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Abstract
Purpose of Review Primary sclerosing cholangitis (PSC) is a chronic cholestatic disorder characterized by inflammation of
intrahepatic and/or extrahepatic bile ducts leading to stricturing, biliary fibrosis, cirrhosis, and liver failure. PSC is highly
associated with inflammatory bowel diseases (IBD) and bears significant risk for cholangiocellular and colorectal cancer. To
date, nomedical treatment has been proven in randomized controlled trials to improve transplant-free and overall patient survival.
However, numerous innovative therapeutic concepts are currently tested in phase 2 to phase 3 clinical trials. Based on currently
suggested pathogenetic mechanisms of PSC, such drugs target its immunopathogenesis and nuclear and membrane receptors
regulating bile acid transport and metabolism, gut microbiota, and liver fibrosis. The purpose of this review is to discuss recent
advances in targeted medical treatment options for PSC.
Recent Findings While a large carefully designed phase 2b trial targeting fibrosis development in PSC failed (simtuzumab),
another compound was promoted from phase 2a to phase 3 trial based on significant improvements of alkaline phosphatase (AP)
and excellent safety profile (norursodeoxycholic acid, norUDCA).
Summary Ongoing trials evaluate numerous different targets considered to be involved in PSC pathogenesis, with so far, no clear
advantage of either compound. This must be attributed to the still unknown cause of PSC. It may turn out that only combination
therapy may reach a breakthrough. The fact that numerous studies isochronally test the same drug or therapeutic concept like in
the case of vancomycin or faecal microbiota transplantation (FMT) demands improved and coordinated international strategies
for study design to develop more effective drug pipelines, which is one major target of the International PSC Study Group
(IPSCSG).
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AASLD American Association for the Study of Liver
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ACG American College of Gastroenterology
AP Alkaline phosphatase

ATRA All-trans retinoic acid
C4 7α-Hydroxy-cholestene-4-one
EASL European Association for the Study of Liver
FGF-19 Fibroblast growth factor 19
FGFR FGF receptor
FMT Faecal microbiota transplantation
FXR Farnesoid X nuclear receptor
HNF Hepatic nuclear factor
LRH Liver receptor homologue
LOXL-2 Lysyl oxidase like-2
GR Glucocorticoid receptor
MADCAM Mucosal addressin cellular adhesion molecule-1
MDR-3 Multidrug resistance protein 3
NF-κB Nuclear factor kappa B
norUDCA 24-norUrsodeoxycholic Acid
OCA Obeticholic acid
PBC Primary biliary cholangitis
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PPAR Peroxisome proliferator–activated receptor
PSC Primary sclerosing cholangitis
PXR Pregnane X receptor
RCT Randomized controlled trial
SHP Small heterodimer partner
UDCA Ursodeoxycholic acid

Introduction

Primary sclerosing cholangitis (PSC) is a rare chronic chole-
static liver disease characterized by inflammation and subse-
quent multifocal strictures of medium- to large-sized bile
ducts which may finally lead to biliary cirrhosis and liver
failure [1]. Besides cirrhosis, PSC patients are at high risk
for complications such as dominant bile duct strictures, bac-
terial cholangitis, and cholangiocellular as well as colorectal
cancer [2, 3•, 4]. In contrast to primary biliary cholangitis
(PBC), the efficacy of ursodeoxycholic acid (UDCA) in
PSC is controversially discussed. Although UDCA was
shown to improve histology and/or serum biochemistry in
PSC, in particular alkaline phosphatase (AP), which, however,
so far only is established as outcome-relevant prognostic pa-
rameter in PBC [5], there is no convincing evidence for pos-
itive effects on the need for liver transplantation or death.
Since high-dose UDCA treatment has even been associated
with increased mortality, the American Association for the
Study of Liver Diseases (AASLD) currently recommends
against the use of UDCA in PSC while the American
College of Gastroenterology (ACG) and the European
Association for the Study of the Liver (EASL) follow a more
liberal strategy by discouraging UDCA doses beyond
28 mg/kg/day [6–8], since specific subpopulations might def-
initely profit from UDCA treatment [9–11]. Such a differenti-
ated strategy is in some way supported by retrospective stud-
ies demonstrating that normalization of AP is associated with
a survival benefit, either when using UDCA at intermediate
doses of 17–23 mg/kg/day, but also without any medication
[9–11]. Nevertheless, liver transplantation is currently the only
definitive treatment for progressive and complicated PSC or
end-stage liver disease. Therefore, we need novel medical
treatment strategies [3•]. However, precision treatment with
one single drug for PSC is unlikely and the search for effective
treatment is hampered by numerous facts: (i) PSC as an um-
brella term for an apparently mixed bag probably contains
various disease phenotypes, with substantial differences in
presentation, clinical course, associated complications, and
type of progression; (ii) clinical diagnosis of PSC is impre-
cisely and therefore unsatisfying, since the gold standard is
imaging by ERCP or MRCP that still only allows late diag-
nosis in many cases and has low specificity; (iii) most impor-
tantly, the cause of PSC still is unknown.

Current pathogenetic models and concepts for PSC include
(i) dysregulation of the immune signalling, (ii) increased gut
permeability with subsequent delivery of pathogen-associated
molecular patterns (PAMPs, including bacterial polysaccha-
rides and endotoxins) to the liver, potentially associated with
(iii) the dysbiosis of the gut microbiome, and (iv) the toxic bile
hypothesis postulating direct luminal damage of the bile duct
wall. Such models were recently concisely reviewed else-
where [1, 12] and should be considered as a kind of crutch,
since there is no unifying and convincing concept to date.
Interestingly, there is no hard evidence for a robust genetic
backbone in PSC pathogenesis with the exception of some
human leukocyte antigens [13]. Nevertheless, recent discov-
eries in regard to the regulation of bile acid synthesis, trans-
port, and metabolism; the identification of novel target mole-
cules potentially engaged in PSC pathogenesis (e.g. VAP-1
and LOXL2); and the credible role of gut-derived microbes
stimulated the development of innovative treatment strategies.
Consequently, numerous drugs have been investigated or are
currently tested in clinical phase 2 to 3 trials and are therefore
focus of this review. The following subdivision of diverse
therapeutic principles is arbitrary in its nature, since some
drugs may have substantially overlapping modes of action
(e.g. farnesoid X receptor (FXR) ligands typically modulating
bile acid turnover may also have anti-inflammatory actions)
while other treatment strategies may not fit clearly into any
currently defined therapeutic concept (e.g. faecal microbiota
transplantation, FMT). The dynamic in the field is pleasant
and astonishing, but comprises the risk that this article is out
of date when just published.

Nuclear and Membrane Receptor Ligand-Based
Therapies

Farnesoid X Receptor Agonists

Negative feedback activation of the nuclear bile acid receptor
FXR regulates bile acid turnover both within the liver (via
SHP-LRH-1/HNF-4α) and from the gut (via FGF19-
FGFR4/β-klotho) [14, 15]. Synthetic FXR agonists therefore
reduce potentially toxic levels of bile acids in the liver and in
the enterohepatic circulation, but may also display anti-
inflammatory properties, reduce portal hypertension, and di-
minish gut permeability [16–21].

Bile Acid–Derived FXR Agonists

Obeticholic acid (OCA) is the 6-ethyl derivative of naturally
occurring FXR agonist chenodeoxycholic acid (CDCA) with
about 100 times higher potency than CDCA itself. In a phase
3 trial in 217 patients with PBC onUDCA or intolerant to it (i.e.
the POISE study), OCAwas found to reduce serum levels of AP
significantly more often than placebo, reaching the composite
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endpoint of AP levels of less than 1.67 times the upper limit of
the normal range, with a reduction of at least 15% from base-
line, and a total bilirubin level at or below the upper limit of the
normal range in about half of the patients randomized to OCA.
Dose-dependent pruritus occurred as one major side effect [22].

Consequently, OCAwas tested in a phase 2a, double-blind,
placebo-controlled trial in 77 PSC patients for 24 weeks with
AP-dependent titrating doses of 1.5–3 mg/day and 5–10 mg/
day, respectively, with 1:1:1 randomization versus placebo (the
AESOP study; NCT02177136; Table 1). Both doses overall
reduced AP levels by 22% reaching statistical significance for
the high-dose regiment. In PSC patients with baseline UDCA
medication, OCA significantly decreased serum AP levels by
about 15% with both doses, whereas in those patients without
baseline UDCA, somewhat greater AP reductions were ob-
served, significantly for the higher dose regime at 12 weeks,
by 30%. A grave adverse event was as observed in earlier OCA
study dose-dependent pruritus, causing discontinuation of the
study in 4/25 patients in the high-dose group. A 2-year open-
label long-term extension of the study is ongoing [23].
Mechanistically of potential importance for its side effects,
OCA is highly preserved within the enterohepatic circulation,
which may lead to significant enrichment especially in patients
with advanced liver disease. Moreover, both intestinal FXR
activation and hepatic FXR activation downregulate bile acid
synthesis from cholesterol. Consequently, any FXR activator is
supposed to increase low-density lipoprotein (LDL) cholesterol
via downregulation of LDL receptor (LDLR), but also to de-
crease high density-lipoprotein (HDL) cholesterol by inducing
scavenger receptor group B type 1 (SR-BI) [24]. The phase 2b
FLINT trial with OCA in patients with nonalcoholic
steatohepatitis (NASH) that demonstrated significant improve-
ments in histological features of NASH confirmed the antici-
pated changes in serum cholesterol profiles [25] that also were
seen in the POISE study [22]. Decreased bile acid synthesis via
FXR agonists in principle also may result in biliary cholesterol
supersaturation and increased gallstone susceptibility [26].
However, so far, no clinical data on increased gallstone inci-
dence during OCA treatment have been reported.

Non–bile acid–Derived FXR Agonists and FGF19
Analogues

GS-9674

Non-steroidal FXR agonists have been synthesized in the hope
to preserve the attractive therapeutic potential of targeting FXR
such as decreased hepatic bile acid levels and potential anti-
inflammatory effects, and in parallel to avoid potential adverse
effects of bile acid derivatives such as pruritus or drug toxicity.
In addition, synthetic non-steroidal FXR agonists are also de-
signed to show higher degree of receptor specificity, less

enterohepatic circulation, and improved bioavailability, which
might result in favourable extrahepatic effects as well [27].

To the best of our knowledge, there is currently no publica-
tion on the effects of GS-9674 (previously called Px-102) in
animal models for cholestatic liver diseases available. Rather, in
a mouse model of diet-induced obesity, GS-9674 was shown to
reduce hepatic steatosis and fibrosis, as well as serum levels of
cholesterol, ALT, and AST [28]. Furthermore, dose-dependent
antifibrotic effects and lowered portal pressure were observed
in portal hypertensive rats [29]. A phase 2 trial recently evalu-
ated the safety, tolerability, and efficacy of 30 mg and 100 mg
GS-9674 in 52 PSC patients (NCT02943460). At week 12,
cilofexor 100 mg led to significant reductions in serum AP
and other liver biochemistry. Grade 2 or 3 pruritus were
observed in 14% with 100 mg, 20% with 30 mg, and 40%
with placebo (Trauner M et al. Hepatology 2019 https://doi.
org/10.1002/hep.30509) (NCT02943460; Table 1).

NGM282

FGF-19 is FXR activation dependently produced in the liver,
gallbladder, and the distal small intestine and may despite its
short half-life potentially stimulate cell proliferation in the liver
and gut [30–34]. Synthetic FGF-19 derivatives may provide a
prolonged inhibition of bile acid synthesis via the FGFR4/β-
klotho signalling axis, which might be beneficial in cholestatic
liver disease, but may also have less cell proliferative activity.
NGM282, a synthetic analogue of FGF-19 lacking potential
tumorigenic effects, showed dose-dependent reductions in se-
rum AP levels in PBC patients with insufficient response to
UDCA [35]. Such a concept was successfully tested in animal
models for sclerosing cholangitis [36] andwas also evaluated in
a randomized controlled trial including 62 patients with PSC
(NCT02704364; Table 1). However, according to a press re-
lease from NGM, the study did not meet the primary endpoint
of a statistically significant change in serum AP levels although
significant improvements in biomarkers of hepatic injury and
fibrosis and significant reductions in serum bile acids and 7α-
hydroxy-cholesten-4-one (C4, marker of bile acid synthesis)
were observed (https://www.ngmbio.com/ngm-reports-top-
line-results-from-phase-2-study-of-ngm282-in-patients-with-
primary-sclerosing-cholangitis-psc/) [3•].

PXR/GR Agonists: Budesonide

For budesonide, a prednisolone analogue and glucocorticoid
receptor (GR) agonist with > 90% first-pass hepatic inactiva-
tion with additional affinity to the nuclear xenobiotic pregnane
X receptor (PXR), no beneficial effects were found in PSC
patients so far [37, 38]. However, there may still be a place for
alternative PXR ligands, since such a drug would also be
anticipated to positively affect autophagy, which may be
oppressed in various cholangiopathies including PSC [39,

98 Curr Hepatology Rep (2019) 18:96–106

http://clinicaltrials.gov
http://clinicaltrials.gov


Table 1 Currently registered drug trials (ClinicalTrials.gov) in primary sclerosing cholangitis (PSC) listed by suggested modes of action

Nuclear and membrane receptor ligand-based therapies
Obeticholic acid FXR agonist NCT02177136

Phase 2
AESOP, open-label phase ongoing

GS-9674 Selective, non-steroidal FXR agonist NCT02943460
Phase 2

Significant reduction of AP with 100mg at 12
weeks

FGF-19 signalling pathway analogues
NGM282 Supposedly non-tumorigenic, engineered

variant of the human hormone FGF-19
NCT02704364
Phase 2

Primary endpoint (statistically significant
change in AP) not met according to a press
release

PPAR agonists
Fenofibrate PPAR-α agonist NCT01142323

Phase 2
Open label, significant reduction in AP and

ALT; no significant change in Mayo PSC
risk score

All-trans retinoic acid (ATRA) Low-dose all-trans retinoic acid NCT01456468
Phase 1
NCT03359174
Phase 2

Primary endpoint (statistically significant
reduction in AP) not met in phase 1 study
(completed), phase 2 ongoing

Bile acids
norUrsodeoxycholic acid
(norUDCA)

HCO3
−-rich choleresis-inducing bile acid

derivative
Phase 3

Cytokine/chemokine mediator targeting therapies
Cenicriviroc CCR2/CCR5 antagonist NCT02653625

Phase 2
PERSEUS, completed December 2017

Vedolizumab Anti-α4β7 integrin antibody NCT03035058
Phase 3

withdrawn in early 2018

Timolumab (BTT1023) Anti-VAP-1 antibody NCT02239211
Phase 2

BUTEO

Antifibrotic therapy
Simtuzumab LOXL2 inhibition NCT01672853

Phase 2b
Primary endpoint (significant change in

hepatic collagen content) not met
Modulation of the gut microbiome

Vancomycin Antibiotic NCT02605213
NCT02464020
NCT02137668
NCT01322386
NCT01802073
NCT01085760

Rifaximin Antibiotic NCT01695174
(published)

Open-label pilot study, no significant
improvements in serum AP, bilirubin, GGT,
or Mayo PSC risk score

Minocycline Antibiotic NCT00630942 Open-label pilot study
Metronidazol Antibiotic NCT03069976 Peadiatric

Faecal microbiota transplantation NCT02424175
Phase 1/2

Other or undefined modes of action
Maralixibat (LUM001) ASBT inhibitor NCT02061540

Phase 2
CAMEO, completed, no clinically relevant

change in liver biochemistries
Hymecromone Inhibition of synthesis of hyaluronan NCT02780752

Phase 1/2
Mitamycin C Inhibition of myofibroblasts NCT01688024

Phase 2
HTD1801 NCT03333928

Phase 2
No valid information retrievable

DUR-928 NCT03394781
Phase 2

No valid information retrievable

Thalidomid NCT00953615 One subject, terminated
Docosahexaenoic acid (DHA) High DHA supplementation NCT00325013

Phase 1
Sulfasalazine Anti-inflammatory NCT03561584

Phase 2a
Curcumin Naturally occurring plant compound NCT02978339

Phase 1/2
Umbilical cord mesenchymal stem
cells (UCMSC)

Intra-arterial injection of UCMSC NCT03516006
Phase 1

ORBCEL-C Selected UCMSC NCT02997878
Phase 1/2

Erlotinib (Tarceva) Epodermal grotwh factor receptor (EGFR)
blockade in patients with trisomy 7

NCT00955149
Phase 1
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40]. Candidate drugs should be tested systematically in pre-
clinical models for proof of such an interesting concept.

PPAR Agonists

Anticholestatic properties of peroxisome proliferator-activated
receptor (PPAR) agonists are numerous: upregulation of the
multidrug resistance 3 receptor (MDR3) thereby enhancing bil-
iary phospholipid secretion and mixed micelle formation; inhi-
bition of bile acid synthesis with upregulation of bile acid de-
toxification routes; anti-inflammatory effects by suppression of
NF-κB transcription; and simultaneous cross-reaction with ad-
ditional nuclear receptors such as FXR and PXR [3•, 41]. PPAR
agonists are now established as useful “second-line therapy” for
PBC patients with insufficient UDCA response as supported by
the findings of the recently published BEZURSO trial as the
largest RCT supporting a beneficial role for bezafibrate, a pan-
PPAR agonist [5, 42]. In contrast so far, there is only a limited
number of studies in PSC patients [43–45] and most important-
ly no RCT. One promising prospective study with 12-week
bezafibrate treatment in 11 PSC patients showed significant
improvement of AP and ALT levels and an increase of these
parameters after cessation of the study medication [44]. For
fenofibrate, a PPAR-α agonist, evidence in PSC is limited to
two small open-label studies published so far only in abstract
format [46, 47]. For seladelpar, an orally administered potent
and selective PPAR-δ agonist that has recently been shown to
improve cholestasis in PBC [48], and elafibranor (GFT505), a
dual PPAR-α and PPAR-γ agonist that is currently also tested
in PBC, no data have been retrieved in PSC so far. These
compounds have multiple beneficial anticholestatic effects but
it remains to be determined whether these are effective in the
treatment of PSC.

The BEZURSO trial convincingly demonstrated that large
investigator-initiated multicentre studies with well-defined
outcome parameters are feasible.

TGR5 Agonists: INT-767 and INT-777

Secondary bile acids effectively activate the trans-membrane
G-protein coupled receptor 5 (TGR5), a cell surface receptor
expressed in sinusoidal endothelial cells, Kupffer cells, and
cholangiocytes, which represents a potential treatment target
for cholestatic liver diseases such as PBC and PSC. Bile acid–
derived INT-767 (a dual FXR/TGR5 agonist) and INT-777 (a
specific TGR5 agonist) showed promising results with ame-
liorated liver injury in the Mdr2−/− mouse cholangiopathy
model [49]. As a caveat, cholangiocarcinomas were shown
to have increased TGR5 expression [50]. It remains uncertain
whether pharmacological TGR5 activation may consequently
stimulate cholangiocarcinoma formation or progression [50].
The future of TGR5 targeting drugs therefore might be vague,

and currently, there are no clinical trials testing TGR5 agonists
in PSC patients.

All-trans Retinoic Acid

All-trans retinoic acid (ATRA) activates the nuclear receptor
complex FXR/retinoid X receptor (RXR) with consequent
repression of CYP71A and bile acid synthesis [51]. Based
on promising findings in animal models of cholestasis
(Mdr2−/− mice, bile duct–ligated rats) [52, 53], ATRA was
evaluated as a potential treatment for PSC. A small pilot study
in 15 PSC patients that were administered moderate-dose
UDCA (15–23 mg/kg/day) in combination with ATRA
(45 mg/m2/day) for 12 weeks did not meet the primary end-
point of a 30% reduction in serum AP, although a significant
decrease in serum ALT and C4 levels was observed [54].
Lower dose ATRA (10 mg twice daily) is currently investigat-
ed in a phase 2 study (NCT03359174; Table 1).

norUrsodeoxycholic Acid

There is no evidence so far that norursodeoxycholic acid
(norUDCA) signals via a known receptor [55]. Results of a
recently published phase 2a study in PSC showed that
norUDCA significantly reduced serum AP levels in a dose-
dependent manner [56••]. A total number of 161 patients were
included in this multicentre RCT to either 500, 1000, or
1500 mg of norUDCA per day or placebo. In a 12-week
treatment phase, norUDCA reduced AP levels by − 12.3%
(p = 0.029) in the 500 mg per day, − 17.3% (p = 0.003) in
the 1000 mg per day, and − 26.0% (p < 0.0001) in the
1500 mg per day groups when compared with placebo.
Moreover, norUDCA significantly reduced serum transami-
nases and gamma glutamyl transferase (GGT) in a dose-
dependent fashion. The safety profile was excellent. The most
frequently observed adverse events in the norUDCA treat-
ment arms were abdominal pain, fatigue, nasopharyngitis,
headache, and pruritus but importantly not different to placebo
[56••]. Consequently, a phase 3 trial comparing the effects of
norUDCAwith placebo is currently recruiting PSC patients in
Europe (NUC5/PSC, EudraCT Number: 2016-003367-19;
Table 1). norUDCA was also successfully tested in a phase
2a trial in NALFD patients [57]. The therapeutic effects of
norUDCA may be pleotropic and also not restricted to the
liver, with induction of bicarbonate-enriched choleresis, but
also anti-inflammatory and antifibrotic properties [58–62].

Cytokine/Chemokine Mediator Targeting Therapies

The failed immunosuppressive treatment strategies tested in
PSC are numerous and were summarized carefully in detail
elsewhere [63]. Treatment failure of immunosuppression in
PSC may have plenty of reasons ranging from patient
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selection and study design to the mechanisms of the drugs
tested so far. Several strategies to selectively act on recently
identified immunotargets in PSC that now are about to be
tested are based on more or less solid evidence. These treat-
ment strategies include the anti-vascular adhesion protein-1
(VAP1) antibody timolumab (NCT02239211), the chemokine
receptor 2 and chemokine receptor 5 (CCR2/CCR5) antago-
nist cenicriviroc (PERSEUS; NCT02653625), and the α4β7
integrin blocker vedolizumab (NCT03035058).

The most solid theoretical backbone is currently given for
timolumab, a fully human, monoclonal, anti-VAP-1 antibody,
since VAP-1 expression was shown to be significantly induced
in PSC patients and there is also positive preclinical evidence
for anti-VAP-1 treatment. VAP-1, a trans-membrane
sialoglycoprotein expressed on human hepatic endothelium,
drives inflammation in liver disease by supporting lymphocyte
adhesion and transendothelial migration. Thereby, VAP-1 also
promotes the formation of fibrosis [64, 65]. Treatment with an
anti-VAP-1 antibody was shown to prevent fibrosis in murine
models of liver injury [66]. Timolumab (BTT1023) is currently
tested within the BUTEO trial, a single-arm, two-stage, open-
label, multicentre, phase 2 clinical trial in adults with PSC
(NCT02239211; Table 1).

The CCR2/CCR5 antagonist cenicriviroc has been shown
to have anti-inflammatory and antifibrotic effects on animal
models of fibrosis and nonalcoholic steatohepatitis (NASH).
A phase 2 trial in PSC evaluating the effect of a 24-week
treatment with cenicriviroc 150 mg/day in patients with PSC
(NCT02653625) was completed in December 2017, but re-
sults are yet to be published (Table 1).

Vedolizumab, an anti-α4β7 integrin monoclonal anti-
body, is used for IBD treatment. The ligand for α4β7
integrin, MADCAM-1, which is usually expressed in the
gut, was also found in the liver sinusoidal endothelium in
PSC. Binding of α4β7 integrin to MADCAM-1 causes
migration of gut-primed, mucosally activated T cells to
the liver [67–69]. Vedolizumab, by blocking α4β7
integrin, might therefore play a role in reducing lympho-
cyte recruitment to the liver and thereby ameliorating he-
patic and biliary inflammation in PSC. To date, only small
studies evaluated the effect of anti-integrin therapy with
vedolizumab in patients with IBD and concomitant PSC.
Despite showing efficacy in ameliorating IBD, the impact
of vedolizumab on liver biochemistry was rather modest
and disappointing [70–72]. One retrospective multicentre
study of 34 PSC patients receiving vedolizumab for con-
comitant IBD demonstrated no overall change in serum
AP, other liver biochemistry, or the Mayo PSC risk score
after 30 weeks [72]. Results from a study of pooled data
from patients with PSC-IBD treated with vedolizumab
from several European and North-American centres col-
lected by the IPSCSG are about to be published in the near
future. Of note, a phase 3 trial with vedolizumab for

patients with PSC-IBD (NCT03035058) was withdrawn
in early 2018.

Antifibrotic Treatment Strategies

Simtuzumab

Lysyl oxidase like-2 (LOXL2) plays an important role in fi-
brosis by promoting stabilization of the extracellular matrix,
as well as in chemotaxis, cell growth, and cell mobility and
may also be engaged in the regulation of bile duct permeabil-
ity [73–76]. Induction of LOXL2 activity was demonstrated in
fibrotic liver diseases including PSC [76, 77]. Targeting
LOXL2 using the monoclonal antibody simtuzumab therefore
seemed to represent an attractive treatment option in PSC due
to its potential antifibrotic effects, the therapeutic property to
seal leaky bile ducts, and, by inhibiting epithelial-
mesenchymal transition (EMT), also the potential to prevent
cholangiocarcinoma.

Two different doses of simtuzumab administered over
96 weeks were investigated in a placebo-controlled phase 2b
study including 234 PSC patients with half of them having
bridging fibrosis or cirrhosis at baseline [78••] (Table 1).
Simtuzumab was well tolerated; however, this study failed to
show any clinical benefit. As such, there were no significant
differences in hepatic collagen content, Ishak fibrosis stage, or
decrease in AP compared with placebo [78••]. There was not
even an effect on liver fibrosis as determined by various tests
including measurement of hepatic collagen content [78••].
However, this study provided pivotal information on the clin-
ical course of PSC and useful hints for the design of future
PSC treatment trials, and thus should be discussed open-
mindedly, for the best of our PSC patients [79]. Of note, de-
spite promising preclinical results with antimouse/rat LOXL2
antibodies in various animal models [80–83], the anti-LOXL2
strategy with simtuzumab also failed in liver fibrosis due to
chronic hepatitis C or NASH, pancreatic cancer, and lung
fibrosis [80].

Antibiotics

Due to the strong association between PSC and IBD and the
growing evidence for the role of the gut microbiome in PSC
development [84], treatment strategies targeting the gut
microbiome such as FMT (NCT02424175) or gut-selective
antibiotic eradication with vancomycin (NCT01802073,
NCT01085760), rifaximin (NCT01695174), or minocycline
(NCT00630942), with potential immunomodulatory effects,
have been tested [3•] (Table 1).

The glycopeptide antibiotic vancomycin is poorly absorbed
when given orally and probably the most promising candidate
for PSC treatment [3•] since it was also shown to act as an
immune modulator by reducing T cell–mediated cytokine
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release [85, 86]. Small controlled trials, case series, and case
reports in both, adults, and children reported a significant drop
in AP [87]. However, the total number of patients treated as
well as the treatment periods in the single studies is too small
to currently recommend oral vancomycin as a long-term PSC
treatment [85]. For that purpose, larger, long-term double-
blind controlled trials of vancomycin versus placebo are need-
ed. We identified six different registered clinical trials enroll-
ing PSC patients for vancomycin treatment which urgently
calls for better international study coordination.

While a 12-week open-label pilot study evaluating oral
rifaximin (550 mg twice daily) in 16 PSC patients showed
no significant improvements in serum AP, bilirubin, GGT,
or Mayo risk score [88], an open-label study of
minocycline (100 mg orally twice daily) in 16 PSC pa-
tients over 1 year demonstrated significant improvements
in serum AP and Mayo PSC risk score [89]. Besides an-
timicrobial properties, therapeutic effects of minocycline
may be due to its anti-inflammatory and anti-apoptotic
activities such as inhibition of inducible nitric oxide syn-
thase, upregulation of interleukin-10, direct suppressive
effect on B and T cell function, and inhibition of cell
death pathways by reducing proapoptotic and proinflam-
matory enzyme activation [89, 90].

FMT

FMT has been shown to be effective for recurrent Clostridium
difficile infections with colitis, may be of benefit in ulcerative
colitis, and was tested in various gastrointestinal disorders
including irritable bowel syndrome [91]. The literature on
the effects of FMT in general is very hard to interpret, as
current protocols differ substantially in regard to route and
frequency of application, preparation of the transplanted stool,
use or abstinence of upstream antibiotic treatment, randomi-
zation, and, probably most importantly, well-defined control
groups. Despite numerous uncertainties and potential risks,
diagnostic and therapeutic standards for the performance of
FMT only recently have been published [92].

An interim analysis of an ongoing open-label trial in-
vestigating safety and efficacy of FMT in PSC patients
revealed that half of the patients had a decline in AP of ≥
50% from baseline, without reported adverse events
(NCT02424175; Table 1) [3•], which sounds spectacular.
However, currently, no single full paper is published on the
effects of FMT in PSC.

We have to avoid premature conclusions on this novel
approach, in particular, since FMT in its broadest bears
the risk of self-application of “stool preparations” that are
touted by different distributors. FMT may prematurely
reach “clinics,” since this is already discussed intensively
in different patient forums.

Other Concepts Currently Tested

The apical sodium–dependent bile acid transporter (ASBT) is
pivotal for reabsorption of conjugated bile acids in the ileum
[93]. Pharmacological inhibition of ileal ASBT with non-
absorbable ASBT inhibitors, so-called IBAT (ileal bile acid
transporter) inhibitors, leads to a lower bile acid pool, which
is associated with improved liver histology in animal models
of cholestatic liver disease and NASH [93]. In cholestatic liver
diseases with pruritus, the interruption of the enterohepatic
circulation of bile acids with IBAT inhibitors showed promis-
ing effects on cholestatic pruritus. However, at least in adults,
moderate to severe abdominal side effects substantially limit
their application [93]. The ASBT inhibitor maralixibat
(CAMEO; NCT02061540) has already been tested in 27 pa-
tients with PSC. However, according to the preliminary results
given on clinicaltrials.gov, no clinically relevant change in
liver biochemistries was observed (Table 1) [3•].

Other drugs that have been or are currently tested in PSC
according to clinicaltrials.gov include hymecromone
(NCT02780752), mitamycin C (NCT01688024), small
molecules (HTD1801, NCT03333928; DUR-928,
NCT03394781) , curcumin (NCT02978339) , and
sulfasalazine (NCT035615849). Also, intra-arterial injection
of umbilical cord mesenchymal stem cells (UCMSC) is listed
as an active but not recruiting trial in PSC (Table 1).

Conclusions

Future medical treatment of PSCmight include a combination
therapy but we currently lack a convincing concept for that.
Theoretically, a potential treatment regimen in PSC may in-
clude synergistically acting anticholestatic norUDCA and
fibrates. Targeting at an inflammatory gut-liver axis in PSC
may contain novel therapeutic antibodies, antibiotics,
sulfasalazine, and FMT. Until we will know the cause for
PSC, which still remains the main conundrum for successful
treatment development, we should discuss and design combi-
nation treatment trials in the IPSCSG with approaches tested
successfully in phase 2 to 3 clinical trials to avoid performing
underpowered or poorly designed studies. We feel that earlier
diagnosis of PSC will also be a key for future successful treat-
ment. Therefore, patients with enigmatic AP elevations and
abdominal pain or discomfort should liberally be endoscoped
to carefully search for often mild to moderate and only right-
sided PSC-IBD. Efforts for new diagnostic tests aiming at
earlier PSC detection should be increased, since MRCP and
ERCP still do only detect the footprints of the disease and are
therefore an imperfect gold standard.

The dynamics of the development of novel therapeutic
strategies for PSC underscores the importance of the
IPSCSG, an organization that was founded in Oslo in 2010.
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The aim of the IPSCSG is to coordinate basic and clinical
research projects and to optimize study design for the best
benefit and medical progress of PSC patients.
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