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Abstract: The standard therapy for primary biliary cholangitis (PBC) is ursodeoxycholic
acid (UDCA) which has shown to improve hepatic biochemistry, delay histological progres-
sion and improve transplant-free survival. Approximately 30—40% of patients do not respond
or are intolerant to UDCA. Obeticholic acid, a farnesoid X receptor (FXR) agonist is the only
agent approved by the Food and Drug Administration for patients who do not respond to
UDCA. Recently, combination therapy with UDCA and bezafibrate has been shown to
improve biochemistry and both GLOBE and UK-PBC score in patients with an inadequate
response to UDCA. More recently, new pharmacological agents have been included in Phase
2 and Phase 3 trials: PPAR agonists, non-bile acid FXR agonists, anti-NOX agents, immu-
nomodulators and mesenchymal stem cells transplantation. This review gives an overview on
the current experimental pharmacological agents employed in the treatment of PBC.
Keywords: PBC, treatment, ursodeoxycholic acid, obeticholic acid, fibrates, FXR agonists,
PPAR agonists

Introduction

Primary biliary cholangitis (PBC) is a chronic cholestatic liver disease which can
progresses to cirrhosis, liver failure and death.! It involves predominantly more
females than males with a F/M ratio of 9:1 in cohort series reporting epidemiology,
natural history and clinical characteristics of the disease.! The disease appears to be
most common in Northern Europe and North America, but is relatively common in
Southern Europe, Asia and Australia. The prevalence is variable between 2 to 58
patients per million people and the estimated incidence varies between 0.9 to
5.8 per 100.000 per year.>> Over the last 30 years PBC has been changed
to a symptomatic disease characterized by symptoms of portal hypertension to
a mild disease with a long natural history.*

The standard treatment for PBC is represented by ursodeoxycholic acid
(UDCA) with a recommended dosage of 13—15 mg/Kg per day.’ Biochemical
response to UDCA has been defined, based on observational studies of UDCA-
treated patients. These studies reported that achievement of biochemical response
(according to their specific criteria associated with an improved liver transplant
(LT)-free survival as compared to patients with inadequate response.®'' In
a multicentre International Study of PBC patients treated with UDCA, bilirubin
levels below the current upper limits of normal (ULN) were shown to be pre-
dictive of survival and 0.6 x ULN was established as the threshold from which
point on the risk for liver transplant or death increases.'” It is also important to
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highlight that UDCA therapy improves LT-free survival
in all patients with PBC both in those with early and
advanced disease, as well as in patients not meeting
accepted criteria for response to UDCA.'® These impor-
tant findings suggest that even modest improvement in
cholestatic biochemical parameters in PBC can translate
into long-term benefit. Indeed, there is no definition
a priori of the relationship between non-response to
UDCA and survival. Two independent research groups:
the Global PBC Study Group and the United Kingdom
(UK)-PBC Consortium developed and externally vali-
dated the risk of progression in PBC in continuous prog-
nostic models. The Globe score (www.globalpbc.com)

was introduced in 2015, and was constructed using
a derivation cohort of 2.488 patients, and a validation
cohort of 1.634 UDCA-treated patients. The UK-PBC
risk score (www.uk.pbc.com) was developed in the

same year, in a nationwide cohort of 1.916 patients and
validated in a cohort of 1.249 UDCA-treated patients.
These models have been also validated in patients not
taking UDCA, thus reflecting disease activity and stage
expressed by biochemistry. There are two important dif-
ferences in the two models that can be explained by the
different endpoints used in the two scores. Indeed, Globe-
PBC score takes into account LT and all-cause mortality,
while the UK-PBC score considers LT and liver-related
death. Interestingly, calculating the two models in the
PBC POISE (Obeticholic Acid International Study of
Efficacy) study population, both models demonstrated
the potential use of these scores in individualizing risk
prediction in PBC both in clinical practice and therapeu-
tic trials.'"* UDCA non-responders (which are estimated
around 30-40% of treated patients), have lesser prognosis
due to higher risk of disease progression, greater mortal-
ity risk, and plausibility to require liver transplantation.'”

Thus, a second-line therapy for non-responders to
UDCA has been proposed.

Obeticholic acid (OCA) is the only registered agent
for second-line treatment in non responders to UDCA
after one year of treatment or intolerant to UDCA. The
decision to implement OCA includes at least one of the
following biochemical values: i) ALP >1.67 x ULN, in
Italy ALP threshold is 1.5 ULN; ii) total bilirubin >ULN
but <2 x ULN. OCA is a synthetic derivative of cheno-
deoxycholic acid, agonist of farnesoid X receptor (FXR),
which is a key nuclear receptor mainly expressed in the
liver and gut which regulates bile acid synthesis prevent-

6

ing their toxic accumulation.'® Moreover, it acts

promoting several functions including expression of bile
salt export pump (BSEP) on the canalicular membrane of
hepatocytes and controlling gene expression of organic
solute transporter (OST) a-OSTp (heteromeric transporters
expressed mainly in the distal portion of the gut and bile
ducts). Finally, FXR induces the expression of small het-
erodimer proteins, also known as nuclear receptor super-
family 0 which play a role in the transcriptional control of
bile acid transport and metabolism.'® Consequently, OCA
has several mechanisms of action: i) regulation of bile acid
transport; ii) anti-inflammatory properties; and iii) anti-
fibrotic mechanisms.'” Due to the induction of bile acid
signalling pathway via fibroblast growth factor-19 (FGF-
19), OCA has a more potent hepatoprotective effects than
UDCA. OCA has been studied as monotherapy in an
international randomized, double blind, placebo-
controlled Phase 2 study in patients with PBC with the
aim to assess the benefit of OCA in the absence of
UDCA.'® Patients were randomized and dosed with pla-
cebo (n=23), OCA 10 mg (n=20) and OCA 50 mg (n=16)
for 3 months. The primary endpoint was the percent
change in ALP from the baseline to the end of double-
blind Phase study. After 3 months patients were monitored
through a 6-year open-label extension. ALP was signifi-
cantly reduced in both OCA groups compared to placebo;
moreover, OCA improved many biochemical parameters
including GGT, alanine aminotransferase, conjugated bilir-
ubin and immunoglobulins. Pruritus was the most adverse
effect of OCA and was present in 15% of patients taking
OCA 10 mg and in 38% of those taking 50 mg. OCA
obtained FDA approval in 2016, on the basis of an inter-
national multicentre Phase III RCT of 216 patients.'® This
trial demonstrated that ~59% of patients who did not
respond to UDCA alone responded to OCA plus UDCA
combination therapy and reached the clinical end-point (an
alkaline phosphatase level of less than 1.67 times the
upper limit of normal range, with a reduction of at
least15% from baseline) during 12 months treatment.
Thereafter, all patients were switched to receive OCA in
an extension phase; 193 patients were treated during the
open-label extension.”® In this 3-year interim analysis
OCA was well tolerated and the performance of OCA
was stable during this period. Moreover, a post hoc ana-
lysis of POISE trial demonstrated that OCA was associated
with significant reductions in total and direct bilirubin,
particularly with high baseline direct bilirubin.?' Thus,
these results suggest substantial benefits of OCA in at-
risk patients. Pruritus and fatigue were the most common
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adverse effects recorded in the POISE trial, being present
in 77% and 33% respectively.?! Pruritus was scored as
mild-to-moderate by the visual analogue scale and only
16 patients (8%) withdrew from the open-label extension
phase because of pruritus. However, the majority of
patients who complained of severe pruritus received also
pruritus treatment respectively based on clinical judgment.
A subgroup analysis study of liver biopsy collected from
17 patients at time of enrolment in the POISE trial until 3
years of treatment demonstrated that long-term OCA treat-
ment was associated with improvement or stabilization of
disease features, including ductular injury, fibrosis and
collagen morphometry features.”* Despite the small sam-
ple size, this study indicates that most patients with an
inadequate response to UDCA showed an amelioration or
stabilization of multiple histological features of PBC after
3 years of OCA therapy.

In another sub-analysis study, the effects of OCA on
established non-invasive measures of liver fibrosis and
outcome, namely the AST to platelet ratio (APRI) and
transient elastography (TE) were investigated.”> APRI
was significantly reduced from baseline to double-blind
month 12 in both OCA-treated groups compared to pla-
cebo-treated groups. Similarly, APRI score was signifi-
cantly reduced during the open-label extension phase.
During double-blind and open-label phases, while not sig-
nificant, the OCA 10 mg group had mean reductions in
liver stiffness, while both OCA 5-10 mg and placebo
groups had mean increases in liver stiffness.”’

The first description of real-world effectiveness of
OCA included 64 Canadian patients with PBC with
incomplete response or intolerant to UDCA which were
treated with OCA for a median 13.1 months.** Of the
whole cohort, 44 patients met POISE-inclusion criteria,
39% of whom (N=17) had 12-month biochemical assess-
ment. In this group 18% of patients (3/17) met the
12-month POISE primary endpoint. However, considering
19-month observation period, 9/21 (43%) achieved this
target. Overall, significant reductions in ALP, GGT, trans-
aminases and IgM were reported in the whole cohort.
Worsening or new onset of pruritus was documented in
26 patients (41%) and was the cause for OCA discontinua-
tion in 5 of them. Other reasons for OCA discontinuation
were skin rash in 2 patients, hepatotoxicity in 2 and
incomplete response after 1 year of therapy in the remain-
ing 2 patients.

Fibric acid derivatives are anti-lipidemic agents pro-
posed as second-line therapy for PBC due to their anti-

cholestatic, anti-inflammatory and anti-fibrotic effects.
Fibric acid derivatives (fibrates) are agonists of the per-
oxisome proliferator-activated receptors (PPAR), which
belong to the superfamily of nuclear receptors. PPAR is
known to exist in 3 isoforms: a, f/3, and y. These isoforms
are encoded by distinct genes and have different patterns
of distribution. Fenofibrate is the PPAR-agonist which
stimulates the transcription and protein expression of
multidrug resistance protein 3 (MDR3) and increases the
biliary excretion of phosphatidylcholine.?® Furthermore, it
increases biliary secretion of phosphatidylcholine improv-
ing biomarkers of cholestasis. Bezafibrate has been
reported to act as a dual PPARa and - and pregnane
X receptor (PXR) agonist.”® The BEZURSO trial (Phase
3 Study of Bezafibrate in Combination With UDCA) is the
first ever placebo-controlled trial of a fibrate in PBC. In
this 24-month study, second-line use of bezafibrate in
addition to continued UDCA resulted in a rate of complete
biochemical response significantly higher than that
achieved with placebo and UDCA.?’ This effect was
associated with a parallel improvement in symptoms and
surrogate markers of fibrosis. Side effects of fibric acid
derivatives include increased creatinine levels, heartburn,
and transient elevation of transaminases. Gallstone forma-
tion (possibly due to repression of bile acid synthesis) and
paradoxical hypercholesterolemia have been reported in
patients with PBC treated with clofibrate,”® but were not
confirmed during treatment with fenofibrate or
bezafibrate.

A comparative effect of second line therapy with OCA
or fibrates has been evaluated in a multicentre retrospec-
tive study including 277 PBC patients from 30 centres in
Spain.? Sixty-five patients received OCA (5 mg) and 201
fibrates (85% bezafibrate 400 mg, 16% fenofibrate
200 mg) and 11 OCA and fibrates. Fibrates were asso-
ciated with higher decrease in ALP, while OCA with
higher transaminases improvement. Another study present-
ing the comparative efficacy data of OCA vs bezafibrate
n 59 patients treated with OCA or bezafibrate was pre-
sented at an AASLD meeting in Boston 2019.° i There
were no significant differences in the incidence of ascites,
varices, variceal bleeding and number of patients listed for
liver transplantation between the two groups. Overall per-
centage ALP reductions were greater following bezafibrate
vs OCA treatment (P<0.001). Ten percent of bezafibrate-
treated patients developed bilirubin elevation greater than
OCA-treated patients (10% vs 3%, P=n.s.). Both these
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studies highlight real world data of OCA and fibrates and
offer important points for future trial designs in PBC.

The additive effects of fibric acid derivatives combined
with OCA were studied in a multicentre retrospective cohort of
patients with PBC.*' Fifty patients were given a combination
of OCA (5-10 mg/day), fibrates (bezafibrate 400 mg/day or
fenofibrate 200 mg/day) and UDCA (13—15 mg/day). Triple
therapy was associated with a significant fall in ALP level
compared to dual therapy and with an odds ratio for ALP
normalization of 5.5 (95% CI: 1.8-17.1, P=0.003).

The effect of fibric acid derivatives on pruritus
deserves a separate discussion. Their benefit against this
symptom has been widely reported. Interestingly, a double
blind, randomized, placebo-controlled trial with the aim to
assess the effects of bezafibrate on pruritus (FITCH) has
been conducted in 70 patients with PBC, PSC and second-
ary sclerosing cholangitis with moderate to severe
pruritus.>® The primary endpoint was >50% reduction of
pruritus (scored on visual analogue scale). Bezafibrate
(400 mg/day) led 45%, placebo 11% to the primary end-
point (P=0.003). Fibric acid derivatives relieve cholestasis-
associated pruritus by autotaxin-independent mechanism
(Kremer). However, this important action in ameliorating
pruritus ensures fibric acid derivates to be employed
as second line therapy in PBC in case of moderate-

severe pruritus. As they act also as reducing cholesterol,
a consideration should be made for the subgroup of
patients with PBC and the atherosclerotic profile (namely
hypercholesterolemia with low levels of high-density lipo-
protein [HDL]) in whom fibric acid derivates could be
employed to prevent the risk for cardiovascular events.

Actually, novel experimental agents are known for their
interesting mechanisms of action, ie, bile acid modulation,
antifibrotic, anti-inflammatory effect, and immunomodula-
tion. Table 1 summarizes the RCTs trials still ongoing.

Non-Bile Acid FXR Agonists

Tropifexor is a highly potent non-bile acid FXR agonist that
has shown efficacy in animal models of cholestasis and non-
alcoholic steatohepatitis (NASH), mainly in reducing
fibrosis.”* In a Phase 2 study PBC patients with an inadequate
response to UDCA were randomized in cohorts (to receive 30
ug, 60 ug or 90 ug of tropifexor once daily or matching
placebo for 4 weeks.>* A planned interim analysis was con-
ducted in cohort 3 (90g). There was a brisk decrease in GGT,
ALP, ALT and AST with 72% reduction in GGT at 90 pg
at day 28. Reduction of HDL of 33% and 26% occurred at
doses 60 mg and 90 mg respectively and returned to normal

by the end of the study. There was no increase in total or LDL

Table | Ongoing Controlled Trials with Experimental Agents in PBC

Type Agent Design N. Pts Phase Duration N. gov
PPAR agonists
Bezafibrate RCT 34 3 12 months NCT02937012
Fenofibrate RCT 72 /a 12 months NCT0296591 |
Fenofibrate oL 200 3 44 weeks NCT02823353
Fenofibrate RCT 200 3 40 weeks NCT0283366
Seladelpar oL 356 2/3 60 months NCT03301506
Seladelpar RCT 240 3 52 weeks NCT03602560
Saroglitazar magnesium RCT 36 2 16 weeks NCTO03112681
FXR agonists
EDP-305 RCT 119 12 weeks NCT03394924
Cilofexor RCT 71 2 12 weeks + 30 days NCT02943447
Immunomodulants
Baricitinib RCT 52 2 12 weeks NCT03742973
MSCs transplantation RCT 14 N/A 12 months NCT03668145
FFP-104 oL 24 Y 24 months NCT02193360
Antiretroviral therapy
Tenofovir, radtegravir RCT 60 2 24 months NCT03954327

Abbreviations: OL, open label; RCT, randomised controlled trial; MSCs, mesenchymal stem cells; N/A, not available.
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cholesterol. These results showed a good tolerability of tro-
pifexor which is a potential future agent for PBC.*

Cilofexor, a non-steroidal FXR agonist, has been tested
in a trial involving 71 patients with PBC non-responders to
UDCA (NCT02943447). They were randomized to receive
either cilofexor 30 mg, cilofexor 100 mg or placebo once
a day for 12 weeks. Patients who received 100 mg dose
achieved a significant median reduction in ALT 8-13.8%,
P=0.05), GGT 8-47.7%, P<0.001), CRP 8-33.6%,
P=0.03) and primary bile acids (—30.5%, P=0.0.008).
Focusing ALP performance, a reduction greater than
25% was obtained in 17% and 18% of patients in the
100mg and 30 mg cilofexor groups respectively vs 0%
of the placebo group. The major side-effect was pruritus
which was more common in patients treated with high
dose cilofexor than in those who received 30 mg.
Promising results from a Phase 3 trial in patients with
PSC have been reported.”

EDP-305 is a potent FXR agonist which contains ster-
oid and non-steroid components without the carboxylic
acid group normally present in other classes of FXR ago-
nists and natural bile acids. A 12-week randomized double
blind, placebo-controlled study  (NCT03394924,
INTREPID Study) was conducted to evaluate the safety,
tolerability and efficacy in subjects with PBC and inade-
quate response to UDCA. The primary end-point was to
evaluate the proportion of subjects with at least 20%
reduction in ALP or normalization of ALP at week 12.
After randomization, 31 patients were included in arm 1
(1 mg EDP-305), 28 in arm 2 (2.5 mg) and 9 in the
placebo arm. In the intent-to treat (ITT) analysis EDP-
305 1 mg and 2.5 mg resulted in 45% and 46% reduction
respectively, compared to 11% in placebo group. Five
patients in the 2.5 mg arm experienced severe pruritus.
The most common side effects included besides pruritus,
gastrointestinal-related symptoms (nausea, vomiting, diar-
rhoea), headache and dizziness. Pruritus was present in
51% of the subjects in the 2.5 mg arm compared to less
than 10% in the 1 mg arm.

PPAR Agonists

Elafibranor (ELA), a dual PPAR o/d agonist has been
recently evaluated in a Phase 2, double-blind, placebo-
controlled study in PBC.*° Forty-five patients with PBC
and inadequate response to UDCA were enrolled to
receive ELA 80 mg quarterly a day, or ELA 120 mg
quarterly a day, or placebo. The primary end-point was
defined as ELA

the percentage of ALP change.

demonstrated a significant decrease in mean ALP at
week 12 (—48% in the arm with 80 mg and —41% in the
arm with 120 mg (P<0.001). The composite end-point
(ALP <1.67 x ULN plus ALP decrease >15% plus total
bilirubin <ULN) was reached in 67% and 79% of patients
respectively. Moreover, ELA-treated patients showed
improvement in lipid markers, reduction in inflammatory
markers (IgM, CRP, haptoglobin, fibrinogen) and decrease
in C4 (an intermediate of bile acid synthesis). Both doses
of ELA were well tolerated, and pruritus improved in 24%
of patients treated with 80% and in 49% in those treated
with 120 mg. These beneficial effects make ELA
a promising novel treatment candidate for PBC.

Seladelpar, a selective PPAR-6 agonist, was tested in
a 12-week double-blind, randomized, placebo-controlled
Phase 2 trial.®” Seventy patients with inadequate response
or intolerance to UDCA were randomly assigned to pla-
cebo, seladelpar 50 mg/day, or seladelpar 200 mg/day. The
primary end-point was the percentage of change in ALP
from baseline over 12 weeks. During recruitment, 3
patients treated with seladelpar developed fully reversible
asymptomatic grade 3 alanine transferase increase, thus
the study was terminated early.

Nevertheless, the results of seladelpar in terms of effi-
cacy, safety and tolerability have been presented at EASL
Annual meeting 2020 in a l-year, Phase 2, open label
uncontrolled dose-finding study.*® One hundred and nine-
teen patients received oral daily doses of 2.5 or 10 mg
seladelpar; after 12 weeks doses could be increased up to
10 mg based on biochemical response. Over 1 year sela-
delpar appeared safe, well tolerated and did not induce
pruritus. Four patients discontinued seladelpar due to
adverse events (two of them were considered related to
the drug: heartburn grade 1 and transaminase elevation
grade 2). The composite end-point (ALP <1.67 x ULN,
—15% reduction in ALP, total bilirubin <ULN) was met in
53% in 5/10 mg and 69% in 10 mg; 14% of patients in 5/
10 mg and 33% in 10 mg normalised ALP. Actually, the
results of Phase 3 trial with seladelpar in PBC are ongoing
(ENHANCE study). Interim analysis of ENHANCE study
AASLD Liver
November 2020. Two hundred and sixty-five patients

have been discussed at Meeting
with PBC and with inadequate response (or intolerant) to
UDCA were randomized to placebo, seladelpar 5 mg or
seladelpar 10 mg once a day. The primary endpoint was
a reduction in ALP level <1.67 x the ULN with at least
a 15% decrease from baseline and a normal level of total

bilirubin after 52 weeks. Due to the early termination of
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the study the primary outcome measure was amended prior
to the data base lock to a 3-month interpoint which was
reached by 167 patients. Seladelpar was well tolerated and
achieved the primary composite outcome with highly sta-
tistical significance in 78.2% of patients in the 10 mg
group (n=55) and in 57.1% in the 5 mg group (n=56)
on placebo (n=56), P<0.0001.
Seladelpar also demonstrated a strong dose-dependent

compared to 12.5%

reduction in pruritus assessed by numerical rating scale.
These results suggest that seladelpar may be a candidate
for second line therapy in PBC.

Targeting FGF19

FGF19 is a hormone that acts directly on the liver to
suppress expression of CYP7AIl, the key enzyme that
catalyses the first and rate-limiting step in the pathway of
bile acid synthesis.””> NGM282 (Aldafermin), an engi-
neered analogue of FGF19 has been evaluated in a 28 day-
multicentre, randomized, double-blind Phase 2 trial in
PBC.* Forty-five patients with PBC who had an inade-
quate response to UDCA were randomly assigned to sub-
cutaneous daily doses of either NGM282 at 0.3 mg (n=14),
3 mg (n=16) or placebo (n=15). The primary endpoint was
a change in ALP from baseline after 28 days of treatment.
At the end of the study ALP was significantly reduced
with NGM282 treatment at both 0.3 mg and 3 mg vs
placebo; 50% of patients receiving NMGM282 0.3 and
46% of those receiving 3 mg achieved 15% of greater
reduction in ALP levels from baseline compared with
7% receiving placebo. Most adverse events were grade 1
to grade 2 in severity, with gastrointestinal disorders more
frequent in the treatment group vs placebo. Thus, the
tolerability profile was acceptable, but future studies are
warranted to assess the durability of biochemical response
and to verify whether the efficacy is related to a real
improvement of robust clinical outcomes, such as decrease
in decompensation or death.

Targeting the NADPH Oxidase
(NOX) Enzymes

NOX enzymes play a role in multiple processes such as
fibrosis, inflammation, pain processing, cancer develop-
ment and neurodegeneration. Anti-NOX agents have
shown to prevent the development of fibrosis in an experi-
mental model of sclerosing cholangitis.*' Moreover,
a Phase 2 trial with GKT831 (setanaxib) has been con-
ducted in 111 patients with PBC stratified into 3 arms:

placebo (N.37), GKT831 400 mg once a day (N.38) and
GKT831 400 mg twice a day (N.36).** The primary end
point was change in GGT at week 24 and secondary end
points were changes in ALP, liver stiffness evaluated with
fibroscan, and quality of life (QoL). GKT831 achieved
rapid, dose and time dependent reductions in markers of
cholestasis; in particular, a greater reduction in GGT (29%
for GKT831 400 mg twice a day vs 8% placebo, P<0.01)
in patients with higher baseline GGT, suggesting that
GKT831 may also benefit patients with more advance
disease. The treatment was well tolerated, and no treat-
ment interruption or discontinuations due to pruritus or
fatigue were recorded. Following these positive results,
the PBC Phase 3 trial is being planned.

Immunomodulators

Rituximab was evaluated in two open-label studies in PBC
patients with incomplete response to UDCA, but both
studies showed a limited efficacy, although some impress-
ive reduction in ALP was noticed.**** Rituximab was also
found ineffective for treatment of fatigue in a Phase 2
randomized controlled trial in PBC.*

Anti-CXCL10 is a human monoclonal antibody
directed against chemokine (C-X-C motif) ligand 10
implicated in the recruitment of inflammatory T cells
In PBC patients,
CXCL10 are greater as is the frequency of peripheral

into the liver. serum levels of
blood cells expressing CXCR3 compared to healthy
controls.*® Within the liver, CXCR3+ cells are detect-
able in PBC, especially on CD4+cells in the portal areas
and the damaged bile ducts. Interestingly, in situ hybri-
dization of PBC liver samples demonstrated CXCL10
message in hepatocytes surrounded by infiltrating mono-
cytes but not in bile ducts.*” The safety and efficacy of
an anti-CXCL10 (NI-0801) was assessed in an open-
label Phase 2a study including 29 patients with PBC
with an inadequate response to UDCA.*® Patients
received i.v. administration of NI-0801 (10 mg/Kg)
every 2 weeks and were followed up for 3 months
after the last infusion. No serious side-effects were
reported, but the most common adverse events included
headaches (52%), pruritus (34%), fatigue (24%) and
diarrhoea (21%). The study was terminated because no
clinically significant improvements in liver tests were
observed.*®

Ustekinumab, a monoclonal antibody that specifically
binds IL-12 and IL-23 has

a multicentre, open label trial including an inadequate

been investigated in
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response to UDCA, but the results were disappointing,
showing a moderate decrease in ALP.*

Abatacept (CTL4-Ig) was ineffective in an open-label
trial in achieving biochemical responses associated to an
improvement of clinical outcomes.”®

Baricitinib is a Janus kinase (JAK) inhibitor (and more
specifically a selective JAK1 and JAK2 inhibitor. Janus
kinase are a family of four protein tyrosin kinase (JAKI,
KAK?2, JAK3 and tyrosin kinase 2) that play a role in
cytokine signal transduction. Baricitinib is approved in
US and Europe for treatment of rheumatoid arthritis.
A clinical (NCT03742973) with Baricitinib
(LY3009104) is currently ongoing in PBC patients who
do not respond or unable to take UDCA.

FFP-104, an anti-CD40 monoclonal antibody is a new

trial

agent which is expected to interfere with the normal
immune reaction underlying the disease. In particular,
CD40 plays an important role in the efficient activation
of T-cells by antigen presenting cells, fibroblasts and other
non-lymphoid cells. A Phase 2 trial including PBC
patients is currently ongoing (NCT02193360).

Mesenchymal stem cells (MSCs) transplantation has
been proposed for end-stage PBC as alternative to liver
transplantation.”' In fact, MSCs can modulate and repair
injured tissue by modulating immune response through
different mechanisms including cell-to-cell interaction
and secretion of paracrine factors.> The first clinical
trial on PBC was conducted in China (NCT01662973).
Seven patients with an incomplete response to UDCA
were included with the aim to evaluate the safety and
efficacy of umbilical cord-derived MSCs.”* All patients
well tolerated the procedure, with no side-effects after 48
weeks of follow-up. The treatment led to a significant
decrease in both serum ALP and GGT, whereas the other
biochemical parameters did not change significantly.
A second study was conducted thereafter by the same
group utilizing the MSCs from allogenic donors of
patient’s family members.>* The efficacy of this proce-
dure was evaluated at 1, 3, 6 and 12 months of follow-
up. Biochemical parameters, such as transaminases, GGT
and IgM significantly improved and histological fibrosis
remained stable. However, further studies are required to
recommend the use of MSCs therapy in PBC. Actually,
a new study is ongoing (NCT03668145).

Antiretroviral Therapy
A Canadian research group hypothesized a viral involve-
ment triggering PBC, after finding serological reactivity to

retrovirus.> Consequently, a multicentre, double-blind,
cross-over, placebo-controlled trial with antiretroviral ther-
apy in PBC was performed (NCT01614405). The enrol-
ment was limited to 13 patients because most patients
were intolerant to lopinavir-ritonavir (LPRr). Patients
were randomized to daily combination tenofovir-
emtricitabine (TDF/FTC) and LPRr.*° A significant reduc-
tion in ALP by 25% (P<0.05) was observed, but a great
limitation was represented by the frequency of side-
effects. Actually, a new trial warranting the search for
better tolerated combinations is ongoing (NCT03954327).

Targeting Pruritus

The guideline-approved anti-pruritic strategies (cholestyr-
amine, rifampicin, naltrexone, sertraline) are often ineffec-
tive in amelioration pruritus in PBC. Actually, new agents
targeting pruritus in cholestasis have been developed.

lleal Bile Acid Transporter
Inhibitors (IBATSs)

The main goal of IBATSs is to improve pruritus in choles-
tasis by decreasing retained circulating bile acids. Several
compounds altering ileal reabsorption of bile acids have
been proposed.

A Phase 2 study assessed the efficacy and safety of
maralixabat, a selective, ileal apical, sodium-dependent,
bile acid inhibitor in PBC patients with pruritus
(CLARITY study).5 7 Patients were randomized 2:1 to
maralixabat (10 or 20 mg/day) or placebo for 13 weeks
in combination with UDCA (when tolerated). The primary
endpoint was change in Adult Itch Reported Outcome
average sum score from baseline to the end of the study.
Adverse events (gastrointestinal disorders being the most
frequent ones) were reported in 78.6% of patients treated
with maralixabat and in 50% in those treated with placebo.
Despite improvement from baseline risk scores, no signif-
icant difference was observed in the magnitude of effect
between the drug and placebo.

Linerixabat (GSK2330672) was tested in a Phase 2
cross-over, randomized placebo trial in 21 patients during
two consecutive 14-day treatment period in a crossover
sequence.”® The primary endpoints were safety and toler-
ability. The secondary endpoints were changes in pruritus
scores using the 0 to 10 numerical rating scale, PBC-40
itch domain score and 5-D itch scale (NCT01899703) and
changes in bile acids. Linerixabat was generally well tol-
erated, but diarrhoea was the most common adverse effect.
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The percentage changes of itch scores were —57% in the
numerical rating scale, —31% in the PBC-40 itch domain
and —35% in the 5-D itch scale. Compared to placebo the
differences were statistically significant. A larger Phase 2
study including 147 patients is still ongoing to confirm the
beneficial effect on itching and further assess the drug
tolerability (NCT02966834).

Finally, A4250 (odevixibat) was tested in terms of
tolerability and efficacy in an open label Phase 2 study
in 9 patients with PBC and pruritus (NCT02360852).>°
Patients were treated with either 0.75 mg (n=4) or
1.5 mg (n=5) of A4250 for 4 weeks. All 9 patients
reported a remarkable improvement in pruritus assessed
by visual analogue scale, 5-Ditch scale and the pruritus
domain of the PBC-40 questionnaire. Unfortunately, toler-
ability was scarce, since 5 patients withdrew the study due
to abdominal pain and diarrhoea.

Targeting Fatigue
Fatigue is a complex symptom characterized by feeling of
exhaustion, lethargy, discomfort and limiting the quality
of life. It is not clear if it is an extra-hepatic symptom of
hepatic inflammation or a manifestation of an extra-
hepatic disease. Moreover, the probability that liver trans-
plantation improve fatigue in advanced PBC is roughly
50%.%° There is currently no licensed therapy for fatigue
in PBC. Prescribed exercise therapy warrants further eva-
luation, particularly to assess whether the bioenergetic
abnormalities seen in peripheral muscle can be modified
following exercise. A pilot study demonstrated a greater
improvement of muscle pH in PBC patients than healthy
controls, and also an amelioration of fatigue, social, and
emotional symptoms following an exercise program.®'

An open study using modafinil, a central nervous sys-
tem active agent effective for the treatment of daytime
somnolence in the context of narcolepsy, was used in 21
patients with PBC suffering of daytime somnolence and
fatigue.”> Modafinil was started at a dose of 100 mg/day
and was titrated according to tolerability and response.
Only 14 patients were able to tolerate the treatment for
the full 2-month period. In those patients modafinil ther-
apy was associated with improvement in excessive day-
time somnolence and associated fatigue. Suggestion from
this trial was to design a placebo-controlled study to con-
firm the effectiveness of modafinil in reducing fatigue in
PBC patients.

Interestingly, in an experimental model of cholestatic
liver disease induced by bile duct ligation, early OCA

administration improved cognitive impairment (abnormal
activity, short-term memory and spatial recognition.®®
The first randomized controlled trial of treatment of
fatigue in PBC was performed in Newcastle upon Tyne in
UK (NCT2376335).*° In this Phase 2 trial 57 patients with
PBC and moderate to severe fatigue were randomized to
receive two doses of either rituximab (1000 mg) or pla-
cebo. The primary outcome measure was fatigue severity
assessed using PBC-40 domain at 3 months. The rationale
for choosing rituximab was a reported improvement of
fatigue associated to a number of autoimmune conditions,
including Sjogren’s syndrome that shows an association
with PBC. Rituximab, however, failed to show an
improvement of fatigue in patients with PBC.

Conclusions

New pharmacological agents have been included in Phase 2
and Phase 3 trials for PBC patients non responders to first
line therapy with UDCA. Besides OCA which is the first
drug to be registered in many countries, fibrates appear to be
promising to ameliorate biochemistry and symptoms of the
disease. Several types of agents: PPAR agonists, non-bile
acid FXR agonists, anti-NOX agents, immunomodulators
and mesenchymal stem cells transplantation are currently
included in ongoing trial. The majority of them have
shown beneficial effects on biochemical endpoints. No
data are available on robust endpoints, such as transplant-
free survival. The treatment landscape for PBC is probably
a combination treatment with multiple agents targeting dif-
ferent mechanism of pathogenesis.
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