before PSC diagnosis is linked to reduced risk of LT or death [52],
and when performed before LT, it decreases the risk for recurrent
PSC [18]. These findings suggest a crucial interplay between

the gut and liver immune systems in PSC development. However,
it remains unclear why only 2%-14% of IBD patients develop PSC
[46, 54-58].

Along these lines, PSC has been linked to changes in the intestinal
barrier and a concept called leaky gut. The intestinal barrier
separates the mucosal immune system from the external environ-
ment, containing microorganisms and ingested substances in the
intestinal lumen. Disruption of the intestinal epithelial cell integrity
or the antimicrobial peptides and mucins they produce can result
in leaky gut [59]. This concept involves the release of pathogen-
associated molecular patterns from the inflamed gut into the blood-
stream [48]. Additionally, changes in microbial composition and
diversity, known as dysbiosis, may contribute to pathogenesis.
PSC is characterized by an imbalance of gut bacteria, regardless
of concomitant IBD. The dysbiotic signature in PSC includes a
decrease in autochthonous bacteria and an increase in pathogenic
bacteria, including penetration of oral bacteria in the gut [60-63].
Klebsiella pneumoniae has been suggested as a key player in this
process, disrupting the gut barrier and triggering Th17-mediated
liver inflammation in animal models [62]. In PSC patients, elevated
blood levels of lipopolysaccharide and soluble CD14 have been
linked to disease severity, supporting the idea that bacterial
products from a leaky gut can disrupt liver immune function and
cause inflammation of bile ducts [64]. Bacteria in the gut can
also release outer-membrane vesicles, contributing to liver inflam-
mation and fibrosis in mouse models and PSC-IBD patients [65].
The connection between PSC and IBD, along with gut evidence
of dysbiosis, suggests gut microbes might produce peptide mimics
of autoantigens. T cells are the main inflammatory cells found in
PSC liver biopsies [66]. Studies of PSC patients’ explanted livers
have shown high T cell diversity and polyclonality, with disease-
associated clonotypes that indicate antigen-specific clonal selec-
tion and expansion, some shared between liver and gut [67, 68].

n
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It is unclear if the gut-liver connection in PSC is due to the same
antigenic trigger or if gut-activated T cells migrate to the liver [33],
although the latter concept has recently been dismissed [69].
Lately, a strong link between Epstein-Barr virus infection and
PSC was reported and population-level data implicate EBV-
directed immunity as a prominent feature of PSC [70].

Cholangiocentric and toxic bile hypothesis

Cholangiocytes undergo phenotypic changes in response to
various insults, leading to an activated state characterized by
increased proliferation and secretion of pro-inflammatory and
pro-fibrotic factors [71, 72]. This activated phenotype often
results in senescence, a mechanism that may prevent apoptosis
and sustain the biliary epithelium. Senescent cholangiocytes are
present in PSC livers, even at early stages [73-75]. The secretory
phenotype of senescent cells creates a peribiliary microenviron-
ment involving immune cells, hepatic stellate cells, and portal
myofibroblasts (Figure 3). The specific contribution of each cell
type to the development of biliary fibrosis in PSC is not fully
understood, but the presence of concentric fibrous tissue layers
around bile ducts suggests that activated cholangiocytes play

a central role in perpetuating fibrosis pathways.

Figure 3: Overview of bile duct pathology in PSC

The illustration outlines the progression from a normal biliary epithelium to
early cholangiocyte stress, senescence, and peribiliary immune infiltration,
followed by fibroblast and myofibroblast activation, extracellular matrix depo-
sition, and stricture formation. Immune-epithelial interactions drive chronic
inflammation, autoreactivity, and ductal remodeling. Infiltrating T cells (including
T17 cells) and polymorphonuclear leukocytes (PMN) promote persistent injury
of cholangiocytes and recruit additional immune cells through endothelial/
vascular adhesion signaling involving vascular cell adhesion molecule (VCAM)
and intercellular adhesion molecule (ICAM). These inflammatory cues reinforce
a pro-fibrotic microenvironment and sustain epithelial dysfunction. Disruption
of cholangiocyte epithelial homeostasis also involves altered bile secretory
transport programs and barrier physiology, disturbing protective bicarbonate
secretion. Upstream triggers—including genetic susceptibility, microbiome-
derived metabolites (including vitamin B6/vitamin B6-related pathways), bile
acid-mediated epithelial injury, and environmental or infectious factors—
converge to induce immune dysregulation and maladaptive epithelial responses.
Over time, these processes lead to development of concentric periductal
fibrosis and progressive remodeling, ultimately predisposing to dysplasia and
cholangiocarcinoma (CCA) in a subset of patients. Modified from [1].
Abbreviations: HLA-DP1, Human Leukocyte Antigen; ICAM, intercellular adhesion molecule; IL1, interleukin 1;

IL6, interleukin 6; IL8, interleukin 8; ITGBI, integrin beta 1; MAIT, mucosal-associated invariant T cells;

NK cells, natural killer cells; PMN, polymorphonuclear leukocytes (neutrophils); T17, T helper 17 cells;
VCAM, vascular cell adhesion molecule.



The “toxic bile hypothesis”, which is based on the known positive
impact of ursodeoxycholic acid (UDCA) on liver biochemistry,
suggests that maintaining bile acid balance and reducing bile acid
toxicity may be important in PSC. Mouse models provide evidence
for this hypothesis. Mice lacking the phospholipid-floppase Mdr2
(Abcb4-/-) develop progressive fibrosing cholangitis and intra-
hepatic malignancy resembling human PSC [76, 77]. Feeding of
the hydrophobic bile acid (lithocholic acid) or other toxic com-
pounds like diethoxycarbonyl-1,4-dihydrocollidine (DDC) also
results in destructive cholangitis and periductal fibrosis [78, 79].

Norucholic acid (NCA) is a more hydrophilic, conjugation resistant,
side chain shortened bile acid with potential benefits in PSC [80].
These may involve reducing bile acid toxicity by promoting bicar-

Senescent cholangiocyte and ductular reaction

Cross section of a large bile duct

Healthy bile duct T cell Hepatic Portal myofibroblast
. stellate cell
Cholangiocyte
K7-positive
. hepatocytes
(metaplasia)
Cilia  Bicarbonate- *
rich layer Autoantibodies Dysplasia
Periductal stroma
Normal Early lesion Typical PSC
Di progr

Pathological phenotypes

Preclinical phenotype
« Oxidative and non-specific stress Typical PSC
« Antigenic T cell activation « Autoantibodies and epitope spreading
‘ « Biliary atrophy, stricture and "onion-skin” fibrosis

« Cholangiocyte activation
h (inducible myofibroblasts, hepatic stellate cell,

Early lesion mast cells)

« Chronic inflammation (PMNs, M®TH17, MAIT, CD8 TEMs, NK cells)| « Liver compensation

« Cholangiocyte senescence and ductular reaction (bipotent hepatocytes, decreased bile synthesis)
« Peribiliary gland enhancement + Dysplasia and cholangiocarcinoma
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bonate secretion through cholehepatic shunting (see below).
In primary biliary cholangitis (PBC), mechanisms protecting
cholangiocyte epithelium from bile acid toxicity, such as the
“biliary bicarbonate umbrella,” are well understood, but their
relevance in PSC remains unclear [84].

Cholesterol

\l/ CYP7AI1
Bile acids

J

Systemic
circulation

Active
transport

Feces

Figure 4: Bile acid homeostasis and enterohepatic circulation of bile acids
Hepatocytes in the liver synthesize bile acids from cholesterol and release them
into bile via BSEP (ABCBI11). Other main biliary components are phospholipids
(exported into bile via MDR3 [ABCB4]) and cholesterol (exported into bile
via ABCG5/8). The balance between biliary components enables adequate
functioning of bile. The bile is then modified by the bile duct epithelium before
being released into the duodenum for digestion. Intestinal microbiota convert
primary bile acids into secondary bile acids. Most of the bile acids are reab-
sorbed by the ileal ASBT and transported back to the liver through the portal
circulation. Upon reabsorption in the intestines, bile acids activate FXR-FGF19,
which helps regulate bile acid synthesis in the liver. Modified from [84].
Abbreviations: ABCG5/8, ATP synthase (ATP)-binding cassette transporter G5/8; ASBT (SCL10A2), apical sodium-
dependent bile acid transporter; BAs, bile acids; BSEP (ABCBT1), bile salt export pump; MDR 3 (ABCB4),

ATP synthase (ATP)-binding cassette transporter B 4; FXR, farnesoid X receptor; FGF19, fibroblast growth factor 19;
NTCP (SCL10AT), Na+-dependent taurocholate cotransporting peptide.



Although no evidence for toxic bile was found in prototypic PSC,
changes in bile composition (e.g. cystic fibrosis, ABCB4 defi-
ciency) can lead to features resembling sclerosing cholangitis.
A disbalance between phospholipid and bile acid content after
LT has been linked to bile duct injury [81]. Moreover, biliary
dysbiosis may result in more toxic bile acid species such as the
potentially toxic secondary bile acid taurolithocholic acid [82].
Changes in serum bile acid pool composition, with elevated levels
of certain bile acids, have been observed in PSC patients and
may be prognostically meaningful [83]. During cholestasis, the
intracellular buildup of potentially harmful bile acids can damage
liver and bile duct cells. Negative feedback regulation, controlled
by the farnesoid X receptor (FXR) and fibroblast growth factor 19
(FGF19) produced in the ileum, helps protect liver cells from bile
acid-induced injury [80] (Figure 4). FXR-FG19 signaling sup-
presses bile acid synthesis, reduces bile acid uptake, promotes
their secretion into bile, and stimulates anti-inflammatory mecha-
nisms (Figure 4). Targeting bile acid transport systems and bile
acid synthesis/homeostasis is currently studied as a potential
treatment for cholestatic disorders like PSC.

2.3 Overview of symptoms (initial presentation)

Most patients are asymptomatic but may present with abdominal
pain in the right upper quadrant, jaundice and/or itching, and
occasionally with symptoms of acute cholangitis including
abdominal pain, fever and jaundice [2, 3]. PSC is often associated
with IBD, presenting with diarrhea, stool urgency and bloody
stools. However, due to the right-sided dominance of colitis,
severity and rectal sparing, patients may be oligo- or even
asymptomatic.

PSC is often detected before symptoms appear through routine
blood tests or magnetic resonance imaging (MRI). About half of
PSC patients are asymptomatic but have elevated liver enzymes
at first presentation [85]. Key lab abnormalities include elevated
alkaline phosphatase (ALP) and gamma glutamyltransferase (GGT)
in over 90% of patients, and elevated alanine aminotransferase
(ALT) in over 80%. Early symptoms and signs include abdominal
pain, itching, diarrhea, jaundice, fatigue, or fever. Physical exams
may reveal hepatomegaly (50-60%), splenomegaly (30-40%),
jaundice, and excoriations from pruritus [12, 86]. Up to 17% of
asymptomatic patients may already have histological signs of
cirrhosis at diagnosis [87]. Asymptomatic patients generally have
milder disease [86]. 20% have a relevant stricture at first presen-
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tation, and few are diagnosed after complications like ascending
cholangitis or cirrhosis at the time of diagnosis.

Most PSC patients (70-80%) have concomitant IBD. PSC-IBD is
mostly specified as ulcerative colitis (80% of cases), with Crohn’s
disease (CD) and indeterminate colitis each representing 10%
[88]. In general, clinical phenotype of PSC-IBD is different com-
pared to classical IBD with a clinically more quiescent course
(see below), requiring fewer steroid equivalents and fewer hospital
admissions than their IBD counterparts [88]. The prevalence of
PSC-IBD varies across different geographic regions. PSC is not
common in IBD patients (2-3%) [54], but studies in Norway and
the UK found a higher prevalence of PSC (7-14%) in IBD patients
when screened by MRCP [46, 56]. Two third of PSC subclinical
cases were females, suggesting that PSC may be more common
and milder in females.

2.4 Natural history of PSC

The natural course of PSC varies and is unpredictable, often
beginning asymptomatically but eventually leading to symptoms
like pruritus and fatigue, as the disease progresses. Most patients
begin to experience symptoms only when complications of PSC
arise, such as bile duct strictures or cholangitis, or when the dis-
ease progresses to advanced fibrosis or cirrhosis. The mortality
rate for PSC patients is four times higher than the general popu-
lation [8]. A study by the International PSC Study Group found
that 36.7% of patients either underwent LT or died over a median
follow-up of 14.5 years [89]. In the Netherlands, median survival
varied from 21.3 years in the general PSC population to 13.3 years
for those treated in transplant centers, reflecting a possible
referral bias [8]. The cumulative incidence of LT in PSC is 5%
after 10 years and 18% after 20 years [90].

About 45% to 60% of PSC patients develop dominant/relevant
biliary strictures that require intervention [91, 92]. Dominant
strictures are defined as bile duct strictures smaller than 1.5 mm
or hepatic duct strictures smaller than 1 mm on endoscopic retro-
grade cholangiopancreatography (ERCP). However, this term

is unsuitable for MRI due to its lower resolution and different
methodology [93]. The term “high-grade stricture” describes
MRI-detected strictures with more than 75% narrowing of the
main bile duct [94]. Neither term adequately reflects the clinical
relevance of strictures, which has led to the proposal of the term
“relevant stricture” for any bile duct narrowing accompanied by
obstructive cholestasis or bacterial cholangitis symptoms requiring



an endoscopic intervention [2, 3]. Approximately 50% of PSC
patients develop dominant strictures during a course of disease
[93]. These strictures can cause biliary obstruction, worsen
liver function, and are linked to a poor prognosis [92]. It is very
important to exclude an underlying CCA in this scenario which
adds to the dismal prognosis.

Acute bacterial cholangitis is a significant complication of PSC.
Around 30%-40% of PSC patients experience at least one episode
of acute cholangitis [95] with cumulative incidence rates ranging
between 12% in 3 years and 16% in 10 years of disease duration
[90, 96]. Bacterial infection of the biliary tract can range from
mild symptoms to life threatening septic shock, with a mortality
rate of 4.5% following an episode of acute bacterial cholangitis

in the general population [97]. Recurrent episodes can be an
indication for LT [2].

Liver cirrhosis with subsequent hepatic decompensation/compli-
cation of portal hypertension is another important complication
in PSC [33]. In about 3% of patients with PSC, portal hypertension
may develop in the absence of cirrhosis, due to nodular regen-
erative hyperplasia or obliterative venopathy [98]. At diagnosis,
6% of PSC patients have cirrhosis, and 20% of patients develop
it over 12.5 years of disease duration [99]. In another study, the
incidence of decompensation was 9.67% after 5 years, increasing
to 12.90% after 10 years, and 31.58% after 20 years [90].

Malignancies are a leading cause of death in PSC, accounting for
nearly half of all deaths [100]. The highest risk is for CCA, with

a lifetime incidence of up to 20% and a 200 to 500-fold increased
risk compared to the general population. This high CCA risk

is followed by colorectal cancer (CRC) with a 20-30% lifetime
incidence and a 10-fold increased risk in PSC patients with IBD
(versus 2% in PSC without IBD), gallbladder cancer with a 1to 3.5%
lifetime incidence, and hepatocellular carcinoma (in cirrhotic
livers) with a 0.8-2.5% incidence [8, 26, 101]. Notably, 50% of
CCA cases are diagnosed within the first 4-12 months of presenta-
tion, suggesting that early high-quality imaging may be crucial
[102]. A Dutch study found CCA and CRC responsible for 32%
and 8% of PSC-related mortality, respectively, surpassing liver
failure (15%) and transplantation complications (9%) [56]. With
LT, deaths from cirrhosis have decreased, but CCA now accounts
for 58% of deaths [12]. A recent study reported a lower annual
CCA incidence (0.5%), sparking debate on current surveillance
strategies [103, 1041].
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2.5 Subtypes of PSC

The clinical course and presentation of clinical symptoms and
development of PSC is very heterogenous (Table 2).

Table 2: Clinical Heterogeneity of PSC (modified from [2])

More favorable phenotype Less favorable phenotype

* Absence of IBD (30%) * Extensive biliary involvement

* Small-duct PSC (5-10%) * Relevant strictures (up to 63%)
« Co-existing Crohn’s disease » Recurrent bacterial cholangitis
* Younger age at diagnosis  Ulcerative colitis

* Female sex  Elevated serum IgG (10-15%)

* Overlap with AIH (7-14%) « Older age at diagnosis

* Normal or mildly elevated ALP « African Americans, Hispanics

The subtypes of PSC can be broadly categorized as: classic PSC
(affects small and large bile ducts and further categories depend-
ing on the extent of large bile duct involvement), small-duct PSC
(affects only small bile ducts), PSC associated with autoimmune
hepatitis (PSC-AIH) (affects small and large bile ducts in associ-
ation with serum aminotransferase levels > 5x ULN or serum IgG
levels > 1.5x ULN and moderate-to-severe interface hepatitis) and
PSC with elevated |IgG4 levels [105] (Table 3).

Classic PSC can be further sub-classified into three phenotypes
based on biliary tree involvement: isolated intrahepatic, extra-
hepatic alone, or both extrahepatic and intrahepatic. This classi-
fication has gained relevance in the prognostic stratification of
classic PSC, as data from the UK-PSC study show that extrahepatic
disease correlates with a poorer prognosis. In this study, extra-
hepatic disease, defined by involvement of the first-order bile
ducts and/or common bile duct on cholangiography, significantly
reduces transplant-free survival compared to its absence [106].
Patients with extrahepatic involvement, regardless of intrahepatic
changes, have shorter transplant-free survival and higher rates
of hepatobiliary complications, i.e., the development of dominant
stricture, the incidence of cholangitis, and CCA [107]. The out-
comes of individuals with isolated intrahepatic PSC resembled
those of small-duct PSC [107] with only 12% developing extra-
hepatic disease in 7 years of follow up, indicating that it could

be a unique phenotype distinct from PSC with both extrahepatic
and intrahepatic involvement.



Table 3: Established Subtypes of Primary Sclerosing Cholangitis [2].

Subtype

Classic PSC
- intrahepatic
- extrahepatic

Small-duct

PSC

PSC-AIH

PSC-lgG4

Diagnostic Approach

and Criteria

MRCP or ERCP with
typical cholangio-
graphic features;
elevation of ALP;
exclusion of causes
of SSC

Liver biopsy; elevation
of ALP; exclusion
of causes of SSC

Laboratory and
histological evidence
of AIH plus MRCP

or ERCP findings

of PSC; exclusion

of causes of SSC

Moderately elevated
serum lgG4 levels,
19G1/1gG4 ratio < 0.24
plus MRCP or ERCP
findings of PSC

Cholangio-
graphic
Features

Affects small
and large
bile ducts

Affects
only small
bile ducts

Affects small
and large
bile ducts

Affects small
and large
bile ducts

Histopathological
Features

Mixed inflammatory
cell infiltrates usually
more intense around
bile ducts; often
unspecific and
nondiagnostic

Mixed inflammatory
cell infiltrate, usually
more intense around
bile ducts; often
nonspecific and
nondiagnostic

Lymphoplasmacytic
infiltrate, interface
hepatitis, bile duct
abnormalities

lgG4-positive plasma
cells (= 10/HPF) can
be found abundantly
in bile duct biopsies

Other Features

Increased risk of CCA,
gallbladder cancer,
CRC

May progress to classic
subtype; associated
with longer survival
and less risk of CCA
than classic subtype

Better prognosis than
with classic subtype,
but worse than with
AlH alone

Frequent relevant
strictures, equal or
higher risk of disease
progression and
shorter time to LT

Abbreviations: AlH, autoimmune hepatitis; ALP, alkaline phosphatase; CCA, cholangiocarcinoma; CRC, colorectal carcinoma;
HFP, high power field; ERCP, endoscopic retrograde cholangiopancreatography; IgG4, Immunoglobulin G4; MRCP, magnetic resonance
cholangiopancreatography; LT, liver transplantation; PSC, primary sclerosing cholangitis; SSC, secondary sclerosing cholangitis.

Small-duct PSC affects 5-10% of PSC patients and is limited to
the peripheral ductules, which are not visible on MRCP or ERCP
images [2, 89, 108]. Diagnosis of small-duct PSC is more com-
mon in patients under 20 years of age (13%) and rare in those
above 60 (2%) [109]. A liver biopsy is required for diagnosis of
small-duct PSC and should demonstrate histologic findings
typical or compatible with PSC including periductal fibrosis/fibro-
obliterative ductal lesion (eventually with full picture of “onion
skin fibrosis”). Other fibrosing cholangiopathies, like ABCB4
deficiency, may present with similar histopathological features,
necessitating precise evaluation, especially in cases where IBD
is not present [2]. Small-duct PSC generally has a better prog-
nosis and lower hepatobiliary malignancy risk [89, 110-1141].

It is considered as a low-risk phenotype in both sexes [89].
However, up to 20-55% of patients may develop large-duct PSC,
with a 10-year incidence of 8.5% [113, 115, 116].
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PSC-AIH is a PSC subtype with AIH features and present a diag-
nostic challenge due to the absence of specific biomarkers, and
of uniform criteria. According to the International Autoimmune
Hepatitis Group’s updated scoring, 7-14% of PSC patients show
PSC-AIH overlap, while about 10% of adult AIH patients exhibit
MRCP abnormalities indicative of PSC [2, 117]. This overlap is more
prevalent in children than in adults. The presence of PSC-AIH
affects PSC management, as immunosuppressive treatment is
recommended in AlH. The presence of autoantibodies linked

to AIH does not definitively diagnose PSC-AIH, as they may also
be present in classic PSC patients. Liver biopsy is essential for
diagnosing PSC-AIH; moderate-to-severe interface hepatitis sug-
gests overlap, though mild cases can occur in PSC. More precise
diagnostic criteria for PSC-AIH overlap are needed and it may
often be advisable to observe the response of anticholestatic
therapies such as UDCA in unclear cases [2].

A small number (9-14%) of PSC patients present with elevated
levels of serum IgG4 [118-120]. Interestingly, only about half

of these patients have steadily increased IgG4 levels, while the
others show normalization during follow-up [119]. In individuals
with increased serum IgG4, the severity of liver disease para-
meters was more prominent, extrahepatic biliary strictures occurred
more often, and the time to LT was shorter. These findings
suggest a more severe progression of the disease, thus support-
ing the classification of this group as a separate PSC subtype
[118-121]. This might be more pronounced in patients with con-
stantly elevated IgG4 levels [119]. Patients with IgG4-PSC have
lower prevalence of a concomitant AIH [119, 121] and are younger
at time of diagnosis [119]. The rate of hepatobiliary malignancies
does not differ between |IgG4-PSC subtype and other PSC sub-
types [119].

Few studies have explored the natural history patterns distin-
guishing patients with PSC and IBD from those without IBD.

In a large multicentric cohort, PSC patients with ulcerative colitis
had a higher risk of LT or death in comparison to those with
Chron’s disease or no IBD [89]. An Australian study found no
significant differences in demographics, such as age, gender,
bile duct involvement, and PSC subtypes, between PSC patients
with or without IBD [122]. Both groups had similar prevalence of
cirrhosis and portal hypertension. However, PSC patients without
IBD more often presented with symptoms like jaundice, pruritus,
and fatigue, while abnormal liver enzymes were more common
in those with PSC-IBD. Individuals with IBD also had a higher



occurrence of gastrointestinal malignancies (22% vs. 2%) and a
higher mortality rate, although transplant-free survival remained
unchanged [89, 122]. The isolated PSC group showed a higher
likelihood of progression to liver cirrhosis, a faster progression from
initial PSC diagnosis to the development of dominant stenoses,
and increased rates of dominant stenoses and cholangitis epi-
sodes [123]. PSC associated with Crohn’s disease represents

a specific subgroup with a better prognosis and less aggressive
liver disease [110]. Overall, isolated PSC patients seem to expe-
rience a distinct disease progression with a more fibrotic course
and earlier onset of liver cirrhosis and dominant stenosis, but
lower malignancy rates compared to those with PSC-IBD [123].

2.6 Quality of life and impact on individual patients

PSC affects the quality of life (QoL) across all ages, impairing
physical, emotional, and social functioning, including in individuals
who are working and raising families [124]. The prevalence of
common symptoms in PSC is often underestimated [49]. Aware-
ness of symptoms and QoL have increased as patients report
symptoms through online surveys. The 2020 PSC Support Patient
Insights Survey in the UK revealed self-reported symptoms from
377 PSC patients [125] . From the perspective of PSC patients,
obtaining the right diagnosis is challenging, with more than one-
third waiting over a year for a conclusive assessment. The most
common symptom is fatigue (66%), followed by itch (36%), brain
fog (34%), pain (33%), and nausea (27%). These symptoms signi-
ficantly affect QoL and ability to work. Over 33% of patients have
unplanned hospital visits, with 10% having three or more in one
year. Similar findings were reported by the PSC Partners Patient
Online Registry, with fatigue (74%), abdominal pain (73%), and
pruritus (65%) being most common [126]. Patients reported miss-
ing an average of six weeks of school or work annually. In Polish
and German PSC cohorts, about 20% reported severe fatigue,
which correlated with ALP and GGT levels but not disease dura-
tion or IBD [127, 128]. Other studies showed HRQoL in PSC was
not related to IBD, presumably due to quiescent intestinal disease
[31,129]. A Dutch study confirmed that only active IBD affects
HRQoL in PSC [7]. The 15D Score was similar between PSC patients
and controls, but excretion, depression, distress, and vitality were
significantly lower in PSC [31]. Depression seems to be common
in patients with PSC affecting the HRQoL [129]. Liver transplan-
tation, currently the only curative approach in PSC, improves
HRQoL, but has no effect on fatigue in one-third of patients [130].
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3 Epidemiology

3.1 Incidence and prevalence

PSC is a rare disease with a rising incidence [4]. Incidence and pre-
valence rates vary worldwide, from O to 1.58 per 100,000 persons
per year and O to 31.7 per 100,000 persons, respectively [4, 9, 11].
These differences may be due to methodological variations and
geographical patterns, with prevalence decreasing from high to
low latitudes, except in Australia. In Europe, the highest preva-
lence was reported in Finland, the lowest in Italy. Most PSC studies
originate from high-income countries in Europe and North
America, with limited data from Africa, Asia, and South America.
Several studies report an increasing prevalence of PSC, especially
in Europe and parts of the USA [90, 131, 132]. The disease’s silent
early stages may lead to underestimation of its true prevalence.
PSC is more common in men than women (2:1) and can occur at
any age, with diagnosis peaks at around 15 and 35 years. Limited
racial and ethnic data exist, with most studies focusing on white
populations. In North America, 8.6% of PSC patients were Black,
less likely to have IBD, and more likely to have isolated intrahepatic
disease [133]. Black patients with PSC were less likely to have
IBD alone and were associated with the HLA-B8 gene.



4 Diagnosis

4.1 Diagnostic measures

Persistent elevation of cholestatic liver enzymes, particularly ALP,
should trigger further clarification. After ruling out mechanical
cholestasis and PBC through detailed history, physical examina-
tion, abdominal ultrasound, and negative tests for anti-mitochon-
drial antibodies (AMA) and PBC-specific anti-nuclear antibodies
(sp100, gp210), PSC should be considered [2] (Figure 5).

MRI examination of the liver is the gold standard for diagnosing
PSC. With a sensitivity of 86% and specificity of 94%, MRCP, as
a non-invasive, non-radiation examination, has replaced ERCP

as a diagnostic procedure. The classical features of PSC are multi-
focal strictures and dilatations in the intra- and/or extrahepatic
bile ducts. Other findings include ductal wall thickening and loss
of bile ducts (Figure 6). MRCP can serve as a quick, contrast-free
test for diagnosing PSC, but a comprehensive MRI with hepato-
biliary contrast agents provides more detailed information about
bile duct wall thickness, liver parenchyma, and complications
like portal hypertension (Figure 7) [94, 134].

Limitations of MRCP include poor visualization of peripheral
intrahepatic branches, which hampers early diagnosis of intra-
hepatic PSC, and false-positive findings in liver cirrhosis due to
bile duct distortion. In high-quality MRCP, bile ducts up to the third
order are usually well visualized. Although the utility of ERCP

for primary diagnosis is limited, it can be valuable for identifying
PSC-related conditions or complications, such as stones, casts,
CCA, or postoperative issues. For case examples, see Figure 8.

A liver biopsy is not necessary for the diagnosis in patients with
cholangiographic changes indicative of PSC. However, in up to
10% of cases, PSC affects only the smaller peripheral bile ducts,
which MRCP or ERCP cannot adequately visualize. In these cases,
classified as small-duct PSC, a liver biopsy is necessary for diag-
nosis [135]. Histological findings typical or compatible with PSC
include periductal onion skin-type fibrosis (seen in less than half
of samples), fibro-obliterative cholangitis (seen in only 5-10% of
samples), ductular reaction, periductal inflammation, ductopenia,
and varying degrees of portal tract inflammmation (Figure 9).

These characteristic fibrosing duct lesions vary with the disease
stage (Table 4) [139]. Portal and periportal inflammation are
common, especially in early PSC, and may be linked to bile duct
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Persistent or fluctuating increase
in AP/GGT # dir. bilirubin

(HBsAg + HCV-AK neg)

Detailed history, clinical
examination

Abdominal ultrasound

AMA, ANA (gp210, sp100),
19G4

N2

MRCP

N2

Liver biopsy

N2

Genetic analysis: ABCB4,
ABCBII, ATP8B] ...

N2

Re-evaluation
Observation

History of any
suspicious drug or —>
dietary supplement?

Liver mass? ——

Perfusion of liver
venes & portal vein?

Dilated bile ducts? —>

Positive/increased —>

——— Abnormalities? ——>

——— Abnormalities? ——>

— Mutations? H

Drug induced liver injury

Diagnostic procedures for maligna-
cies (CT, EUS, biopsy etc.)

Vascular liver disease (e.g. Budd
Chiari Syndrom, PVT)

Diagnostic procedures for obstruc-
tive cholestasis (MRCP, ERCP, EUS)

PBC, IAC

PSC, IAC, SSC, Malignancies

AlIH, small duct PSC, PSC-AIH,
AMA neg. PBC etc.

PFIC, BRIC, Alagille Syndrom etc.

Figure 5: Diagnostic Algorithm for Cholestasis
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The diagnostic approach for PSC involves careful clinical assessment, including
patient history, physical examination, and liver function tests, followed by im-
aging procedures such es ultrasound and MRI/MRCP. The presence of biliary
strictures in the absence of other causes of sclerosing cholangitis confirms the
diagnosis. In cases of unclear MRI results, further evaluation at a specialized
center may be necessary, with potential repeat imaging or liver biopsy. If initial
imaging is normal, a liver biopsy is recommended to distinguish small-duct
PSC from other possible conditions. Finally, genetic testing should be applied
to diagnose rare genetic variants that can cause or modify the progression

of cholestatic disease. Modified from [2].



Figure 6: MRCP images of PSC patients

A) MRCP image of a 54-year-old male patient with PSC with history of chole-
cystectomy. Typical image with multiple segmental strictures and dilatations,
known as the ‘beads-on-a-string’ appearance. B) MRCP image of a 25-year-old
male patient with PSC-AIH. Typical image with diffuse intrahepatic bile duct
strictures and dilatations. No strictures or dilatation on common bile duct.
Gallbladder hydrops, absence of intraductal stone. Images kindly provided
by Ahmed Ba-Ssalamah und Sarah Pétter Lang, Department of Radiology,
Medical University of Vienna.

inflammation. As the disease progresses, there is a decrease in
small and medium-sized ducts (ductopenia) and the emergence
of secondary changes related to chronic cholestasis, such as
ductular reaction and copper-binding protein accumulation and
keratin 7 positive metaplasia in periportal hepatocytes [136].
These changes are associated with advancing periportal fibrosis
and can lead to biliary cirrhosis. However, none of these findings
are pathognomonic for PSC. Several fibrosing cholangiopathies
of the small bile ducts can mimic these histopathological findings,
including a genetic deficiency of ATP-binding cassette B4 (ABCB4),
a hepatobiliary phospholipid transporter protein. Therefore,
critical assessment is essential before diagnosing small-duct PSC,
especially in the absence of IBD [2] (Figure 5).

In addition, liver biopsy is crucial for diagnosing PSC-autoimmune
hepatitis (AIH) overlap syndrome [2, 137] requiring biochemical,
serological, and histological criteria (Table 3). Autoantibodies
often appear in PSC without co-existing AIH. Anti-nuclear anti-
bodies (ANA) are present in 8-77%, anti-smooth muscle anti-
bodies (ASMA) in up to 83%, and anti-neutrophil cytoplasmic
antibodies (ANCA) in 26-96% [129]. ANCA includes subtypes
like c-ANCA targeting PR3, p-ANCA targeting myeloperoxidase,
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Figure 7: MR images of PSC patients after hepatobiliary contrast agent
application

Upper panel: MR images of 53-year-old female PSC patient with advanced
PSC in the left liver lobe. A) Diffusion-weighted image, B) T1 weighted arterial
phase, and C) hepatobiliary phase, 20 minutes after gadoxetic acid application.
Lower panel: MR images of 39-year-old male PSC patient with newly detected
focal liver lesion, measuring 4 x 3 cm in diameter in liver segment 6 (*) with
rim enhancement after contrast agent application and adjacent segmental
cholangitis (arrows) in the T1 weighted D) arterial phase, E) portal venous phase,
and F) hepatobiliary phase, 20 minutes after gadoxetic acid application.
Differential diagnosis primarily suggests a cholangiocarcinoma due to the
underlying condition. Images kindly provided by Ahmed Ba-Ssalamah und
Sarah Potter Lang, Department of Radiology, Medical University of Vienna.

Table 4: Staging of PSC according to histology (Ludwig histological score) [139]

Stages in PSC Histological finding

Stage | Portal stage Presence of portal hepatitis and edema
confined to the portal triads with
mononuclear infiltration

Stage |l Periportal stage = The inflammation progresses to the periportal
space causing periductal fibrosis with
expansion of the portal triads. Bridging
necrosis or septal fibrosis are absent.

Stage lll = Septal stage Characterized by the presence of fibrous
septae and/or bridging fibrosis

Stage IV | Cirrhosis Established cirrhosis with the presence
of fibrous septa and nodular regeneration



Figure 8: ERCP in PSC

ERCP pictures of 4 PSC patients with different indications for ERCP. A) 32-year-
old male patient with PSC and UC underwent ERCP due to rising liver enzymes
and bilirubin and onset of strong pruritus. ERCP showed PSC-typical cholangio-
gram with stenoses at the bifurcation into the two hepatic ducts. Brush cytology
of the stenosis did not reveal any signs of malignancy, B) 29-year-old male with
PSC-AIH and UC underwent ERCP due to progressive jaundice. ERCP showed
intrahepatic irregularities of the bile ducts with peripheral duct loss (“pruning”)
of the biliary tree. Patient was liver-transplanted one year after the ERCP, C)
65-year-old male PSC patient with UC underwent ERCP due to recurrent chol-
angitis episodes and jaundice. ERCP revealed a stenosis in the left main bile duct
with pre-stenotic dilatation in Segment Il. The stenosis was dilated, the brush
cytology and bile duct biopsy showed scarring fibrotic segment of the bile duct
with chronic recurrent inflammation and reactive epithelial lining. A neoplastic
process was not detectable in the present material. Bile culture was positive
for Klebsiella variicola D) 39-year-old female patient with UC, ERCP procedure
due to suspicion of relevant stenosis in the D. hepatocholedochus in MRCP
with delayed excretion of hepatobiliary contrast. ERCP revealed stenosis in the
bile duct bifurcation, no clinical improvement after dilation, the patient was
listed for LT. Pictures kindly provided by Dr. Emina Halilbasic, Department of
Gastroenterology and Hepatology, Medical University of Vienna.

Abbreviations: AlH, autoimmune hepatitis; UC, ulcerative colitis; ERCP, endoscopic retrograde cholangiopancreatography;
MRCP, magnetic resonance cholangiopancreatography; PSC, primary sclerosing cholangitis.
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Figure 9: Liver histology of PSC patients

Histological findings are typically patchy in PSC, which means that a biopsy
may not always reveal the characteristic changes of the disease. However, liver
histology is still important for diagnosing small-duct PSC and ruling out other
syndromes that may overlap with PSC, as well as small-duct PSC. Figure A
(hematoxylin and eosin staining) and B (sirius red staining for fibrosis) presents
disease-specific histological findings in the liver biopsy of advanced-stage PSC.
There is concentric onion-like periductal fibrosis surrounding the bile duct,
along with inflammation in the bile duct epithelium suggestive of cholangitis.
Mild inflammation can also be observed around the fibrotic region. Histological
pictures kindly provided by Dr. Behrang Mozayani, Department of Pathology,
Division of Gastrointestinal Pathology, Medical University of Vienna.

and atypical p-ANCA targeting the nuclear envelope. Some PSC
patients with IBD show increased anti-integrin av@6 and pancreatic
autoantibodies (PABs) like anti-GP2, typically associated with
IBD [130, 131]. These antibodies lack diagnostic specificity but
may have prognostic relevance. Testing for ANA and ASMA is rec-
ommended when overlap between PSC and AlH is suspected [2].
Hypergammaglobulinemia, positive autoantibodies, and increased
serum transaminases can occur in both AIH and PSC. Mild peri-
portal hepatitis can appear in PSC liver biopsies without AIH
(Table 4, Ludwig criteria stage II). Moderate-to-severe periportal
hepatitis in PSC suggests concurrent AlH. A liver biopsy is rec-
ommended for PSC patients with ALT > 5 times the upper limit
of normal (ULN) and/or 1gG levels > 1.5x ULN.

In addition to its diagnostic purpose, histological evaluation
also helps to categorize clinical outcomes in PSC [138]. Limited
studies link histological stages to clinical outcomes, indicating
that changes in grading and staging can predict clinical benefits
and serve as surrogate endpoints [139, 1401]. This is vital for
verifying clinical trial eligibility, excluding co-existing conditions,
and evaluating potential treatments.



Table 5: Differential diagnosis between PSC, 1gG4 associated cholangitis (IAC), and CCA,
according to HISORt criteria (modified from [145])

T L [ S

Clinical
presentation

Histology (H)

Imaging (I):
MRCP
Endosonography
PET-CT

Serology (S)

Other Organs (O)

Response to
Therapy (Rt)

« Male:female 2:1

« Age < 40

« Oligosymptomatic,
increase in cholestatic liver
enzymes, often without
jaundice

« Cholangitis

« Onion skin fibrosis

* Mucosal ulceration

- Fibro-obliterative bile
ducts

« Xanthogranulomatous
inflammation

- 19G4+/IgG+ Ratio < 0.4

Bile duct strictures:

« Short, band-like bile duct
stricture

« Typically “beaded” appear-
ance involving both intra-
and extrahepatic bile ducts

« Diverticular outpouching

« Pruned-tree appearance
at chronic stage

Bile duct thickness

« Single wall CBD < 2.5 mm

Serum IgG4

+ > ULN in15%-25%

* >1&<2x ULN; IgG4/1gG1
Ratio < 0.24

Serum IgG2 < normal and

19GT1 high

CA19-9

+>ULNin12.5%

« often with relevant bile
duct stenosis without
neoplasia

* pPANCA positive in 40%

IBD in 80%

Not responsive to gluco-
corticosteroids Exception:
PSC-AIH, PSC-1gG4 Subtypes

+ Male:female 4:1
* Age > 50

+ Jaundice

* Weight loss

« Lymphoplasmacellular
infiltrate

« Obliterative phlebitis

« Storiform fibrosis

« 1gG4 plasma cells
(> 10/HPF in biopsy,
> 50/HPF resection),
19G4+/1gG+ Ratio > 0.4

Bile duct strictures:

* Long, band - shaped
strictures

* Prominent bile duct wall
thickening with visible
lumen

« Stricture in intrapancreatic
bile ducts

Bile duct thickness

« Single wall CBD > 2.5 mm
in the stricturing area,
> 0.8 mm in non-structuring
area

Mass forming

* Mass in biliary tree 100%

+ No mass in liver parenchyma

Serum-lgG4
+>ULNin 80%
* > 4x ULN (100% specificity)
« 1-2x ULN; IgG4/1gG1
Ratio > 0.24
Serum-IgG2 high
CA19-9 > ULN in 30-50%
PANCA positive in 10%

Findings of autoimmune
pancreatitis (in > 90%) or
other IgG4-related systemic
disease (salivary gland,
thyroid gland, kidney)

IBD in 0-10%

Responsive to
glucocorticosteroids

» Male:female 1.1:1
« Age: 60-80

» Jaundice

« Weight loss

« Dysplasia or malignant
cells
« 1l9G4+/IgG+ Ratio < 0.4

Bile duct strictures
= Short strictures
« Mass forming

Serum-lgG4
*>ULNin13.5%
CA19-9

* ULN in 75%

Metastases

Not responsive to
glucocorticosteroids
Exception: improvement
of inflammatory
component

Abbreviations: AlH, autoimmune hepatitis; CA19-9, carbohydrate antigen 19-9CBD, common bile duct; CCA, cholangiocarcinoma;

HFP, high power field; IAC, IgG4 associated cholangitis; IBD, inflammatory bowel disease; IgG, Immunoglobulin G; MRCP, magnetic
resonance cholangiopancreatography; pANCA, perinuclear anti-neutrophil cytoplasmic antibodies; PSC, primary sclerosing cholan-
gitis; ULN, upper limit of normal.
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The diagnosis of PSC should only be made after excluding possible
causes of secondary sclerosing cholangitis (Table 1), including
|gG4-associated cholangitis (IAC). IAC is linked with bile duct
strictures, elevated cholestatic markers, elevated |IgG4, and similar
symptoms (Table 5). Up to 15% of PSC patients may have ele-
vated IgG4, complicating differentiation between IAC and PSC
[141,142]. IAC typically occurs in older men with a history of
occupational exposure to harmful chemicals [143]. HISORt criteria
permit diagnosing IAC based on histological (H), imaging (),
serological (IgG4) findings (S), involvement of other organs (O),
and response to corticosteroids (Rt). Unlike PSC’s circumscribed
“skip” strictures, |IAC features longer, band-like narrowing from
wall thickening. Bile duct wall thickening over 2.5 mm on MRI is
another distinguishing criterion [144]. In addition to the challenge
of distinguishing IAC from PSC, the differential diagnosis of IAC
and CCA can sometimes be difficult. Criteria that facilitate the
differentiation between IAC and CCA are summarized in Table 5.

Once PSC has been diagnosed, it is crucial to conduct a colonos-
copy with segmental biopsies, even with unclear IBD status, and
regardless of presence or absence of symptoms. IBD associated
with PSC has a unique phenotype, distinct from UC and Crohn’s
disease without PSC, characterized by a high prevalence of pan-
colitis, mild disease course, right-sided predominant inflamma-
tion, rectal sparing, pouchitis, and an increased risk of colorectal
cancer—five times higher than IBD without PSC [146]. The pres-
ence of IBD also correlates with a 28-fold increased risk of CCA
in PSC, highlighting the importance of diagnosing or excluding
IBD. Endoscopically, the mucosa might appear normal, but biop-
sies can reveal mild IBD. Recent studies indicate that molecular
inflammation features may exist in both macroscopically and micro-
scopically normal-appearing mucosa, suggesting a gradient of
colonic inflammation in PSC [147]. If IBD is absent, colonoscopy
should be repeated after five years [2], as part of surveillance
strategies (see below) [2].

4.2 Differential diagnoses

When diagnosing PSC, it is crucial to differentiate it from con-
ditions with similar radiological features, particularly secondary
sclerosing cholangitis (SSC) and IgG4-associated sclerosing
cholangitis (IAC). The absence of IBD should always raise aware-
ness for secondary causes. For a comprehensive overview

of secondary causes of sclerosing cholangitis, please see Table 1.



Figure 10: Cholangioscopic findings in PSC

Cholangioscopic findings characteristic of the active phase of PSC.

(A) Mucosal erythema with ulceration and irregular surface in active PSC.
(B) Scarring tissue in the bile ducts as observed in advanced PSC.

(C) Biliary strictures identified as malignant by targeted endoscopic biopsy.
Endoscopic pictures are kindly provided by Dr. Werner Dolak, Department
of Internal Medicine lll, Division of Gastroenterology and Hepatology,
Medical University of Vienna.

IAC responds well to immunosuppressive treatment and is more
common in middle-aged men. Differentiating IAC from PSC is
achieved using the HISORt criteria and serum IgG4 levels (Table 5).
MRI findings can further help distinguish between these two
conditions.

CCA is a known complication of PSC, with 2% of PSC cases pre-
senting with CCA, often initially with jaundice (Figure 7). Diagnosis
can be confirmed through biliary brushing or intraductal biopsy
during ERCP, with fluorescence in situ hybridization (FISH) im-
proving the accuracy of brush cytology. Less research has been
done on alternative ERCP-based techniques like single-operator
cholangioscopy with targeted biopsies, probe-based confocal
laser endomicroscopy (pCLE), or endoscopic ultrasound for diag-
nosing CCA in PSC patients [2]. Cholangioscopy is beneficial

for visual diagnosis of CCA, but it is challenging in PSC due to
stricture formation. Cholangioscopic findings in PSC are shown
in Figure 10. Distinguishing between malignant and benign inflam-
mation characteristics can be difficult [148]. Endoscopic ultra-
sound-guided fine needle aspiration may be used when brush
results are inconclusive in suspected CCA cases but should be
avoided in patients who are transplant candidates [149]. The
recent identification of serum extracellular vesicle-derived protein
biomarkers enables minimally invasive liquid biopsy and offers

a reliable tool for detecting, predicting risk, and determining

the prognosis of cholangiocarcinoma, even in early-stage CCA
patients [150]. In addition to novel endoscopic imaging and
sampling techniques, novel biomarkers from blood, bile and urine
may enable earlier diagnosis of CCA in PSC.

31



Primary sclerosing cholangitis (PSC)

32

4.3 Staging

The individual course of PSC is extremely variable [2], ranging
from mild, relatively asymptomatic courses to severe complica-
tions such as recurrent cholangitis, biliary cirrhosis, CCA, or the
need for LT at a young age. This is reflected by time spans of
10-22 years from diagnosis to death or transplantation [8]. Factors
indicating a good prognosis include young age at diagnosis,
female gender, small-duct PSC, Crohn’s disease, and normal or
slightly elevated ALP levels, regardless of UDCA therapy [2].

It remains a challenge to predict the course of the disease accu-
rately, particularly when trying to determine the timing for LT
and when assessing individual risks for malignancies like CCA
and CRC, which can arise independently of liver disease severity.
Although reduced ALP levels correlate with better survival, they
are not reliable as sole indicators due to interindividual variability
and insufficient evidence [151]. Poor prognostic signs include
jaundice, low serum albumin, decreased platelet count, and im-
paired clotting, typically in advanced PSC [2, 3]. Changes in the
biliary tree and liver fibrosis progression are crucial prognostic
factors and are incorporated into predictive scores (Figure 11).

Prognostic models for PSC include the Mayo PSC Risk Score and
the “Primary Sclerosing Cholangitis Risk Estimate Tool” (PREsTo)
[2, 3]. While the Mayo score may predict short-term survival in

Prognosis and Staging in PSC

Clinical prognostic Imaging-based risk Fibrosis
models (mostly used) scores estimation
VCTE
Amsterdam-Oxford Score Amsterdam Model (ERCP) SWE
Revised Mayo Risk Score ANALI MRE
UK-PSC Scores DiStrict FiB4
PREsSTO MRCP+ (Al based) ELF

Figure 11: Methods used for staging and prognostic evaluation in PSC
Staging und prognostic evaluation of PSC patients is recommended by EASL
and AASLD guidelines [2, 3]. It relies on three pillars: clinical prognostic
scores, imaging prognostic scores evaluating bile duct and parenchymal
involvement, and non-invasive tests for fibrosis estimation. The most-used
clinical scores include the Amsterdam Oxford Score, UK-PSC Score, revised
Mayo Risk Score, PSC risk estimate Tool (PREsTo). Severance of biliary injury
can be categorized by imaging-based prognostic score such as Amsterdam
model, ANALI, MRC+, DiStrict Scores. Fibrosis in PSC can be estimated using
vibration-controlled transient elastography (VCTE), shear wave elastography
(SWE), magnetic resonance elastography (MRE), Fibrosis 4 Score (FIB4),
enhanced liver fibrosis test (ELF).



early disease, it is less effective for LT needs. The UK-PSC score
and PREsTo are more accurate for long-term risk prediction. The
specific components of each prognostic score are summarized

in Table 6. These scores, though underutilized, are vital for patient
counseling, as low-risk patients can transition to high-risk over
time (25% over 5 years) [2, 3]. The Amsterdam-Oxford PSC Score,
with an online calculator, can be helpful for patient counseling
and for planning interventions.

A simple risk stratification algorithm such as the one recommended
by the European Association for the Study of the Liver (EASL)
guidelines is more practical (Table 7). For pediatric cases, the
SCOPE index, developed by the Pediatric PSC Consortium, uses
four blood markers and cholangiography to assess transplant
risk, though it requires further validation [159]. Children classified
as low-risk according to the SCOPE index are unlikely to require
a liver transplant in the next ten years, while those in the medium
or high-risk categories may benefit from a referral to a pediatric

Table 6: Main clinical PSC-specific prognostic scoring systems

Prognostic Scores in PSC | Variables included in the score m

Survival model after
Wiesner (1989) [152]

Prognostic score after
Farrant (1991) [86]

Prognostic model after
Broome (1996) [153]

Revised Mayo risk score
(2000) [154]

Boberg (2002) [155]
Ponsioen (2002) [156]

Tischendorf (2007) [12]

Amsterdam-Oxford
model (2017) [157]

Short-term UK-PSC risk
score (2019) [106]

Long-term UK-PSC risk
score (2019) [106]

PREsTo (2020) [158]

Age, bilirubin, hemoglobin, IBD, histology

Age, ALP, histology, splenomegaly/hepatomegaly

Age at diagnosis, bilirubin, histology

Age, bilirubin, albumin, AST and variceal bleeding

Age at diagnosis, bilirubin, aloumin
Age, cholangiographic staging

Age, bilirubin, albumin, hepatomegaly, splenomegaly,
presence of dominant biliary stricture, intra- and
extrahepatic ductal changes

PSC subtype (small vs. large), age at PSC diagnosis,
albumin, ALP, AST, bilirubin and platelets

Bilirubin, albumin, hemoglobin, and platelets count
at diagnosis

Age and presence of extrahepatic biliary disease at
diagnosis, bilirubin, ALP, albumin, platelets and variceal
hemorrhage at/by the second year

Age, PSC duration, bilirubin, aloumin, AST, ALP,
platelets, hemoglobin, sodium

Death

Liver-related death/LT

Liver-related death/LT

Death

PSC-related death/LT

Liver-related death/LT

Death/LT

PSC-related death/LT

Death/LT

Death/LT

Hepatic
decompensation

Abbreviations: ALP, Alkaline phosphatase; AST, Aspartate aminotransferase; IBD, Inflammatory bowel disease;
LT, Liver transplantation; PREsTo, Primary sclerosing cholangitis Risk Estimate Tool; PSC, Primary sclerosing cholangitis.
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hepatologist specializing in PSC. It is important to note that the
SCOPE index has not yet been validated through prospective
studies.

Non-invasive fibrosis tests (NITs) (Table 7) like the ELF test, Fib4
test, and liver elastography offer non-invasive options for prognos-
tic assessments in PSC. An ELF value < 7.7 indicates a low rate of
liver complications, and excellent prognosis. While elastography
values > 9.9 kPa or annual increases > 1.5 kPa suggest poorer out-
comes, baseline values of < 6.5 kPa correlate with low complica-
tion rates. Mechanical cholestasis can skew elastography results,
leading to inaccurate assessments. The 2022 EASL Clinical Practice
Guidelines (CPG) recommends risk stratification based on NITs and
disease phenotype data (ALP, bilirubin, albumin, platelets, coag-
ulation tests, MR/MRCP findings) at diagnosis [2] (Table 7).

MR imaging-based scores like the ANALI and DiStrict Scores are
suitable for capturing prognostically relevant changes in liver
parenchyma and bile ducts over time [160-162] (Table 8). MRC+
software, an automatic tool for quantifying MRCP-detected stric-
tures and dilations, shows promise for prognosis assessment

in PSC, though further validation is needed [163]. Simple para-
meters like spleen size/length also hold prognostic value.

Table 7: Simple risk stratification of PSC at diagnosis (modified from [2])

Low Risk

Small-duct PSC without cirrhosis

OR

Classic PSC with the following clinical features:

Asymptomatic AND

Bilirubin, albumin, platelets and coagulation tests within normal range AND
ALP < 1.5x ULN AND

LSM (transient elastography) < 6.5 kPa or ELF Test < 7.7 AND

Limited biliary changes on MRI/MRCP

Significant Risk

Symptomatic OR

Bilirubin, albumin, platelets and coagulation tests out of normal range OR
ALP >15x ULN OR

LSM (transient elastography) > 9.9 kPa or ELF Test >10.6 OR

Extensive biliary changes (especially intrahepatic biliary dilatation)

on MRI/MRCP

Abbreviations: ALP, alkaline phosphatase; ELF Test, enhanced liver fibrosis Test; kPa, kilopascal;
LSM, liver stiffness measurement; MR/MRCP, magnetic resonance/ magnetic resonance cholangiopancreatography;
PSC, primary sclerosing cholangitis; ULN, upper limit of normal.
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5 Treatment

5.1 Treatment goals and options
Pharmacological treatment

Currently, no established drug therapy for PSC exists [2]. Urso-
deoxycholic acid (UDCA) is often used in PSC as a hydrophilic
bile acid with choleretic, cytoprotective, and anti-inflammatory
properties [166]. In countries like France, Hungary, the Nether-
lands, Switzerland, and Greece, UDCA is approved for PSC, while
in others, it is used off-label [2]. Evidence on UDCA’s effect in
PSC has been inconsistent. Some studies showed liver enzyme
improvement, but no effect on transplant-free survival was found
in two meta-analyses [167] nor in a large Scandinavian study
with 219 patients [168]. However, a recent retrospective study
from Japan suggests a potential survival benefit for UDCA in PSC
[169]. According to current recommendations, UDCA can be
given in a moderate dose for PSC. The moderate dose of UDCA

is not defined uniformly and varies from 15-20 mg/kg as recom-
mended by [2, 3] and 13-23 mg/kg by [170]. This is based on
data showing that significant reductions in ALP levels, such as
reducing ALP to less than 1.5 times the upper limit of normal [171],
achieving a 40% reduction or normalization [172], or complete
normalization of ALP [173] are linked to better outcomes. In chil-
dren, a 75% reduction in GGT or levels below 50 U/L is favorable
[174,175]. Although biochemical response in PSC is not firmly
associated with survival advantage, using ALP reduction by 40%
as a criterion to continue UDCA therapy can be a clinically prag-
matic approach [2, 3]. This approach is supported by data showing
that discontinuing UDCA treatment has been linked to increases
in fatigue, itching, liver enzyme levels, and the Mayo PSC Risk score
[176-178]. High-dose UDCA (28-30 mg/kg/day) is associated
with adverse hepatic outcomes and colorectal dysplasia/neoplasia
[168, 179] and thus should not be used [2, 3, 5, 1701.

The data on the potential chemopreventive effects of UDCA

for preventing colorectal cancer (CRC) and cholangiocarcinoma
(CCA) are not sufficiently established to justify therapeutic
recommendations [2, 3]: In two meta-analyses, no significant
reduction in colorectal neoplasia risk was observed overall, but
a positive effect was observed in one of the meta-analyses when
considering advanced lesions (CRC and high-grade dysplasia)
[180, 181]. Evidence for UDCA’s impact on CCA risk is even more
limited. Large trials in Scandinavia and the US found no difference



in CCA development between PSC patients treated with UDCA
and those receiving placebo [168, 182]. A German study reported
a lower CCA incidence in PSC patients on UDCA compared to
expected rates [183] and a Scandinavian study identified not
receiving UDCA as a risk factor for hepatobiliary malignancy [184].

Corticosteroids, immunosuppressants, and biologics are not
recommended for routine PSC treatment [2, 3] except in overlap
syndromes with AlH. Steroids or immunosuppressants are not
advised for PSC patients with mildly elevated IgG4 (< 2x ULN)
without clear |AC criteria. Biologics for IBD in PSC have not
shown clear effects on liver biochemistry, with anti-TNF antibodies
like infliximab [185] or integrin blockers such as vedolizumab
[186-188] having no clear impact, though adalimumab showed a
weak positive signal [189]. However, an increased risk of bacterial
cholangitis has been reported with anti-TNF antibodies (but not
with immunomodulators/azathioprine) in PSC [190]. Newer treat-
ments like JAK inhibitors and anti-1L23 strategies have shown
initial positive signals in pilot studies, such as with tofacitinib [191],
and are currently investigated in clinical trials.

Antibiotics should only be used for treatment of acute or recurrent
cholangitis or in the context of antibiotic prophylaxis before ERCP
[2, 3]. Long-term antibiotic treatment (including vancomycin) is
not recommended in the absence of recurrent cholangitis. Dys-
regulation of the gut microbiome may influence PSC development,
suggesting potential benefits from microbiome manipulation
[192]. A systematic review and meta-analysis of 124 PSC patients
from 3 RCTs and 2 open-label studies found that antibiotics im-
proved ALP by 33%, Mayo PSC risk score by 36%, and total bili-
rubin by 29% [193]. The greatest reduction in ALP was seen with
vancomycin (65%), followed by metronidazole (23%). In a large
retrospective study in children with PSC, vancomycin did not
improve outcomes [175]. In addition to vancomycin, probiotics,
fecal microbiota transplantation and alternative treatment strate-
gies such as sulfasalazine are currently investigated in PSC [194].
Further studies/randomized controlled clinical trials are needed
to fully understand the effects of these treatments on PSC.

General recommendations for managing pruritus associated

with cholestasis include moisturizers, avoiding hot baths, the use
of cooling gels, and keeping nails shortened. EASL guidelines
recommend fibrates (bezafibrate 400 mg/day) as first-line treat-
ment for pruritus in PSC, followed by rifampicin (150-300 mg/day)
and/or naltrexone (12.5-50 mg/day) [2]. Endoscopic interventions
may benefit patients with strictures that cause or aggravate pruritus.
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Previously, cholestyramine was the first-line treatment, followed
by rifampicin, naltrexone, and sertraline if cholestyramine was
ineffective [195]. However, cholestyramine’s effectiveness in PSC
is limited, and evidence for colesevelam is lacking. The FITCH
trial demonstrated bezafibrate’s effectiveness in alleviating mod-
erate-to-severe itching in PSC and PBC, making it a first-line
treatment in current guidelines [2, 196]. In addition to antipruritic
effects, bezafibrate has also shown anticholestatic effects in PSC
[197-199]. While short-term trials show only few side effects of
bezafibrate, monitoring for serum creatinine increases and other
adverse effects is important.

Newer antipruritic strategies include inhibitors of the ileal apical

sodium bile salt transporter and selective peroxisome proliferator-
activated receptor (PPAR) agonists, although further research is
needed to determine their effectiveness and safety compared to
existing treatments like bezafibrate and rifampicin [2].

Acute bacterial cholangitis should be treated with antibiotics
and endoscopically in the presence of relevant strictures as their
cause. Recurrent cholangitis, particularly in the bridging to LT,
often requires long-term therapy with rotating antibiotic cycles.
A connection between bacterial cholangitis and disease progres-
sion is often suspected but remains speculative at present. While
fluoroquinolones were previously the first-line therapy, they should
now only be used in exceptional cases due to resistance patterns
and unfavorable side effects. Considering the local spectrum of
pathogens and resistance patterns, the primary use of aminopen-
icillins/B-lactamase inhibitors or piperacillin/tazobactam, and
subsequently third-generation cephalosporins is recommended.
Microbiological examination of bile appears advantageous in the
selection or subsequent adaptation of the antibiotic regimen and
is recommended in this setting [2].

Endoscopic treatment

Endoscopic therapy in PSC should be restricted to alleviate
symptoms and improve mechanical cholestasis, for example in
bacterial cholangitis, and/or workup for suspicion of malignancy
(CCA) in patients with relevant (previously termed “dominant”)
strictures [2, 3]. In clinical practice, differentiating between
benign and malignant strictures is a big challenge.

The endoscopic-interventional options for relevant PSC strictures
include various procedures such as hydrostatic dilation (up to
6-8 mm), (temporary) placement of plastic or coated metal stents,



and combinations of these procedures. Studies comparing
short-term stenting and balloon dilatation for the treatment of
dominant strictures have shown comparable effectiveness of
both procedures, although stent placement appears to be more
frequently associated with the occurrence of bacterial cholangitis
[200, 201]. As a result, the current EASL CPG recommends dila-
tation or short-term stent placement with a maximum duration
of 2-4 weeks (in cases where dilatation is insufficient and com-
plexity of the stricture requires it [2]. Limited data exist on percu-
taneous drainage, which may be necessary in complex cases of
PSC. Some studies have demonstrated superiority of scheduled
versus on-demand endoscopic (ERCP) interventions [102, 202,
203]. Whether and how prognosis improvement can be achieved
through endoscopic interventions is currently not conclusively
assessable, due to the lack of controlled studies.

Current guidelines recommend peri-interventional antibiotic
prophylaxis. In PSC, the rate of post-ERCP cholangitis seems

to be higher compared to other diseases despite the administra-
tion of prophylactic antibiotic therapy. Peri-interventional anti-
biotic prophylaxis brings a benefit in terms of mortality, ERCP
—particularly with stent placement—is a major risk factor for bac-
terial cholangitis in PSC [2]. Antibiotics should be used routinely,
as recommended by the current EASL-ESGE guidelines [2001];
however, the antibiotic type, timing, and duration vary consider-
ably. The choice of antibiotic should take into account the local
and patient-specific resistance spectrum, especially for fluoro-
quinolones, which are commonly administered in this indication.
Whether repeated prophylactic peri-interventional antibiotic
prophylaxis in PSC could contribute to microbial resistance has
not been sufficiently studied to date. The EASL-ESGE guidelines
recommend prophylactic rectal administration of diclofenac

or indomethacin to prevent post-ERCP pancreatitis, including in
patients with PSC [200]. However, a recent retrospective study
from a Finnish PSC cohort found no significant differences in the
incidence or severity of post-ERCP pancreatitis (approximately
5-7%) between patients who did and did not receive diclofenac
[204]. In the absence of adequately powered randomized con-
trolled trials, the authors therefore argued against modifying
existing recommendations. In PSC, sphincterotomy during ERCP
should be avoided whenever possible due to the increased risk
of ascending cholangitis; if indicated, it should be performed as
minimally as possible [200].
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Malignant biliary strictures due to CCA should be suspected in
patients with PSC when there is new onset or worsening pruritus,
fever, or right upper quadrant pain, or when imaging (MR/MRCP)
demonstrates high-grade strictures of the first- to third-order
bile ducts [200]. The likelihood of malignancy is particularly high
in newly diagnosed PSC (with a substantial proportion of CCAs
detected within the first year) and in existing PSC when strictures
emerge or progress after clinical deterioration or when new
hepatic or extrahepatic masses appear [3, 200].

Worsening of symptoms like itching, unexplained weight loss,
increased levels of cholestatic enzymes, repeated episodes

of cholangitis, new bile strictures, and progression of existing
bile duct strictures should prompt consideration of diagnostic
and eventually therapeutic endoscopic treatment [2, 3]. While
short-term benefits of endoscopy in improving these issues are
well-known, there is limited information on the long-term effects
[203, 205]. Specifically, the necessity and timing of follow-up
procedures, whether they should be done only when symptoms
reappear or scheduled at set intervals regardless of symptoms,
are not well-studied. Recent retrospective studies have suggested
a potential survival benefit from scheduled endoscopic therapies
versus on-demand management of symptomatic relevant stric-
tures [202, 203]. Accordingly, systematic screening of patients
for biliary dysplasia/malignancy (in analogy to colonoscopic
surveillance in IBD) has been proposed by few centers [206],
but is not generally recommended by current guidelines.

Liver transplantation (LT)

To date, LT remains the only curative treatment available in PSC.
The timing for this procedure varies based on local protocols.

LT is typically considered for PSC patients in 4 different scenarios:
advanced cirrhosis, symptoms from significant biliary strictures,
dysplasaia, or early-stage biliary neoplasia [2, 207]. Overlap

of these indications is common among patients. Admission to
the transplant waiting list varies due to local policies and organ
availability. As mentioned above, PSC accounts for 4-5% of liver
transplants in Europe [21] and North America [23], with higher
rates in Nordic countries [22]. As PSC progresses, cirrhosis devel-
ops with typical complications and a worsening model for end-
stage liver disease (MELD) score. However, rising awareness of
the risk of cholangiocarcinoma and clinical symptoms has led

to a relative decrease in numbers of PSC patients with decom-
pensated cirrhosis in transplant programs.



The prognosis after LT for PSC patients is excellent, with 1- and
5-year overall survival rates of 91% and 82%, and graft survival
of 84% and 74% respectively [208]. Globally, the MELD score
and its iterations (MELD-Na and MELD 3.0), are used for LT wait-
list prioritization. However, traditional MELD scores often fail to
capture the severity of advanced cholestatic liver diseases and
specific complications like recurrent bacterial cholangitis, CCA,
itching, fatigue, and sarcopenia [209, 210]. In some countries or
under certain conditions, PSC patients with recurrent bacterial
cholangitis may receive extra MELD points, increasing their wait-
list priority [2, 3]. PSC patients may qualify for MELD exception
points if they experience recurrent cholangitis episodes with
bacteremia or septic complications within six months. Concerns
about pre-cirrhotic portal hypertension in PSC are debated, but
without practical significance as variceal bleeding is rare among
the waitlisted [2]. Cholestasis can exacerbate sarcopenia, making
PSC patients frail transplant candidates. LT in PSC is often due to
symptomatic burden, such as recurring cholangitis or progressive
cholestasis. Notably, a history of bacterial cholangitis did not
increase the individual likelihood of waitlist removal due to death
or deterioration [95]. For severe pruritus, expert consultation
beyond guidelines is advised. Fatigue is less common in PSC than
in PBC and should not be the sole reason for LT. Some studies in-
dicate that PSC patients have better post-LT outcomes than those
with similar MELD scores transplanted for other reasons [211].
This complicates standardized listing procedures for PSC in MELD-
based and consensus-based programs [209, 212]. Confirmed
biliary dysplasia is a reason for LT in some transplant programs,
whereas others did not adopt this practice due to organ short-
age and data scarcity on the natural history of biliary dysplasia
[2]. Differentiating early-stage biliary neoplasia from benign
strictures is challenging, with negative neoplasia histology in 20%
of explants [213]. Individuals with PSC who are suspected to
have hepatocellular carcinoma (HCC) should undergo evaluation
to rule out the possibility of CCA within the liver [2]. If HCC is
confirmed, treatment should follow established guidelines. LT

for CCA in PSC usually occurs in clinical trials with strict criteria
(Mayo criteria, under 3 cm in size), focusing on early-stage CCA,
often after neoadjuvant therapies like radiotherapy [2].

The primary objectives of medical management for patients
with PSC following LT are to enhance graft function, decrease
toxicity, and mitigate the consequences of recurrent disease
(Figure 12) [209]. Despite various immunosuppressive options,
no evidence-based strategies for managing PSC recipients have
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Pre-Liver Transplantation

Highly symptomatic patients: jaundice, pruritus, sarcopenia
Exception points possible for severe symptoms: pruritus and recurrent cholangitis

—> Symptoms associated with recurrent cholangitis and biliary obstruction
—> Ongoing malignancy risk: CRC, GBC, CCA
—> Alternate risk stratification scores: revised Mayo risk score,
Amsterdam-Oxford score, UK-PSC

Peri-Liver Transplantation

“é

— rPSC incidence 15-30% at 5-10 years with increasing rates over time and is
associated with worse graft (HR: 6.7, 95% Cl: 4.9-9.1) and patient (HR: 2.3, 95%
Cl: 1.5-3.3) survival alongside the need for retransplantation

Post-Liver Transplantation

“é

—> Tight control of IBD
—> Surveillance colonoscopy every 1-2 years in PSC-IBD

Figure 12: Special considerations in the liver transplant process of patients
with PSC

The management of advanced PSC often includes LT with special emphasis
on the timing of liver transplantation and peri-transplant care. In the pre-
transplant setting, indications for LT include highly symptomatic disease
(e.g., jaundice, pruritus, sarcopenia), with the possibility of exception points
for severe pruritus or recurrent cholangitis. After LT, long-term outcomes are
generally favorable, however PSC is associated with higher rates of rejection
and a risk of disease recurrence contributing to graft loss. Standard immuno-
suppressive regimens include tacrolimus with or without MMF and/or predni-
solone. Ongoing management includes tight control of IBD and surveillance
colonoscopy in patients with IBD. Modified from [209].

Abbreviations: CCA, cholangiocarcinoma; CRC, colorectal cancer; GBC, gallbladder cancer; IBD, inflammatory
bowel disease; LT, liver transplantation; MMF, mycophenolate; rPSC, recurrent primary sclerosing cholangitis.



been established [2, 3]. The optimal immunosuppression regimen
should be tailored to individual needs and adapted to various
factors like increased rejection risk. PSC patients post-transplant
are advised to start a triple-immunosuppression regimen with
tacrolimus, an anti-proliferative agent, and corticosteroids to
reduce acute rejection and PSC recurrence [210]. The choice

of agents varies and has to be individualized due to the disease’s
complexity, comorbidities, and lack of randomized studies.
Generally, tacrolimus is key in maintenance therapy, with long-
term dual or triple therapy recommended to prevent late acute
rejection [210]. Although cyclosporine was previously thought

to have a slight advantage over tacrolimus in preventing recur-
rent PSC, recent studies show better patient and graft survival
with early tacrolimus treatment post-LT [214]. The impact of the
immunosuppressive regimen on IBD activity adds complexity to
managing PSC patients after LT.

Roughly one-third of individuals with PSC and IBD may experience
a worsening of IBD after LT, while others experience no change
or their symptoms may even improve. The medical management
of IBD post-transplant follows a step-by-step approach similar to
that used before LT [2]. Special attention is needed before inten-
sifying IBD treatment; a repeat colonoscopy with biopsies should
rule out colitis caused by medications like mycophenolate mofetil
or infections such as cytomegalovirus, which can be difficult to
distinguish. Other infectious causes, like Clostridioides difficile

or Cryptosporidium, should also be considered. Despite concerns
about infections, anti-TNF therapy may be used in severe cases
and has shown a reasonable safety profile [215]. Vedolizumab is
also considered safe, with occasional reports of temporary liver
test abnormalities not clearly linked to the medication [216]. Cur-
rently, there is no clear preference for either treatment in managing
post-transplant IBD exacerbations in PSC patients; decisions
should be individualized based on factors like overall immuno-
suppression and pre-transplant experiences [2].

Recurrent PSC (rPSC) represents another challenge in the manage-
ment of patients following LT. The prevalence of rPSC varies
widely, from less than 10% to over 50% in different studies, with

a generally accepted range of 20-30% [2]. On average, rPSC
manifests around 5 years post-transplant, but its progression
can vary from mild to rapidly progressive, necessitating re-trans-
plantation within a few years. Risk factors include older age

at transplantation, male sex, high MELD score, presence of CCA,
and increased systemic inflammation (e.g., recurrent cholangitis
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before LT, active IBD post-LT, and multiple rejection episodes)
[217]. Some studies identified colectomy (with ileostomy) as
protective factor [16, 18]. Best prevention of rPSC and optimal
graft survival involves minimizing rejection episodes and effec-
tively managing IBD after LT in PSC patients. While UDCA can
reduce the risk of recurrent PBC post-LT and is recommended
for PBC [218], its preventive efficacy for rPSC requires further
study. Currently, UDCA treatment can be considered for already
established rPSC with high ALP levels [217] and after re-trans-
plantation for rPSC [2]. Additionally, some studies link tacrolimus-
based immunosuppression with rPSC, suggesting that switching
to cyclosporine may benefit patients experiencing rPSC after

a second liver transplant [2].

5.2 Lifestyle interventions/prevention

Data on lifestyle interventions and prevention strategies for PSC
are limited. Chronic progressive diseases like PSC and IBD can
impact lifestyle and food habits, and vice versa. Living with PSC,
which can lead to malabsorption and malnutrition [2, 3], may
necessitate a high-quality diet meeting energy, vitamin, and
mineral requirements. Studies in Europe and in North America
[45, 219], identified differences in food intake between PSC
patients and controls, such as less coffee [43] and fish consump-
tion [45]. The field of nutrition in chronic liver disease is evolving
and is becoming increasingly significant in clinical practice. EASL
guidelines on nutrition in patients with chronic liver disease high-
light nutritional impairment and sarcopenia as prognostic factors
in advanced liver disease [220]. While dietary habits are known
to influence the human microbiome [221, 222], their relevance for
PSC pathogenesis and progression of PSC is uncertain.

More is known about nutrition and IBD. Evidence is growing for
the benefits of exclusive enteral nutrition in pediatric Crohn’s
disease and the Crohn’s Disease Exclusion Diet with partial enteral
nutrition, alongside the Mediterranean diet [223]. A Western-style
diet is a major factor for gut microbial imbalance, chronic inflam-
mation, and chronic diseases, particularly affecting cardiovascular
system, overall metabolism, and gut health [222]. The epidemi-
ology of IBD has shifted with Westernization, with urban living,
antibiotic exposure, and certain foods increasing risk of IBD
development [224]. In particular, consuming ultra-processed food,
trans fats, and an inflammatory diet heightens [225, 226], and a
Mediterranean diet and healthy lifestyle appears to reduce, IBD
risk [224, 227]. A healthy diet, rich in colorful, unprocessed
plant-based foods, grains, dairy, and vegetable oils, while limiting



added sugar, saturated fat, and sodium, and avoiding processed
foods, is recommended for the general population [228, 229].
These general recommendations for prevention of noncommuni-
cable diseases can be utilized as reference system in prevention
of PSC.

However, significant knowledge gaps remain in understanding
optimal diets, personalized approaches, and integration of dietary
strategies with medications for PSC management. Future research
should focus on rigorous clinical trials, precision nutrition algo-
rithms, and novel nutritional formulations tailored to PSC mecha-
nisms. With focused attention, nutritional therapy could become
central to precision PSC management, offering hope to patients
with these challenging conditions.

Beyond nutrition, new studies have highlighted the potential
benefits of physical exercise for individuals with advanced liver
disease [220]. Additionally, mindfulness-based stress reduction

is a well-researched method for long-term psychological stress
reduction. This structured program aids individuals in making cogni-
tive, emotional, and behavioral changes that reduce stress. It has
proven effective for individuals with high anxiety, pain, and chronic
stress, [230], and shows promise in reducing cytokine levels and
the dose of immunosuppression in patients with AIH [231].

Finally, many medications, vitamins, and over-the-counter
supplements are linked to liver damage, particularly in patients
with chronic liver conditions. It is crucial to assess a patient’s
medication and supplement list at each visit and inform them
of potential liver-related side effects [232].

5.3 Follow-up/Monitoring PSC

Current guidelines for monitoring PSC are primarily based on
empirical knowledge and clinical experience. The main objective
is to identify complications early on, so that the affected patients
may benefit from tailored treatment options [2]. It is crucial

to focus on detecting hepatobiliary and colorectal malignancies.
In clinical practice, the goals of early malignancy detection and
monitoring liver disease progression are closely linked. Regular
assessments of quality of life, including symptoms like fatigue,
itching, and depression, are important, and interventions should
be considered when quality of life is affected. While there are
specific recommendations for colon surveillance in patients with
IBD and for liver surveillance in patients with cirrhosis, there is

no standardized algorithm for routine follow-up in PSC. Individuals
diagnosed with PSC should undergo a yearly assessment, with
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more frequent follow-ups recommended for those with advanced
diseases. This yearly monitoring involves evaluating clinical
signs, biliary involvement, and fibrosis/cirrhosis levels, with more
advanced cases requiring more frequent evaluations (Table 9)
[2]. Serum ALP levels [233], in addition to bilirubin and albumin,
can serve as a prognostic marker for PSC progression, with lower
levels associated with a better long-term prognosis [234].

Table 9: Suggested procedures for follow-up in PSC patients (modified from [2])

Routine surveillance When to follow up?
RIS Low-risk patients High-risk patients

Clinical evaluation

Quality of life evaluation

Every 12 months Every 6 months
Laboratory Tests:
Bilirubin, ALP, AST, PLT, PT
Imaging MRCP Every 12 months
Every 12 months*
Ultrasound Every 12 months**

Fibrosis assessment by:

elastography and/or ELF test Every 12 months

DEXA & serum vitamin D Every 2-4 years
_ Patients with IBD Patients without IBD
Colonoscopy Every 12 months Every 5 years

o Rising ALP Ductular ALSM
Additional workup New symptoms and/or bilirubin > 1.5 kPa/year

Serum CA 19-9

MRCP/MRI liver with contrast If CCA is suspected

ERCP with cytologic
or histologic sampling

Serum IgG

Autoantibodies for AIH If AIH or drug toxicity is suspected
Liver biopsy

Esophagogastroduodenoscopy If portal hypertension is suspected

*Ductal imaging every 3 years in small-duct PSC with stable liver tests; ** Liver imaging by US every 6 months in patients with cirrhosis
Abbreviations: AIH, autoimmune hepatitis; AST, aspartate aminotransferase; ALP, alkaline phosphatase; CA19-9, carbohydrate
antigen 19-9; CCA, cholangiocarcinoma; DEXA, dual energy X-ray absorptiometry; ELF test, serum enhanced liver fibrosis test;

IBD, inflammatory bowel disease; IgG, immunoglobulin G; LSM, liver stiffness measurement; MRCP, magnetic resonance cholangio-
pancreatography; PLT, platelets; PT, prothrombin time. Modified from [2].
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The predictive value of annual liver stiffness measurements (LSM)
for the progression of PSC has been demonstrated using both
vibration-controlled transient elastography (VCTE) (> 1.5 kPa/year)
[235] and magnetic resonance elastography (MRE) (0.34 kPa/year)
[236]. The EASL Clinical Practice Guidelines (CPG) on non-invasive
tests recommend monitoring fibrosis progression with VCTE in
PSC, but the frequency of follow-up examinations has not been
clearly defined [234]. Other elastography techniques are likely
to have similar predictive value, but there is limited data available.
It is important to consider LSM results in conjunction with clinical,
biochemical, and radiological findings, as a significant increase
in LSM may indicate the development of bile duct obstruction.

In addition to elastography, another non-invasive fibrosis test,
the ELF test (with cut-off > 10.6 for severe disease), has the ability
to forecast transplant-free survival in PSC and maintains its pre-
dictive accuracy over time, despite the fluctuating nature of PSC
progression towards cirrhosis [237, 238]. However, there is no
correlation between lower ELF values and better outcomes.

Yearly evaluation of fibrosis by elastography or ELF is recom-
mended by EASL CPG on sclerosing cholangitis [2] (Table 9).
An increase of 1.5 kPa measured by VCTE triggers an additional
workup as it may indicate development of the disease.

It is widely accepted that magnetic resonance imaging with
magnetic resonance cholangiography (MRI/MRC) is the most
effective non-invasive tool for evaluating significant changes

in the large bile duct in PSC. Additionally, MRI can identify liver
parenchymal changes and signs of portal hypertension. Further-
more, MRI can be conducted simultaneously without significantly
increasing the time or cost of the examination. Some medical
centers conduct annual MRI/MRC scans to assess changes in the
bile ducts, liver appearance, and portal hypertension, regardless
of CCA screening. Studies have shown that changes occur in 60%
of patients over a 4-year period [160], and MRI/MRC scores have
been linked to clinical outcomes (see Table 8). While it may make
sense to regularly assess ductal changes in PSC and occasionally
use MRI/MRC instead of ultrasound for surveillance (recommend-
ed annually for detection of mass lesions in the gallbladder, and
every six months in patients with cirrhosis for HCC screening), the
routine use of MRI/MRC for monitoring liver disease progression
should be a personalized decision, taking into account local avail-
ability and expertise [2] (Table 9).

PSC can be detected both before and after the diagnosis of IBD,
but it is often identified during routine liver function tests in the
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IBD clinic. IBD may also develop many years after a PSC diagno-
sis, or even after a liver transplant. The clinical presentation of
PSC-IBD can vary, and there may be a long period without symp-
toms in some individuals, leading to potential underestimation
of IBD prevalence. Therefore, a colonoscopy with biopsies from
all colon segments is necessary to diagnose or rule out IBD in
PSC patients at diagnosis, even in the absence of visible changes
during endoscopy [2]. Once the patients are diagnosed with
PSC-IBD, yearly colonoscopy is recommended as part of CRC
surveillance (details see below) (Table 9) [2]. In patients with
PSC without IBD follow-up colonoscopies are recommended if
symptoms suggestive of IBD arise, and periodic screening every
5 years may also be considered to rule out IBD [2] (Table 9).

There are some differences in follow-up in pediatric PSC popu-
lation. As in adults, the monitoring involves regularly assessing
clinical signs and symptoms, inflammatory activity in the gut and
liver, biliary involvement, and parenchymal fibrosis/cirrhosis. The
EPFGHAN position paper recommends clinical and biochemical
evaluation every 3 to 6 months [239]. In patients who are auto-
antibody negative and have increased IgG levels at diagnosis,
these tests should be repeated annually during follow-up. Evalu-
ation of parenchymal fibrosis/cirrhosis can be done using elasto-
graphy or radiological imaging. MRCP is recommended only

in case of deterioration of biochemical markers of cholestasis
to evaluate the presence of relevant stricture [239].

In PSC patients, management should encompass not only the under-
lying liver disease but also common comorbidities. High likeli-
hood of experiencing bone density loss (in 40%) and developing
osteoporosis (11-15%) is reported in patients with PSC [240, 241].
Every SD reduction of T score measured by dual energy X-ray
absorptiometry (DEXA) doubles the risk of fragility fractures,
that can significantly impair patients’ quality of life [242]. Several
factors may increase the risk of osteoporosis such as advancing
age, low body mass index, use of steroids, and the presence and
duration of inflammatory bowel disease. It appears that the stage
of liver disease is not a significant risk factor [241, 243], high-
lighting the importance of screening for bone disease even in
the early stages of the disease. Therefore EASL CGP recommend
measurement of bone mineral density using DEXA and calcula-
tion of fracture risk using online calculators such as the Fracture
Risk Assessment Tool (FRAX) in all PSC patients at diagnosis [2]
(Table 9). Follow-up and treatment of osteopenia and osteoporosis
should follow current practice guidelines [242].



Cancer surveillance recommendations

Early diagnosis of hepatobiliary cancers is crucial for effective
treatment [244]. Detecting tumors in PSC at an early stage is
linked to better outcomes, but tumor recurrence is common and
long-term survival is lower. The complex nature of PSC poses

a challenge for early tumor detection. A successful surveillance
program requires a screening method that is simple, affordable,
patient-friendly, widely available, safe, and highly sensitive. Unfor-
tunately, there is currently no such tool for early detection of
CCA or high-grade biliary dysplasia in PSC. Additionally, there is
a lack of precise tools to identify individuals at high risk of devel-
oping malignancies, as most PSC patients have benign strictures
that do not progress to cancer [89]. Due to the lack of evidence
on the most effective monitoring strategy, various surveillance
approaches are used globally [104]. Regular ultrasound or MRI
surveillance is commonly practiced in many centers, but the
evidence on its efficacy, including survival and cost benefits, is
limited and conflicting [103, 245]. The incidence of hepatobiliary
malignancy in the general population is around 0.5% per year.

A retrospective study involving 830 PSC patients found that regular
surveillance (abdominal imaging, carbohydrate antigen 19-9
[CA19-9], CCA and alpha fetoprotein) was associated with im-
proved survival rates following a cancer diagnosis. Patients under
surveillance were diagnosed earlier and had a higher chance

of receiving curative treatment such as LT. The five-year survival
rate was 68% in the surveillance group compared to 20% in the
non-surveillance group [246]. Data from a population-based reg-
istry study indicates that the annual imaging is associated with
a 2-fold reduction in the risk of death from hepatobiliary cancer
[247]. A prospective multicenter study in Sweden evaluated
yearly MRI/MRCPs, but found that this imaging strategy did not
lead to early detection of CCA and did not improve long-term
survival [103]. However, a large retrospective study involving
2,975 individuals with PSC from multiple countries showed that
scheduled imaging was associated with improved overall survival
and increased likelihood of receiving curative treatments for
hepatobiliary malignancies [104].

The effectiveness of regular imaging for surveillance in PSC
remains uncertain, with conflicting results from various studies.
Despite this, annual imaging assessments of the biliary tree and
gallbladder using MRI with MRCP or ultrasound are recommend-
ed for surveillance of CCA and gallbladder carcinoma (GBC)
(Table 9) [2]. MRI/MRCP has a higher sensitivity for detecting
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CCA compared to ultrasound and can provide detailed informa-
tion for monitoring disease progression over time. Standardized
reporting for MRI evaluations is essential for improving the quality
of surveillance and care in PSC.

Gallbladder issues such as cholecystitis, gallstones, and polyps
are frequently seen in patients with PSC. In addition, these
patients have an increased risk of developing gallbladder cancer,
with an incidence rate of 1.1 per 1,000 person-years [248]. The
prevalence of gallbladder polyps in PSC patients is between 6-17%
[248, 249]. The risk of cancerous growth in a polyp increases
with its size, and polyps larger than 10 mm are linked to a greater
risk of gallbladder cancer [248]. Cholecystectomy is recommended
in PSC patients with gallbladder polyps = 8 mm or smaller polyps
growing in size, due to the high risk of malignancy or dysplasia
[2, 250]. Smaller polyps should be evaluated using contrast-
enhanced ultrasound, and if a polyp with contrast enhancement
is detected, cholecystectomy should be considered regardless

of its size. Small polyps that do not show contrast enhancement
can be monitored for growth with a follow-up ultrasound after
3-6 months [2].

In clinical practice, CA 19-9 is often used as a tumor marker for
CCA diagnosis. There is no cut-off level for CA 19-9 that is spe-
cific to tumors, but consistently low and stable levels of CA 19-9
suggest a lower likelihood of CCA. CA 19-9 increases during

an episode of bacterial cholangitis, which is common in PSC.
Importantly, 10% of the population do not express CA 19-9 due to
a lack of fucosyl transferase [251]. Conversely, persistently elevated
levels of CA 19-9 without bacterial cholangitis may indicate a
higher suspicion of a tumor, prompting further investigations to
confirm or rule out malignancy. While CA 19-9 levels may support
a diagnosis of CCA, they are not reliable for regular surveillance
due to variability and common elevation in benign conditions [2].

ERCP is not typically advised for cancer monitoring in indi-
viduals with PSC due to its invasive nature and potential risks [2].
However, findings from Finland indicate that ERCP, particularly
in advanced cases of extrahepatic PSC, could be advantageous
in identifying pre-cancerous or cancerous abnormalities even

in the absence of symptoms [206]. A recent study comparing
scheduled ERCP, annual MRI/MRCP surveillance, and on-demand
ERCP showed lowest cumulative incidence of composite end
point (hepatobiliary malignancy, LT or liver-related death) for
the group with scheduled ERCP (14%) and highest in the group
with on-demand ERCP (35%), suggesting that a strategy based



on scheduled ERCP may lead to a better overall prognosis and
outcome [102, 203]. Of note, even if the cumulative incidence
of CCA was lower in the scheduled ERCP group compared to
the other groups, there was no statistically significant difference
compared to the MRI/MRCP surveillance group. For surveillance
with ERCP to be effective, LT should be available as a potential
option in the event of dysplasia.

The risk of hepatocellular carcinoma in PSC patients is low, but
surveillance with ultrasound every 6 months is recommended

for those with PSC-related cirrhosis [2], in particular for those
above 50 years of age [252] (Table 9). Regular surveillance of the
gallbladder is important due to the risk of gallbladder polyps
becoming malignant. In patients without cirrhosis, imaging of the
gallbladder should be done at least annually, with additional ultra-
sound investigations if suspicious pathology is found [2] (Table 9).

CRC risk is significantly higher in PSC patients with IBD colitis
(see above). Annual surveillance (or every 1to 2 years in individ-
ualized patients without inflammatory activity) colonoscopy is
recommended by EASL and American Association for the Study
of Liver Diseases (AASLD) CPG for all PSC-IBD patients, regard-
less of the duration of IBD, or of liver transplant status, to lower
the risk of colorectal cancer-related mortality in PSC [2, 3], in line
with guidelines from ESGE [200]. Dye-based chromoendoscopy
with indigo carmine or methylene blue is recommended for
targeted biopsies in PSC-IBD to increase detection rates [200].
Good preparation of the colon is crucial as it significantly
impacts the detection rate.

There is limited data on the prevalence of gastrointestinal malig-
nancy, including liver and colon cancer, in children with pediatric
PSC. Studies have shown that children with PSC and IBD are at
a higher risk of developing fatal malignancies compared to those
with IBD only (5% affected 10 years after PSC diagnosis). However,
the absolute risk of CRC before the age of 18 is low (0.2%).
Therefore, strictly adhering yearly colonoscopy for children and
adolescents with PSC-IBD would result in frequent procedures
without significant treatment benefits. Therefore, it has been
suggested that only patients with a high-risk profile be included
in a surveillance colonoscopy program. This high-risk profile
includes individuals with ongoing colonic inflammation (fecal cal-
protectin > 150 ug/g or active disease on histology), a history

of long-standing colitis (8 years or more), or a family history of
colorectal cancer in a first-degree relative under the age of

50 [239]. If any of these risk factors are present, surveillance
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colonoscopy is typically performed every other year. Moreover,
CCA is also rarely diagnosed in the pediatric population. In the
largest pediatric PSC cohort only 8 cases of CCA were described
(1% of study population), all above age of 15 [253]. There is a
lack of clear guidelines on surveillance for hepatobiliary cancer
in children with PSC, including when to start screening. A Euro-
pean Society for Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) position paper on pediatric PSC does not
recommend routine CCA surveillance for patients with PSC under
18 years of age [239], although some experts suggest following
adult screening practices for those over the age of 15.

5.4 Clinical Trials and outlook with treatment

Several characteristics of PSC pose substantial challenges for
conducting robust clinical trials, hindering the identification and
development of effective therapies: The low prevalence of the
disease hampers recruitment into large-scale trials, as does the
high rate of underdiagnosis among early-stage patients who
may be particularly amenable to treatment. The length of time
from diagnosis to major complications or clinical events such as
cirrhosis precludes the use of these events as primary endpoints,
yet many potential surrogate parameters are not as well-validated
as for other cholestatic diseases like PBC. Finally, the relatively
lower impact of symptoms in PSC (compared to PBC or other
liver diseases) also makes it difficult to use such easy-to-record
parameters to gauge the success of treatment.

Future therapeutic options for PSC can broadly be characterized
into i) bile acid-based therapies utilizing bile acid analogues
(such as norucholic acid [NCA]), FXR- and FGF-19 analogues,
PPAR agonists and IBAT inhibitors (Table 10). A second cate-
gory includes ii) microbiota-based therapies such as antibiotics
targeting the gut microbiome (e.g. vancomycin), fecal transplan-
tation and bacteriophage cocktails targeting specific pathobionts
such as Veillonella or Klebsiella species. Finally, the third category
includes iii) immune-modulation therapy with steroids, azathio-
prine, or other antimetabolites, calcineurin-inhibitors and myco-
phenolate and biologics such as anti-TNF vedolizumalb, cenicri-
viroc, and tofacitinib, as well as anti-fibrotic strategies, such as
simtuzumab and bexotegrast (an integrin inhibitor targeting
fibrosis), and anti-CCL24 strategies such as nebokitug (previously
known as M-101) [254, 255]. While bile acid-based therapies,
PPARs as well as microbiota-based therapies have provided
encouraging signals in Phase Il studies (with improvement of
ALP), immune-modulatory approaches have so far been rather



disappointing with no clear impact on biochemical cholestasis
[254] with the possible exception of nebokitug [256].

i) Bile acid-based and nuclear receptor-targeted therapies:

Similar to other cholestatic disorders such as PBC, FXR agonists
and FGF-19 mimetics have also been tested in PSC (Table 10).

A Phase Il with the steroidal FXR agonist obeticholic acid (OCA)
showed improvement of cholestasis, but dose-dependent side
effects such as pruritus occurred. Therefore, much lower doses
than those used in PBC have been tested. The efficacy of OCA

in PBC remains controversial, leading to the discontinuation of its
development for PSC. Despite encouraging Phase Il results with
the non-steroidal FXR agonist cilofexor, a recent Phase Il study
was prematurely terminated because the interim analysis showed
that the primary endpoint (proportion of patients with progression
of liver fibrosis at week 96) was unlikely to be met, i.e. the study
was negative [260, 280-282].

A Phase Il trial with the non-tumorigenic FGF-19 mimetic alda-
fermin showed encouraging results with significant improvements
in non-invasive fibrosis tests such as Pro-C3, ELF, though the
primary endpoint (improvement of ALP) was not met. This hints
towards potential direct anti-fibrotic effects. Despite these
encouraging results this drug is currently not developed for PSC
[262, 283].

PPAR ligands such as fibrates have shown promising results in
small case series. A French Phase Il trial with bezafibrate is still
ongoing. Recent Phase Il data with elafibranor showed encourag-
ing results with profound improvement of ALP by 45% [264],
indicating considerable potential for further development of
these drugs.

Recently, promising Phase lll data have been published for noru-
cholic acid (NCA) (previously known as nor-ursodeoxycholic
acid, norUDCA) [257, 258], which is a side chain shortened deriv-
ative of UDCA that undergoes cholehepatic shunting, resulting in
bicarbonate-rich hypercholeresis. This results in flushing of the
injured bile ducts and defense against potentially toxic bile acids,
against which bicarbonate secretion is an important defense
mechanism, in addition to offering free bile acids in mixed micelles
together with phospholipids. Moreover, cholehepatic shunting
results in targeted delivery of NCA to the injured bile duct with
direct anti-inflammatory, immunomodulatory, and anti-fibrotic
effects [257, 258, 284-290]. Intriguingly, recent data also suggest
that NCA not only inhibits CD8 T cell proliferation but also affects
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Table 10: How current development programs address PSC biology and symptoms'

Drug (target) Study descriptor

UDCA derivatives

Description or MOA

Norucholic acid Semi-synthetic derivate of UDCA with a shortened side-chain; = Phase 2 RCT

[257, 285] induces bicarbonate-rich hypercholeresis, protects cholangio- ' (N =161)
cytes, has direct anti-inflammatory and immunomodulatory Phase 3 RCT
effects (N =302)

Berberine ursodeoxy- | lonic salt of berberine and UDCA; improves lipid metabolism Phase 2 RCT

cholate [259] and reduces inflammation (N =55)

FXR agonists

Obeticholic acid Steroidal FXR agonist, modulates bile acid metabolism and Phase 2 RCT

[260] inflammation (N =76)

Cilofexor [261] Non-steroidal FXR agonist, modulates bile acid metabolism Phase 3 RCT
and inflammation (N =160)

FGF-19

NGM282 Non-tumorigenic analog of FGF-19; inhibits bile acid synthesis = Phase 2 RCT

(aldafermin) [262] (N =62)

PPAR agonists

Bezafibrate PPAR agonist modulates bile acid metabolism Phase 3 RCT

(pan-PPAR) [263] and inflammation (N =104)

Elafibranor PPAR agonist modulates bile acid metabolism Phase 2 RCT

(PPAR-0/8) and inflammation (N =68)

[264, 265] Phase 3 RCT

(N = 350)

Statins

Simvastatin [266] Inhibition of HMG-CoA reductase, improves endothelial Phase 3 RCT
function, and reduces inflammation (N =560)

Biologics and inflammatory pathway blocking agents

Cenicriviroc [267]

Dual antagonist of CCR2 and CCRS5 prevents recruitment

Phase 2 observa-

and migration of inflammatory monocytes/macrophages tional study

to sites of injury (N =24)
Nebokitug (CM-101) CCL24 blockade, reduces inflammation and fibrosis Phase 2 RCT
[268] (N =68)
Anti-fibrotic agents
Simtuzumab [269] Monoclonal antibody against LOXL2 Phase 2 RCT

(enzyme for collagen cross-linking) (N =234)
Bexotegrast Dual-selective inhibitor of avB6 and avB1 integrins, Phase 2 RCT
(PLN-74809) [270] prevents fibrosis by reducing TGF-B signaling (N =117)

(Table continues on next page)

54



Status Outcome

Completed At week 12: significant reduction of ALP: -26.0% (NCA 1500 mg) vs +1.2% (PBO);

Completed no safety concerns

(96 weeks), At week 96: significantly superior in stabilization of fibrosis plus improvement in ALP

ongoing (primary endpoint): 151% (NCA) vs 4.2% (PBO); Improvement = 1 Ludwig stage: 25.2%

(192 weeks) (NCA) vs 10.5% (PBO), worsening = 1 Ludwig stage: 20.3% (NCA) vs 40.4% (PBO);
well tolerated

Completed At week 6: significant ALP reduction vs PBO: -53 U/L

(1g/d), =37 U/L (2 g/d) vs =98 U/L PBO

Completed At week 24: significant reduction of ALP; frequent side effects (pruritus)
Terminated Terminated early: no stabilization of fibrosis (compared with PBO)
Completed At week 12: no significant reduction of ALP; ELF improved -0.3 (1/3 mg) vs +0.1

(PBO); PRO-C3 decreased -6.3/-9 ng/mL (1/3 mg) vs +3.5 (PBO); no safety concerns

Recruiting N/A
Completed At week 12: dose-dependent reduction of ALP: =35.3% (80 mg) and -54.7% (120 mg);
Recruiting no safety concerns
N/A
Recruiting N/A
Completed At week 24: no significant reduction of ALP; no safety concerns
Completed At week 15: no significant reduction of ALP; significant decrease in liver stiffness vs

placebo in moderate and advanced fibrosis (-4.5 [10 mg/kg] and —4.4 [20 mg/kg]);
no safety concerns

Completed At week 96: no significant reductions in Ishak fibrosis stage; no safety concerns

Completed At week 24: no reduction of ALP; numerically less progression in exploratory
pharmacodynamic markers (MRI, ELF score reduction: 25% [320 mg] vs. 11% PBO;
PRO-C3 change -12.7% [320 mg] vs -1.4% PBO; no safety concerns

55



Primary sclerosing cholangitis (PSC)

Drug (target)

Description or MOA

(continued from previous page)

Microbial manipulations

Vancomycin [271]

Fecal microbiota
Transplantation
[266, 272, 273]

Sulfasalazine [274]

Treatment for itch

Bezafibrate (included
PSC, PBC, and SSC)
[196]

Maralixibat [275]

Volixibat [276]

EP547 (Included
PBC and PSC) [277]

Ritivixibat (A3907)
[278]

Oral glycopeptide antibiotics

Restores gut microbiota diversity

Gut-directed anti-inflammatory

Pan-PPAR agonist modulates bile acid metabolism
and inflammation

IBAT inhibitor interrupts enterohepatic bile acid circulation
and reduce the bile acid pool

IBAT inhibitor interrupts enterohepatic bile acid circulation
and reduce the bile acid pool

Selective antagonist of MRGPRX4, a cell surface receptor
expressed on sensory neurons that blocks pruritogens

IBAT inhibitor interrupts the enterohepatic circulation
of bile acids and reduce the bile acid pool

Study descriptor

Phase 3 RCT
(N =102)

Phase 2 RCT
(N =58)

Phase 2 interven-
tional study
(N =32)

Phase 3 RCT
(N=76)

Phase 2 open-
label, single-arm
study (N=27)

Phase 2 RCT
(N=132)
Phase 2 RCT
(N=62)

Phase 2 open-
label, single-arm
study

Abbreviations: ALP, alkaline phosphatase; CCL24, C-C motif chemokine ligand 24; CCR2, C-C chemokine receptor
type 2; CCR5, C-C chemokine receptor type 5; ELF, Enhanced Liver Fibrosis; FGF-19, fibroblast growth factor 19;

FXR, farnesoid X receptor; IBAT, ileal bile acid transporter; LOXL2, lysyl oxidase-like 2; LS mean CFB, least squares
mean change from baseline; ItchRO, Itch-reported outcome score; LSM, Liver stiffness measurement; MoA, mechanism
of action; MRI, magnetic resonance imaging; N/A, not applicable; NCA, nor-ursodeoxycholic acid; PBO, placebo;

PBC, primary biliary cholangitis; PPAR, peroxisome pro-liferator-activated receptor; PRO-C3, Pro-collagen type IlI
N-terminal peptide; PSC, primary sclerosing cholangitis; RCT, randomized controlled trial; SSC, secondary sclerosing
cholangitis; TGF-B, Transforming growth factor beta; UDCA, ursodeoxycholic acid; avB], integrin alpha-v beta-1;
avpe, integrin alpha-v beta-6.
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Status Outcome

Terminated N/A

(funding)

Recruiting N/A

Completed N/A

Completed At 3 weeks: Bezafibrate superior to placebo: 41% vs 11% reached endpoint

(= 50% reduction of pruritus (visual analogue scale)

Completed At 14 weeks: Treatment-emergent adverse event in 85%; itch improved in 8-70%,
most in severe pruritus

Completed At 28 weeks: Significant reduction in pruritus with volixibat vs placebo
(=2.72 vs =1.08; LS mean CFB, ItchRO)

Completed N/A

Terminated N/A
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CD4 T cells by promoting the redifferentiation of pathogenic TH17
cells into regulatory T cells, thereby attenuating inflammation,

in both the liver and in the gut. This suggested that NCA could
be a one-stop-shop for both hepatic and intestinal inflammation,
which may be particularly relevant given the frequent (70-80%)
association of IBD with PSC [289, 290].

In light of these promising preclinical results, the European NCA
PSC study group is evaluating NCA for the treatment of PSC in
Phase Il and Il studies [257, 258]. The pivotal Phase Il study was
designed with a 196-week double-blind phase testing a fixed
dose of NCA versus placebo, followed by a multi-year open-label
extension with NCA monotherapy. To address several of the
challenges described at the top of this chapter, the study used
bile duct pathology evaluated by multiple histology scores as
well as biochemical markers as surrogates for disease progression.
The study enrolled 302 patients, making it the largest study in
PSC using paired biopsies to date. In the primary analysis con-
ducted at 96 weeks of treatment, NCA exhibited a significant
benefit over placebo in the combined primary endpoint of partial
normalization of ALP (to < 1.5-fold upper limit of normal) and

no worsening of the histological disease stage as assessed by
Ludwig classification, with 15% achieving this endpoint under
NCA compared to 4% with placebo. More than twice as many
NCA patients demonstrated improvement in histological disease
stage compared to placebo patients. Notably, progression to
cirrhosis (Ludwig stage V) was reduced by nearly half (11% under
NCA vs. 6% in placebo) at the 96-week readout. NCA also
reduced the levels of cholestatic liver enzymes. In line with the
general PSC population, a considerable proportion of the parti-
cipants in the trial had few to no symptoms. Further studies are
needed to explore the potential impact of NCA on patient reported
outcomes (PROs). Most importantly, NCA was well tolerated and
safe based on the results of this pivotal Phase Il study. While the
impact of this trial on clinical practice remains to be seen, these
pivotal results open the possibility of an approved medication
becoming available for the treatment of PSC [258].

ii) Microbiota-based therapies:

Although changes in microbiota are involved in the pathogenesis
of PSC, antibiotics, such as vancomycin are currently not recom-
mended for treatment of PSC (Table 10). However, recent data
suggest that individual pathobionts such as Klebsiella pneumonia
may induce a TH17 mediated hepatobiliary injury which may

be attenuated by bacteriophage cocktails targeting Klebsiella.



In addition, fecal microbiota transplantation studies have shown
acceptable tolerability and improvement of ALP in the subset
of patients [62, 291, 292].

iii) Immune-modulatory therapy and other biologics:

As stated above, the results of some immunosuppressive biologics
targeting underlying IBD have so far been rather disappointing
for the treatment of PSC (Table 10). On the one hand, this may
be due to the unclear association of IBD activity to PSC progres-
sion and on the other hand, it may be attributed to the rather
late intervention with immuno-modulatory drugs at a stage where
end-stage liver injury such as fibrosis and sclerosis may already
have occurred.

However, a recent study with an anti-CCL24 monoclonal antibody
(nebokitug) showed improvement of non-invasive fibrosis tests
although ALP was unchanged. Importantly, the drug was well
tolerated, improved pruritus, and a Phase llb/Ill study has been
already announced.

Studies with simtuzumab as anti-fibrotic drug were negative
[269]. A recent Phase Il study with bexotegrast (a,Bs and a.pBs
integrin /TGFB antagonist) showed stabilization of ALP and
non-invasive fibrosis tests and improvement of hepatobiliary
excretory function on MR imaging [270]. However, due to the
unfavorable safety signal in pulmonary fibrosis studies, the drug
is currently not developed for PSC [269, 293].
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6 Future developments

6.1 Unmet needs

Currently, no EMA or FDA-approved drug exists for PSC, and
UDCA is only approved in a few countries, with all the limitations
stated above (see chapter 5.1). The heterogeneity of PSC presents
significant challenges for developing novel therapies, including
the lack of reliable biomarkers for clinical endpoints. Unlike PBC,
ALP in PSC show considerable intra-individual variation. Non-
invasive markers such as ELF and LSM, as well as liver histology,
may provide better prediction of clinical outcomes [151, 233].
However, non-invasive fibrosis markers often reflect parenchymal
rather than biliary fibrosis, and no non-invasive biliary fibrosis
markers have been established.

Liver histology remains the best surrogate for clinical endpoints
like hepatic decompensation but it is limited by sampling errors
due to heterogeneous liver distribution of PSC. Major PSC out-
comes include not only progression to end-stage liver disease/
liver cirrhosis with development of clinically significant portal
hypertension and hepatic decompensation, but also CCA, extra-
hepatic malignancy, and recurrent cholangitis. Notably, malignancy
and cholangitis risks do not clearly align with fibrosis progression,
complicating clinical endpoints. Long-term studies of at least

6 years would be required to capture sufficient clinical outcome
events, including poorly defined events such as cholangitis. Future
non-invasive fibrosis tests or imaging biomarkers could allow
continuous assessment of the entire liver, thus accounting for the
heterogeneous distribution of the disease across the liver lobes.

In addition to treatments halting fibrosis and preventing chol-
angitis and malignancy, symptomatic treatments for fatigue and
pruritus are urgently needed. IBAT inhibitors, such as maralixibat,
ritivixibat and volixibat, have been tested in PSC and may alleviate
pruritus [275, 294]. It will be interesting to see if PPAR ligands
like seladelpar and elafibranor can improve fatigue, as seen in
PBC [295, 296].

6.2 Potential for future treatments, preventive measures, etc.

One of the remaining key questions is whether anti-inflammatory,
and anti-fibrotic strategies can prevent malignancy. The early
manifestation of malignancy, particularly CCA, often within the
first year after diagnosis, poses a major challenge, as it is unlikely
to be preventable with pharmacotherapy. Moreover, it also remains



unclear whether malignancy risk in PSC follows the typical path
of inflammation and fibrosis observed in other liver diseases.

Another challenge is the frequent recurrence of PSC after LT.
Theoretically, NCA could prevent non-anastomotic strictures

by promoting bicarbonate secretion, thus protecting the bile duct
from bile acid toxicity, which is known to be aggravated after

LT [297]. These concepts could extend to normothermic machine
perfusion, allowing NCA treatment to begin before continuing
pharmacotherapy post-transplant. While UDCA has shown promise
in preventing PBC recurrence [218], it remains to be seen if NCA
can prevent PSC recurrence or other biliary complications, such
as non-anastomotic strictures and sludge, following LT.

Finally, given PSC’s complexity, combination therapy, including
anti-cholestatic, anti-inflammatory, and anti-fibrotic drugs, may be
necessary. Additionally, pro-regenerative approaches promoting
bile duct epithelial healing might be needed, though they must be
critically evaluated due to the high malignancy risk in PSC.
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7 Summary and suggestions
for clinical practice

PSC is a rare, chronic, and progressive cholestatic liver disease
characterized by inflammation and fibrosis of the intra- and
extrahepatic bile ducts, resulting in multifocal strictures and
cholestasis, and progressing in many patients to liver cirrhosis
with its associated complications, including portal hypertension,
liver failure and hepatocellular carcinoma. Most patients present
with large-duct involvement, while a minority have small-duct
PSC, which may progress over time. PSC is associated with
an elevated risk of bacterial cholangitis, an increased risk

of hepatobiliary as well as colorectal malignancies [2].

Although PSC can occur at any age and across all sexes and
ethnic backgrounds, it is most prevalent in young men, with

a male-to-female ratio of approximately 2:1, and is typically
diagnosed in the fourth decade of life. Prevalence rates are
highest in Northern European populations. PSC is also strongly
associated with inflammatory bowel disease (IBD), particularly
ulcerative colitis, which is present in up to 80% of individuals
with PSC [2].

Effective care requires timely diagnosis, structured monitoring,
and proactive identification of complications [2]:

1. Diagnostic Essentials

* MRCP is the preferred noninvasive imaging modality for diag-
nosing PSC and should be used as the primary diagnostic tool.
Typical findings include multifocal strictures and segmental
dilatations.

« ERCP should not be used for diagnosis but reserved for thera-

peutic intervention or evaluation of clinically relevant strictures.

If initial MRCP is inconclusive, a high-quality MRCP with con-

trast agents is recommended before invasive investigations.

* Small-duct PSC should be considered when MRCP is normal,
but liver biopsy shows typical periductal changes.

2. PSC and IBD

« PSC is strongly associated with IBD, especially ulcerative colitis.
« All PSC patients should undergo baseline colonoscopy, regard-
less of symptoms, due to the elevated colorectal cancer risk.



3. Cancer Surveillance

PSC is associated with an increased risk of several malignancies:
- Cholangiocarcinoma (CCA)

- Colorectal cancer, particularly in PSC-IBD

- Gallbladder cancer

- Hepatocellular carcinoma (when cirrhotic)

Routine measurement of the tumor marker CA 19-9 may support
surveillance strategies.

Structured surveillance protocols are essential and include
annual imaging (MRI/MRCP and GB ultrasound) and
colonoscopy (in PSC-IBD patients). Cholecystectomy should
be considered for gallbladder polyps = 8 mm.

4. Monitoring and Risk Stratification

Serum alkaline phosphatase is commonly monitored, though
variability limits prognostic accuracy.

Transient elastography is a valuable tool for assessing fibrosis
and predicting transplantfree survival.

Regular evaluation should include symptoms, liver biochemistry,
imaging, fibrosis assessment, and cancer screening.

5. Management Principles

No approved disease-modifying therapy exists.

UDCA may be used at moderate doses (15-20 mg/kg/d)

in selected patients to improve cholestatic markers, but high
doses should be avoided.

Endoscopic interventions (balloon dilation, short-term
stenting) are indicated only for symptomatic or clinically
relevant strictures.

Antibiotics are essential for acute or recurrent cholangitis.
Liver transplantation is the only curative option and is indicated
for end-stage liver disease, recurrent cholangitis, or early CCA
in selected cases.

6. Practical Recommendations for Daily Clinical Care

At diagnosis

Perform MRCP

Screen for IBD with colonoscopy (irrespective of symptoms)
Assess liver fibrosis using available non-invasive tests (transient
elastography/ELF)

Establish baseline cancer surveillance
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Routine follow-up

Annual MRI/MRCP and abdominal ultrasound

* Regular biochemical monitoring

* Yearly colonoscopy in PSC-IBD; every 5 years in PSC
without IBD

* Bone density screening every 2-4 years

« Evaluate symptoms, nutritional status, and need

for specialist referral

When to refer to a PSC specialist center

* Rapid disease progression

* Increasing bilirubin or ALP

* Worsening fibrosis on elastography

* Recurrent cholangitis

* Suspicion of CCA or high-risk imaging findings
* Consideration for liver transplantation
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