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Efficacy and Safety of Biologics in Primary Biliary Cholangitis: A Systematic Review of Experimental Treatments
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Background: Primary Biliary Cholangitis (PBC) is a chronic autoimmune liver disease characterized by progressive bile duct destruction, leading to liver failure if untreated. While ursodeoxycholic acid (UDCA) is the first-line therapy for PBC, 30-40% of patients exhibit an incomplete response. For these patients, biologic therapies targeting specific immune pathways offer promising alternatives. This systematic review evaluates the efficacy and safety of biologic treatments in PBC, focusing on improvements in liver function, disease progression, symptom relief, and adverse events.
Methods: Adhering to PRISMA 2020 guidelines, a comprehensive search of PubMed, Embase, Cochrane Library, Web of Science, and Scopus was conducted to identify studies evaluating biologic therapies in PBC. Studies published in the last 15 years were included, focusing on experimental treatments compared to standard care or placebo. Data extraction focused on study design, population characteristics, treatment outcomes, and safety profiles.
Results: Seven studies, including 9,590 participants, were reviewed, focusing on the efficacy and safety of biologic therapies in PBC. The majority of patients were women, aged 18 to 75, who had an incomplete response to UDCA. Obeticholic acid (OCA) was assessed in multiple studies, with an RCT showing no significant difference in the primary endpoint (HR 1.01, 95% CI 0.68–1.51) compared to placebo. However, external control analysis showed a significant reduction in liver-related events (HR 0.39, p=0.0010). Seladelpar demonstrated a significant reduction in ALP levels, with 78.2% of patients achieving a biochemical response (p<0.0001) and 27.3% normalizing ALP. It also reduced pruritus (p=0.02). Adverse events included high rates of pruritus in OCA-treated patients (78.6%), leading to treatment discontinuation in 30.6% of cases. Seladelpar had fewer side effects but still reported mild issues like abdominal pain and pruritus.
Conclusion: Biologic therapies show potential in improving PBC outcomes, but safety concerns, particularly related to adverse events, must be carefully managed. Future research should explore long-term efficacy and safety to better refine treatment strategies for PBC.
Keywords: Primary Biliary Cholangitis, Biologics, Ursodeoxycholic acid, Obeticholic acid, Seladelpar, Liver function, Pruritus, Disease progression, Autoimmune liver disease, Adverse events.




Introduction
Primary Biliary Cholangitis (PBC) is a chronic autoimmune liver disease characterized by the progressive destruction of the small intrahepatic bile ducts, leading to cholestasis, fibrosis, and eventual liver cirrhosis (1). The condition predominantly affects middle-aged women, and without proper management, it can result in liver failure, necessitating liver transplantation (2). The primary treatment goal in PBC is to slow disease progression, alleviate symptoms, and prevent complications related to liver dysfunction (3).
The standard first-line therapy for PBC has long been ursodeoxycholic acid (UDCA), which has been shown to improve liver biochemistry and delay disease progression in a significant number of patients (4). However, approximately 30-40% of PBC patients exhibit an incomplete response to UDCA, particularly those with advanced disease or high-risk features (5). For these patients, second-line treatment options have emerged, including obeticholic acid (OCA) and newer biologic therapies targeting specific immune pathways involved in PBC pathogenesis (6).
Biologic therapies, which include monoclonal antibodies and other agents that modulate immune function, have shown promise in various autoimmune conditions (7). In PBC, biologics target key immune components, such as B-cells, cytokines, and T-cell pathways, in an attempt to reduce the inflammatory and immune-mediated damage to bile ducts (8). Despite the potential of biologic therapies, questions remain regarding their efficacy and safety, particularly in patients with advanced fibrosis or those at risk of adverse events (9).
Given the growing interest in biologic treatments for PBC and the need for a clearer understanding of their role in disease management, this systematic review aims to evaluate the efficacy and safety of biologic therapies in PBC. Specifically, the review focuses on experimental biologic treatments compared to standard care or placebo, with a particular emphasis on improvements in liver function, disease progression, symptom relief, quality of life, and the incidence of adverse events.
Methods
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement 2020 guidelines (10). The aim of the review was to evaluate the efficacy and safety of biologic therapies in the treatment of PBC, focusing on liver function improvement, disease progression, symptom relief, and adverse events. The review covers experimental treatments compared to standard care or placebo in PBC patients. The final search was completed on October 10, 2024.
Search Strategy
A comprehensive literature search was conducted across multiple electronic databases, including PubMed, Embase, Cochrane Library, Web of Science, and Scopus. The search focused on identifying studies that examined the use of biologics in patients with PBC. Key search terms included combinations of “biologics,” “primary biliary cholangitis,” “experimental treatments,” “B-cell depleting therapies,” “cytokine inhibitors,” “liver function,” and “safety outcomes.” Search adjustments were made based on the indexing systems of each database. The search was restricted to studies published in the last 15 years to ensure up-to-date data on biologic therapies in PBC. No language restrictions were applied, allowing for a global representation of relevant studies.
Study Selection
The study selection process involved an initial screening of titles and abstracts based on predefined inclusion criteria. Studies were included if they reported on the use of biologics for the treatment of PBC, with outcomes focused on liver function improvement (e.g., ALP, ALT, bilirubin), histological liver improvement, symptom relief, quality of life, and adverse events. Both randomized controlled trials (RCTs) and observational studies were considered. Two independent reviewers screened the studies, and any discrepancies were resolved by consensus or consultation with a third reviewer. Full-text articles of potentially relevant studies were obtained for a detailed eligibility assessment. A PRISMA flowchart was developed to illustrate the study selection process (Figure 1).
Figure 1. PRISMA Flowchart Depicting the Study Selection Process.
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Data Extraction
Data extraction was carried out systematically from the selected studies, capturing essential details relevant to the objectives of the review. The extracted data included: Study ID, Author(s), Year; Study Design; Country; Sample Size (N); Population Characteristics; Biologic Therapy (e.g., B-cell depleting therapies, cytokine inhibitors); Dose/Administration; Comparator (standard care, placebo); Primary and Secondary Outcomes (including liver function improvement, symptom relief, quality of life); Adverse Events; and Key Findings (with statistical significance, where available). Special emphasis was placed on liver function markers such as alkaline phosphatase (ALP), alanine aminotransferase (ALT), and bilirubin levels. Data extraction was performed independently by two reviewers, with discrepancies resolved through discussion.
Data Synthesis
The data were synthesized qualitatively to provide a comprehensive overview of the efficacy and safety of biologic therapies in PBC patients. The synthesis focused on key outcome measures, including the effectiveness of biologics in improving liver function, histological liver changes, and symptom relief. The review also examined the safety profiles of biologic therapies, highlighting the incidence and severity of adverse events. Where applicable, quantitative results, such as mean differences and hazard ratios, were presented to summarize treatment effects. The data synthesis allowed for a detailed comparison of biologic therapies with standard care or placebo, and patterns related to safety and efficacy were explored, particularly in high-risk populations such as those with advanced fibrosis or poor baseline liver function.
Results
The systematic review included seven studies investigating the efficacy and safety of biologics in patients with PBC. The total sample size across all the studies in this systematic review is 9,590 participants. These individuals were drawn from various countries, with sample sizes ranging from smaller cohorts like 71 in a phase 2 trial to large multinational cohorts such as 2,703 patients in the UK and 2,237 in the global PBC registry. The population primarily consisted of patients with PBC who were treated with Ursodeoxycholic Acid (UDCA) or other biologic interventions. The vast majority of patients were female, and the studies covered a broad range of ages, from 18 to 75 years, with varying degrees of disease progression (Table 1).
Table 1. Characteristics of the Included Studies.
	Author, Year
	Country
	Study Design
	Sample Size
	Population Characteristics
	Intervention Details
	Comparison/Control
	Outcomes
	Key Findings
	Adverse Events

	Corpechot et al. (2024)
	Multinational (Global & ERN Rare-Liver PBC Study Groups)
	Retrospective cohort study
	1047
	Patients with PBC who attained an adequate response to UDCA according to Paris-2 criteria.
	Ursodeoxycholic acid (UDCA) treatment
	No second-line therapy unless ALP > 1.5×ULN after 12 months of UDCA
	Primary: Time to liver-related complications, liver transplantation, or death.
	Normal ALP levels associated with significant survival gain at 10 years (mean 7.6 months, 95% CI: 2.7 - 12.6 months, p=0.003). Subgroup analysis: Significant survival gain in patients with liver stiffness ≥ 10 kPa and/or age ≤ 62 years (52.8 months, p<0.001).
	None reported

	Kowdley et al. (2024)
	27 countries (Global)
	Phase 3b/4 double-blind RCT with external control
	434 (RCT), 1,051 (EC)
	Patients with PBC, mean age ∼53 years, 90% female, 88% on UDCA at baseline. Patients had either discontinued UDCA >3 months earlier or were taking UDCA >12 months with a stable dose ≥3 months before enrollment.
	Obeticholic acid (OCA) 5 mg daily, increased to 10 mg if tolerated
	Placebo, External control from Komodo database
	No significant difference in composite endpoint of death, liver transplant, or hepatic decompensation. (HR, 1.01; 95% CI, 0.68–1.51). EC arm: OCA significantly reduced events compared to control (HR, 0.39; 95% CI, 0.22–0.69, p = 0.0010).
	In the RCT ITT analysis, no significant difference between OCA and placebo (HR, 1.01). In EC analysis, OCA significantly reduced composite events compared to non-OCA individuals (HR, 0.39; p = 0.0010).
	Common adverse events in OCA arm: pruritus (78.6%), peripheral edema (18.5%), upper abdominal pain (14.9%), nausea (14.9%). Serious adverse events in both arms were similar (~31%). 30.6% OCA patients discontinued due to pruritus.

	Roberts et al. (2024)
	Canada (with validation cohort from GLOBAL PBC registry)
	Retrospective cohort study
	823 patients (Canada), 2,237 (GLOBAL PBC registry)
	Mean age at diagnosis was 53 years, 91% were female. All patients had PBC and were treated with UDCA. 33% of patients had inadequate biochemical response to UDCA at 1 year.
	Ursodeoxycholic acid (UDCA) therapy.
	N/A
	Transition rates between biochemical response states and liver transplant (LT) or death were measured using Markov models.
	Loss of biochemical response at any time was associated with higher rates of LT or death (relative rate 0.102, 95% CI 0.047-0.223, p < 0.05). Patients who regained adequate response had significantly lower LT/death rates (0.016, 95% CI 0.001-0.568, p < 0.05). Validation in the GLOBAL PBC registry confirmed findings.
	None reported

	Hirschfield et al. (2023)
	Multinational (21 countries)
	Phase 3, double-blind, randomized, placebo-controlled
	265
	Patients with PBC, aged 18-75 years, on UDCA (or UDCA-intolerant), ALP ≥1.67×ULN, total bilirubin ≤2×ULN, stable on UDCA treatment for ≥12 months unless UDCA-intolerant
	Seladelpar 5 mg or 10 mg QD orally for up to 12 months
	Placebo; UDCA treatment continued
	Primary: Composite biochemical response (ALP <1.67×ULN, ≥15% ALP decrease from baseline, and total bilirubin ≤ULN); Secondary: ALP normalization, pruritus reduction
	Composite response: Seladelpar 5 mg (57.1%, p<0.0001) and 10 mg (78.2%, p<0.0001) vs placebo (12.5%) at 3 months. ALP normalization: Seladelpar 10 mg (27.3%, p<0.0001) vs placebo (0%). Pruritus NRS reduction: 10 mg group had a significantly greater reduction (-3.14, p=0.02) vs placebo.
	≥1 TEAE: Placebo 73.6%, Seladelpar 5 mg 62.9%, Seladelpar 10 mg 65.2%. ≥1 Serious TEAE: Placebo 3.4%, Seladelpar 5 mg 3.4%, Seladelpar 10 mg 1.1%. Most common TEAE: pruritus, upper abdominal pain, nausea. No deaths or grade 4 events reported.

	Loomba et al. (2023)
	Multinational (Europe, USA)
	Randomized, double-blind, placebo-controlled, phase 2 trial
	71
	Male/female, aged 18–75, histological NASH with Kleiner F4, BMI ≥27 kg/m2
	Semaglutide 2.4 mg once weekly for 48 weeks, dose escalation every 4 weeks from 0.24 mg to 2.4 mg. Standard care advice on diet and lifestyle was also provided.
	Placebo group with matching injections
	Primary: Improvement in liver fibrosis, NASH resolution. Secondary: Change in liver fat content (MRI), liver stiffness (MRE), adverse events.
	Liver Fibrosis Improvement: No significant difference between semaglutide and placebo (p=0.087)
NASH Resolution: No significant difference between semaglutide and placebo (p=0.29)
Liver Steatosis: Significant reduction in liver steatosis with semaglutide (p=0.0042)
ALT Reduction: Significant reduction in ALT levels with semaglutide (p=0.0090)
Weight Loss: Significant weight loss with semaglutide (p<0.0001)
	89% of patients on semaglutide experienced adverse events, mostly mild/moderate gastrointestinal issues (e.g., nausea, diarrhea, vomiting). Serious adverse events in 13% of the semaglutide group. No decompensating liver events.

	Haldar et al. (2020)
	UK
	Retrospective cohort study
	499
	Patients with PBC, mostly female (88.4%), mean age 51.5 years, AMA-negative cases included
	Immune serological testing for various auto-antibodies
	None
	Anti-gp210 and anti-sp100 highly specific for PBC. Anti-gp210 associated with poor prognosis and non-response to UDCA
	Anti-gp210 associated with poor transplant-free survival: HR 2.292 (95% CI 1.405–3.737, P=0.001). Non-response to UDCA predicted by anti-gp210 (P=0.005)
	None reported

	Carbone et al. (2018)
	UK (derivation cohort), Italy (validation cohort)
	Retrospective cohort study
	2,703 (UK), 460 (Italy)
	Median age 56.8 years, 89.7% female (UK); 92% female, median age 52 years (Italy). All patients had PBC and were treated with UDCA.
	Ursodeoxycholic acid (UDCA) therapy
	N/A
	Predictors of UDCA response, including age, ALP, TB, TA, and treatment time lag, were identified and modeled.
	The best-fitting logistic regression model included five variables: ALPdiag (p < 0.0001), TBdiag (p = 0.0003), TAdiag (p = 0.0012), age (p < 0.0001), treatment time lag (p < 0.0001), and ΔALP (p < 0.0001). Internal validation AUROC = 0.87; external validation AUROC = 0.83.
	None reported

	Abbreviations: ALB: Albumin; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AMA: Anti-mitochondrial antibodies; AST: Aspartate aminotransferase; AUROC: Area under the receiver operating characteristic; BMI: Body mass index; EC: External control; HR: Hazard ratio; I TT: Intention-to-treat; LT: Liver transplant; MRI: Magnetic resonance imaging; MRE: Magnetic resonance elastography; NASH: Non-alcoholic steatohepatitis; NRS: Numerical rating scale; OCA: Obeticholic acid; PBC: Primary biliary cholangitis; RCT: Randomized controlled trial; TB: Total bilirubin; TA: Transaminases; TEAE: Treatment-emergent adverse event; UDCA: Ursodeoxycholic acid; ULN: Upper limit of normal


Corpechot et al. (2024) conducted a retrospective cohort study involving 1,047 patients who had responded adequately to UDCA treatment according to the Paris-2 criteria. The study aimed to assess whether normal alkaline phosphatase (ALP) levels in UDCA-treated patients were associated with improved long-term survival. Findings demonstrated that normal ALP levels were linked to a significant gain in survival without liver-related complications over a 10-year period (mean gain of 7.6 months, p=0.003). Subgroup analysis showed that patients with liver stiffness ≥10 kPa and/or age ≤62 years experienced a notably larger survival gain (52.8 months, p<0.001), underscoring the importance of maintaining normal ALP levels in such populations (11).
Kowdley et al. (2024) conducted a phase 3b/4 double-blind randomized controlled trial (RCT) comparing obeticholic acid (OCA) to placebo in 434 PBC patients, with an additional external control cohort of 1,051 patients. While no significant difference was observed between OCA and placebo in the intent-to-treat analysis of the composite endpoint of death, liver transplant, or hepatic decompensation (HR 1.01, 95% CI 0.68–1.51), the external control analysis demonstrated that OCA significantly reduced these events compared to untreated patients (HR 0.39, 95% CI 0.22–0.69, p=0.001). However, OCA was associated with high rates of adverse events, particularly pruritus (78.6%), and 30.6% of OCA patients discontinued treatment due to this side effect (12).
Roberts et al. (2024) performed a retrospective cohort study involving 823 Canadian PBC patients, validated by a cohort of 2,237 patients from the GLOBAL PBC registry. This study aimed to evaluate transitions between biochemical response states and their association with liver transplant (LT) or death. Patients who retained their initial biochemical response to UDCA had lower rates of LT or death compared to those who lost their response over time. Conversely, patients who regained biochemical response after losing it showed improved outcomes (relative rate 0.016, 95% CI 0.001–0.568, p<0.05). The findings were validated in the external cohort, reinforcing the critical role of sustained biochemical response in long-term outcomes (13).
In a phase 3 RCT by Hirschfield et al. (2023), 265 patients with PBC were randomized to receive either seladelpar 5 mg, seladelpar 10 mg, or placebo. The study found that a higher proportion of patients receiving seladelpar 5 mg (57.1%, p<0.0001) and 10 mg (78.2%, p<0.0001) achieved a composite biochemical response (ALP <1.67×ULN, ≥15% reduction in ALP, and normal bilirubin) compared to placebo (12.5%). Additionally, 27.3% of patients on seladelpar 10 mg normalized their ALP levels, significantly higher than placebo (p<0.0001). Pruritus was notably reduced in the seladelpar 10 mg group (p=0.02), with a favorable safety profile (14).
Loomba et al. (2023) investigated semaglutide in a phase 2 trial, enrolling 71 patients with histological NASH. While semaglutide did not show significant improvement in liver fibrosis or NASH resolution, it was effective in reducing liver steatosis (p=0.0042), ALT levels (p=0.0090), and achieving weight loss (p<0.0001). Most patients experienced mild gastrointestinal side effects, and there were no significant liver-related adverse events (15).
Haldar et al. (2020) conducted a retrospective cohort study on 499 PBC patients, finding that the presence of anti-gp210 antibodies was associated with poor prognosis and non-response to UDCA. Anti-gp210 was significantly linked with worse transplant-free survival (HR 2.292, p=0.001), highlighting its potential as a marker for poor outcomes in PBC patients (16).
Carbone et al. (2018) developed a predictive model for UDCA response based on a retrospective cohort of 2,703 UK patients, validated in a cohort of 460 Italian patients. The model identified five key predictors of UDCA response: ALP, total bilirubin (TB), transaminases (TA), age at diagnosis, and treatment time lag. This model demonstrated high accuracy (AUROC 0.87 in internal validation, 0.83 in external validation) in predicting which patients would respond to UDCA treatment, offering a valuable tool for clinical decision-making (17).
These studies provide evidence for the efficacy of biologic therapies like obeticholic acid and seladelpar in managing PBC, although safety concerns, particularly related to pruritus, remain a significant consideration. Maintaining biochemical response, especially in terms of ALP levels, continues to be a key factor in improving long-term outcomes in PBC patients.
Discussion
The findings from this systematic review provide valuable insights into the efficacy and safety of biologic therapies in managing PBC. The emergence of biologics, including OCA and newer agents like seladelpar, represents an important advancement in treating patients who do not respond adequately to standard UDCA therapy (18). These biologics target immune pathways involved in PBC pathogenesis, offering potential for better disease control, especially in high-risk populations. However, despite their promise, biologics are associated with significant challenges, particularly in terms of safety and tolerability (19).
Biologic therapies such as OCA and seladelpar have demonstrated clear efficacy in improving key biochemical markers associated with PBC progression (20). For example, seladelpar has shown significant reductions in ALP levels, which is crucial as ALP normalization is strongly linked to improved long-term outcomes, including reduced risk of liver transplantation and death (21). The phase 3 trial by Hirschfield et al. (2023) demonstrated that a significantly higher proportion of patients receiving seladelpar achieved a composite biochemical response compared to placebo, suggesting the potential of biologics to address unmet therapeutic needs in PBC patients who do not respond adequately to UDCA. Similarly, OCA reduced liver-related events in external control analysis, further underscoring its potential efficacy in more advanced disease stages.
Current research emphasizes that maintaining a biochemical response, particularly in terms of ALP levels, is critical for improving long-term prognosis in PBC (22-24). This aligns with the findings from studies like Corpechot et al. (2024) and Roberts et al. (2024), which highlighted the importance of biochemical monitoring throughout treatment. In their studies, patients who maintained normal ALP levels or regained response after initially losing it had significantly better outcomes, including lower rates of liver transplantation or death.
While biologics offer new therapeutic options, their safety profiles raise significant concerns, particularly with regard to pruritus. OCA, for example, was associated with a high incidence of pruritus, with nearly 79% of patients reporting this adverse event, leading to treatment discontinuation in over 30% of cases (25). This poses a major clinical challenge, as pruritus is already a common and distressing symptom in PBC. Effective strategies to manage pruritus and other adverse effects will be essential to improving adherence and long-term outcomes for patients receiving biologic therapies (26).
Other adverse events, such as gastrointestinal symptoms (e.g., nausea, abdominal pain) and peripheral edema, were also reported across studies. These side effects, while less frequent than pruritus, still present a challenge in managing patients on biologic treatments. The safety profiles of biologics must be carefully balanced against their efficacy, particularly in patients with advanced disease who may be more vulnerable to adverse events. This aligns with findings from broader research on biologic therapies in autoimmune diseases, where tolerability remains a key factor influencing long-term adherence and treatment success.
Recent research highlights the growing importance of biologics in the treatment of PBC, particularly for patients who exhibit an incomplete response to UDCA (27, 28). Advances in understanding the immune mechanisms underlying PBC have paved the way for these targeted therapies, which aim to modulate immune responses involved in disease progression. However, despite the promising results seen with agents like OCA and seladelpar, safety and tolerability remain critical concerns.
Future research will need to focus on minimizing adverse effects, particularly pruritus, to enhance the therapeutic potential of biologics (29). Moreover, long-term studies are necessary to evaluate the durability of the biochemical response and its correlation with histological improvement and overall survival. While short-term improvements in liver biochemistry are encouraging, the long-term impact of biologics on disease progression and patient outcomes remains to be fully elucidated.
Additionally, the identification of biomarkers, such as anti-gp210 antibodies, that can predict treatment response is an emerging area of interest. Biomarkers may help clinicians better stratify patients and personalize treatment approaches, as seen in the study by Haldar et al. (2020), which linked anti-gp210 antibodies with poor prognosis and non-response to UDCA. These findings suggest that immune markers could play a pivotal role in guiding treatment decisions and optimizing therapeutic outcomes.
Another important area of future research will be the use of biologics in patients with advanced fibrosis or cirrhosis. Although these patients may benefit from biologic therapies, they are also at greater risk for adverse events, highlighting the need for tailored treatment strategies. Stratifying patients based on factors like fibrosis stage could help balance the risks and benefits of biologic treatment, thereby improving patient outcomes.
Limitations
This systematic review has several limitations that should be considered when interpreting the findings. First, the studies included in this review varied in terms of study design, population characteristics, and outcome measures, which may introduce heterogeneity and limit direct comparability between studies. Additionally, many of the included studies had relatively small sample sizes or were retrospective in nature, which may limit the generalizability of the findings, particularly in real-world clinical settings (30). Furthermore, while the review sought to comprehensively assess both efficacy and safety, data on long-term safety, particularly for newer biologics, remain limited, and the duration of follow-up in many studies was insufficient to assess long-term outcomes such as liver transplantation or overall survival.
Conclusion
This systematic review highlights the potential of biologic therapies, such as obeticholic acid and seladelpar, in managing patients with PBC who exhibit an incomplete response to standard UDCA treatment. Biologics have demonstrated efficacy in improving key biochemical markers like ALP, which are closely linked to long-term outcomes such as reduced risk of liver transplantation or death. However, safety concerns, particularly the high incidence of pruritus and other adverse events, remain significant challenges that impact treatment adherence and overall patient outcomes. While the reviewed studies provide evidence of short-term biochemical improvements, long-term data on survival and disease progression are still limited. Moving forward, more extensive randomized controlled trials and real-world studies are needed to better understand the durability of response and the balance between efficacy and safety. Additionally, personalized approaches that integrate biomarkers for predicting treatment response could further optimize the use of biologics in high-risk PBC populations.
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