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Abstract

Primary biliary cholangitis is a chronic cholestatic autoimmune liver disease that
progressively damages the bile ducts, leading to cholestasis and, in advanced
stages, cirrhosis. While it primarily affects middle-aged women, recent data
indicate a rising incidence in men. The interplay between genetic susceptibility,
environmental exposures, and gut microbiome alterations is thought to drive
disease onset. Diagnosis relies on persistent cholestatic enzyme elevation, disease-
specific autoantibodies, and, in select cases, liver biopsy. Ursodeoxycholic acid
remains the cornerstone of treatment, but many patients show an incomplete
response. The recent withdrawal of obeticholic acid from the market, due to
insufficient evidence of long-term benefit, has highlighted the urgent need for
effective second-line therapies. Agonists of peroxisome proliferator- activated
receptors, such as elafibranor and seladelpar, have demonstrated promising
biochemical improvements and may reshape the therapeutic landscape. Future
research is focused on refining risk assessment, optimizing treatment combin-
ations, and addressing symptoms such as fatigue and pruritus to enhance patient
well-being. A shift toward early intervention and personalized treatment strat-
egies may further improve long-term outcomes in primary biliary cholangitis.

Key Words: Primary biliary cholangitis; Ursodeoxycholic acid; Peroxisome proliferator-
activated receptors; Gut-liver axis; Cholestasis; Obeticholic acid; Fatigue; Pruritus
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Core Tip: Primary biliary cholangitis (PBC) is a progressive autoimmune liver disease driven by a complex interplay of
genetic, environmental, and microbial factors. Despite advances in early diagnosis and the widespread use of ursodeoxy-
cholic acid, a significant subset of patients experiences incomplete biochemical response and disease progression. This
review highlights recent breakthroughs in understanding PBC pathogenesis, the limitations of current therapies, including
the withdrawal of obeticholic acid, and the emerging role of novel agents such as selective peroxisome proliferator-activated
receptors agonists. Future strategies focusing on early intervention, personalized treatment, and symptom management may
reshape the clinical management and prognosis of PBC.

Citation: Curto A, Tamello RG, Lynch EN, Galli A. Advancing the management of primary biliary cholangitis: From pathogenesis to
emerging therapies. World J Clin Cases 2025; 13(30): 109028

URL: https://www.wjgnet.com/2307-8960/full/v13/i30/109028.htm

DOI: https://dx.doi.org/10.12998/wjcc.v13.i30.109028

INTRODUCTION

Primary biliary cholangitis (PBC) is a progressive autoimmune liver disease characterized by chronic inflammation of the
interlobular bile ducts, leading to bile acid (BA) retention in the liver and subsequent hepatocyte damage. If left
untreated, PBC can progress to end-stage liver disease, ultimately requiring liver transplantation[1]. This review aims to
provide a comprehensive overview of PBC, covering its epidemiology, pathogenesis, clinical features, and current
treatment options, with a particular focus on therapeutic approaches and future perspectives.

EPIDEMIOLOGY

The global pooled incidence and prevalence of PBC are estimated at 1.76 cases and 14.60 cases per 100000 individuals,
respectively[2]. Europe and North America report the highest disease burden worldwide[2,3]. In Europe specifically, the
pooled point prevalence is 22.27 cases per 100000, with an annual incidence of 1.87 new cases per 100000 inhabitants[4].
Italian epidemiological data indicate an incidence between 2.21 and 5.31 cases per 100000 and a prevalence ranging from
3.86 to 27.90 per 100000 inhabitants[5,6]. Historically, PBC predominantly affected women, with a female-to-male ratio of
9:1; however, this ratio has decreased to approximately 4:1 over the past two decades[7,8], but in Central and Eastern
European countries is still almost 95% of all PBC diagnosed in women. Sex-related differences in PBC susceptibility are
attributed to hormonal influences, particularly the modulatory role of oestrogens on BA metabolism, and to genetic
predisposition[7,9]. Notably, male patients tend to present with more advanced disease, show poorer response rates to
Ursodeoxycholic acid (UDCA), and are at higher risk of developing hepatocellular carcinoma (HCC)[7,10]. Extrahepatic
autoimmune manifestations are common in PBC (Table 1), especially rheumatologic disorders. Sjogren’s syndrome
exhibits the strongest association (21.4% in PBC vs 3% in controls), followed by Raynaud’s phenomenon (12.3% vs 1%),
rheumatoid arthritis-like polyarthritis (5% vs 3%), systemic sclerosis (3.7% vs 0%), and systemic lupus erythematosus (2%
vs 0%)[11]. Increased prevalence of thyroid disorders (11.3%), autoimmune thyroiditis (9.9%), osteoporosis (21.1%), celiac
disease (1%), and chronic bronchitis (4.6%) has also been documented among PBC patients[12].

PATHOGENESIS

Although the precise pathogenic mechanisms underlying PBC remain incompletely defined, recent advances have
emphasized the critical roles of genetic predisposition and gut-liver axis dysfunction in disease development.

Genetic predisposition

Genetic studies have consistently demonstrated the strongest associations between PBC and variants within the human
leukocyte antigen region, with genome-wide association studies (GWAS) playing a pivotal role in elucidating this genetic
contribution[13-15]. A large international GWAS meta-analysis identified 56 genome-wide significant loci, including 20
novel susceptibility loci, across European, Asian, and combined cohorts (46, 13, and 41 Loci, respectively). Candidate
genes within these regions, such as FCRL3, INAVA, PRDM1, IRF7, CCR6, CD226, and IL12RB1, are predominantly
involved in immune regulation and inflammatory pathways[16]. Further, protein tyrosine phosphatase non-receptor type
2 has been identified as a novel susceptibility gene in PBC through GWAS and meta-analysis conducted in a Japanese
cohort comprising 2181 cases and 2699 controls[17]. MicroRNA dysregulation has also been implicated in PBC
pathogenesis. Specifically, miR-122a and miR-26a are upregulated, while miR-328 and miR-299-5p are downregulated in
patients. Among these, miR-506 has emerged as a notable contributor to PBC immunopathogenesis, and its localization
on the X chromosome may provide insights into the disease’s strong female predominance[18].
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Table 1 Extrahepatic conditions associated with primary biliary cholangitis

Condition Prevalence in PBC (%)
Sjogren’s syndrome 214
Raynaud’s phenomenon 12.3
Rheumatoid arthritis-like polyarthritis 5
Systemic sclerosis 3.7
Systemic lupus erythematosus 2
Thyroid disorders 11.3
Autoimmune thyroiditis 9.9
Osteoporosis 21.1
Celiac disease 1
Chronic bronchitis 4.6

PBC: Primary biliary cholangitis.

Immune dysregulation

The differentiation and expansion of Th17 cells play a central role in biliary epithelial cell injury in PBC. Antigen-
presenting cells within the liver secrete interleukin (IL)6 and IL23, which together with transforming growth factor p
drive naive CD4" T cells toward a Th17 phenotype by upregulating retinoic acid receptor-related orphan receptor gamma
t and IL21 expression[19]. IL23, composed of p19 and the shared p40 subunit, signals through the IL23R/IL12RB1
receptor complex to maintain and amplify this Th17 pool[20,21]. In PBC patients and murine models, increased Th17
infiltrates localize around damaged bile ducts, where secreted IL17A induces cholangiocyte production of chemokines
(e.g., C-X-C motif chemokine 1, C-C motif chemokine ligand 20) that recruit neutrophils and perpetuate local inflam-
mation[19,22]. Moreover, IL17 synergizes with tumor necrosis factor a - produced by Thl and natural killer cells in
response to IL12 signaling - to upregulate Fas ligand on biliary epithelial cells, triggering caspase mediated apoptosis and
promoting fibrogenesis[23]. This IL6/IL23/IL17-tumor necrosis factor a cytokine network thus establishes a self-
sustaining loop of immune-mediated bile duct destruction and fibrosis in PBC.

Role of antimitochondrial antibodies

Antimitochondrial antibodies (AMAs) represent a hallmark diagnostic marker for PBC, although they are not universally
detected in all cases[24]. The primary antigenic target of AMAs is the E2 subunit of the pyruvate dehydrogenase complex
(PDC-E2). Given the high degree of evolutionary conservation of PDC-E2 across species, the mechanism of molecular
mimicry has been proposed to explain AMA generation. In this model, prior exposure to pathogens bearing structurally
similar epitopes may trigger a cross-reactive autoimmune response. Among bacterial species, Escherichia coli (E. coli) has
long been implicated in PBC immunopathogenesis, potentially accounting for the observed association between PBC
onset and recurrent urinary tract infections, for which E. coli is a common etiological agent. More recently, exposure to
Novosphingobium aromaticivorans, a Gram-negative bacterium capable of metabolizing xenobiotics, has been suggested as a
potent environmental trigger, with studies reporting stronger immune reactivity to Novosphingobium aromaticivorans than
to E. coli among PBC patients[25]. Despite their diagnostic utility, AMAs do not directly mediate cholangiocyte injury.
The presence of AMAs in asymptomatic first-degree relatives of PBC patients further suggests that AMA production
alone is insufficient for disease development, implicating additional pathogenic mechanisms. A recent comprehensive
review proposed a refined model for PBC pathogenesis[26]. Serum antibodies from PBC patients demonstrate cross-
reactivity with bacterial and yeast proteins, reinforcing the concept of antigenic mimicry. Nevertheless, the persistence of
stable IgM AMA levels throughout disease progression challenges a purely infectious etiology. Current models suggest
that immunological recognition is initiated when a modified form of PDC-E2, aberrantly externalized from cholan-
giocytes, becomes accessible to T and B lymphocytes[26]. Concurrently, epigenetic downregulation of the chloride/
bicarbonate exchanger AE2 in both cholangiocytes and immune cells results in impaired biliary bicarbonate secretion.
Loss of the protective “alkaline umbrella” exposes cholangiocytes to toxic bile salts, promoting intracellular alkalin-
ization, activation of soluble adenylyl cyclase, and heightened susceptibility to bile salt-induced apoptosis[27]. The
resultant cholangiocyte senescence, apoptosis, and dysregulated proliferation ultimately lead to progressive ductopenia.
In parallel, pyruvate dehydrogenase complex involvement in mitochondrial dysfunction contributes to impaired ATP
synthesis, energy depletion, and the characteristic symptom of fatigue in PBC patients[26].

Gut-liver axis

The liver, as the primary recipient of blood from the gastrointestinal tract, is intimately influenced by the gut microbiota
and its metabolites. Perturbations in intestinal permeability and microbial dysbiosis are recognized as key contributors to
hepatic immune activation. In PBC, a significant reduction in microbial diversity has been consistently documented[28-
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30]. The contribution of microbial factors to PBC pathogenesis is further supported by epidemiological studies linking
recurrent urinary tract infections with an increased risk of disease onset[31]. Moreover, the recurrence of PBC following
liver transplantation, despite immunosuppressive therapy, implicates non-immune mechanisms, including the potential
role of microbial metabolites, in disease persistence and recurrence[32]. Microbiota profiling in PBC reveals an
enrichment of Haemophilus, Veillonella, Clostridium, Lactobacillus, Streptococcus, Pseudomonas, Klebsiella, and an unclassified
genus within the Enterobacteriaceae family, alongside a depletion of Bacteroidetes spp., Sutterella, Oscillospira, and Faecalibac-
terium[33]. Of note, Faecalibacterium abundance is significantly lower in patients with an inadequate response to UDCA
therapy[29].

SYMPTOMS AND ASSOCIATED CONDITIONS

Clinical manifestations

Fatigue is one of the most prevalent and debilitating symptoms in PBC, affecting approximately 50%-80% of patients. It is
typically classified into two distinct components: Peripheral and central fatigue. Peripheral fatigue is attributed to
neuromuscular dysfunction and reduced exercise tolerance, potentially linked to PDC-E2 involvement and a metabolic
shift toward anaerobic pathways, resulting in lactic acid accumulation and impaired muscle performance with delayed
recovery[34]. In contrast, central fatigue is characterized by a diminished sense of motivation and volition, impacting both
physical and cognitive domains. Although the precise pathophysiological mechanisms of central fatigue remain unclear,
it is hypothesized to involve altered central nervous system processing[34]. Pruritus is another hallmark symptom of
PBC, although it occurs in only a subset of patients. Cholestasis-associated pruritus often follows a circadian pattern,
typically intensifying in the evening and nighttime hours. It most frequently involves the extremities, including the soles,
palms, and forearms, but may present as generalized pruritus[35]. Given the profound impact of fatigue and pruritus on
health-related quality of life, thorough evaluation is essential (Table 2 summarize effect of current therapies on these
symptoms). The PBC-40 questionnaire is a validated tool specifically designed to assess the spectrum of symptoms
associated with PBC, encompassing fatigue, pruritus, cognitive dysfunction, sleep disturbances, physical functioning, and
emotional well-being[36]. For the targeted assessment of pruritus severity, a simple Numerical Rating Scale may be
employed. As the disease progresses toward cirrhosis, patients become susceptible to complications typical of advanced
liver disease, including HCC. The incidence of HCC is approximately 13 per 1000 person-years among patients with PBC-
related cirrhosis, compared to 2.7 per 1000 person-years in those without cirrhosis[37]. Cirrhosis and male sex have been
identified as the principal risk factors for HCC development in this population[38].

Comorbidities

PBC is frequently associated with a broad spectrum of extrahepatic autoimmune conditions[12]. Consequently, clinical
evaluation should systematically explore symptoms indicative of rheumatologic diseases, with particular attention to
sicca symptoms given the strong association with Sjogren’s syndrome. In addition, thyroid function, calcium and vitamin
D metabolism, bone mineral density, and lipid profiles should be routinely assessed[39]. Hyperlipidaemia in PBC differs
mechanistically from that observed in other metabolic disorders. In PBC, hypercholesterolemia predominates over
hypertriglyceridemia, with elevated low-density lipoprotein cholesterol levels that could, in theory, suggest an increased
risk for cardiovascular events. However, these patients typically also exhibit elevated high-density lipoprotein cholesterol
concentrations. Moreover, the concurrent elevation of adiponectin and the presence of lipoprotein-X, both of which exert
anti-atherogenic effects, may mitigate cardiovascular risk in this setting[40-43]. Thus, despite the frequent finding of
hypercholesterolemia, patients with PBC appear to have a lower-than-expected risk for clinically significant
cardiovascular disease[44].

DIAGNOSIS

In clinical practice, PBC is established when at least two of the following are present: Chronic cholestatic biochemistry,
seropositivity for AMA or PBC-specific antinuclear antibodies (anti-gp210/anti-sp100), and liver histology consistent
with chronic nonsuppurative destructive cholangitis and ductopenia[43,45,46]. Any patient with sustained or fluctuating
alkaline phosphatase (ALP)/gamma glutamyl transferase (GGT) elevations should undergo a thorough evaluation,
detailed history (including drugs, supplements, alcohol intake and symptoms of fatigue or pruritus), physical
examination, and abdominal ultrasound to exclude extrahepatic obstruction[43,45,46]. Biochemically, a sustained rise in
ALP, confirmed by concomitant GGT elevation, often represents the earliest clue, whereas modest transaminase increases
and hyperbilirubinemia reflect periportal inflammation and advancing ductopenia, however serial liver biopsies are the
only option to assess progression of ductopenia in the ductopenic form of PBC; marked alanine aminotransferase (ALT)
or IgG elevations should prompt consideration of an overlap with autoimmune hepatitis and thus liver biopsy[47,48].
Measurement of serum IgM and assessment of lipid profiles (notably hypercholesterolaemia) provide additional
supportive evidence. Serological confirmation relies on AMA detection, by indirect immunofluorescence in over 90% of
cases or by high-sensitivity enzyme-linked immunosorbent assay against PDC-E2 and related antigens, while anti-gp210
and anti-sp100, despite sensitivities of only about 23%-25%, are highly specific (> 95%) and carry independent prognostic
value in AMA-negative patients[49-51]. Cross-sectional imaging, principally ultrasonography, serves to rule out biliary
dilatation or mass lesions; in contrast, hepatic imaging in early PBC is typically unremarkable. Transient elastography
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Table 2 Effect of primary biliary cholangitis therapy on fatigue and pruritus

Therapy Effect on fatigue Effect on pruritus

UDCA[43,45] No significant improvement” Often insufficient”

OCA[70,92] No improvement2 Worsening or new-onset, dose-dependent3
Fibrates[84] Mild to moderate improvement' Clinically meaningful reduction’
Elafibranor[95] Mild to moderate improvement' Clinically meaningful reduction’
Seladelpar[98] Mild to moderate improvement' Significant reduction’

Budesonide[108] Little or no documented effect” Marginal or no specific effect’

IBAT inhibitors (e.g., linerixibat, maralixibat)[107] Data limited Marked improvement'

IImprovement.

No meaningful change.
SWorsening or increase.
UDCA: Ursodeoxycholic acid; OCA: Obeticholic acid; IBAT: Ileal bile acid transporter.

performed at diagnosis affords non-invasive staging of fibrosis and may obviate the need for immediate biopsy[43,45,52].
Liver biopsy, adequate when sampling > 10-15 portal tracts, is reserved for patients lacking serological markers, those
with normal ALP despite positive AMA, or when concomitant liver diseases (e.., metabolic dysfunction-associated
steatotic liver disease, small-duct primary sclerosing cholangitis, or autoimmune hepatitis overlap) are suspected.
Histologically, identification of florid duct lesions, characterized by epithelioid granulomas adjacent to damaged bile
ducts, and the progressive loss of interlobular ducts confirm the diagnosis and guide prognostication[45,48].

TREATMENTS

The cornerstone of therapy for PBC (Figure 1) is UDCA[43], which has been shown to significantly alter the natural
course of the disease[53,54]. Approved for clinical use in 1997, UDCA acts through a cytoprotective mechanism, shielding
cholangiocytes from bile toxicity. Treatment with UDCA, administered at 13-15 mg/kg/day for at least one year, has
been proven to improve transplant-free survival regardless of initial disease severity[49]. It effectively reduces
biochemical markers such as ALP, total bilirubin, cholesterol, and IgM[50,51]. Therapeutic response is typically assessed
after 12 months of therapy, although improvements in serum parameters may be observed as early as six months[55].
Several models have been developed to define treatment response, including the Paris, Toronto, and Global Assessment
of Liver Outcomes (GLOBE) criteria[56-59]. Although there are several models that evaluate the therapeutic response to
UDCA in PBC patients, normalisation of ALP and total bilirubin should be main outcome of first-line PBC treatment. PBC
patients with achieved deep response have a better prognosis compared to patients without achieve it[60]. The main
histological goal of PBC treatment is fibrosis regression; this is achieved by only a small proportion of UDCA responders,
while it is not achieved by non-responders[59]. Nonetheless, approximately 40% of patients exhibit an inadequate
response to UDCA, a condition that significantly increases the risk of progression to cirrhosis and overall mortality[61].
Additionally, UDCA has limited impact on extrahepatic symptoms such as fatigue and pruritus, and a minority of
patients may experience intolerance due to gastrointestinal side effects or cosmetic concerns[62]. Obeticholic acid (OCA),
a potent and selective farnesoid X receptor (FXR) agonist, was approved in 2016 by the United States Food and Drug
Administration (FDA) as a second-line treatment for PBC in patients who exhibit an inadequate response to UDCA or
who are intolerant to it[45]. Farnesoid X receptor is a nuclear receptor highly expressed in the liver and gastrointestinal
tract that plays a central role in regulating BA homeostasis through transcriptional control of genes involved in BA
synthesis, transport, and efflux[63-66].

OCA exerts hepatoprotective effects by enhancing BA excretion, suppressing hepatic BA synthesis, and modulating
inflammatory and fibrogenic pathways. These effects are mediated in part by the induction of fibroblast growth factor 19
and suppression of nuclear factor-kappa B-mediated inflammation[67-69]. Clinical efficacy was demonstrated in the
phase 3 PBC OCA international study of efficacy (POISE) trial, where OCA significantly reduced serum ALP, surrogate
marker of disease progression, with 46%-47% of patients in the 5 mg and 10 mg treatment arms, respectively, achieving
the composite biochemical endpoint, compared with 10% in the placebo group[70]. The biochemical improvements
observed in POISE were sustained in a long-term extension study[71]. In two real world cohorts of UDCA refractory PBC
patients, obeticholic acid demonstrated robust biochemical and prognostic benefits over 12 months of follow up. Both
studies reported significant median reductions in ALP (by approximately 32-80 U/L), ALT (22%-31%), and bilirubin (0.12
mg/dL to 11.2%), accompanied by meaningful declines in composite risk scores such as the Globe PBC score (to 0.17) and
a non significant trend in the United Kingdom PBC score[72,73]. Using POISE criteria, response rates ranged from 29.5%
to 42.9%, while only about 11% achieved full normalization of liver tests. Although patients with cirrhosis, present in
roughly one third of subjects, experienced similar biochemical improvements, they discontinued OCA more often (up to
30% vs 12% in non cirrhotic patients, primarily due to pruritus) and had lower response rates[72,73]. However, the most
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Figure 1 Principal therapeutic strategies for primary biliary cholangitis. The figure included in this manuscript was created using BioRender.com.
PPAR: Peroxisome proliferator-activated receptor; IBAT: lleal bile acid transporter; FXR: Farnesoid X receptor.

commonly reported adverse effect was pruritus, which was dose-dependent and led to treatment discontinuation in up to
25% of patients[70]. Other side effects included fatigue, dyslipidemia, characterized by decreased high-density
lipoprotein and increased low-density lipoprotein[74], as well as nasopharyngitis and headache[70]. Despite early
regulatory approval under the FDA’s accelerated approval program, confirmatory evidence from the COBALT trial, a
phase 4 randomized controlled study, failed to demonstrate a statistically significant benefit of OCA on hard clinical
outcomes such as mortality or liver transplantation, although functional unblinding and treatment crossover, particularly
in the placebo arm, confounded the intenttotreat estimate of OCA’s effects in the randomized clinical trial randomized
clinical trial[75]. The trial was terminated early due to statistical futility, and its results, along with post-marketing safety
data indicating an increased risk of hepatic decompensation and failure in patients with advanced cirrhosis, prompted
the addition of a black box warning for this subgroup[74,76]. In June 2024, based on these findings and the insufficient
demonstration of clinical efficacy, the European Medicines Agency recommended revoking the conditional marketing
authorization for OCA. This decision was upheld by the General Court of the European Union, leading to the drug’s
withdrawal from the European market in November 2024. Nevertheless, the real world data suggest that OCA could still
hold value within carefully monitored treatment algorithms.

Peroxisome proliferator-activated receptors (PPARs) are nuclear receptors, first cloned in 1990, that transcriptionally
regulate genes involved in BA synthesis, transport, inflammation, and fibrogenesis[77]. Fibrates are synthetic PPAR
agonists with varying affinities for PPAR-q, -y, and -6: PPAR-a activation upregulates genes critical for bile and lipid
metabolism and downregulates immune-related pathways[78], while PPAR-y/& induction confers anti-inflammatory and
antifibrotic effects[79,80]. Bezafibrate (BZF), a weak pan-PPAR activator, also enhances biliary phospholipid excretion via
upregulation of multidrug resistance protein 3[81,82]. On this mechanistic basis, the American Association for the Study
of Liver Diseases recommends off-label use of fibrates for PBC patients with an inadequate response to UDCA[45]. Early
Japanese pilot studies administering BZF 400 mg/ day to pre-cirrhotic PBC patients demonstrated complete normalization
of ALP and significant reductions in IgM levels[83]. These findings were confirmed in the phase 3 BEZURSO trial, in
which 100 UDCA-refractory, non-cirrhotic PBC patients were randomized to receive BZF 400 mg/day or placebo in
addition to UDCA. At 24 months, 31% of the BZF cohort achieved complete biochemical response, defined as normal-
ization of ALP, aminotransferases, total bilirubin, albumin, and prothrombin index, vs 0% in the placebo arm; secondary
endpoints included ALP normalization in 67% vs 2%, a 15% reduction vs 22% increase in liver stiffness, and significant
improvements in pruritus and fatigue[84].

Real-world evidence from a large Japanese observational cohort (n = 3908) further substantiated these results, revealing
that UDCA + BZF was associated with significantly improved transplant-free survival compared to UDCA alone
(adjusted hazard ratios 0.33 all-cause, 0.27 Liver-related) and a marked GLOBE score reduction from 0.504 + 0.090 pre-
treatment to 0.115 + 0.085 at one year (P < 0.0001). Retrospective analyses of dual (UDCA + OCA or fibrate) and triple
(UDCA + OCA + fibrate) regimens have also reported superior reductions in ALP, GGT, transaminases, and bilirubin
compared to dual therapy alone[85-87]. In 255 UDCA-nonresponsive PBC patients, adding fibrates to UDCA +
obeticholic acid markedly improved biochemical response and long-term prognostic scores vs dual therapy. Adverse
events affected 41.2%, with 18.8% discontinuing OCA; hepatic decompensation occurred only in cirrhotic patients with
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significant portal hypertension[88].

Fenofibrate, a selective PPAR-a agonist, has likewise demonstrated efficacy. In small cohorts, 55% of UDCA non-
responders met the Barcelona criteria (= 40% ALP reduction or normalization) after 48 weeks of fenofibrate monotherapy
[89], and a 12-month combination of UDCA + fenofibrate produced an 81.4% vs 64.3% response rate compared to UDCA
alone[90]. A retrospective study of 120 PBC patients treated with fenofibrate showed improved decompensation-free and
transplant-free survival (hazard ratio = 0.09) and a 41% biochemical response rate per Toronto criteria[91]. Nationwide
United Kingdom data (1 = 457) indicated that biochemical response and discontinuation rates were comparable between
fibrates and OCA[92]. While generally well tolerated, fibrates can transiently elevate transaminases and creatinine,
reflecting altered production rather than true renal injury, and may induce myalgia, especially when co-administered
with statins. Regular monitoring of liver enzymes and renal function is therefore recommended during therapy[93].
Selective PPAR agonists have emerged as promising second-line therapies for PBC. Elafibranor (GFT505), a dual PPAR-a
/6 agonist, received United States FDA approval in June 2024, for use in combination with UDCA or as monotherapy in
UDCA-intolerant patients[94]. In the multinational, double-blind, placebo-controlled phase 3 ELATIVE trial involving 161
UDCA-refractory or -intolerant patients randomized 2:1 to 80 mg elafibranor daily or placebo for 52 weeks, the primary
endpoint, ALP < 1.67 x upper limit of normal with > 15% reduction from baseline and normal total bilirubin, was met by
51% of the elafibranor group vs 4% of placebo; 15% of treated patients achieved ALP normalization compared to none on
placebo[95]. Elafibranor’s safety profile was favorable, with gastrointestinal adverse events, nausea, vomiting, diarrhea,
in approximately 11%, pruritus in 20%, and rare aminotransferase elevations leading to discontinuation in a small subset
[96]. Seladelpar, a highly selective PPAR-6 agonist that decreases BA synthesis and suppresses inflammatory cytokines
[97], was evaluated in the phase 3 RESPONSE trial, wherein 193 PBC patients with inadequate UDCA response or
intolerance were randomized 2:1 to 10 mg seladelpar daily or placebo (UDCA continued if tolerated). The primary
endpoint, ALP < 1.67 x upper limit of normal and normalized bilirubin at 12 months, was achieved by 62% of seladelpar-
treated patients vs 20% of placebo; 25% of seladelpar recipients normalized ALP vs none in the placebo arm[98].
Importantly, seladelpar significantly reduced worst-itch Numerical Rating Scale scores (-3.2 vs -1.7 points at six months)
and improved 5-D itch scores (least squares mean difference: -3.5 points at 12 months). Gastrointestinal symptoms
(abdominal pain, nausea, distension) were more frequent with seladelpar, but earlier safety concerns regarding drug-
induced liver injury raised in NASH trials were not confirmed, as an independent histological review found no increase
in drug-induced liver injury risk[99,100]. Based on these data, the FDA granted accelerated approval for seladelpar in
August 2024.

Saroglitazar, a dual PPAR-a/y agonist with both anti-inflammatory and antifibrotic effects, was assessed in the phase 2
EPICS trial. In that study 37 UDCA-refractory or -intolerant PBC patients were randomized to saroglitazar 2 mg, 4 mg, or
placebo for 4 weeks. The composite biochemical endpoint, which included a > 15% reduction in ALP or ALP normal-
ization, was achieved by 71% of all saroglitazar-treated patients, with the 4 mg cohort exhibiting a mean 50% decrease in
ALP levels at study end[101]. Although generally well tolerated, four patients experienced transient elevations in alanine
and aspartate aminotransferases, necessitating close monitoring of transaminases in future studies[101]. These promising
early results support further evaluation of saroglitazar’s long-term efficacy and safety in larger, controlled trials. PPAR
agonists appeared more effective than OCA in improving ALP biochemical levels, with elafibranor ranking highest;
however, this finding should be interpreted with caution given the limited number and early-phase nature of the
supporting studies[102].

The ileal BA transporter in the distal ileum is essential for reclaiming BA s into the enterohepatic cycle, and its blockade
shifts BA elimination into the feces, lowering particularly toxic, hydrophobic species while sparing protective bicarbonate
and phospholipid secretion[103]. Oral, intestine-restricted ileal BA transporter inhibitors have been shown to reduce
serum-conjugated BA levels and meaningfully relieve itch in PBC patients, although early phase I studies noted dose-
related nausea and diarrhea[104-106]. In the 2024 GLISTEN trial, 24 weeks of linerixibat produced a significant decrease
in pruritus, suggesting it may become the first approved antipruritic specifically for PBC[107]. Meta analyses in PBC-
autoimmune hepatitis overlap demonstrate that UDCA + budesonide yields superior biochemical normalization [odds
ratio (OR) = 0.25; P < 0.0001], attenuates histological progression (OR = 2.57; P = 0.02) and lowers death/transplant risk
(OR = 0.26; P = 0.02) vs UDCA monotherapy, with no excess adverse events[108]. In a 36 month randomized clinical trial
of PBC patients with an incomplete biochemical response to UDCA, addition of budesonide did not significantly improve
histology (42% vs 29%, P = 0.225) but achieved greater ALP normalization (35% vs 9%, P = 0.023) and more pronounced
ALT/aspartate aminotransferase reductions. However, the histological endpoint was underpowered, relied on invasive
paired biopsies without non invasive elastography, and was accompanied by corticosteroid related effects (cortisol
suppression, osteopenia), highlighting the need for non invasive monitoring and long-term safety surveillance[109].

CONCLUSION

PBC is a chronic, immune-mediated cholestatic liver disorder driven by a multifactorial interaction between genetic
predisposition, environmental influences, and gut-liver axis dysfunction. Although early diagnosis and UDCA as first-
line therapy have significantly improved prognosis, a considerable proportion of patients experience inadequate
biochemical response, predisposing them to progressive fibrosis and cirrhosis. The recent market withdrawal of OCA,
due to concerns over its long-term efficacy, has underscored the urgent need for novel and reliable second-line treatment
options. Emerging therapies targeting PPARs, such as elafibranor and seladelpar, have shown encouraging biochemical
and clinical results, offering potential to redefine current management approaches. Future directions in PBC research aim
to enhance individualized risk stratification, develop combination therapies, and address burdensome symptoms like
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fatigue and pruritus, with the ultimate goal of improving both survival and quality of life through earlier and more
personalized intervention strategies.
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