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Abstract

Primary biliary cholangitis (PBC), previously known as primary biliary cirrhosis, is a model
autoimmune disease with chronic cholestasis characterized by the hallmark of anti-mitochondrial
antibodies and treated with ursodeoxycholic acid (UDCA). However, approximately 20-40% of
patients incompletely respond to UDCA and have an increased risk of disease progression.
Although there have been significant advances in the immunobiology of PBC, these have yet to be
translated into newer therapeutic modalities. Current approaches to controlling the immune
response include broad immunosuppression with corticosteroids as well as targeted therapies
directed against T and B cells. In contrast, ameliorating cholestasis is the focus of other therapies
in development, including obeticholic acid. In this article the authors will discuss ongoing clinical
trials and, in particular, the rationale for choosing agents that may effectively target the aberrant
immune response.
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Introduction

There have been major advances in our understanding of the immunobiology of primary
biliary cholangitis (PBC), the recent designation for what was previously known as primary

Address for Correspondence: M. Eric Gershwin, M.D., Division of Rheumatology, Allergy, and Clinical Immunology, University of
California Davis School of Medicine, 451 Health Sciences Drive, Suite 6510, Davis, CA, USA 95616 Phone: 530-752-2884;
megershwin@ucdavis.edu.

Financial and competing interests disclosure

The authors have no other relevant affiliations or financial involvement with any organization or entity with a financial interest in or
financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Floreani et al.

Page 2

biliary cirrhosis, beginning with the cloning and identification of the major mitochondrial
autoantigens [1] and followed by the identification of T and B cell epitopes, development of
animal models, and elucidation of genetic and epigenetic components that lead to
autoimmune cholangitis [2-21]. However, a major gap remains between the investigative
immunology and introduction of new treatments for the unmet needs of PBC[22, 23]. The
current paradigm for the treatment of PBC began in 1987 with the introduction of
ursodeoxycholic acid (UDCA) [24]. Interestingly, the efficacy of UDCA and its use in
cholestasis was discovered by serendipity; it had been used to prevent cholesterol
supersaturation by increasing the bile acid content and decreasing the ratio of cholesterol to
bile acid [25, 26]. Chemical dissolution of cholesterol gallstones was demonstrated using
UDCA in patients with chronic hepatitis and, importantly, led to improvement of liver
biochemistries [27].

Subsequently, several randomized controlled trials with UDCA and meta-analyses have been
performed and UDCA remains the only therapy approved for use in PBC by the Food and
Drug Administration (FDA) and the only drug recommended for the treatment of PBC by
both the American Association for the Study of Liver Diseases (AASLD) and the European
Association for the Study of Liver Diseases (EASL). The data supporting these
recommendations include the observations that: a) UDCA delays histological progression
and time to transplantation [28, 29]; b) patients treated with UDCA have a better prognosis
than those untreated [30, 31]; and c) patient with a biochemical response to UDCA as
defined by several criteria have the same probability of survival as the general population
[32]. However, despite these criteria, one meta-analysis of 16 randomized clinical trials
concluded that UDCA offers no advantage in terms of mortality or liver transplantation rates
in patients with PBC [33]. Moreover, 20-40% of PBC patients do not have a biochemical
response to UDCA,; the precise frequency being dependent upon criteria employed[24, 25,
32, 34, 35]. Regardless, recent large cohort studies have noted the clear associations between
the level of serum alkaline phosphatase and bilirubin with UDCA and transplant-free
survival [36, 37]. Based upon the correlation between improvements in alkaline phosphatase
and bilirubin with UDCA therapy, current clinical trials utilize these biochemical responses
as surrogate markers of clinical efficacy. Thus, there is a significant unmet need for PBC
patients with an incomplete response to UDCA. Therapeutic targets generally involve bile
acid metabolism, immune responses, and anti-fibrotic agents. In the remaining portion of
this text we will discuss several new therapies under investigation.

Bile Acid Directed Therapies

Although PBC has all the hallmarks of a classic autoimmune disease, the most effective
agents to date have targeted the impaired end organ function, namely bile acid stasis. Bile
secretion is regulated by a complex network of adenosine triphosphate-binding cassette
(ABC) transporters on the hepatocyte canalicular membrane. Synthesis and transport of bile
salts are further regulated by transcriptional and post-transcriptional mechanisms. In
particular, two nuclear receptors, the bile acid receptor or farnesoid X receptor (FXR) and
the oxysterol receptor or liver X receptor (LXR) play a pivotal role in transcriptional
regulation of the genes encoding these proteins [38, 39].
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Obeticholic acid (OCA), an FXR agonist is a derivative of the chenodeoxycholic acid
(CDCA) that has shown promise for the treatment of cholestatic conditions. A double-blind
study of 165 patients with PBC, who had an inadequate response to UDCA, were randomly
assigned to groups given 10 mg, 25 mg, or 50 mg doses of OCA or placebo, once daily for 3
months. An open-label extension of the trial in which 78 patients were enrolled and 61
completed the first year was also performed [40]. OCA, in daily doses ranging from 10 to 50
mg significantly reduced levels of ALP, y-glutamy! transpeptidase, and alanine
aminotransferase, compared with placebo. Pruritus was the only adverse effect that required
a reduction of the dosage of OCA in PBC patients. A phase 111 study (POISE,
NCT02308111) was started thereafter comparing 3 treatment groups; 10 mg daily, 5 mg
daily titrated to 10 mg daily; and placebo, in a randomized, double-blind fashion for 1 year
followed by an open label long term safety extension. The primary endpoint of the study
included reduction in serum alkaline phosphatase (ALP) to < 1.67x ULN with a = 15%
reduction from baseline and a normal bilirubin level after 12 months of therapy. Preliminary
results of the double-blind phase of the study have reported the proportion of patients
meeting the primary endpoint was: 10% in the placebo group, 47% in the 10 mg OCA group
and 46% in the 5-10 mg OCA group (both dose groups p < 0.0001 vs placebo) in an
intention to treat analysis. A second phase 111 study of higher risk patients evaluating the
effects of OCA on clinical outcomes was recently launched (NCT02308111). Pruritus, the
main adverse effect of OCA in the PBC trials appears to be dose dependent and was also
noticed in a trial of OCA for non-alcoholic steatohepatitis [11]. The mechanism of pruritus
has not been explained, but activation of the autotaxin pathway or activation of the TGR5
bile acid receptor by OCA are possible pathways [41]. Currently, OCA is the leading
candidate for the next approved therapy for PBC, something that has been lack for 2
decades.

Several other drugs under development in the FXR pathway include NGM282
(NCT02135536), LIN 452 (NCT02516605), and PX-102 (NCT01998672). Another agent
targeting bile acids, tauroursodeoxycholic acid (TUDCA) promotes bicarbonate-rich
hypercholeresis and may have benefits over UDCA [42]. TUDCA was studied in a recent
randomized controlled trial in China (NCT01829698) with the results yet to be published
[43]. Further, 24-nor-UDCA, a side-chain shortened derivate of UDCA inducing a
bicarbonate-rich hypercholeresis and which in experimental models of cholestasis has a
pronounced anti-inflammatory and anti-fibrotic effect [44, 45] is currently under
investigation in a double-blind, randomized, placebo-controlled phase Il trial in patients with
primary sclerosing cholangitis is ongoing (NCT01755507). PBC is an obvious additional
therapeutic area for the potential use of 24-70r-UDCA.

Targeting of the enterohepatic circulation of bile acids as a means of reducing the absorption
of cholesterol has been an area of research for many decades. Molecules specifically
targeting the intestinal apical sodium dependent bile acid transporter (ASBT) have more
recently been repurposed for the potential use in PBC. Specifically, A4250, which showed
promise in the multidrug resistant 2 (Mdr2)-deficient mouse model of primary sclerosing
cholangitis, and LUM-001 are in phase 2 studies in PBC (NCT02360852 and
NCT01904058, respectively).
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An interesting therapeutic approach is the use of fibrates (bezafibrate or fenofibrate) to
improve the response to UDCA in patients who do not have a complete response. Fibrates
induce peroxisome proliferator-activated receptor a (PPARa)-UDP-glucuronosyltransferases
(UGTs) signaling axis which is an important determinant of bile acid homeostasis [46] and
may act through several mechanisms including: promoting the expression of MDR3 by
binding to specific PPAR response elements in gene promoter and subsequently induce
biliary phospholipid secretion; down-regulation of bile acid synthesis inhibiting CYP7A1
and CYP27A1; regulating detoxification of bile acids by up-regulation of different
transporters (SULT 2A1, ASBT, MRP3, MRP4); altering the ratio of cholic acid/
chenodeoxycholic acid by promoting the expression and activity of CYP8B1; and reducing
inflammation by inhibiting NF-KB translocation with subsequent reduction of VCAM-1
expression that mitigates leukocyte adhesion and transendothelial migration [46].

A number of small clinical studies have assessed the potential efficacy of fibrates in PBC
[47-72] (Table 1). Firstly, in 1999 Iwasaki et al. reported a significant improvement in the
biochemical profile and disease symptoms after adding bezafibrate in PBC that were non-
responders to UDCA. Since 1999, over 30 studies including both small pilot and long-term
randomized controlled studies have been published on bezafibrate and fenofibrate in UDCA
null or partial responders patients. Collectively these studies suggest efficacy in reducing
alkaline phosphatase, gamma-glutamyl transferase and IgM when bezafibrate or fenofibrate
is given in combination with UDCA [73]. Recently, a meta-analysis including 84 patients
from 6 long-term randomized studies concluded that combination therapy with fenofibrate
and UDCA is more effective than UDCA alone in reducing alkaline phosphatase, gamma-
glutamyl transferase, immunoglobulin M and triglycerides but not pruritus in PBC [74].
Moreover, there was no increase in adverse events with combination therapy [74]. Other
studies report heartburn, nausea, arthralgias, transient aminotransferase elevations (to 2-5 x
the upper limit of normal), and mild, transient pruritus with the use of fenofibrate [51, 62,
67]. In the bezafibrate studies, there was an increase in creatinine, mild myalgias and
isolated cases of nausea and heartburn [57, 61]. A recent long-term prospective study from
Japan reported an increased risk of renal dysfunction and mild muscle pain that required
dose reduction or discontinuation and correlated with long-term combination therapy with
bezafibrate and UDCA compared to UDCA monotherapy [54]. We should note that in one
study, no differences in number and intensity of adverse events in patients treated with
bezafibrate or fenofibrate in combination with UDCA were reported [50].

Currently, a phase 111 prospective, double blind, randomized study of bezafibrate in
combination with UDCA (BEZURSO) in PBC patients with incomplete responses to UDCA
monotherapy is ongoing (NCT01654731). The results, expected at the end of 2016, are
eagerly awaited.

Immunomodulatory Agents

PBC is an autoimmune disease and both innate and acquired immunity are involved in
pathogenesis [16, 17, 20, 21, 75-77]. The upstream process of bile duct injury in PBC
follows the breakdown of tolerance to E2 proteins of the pyruvate dehydrogenase complex
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(PDC). However, results of immunosuppressive drugs to date have either been ineffective or
had unacceptable adverse effects. Those studied in randomized-controlled trials include
corticosteroid [78], azathioprine [79], cyclosporine [80, 81], methotrexate [82], and
mycophenolate mofetil (MMF) [83]. In general, these studies were disappointing.
Budesonide, a synthetic steroid with a high first-pass hepatic metabolism and high affinity
for the glucocorticoid receptor, has been proposed in combination with UDCA as second-
line therapy (Table 2) [84-87] In a double blind controlled trial including 20 patients with
pre-cirrhotic histological stage, UDCA plus budesonide (3 mg orally three times daily) was
superior to UDCA plus placebo after 2 years of treatment[85]. The favorable end-points
included a significant amelioration in liver function tests and liver histology. In a 3 year
open-label trial, oral budesonide (3 mg twice a day) combined with UDCA treatment was
superior to UDCA monotherapy, not only in amelioration of liver function tests, but also in
histologic improvement of fibrosis [87]. In a pilot trial including 22 non-responders to
UDCA, with a mean duration of 46 months, budesonide failed to add any additional benefit
to UDCA; moreover, it was shown that budesonide could aggravate underlying osteopenic
bone disease [84]. In a small pilot study including 15 patients with PBC (with a suboptimal
response to UDCA), budesonide was administered in combination with both UDCA and
MMF; patients also received supplementation with calcium and vitamin D. A normalization
of liver enzymes was obtained in 41% of cases [86]. It should be stressed, however, that
budesonide is contraindicated in cirrhosis due to its potential to induce portal vein
thrombosis [88]. A phase 11l randomized placebo-controlled trial comparing budesonide (3
mg three times daily plus) and UDCA (12-16 mg/Kg body weight) to placebo and UDCA in
PBC is currently ongoing (NCT00746486). Currently, the use of a corticosteroid with or
without azathioprine is only recommended for the PBC and AlH overlap syndrome [89, 90].

Biologic therapy

In contrast to immunomodulators, biologic therapies off the potential for more specific
immunosuppression leading to greater efficacy with lower risk of adverse effects. Despite
multiple potential targets and therapeutics developed for other more common autoimmune
diseases, few biologic agents have been studied in PBC.

One approach that has been taken was the targeting of B-cell cells with rituximab, a
chimeric monoclonal antibody specific for human CD20 that depletes B cells by
complement-dependent cytotoxicity and antibody-dependent cell-mediated cytotoxicity
(Table 3) [91]. In an open-label study including 6 patients with PBC and an incomplete
response to UDCA, treatment with rituximab led to significant reductions in serum alkaline
phosphatase up to 36 weeks following treatment and reversed several immunologic
abnormalities [92]. A second open-label study in 14 patients with PBC refractory to UDCA
also demonstrated a significant reduction in alkaline phosphatase (median decrease 16%) at
6 months together with a reduction in serum IgM and AMA levels [93]. Pruritus improved in
60% of patients, with only 8% of subjects experienced a worsening of pruritus. Although
rituximab was well tolerated, the size of the effect was limited in both studies leading both
to conclude that rituximab has limited efficacy in PBC for the treatment of liver disease but
an ongoing study is being performed for the treatment of fatigue (NCT02376335) [94].
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Based upon genome wide association studies identifying the IL-12 pathway as susceptibility
genes and other evidence linking IL-12 and IL-23 mediated Th1/Th17 signaling pathway
with the etiopathogenesis of PBC, a trial of ustekinumab, a humanized monoclonal antibody
directed against interleukins 12 and 23 through the shared interleukin 23p40 chain, was
initiated in PBC [6, 95]. In this phase Il multi-center study evaluating the efficacy and safety
of ustekinumab in 20 patients with PBC, no patient achieved the primary endpoint of a
reduction in serum alkaline phosphatase of at least 40% at week 12 or 28 (NCT01389973).

The pathogenesis of PBC is primarily attributed to auto-reactive T cells [96-98], the
activation of which requires co-stimulatory signaling via CD28 by engagement with CD80
or CD86 on antigen presenting cells [99]. Cytotoxic T-lymphocyte antigen 4 (CTLA-4) is
induced on the T-cell surface 24-48 hours after activation and attenuates CD28-mediated co-
stimulation as a means to prevent over reactivity [100]. CTLA-4 immunoglobulin (CTLA-4
Ig) is a recombinant fusion protein comprising a fragment of the Fc domain of human 1gG1
and the extracellular domain of human CTLA-4 [101-104] and in its soluble form inhibits T-
cell activation by selectively modulating co-stimulation by binding to CD80/86, and
blocking its interaction with CD28. CTLA-4 Ig has been investigated in 2 murine models of
PBC including the xenobiotic-induced model and the transgenic model expressing a
dominant negative TGF-p receptor 11 (dnTGFBRII[105]. CTLA-4 Ig treatment, started one
day before the immunization with the xenobiotic 2-octynoic acid, completely inhibited the
PBC-like bile duct damage, AMA production and intra-hepatic T-cell infiltrates [105]. When
given after induction of PBC, CTLA-4 Ig did not reduce the AMA but did significantly
reduce the liver inflammation. Interestingly, in the dnTGF-$RIl model which also develops
severe colitis, CTLA-4 Ig improved the liver inflammation but exacerbated the colitis.
Currently, a clinical trial with CTLA-4 Ig (abatacept) is ongoing in PBC patients with an
incomplete response to UDCA or intolerant to UDCA (NCT02078882).

CXCL10 (also known as interferon-y-inducible 10-kd protein or IP-10) can attract T
lymphocytes by binding CXCR3 expressed on activated CD4* T cells [106]. In the
pathogenesis of PBC, recruitment of lymphocytes in the portal tracts has a pivotal role,
while Thl cells expressing IFN-y are mainly present in the inflammatory infiltrate around
the injured bile ducts. CXCL10 is specifically produced in inflammatory areas where it may
help recruit T cells to the hepatic lesions [107]. An open-label multicenter study with
NI-0801, a human anti-CXCL10 monoclonal antibody, was performed in 40 PBC patients
with an incomplete response to UDCA (NCT01430429), but the study was terminated due to
lack of efficacy.

The CD40-antagonist monoclonal antibody, FFP104, blocks the interaction of the CD40-
CDA40L signal, an important receptor-ligand interaction during activation of antigen
presenting cells, induces a variety of downstream effects, such as surface T cell priming, B-
cell terminal maturation, and immunoglobulin (1g) class-switching [108]. A phase I/1l open
label multicenter, pilot dose escalation study in PBC patients is ongoing with an estimated
completion date is December 2016 (NCT02193360).
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Anti-fibrotic treatment

Stem cells

Multiple factors are involved in the pathogenesis of disease progression [109]. One aim is to

inhibit or reverse fibrosis. This issue has been recently reviewed by Trautwein et al [110].
An interesting target for treatment is integrin aVp6, which is uniquely up-regulated in
activated cholangiocytes and plays an important role in the progression of biliary fibrosis

[111]. In an experimental model of cholestasis it has been shown that inhibition of a V36
integrin by a non-peptide specific antagonist, significantly inhibited the progression of

biliary fibrosis [112]. A humanized monoclonal antibody, STX-100, which inhibits aV6, is
currently under study to treat pulmonary fibrosis in a phase 1l study (NCT01371305) and
chronic allograft nephropathy (NCT00878761). Moreover, simtuzumab, a monoclonal
antibody inhibitor of lysyl oxidase homolog 2 (LOXL2), is being used in experimental

human studies in NASH and primary sclerosing cholangitis (NCT01672879 and
NCTO01672853). Finally, pentoxiphylline (PTX), a methylxanthine derivative that inhibits
pro-inflammatory cytokines, has potential anti-fibrotic effects [113], is currently being

studied in a clinical trial including PBC patients non responsive to UDCA, but no data are
available (NCT01249092).

Umbilical cord mesenchymal stem cells (UC-MSC) have received significant attention
because of their potential modulation of the immune system by increasing the number of T-
regulatory cells and blocking clonal expansion of activated T cells. Mesenchymal stem cells
have been studied to treat several autoimmune diseases [114-117], including PBC [116,
117]. A randomized study in PBC is now ongoing comparing 12 weeks of treatment with
UC-MSC and UDCA and 12 weeks of placebo and UDCA (NCT01662973). In contrast,
hematopoietic stem cell transplantation has been proposed as a way to “reset” the immune
system following high-dose chemotherapy to ablate, or nearly ablate, the immune system. A
phase | study (NCT00393185) is ongoing in PBC patients with end-stage liver disease with
pruritus unresponsive to medical therapy or with more than 50% probability of dying or
needing a liver transplant. Patients are treated with high dose cyclophosphamide, fludarabine
and alemtuzumab, a monoclonal antibody to CD52 that is cytotoxic to mature lymphocytes,
followed by infusion of stem cells previously collected from a patient's sibling.

Symptomatic treatments

In addition to the long term progression of liver fibrosis, patients with PBC also have a
reduced quality of life due to associated symptoms including fatigue and pruritus (Table 5).
Modafinil has been studied for fatigue in PBC in 3 pilot studies in which it was administered
orally at an initial dose of 100 mg, with an increasing dosage to 200 mg if tolerated [118,
119]. The results were promising in all three trials, with an improvement in at least 70% of
cases. The duration of follow-up ranged between 2 and 15 months. However, a long-term
follow-up of patients included in one original study [120] found that 66% of patients failed
to tolerate modafinil long-term, but those who tolerated it had an improvement in their
quality of life [121].

Pruritus is a common symptom of PBC and can range from mild to severe. Its pathogenesis
is unclear, but for many years it was thought to be caused by accumulation of pruritogens
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produced within the liver and normally excreted in the bile. However, pruritus is not present
in all patients with cholestasis; tends to fluctuate during the course of the disease; and has a
circadian rhythm with maximum peak in the evening [122]. Many endogenous substances
associated with pruritus, including opioid peptides and serotonin together with bile acids
have been studied as a potential targets for pruritus (Fig. 1). Cholestyramine, a bile acid
sequestrant, can ameliorate the pruritus of PBC patients and is recommended as first-line
therapy [123]. Through similar mechanism, the ASBT inhibitor LUMOOL1 is being studied
for the treatment of pruritus in PBC and other conditions of cholestasis. Rifampicin is a
strong hepatic drug metabolizing enzyme (DME) inducing agent and nuclear receptor-
pregnane X receptor (PXR) agonist, which can inhibit bile acid synthesis through PXR
[124]. Several studies suggest that rifampicin may be effective for controlling pruritus in
PBC patients [125, 126], but can cause potentially serious adverse effects in approximately
10% of patients, including drug-induced hepatitis, hemolysis, renal impairment and
metabolic interference with other agents (i.e. antidepressants) [127]. Opiate antagonists have
been shown to ameliorate pruritus in several trials, including a double-blind, randomized,
placebo-controlled study of naloxone infusions [128]. The role of opioid receptors as a target
for pruritus therapy has not been completely elucidated; indeed, a scientific hypothesis
suggests that plasma from patients with cholestasis and pruritus contains a factor that might
induce itching by a central opioid-mediated mechanism [129]. An unexpectedly beneficial
side effect of sertraline on pruritus was reported in a cohort of PBC patients [130].
Following this observation, an open-label study to determine a dose with optimal efficacy
and tolerability was designed [131]. After a washout period, 12 patients were included in a
randomized, double-blind, placebo-controlled trial. Itch scores, evaluated using a visual
analog scale, improved in patients taking sertraline, but worsened in those taking placebo
[131]. A validation of this study has never been performed. In our experience, approximately
30% of patients with PBC and severe pruritus respond to sertraline administration (data
unpublished).

One study [132] may shed light on the pathogenesis of pruritus in cholestasis.
Lysophosphatidic acid (LPA), a bioactive phospholipid produced extracellularly by autotaxin
(ATX), is a potential mediator of pruritus specifically due to cholestasis. In addition,
colesevelam, a bile salt sequestrant, but not placebo, effectively reduced total serum bile
salts and fibroblast growth factor 19 (FGF19) levels in cholestatic patients, but only
marginally altered pruritus intensity and ATX activity [132]. When patients with severe
pruritus underwent molecular adsorbents recirculation system (MARS) or nasobiliary
drainage, the pruritus was reduced, and simultaneously autotaxin levels were dropped,
demonstrating a significant correlation between improvement of itching and reduction in
autotaxin activity [132]. Therefore, LPA-receptor blockers and ATX inhibitors should be
considered for future evaluation in the treatment of pruritus in cholestasis [133]. In addition
to LUMOO1, two other agents are now under study for controlling pruritus in cholestatic
liver diseases: GSK2330672 and NGM282. GSK2330672 is a highly potent, non-absorbable
apical sodium-dependent bile acid transporter inhibitor which has been recently studied for
its properties in the treatment of type 2 diabetes [134]. A randomized, double-blind cross-
over placebo-controlled trial to assess safety and tolerability of GSK2330672 in subjects
with PBC and symptoms of pruritus is ongoing. The total duration of the study will be 45
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days (for screening and treatment) (NCT01899703). NGM282, an engineered protein variant
of the human hormone FGF19, is a potent regulator of bile acid synthesis. A phase I/11, open
multicenter study in patients with PBC is ongoing (NCT02026401).

Expert Commentary

UDCA has been the main treatment for PBC during the last 25 years. Following the
introduction of UDCA, the natural history of PBC has dramatically changed, causing an
improvement in transplant-free survival in patient responders to UDCA. However, up to 40%
of patients do not respond to UDCA, with consequently higher risk of disease progression
and mortality. Many new agents have been proposed for the treatment of PBC, targeting
different aspects of its pathogenesis, primarily targeting autoimmunity, cholestasis, and
symptoms that affect the quality of life. The majority of the trials are still ongoing. None of
the new drugs, however, have demonstrated a “revolutionary” treatment for PBC.

Five-year view

PBC is a relatively common cholestatic liver disease, easy to be diagnosed, with a long
natural history and a slow progression to end-stage liver disease. Nevertheless, multiple
factors are involved in the pathogenesis of disease progression, including genetic factors.
Management of PBC during the next five years should take into account that the new
approach to PBC patients should focus on risk stratification for disease progression. Thus,
emerging therapies will be applied tailoring the individual risk of patients in fibrosis
progression and in improvement of quality of life. The concept of irreversibility of cirrhosis
is not a “dogma”, hence future clinical trials must keep into account that regression of
fibrosis is a critical important end-point to be considered.
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Key issues

PBC is a model autoimmune disease with chronic cholestasis with a slow
progression towards end-stage liver disease. At least 50% of patients
complain of symptoms which alter the quality of life, including fatigue and
pruritus.

UDCA has changed the natural history of PBC patients dramatically,
however, up to 40% of patients only partially or incompletely respond to
UDCA.

There are subgroups of patients with a more aggressive disease
accompanied by complication of portal hypertension.

Several new agents have been identified as new therapies, targeting
cholestasis, autoimmunity, fibrosis and symptoms which alter the quality of
life.

Future research will look at combining therapies with UDCA, as well other
agents including obeticholic acid and/or new biologic treatment.
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Figure 1.

Targets of pruritus in cholestasis.
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Studies involving fibrates in PBC

Table 1

Page 19

cholesterol, TG,
IL1,6, increase of
Apo All e Apo CIlI

Drug Studies (n) | Daily dose (mg) | Patients (n) | Combination with UDCA | Outcome Adverse Events
Bezafibrate | 20 200-400 2-45 18 studies Reduction of ALP, Increase in serum
GGT, IgM, AST, creatinine, mild
ALT, fatigue, myalgia in 2 studies,
pruritus, total mild GI discomfort
cholesterol, TG, (nausea or heartburn) in
serum markers of 2 studies
fibrosis, APRI
score, liver
stiffness
unchanged
Fenofibrate | 7 80-200 7-22 7 studies Reduction of ALP, Severe erosive
GGT, IgM, AST, esophagitis in 1 study,
ALT, pruritus, increase in AST and
AMA, serum ALT in 1 study,

increase in serum
creatinine in 1 study

ALP, alkaline phosphatase; GGT, gamma glutamy| transferase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AMA, anti-
mitochondrial antibodies; APRI, AST-platelet ratio index.
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Table 2

Studies involving Budesonide in PBC
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UDCA (12-16 mg/Kg of body weight + (Bud 3mg
tid vs UDCA + placebo)

Author Patients | Trial Duration Outcome
Leuschner[85] | 20 Double blind, 2 groups: 2 years Significant improvement in LFTs in
1) UDCA+Bud (3 mg tid) group 1; improvement in liver
2) UDCA + placebo histology
Rautiainen[87] | 77 Randomized, 2 groups: 3 years Improvement in liver histology in
1) UDCA+Bud (3 mg bds) group 1
2) UDCA alone
Angulo[84] 22 UDCA + Bud Pilot A mean of 46 No efficacy
months
Rabahi[86] 15 UDCA + Bud + MMF 3 years Normalization of LFTs in 41% of
cases; improvement in liver
histology
NCT00746486 | ? Phase 111 randomized placebo-controlled trial with 3 years ongoing

UCDA, ursodeoxycholic acid; Bud, budesonide; MMF, mycophenolate mofetil.
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Table 3
Studies with Rituximab in PBC
Author Patients | Trial Duration Outcome
Tsuda[92] 6 Open-label | 2 doses of 1000 mg separated by 2 weeks Reversion of several immunologic abnormalities and

and follow-up of 52 weeks

significant reduction of ALP up to 36 weeks

Myers [93] | 14 Open-label | 2 doses of 1000 mg separated by 2 weeks
and follow-up for 6 months

Effective B-cell depletion 1n 13 patients, significant
reduction of ALP at 6 months, improvement in pruritus
in 60% of patients at 12 months

ALP, alkaline phosphatase.
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Table 4
Current studies with stem cells in PBC
Trial Type Criteria Protocol
NCT00393185 | Phase | End-stage PBC with more than 50% or dying or Treatment with high dose cyclophosphamide, Ffudarabine
need for liver transplant in the following 36 and alemtuzumab followed by infusion of UC-MSC
months
NCT0166293 Phasel/Il | PBC with cirrhosis and liver failure 12 weeks of UC-SMS + UDCA vs placebo UDCA

UC-MSC=Umbilical cord mesenchymal stem cells
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Table 5

Pilot studies with modafinil for daily somnolence in PBC

Author Patients | Daily dose Duration Outcome

Kaplan[120] | 5 100-200 mg 15 months Improvement
Jones[121] 21 100 mg then titration | 2 months Significant improvement
Gan[119] 43 100-200 mg 3 days (if effective indefinitely) | 73% effective
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