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Cholestatic liver diseases are conditions with impaired bile formation and/or flow due to genetic, immunologic, envi-

ronmental, or other causes. Unless successfully treated, this can lead to chronic liver injury and end-stage liver disease.

Primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) embody the most prominent adult chole-

static liver diseases with regard to incidence, morbidity, and mortality. A considerable proportion of patients with PBC

and PSC experience progressive liver disease and ultimately liver-related death due to a paucity of effective pharmaco-

therapy; however, novel pharmacologic developments offer substantial promise in this regard. Here, we provide a brief

review and update on current and emerging pharmacotherapies for PBC and PSC. (HEPATOLOGY COMMUNICATIONS

2017;1:7-17)

Introduction

C
holestatic liver disease encompasses an array
of human disorders and syndromes in which
there is impairment of bile formation and/or

flow due to genetic, immunologic, environmental, or
other causes. This impairment can be localized to
microscopic hepatic canaliculi, intrahepatic biliary duc-
tules, segmental ducts, or large intrahepatic and extra-
hepatic bile ducts and may be secondary to congenital
or acquired defects in, injury to, or disruption of chol-
angiocytes and other hepatic cell types.
The most common and prominent adult cholestatic

liver diseases from a clinical and public health perspec-
tive are primary biliary cholangitis (PBC) and primary
sclerosing cholangitis (PSC). In large part due to
a paucity of effective pharmacotherapies, PBC and

PSC have considerable morbidity and mortality and
constitute a major indication for orthotopic liver trans-
plantation (LT). In this brief review, we provide an
overview of PBC and PSC and an update highlighting
current and investigational pharmacotherapies.

Overview of PBC

CLINICAL FEATURES AND
EPIDEMIOLOGY

PBC is an autoimmune disease of the liver charac-
terized by destruction of the small intrahepatic bile
ducts.(1) It primarily affects middle-aged women, with
a reported female-to-male ratio of 10:1. The incidence
and prevalence of PBC have been reported to be 0.33-
5.8 per 100,000 people and 1.9-40.2 per 100,000
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people, respectively,(2) and recent reports suggest that
the incidence of PBC is rising.(3) PBC is commonly
seen in association with other autoimmune diseases,
such as scleroderma, thyroid dysfunction, rheumatoid
arthritis, and autoimmune hepatitis (AIH).(4)

DIAGNOSIS

The diagnosis of PBC is made, after excluding all
other causes of cholestasis, based on biochemical evi-
dence of cholestasis (typically a serum alkaline phos-
phatase [ALP] level� 1.5 times the upper limit of
normal) coupled with the presence of anti-
mitochondrial antibodies (AMA).(5) AMA, a highly
specific antibody, is found in nearly 95% of all PBC
patients and is rarely found in healthy individuals.(6)

Liver biopsy may be needed in equivocal cases to con-
firm histologic features of PBC and can also provide
an assessment of disease activity and stage.

NATURAL HISTORY

PBC is a major cause of liver-related morbidity and
mortality in Western societies. Although the majority
of patients with PBC (up to 70%) are asymptomatic at
the time of diagnosis, up to 89% will develop PBC-
related symptoms during an average follow-up period
of up to 17.8 years after PBC diagnosis.(5) Progression
to cirrhosis and liver failure (variceal hemorrhage, asci-
tes, hepatic encephalopathy, and hyperbilirubinemia)
during a 5-year follow-up has been reported to be 15%
in a well-characterized cohort of PBC patients.(7) Sur-
vival is markedly decreased in patients who progress to
these clinical complications. For example, after the
development of varices, 3-year survival has been found
to be 59% and only 46% after an episode of esophageal
variceal bleeding.(8) As with patients with cirrhosis due
to other etiologies, PBC patients with cirrhosis are also
at increased risk for hepatocellular carcinoma.(9)

Importantly, asymptomatic PBC patients have been
found to have better long-term survival than those who
present with (or develop) symptoms.(10) Likewise, sur-
vival of patients with early stage PBC who respond to
ursodeoxycholic acid (UDCA), for years the only US
Food and Drug Administration (FDA)-approved
pharmacotherapy for PBC, is comparable to the gener-
al population.(11) Unfortunately, only a fraction of
patients with PBC will begin UDCA therapy at an
early stage and experience excellent biochemical
response(12); the remainder of patients represent an
increased-risk group for which novel therapies are
needed, as will be reviewed below.

Overview of PSC

CLINICAL FEATURES AND
EPIDEMIOLOGY

PSC is an idiopathic disease of the liver that results
in fibro-obliterative destruction of the intrahepatic and/
or extrahepatic bile ducts.(13) PSC can affect pediat-
ric(14) as well as adult patients, has a 2.5:1 male-to-
female predominance, and is commonly (75%) associat-
ed with inflammatory bowel disease (IBD), particularly
ulcerative colitis (UC).(15) The reported incidence and
prevalence rates for PSC range from 0-1.3 per 100,000
people per year and 0-16.2 per 100,000 people, respec-
tively.(2) Although population studies are limited, avail-
able data suggest that the incidence of PSC is rising.(16)

DIAGNOSIS

The diagnosis of PSC is established when any two
of the three following criteria are met: (1) biochemical
evidence of cholestasis (elevated serum ALP� 1.5
times the upper limit of normal), (2) cholangiographic
changes of PSC, and/or (3) histologic abnormalities
consistent with PSC.(17) In the proper clinical context
(e.g., a young male with IBD and a cholestatic serum
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biochemical profile), a characteristic cholangiographic
appearance can negate the need for a liver biopsy. Of
note, AIH overlap occurs more frequently in pediatric
PSC than adult PSC(18) and is an important diagnosis
to rule out because this subset of patients might bene-
fit from treatments directed against AIH (not
discussed).

NATURAL HISTORY

In both children and adults, PSC can progress to
end-stage liver disease, even in the absence of
intervening symptoms. The median survival free of

LT from the time of PSC diagnosis is estimated at
15-20 years, although significant interindividual var-
iation exists.(19-23) PSC is an important cause of
morbidity and mortality; in Norway, it is the lead-
ing indication for LT.(24) Unlike PBC, PSC signif-
icantly increases the risk of cholangiocarcinoma and
gallbladder adenocarcinoma, either of which can
arise before the onset of cirrhosis.(25) Moreover,
PSC has been found to be a robust risk factor for
colorectal adenocarcinoma, especially when PSC
and IBD co-exist.(26)

To date, there is no FDA-approved pharmacothera-
py for PSC. This is related in part to the unclear

TABLE 1. Therapies (Established or Undergoing Clinical Trial Evaluation) in PBC

Agent

Type of Clinical
Trial(s),

Past or Present
Main Results/Comments

(from Prior Clinical Trials) Status at Present

Ursodeoxycholic
acid

Randomized placebo
controlled

Improves liver biochemistries, including ALP,
and liver transplant- free survival. 40% have
incomplete response to UDCA

FDA approved (1997) as first-line
therapy

Obeticholic acid Randomized placebo
controlled

Improves liver biochemistries, including ALP,
GGTP, and bilirubin. Effects on hard clinical
outcomes are yet to be elucidated

FDA approved (2016) as combination
therapy, in addition to UDCA, or as
single agent in those unable to tol-
erate UDCA

Budesonide Open label; randomized
placebo controlled

Improves liver biochemistries, including ALP.
No significant effects on bone mineralization.
Use in cirrhotic stage PBC is contraindicated

Undergoing evaluation

Fibrates Open label and random-
ized
clinical trials

Improves liver biochemistries, including ALP,
as well as PBC- related symptoms.

Undergoing clinical evaluation

Antivirals Open label; randomized
placebo controlled

Improves liver biochemistries, including ALP Undergoing clinical evaluation

Ustekinumab Open label Modest reduction in ALP, probably more effec-
tive in early stage PBC

—————

Abaacept ————— No clinical trial data. Improved histological
abnormalities in animal models.

Undergoing clinical evaluation

NGM282 ————— No clinical trial data. Improves liver histological
abnormalities in animal models of PBC

Undergoing clinical evaluation

LUM001 Open label;
randomized

Results have not been published yet Study completed

TABLE 2. Therapies Undergoing Clinical Trial Evaluation in PSC

Agent
Type of Clinical Trial(s),

Past or Present
Main Results/Comments (from

Prior Clinical Trials) Status at Present

Obeticholic acid Randomized placebo controlled ————— Undergoing clinical evaluation
NGM282 Randomized placebo controlled ————— Undergoing clinical evaluation
LUM001 Randomized placebo controlled Results have not been published yet Study completed
Vancomycin/Metronidazole Open label in children;

randomized in adults
Improves liver biochemistries, Mayo

risk score; improves cholangiographic
abnormalities on magnetic resonance

imaging studies in children

Undergoing clinical evaluation
in children and adults

Nor-ursodeoxycholic acid Randomized placebo controlled ————— Undergoing clinical evaluation
BTT1023 Randomized placebo controlled ————— Undergoing clinical evaluation
Lysyl oxidase homolog 2 Randomized placebo controlled ————— Undergoing clinical evaluation
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pathogenesis of the disease, heterogeneity in patient
phenotypes (e.g., pediatric PSC versus adult PSC),
and challenges with designing adequately powered
clinical trials.

Established and Emerging
Therapies for PBC and PSC
Extensive research has been performed and is ongo-

ing to identify safe and effective pharmacotherapies for
cholestatic liver disease. In this section, we provide a
synopsis on current and investigative treatment for
PBC and/or PSC, some of which may have a role in
both diseases (summarized in Tables 1 and 2 and
Fig. 1).

UDCA

UDCA, a naturally occurring bile acid, has been
extensively studied in both PBC and PSC. Several ran-
domized placebo-controlled clinical trials have shown
that UDCA improves liver biochemistries and LT-free
survival in PBC.(12,27-33) UDCA is one of two drugs
that are approved by the FDA for treatment of PBC
and is currently recommended as the first-line option
by the American Association for the Study of Liver
Diseases (AASLD)(5) and the European Association
for the Study of the Liver (EASL) for all PBC
patients.(34)

In PSC, the role of UDCA is unproven. Initial
reports of open-label clinical trials showed that UDCA
is safe.(35-38) Moreover, the use of UDCA (dose range
from 13-15mg/kg body weight) in PSC results in

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 1. Illustration of drugs and their proposed target site(s) in PBC and PSC. (A) NGM282; (B) fibrates, nor-UDCA, and UDCA;
(C) obeticholic acid; (D) ustekinumab; (E) budesonide; (F) LUM001; (G) antibiotics in PSC; (H) BTT1023; (I) abatacept. Abbrevia-
tions: AE2, anion exchanger 2; ASBT, apical sodium bile acid transporter; ATP, adenosine triphosphate; BSEP, bile salt export pump;
FGFR4, fibroblast growth factor receptor 4; MRP, multidrug resistance protein; NTCP, sodium/taurocholate co-transporting polypep-
tide; OATPs, organic anion transporting polypeptide; OST-a and b, organic solute transporter a and b; t-ASBT, truncated version of
ASBT; TGR5, G protein-coupled bile acid receptor 1. (A portion of this figure is adapted from Tabibian JH, Lindor KD. Primary scle-
rosing cholangitis: a review and update on therapeutic developments. Expert Rev Gastroenterol Hepatol 2016;7(2):103-114. PMID:
23363260 with permission. Copyright Mayo Foundation for Medical Education and Research. All rights reserved.)

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

ALI, TABIBIAN, LINDOR HEPATOLOGY COMMUNICATIONS, February 2017

10



improvement of serum liver biochemistries. Unfortu-
nately, two large, randomized, placebo-controlled clin-
ical trials using higher UDCA doses (17-23mg/kg
body weight (39) and 28-30mg/kg body weight(40)) did
not demonstrate a clinical benefit in PSC patients; one
of these clinical trials was prematurely terminated due
to excess rates of serious adverse events in the (high-
dose) UDCA group compared to the placebo
group.(40) Given the lack of clear evidence supporting
UDCA use in PSC, the AASLD recommends against
it, whereas EASL states “. . .the limited data does not
yet allow a specific recommendation for the general use
of UDCA in PSC.” Nevertheless, a subset of PSC
patients may sustain benefit from UDCA, but this is a
topic of uncertainty and contention.(41) With this in
mind and given the differences in pediatric versus adult
PSC, it is worth noting that a phase I, multicentral,
open-label clinical trial of UDCA in children with
PSC is underway (clinicaltrials.gov identifier:
NCT01088607).

FARNESOID X RECEPTOR
AGONISTS

Farnesoid X receptors (FXRs), a group of nuclear
hormone receptors distributed in the liver, intestines,
and kidneys, have been found to play a critical role in
bile acid (BA) metabolism. Particularly, activation of
FXRs has been shown to down-regulate the expression
of cholesterol 7-alpha hydroxylase (CYP7a1), a key
and rate-limiting enzyme in the BA synthesis path-
way.(42) Obeticholic acid (OCA; 6-ethyl chenodeoxy-
cholic acid) is a potent FXR agonist and was recently
approved by the FDA for the treatment of PBC in
patients with an incomplete response to UDCA.
In an early clinical trial of OCA in PBC patients

who had an incomplete response to UDCA, 165 sub-
jects were randomly assigned to OCA at 10mg,
25mg, 50mg, or placebo once daily for 3 months, fol-
lowed by an extended period of treatment with OCA
(for those who tolerated OCA) for 12 months.(43)

Study subjects continued their same prerandomization
UDCA dose throughout the clinical trial. Significant
reductions in liver biochemistries (ALP, gamma-
glutamyl transpeptidase [GGTP], aspartate amino-
transferase [AST], and bilirubin levels) have been
observed across all OCA treatment arms compared to
the placebo group. Specifically, ALP levels decreased
by 21%-25% on average from baseline values compared
with only 3% in the placebo group, and 69% (68/99)
of patients in the OCA arms had at least 20%

reduction in ALP levels from baseline compared with
8% (3/37) in the placebo group. Pruritus, the main
side effect in this study, was reported in 72% of those
in the OCA arms (92/127) compared to 50% (19/38)
in the placebo group, and the incidence/severity of
pruritus was dose dependent (lowest in the 10-mg
arm). ALP levels continued to decline in the extended
open-label trial.
Most recently, in a phase III clinical trial of OCA,

217 PBC patients (of whom 93% received UDCA at
baseline and throughout the clinical trial) who demon-
strated inadequate responses or intolerance to UDCA
were randomly assigned to receive either OCA at a
dose of 10mg/day (n5 73), 5mg/day for 6 months
with an increase to 10mg/day if applicable (based on
the patient’s biochemical response, side effects, and
whether or not the patient achieved the primary end-
point; n5 71), or placebo (n5 73).(44) After 12
months of treatment, the primary endpoint (serum
ALP< 1.67 times the upper limit of the normal range,
a reduction of at least 15% from baseline, and a normal
total bilirubin level) occurred in 47% of the 10-mg
group, 46% of the 5-mg to10-mg group, and in 10%
of the placebo group. Pruritus occurred more frequent-
ly in the OCA than the placebo group (68% in the 10-
mg group, 56% in the 5-mg to 10-mg group, and 38%
in the placebo group. The percentage of patients who
had a reduction of at least 15% from baseline in the
serum ALP was higher in the 10-mg group (77%) and
in the 5-mg to 10-mg group (77%) than in the placebo
group (29%). Seven patients (10%) in the 10-mg group
discontinued OCA due to pruritus, whereas only 1
patient (1%) in the 5-mg to 10-mg group discontinued
OCA due to pruritus. None of the patients in the pla-
cebo group discontinued the regimen due to pruritus.
The safety and biochemical efficacy of OCA in PSC

remains less known but is an area of interest. This is
currently being investigated in a 24-week, double-
blind, placebo-controlled, phase II clinical trial in
patients with PSC (NCT02177136).

BUDESONIDE

Budesonide has been evaluated as adjunct therapy to
UDCA in a few clinical trials in PBC patients. In an
open-label clinical trial,(45) the addition of budesonide
to UDCA in PBC patients with an inadequate
response to UDCA resulted in deterioration of bone
mineral density (BMD) and no biochemical improve-
ment. Two randomized controlled clinical trials have
shown that budesonide in addition to UDCA is safe
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and well tolerated, with mild adverse effects on
BMD.(46,47) Moreover, the addition of budesonide to
UDCA resulted in significant improvement in liver
biochemistries in PBC patients when compared to
those who received UDCA alone. Budesonide should
not be used in patients with cirrhotic-stage
PBC because of increased risk of portal vein thrombo-
sis.(48) The mechanism of action of budesonide
in PBC remains to be elucidated; one study
showed that steroids improve bile flow in the affected
bile ducts by increasing the local bicarbonate secretion
by means of up-regulating the gene encoding for
the Cl-/HCO3 exchanger anion exchanger 2.(49)

EASL currently recommends that budesonide could
be considered in patients with early stage PBC with
suboptimal response to UDCA.(34) This approach
(UDCA1 budesonide) is currently being investigated
in a phase II, randomized, controlled clinical trial
(NCT00746486).

FIBRATES

Fibrates (fenofibrate and bezafibrate) are commonly
used for the treatment of hyperlipidemia for the modu-
lation of lipid metabolism. The mechanism of action
of fibrates in cholangiopathies is unknown; however, a
few studies have shown that fibrates could reduce the
hepatobiliary damage that occurs with PBC, possibly
through improving the bile flow, increasing the hydro-
philicity of bile acids, detoxifying bile acids, and reduc-
ing the amount of bile acids circulating to and from
the liver.(50-53) Systematic meta-analysis studies have
revealed that fibrates in addition to UDCA significant-
ly improve liver biochemistries compared to UDCA
alone in PBC patients with suboptimal response to
UDCA, and this combined approach might offer sur-
vival benefit.(52-54) A phase III, randomized, controlled
trial of bezafibrate in addition to UDCA is underway
(NCT01654731). Whether the potential benefits of
fibrates are applicable to PSC is an area that has very
limited data.

ANTIVIRALS

Viral infections/proteins have been historically
linked to PBC. In a pilot study examining the combi-
nation regimen of zidovudine1 lamivudine in addition
to UDCA versus UDCA1 placebo, PBC patients in
the antiretroviral regimen arm experienced a significant
reduction in liver biochemistries compared to those in
the placebo arm.(55-57) The long-term effects of

antiretroviral drugs on the clinical and biochemical
outcomes of PBC patients are under further investiga-
tion in a randomized, controlled, phase II clinical trial
(NCT01614405).

USTEKINUMAB

Genome-wide association studies and animal mod-
els have revealed a potentially pathogenic role of the
interleukin-12 (IL-12) pathway in the etiopathogene-
sis of PBC.(58,59) Ustekinumab (a monoclonal antibody
directed against the p40 subunit of IL-12) has been
evaluated in PBC patients who have had inadequate
responses to UDCA. Although the vast majority of
patients had significant reductions in serum levels of
IL-17, IL-6, interferon gamma, and tumor necrosis
factor alpha, these patients experienced only a modest
reduction in serum ALP.(60)

ABATACEPT

T cells are thought to play a key role in the pathogen-
esis of PBC. The clusters of differentiation (CD)28/
cytotoxic T lymphocyte antigen 4 (CTLA4):CD80/
CD86 co-stimulatory pathway controls activation and
proliferation of T cells and their direct effects on the
antigen-presenting cells (APCs).(61,62) Abatacept, a
CTLA4 immunoglobulin, blocks the interaction
between CD28 (on T cells) and CD80/CD86 (on
APCs), resulting in the attenuation of T-cell activity.(63)

Preliminary data have shown that CTLA4 immuno-
globulin decreases serum AMA, biliary lymphocyte
infiltration, and bile duct damage in mice compared to
placebo.(64) Abatacept is currently being evaluated in
PBC patients with an incomplete biochemical response
to UDCA (clinicaltrials.gov identifier: NCT02078882).

NGM282

Fibroblast growth factor 19 (FGF19) is an impor-
tant regulator of BA biosynthesis. It interacts directly
with FGF receptor 4, down-regulating the expression
of CYP7a1. The end result is a decrease in BA biosyn-
thesis, which is believed to be of therapeutic benefit in
the cholangiopathies. NGM282 is an engineered ver-
sion of FGF19. Preclinical experimental studies have
shown a potential therapeutic role of FGF19 analogues
in patients with cholestatic liver diseases. The safety
and efficacy of NGM282 is currently being examined
in patients with PBC (NCT02135536) and PSC
(NCT02704364).
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LUM001

Active absorption of BA occurs in the terminal
ileum through the apical sodium-dependent BA trans-
porter system. In this system, BAs are returned to the
liver through the portal circulation. The circulation of
BA from and to the liver is called the enterohepatic
circulation. It has been proposed that the accumulation
of hydrophobic “toxic” BA in liver tissue significantly
contributes to the biliary damage that characterizes some
cholangiopathies.(65) Thus, interrupting or modulating
the enterohepatic circulation of BA might be of thera-
peutic benefit in patients afflicted with chronic cholestat-
ic liver diseases.(66) This approach is currently being
investigated in patients with PBC (NCT01904058,
NCT02321306) and PSC (NCT02061540); the results
have not yet been published.

ANTIBIOTICS/GUT MICROBIOME
TARGETING

One hypothesis that has gained increasing attention
is that the gut microbiome plays a role in the develop-
ment of PSC. Portal vein bacteremia, leakage of bacte-
rial toxins and metabolites through the disrupted
intestinal epithelial lining, and alteration of the bile
acid pool caused by bacterial metabolic activity have
been suggested mechanisms.(67-69) Interestingly, treat-
ment of experimental colitis with daily antibiotics led
to resolving PSC-like hepatobiliary lesions,(70) further
supporting this hypothesis. Absence of a commensal
microbiome was recently found to exacerbate biliary
injury in a mouse model of PSC.(71)

Over the last 2 decades, the application of high-
throughput DNA-sequencing technology in gut
microbiome analysis has improved the ability to rapid-
ly, accurately, and (relatively) inexpensively assess the
microbiome. Recently, several clinical studies using
DNA-sequencing technology have found PSC patients
to exhibit distinct gut microbiota compared to patients
with UC alone and healthy controls. Specifically,
Escherichia, Fusobacterium, Lactobacillus, Entercoccus,
Veillonella, Blautia, Barnesiellaceae, and Lachnospira-
ceae have been found to be more abundant in PSC
patients compared to UC patients and healthy con-
trols, whereas reduced concentrations of Clostridiales
II, Prevotella, Roseburia, and Bacteroides compared with
UC patients and healthy individuals have been
observed.(72-77)

Vancomycin has been studied in small case series of
children with PSC and in a comparative trial versus

metronidazole in adults with PSC.(78-81) In brief, the
use of vancomycin with or without UDCA in PSC
patients has been associated with improved liver bio-
chemistries (including ALP in adults and GGTP in
children). To date, there are no published randomized
placebo-controlled clinical trials assessing the safety
and efficacy of vancomycin in PSC patients. An open-
label phase III clinical trial of vancomycin in pediatric
PSC (NCT01802073) and a phase IV randomized
placebo-controlled clinical trial of vancomycin in adults
with PSC (NCT02605213) are currently ongoing.
Fecal microbiota transplantation is another proposed
therapeutic approach in patients with PSC and IBD
that is under investigation (NCT02424175).

NOR-URSODEOXYCHOLIC ACID

Nor-UDCA, a C(23) homolog of UDCA with one
fewer methylene group in its side chain, has shown a
potential therapeutic benefit in PSC in an animal mod-
el, possibly through increasing the hydrophilicity of bili-
ary bile acids, stimulating bile flow in injured bile ducts,
and inducing detoxification routes for bile acids.(82) A
phase II, randomized, placebo-controlled clinical trial of
nor-UDCA in PSC patients has been completed, but
results are yet to be published (NCT01755507).

BTT1023

The adhesion molecule vascular adhesion protein 1
(VAP1) is a membrane-bound amine oxidase that pro-
motes leukocyte recruitment to the liver.(83) VAP1, in
the presence of tumor necrosis factor alpha, is a prereq-
uisite for aberrant expression of mucosal addressin cell
adhesion molecule 1; this molecule recruits activated
lymphocytes from the gut to the liver, and this process
might be partially responsible for the biliary injury seen
in PSC.(84) BTT1023, a fully human monoclonal anti-
VAP1 antibody, is currently being tested in a phase II
multicenter clinical trial in the United Kingdom
(NCT02239211).

LYSYL OXIDASE HOMOLOG 2

Lysyl oxidase homolog 2 (LOXL2) is a secreted
copper-dependent amine oxidase that modifies colla-
gen and elastin. LOX deaminates the peptidyl lysine
and hydroxylysine residues of collagen to form allysine;
allysine condenses with other collagen aldehydes to
create intramolecular and intermolecular crosslinking
of collagen, which results in formation of collagen
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fibers.(85) In the liver, this process is thought to be key
in the pathogenesis of fibrosis. Simtuzumab (GS-
6624), a humanized monoclonal antibody, inhibits
fibrosis by binding to and inhibiting LOXL2. The
effectiveness of GS-6624 in preventing progression of
fibrosis in PSC patients is currently being examined in
a phase II, randomized, placebo-controlled clinical trial
(NCT01672853).

OTHER AGENTS/COMBINATION
REGIMENS TESTED IN PBC AND
PSC

There are agents that have been tried in PBC but
have failed to show positive effects (clinical/biochemi-
cal response). Immunosuppressive agents (d-penicilla-
mine, azathioprine, chlorambucil, colchicine,
cyclosporine, prednisolone, and mycophenolate mofe-
til) have been examined in therapeutic clinical trials;
however, they did not demonstrate clinical/biochemi-
cal efficacy and/or have been associated with serious
adverse events.(86-92) A few drugs have been tested as
add-on therapy to UDCA in PBC patients with sub-
optimal response to UDCA; the addition of colchicine
did not offer further improvement in the liver bio-
chemical profile,(93,94) and methotrexate was associated
with severe side effects.(95-97) The addition of prednis-
olone to UDCA resulted in improved histologic
abnormalities without a significant effect on liver bio-
chemistries.(98) Thalidomide, an immunomodulating
agent, did not result in clinical/biochemical improve-
ment in a randomized placebo-controlled clinical tri-
al.(99) Silymarin, an antioxidant, has been tried in PBC
patients with an incomplete response to UDCA in an
open-label clinical trial; no further improvement in
clinical/biochemical profiles has been observed.(100)

Penicillamine, prednisone plus colchicine, metho-
trexate, budesonide, mycophenolate mofetil, tacroli-
mus, etanercept, and infliximab have been examined in
PSC patients but either demonstrated no clinical/bio-
chemical efficacy or resulted in serious adverse
events.(101-111) Methotrexate and mycophenolate have
been examined separately in combination with UDCA
in PSC patients; no obvious clinical/biochemical bene-
fits have been reported.(112,113)

Conclusion
Chronic cholestatic liver diseases remain important

causes of morbidity and liver disease-related death

worldwide and have become a major focus of research
efforts. UDCA is approved for PBC by the FDA as a
first-line therapeutic option and is recommended by the
leading liver societies (AASLD and EASL). Despite its
clinical efficacy, nearly 40% of PBC patients have an
incomplete response to UDCA, and these patients are
at risk for serious adverse outcomes. OCA, an FXR
agonist, has recently been approved by the FDA as
combination therapy (in addition to UDCA) in PBC
patients who have an inadequate response to UDCA or
as single therapy in PBC patients who are unable to tol-
erate UDCA; long-term outcomes of OCA in PBC
remain to be elucidated. FDA-approved pharmacother-
apy for PSC remains lacking, but OCA, oral antibiotics,
and several other agents are actively being investigated
in clinical trials in various phases. Similarly, additional
pharmacotherapies for PBC continue to be sought, and
as such, the pharmacoscape for PBC as well as PSC
appears more promising and exciting.

REFERENCES

1) Carey EJ, Ali AH, Lindor KD. Primary biliary cirrhosis. Lancet

2015;386:1565-1575.

2) Boonstra K, Beuers U, Ponsioen CY. Epidemiology of primary

sclerosing cholangitis and primary biliary cirrhosis: a systematic

review. J Hepatol 2012;56:1181-1188.

3) Boonstra K, Kunst AE, Stadhouders PH, Tuynman HA, Poen

AC, van Nieuwkerk KM, et al. Rising incidence and prevalence

of primary biliary cirrhosis: a large population-based study. Liver

Int 2014;34:e31-38.

4) Ali AH, Carey EJ, Lindor KD. The management of autoim-

munity in patients with cholestatic liver diseases. Expert Rev

Gastroenterol Hepatol 2016;10:73-91.

5) Lindor KD, Gershwin ME, Poupon R, Kaplan M, Bergasa

NV, Heathcote EJ, et al. Primary biliary cirrhosis. Hepatology

2009;50:291-308.

6) Gershwin ME, Mackay IR, Sturgess A, Coppel RL. Identifica-

tion and specificity of a cDNA encoding the 70 kd mitochon-

drial antigen recognized in primary biliary cirrhosis. J Immunol

1987;138:3525-3531.

7) Prince M, Chetwynd A, Newman W, Metcalf JV, James OF.

Survival and symptom progression in a geographically based

cohort of patients with primary biliary cirrhosis: follow-up for

up to 28 years. Gastroenterology 2002;123:1044-1051.

8) Gores GJ, Wiesner RH, Dickson ER, Zinsmeister AR, Jorgensen

RA, Langworthy A. Prospective evaluation of esophageal varices

in primary biliary cirrhosis: development, natural history, and influ-

ence on survival. Gastroenterology 1989;96:1552-1559.

9) Silveira MG, Suzuki A, Lindor KD. Surveillance for hepatocel-

lular carcinoma in patients with primary biliary cirrhosis. Hepa-

tology 2008;48:1149-1156.

10) Springer J, Cauch-Dudek K, O’Rourke K, Wanless IR, Heathcote

EJ. Asymptomatic primary biliary cirrhosis: a study of its natural

history and prognosis. Am J Gastroenterol 1999;94:47-53.

11) Poupon RE, Bonnand AM, Chr�etien Y, Poupon R. Ten-year

survival in ursodeoxycholic acid- treated patients with primary

ALI, TABIBIAN, LINDOR HEPATOLOGY COMMUNICATIONS, February 2017

14



biliary cirrhosis. The UDCA-PBC Study Group. Hepatology

1999;29:1668-1671.

12) Par�es A, Caballeria L, Rod�es J. Excellent long-term survival

in patients with primary biliary cirrhosis and biochemical

response to ursodeoxycholic Acid. Gastroenterology 2006;130:

715-720.

13) Hirschfield GM, Karlsen TH, Lindor KD, Adams DH. Prima-

ry sclerosing cholangitis. Lancet 2013;382:1587-1599.

14) Feldstein AE, Perrault J, El-Youssif M, Lindor KD, Freese

DK, Angulo P. Primary sclerosing cholangitis in children: a

long-term follow-up study. Hepatology 2003;38:210-217.

15) Karlsen TH. Primary sclerosing cholangitis: 50 years of a gut-

liver relationship and still no love? Gut 2016;65:1579-1581.

16) Lindkvist B, Benito de Valle M, Gullberg B, Bj€ornsson E. Inci-

dence and prevalence of primary sclerosing cholangitis in a defined

adult population in Sweden. Hepatology 2010;52:571-577.

17) Chapman R, Fevery J, Kalloo A, Nagorney DM, Boberg KM,

Shneider B, et al. Diagnosis and management of primary scle-

rosing cholangitis. Hepatology 2010;51:660-678.

18) Miloh T, Arnon R, Shneider B, Suchy F. Kerkar N. A retro-

spective single-center review of primary sclerosing cholangitis in

children. Clin Gastroenterol Hepatol 2009;7:239-245.

19) Wiesner RH, Grambsch PM, Dickson ER, Ludwig J,

MacCarty RL, Hunter EB, et al. Primary sclerosing cholangitis:

natural history, prognostic factors and survival analysis. Hepatol-

ogy 1989;10:430-436.

20) Bowlus CL. Cutting edge issues in primary sclerosing cholangi-

tis. Clin Rev Allergy Immunol 2011;41:139-150.

21) Farrant JM, Hayllar KM, Wilkinson ML, Karani J, Portmann

BC, Westaby D, et al. Natural history and prognostic variables

in primary sclerosing cholangitis. Gastroenterology 1991;100:

1710-1717.

22) Ponsioen CY, Vrouenraets SM, Prawirodirdjo W, Rajaram R,

Rauws EA, Mulder CJ, et al. Natural history of primary scleros-

ing cholangitis and prognostic value of cholangiography in a

Dutch population. Gut 2002;51:562-566.

23) Toy E, Balasubramanian S, Selmi C, Li CS, Bowlus CL. The

prevalence, incidence and natural history of primary sclerosing

cholangitis in an ethnically diverse population. BMC Gastroen-

terol 2011;11:83.

24) Brandsaeter B, Broome U, Isoniemi H, Friman S, Hansen B,

Schrumpf E, et al. Liver transplantation for primary sclerosing

cholangitis in the Nordic countries: outcome after acceptance to

the waiting list. Liver Transpl 2003;9:961-969.

25) Razumilava N, Gores GJ, Lindor KD. Cancer surveillance in

patients with primary sclerosing cholangitis. Hepatology 2011;

54:1842-1852.

26) Boonstra K, Weersma RK, van Erpecum KJ, Rauws EA,

Spanier BW, Poen AC, et al. Population-based epidemiology,

malignancy risk, and outcome of primary sclerosing cholangitis.

Hepatology 2013;58:2045-2055.

27) Lindor KD, Dickson ER, Baldus WP, Jorgensen RA, Ludwig

J, Murtaugh PA, et al. Ursodeoxycholic acid in the treatment of

primary biliary cirrhosis. Gastroenterology 1994;106:1284-1290.

28) Lindor KD, Therneau TM, Jorgensen RA, Malinchoc M,

Dickson ER. Effects of ursodeoxycholic acid on survival in

patients with primary biliary cirrhosis. Gastroenterology 1996;

110:1515-1518.

29) Poupon R. Primary biliary cirrhosis: a 2010 update. J Hepatol

2010;52:745-58.

30) Poupon RE, Lindor KD, Cauch-Dudek K, et al. Combined

analysis of randomized controlled trials of ursodeoxycholic

acid in primary biliary cirrhosis. Gastroenterology 1997;113:

884-90.

31) Poupon RE, Poupon R, Balkau B. Ursodiol for the long-term

treatment of primary biliary cirrhosis. The UDCA-PBC Study

Group. N Engl J Med 1994;330:1342-1347.

32) Heathcote EJ, Cauch-Dudek K, Walker V, Bailey RJ, Blendis

LM, Ghent CN, et al. The Canadian Multicenter Double-

blind Randomized Controlled Trial of ursodeoxycholic acid in

primary biliary cirrhosis. Hepatology 1994;19:1149-1156.

33) Combes B, Carithers RL, Jr., Maddrey WC, Lin D,

McDonald MF, Wheeler DE, et al. A randomized, double-

blind, placebo- controlled trial of ursodeoxycholic acid in prima-

ry biliary cirrhosis. Hepatology 1995;22:759-766.

34) European Association for the Study of the Liver. EASL Clini-

cal Practice Guidelines: management of cholestatic liver dis-

eases. J Hepatol 2009;51:237-267.

35) Beuers U, Spengler U, Kruis W, Aydemir U, Wiebecke B,

Heldwein W, et al. Ursodeoxycholic acid for treatment of pri-

mary sclerosing cholangitis: a placebo-controlled trial. Hepatol-

ogy 1992;16:707-714.

36) Chazouilleres O, Poupon R, Capron JP, Metman EH,

Dhumeaux D, Amouretti M, et al. Ursodeoxycholic acid for

primary sclerosing cholangitis. J Hepatol 1990;11:120-123.

37) Mitchell SA, Bansi DS, Hunt N, Von Bergmann K, Fleming

KA, Chapman RW. A preliminary trial of high-dose ursodeox-

ycholic acid in primary sclerosing cholangitis. Gastroenterology

2001;121:900-907.

38) Harnois DM, Angulo P, Jorgensen RA, Larusso NF, Lindor

KD. High-dose ursodeoxycholic acid as a therapy for patients

with primary sclerosing cholangitis. Am J Gastroenterol 2001;

96:1558-1562.

39) Olsson R, Boberg KM, de Muckadell OS, Lindgren S,

Hultcrantz R, Folvik G, et al. High-dose ursodeoxycholic acid

in primary sclerosing cholangitis: a 5-year multicenter, random-

ized, controlled study. Gastroenterology 2005;129:1464-1472.

40) Lindor KD, Kowdley KV, Luketic VA, Harrison ME,

McCashland T, Befeler AS, et al. High-dose ursodeoxycholic

acid for the treatment of primary sclerosing cholangitis. Hepa-

tology 2009;50:808-814.

41) Tabibian JH, Lindor KD. Ursodeoxycholic acid in primary scle-

rosing cholangitis: if withdrawal is bad, then administration is

good (right?). Hepatology 2014;60:785-788.

42) Yuan ZQ, Li KW. Role of farnesoid X receptor in cholestasis.

J Dig Dis 2016; 17:501-509.

43) Hirschfield GM, Mason A, Luketic V, Lindor K, Gordon SC,

Mayo M, et al. Efficacy of obeticholic acid in patients with pri-

mary biliary cirrhosis and inadequate response to ursodeoxy-

cholic acid. Gastroenterology 2015;148:751-761.

44) Nevens F, Andreone P, Mazzella G, Strasser SI, Bowlus C,

Invernizzi P, et al. A placebo-controlled trial of obeticholic acid

in primary biliary cholangitis. N Engl J Med 2016;375:631-

643.

45) Angulo P, Jorgensen RA, Keach JC, Dickson ER, Smith C,

Lindor KD. Oral budesonide in the treatment of patients with

primary biliary cirrhosis with a suboptimal response to urso-

deoxycholic acid. Hepatology 2000;31:318-323.

46) Leuschner M, Maier KP, Schlichting J, Strahl S, Herrmann G,

Dahm HH, et al. Oral budesonide and ursodeoxycholic acid for

treatment of primary biliary cirrhosis: results of a prospective

double-blind trial. Gastroenterology 1999;117:918-925.

47) Rautiainen H, Karkkainen P, Karvonen AL, Nurmi H,

Pikkarainen P, Nuutinen H, et al. Budesonide combined with

UDCA to improve liver histology in primary biliary cirrhosis: a

three-year randomized trial. Hepatology 2005;41:747-752.

48) Hempfling W, Grunhage F, Dilger K, Reichel C, Beuers U,

Sauerbruch T. Pharmacokinetics and pharmacodynamic action

HEPATOLOGY COMMUNICATIONS, Vol. 1, No. 1, 2017 ALI, TABIBIAN, LINDOR

15



of budesonide in early- and late-stage primary biliary cirrhosis.

Hepatology 2003;38:196-202.

49) Arenas F, Hervias I, Uriz M, eJoplin R, Prieto J, Medina JF.

Combination of ursodeoxycholic acid and glucocorticoids upre-

gulates the AE2 alternate promoter in human liver cells. J Clin

Invest 2008;118:695-709.

50) Ghonem NS, Assis DN, Boyer JL. Fibrates and cholestasis.

Hepatology 2015;62:635-643.

51) Ghonem NS, Boyer JL. Fibrates as adjuvant therapy for chronic

cholestatic liver disease: its time has come. Hepatology 2013;57:

1691-1693.

52) Yin Q, Li J, Xia Y, Zhang R, Wang J, Lu W, et al. Systematic

review and meta-analysis: bezafibrate in patients with primary

biliary cirrhosis. Drug Des Devel Ther 2015;9:5407-5419.

53) Zhang Y, Li S, He L, Wang F, Chen K, Li J, et al. Combina-

tion therapy of fenofibrate and ursodeoxycholic acid in patients

with primary biliary cirrhosis who respond incompletely to

UDCA monotherapy: a meta-analysis. Drug Des Devel Ther

2015;9:2757-2766.

54) Grigorian AY, Mardini HE, Corpechot C, Poupon R, Levy C.

Fenofibrate is effective adjunctive therapy in the treatment of

primary biliary cirrhosis: a meta-analysis. Clin Res Hepatol

Gastroenterol 2015;39:296-306.

55) Mason A, Xu L, Neuberger J. Proof of principal studies to

assess the role of the human betaretrovirus in patients with

primary biliary cirrhosis. Am J Gastroenterol 2004;99:2499-

500.

56) Mason AL, Farr GH, Xu L, Hubscher SG, Neuberger JM.

Pilot studies of single and combination antiretroviral therapy in

patients with primary biliary cirrhosis. Am J Gastroenterol

2004;99:2348-2355.

57) Mason AL, Lindor KD, Bacon BR, Vincent C, Neuberger JM,

Wasilenko ST. Clinical trial: randomized controlled study of

zidovudine and lamivudine for patients with primary biliary cir-

rhosis stabilized on ursodiol. Aliment Pharmacol Ther 2008;28:

886-894.

58) Hirschfield GM, Liu X, Xu C, Lu Y, Xie G, Lu Y, et al. Pri-

mary biliary cirrhosis associated with HLA, IL12A, and

IL12RB2 variants. N Engl J Med 2009;360:2544-2555.

59) Yoshida K, Yang GX, Zhang W, Tsuda M, Tsuneyama K,

Moritoki Y, et al. Deletion of interleukin-12p40 suppresses

autoimmune cholangitis in dominant negative transforming

growth factor beta receptor type II mice. Hepatology 2009;50:

1494-1500.

60) Hirschfield GM, Gershwin ME, Strauss R, Mayo MJ, Levy C,

Zou B, et al. Ustekinumab for patients with primary biliary

cholangitis who have an inadequate response to ursodeoxycholic

acid: a proof-of-concept study. Hepatology 2016;64:189-199.

61) Greene JL, Leytze GM, Emswiler J, Peach R, Bajorath J,

Cosand W, et al. Covalent dimerization of CD28/CTLA-4

and oligomerization of CD80/CD86 regulate T cell costimula-

tory interactions. J Biol Chem 1996;271:26762-26771.

62) Krummel MF, Allison JP. CD28 and CTLA-4 have opposing

effects on the response of T cells to stimulation. J Exp Med

1995;182:459-465.

63) Teng GG, Turkiewicz AM, Moreland LW. Abatacept: a costi-

mulatory inhibitor for treatment of rheumatoid arthritis. Expert

Opin Biol Ther 2005;5:1245-1254.

64) Dhirapong A, Yang GX, Nadler S, Zhang W, Tsuneyama K,

Leung P, et al. Therapeutic effect of cytotoxic T lymphocyte

antigen 4/immunoglobulin on a murine model of primary biliary

cirrhosis. Hepatology 2013;57:708-715.

65) Poupon R. Ursodeoxycholic acid and bile-acid mimetics as ther-

apeutic agents for cholestatic liver diseases: an overview of their

mechanisms of action. Clin Res Hepatol Gastroenterol 2012;36

Suppl 1:S3-12.

66) Zhou M, Learned RM, Rossi SJ, DePaoli AM, Tian H, Ling

L, et al. Engineered fibroblast growth factor 19 reduces liver

injury and resolves sclerosing cholangitis in Mdr2-deficient

mice. Hepatology 2016;63:914-929.

67) Tabibian JH, O’Hara SP, Larusso NF. Primary sclerosing chol-

angitis: the gut-liver axis. Clin Gastroenterol Hepatol 2012;10:

819; author reply 819-20.

68) Tabibian JH, O’Hara SP, Lindor KD. Primary sclerosing chol-

angitis and the microbiota: current knowledge and perspectives

on etiopathogenesis and emerging therapies. Scand J Gastroen-

terol 2014:1-8.

69) Tabibian JH, Talwalkar JA, Lindor KD. Role of the microbiota

and antibiotics in primary sclerosing cholangitis. Biomed Res

Int 2013;2013:389537.

70) Lichtman SN, Keku J, Schwab JH, Sartor RB. Hepatic injury

associated with small bowel bacterial overgrowth in rats is pre-

vented by metronidazole and tetracycline. Gastroenterology

1991;100:513-519.

71) Tabibian JH, O’Hara SP, Trussoni CE, Tietz PS, Splinter PL,

Mounajjed T, et al. Absence of the intestinal microbiota exacer-

bates hepatobiliary disease in a murine model of primary scle-

rosing cholangitis. Hepatology 2016;63:185-196.

72) Kevans D, Tyler AD, Holm K, Jørgensen KK, Vatn MH,

Karlsen TH, et al. Characterization of intestinal microbiota in

ulcerative colitis patients with and without primary sclerosing

cholangitis. J Crohns Colitis 2016;10:330-337.

73) Quraishi MN, Sergeant M, Kay G, Iqbal T, Chan J,

Constantinidou C, et al. The gut-adherent microbiota of PSC-

IBD is distinct to that of IBD. Gut 2016 Apr 19. pii: gutjnl-

2016-311915. doi: 10.1136/gutjnl-2016-311915. [Epub ahead

of print]

74) Rossen NG, Fuentes S, Boonstra K, D’Haens GR, Heilig HG,

Zoetendal EG, et al. The mucosa-associated microbiota of PSC

patients is characterized by low diversity and low abundance of

uncultured Clostridiales II. J Crohns Colitis 2015;9:342-348.

75) Ruhlemann MC, Heinsen FA, Zenouzi R, Lieb W, Franke A,

Schramm C. Faecal microbiota profiles as diagnostic biomarkers

in primary sclerosing cholangitis. Gut 2016 May 23. pii: gutjnl-

2016-312180. doi: 10.1136/gutjnl-2016-312180. [Epub ahead

of print]

76) Sabino J, Vieira-Silva S, Machiels K, Joossens M, Falony G,

Ballet V, et al. Primary sclerosing cholangitis is characterised by

intestinal dysbiosis independent from IBD. Gut 2016; 65:1681-

1689.

77) Torres J, Bao X, Goel A, Colombel JF, Pekow J, Jabri B, et al.

The features of mucosa-associated microbiota in primary scle-

rosing cholangitis. Aliment Pharmacol Ther 2016;43:790-801.

78) Cox KL, Cox KM. Oral vancomycin: treatment of primary scle-

rosing cholangitis in children with inflammatory bowel disease.

J Pediatr Gastroenterol Nutr 1998;27:580-583.

79) Davies YK, Cox KM, Abdullah BA, Safta A, Terry AB, Cox

KL. Long-term treatment of primary sclerosing cholangitis in

children with oral vancomycin: an immunomodulating antibiot-

ic. J Pediatr Gastroenterol Nutr 2008;47:61-67.

80) Abarbanel DN, Seki SM, Davies Y, Marlen N, Benavides JA,

Cox K, et al. Immunomodulatory effect of vancomycin on Treg

in pediatric inflammatory bowel disease and primary sclerosing

cholangitis. J Clin Immunol 2013;33:397-406.

81) Tabibian JH, Weeding E, Jorgensen RA, Petz JL, Keach JC,

Talwalkar JA, et al. Randomised clinical trial: vancomycin or

metronidazole in patients with primary sclerosing cholangitis - a

pilot study. Aliment Pharmacol Ther 2013;37:604-612.

ALI, TABIBIAN, LINDOR HEPATOLOGY COMMUNICATIONS, February 2017

16

info:doi/10.1136/gutjnl-2016-311915
info:doi/110.1136/gutjnl-2016-312180


82) Fickert P, Wagner M, Marschall HU, Fuchsbichler A, Zollner

G, Tsybrovskyy O, et al. 24-norUrsodeoxycholic acid is superior

to ursodeoxycholic acid in the treatment of sclerosing cholangi-

tis in Mdr2 (Abcb4) knockout mice. Gastroenterology 2006;

130:465-481.

83) Pannecoeck R, Serruys D, Benmeridja L, Delanghe JR, van

Geel N, Speeckaert R, et al. Vascular adhesion protein-1: role

in human pathology and application as a biomarker. Crit Rev

Clin Lab Sci 2015;52:284-300.

84) Liaskou E, Karikoski M, Reynolds GM, Lalor PF, Weston

CJ, Pullen N, et al. Regulation of mucosal addressin cell

adhesion molecule 1 expression in human and mice by vascu-

lar adhesion protein 1 amine oxidase activity. Hepatology

2011;53:661-672.

85) Wong CC, Tse AP, Huang YP, Zhu YT, Chiu DK, Lai RK,

et al. Lysyl oxidase-like 2 is critical to tumor microenvironment

and metastatic niche formation in hepatocellular carcinoma.

Hepatology 2014;60:1645-1658.

86) Heathcote J, Ross A, Sherlock S. A prospective controlled trial

of azathioprine in primary biliary cirrhosis. Gastroenterology

1976;70:656-660.

87) Hoofnagle JH, Davis GL, Schafer DF, Peters M, Avigan MI,

Pappas SC, et al. Randomized trial of chlorambucil for primary

biliary cirrhosis. Gastroenterology 1986;91:1327-1334.

88) Kaplan MM, Alling DW, Zimmerman HJ, Wolfe HJ, Sepersky

RA, Hirsch GS, et al. A prospective trial of colchicine for prima-

ry biliary cirrhosis. N Engl J Med 1986;315:1448-1454.

89) Wiesner RH, Ludwig J, Lindor KD, Jorgensen RA, Baldus

WP, Homburger HA, et al. A controlled trial of cyclosporine

in the treatment of primary biliary cirrhosis. N Engl J Med

1990;322:1419-1424.

90) Mitchison HC, Bassendine MF, Malcolm AJ, Watson AJ,

Record CO, James OF. A pilot, double-blind, controlled 1-year

trial of prednisolone treatment in primary biliary cirrhosis:

hepatic improvement but greater bone loss. Hepatology 1989;

10:420-429.

91) Talwalkar JA, Angulo P, Keach JC, Petz JL, Jorgensen RA,

Lindor KD. Mycophenolate mofetil for the treatment of

primary biliary cirrhosis in patients with an incomplete

response to ursodeoxycholic acid. J Clin Gastroenterol 2005;

39:168-171.

92) Matloff DS, Alpert E, Resnick RH, Kaplan MM. A prospec-

tive trial of D-penicillamine in primary biliary cirrhosis. N Engl

J Med 1982;306:319-326.

93) Lindor KD. Colchicine and ursodeoxycholic acid for primary

biliary cirrhosis: emerging results. Gastroenterology 1995;108:

1592-1594.

94) Raedsch R, Stiehl A, Walker S, Scherrmann JM, Kommerell B.

[Combined ursodeoxycholic acid plus colchicine-- treatment of

primary biliary cirrhosis: results of a placebo-controlled double-

blind study]. Z Gastroenterol 1992;30 Suppl 1:55-57.

95) Combes B, Emerson SS, Flye NL, Munoz SJ, Luketic VA,

Mayo MJ, et al. Methotrexate (MTX) plus ursodeoxycholic

acid (UDCA) in the treatment of primary biliary cirrhosis.

Hepatology 2005;42:1184-1193.

96) Kaplan MM, Bonder A, Ruthazer R, Bonis PA. Methotrexate

in patients with primary biliary cirrhosis who respond incom-

pletely to treatment with ursodeoxycholic acid. Dig Dis Sci

2010;55:3207-3217.

97) Lindor KD, Dickson ER, Jorgensen RA, Anderson ML, Wiesner

RH, Gores GJ, et al. The combination of ursodeoxycholic acid

and methotrexate for patients with primary biliary cirrhosis: the

results of a pilot study. Hepatology 1995;22:1158-1162.

98) Leuschner M, G€uld€utuna S, You T, H€ubner K, Bhatti S,

Leuschner U. Ursodeoxycholic acid and prednisolone versus

ursodeoxycholic acid and placebo in the treatment of early

stages of primary biliary cirrhosis. J Hepatol 1996;25:49-57.

99) McCormick PA, Scott F, Epstein O, Burroughs AK, Scheuer

PJ, McIntyre N. Thalidomide as therapy for primary biliary cir-

rhosis: a double-blind placebo controlled pilot study. J Hepatol

1994;21:496-499.

100) Angulo P, Patel T, Jorgensen RA, Therneau TM, Lindor KD.

Silymarin in the treatment of patients with primary biliary cir-

rhosis with a suboptimal response to ursodeoxycholic acid. Hep-

atology 2000;32:897-900.

101) LaRusso NF, Wiesner RH, Ludwig J, MacCarty RL, Beaver

SJ, Zinsmeister AR. Prospective trial of penicillamine in prima-

ry sclerosing cholangitis. Gastroenterology 1988;95:1036-1042.

102) Lindor KD, Wiesner RH, Colwell LJ, Steiner B, Beaver S,

LaRusso NF. The combination of prednisone and colchicine in

patients with primary sclerosing cholangitis. Am J Gastroenterol

1991;86:57-61.

103) Knox TA, Kaplan MM. A double-blind controlled trial of oral-

pulse methotrexate therapy in the treatment of primary scleros-

ing cholangitis. Gastroenterology 1994;106:494-499.

104) van Hoogstraten HJ, Vleggaar FP, Boland GJ, van Steenbergen

W, Griffioen P, Hop WC, et al. Budesonide or prednisone in

combination with ursodeoxycholic acid in primary sclerosing

cholangitis: a randomized double-blind pilot study. Belgian-

Dutch PSC Study Group. Am J Gastroenterol 2000;95:2015-

2022.

105) Lankarani KB. Use of mycophenolate mofetil in the treatment of

primary sclerosing cholangitis. J Clin Gastroenterol 2003;36:86.

106) Lankarani KB. Mycophenolate mofetil for the treatment of pri-

mary sclerosing cholangitis. Aliment Pharmacol Ther 2005;21:

1279-1280; author reply 1280.

107) Talwalkar JA, Angulo P, Keach JC, Petz JL, Jorgensen RA,

Lindor KD, et al. Mycophenolate mofetil for the treatment of

primary sclerosing cholangitis. Am J Gastroenterol 2005;100:

308-312.

108) Talwalkar JA, Gossard AA, Keach JC, Jorgensen RA, Petz JL,

Lindor RN. Tacrolimus for the treatment of primary sclerosing

cholangitis. Liver Int 2007;27:451-453.

109) Van Thiel DH, Carroll P, Abu-Elmagd K, Rodriguez-Rilo H,

Irish W, McMichael J, et al. Tacrolimus (FK 506), a treatment

for primary sclerosing cholangitis: results of an open-label pre-

liminary trial. Am J Gastroenterol 1995;90:455-459.

110) Epstein MP, Kaplan MM. A pilot study of etanercept in the treat-

ment of primary sclerosing cholangitis. Dig Dis Sci 2004;49:1-4.

111) Hommes DW, Erkelens W, Ponsioen C, Stokkers P, Rauws E,

van der Spek M, et al. A double-blind, placebo-controlled, ran-

domized study of infliximab in primary sclerosing cholangitis.

J Clin Gastroenterol 2008;42:522-526.

112) Lindor KD, Jorgensen RA, Anderson ML, Gores GJ,

Hofmann AF, LaRusso NF. Ursodeoxycholic acid and metho-

trexate for primary sclerosing cholangitis: a pilot study. Am J

Gastroenterol 1996;91:511-515.

113) Sterling RK, Salvatori JJ, Luketic VA, Sanyal AJ, Fulcher AS,

Stravitz RT, et al. A prospective, randomized-controlled pilot

study of ursodeoxycholic acid combined with mycophenolate

mofetil in the treatment of primary sclerosing cholangitis. Ali-

ment Pharmacol Ther 2004;20:943-949.

HEPATOLOGY COMMUNICATIONS, Vol. 1, No. 1, 2017 ALI, TABIBIAN, LINDOR

17


