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Abstract: Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease that
progresses to end-stage liver disease and cirrhosis. Recurrent biliary inflammation is

thought to lead to dysplasia, and as such PSC confers a high risk of cholangiocarcinoma. PSC
accounts for 10% of all UK liver transplants, although transplantation does not guarantee a
cure with 20% recurrence in the graft. At present there are no effective medical treatment
options for PSC, and trials of novel therapeutic agents are limited by the time taken to reach
clinically significant endpoints with no well defined early surrogate markers for disease
outcome. Moreover, PSC appears to be a heterogeneous disease with regards to disease
distribution, associated inflammatory bowel disease and subsequent disease outcome, further
compounding the issue. Thus existing trials have taken place in heterogeneous groups, are
likely to be underpowered to detect any individual subgroups effect. The current mainstay

of medical treatment is still with ursodeoxycholic acid, although there is no evidence that

it alters long-term outcome. Small pilot studies of immunosuppressive agents have taken
place, but despite evidence that may support studies in larger groups, these have not been
conducted. Recent advances in our understanding of the disease pathogenesis may therefore
pave the way for trials of novel therapeutic agents in PSC, even given the limitations described.
This review explores the controversial evidence underlying current treatment strategies

and discounted treatments, and explores prospective agents that may bring new hope to the

treatment of PSC in the 21st century.
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Introduction

Primary sclerosing cholangitis (PSC) is one of the
archetypal autoimmune liver diseases alongside
autoimmune hepatitis and primary biliary cirrhosis
(PBC). Considered a rare disease, it characteristi-
cally affects young patients with a slight male pre-
dominance. At present a truly conceptual pathogenic
framework is lacking and there is no recognized
therapy that has been shown to alter the outcome of
patients with this condition.

PSC is a chronic, cholestatic liver disease charac-
terized by biliary inflammation and fibrosis of both
small and large bile ducts, that can potentially lead
to cholestasis and cirrhosis. This can result in end-
stage liver failure and as such PSC is the fifth com-
monest indication for liver transplantation in the

UK [Adam ez al. 2003]. Patients with PSC carry a
high lifetime risk of gastrointestinal malignancy;
44% of PSC deaths are cancer related, with
7-13% developing cholangiocarcinomas possibly
due to inflammation-associated epithelial dysplasia
[Bergquist et al. 2002; Fevery er al. 2007].
Inflammatory bowel disease (IBD) coexists in 60—
80% of patients, with a 10-fold increased risk of
colorectal carcinoma compared with the general
population [Bergquist ez al. 2002; Sano ez al. 2011;
Ye et al. 2011]. The IBD associated with PSC is
unusual in that it is usually a pancolitis with activ-
ity worse on the right, backwash ileitis and rectal
sparing [Loftus er al. 2005; Sano er al. 2011].
Furthermore, 25% of patients with PSC have con-
current autoimmune diseases [Saarinen ez al.
2000]. Thus, despite being a rare disease with a
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prevalence of 0.2-16 per 100,000, PSC represents
a significant burden on hepatobiliary and oncologi-
cal services [Hurlburt ez al. 2002; Bambha ez al.
2003; Boonstra et al. 2012].

Existing evidence suggests that PSC is a heteroge-
neous condition, with different subgroups confer-
ring different prognoses. For example, patients
with concomitant ulcerative colitis (UC) and PSC
have an increased risk of developing colorectal
cancer compared with patients with UC or PSC
alone [Broome et al. 1995]. Patients with PSC
with small duct disease have an improved survival
and lower risk of cholangiocarcinoma compared
with patients with large-duct PSC [Bjornsson
et al. 2002]. Patients with PSC and a raised immu-
noglobulin G4 (IgG4) have a more severe liver
disease, and patients who demonstrate a signifi-
cant reduction in their serum alkaline phosphatase
(ALP) in a median time of 2 years following diag-
nosis have an improved transplant-free survival
and reduced risk of cholangiocarcinoma [Mendes
et al. 2006; Al Mamari et al. 2013].

Disease pathogenesis

An understanding of disease pathogenesis is fun-
damental to the selection of potential treatments.
Although the exact pathogenesis remains unclear,
PSC is thought to have both environmental and
genetic causes, with 16 genetic loci currently iden-
tified and further genetic loci undergoing evalua-
tion in international genome-wide-association
studies (GWAS) meta-analysis [Liu er al. 2013].
These analyses and other experimental results are
starting to shape a pathogenic model of PSC.

An autoimmune aetiology is strongly supported
by several factors; the presence of concurrent
autoimmune disease in up to 25% of patients,
strong linkage of PSC to the human histo-
compatibility complex, tissue infiltration with
immune cells, and GWAS/Immunochip (Illumina
Infinium single-nucleotide polymorphism (SNP)
microarray) genetic studies [Saarinen er al. 2000;
Karlsen ez al. 2010; Liu ez al. 2013]. At the heart
of the pathogenic model appears to be a dysregu-
lated autoimmune network that results in the loss
of peripheral tolerance to self cholangiocytes and
colonocytes. There is strong evidence supporting
the production of pathogenic T cells in the colon
and small bowel, which subsequently attack the
biliary tree and bowel. This is based upon the fact
that pathogenic liver T cells are enriched in a
subset that express the small intestinal homing

C-C chemokine receptor type 9 (CCR9), and
home to the liver endothelium by the expression
of gut-enriched homing chemokines; mucosal
vascular addressin cell adhesion molecule 1
(MAdCAM-1) and chemokine (C-C motif)
ligand 25 (CCL25). In addition, infiltration of
the liver by T-helper 17 (TH-17) cells further
supports their proposed origin from the gut.

TH-17 are a subset of T-helper cells that produce
interleukin 17 (IL-17), IL-22, tumour necrosis
factor oo (TNFa) and CCL20. They differentiate
from naive T cells in the presence of dendritic
cells and cytokines IL-1f, IL-6, IL-23, transform-
ing growth factor B (TGFp) and IL-21. In order
to maintain immunological tolerance, this pro-
duction of TH-17 cells in the bowel and biliary
tree in PSC should be kept in careful check. This
is usually secured by the favoured production of
T-regulatory cells (CD4+/CD25+/CTLA-4+/
Foxp3 positive cell) by tolerogenic plasmacytoid
dendritic cells. Therefore an alteration favouring
the production of mucosal TH-17 axis (CD4+
and CD8+ T cells) may underpin PSC patho-
genesis. This TH-17, T-regulatory imbalance
would perhaps also suggest why single nucleotide
polymorphisms of genome-wide significance are
embedded in the IL-2, IL-2 receptor and CD28
axis, with macrophage stimulating 1 having a
potential role in dendritic cell tolerance.

These autoreactive T cells are postulated to recog-
nize cholangiocytes and colonocytes via class I
and class IT human leukocyte antigen, resulting in
inflammation, apoptosis, necrosis and tissue fibro-
sis. Furthermore, increases in bile duct permeability
result in leakage of bile into the surrounding peribil-
iary tissues, secondary vascular injury with endarte-
ritis obliterans and biliary ischemia. The end result
is activation of portal fibroblasts and stem cells that
lay down elastin and collagen to form scar tissue,
with associated biliary cell apoptosis/mesenchymal
transition and the induction of cellular senescence.
Furthermore damage and impaired drainage of the
bile ducts promotes bacterial and fungal coloniza-
tion, secondary invasion and tissue damage.

An additional role for involvement of the gut
microbiota has been highlighted in PSC. In vitro
studies of biliary epithelial cells (BECs) from
patients with and without alcohol-related liver
disease demonstrate inappropriate innate immune
responses to intestinal endotoxins and subse-
quent endotoxin intolerance due to enhanced
pattern recognition receptor signalling in BECs of
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Figure 1. Pathogenesis of primary sclerosing cholangitis.

those with chronic liver disease [Mueller ez al.
2011]. This is thought to contribute to chronic
cholangitis. Rats with small bowel bacterial over-
growth induced by jejunual ligation develop liver
lesions similar to those seen in PSC [Lichtman
et al. 1990]. Subsequent antibiotic therapy with
metronidazole and tetracycline leads to an
improvement in these lesions, suggesting that
modification of gut microbiota may be important
in PSC [Lichtman et al. 1991]. Furthermore, a
unique microbiome may be present in PSC
[Sabino et al. 2015].

It is this growing understanding of the pathogen-
esis of PSC (see Figure 1) that brings new hope
for emerging treatments in PSC. It is likely that
by tackling the different aspects of pathogenesis,
inflammation, ischaemia, fibrosis, vascular injury
and alteration of the biome, a new successful
treatment approach will be found either in isola-
tion or with a combination of agents.

Factors hindering therapeutic trials in PSC

Despite some progress in our understanding of
disease pathogenesis, medical therapy for PSC
has been hindered by two major factors: disease

characteristics and lack of clear endpoints for
clinical trials.

As a disease of low prevalence, studies of PSC
have, until recently, been limited by small cohort
size, relying on meta-analyses to improve statisti-
cal power [Schrumpf and Boberg, 2001]. As pre-
viously discussed, PSC displays a multitude of
clinical phenotypes that differ with respect to
prognosis. These phenotypes encompass disease
with and without ulcerative colitis, overlap with
other autoimmune conditions, raised IgG4 and
the location and site of the biliary injury [Trivedi
and Hirschfield, 2012]. Thus patient heterogene-
ity with regards to level of baseline fibrosis and
rate of disease progression means true randomiza-
tion in clinical trials is difficult. A number of prog-
nostic models have been developed to help identify
at an early stage, patients who are more likely to
progress to a poor outcome [Wiesner et al. 1989;
Farrant et al. 1991; Dickson ez al. 1992; Broome
et al. 1996; Kim er al. 2000]. However, with the
exception of the revised Mayo Clinic model, they
all include a histological staging parameter, which
necessitates invasive liver biopsy. In a disease
diagnosed via cholangiogram, this limits the clini-
cal utility of these prognostic models. Furthermore,
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these models do not address the impact of cholan-
giocarcinoma in PSC, which is of paramount
importance when considering prognosis and
future treatments. Guidelines therefore suggest
that the use of existing risk scores should be
restricted to cohort studies rather than for indi-
vidual patient outcomes [Wiesner er al. 1989;
Farrant er al. 1991; Dickson ez al. 1992; Broome
etal. 1996; Kim et al. 1999; Chapman ez al. 2010].

The lack of consensus over clinically relevant end-
points has further hindered interpretation of results
from therapeutic trials. The most commonly used
endpoints include liver biochemistry, symptoms,
transplantation and disease-related death. However,
the time taken for the latter to occur is not practical
for most pharma-sponsored studies. Utility of his-
tology is variable in study design, and importantly,
whether histological progression directly reflects
clinical progression is yet to be established given
the heterogeneous distribution of fibrosis in PSC.
Furthermore, use of fibroscan, magnetic resonance
imaging (MRI) elastography, Enhanced Liver
Fibrosis (ELF) and serum fibrosis panels is yet to
be validated in PSC, although it is currently under
study by the International PSC Study Group.

It is likely that future PSC trials will take two
forms. The first is likely to be trials to establish if
the drug of investigation has a biological signal
(mediated via fibrosis, cholangiography or an
immunological signal) without necessarily dem-
onstrating that it alters clinically meaningful end-
points. The second is to stratify patients into
groups that have either a low, intermediate or high
risk of progression, and target the intermediate-
or high-risk patients for recruitment into trials
to establish if a clinically meaningful signal is
detected. Whilst at present stratification according
to risk of progression is not possible, large-scale
phenotyping studies from the International PSC
Study Group and UK PSC Consortium mean
that this is likely to be possible in the near future.

This review will therefore explore the established
and emerging medical therapies for PSC at a time
that hopes to be a 21st century turning point in
our understanding of the disease.

Therapies altering bile composition
Ursodeoxycholic acid

Ursodeoxycholic acid (UDCA) is the most com-
monly prescribed drug in PSC. Given its proven

efficacy in the treatment of other cholestatic dis-
eases such as PBC, UDCA has biological plausi-
bility in the treatment of PSC. UDCA is postulated
to have two mechanisms of action: reducing hydro-
phobicity of bile and a direct effect on adaptive
immunity by inhibiting dendritic cell response.
However, it is not an agonist for farnesoid X recep-
tor (FXR) or pregnane X receptor (PXR), which is
protective in cholestatic disorders [Paumgartner
and Beuers, 2004; Beuers, 2006].

Low-dose UDCA. The first placebo-controlled
pilot studies of low-dose UDCA (10-15 mg/kg/
day) demonstrated efficacy in improving liver bio-
chemistry, histology and symptoms [Chazouilleres
et al. 1990; Beuers et al. 1992; Stiehl ez al. 1994].
However, statistical power was limited by small
sample sizes of 14-20 patients per trial. A larger
placebo-controlled study of 105 patients con-
firmed improvement of liver biochemistry with
low-dose UDCA (13-15 mg/kg), but did not
demonstrate any effect on symptoms or time to
transplantation [Lindor, 1997]. Yet unfortunately
these early studies are notable for their short
duration compared with the natural history of
PSC (see Table 1).

The largest multicentre, randomized, double-
blind, placebo-controlled study (RCT) to date
recruited 219 patients, treated with UDCA (17—
23 mg/kg/day) and followed up for 5 years [Olsson
et al. 2005]. Despite significant efforts, research-
ers failed to recruit the 346 patients required to
detect a statistically significant difference in pri-
mary endpoint, reflecting the difficulty of study-
ing a rare disease. The study demonstrated only a
non-significant trend towards improved survival
and time to liver transplantation, which may
reflect type II error resulting from an underpow-
ered study. However, secondary outcome meas-
ures (change in symptoms, quality of life and
change in liver biochemistry) were also not sup-
portive of UDCA. Furthermore, a 15-year follow
up to this trial supported no role for UDCA
[Lindstrom ez al. 2013].

High-dose UDCA. Pilot studies of UDCA up to 30
mg/kg/day demonstrated a significant improve-
ment in Mayo risk score, which perhaps unadvis-
edly was used as a surrogate marker for improved
survival [Harnois er al. 2001; Cullen er al. 2008].
However, the largest RCT of high-dose UDCA
was terminated at interim analysis when, despite
a statistically significant improvement in liver
biochemistry, there was an unexpected, 2.3-fold
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Table 1. Characteristics of trials of UDCA in PSC.
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increased risk of progression to liver transplanta-
tion and varices in the treatment group [Lindor
et al. 2009]. Subgroup analysis revealed that the
risk of adverse events, particularly oesophageal
varices, were more apparent in patients with early
histological stage disease and normal total biliru-
bin. Importantly, recent analysis has suggested
that there is an increased serum concentration of
lithocholic acid, a potent hydrophobic bile acid, in
patients given high-dose UDCA, which may cause
these adverse outcomes [Sinakos ez al. 2010].

Due to conflicting evidence and the limited sam-
ple size in these major studies, we rely upon meta-
analyses to improve statistical power. Recent
meta-analysis of nine RCTs concluded that
UDCA at any dose conferred no significant
improvement in mortality, symptoms, cholangio-
carcinoma and histological progression [Triantos
et al. 2011]. Similarly, a Cochrane systematic
review of eight RCTs found no significant reduc-
tion in the relative risk of death, treatment failure,
liver transplant, varices, ascites or encephalopa-
thy [Poropat et al. 2011]. Interestingly, a signifi-
cant improvement in liver biochemistry was
observed, the clinical significance of which is
uncertain. Although meta-analyses are consid-
ered the highest class of evidence, the trials
included were subject to high risk of publication
bias. Variable dosage, treatment time course and
follow up, and different primary endpoints in
UDCA trials means that the role of UDCA is still
uncertain; a point that is reflected in current
international guidance, and the fact that many
European countries no longer prescribe the drug
[Chapman et al. 2010; Imam ez al. 2011]. More
recently, several studies have shown that patients
with PSC, who normalize their serum ALP,
whether this occurs spontaneously or more often
with UDCA therapy, have a better prognosis.
Despite this, recent guidelines from the American
College of Gastroenterology recognize that many
practitioners, particularly in the US and UK, are
still prescribing UDCA at a dose of 15-20 mg/kg/
day, but that data from well controlled trials are
lacking [Lindor ez al. 2015]. The only recommen-
dation from these new guidelines is that UDCA
of more than 28 mg/kg/day should not be used in
the management of patients with PSC.

UDCA and chemoprotection

Current evidence demonstrates an increased inci-
dence of right-sided colonic cancers in patients
with PSC, perhaps caused by colonic exposure to

secondary bile acids [Shetty er al. 1999]. In wvitro
and animal studies suggest that UDCA might act
as a chemoprotective agent by modifying bile acid
composition and reducing faecal levels of second-
ary bile acids [Rodrigues er al. 1995; Wali et al.
1995; Batta er al. 1998; Im and Martinez, 2004;
Khare ez al. 2008].

A phase III study of 1285 patients (without PSC)
who had undergone removal of colorectal adeno-
mas within the previous 6 months reported that
low-dose UDCA (8-10 mg/kg/day) prevented
adenoma recurrence [Alberts ez al. 2005]. A
cross-sectional study of 59 patients, and a retro-
spective analysis of 52 previously randomized
patients with PSC IBD, reported a significantly
decreased prevalence of colorectal dysplasia with
UDCA: adjusted odds ratio (OR) 0.14 [95% con-
fidence interval (CI) 0.03-0.64] (p = 0.01) [Tung
et al. 2001]. However, a short follow-up period of
2 years, short 6-month exposure period, and low
patient numbers limited the reliability of these
conclusions.

Contrasting results were reported in a retrospec-
tive cohort study of patients with PSC IBD, com-
paring 28 cases treated with UDCA against 92
controls [Wolf ez al. 2005]. Whilst UDCA
appeared to confer a beneficial effect in decreas-
ing mortality (adjusted relative risk for death
0.44; 95% CI 0.22-0.90), cumulative incidence
of dysplasia or cancer was not significantly differ-
ent between cases and controls (p = 0.17 by log-
rank test). This was also suggested in a second
long-term follow-up study of a previously rand-
omized cohort of 98 patients with PSC IBD,
treated with high-dose UDCA (17-23 mg/kg/
day) or placebo. Frequency of colorectal dyspla-
sia was similar in treatment and control groups,
with no difference in cancer-free survival
[Lindstrom et al. 2012]. Moreover, in a retro-
spective analysis of data from an RCT including
56 patients with PSC IBD treated with high-dose
UDCA (28-30 mg/kg/day) and followed up for
235 patient-years, long-term intake of UDCA
was surprisingly associated with an increased risk
of colorectal neoplasia (hazard ratio 4.44; 95% CI
1.30-20.10; p = 0.02) [Eaton et al. 2011].
Conversely a recent meta-analysis of 763 patients
with PSC IBD concluded that UDCA may reduce
the risk of advanced colorectal neoplasia (OR
0.35; 95% CI 0.17-0.73), or all colorectal neo-
plasia at doses of 8-15 mg/kg/day (OR 0.19; 95%
CI 0.08-0.49) [Singh er al. 2013]. However, the
results of this meta-analysis should be treated
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with caution, as several follow-up studies were
included and no adjustment made for patients
who switched between treatment groups.
Furthermore, the observations with low-dose
UDCA were based upon only two early studies of
70 cases and 41 controls.

There is even further limiting evidence for UDCA
as a chemoprotectant for cholangiocarcinoma. A
Scandinavian study of 255 patients with PSC
awaiting liver transplantation over an 11-year
period reported that lack of treatment with
UDCA was an independent risk factor for devel-
opment of hepatobiliary malignancy [Brandsaeter
et al. 2004]. However, the two largest placebo-
controlled RCTs observed no effect on rates of
cholangiocarcinoma in patients with PSC, though
they were not powered to detect a difference in
rates of hepatobiliary malignancy [Olsson ez al.
2005; Lindor ez al. 2009].

Immunosuppressive-based therapies

Glucocorticoids

Glucocorticoids are the most commonly used drug
in the treatment of immune-mediated conditions.
Patients with PSC and autoimmune hepatitis over-
lap or high IgG4 levels benefit from corticosteroids
[Gregorio ez al. 2001; Boberg ez al. 2003; Floreani
et al. 2005; Mendes ez al. 2006; Webster et al.
2009]. Surprisingly, there have been no published
RCTs comparing oral corticosteroids with placebo
in patients with PSC alone (See Table 2).

A cohort study of 21 patients treated with 9 mg of
budesonide for 1 year showed an improvement in
portal inflammation but no change in Mayo risk
score [Angulo er al. 2000]. A significant decrease
in serum ALP and Aspartate Transaminase (AST)
compared with baseline was observed (p = 0.001),
however this effect was lost 3 months post treat-
ment cessation. Furthermore, significant loss of
bone density prompted the authors to conclude
that overall there was minimal benefit. A nonran-
domized, placebo-controlled trial in 12 patients
with PSC compared combined therapy with pred-
nisolone 10 mg/day and colchicine 0.6 mg/twice
daily with placebo, administered for 2 years
[Lindor et al. 1991]. After 24 months, no signifi-
cant difference in liver biochemistry or histology
was detected, and only a nonsignificant trend
towards less clinical deterioration. Furthermore
bone density in the prednisolone group was sig-
nificantly lower compared with the placebo group.

The only published meta-analysis of corticoster-
oids in PSC included just two trials [Giljaca et al.
2010]. The first, an unblinded trial of hydrocorti-
sone administered wvia biliary lavage versus pla-
cebo in 11 randomized patients with PSC [Allison
et al. 1986], and the second, an RCT comparing
oral budesonide (3 and 9 mg/day) with oral pred-
nisolone (10 mg/day) in 19 patients with PSC
[Van Hoogstraten ez al. 2000]. No effect on liver
biochemistry, symptoms or mortality was
observed. However, small sample sizes and the
absence of power calculations or intention-to-
treat analysis may have resulted in systematic
error overestimating beneficial effects and under-
estimating harmful effects, such as increased rates
of cholangitis and sepsis [Allison ez al. 1986].

Azathioprine

Azathioprine is a steroid-sparing immunosuppres-
sant and purine antimetabolite widely used for the
maintenance of remission in IBD [Mowat ez al.
2011]. However, studies of its efficacy in PSC
have been limited. Azathioprine inhibits ribonu-
cleotide synthesis and induces T-cell apoptosis by
modulating Rac-1 cell signalling [Tiede ez al.
2003]. Several cases of azathioprine use in PSC
have been reported; two patients improved with
treatment and one died of a liver abscess [Javett,
1971; Wagner, 1971]. A case series of 15 patients
with PSC treated with combination azathioprine
(1-1.5 mg/kg/day), prednisolone (1 mg/kg/day)
and UDCA (500-750 mg/day) observed signifi-
cant improvement in liver histology and biochem-
istry [Schramm ez al. 1999]. Unfortunately the
commonality of concomitant PSC IBD means
that many patients with PSC are taking azathio-
prine at the time of PSC diagnosis and progres-
sion, which may explain the lack of enthusiasm for
further evaluation of azathioprine. However, trials
employing use of thiopurine metabolite measure-
ments in PSC are also lacking.

Ciclosporin

Ciclosporin binds to cytosolic cyclophilin of T
cells and inhibits calcineurin, subsequently inhib-
iting the transcription of IL-2, which whilst inhib-
iting T-cell response may also limit T-regulatory
cell production. Following 24 months of treat-
ment, ciclosporin prevented progression of liver
histological change: 9 of 10 patients on placebo
demonstrated histological progression compared
with 11 of 20 patients on ciclosporin (p < 0.05)
[Wiesner ez al. 1991]. However, lack of effect
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on symptoms, liver biochemistry or disease pro-
gression led to conclusions that cyclosporine was
ineffective in the treatment of PSC. cyclosporine
has also been further evaluated in a double-blind
RCT of 35 patients with precirrhotic PSC with
concomitant UC. Whilst patients with PSC UC
experienced improvement in symptomatic bowel
disease, the trial was primarily powered to estab-
lish an effect on UC and no difference in PSC-
related endpoints were observed with this therapy
[Sandborn ez al. 1993].

Tacrolimus

A preliminary open-label trial of tacrolimus in
10 patients with PSC demonstrated a significant
improvement of liver biochemistry [Van Thiel
et al. 1995]. This effect was confirmed in an
open-label, phase II study of 16 patients with
PSC treated with tacrolimus (0.05 mg/kg/day).
However, only 50% of patients completed 1 year
of therapy and 31% withdrew from the trial due
to drug-related adverse events. Moreover, inclu-
sion of large numbers of patients with procto-
colectomy may explain the greater frequency of
gastrointestinal side effects. The study concluded
that clinical benefit was limited and tacrolimus
poorly tolerated in this patient group [Talwalkar
et al. 2007]. Sirolimus and everolimus are inhibi-
tors of mechanistic target of rapamycin (mTOR)
and recent evidence shows these mTOR inhibitors
improve liver fibrosis and reduce inflammation
in bile duct ligated rats [Patsenker er al. 2011].
These could be potential therapeutic targets in
cholangiocarcinoma and PSC [Herberger ez al.
2007; Pignochino ez al. 2010]. Further studies are
therefore needed to evaluate these drugs.

Methotrexate

Methotrexate is a dihydrofolate reductase inhibi-
tor that targets enzymes involved in purine
metabolism, suppressing T-cell activation and
adhesion molecule expression, thus conveying
anti-inflammatory properties [Johnston er al.
2005]. A preliminary trial of 0.2 mg/kg/week oral
methotrexate demonstrated a statistically signifi-
cant improvement in liver biochemistry [Knox
and Kaplan, 1991]. Six of none (66%) showed
histological improvement at 1 year and three of
six (50%) who underwent repeat cholangiograms
showed improvement. In contrast, a prospective,
placebo-controlled RCT of oral methotrexate in
24 patients with PSC demonstrated no change in
liver histology, cholangiographic findings or liver

biochemistry following 2 years of treatment
[Knox and Kaplan, 1994]. However, it should be
noted that 58% of patients in the treatment group
had established cirrhosis compared with only
42% on placebo, which could explain the lack of
observed efficacy with methotrexate in this trial
[Lindor ez al. 1996].

Mycophenolate

Mycophenolate mofetii (MMF) is a potent
immunosuppressant that has largely replaced
azathioprine as a second-line agent in solid-
organ transplantation. MMF attenuates B- and
T-lymphocyte proliferation by inhibiting de novo
purine synthesis [Allison and Eugui, 1993; Eugui
and Allison, 1993; Fulton and Markham, 1996].
A pilot study of 1-3 g MMF in 30 patients with
PSC aimed to determine safety and efficacy; 77%
completed 1 year of treatment, with 33% experi-
encing adverse reactions that resolved with dose
reduction [Talwalkar et al. 2005]. A significant,
but clinically marginal reduction in serum ALP
was observed, and the pilot study did not support
the sole use of MMF in PSC. These results were
corroborated by a 2-year RCT of combined MMF
(1 g/twice daily) and UDCA (13-15 mg/kg/day)
(n = 12) versus UDCA alone (z = 13). Small sam-
ple size, open label and high dropout rate could
have led to type II error, however results from this
trial were not supportive of combination therapy
with MMF in PSC [Sterling ez al. 2004].

Antibiotics

The potential role of antibiotics in PSC therapy
was initially derived from experimental evidence
in rat models of small intestinal bacterial over-
growth, leading to biliary strictures and portal
inflammation [Lichtman ez al. 1990]. Importantly,
patients with advanced PSC suffer repeated epi-
sodes of bacterial cholangitis, which may fuel dis-
ease progression [Broome ez al. 1996]. Studies of
bile fluid obtained at Endoscopic Retrograde
Cholangiopancreatography (ERCP) and from
explanted livers show a wide range of bacteria and
fungi in both patients with multiple biliary inter-
ventions and 25% of patients who are ERCP naive
[Olsson ez al. 1998; Bjornsson ez al. 2000; Negm
et al. 2010]. Current guidelines thus advocate the
use of prophylactic antibiotics in patients with
recurrent bacterial cholangitis and those undergo-
ing biliary intervention [Chapman ez al. 2010].

There have been a few small trials of antibiotics in
PSC. A 1-year pilot study of minocycline, with
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antiapoptotic and anti-inflammatory properties,
in 16 patients with PSC observed a significant
improvement in ALP (p < 0.05), however
improvements in Mayo risk score were not statis-
tically significant [Silveira ez al. 2009]. The larg-
est antibiotic trial including 80 patients with PSC
evaluated the efficacy of metronidazole and
UDCA wversus UDCA alone in a 3-year RCT. A
significant decrease in serum ALP and Mayo risk
score was observed, however improvements in
liver histology and cholangiographic findings
were statistically insignificant [Farkkila ez al.
2004]. Long-term treatment with oral vancomy-
cin in 14 children with PSC IBD significantly
improved liver biochemistry, inflammatory mark-
ers and symptoms, especially in the absence of
cirrhosis [Cox and Cox, 1998; Davies ez al. 2008].
More recently, a small RCT of 35 patients with
PSC randomized to receive vancomycin 125 or
250 mg four times per day or metronidazole 250
or 500 mg three times per day for 12 weeks dem-
onstrated some efficacy [Tabibian er al. 2013a].
The primary endpoint of ALP normalization was
achieved in both the low- and high-dose vancomy-
cin groups. Mayo risk score significantly decreased
in both the low-dose vancomycin and metronida-
zole groups and pruritus significantly decreased
in the high-dose metronidazole groups. This
promising data have prompted a larger clinical
trial to determine the efficacy of vancomycin in
improving liver biochemistry in PSC, which is
currently ongoing [ClinicalTrials.gov identifier:
NCTO01802073]. Therefore, antibiotic therapy
appears promising, especially given mounting evi-
dence for the role of the intestinal microbiome
in PSC [Tabibian ez al. 2013b], yet the concern of
evolving resistance remains a real concern for cli-
nicians. Future therapies involving faecal and bile
transplantation which can alter the microbiome
may be an important consideration in PSC.

Other treatments

Periductal fibrosis is a characteristic histopatho-
logical hallmark of PSC, however trials of antifi-
brotic agents including colchicine and pirfenidone
have failed to demonstrate efficacy [Olsson ez al.
1995; Angulo ez al. 2002]. Fibrates are agonists at
the nuclear peroxisome proliferator activated
receptor o, thus decreasing IL-1 induced
C-reactive protein expression. However, a case
series of seven patients with PSC treated with
bezafibrate for 6 months observed no effect on
symptoms, progression or survival [Mizuno ez al.
2010]. Other potential antifibrogenic agents

include candesartan, an angiotensin II receptor
blocker that attenuates liver fibrosis in rats [Ueki
et al. 2006] and propranolol, a B-adrenoceptor
antagonist [Strack ez al. 2011]. No data are yet
available for these agents.

Rats with small bowel overgrowth develop hepato-
biliary injury from peptidoglycan polysaccharide
mediated activation of Kupffer cells and release of
proinflammatory cytokines such as TNFa, which
is inhibited by xanthine-derived phosphodiester-
ase inhibitor, pentoxyfylline [Kucuktulu et al.
2007]. A pilot study of pentoxyfylline in 20
patients with variable stages of PSC showed no
improvement in liver biochemistry, serum TNFa
or TNF-receptor subtype following 1 year of treat-
ment [Bharucha ez al. 2000]. Cellular proliferation
and liver-derived lymphocyte function are
impaired in patients with PSC, perhaps a result of
exposure to high levels of TNFa i vivo [Spengler
et al. 1992; Bo er al. 2001]. A double-blind, pla-
cebo-controlled RCT of anti-TNFa antibody, inf-
liximab, in 24 patients with PSC was halted
following interim analysis demonstrating no dif-
ference in liver biochemistry or histology after 4—6
months [Hommes er al. 2008]. Furthermore, a
pilot study of etanercept in 10 patients demon-
strated no change in liver biochemistry or stricture
formation, however two of five patients with
symptomatic pruritus experienced resolution of
pruritus during treatment, which returned on ces-
sation of therapy, and resolved on reintroduction
[Epstein and Kaplan, 2004].

Future treatments

A current priority in PSC research is the identifi-
cation of short-term biomarkers for disease out-
come. It is hoped that the identification of disease
biomarkers will pave the way for the development
and trial of new treatments in PSC (See Table 3).

CCR9 is a chemokine receptor, expressed on
most lamina propria and intraepithelial T cells of
the small intestine, with up to 25% of T cells on
the large bowel positive for CCR9 [Zaballos er al.
1999; Norment er al. 2000]. CCR9 binds
CCL25, causing activation of a4p7 T cells,
thereby binding to MadCAM-1 in the bowel
endothelium resulting in homing of T cells to the
bowel in the healthy state. In IBD this process is
enhanced and blocking of MAdCAM-1 and
binding to a4p7 T cells by the VAP-1 blocker
BTT1023 or vedolizumab alters the recruitment
of pathogenic T cells. Furthermore vedolizumab
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is now licensed for the treatment of IBD, particu-
larly UC [Jin ez al. 2015]. Aberrant expression of
CCR9 and its ligand CCL25 in the liver of
patients with PSC, but not healthy liver or liver
disease controls, has been demonstrated [Eksteen
et al. 2004]. Therefore, targeted blockade of this
pathway using vedolizumab is a natural thera-
peutic development in PSC, a trial of which is
currently ongoing [ClinicalTrials.gov identifier:
NCT02239211]. CCX282-B is also a selective
antagonist of CCR9 with some therapeutic effi-
cacy in CD, which may inhibit B- and T-cell
entry to the liver, and may also be therapeutically
important [Keshav er al. 2013].

Matrix enzyme, lysyl-oxidase 2 (LOXL2), is
implicated in nonorgan-specific pathological
fibrogenesis by promoting cross-linking of type I
collagen [Barry-Hamilton ez al. 2010]. GS-6624 is
a humanized monoclonal antibody with an immu-
noglobulin IgG4 isotype directed against human
LOXIL.2. Pilot studies of its safety and tolerability
in 10 patients with liver fibrosis of variable aetiol-
ogy experienced no serious adverse effects, with
a decline in serum Alanine Transaminase (ALT)
[Talal er al. 2012]. Such agents may prove effica-
cious in attenuating the fibrosis of PSC and is the
basis for a current phase II trial [ClinicalTrials.gov
identifier: NCT01672853].

All-trans retinoic acid (ATRA) is a ligand for
nuclear receptors involved in modulation of bile
salt homeostasis [Cai er al. 2010]. ATRA pos-
sesses immunomodulatory effects through inhi-
bition of proinflammatory cytokines [Montrone
et al. 2009], and is currently used in the treat-
ment of acute promyelocytic leukaemia, rheuma-
toid arthritis and psoriasis [Reichrath ez al. 2007].
In some environments, ATRA can also induce T
cells to become CCR9 positive [Eksteen ez al.
2009]. In bile-duct ligated rats, treatment with
UDCA and ATRA significantly reduces liver
fibrosis, bile duct proliferation, liver necrosis and
bile salt pool size compared with ATRA or
UDCA alone [He er al. 2011]. However, this
observation has not yet been verified in humans
and phase II trials of ATRA and UDCA are now
underway in PSC [ClinicalTrials.gov identifier:
NCT01456468].

Manipulation of the UDCA molecule by shorten-
ing a side chain by one methylene group produces
24-norUDCA (norUDCA), a C,; homologue of
UDCA. High-dose UDCA in patients with PSC
leads to increased rates of adverse outcomes,

especially in patients with normal serum bilirubin
or early histological-stage disease [Imam er al.
2011]. Post hoc analysis of serum bile acid compo-
sition in 56 patients included in the aforemen-
tioned trial observed markedly increased levels of
hepatotoxic bile acid: lithocholic acid (ILCA) in
patients on high-dose UDCA [Sinakos er al.
2010]. In rabbits, accumulation of toxic LCA fol-
lowing ingestion of UDCA causes inflammation
of hepatic portal tracts and bile duct proliferation
[Cohen er al. 1986]. In contrast to UDCA,
norUDCA is secreted into bile in an unconju-
gated, glucoronidated form [Hofmann ez al.
2005]. Its metabolite, nor-lithocholate, does not
accumulate in hepatocytes or cause hepatotoxicity
in animal models [Cohen ez al. 1986]. Moreover,
norUDCA administered to Mdr2—/— mice
increases hydrophilicity of bile and stimulates can-
alicular flow [Fickert et al. 2006]. It remains
unclear whether these promising results will trans-
late to human studies, however phase II trials in
humans are now also underway [ClinicalTrials.
gov identifier: NCT01755507].

Activating protective pathways in hepatocyte
cholestasis may limit hepatic damage in a choles-
tatic disorder. One of the master regulators of
this is FXR. The natural ligand for FXR are bile
salts and one of the key roles of FXR is down-
regulating cytochrome P450 7A1, a rate-limiting
enzyme in bile salt production. Obeticholic acid,
an FXR agonist with encouraging results in PBC
phase II studies, may also prove efficacious in
PSC with a clinical trial ongoing [ClinicalTrials.
gov identifier: NCT02177136]. Furthermore
inhibition of the Apical Sodium Dependent Bile
Acid Transporter (ASBT) in the terminal ileum
may also reduce the enterohepatic circulation of
bile salts, which could bring therapeutic benefit
in PSC. Once again, a phase II study of an ASBT
inhibitor, LUMOO1, is ongoing [ClinicalTrials.
gov identifier: NCT02061540].

Conclusion

Over the past two decades many clinical trials of
medical therapy in PSC have been conducted; how-
ever, none have demonstrated real improvements in
hard clinical endpoints. This reflects our lack of
understanding of disease heterogeneity, basic mech-
anisms of disease pathogenesis and perhaps a lack of
robust biomarkers to act as early disease endpoints
in clinical trial design. Several potential therapeutic
agents have been widely accepted as ineffective
despite inadequate trial data to support these
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conclusions. A renewed approach to evaluation of
such agents is thus justified. Future trials in PSC are
speculated to focus on two areas: the search for a
biologically plausible signal of drug efficacy (e.g.
fibrosis markers, MRI changes, histological changes)
and trials of therapeutic agents in high-risk individu-
als who have yet to reach end-stage disease, but
whose disease is advanced enough to provide a true
signal of drug efficacy. With GWAS highlighting
new potential pathogenic mechanisms, the develop-
ment of national collaborative disease consortia
and new antifibrotic agents, the 21st century
should hold new excitement for the treatment
of PSC.
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