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Abstract: Cholestasis is a condition defined as an abnormal decrease of bile flow due to progressive
pathological states or cholestatic liver diseases that affect the biliary tree at intrahepatic and extrahepatic level.
It induces complications such as cirrhosis, liver failure, malignancies, pruritus, fatigue, bone disease and
nutritional deficiencies that merit close follow-up and specific interventions to improve quality of life.
Furthermore, cholestasis can progress to end-stage liver disease and represents an entity with high morbidity
and mortality; and economic burden, Therefore, it is important that clinicians understand the treatment options
for cholestatic liver diseases. This review addresses the pathophysiology of cholangiopathies, a general view
of current treatments and their molecular targets, and a specific review of those groups of drugs. The objective
is to provide clinicians with an overview of the current treatment of cholangiopathies based on evidence on its
efficacy and safety.
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1. Introduction

Bile is a digestive fluid produced by the liver and released into the bile duct. It flows directionally
from the liver into the duodenum via the bile duct as a passageway. Cholestasis is a condition defined
as an abnormal decrease of bile flow due to progressive pathological states or cholestatic liver
diseases (CLD) that affect the biliary tree at intrahepatic level and extrahepatic level [1].

CLD includes a wide variety of genetic, congenital, immunological, infectious, and idiopathic
disorders but among them, the primary biliary cholangitis (PBC) and primary sclerosing cholangitis
(PSC) embody the most impactful and frequent CLD with a pooled point prevalence rate of 22.27
cases per 100,000 inhabitants (IC95% 17.98-27.01), and a pooled annual incidence rate of 1.87 new
cases per 100,000 inhabitants (IC95%: 1.46-2.34); and a incidence approximately of 0.5 to 1.3 cases per
100,000 person-years while prevalence range from 3.85 to 16.2 cases per 100,000 person-years,
respectively [2,3].

Cholestasis induces complications such as cirrhosis, liver failure, malignancies, pruritus, fatigue,
bone disease and nutritional deficiencies that merit close follow-up and specific interventions to
improve quality of life [4]. CLD can progress to end-stage liver disease and are entities with high
morbidity and mortality but also with an important economic burden which derivate from the lack
of effective treatments. CLD represent global annual total costs equal to € 913,763 (€ 942 per patient)
and € 459,506 (50.3%, € 474 per patient) deriving from hospitalizations, mostly due to liver
transplantation (LT), 30.5%, and cirrhosis complications, 20.6%). Costs from outpatient activities were
estimated in € 109,090 (11.9%, € 112 per patient) [5]. From 1988 to 2018, CLD, and particularly PBC
and PSC accounted 14.2% of all liver transplants. About 10% to 40% of these patients will have a
recurrence of primary disease after LT [6]. The aim of this review is to offer clinicians a review of the
updated literature on the treatment of cholestasis and associated complications.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Pathophysiology of Cholangiopathies

The general sequence of events leading to cholestasis and its associated damage can be
summarized as: 1). Ductular reaction, 2) Biliary stasis (intrinsic and/or extrinsic obstruction), 3)
Modification of bile components to a cytotoxic profile and 4) Proinflammatory and profibrotic state.
It is essential to know the general aspects to understand the therapeutic targets of the different
pharmacological strategies (Figure 1).
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Figure 1. Pathophysiology of cholangiopathies.Following the model of patients with PBC. Patients
with CLD are at proinflammatory state. On a permissive genetic background, patients are to expose
to a microbial or environment similar to immunogenic form of pyruvate dehydrogenase complex
(PDC)-E2, mitochondrial autoantigen, in apoptotic blebs that will induce an immune response. 2)
Dysregulation of the innate and adaptive results in a targeted immune response directed at
cholangiocytes. There is an increased expression of the effector cytokines IL-6 and IL-8, and the
leukocyte chemoattractant CXCL10. Dysregulated over-production of IFNy results in T-cell
infiltration of periductular areas, the production of anti-mitochondrial antibody (AMA) in
conjunction with B cells and the upregulation of bile acid production. 3) Attacked by cytotoxic T cells
and mitochondrial damage with secondary failure of biliary transporters (AE2, BSEP and the HCO3
umbrella) cholangiocytes loss their protections against from toxic hydrophobic bile acids. 4)
Inflammation and injury lead to ductular reaction, accompanied by infiltration of leukocytes and
lymphocytes, activation of liver progenitor cells, and an increase in matrix protein levels through
different proteins such as TGF{1/2. Bile salts will be acidified and become hydrophobic, eventually
cross the membrane leading to cellular apoptosis. 5) In the inflamed portal tracts, chronic bile duct
damage leads to bile leakage, retention of hydrophobic bile acids that cause local bile salt injury,
interruption of the enterohepatic circulation and bile salt absorption in the ileum and FXR-mediated
production of FGF19 with significant reduction of de novo bile salt synthesis. 6) Apoptosis and cell
injury promotes formation of reactive oxygen species (ROS) both in liver cells and cholagiocytes. This
contributes to a profibrotic state. Furthermore, apoptosis releases apoptotic blebs that perpetuates a
proinflammatory state. This stimulation induces cells to evolve toward an exhausted, profibrogenic
phenotype which can contribute to the development of hepatic stellate cell-mediated liver fibrosis.
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2.1. Ductular Reaction

Cholangiocytes are the metabolically active epithelium that lines the bile ducts. It participates in
the formation and modification of bile through a series of transmembrane channels, transporters and
exchangers that are expressed in the apical or basolateral domain of cholangiocytes [7]. There are
multiple triggers or promoters of activation (environmental, antigens, toxins, genetic and epigenetic
factors) cholangiocytic or ductular reaction (DR) in which the number of ductules increases,
accompanied by infiltration of leukocytes and lymphocytes, activation of liver progenitor cells, and
an increase in matrix protein levels [8]. Initially, DR is a response to an aggressor stimulus, it tries to
limit and eliminate the harmful factor. If DR is perpetuated, proinflammatory pathways (Notch and
Hedgehog) induce cholangiocyte maturation, fibronectin deposition and cytokine transcription
(interleukin-6, interleukin-8, tumor necrosis factor and various growth factors) that generate
histological and structural changes that condition cholestasis. Furthermore, cholangiocytes recognize
the presence of pathogens through pattern recognition receptors (PRR), and the activation of these
PRRs triggers a signaling cascade which results in the expression of various cytokines,
immunoglobulins, adhesion molecules and a strong cellular response (CD4+ T cells, CD8+ T cells, B
cells, macrophages and natural killer cells) that can release pro- and anti-inflammatory molecules
and angiogenic, fibrogenic and proliferative factor. This is the basis for consideration of
immunomodulatory therapies for CLD [9].

2.2. Biliary Stasis

Impaired bile flow is due to intrahepatic or extrahepatic obstruction of bile ducts. Impaired
secretion by hepatocytes transport is another predisposing factor for cholestatic status, RD, increase
in bile acids (BAs) concentration and mitochondrial dysfunction [6]. The dysfunction of apical and
basolateral cotransporters of the cholangiocytes generates cholestasis impairing secretion by the
canalicular membrane. Primary BAs are synthesized in the liver and before secretion in the bile
canaliculi, undergo conjugation to form bile salts that decrease passive reabsorption. Once in the
intestine, those primary bile salts undergo dehydroxylation and deconjugation by the intestinal
microbiota, forming secondary acids. BAs are passively reabsorbed in the upper intestine, but 90-95%
of them are reabsorbed into the terminal ileum via the apical sodium-dependent bile acid transporter
(ASBT). Then, BAs enter the portal circulation via transport by the organic solute transporter (OST)
a/p and subsequently return to the hepatocyte via the sodium-taurocholate cotransporter
polypeptide (NTCP) or the organic anion transporter polypeptide (OATP). This process of
enterohepatic circulation is regulated by feedback mechanisms to protect hepatocytes from bile acid-
induced cytotoxicity. The main negative feedback mechanism that regulates BAs homeostasis is
through the nuclear farnesoid X receptor (FXR). In the enterocytes, BAs bind to FXR to decrease BAs
synthesis via CYP7A1. This pathway can also be suppressed by the activity of fibroblast enteral
growth factor 19 (FGF-19), that binds to its hepatocyte receptor, fibroblast growth factor 4/3-klotho
complex, to inhibit transcription of the CYP7Al gene. Fibroblast growth factor 19 (FGF19), an
endocrine gastrointestinal hormone, controls BAs metabolism through its effects on CYP7A1, the first
and rate-limiting enzyme in the classic pathway of BAs synthesis [10]. In cholestasis, high levels of
BAs induce fibroblast growth factor 19 (FGF-19) expression. The increased concentration of FGF-19
in the gut stimulates activation of the FGFR4/B-klotho receptor in the liver and it is associated with
malignancy risk [11]. In addition, FXR activation leads to downregulation of the intestinal bile acid
transporter ASBT, the hepatic uptake transporters NTCP and OATP, and upregulation of bile salt
export pump (BSEP) of hepatic efflux transporters (Figure 1) (Figure 2) [6-9].
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Figure 2. Treatments and molecular targets.In the liver, FXR agonists, PPAr agonist and FGR agonist
improve cholestasis by decreasing BAs production and output via CYP7A1 inhibition. PPAr agonist
and FRX also modulate proinflammatory state by suppression inflammatory pathways such as NF-
kB. This results in ROS and interleukin reduction there, a decrease in hepatic stellate cells activation
and immune cells activation. Immunomodulatory therapies, like Rituximab or Baricitinib are aimed
at blocking antigen presentation and then direct damage to liver cells It is important to notice that
apoptosis in liver cells releases apoptotic blebs that perpetuates a proinflammatory state and
formation ROS both in liver cells and cholagiocytes. This contributes to a profibrotic state. *UDCA
serve as a partial agonist of FXR but also improve BAs flow and enhances ions channels. Its effects on
the biliary HCO3- umbrella, near the apical surface, prevents the permeation of hydrophobic BAs;
hence contributing to the reduction in cell injury. In the gut, intestinal FXR agonist, improves
cholestasis due to the reduced BAs pool total size. FXR protects the liver from high BAs by regulating
the expression levels of BAs transporters. The events triggered by FXR in the gut liver axis probably
represent a therapeutic option through the decrease in the excess of BAs in the liver. About 90-95% of
BAs are reabsorbed into the terminal ileum via ASBT. the inhibition of ASBT reduces the overload
BAs in the liver. The decrease of ASBT ex-pression increases the excretion of fecal BAs and the total
concentration of BAs in liver.
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2.3. Citotoxic Profile of Biliary Acids

BAs properties help with digestion, leakage, and accumulation of BAs in hepatocytes but in
higher concentrations they can lead to the activation of cholangiocytes, causing chronic inflammation,
proliferation, apoptosis ant with progression of damage; subsequent fibrosis [1-9]. BAs are composed
of four steroid rings that form a hydrocarbon network that has hydrophobic and hydrophilic regions,
whose balance is variable and explains differences in their biological properties, including their
choleretic potency, solubilization properties and activation of BAs receptors. Hydrophobic BAs are
potent detergents, hydrophilic BAs are not, and they lack membrane-disrupting properties, thus
being non hepatotoxic, even in high concentrations. This is relevant for the therapeutic use of
hydrophilic BAs, like ursodeoxycholic acid (UDCA), tauroursodeoxycholic acid (TUDCA) and new
semisynthetic BAs derivatives such as 24-norursodeoxycholic acid (Nor-UDCA) in the treatment of
liver diseases [12]. Defense mechanisms include alkalinization of bile via increased bicarbonate
secretion and decreasing their ability to diffuse and lessening their cytotoxic effects; the cholehepatic
shunting of BAs when recirculated through the periductular capillary plexus, increasing bile flow
and augmenting bicarbonate-rich choleresis, and BAs can modulate inflammatory pathways by
binding to a variety of nuclear and surface receptors (i.e. FXR, TGR5, and PXR) throughout the
intestines and bile ducts [1,9].

2.4. Profibrotic State

Ultimately, proliferation can lead to cell cycle disruption, senescence, and apoptosis, ductopenia,
local angiogenesis, fibrosis, and recruitment of innate and adaptive immune cells, mesenchymal cells,
and endothelial cells. Cholangiocyte dysfunction can lead to biliary fibrosis, through increased
intracellular cyclic monophosphate adenosine (cAMP) levels, 3-catenin-mediated secretion of pro-
inflammatory cytokines and chemokines. Those process induce to early recruitment of macrophages,
activation of latent Transforming growth factor beta (TGF{) and accumulation of myofibroblasts
(Figure 2) [13]. Unless reversed, these events lead to periportal fibrosis, ductopenia, eventually biliary
cirrhosis and sometimes malignant transformation [3].

3. Therapeutic Options

Based on pathophysiology, the treatment of cholestasis should pursue the following objectives:
limit BAs injury by modulating the hydrophobicity of the pool or reduce the size of the pool by
interfering with the intestinal absorption, induce choleresis to deload hepatocytes from BAs and to
limit cholangiocyte damage, but also modulate inflammation.

3.1. Hydrophilic Bile Acids (BA): UDCA

UDCA (3a,7p-dihydroxy-53-cholanoic acid) accounts for 1 — 3% of human bile, most of it is
conjugated with glycine. When administered orally, it turns the BAs pool more hydrophilic (up to
40%) thus reducing the toxic effect of hydrophobic BAs [12]. This has been shown it patients with
PSC, reaching a plateau at doses of 22-25 mg/kg [14]. Although a previous study showed an
unchanged hydrophobic BAs pool [15]. The discrepancies in the evidence led to a deeper
investigation regarding the effects of UDCA in CLD. Since then, many other mechanisms of action
have been described as an intracellular signaling molecule (Ca2+ agonist), activator of protein kinases
(MAPK: Erk1/2, p38MAPK) and a5f1 integrins in hepatocytes, and a signaling molecule that
stimulates vesicular exocytosis and, therefore causing a choleretic effect. There is also the “The biliary
HCO3- umbrella” hypothesis, which states that the alkaline pH near the apical surface, due to
HCO3- secretion by hepatocytes and colongiocytes, prevents the permeation of hydrophobic BAs
(Figure 1) [16].

The clinical effect of UDCA was first proven in patients with PBC in a prospective study that
showed improvement in liver function tests and in pruritus [17]. Later, it was shown, in placebo-
controlled trials, that it improves liver histology and delays progression to cirrhosis and LT [18,19,20].

doi:10.20944/preprints202304.0494.v1
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Because of its efficacy and safety, UDCA is recommended for all patients with PBC as a first-line
therapy [21].

In patients with PSC the use of UDCA as treatment has not shown such positive results. A 2009
meta-analysis of randomized controlled trials showed that UDCA can improve liver biochemistry
but has no effect on liver histology or survival free of transplantation [22]. Another meta-analysis
comprising 567 patients found no significant difference in mortality [OR, 0.6 (95% CI, 0.4-1.4)], main
symptoms such as pruritus [OR,1.5 (95% CI, 0.3-7.2)], or fatigue [OR, 0.0 (95% CI, 0.1-7.7)], and no
difference in the risk of cholangiocarcinoma [OR, 1.7 (95% CI, 0.6-5.1)] and in histology stage
progression [OR, 0.9 (95% CI, 0.34-2.44)] [23]. A 5-year Scandinavian multicenter trial with high
UDCA doses (17 - 23 mg/kg/d) vs. placebo could not show a significant difference in symptoms, liver
biochemistry, risk of cholangiocarcinoma, death, or LT. [24]. Studies abour testing higher UDCA
doses (28 — 30 mg/kg/d) had to be stopped prematurely because of severe adverse events [25]. There
is few evidence about worsening of liver biochemistry when UDCA is discontinued in patients with
PSC. In this regard one study showed improvement when therapy was reinstated [26].

UDCA, in patients with PSC, has also been studied as chemoprophylaxis for colorectal cancer
and cholangiocarcinoma, showing conflicting data. Some small studies (52 and 59 patients) have
shown lower incidence of colorectal dysplasia in patients with PSC treated with UDCA [27,28]. A
randomized clinical trial of 98 patients with UDCA 17 — 23 mg/kg/d, showed no difference in the rate
of colorectal neoplasia at 5 nor 15 years follow up [29], and higher doses (28 — 30 mg/kg/d) have been
associated with more risk of low-grade colonic dysplasia [30]. One meta-analysis found a protective
effect of UDCA for colorectal cancer and/or high-grade dysplasia, which did not hold for early lesions
or for overall risk [31]. Another meta-analysis showed no significant effect of UDCA on risk of
colorectal neoplasia [32].

Due to the shown evidence, the recommendation made by EASL and AASLD, regarding UDCA
in PSC patients, is that UDCA can be used at doses of 13 — 23 mg/kg/d, because of its effect in liver
biochemistry. Both associations recommend against using doses of 28 — 30 mg/kd/d [21,33].
Regarding UDCA in PBC, as stated above it is the first-line therapy in main guidelines. Yet, an
important number of patients are unresponsive or intolerant to UDCA. Besides, the efforts to develop
therapeutic options with better impact on quality-of-life or progression of CLD has led to produce
new drugs or redirect old ones to other molecular targets.

3.2. FXR Agonists: Tropifexor (LJN-452), Cilofexor (GS-9674) and EDP-305

This group of molecules are compounds without the classical BAs structure, but able to bind and
activate FXR, inducing beneficial effects such as reducing hepatic fibrosis since it prevents toxicity
due to accumulation of BAs. This pharmaceutical approach is potentially used like the second
therapeutic line in patients who have an inadequate response to UDCA (approximately 40% of PBC)
[11,34].

Tropifexor is a non-bile acid FXR agonist that has been optimized for enhanced fit within the
ligand-binding domain of FXR. In animal models, potently regulated FXR target genes in the liver
and intestine showed superior efficacy to obeticholic acid in non-alcoholic steatohepatitis (NASH)
and cholestasis. Tropifexor has a pharmacokinetic profile suitable for once daily dosing in humans
and has shown effective FXR target engagement via transient and dose-dependent increases in FGF19
in healthy volunteers and patients with NASH and primary bile acid diarrhea (pBAD).

Tropifexor was found to be safe and well tolerated, with improved levels of markers of bile duct
injury at very low doses. Itch of mild to moderate severity was observed in all groups including
placebo but was more frequent at the highest tropifexor dose. A phase 2 study investigated tropifexor
efficacy in PBC patients with inadequate UDCA response. Patients were randomized in receiving
once daily doses of 30 ug, 60 g, or 90 pg of tropifexor or placebo for 4 weeks. In the 90 ug group,
gamma-glutamyl transferase (GGT) levels showed 72% reduction. HDL was reduced by 33% and
26% at the doses of 60 and 90 g, respectively. No increase was observed in LDL or total cholesterol
[34]. In a more recent study, 61 enrolled patients received 30, 60, 90, and 150 pg tropifexor,
respectively and 21 received placebo. By day 28, tropifexor caused 26-72% reduction in GGT from


https://doi.org/10.20944/preprints202304.0494.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 April 2023

7

baseline at 30 to 150 ug doses (p <0.001 at 60, 90, and 150 pg tropifexor vs. placebo). Pruritus was the
most frequent adverse event in tropifexor group with most events of mild to moderate severity. It
was also observed decreases seen in LDL, HDL, and total cholesterol levels. Tropifexor showed
improvement in cholestatic markers when compared to placebo [35].

Cilofexor is another non-steroidal FXR agonist tested in a phase II double-blind, placebo-
controlled study in patients without cirrhosis with large-duct PSC. They were randomized to receive
cilofexor 100 mg, 30 mg, or placebo orally once daily for 12 weeks. 52 patients were randomized to
dose-dependent reductions. In the group of 100 mg, was observed at week 12 a significant reduction
in serum alkaline phosphatase (ALP) (median reduction -21%; P =0.029 versus placebo), GGT (-30%;
P < 0.001), alanine aminotransferase (ALT) (-49%; P = 0.009), and aspartate aminotransferase (AST)
(-42%; P = 0.019). Adverse events were similar between cilofexor and placebo-treated patients, the
more frequent adverse effect was pruritus [36], particularly in patients treated with the higher dose.
In a more recent study, a phase II trial, preliminary efficacy of cilofexor in a 96-week was evaluated.
At week 96, reductions in liver biochemistry parameters occurred, including serum ALP (median,
-8.3% [IQR, -25.9% to 11.0%]; P = .066), GGT (-29.8% [IQR, —42.3% to —13.9%]; P <.001), ALT (-29.8%
[IQR, -43.7% to —6.6%]; P = .002), and aspartate aminotransaminase AST (-16.7% [IQR, -35.3% to
1.0%]; P =.010) [37].

In the INTREPID Study, 68 patients with PBC were randomized to 12-week treatment with EDP-
305, which has been shown to suppress liver injury and fibrosis in animal models vs. placebo. The
intent-to-treat analysis found that a dose of EDP-305 1 mg, 45% of patients experienced a response in
ALP levels vs. with the dose of 2 mg. However, the study did not meet its primary endpoint of a 20%
reduction in ALP levels [38].

3.3. Fibroblast Growth Factor 19 (FGF-19) Analogs

NGM282 (also known as M70) is the first engineered non-tumorigenic endocrine hormone
FGF19 analogue, that potently regulates CYP7Al-mediated BAs homeostasis. This molecule was
designed to retain CYP7A1 suppression to reduce bile acid-associated biliary injury. In NGM282, a
5-amino acid deletion (P24-528) coupled with the substitution of 3 amino acids at critical positions
(A30S, G31S, H33L) within the amino terminus, enable biased FGFR4 signaling so that NGM282 does
not activate signal transducer and activator of transcription 3, a signaling pathway essential for
FGF19-mediated hepatocarcinogenesis.

In animal models of PSC, treatment with NGM282 resulted in a rapid and robust reduction in
ALP, ALT and AST concentrations and improvement in histological features associated with PSC. In
a phase II, international multicenter, randomized, double-blind, placebo-controlled trial to evaluate
the efficacy and safety of NGM282 vs. placebo; 62 patients with PSC were randomly assigned 1:1:1 to
receive NGM282 1 mg, 3 mg, or placebo once daily for 12 weeks. The primary outcome was changes
in ALP levels from baseline to week 12. There were none significant differences in the mean change
from baseline in ALP between the NGM282 and placebo groups. In contrast, NGM282 significantly
reduced hepatic CYP7A1 activity (compared with placebo), and BAs levels. In addition, fibrosis
biomarkers that predict transplant-free survival were significantly improved. Adverse events were
mainly gastrointestinal symptoms and more frequent in the treatment groups [10]. In another 28-day,
double-blind, placebo-controlled phase 2 trial, 45 PBC patients who had an inadequate response to
UDCA, were randomly assigned 1:1:1 to receive subcutaneous daily doses of either NGM282 at 0.3
mg, 3 mg, or placebo. At day 28, 50% of patients receiving NGM282 0.3 mg and 46% of those receiving
NGM282 3 mg achieved 15% or a greater reduction in ALP levels from baseline, compared with 7%
of patients receiving placebo. NGM282 also significantly reduced serum concentrations of
transaminases and immunoglobulins [39]. There is evidence with NGM282 and another engineered
analog of FGF-19 (Aldafermin), on safety and tolerability in healthy volunteers and in patients with
NASH. In was found a rapid and significant reductions in liver fat content with an acceptable safety
profile [40,41].

doi:10.20944/preprints202304.0494.v1
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3.4. PPAR Agonists: Fibrates, Seladelpar, Elafibranor

Peroxisome proliferator-activated receptors (PPARs) are nuclear receptors involved in the
regulation of metabolic homeostasis. There are three main PPARs; PPARa thar mainly influences
fatty acid metabolism, PPARB/0 which participates in fatty acid oxidation and regulates blood
glucose and cholesterol levels, while PPARy regulates adipogenesis, energy balance, and lipid
biosynthesis. Hence, they have been studied and used for a long time as therapeutic targets in
metabolic diseases, for example thiazolidinediones in diabetes or fibrates in hypertriglyceridemia
[42,43]. Furthermore, fenofibrate a PPARa agonist which is highly expressed in muscle, heart, and
liver, is used to treat patients with CLD who are refractory to UDCA monotherapy. When activated,
PPARa downregulates BAs synthesis through inhibition of the BAs-synthesizing enzymes,
cytochrome P450, cholesterol 7Al-hydroxylase (CYP7A1l) and cytochrome sterol 27-hydroxylase
(CYP27A1). Moreover, ligands of PPARa may play a role in the regulation of bile excretory function
trough up-regulation human MDR3 expression, which is localized to the canalicular membrane of
hepatocytes, where it is the major determinant of biliary salts secretion, thereby reducing cholestasis
[44].

Despite several trials, there is insufficient data to establish the safety and efficacy of fibrates on
PBC. To the date, most studies involve the combination of UDCA and bezafibrate (400 mg daily) or
fenofibrate (150-200 mg daily). The first studies about the use of bezafibrate found an improvement
in ALP, GGT and IgM levels but also pruritus [45-49]. A study by Ohmoto et al, reported an
improvement in serum markers of hepatic fibrosis (7S domain of type IV collagen, the triple-helix do-
main of type IV collagen, hyaluronic acid, and procollagen type III N-terminal propeptide) [49]. On
the other hand, few studies have addressed the fibrotic effects of fibrates through histological
assessment and remains unclear.

Regarding the use of fenofibrate, at least six trials were conducted in the first decade of 2000s,
showing an improvement in transaminases and IgM levels [50-55]. In this matter, a metanalysis
reported that the combination therapy with UDCA and fenofibrate was more effective in reducing
ALP than UDCA monotherapy, but it did not improve clinical symptoms [56].

More recently the BEZURSO trial showed up to 60% reduction in ALP after only 3 months of
add-on bezafibrate therapy [57], while another trial in 2021 conclude that combined therapy was
associated with a significant decrease in all-cause and liver-related mortality or need for LT (adjusted
hazard ratios: 0.3253, 95% CI 0.1936-0.5466 and 0.2748, 95% CI 0.1336-0.5655, respectively; p <0.001
for both) [58].

Another novel molecule is MBX-8025 also known as seladelpar. It is PPARO agonist that
demonstrated potent anti-cholestatic effects in clinical studies. The first study published in 2017 was
a 12-week, double-blind and placebo-controlled trial. It included 70 patients that were randomly
assigned to placebo, seladelpar 50 mg/day, or seladelpar 200 mg/day while UDCA was continued.
Despite seladelpar normalized ALP levels in patients who completed 12 weeks of treatment; the
study was stopped early because it was associated with increase in aminotransferases levels. Other
side effects included nausea and diarrhea [59].

The ENHANCE trial on safety and efficacy of seladelpar in patients with PBC included 112
patients urresponsive to UDCA. They receive seladelpar at doses of 2 mg, 5 mg, and 10 mg for 1 year.
The dosage was increased up to 10 mg after 12 weeks, depending on biochemical response. In its
phase 3, The investigators reported an absolute reduction in ALP of nearly 45% with the 10 mg dose,
a decrease of approximately 122 units. Other serum liver tests reflected a similar benefit from
seladelpar. Adverse events were mild to moderate. The most common problem was pruritus [60].
More recently, an open-label study in patients with PBC, evaluated the effects of 1-year of seladelpar
treatment on quality life and pruritus. It was carried out by self-reported experiences of 101 patients
with PBC using the pruritus visual analog scale (VAS), 5D-itch scale, and PBC-40 questionnaires
along with BAs profiles. They received a daily dose of 5 and 10 mg of seladelpar. After one year of
treatment, the patients improved pruritus and therefore sleep disturbances and had significant
reductions in serum BAs [61].
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The therapeutic effect of seladelpar relies on downregulation of BAs synthesis and modulation
in their transport and metabolism. Studies in rodents reported that seladelpar reduces hepatocyte
CYP7A1 via the fibroblast growth factor 21 signaling pathway. CYP7A1 is a rate-limiting enzyme in
the classic pathway of BAs synthesis [62,63].

Whether seladelpar should be used in the first-line or as an add-on to UDCA for patients with
PBC should be assessed. Several clinical trials assessing either efficacy or safety of seladelpar are
currently ongoing.

Another PPAR agonist is elafibranor which initially emerged as therapy for NASH due to its
effects over metabolic syndrome and expression of proinflammatory genes that may result in
antifibrotic properties [64]. In regard of cholestasis, elafibranor activates PPARa which inhibits
CYP7A1 expression leading to a reduction in BAs synthesis while the induction of CYP3A4, SULT2A1
and UGT2B4; and the expression of BSEP and MRP2 decrease BAs output and toxicity [65]. Moreover,
in the same spectrum of its antifibrotic effects, elafibranor may have beneficial effects in the
progression of PBC and PSC. The reduction fibrosis is achieved by the activation of PPARa and
PPAR®D that lead to the inhibition of NF-kB and AP-1 pathways. These two pathways are related to
liver damage and inflammation [66,67].

A phase 2 clinical trial about the effects of elafibranor in patients with PBC was carried out
during a 12-week administration of 80 mg of elafibranor in 45 patients with PBC and incomplete
response to UDCA. The study found that the intervention reduced the levels of ALP, total bilirubin,
and inflammatory marker such as C-reactive protein. There was no effect on pruritus [65]. Despite
the promising molecular targets of elafibranor there is still insufficient information about the efficacy
and safety of this drug. In 2020, was announced the phase II of ELATIVE clinical trial about the
efficacy and safety of elafibranor in patients with PBC and inadequate response or intolerance to
UDCA [68].

3.5. ASBT Inhibitors

About 90-95% of BAs are reabsorbed into the terminal ileum via ASBT. Current evidence
explains that the inhibition of ASBT reduces the overload BAs in the liver. The decrease of ASBT
expression increases the excretion of fecal BAs and the total concentration of BAs in liver [69]. On the
other hand, the interruption of BAs enterohepatic circulation which lowers their concentrations in
the liver also leads to bile salt spilling over to the colon resulting in diarrhea, irregular bowel
movement, and abdominal pain [70,71]. A recent study in mice found that inhibition of ASBT in the
kidneys stimulates the renal bile salts excretion and consequently improving intestinal side effects
[71]. Yet, new ASBT inhibitors like Odevixibat, Lopixibat and GSK2330672 are restricted to intestinal
ASBT blockading.

The first ASBT inhibitor approved by the FDA was Lopixbat (Maralixibat) but only for children
with Alagille syndrome which cause severe cholestasis and pruritus due to deletion or mutation of
JAGI gene, leading to defective bile duct development. The use of Maralixibat 380 pig/kg once per
day and the subsequent increase to 380 ug/kg twice per day reduced serum BAS and pruritus
according to a placebo-controlled study [72].

Regarding GSK2330672 (Linerixibat), in 2017 a double-blind, randomised, placebo-controlled
trial with 22 patients reported that the administration of GSK2330672 for two weeks improved
pruritus (assessed by itch scores) and total serum BAs concentrations declined by 50% from baseline
after received the intervention. Despite intestinal adverse effected, the drug was well tolerated [73].
In this matter, a later study in healthy Japanese volunteers investigated the safety and tolerability of
GSK2330672 versus placebo. No serious adverse events were present and the main side effects was
diarrhea [74]. Another, but larger placebo-controlled trial found that GSK2330672 was not
significantly different versus placebo [75].

Odevixibat is another FDA drug approved which is only limited to treat pruritus in patients
aged =3 months with progressive familial intrahepatic cholestasis. Studies reported that this drug
effectively reduces pruritus and serum BAs, it is generally well tolerated [76,77].
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3.6. Immune-Modulation Drugs: Corticosteroids and Biological Therapies

The use of corticosteroids in cholestasis remains an area of active investigation. In vitro studies
and animal models support the beneficial effects of corticosteroids. The mechanism of these drugs in
cholestasis are related with the reduction of cell edema and relieving the inflammation of the bile
duct cells and liver cells. Moreover, the immunomodulatory effect over Kupffer cells and the release
of reactive oxygen species (ROS) protects from liver damage and thereby improving transaminases
levels and the biochemical markers of cholestasis (Figure 2) [78,79], but clinical evidence is still
controversial. Two metanalyses about the combination of corticosteroids with UDCA for patients
with PBC conclude that combination therapy of those two drugs did not differ significantly from the
monotherapy in improving fatigue, jaundice, mortality, death/LT, or adverse events, but was
significantly superior to the monotherapy in reducing serum biochemical liver markers [80,81]. Most
of studies on steroids in PCB are for overlap syndrome.

Budesonide is a corticosteroid that has been studied for long time for patients with PBC because
of its high glucocorticoid receptor binding affinity in the liver when compared to other steroids. It is
also a receptor/pregnane X receptor (PXR) agonist which is involved in BAs synthesis, metabolism,
and transport [82]. Nevertheless, its efficacy and safety are anecdotical. The first study was
randomised placebo-controlled trial; the intervention was budesonide 9 mg/day and UDCA for two
years. Patients showed some improve in liver histology [83]. A phase 3 trial of combine therapy with
budesonide and UDCA in patients with PBC and incomplete response to UDCA failed to meet its
primary endpoint of histological improvement [84]. Moreover, long-term use of budesonide is related
with important side effect, especially as liver disease progresses [21,85].

Biological agents are a novel therapy for cholestasis and there still ongoing trials to evaluate
their efficacy in PBC, some of those drugs are Ustekinumab or Rituximab. The latter is anti-CD20
chimeric monoclonal antibody; that is use deplete B cells to decrease autoantibody production and
antigen presentation. This is important since the hallmark of PBC is the presence of anti-
mitochondrial autoantibodies and high amounts of IgM [86,87]. The same mechanism of Rituximab
applies to PSC and clinical trials show beneficial effects, even for PSC recurrence after LT, though
studies are still limited [88,89]. The results of two open-label studies on the efficacy of Rituximab in
patients with PBC and incomplete UDCA response, suggested a limited efficacy of rituximab in PBC
patients, even though an impressive reduction in ALP levels was observed [86, 87].

Other biological therapies include Abatacept, a modified antibody to cytotoxic T-lymphocyte
antigen 4. It was studied in an open-label trial for 24 weeks, has demonstrated the inefficacy of this
protein in achieving the required clinical outcomes [90]. In the case of Baricitinib, a selective JAK
inhibitor (JAK1 and JAK2), was evaluated in a small randomized, double-blinded placebo-controlled
trial in patients with PBC and inadequate to UDCA. Only two patients were enrolled and completed
the trial (one received baricitinib and the other placebo). The patient treated with baricitinib
demonstrated a 30% decrease in ALP and a 7-point improvement in itch score [91]. The effect of
Baricitinib over JAK and STAT proteins is to regulate interleukins, interferons, and the switch toward
Thelper (Th) 1, 2, or 17 of naive T cells. Regarding interleukins, Ustekimumab, a monoclonal antibody
has been investigated in a multicentric, open-label study including PBC patients with an inadequate
response to UDCA. Unfortunately, the results of this study failed to demonstrate the efficacy of this
antibody in achieving a decrease, even moderate, in ALP levels [92]. Another monoclonal antibody
that did not show efficacy in patients with cholestasis is Vedolizumab. It was studied for patients
with PSC and inflammatory bowel disease [93].

Finally, the novel NI-0801 monoclonal antibody, which is an anti-CXCL10 (a chemokine secreted
in response to interferon-y-stimulation implicated in the hepatic recruitment of inflammatory T cells)
was evaluated in a phase 2 study enrolling 29 UDCA-non-responder patients with PBC. In the 3-
month follow-up performed after 6 doses of NI-0801 10 mg/Kg every 2 weeks the trial was terminated
due to no significant therapeutic benefits obtained. Side effects included headaches, pruritus, fatigue,
and diarrhea [94]

Biological agents showed promising results in certain scenarios, but conflicting results have been
produced and these molecules are not part of the current therapeutic options. In addition, there are
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few studies and with a small population. More studies are required to establish long-term beneficial
effects.

4. Conclusions

CLD includes a wide variety of genetic, congenital, immunological, infectious, and idiopathic
disorders that may induce complications such as cirrhosis, liver failure, malignancies, pruritus,
fatigue, bone disease and nutritional deficiencies that merit close follow-up and specific interventions
to improve quality of life. According to guidelines, UDCA is the first line of treatment in patients
with CLD, especially for PBC and PSC. Nevertheless, an important proportion of those patients are
intolerant or unresponsive to UDCA. Moreover, quality of life may improve as symptoms like
pruritus decrease but liver histology may not improve. In this matter several drugs have been tested
in CLD with a variety of results (Figure 2). PPAR agonist seems to be the best options in general,
especially when combined with UDCA. Besides, they are a good option for patients with metabolic
syndrome. The case of ASBT inhibitors is a good example of success, they have a good safety profile
despite intestinal side effect and have FDA approbation. Yet, there is insufficient evidence to use in
other CLD besides Alagille syndrome. FXR agonist have shown promising results and can be
combine with UDCA or (FGF-19) analogs. Finally, biological therapies and corticosteroids in theory
and in vitro model are effective targets but its efficacy has not been established in clinical trials.
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