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5 mg dose had the lowest incidence of adverse events.

Conclusions: Seladelpar demonstrates robust efficacy in improving biochemical markers and alleviating symptoms in PBC, with
a favorable safety profile. Its potential for long-term clinical benefit underscores its role as a promising therapeutic option for
patients with PBC. Further studies are warranted to confirm its long-term safety and efficacy in diverse patient populations.
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Background: Primary biliary cholangitis (PBC) is a progressive autoimmune liver disease marked by destruction of intrahepatiom
ducts, leading to fibrosis, cirrhosis, and liver failure. Current treatments, including ursodeoxycholic acid and obeticholic acid, are often
inadequate or associated with adverse effects, highlighting the unmet need for effective, well-tolerated therapies. Seladelpar,

a selective peroxisome proliferator-activated receptor delta agonist, has shown promise in improving biochemical markers and clinical
outcomes in PBC. This systematic review and meta-analysis evaluates the efficacy and safety of Seladelpar in PBC management.
Methods: This review adhered to PRISMA guidelines and was registered with PROSPERO. A systematic search of PubMed,
EMBASE, Cochrane Library, and ClinicalTrials.gov was conducted up to October 2024, focusing on studies evaluating Seladelpar
in adult PBC patients. Randomized controlled trials, observational studies, and open-label extensions reporting efficacy (e.g.,
alkaline phosphatase [ALP] reduction) or safety outcomes were included. Meta-analysis was performed using RevMan, with
pooled estimates presented as weighted mean differences or risk ratios.

Results: From 611 studies, seven met inclusion criteria, comprising 1019 participants across Phase 2 and Phase 3 trials and
open-label extensions. Seladelpar significantly reduced ALP levels, with a dose-response relationship observed. The 10 mg dose
showed the most pronounced efficacy, with a 53-63% ALP reduction compared to placebo. Clinical improvements, including
reduced pruritus and enhanced quality of life, were consistent across studies. Long-term follow-up demonstrated sustained
biochemical and clinical benefits. Adverse effects were dose-dependent, with pruritus, nausea, and dyspepsia most common. The

Introduction

Primary biliary cholangitis (PBC) is a chronic, progressive auto-
immune cholestatic liver disease characterized by the destruction
of intrahepatic bile ducts!'. The pathophysiology of PBC
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involves immune-mediated damage to biliary epithelial cells,
leading to bile acid retention, chronic inflammation, and subse-
quent fibrosis?!. Over time, this process may culminate in cir-
rhosis, liver failure, or hepatocellular carcinoma, contributing
significantly to morbidity and mortality!?. While the etiology of
PBC remains unclear, genetic susceptibility and environmental
triggers are thought to play pivotal roles in its pathogenesis!l.
The disease disproportionately affects middle-aged women, with
a global prevalence ranging from 1.91 to 40.2 per 100 000
people, making it a substantial public health concern!®!.

The clinical manifestations of PBC vary widely, from asymp-
tomatic cases identified incidentally to symptomatic patients
presenting with fatigue, pruritus, and complications of cirrhosis™!.
Fatigue and pruritus, in particular, substantially impair the
quality of life. Biochemically, the hallmark of PBC is elevated
alkaline phosphatase (ALP) levels, which correlate with disease
progression and serve as a surrogate marker for therapeutic
response.

The current standard of care for PBC includes ursodeoxycholic
acid (UDCA), a bile acid derivative that improves bile flow and
delays disease progression”®!. However, up to 40% of patients
demonstrate an inadequate biochemical response to UDCA, neces-
sitating alternative treatments. Obeticholic acid, a farnesoid
X receptor agonist, is an approved second-line therapy but is
limited by its adverse effect profile, particularly pruritus, and its
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associated cardiovascular risks!®!. Other investigational agents,
such as fibrates, have shown promise in improving biochemical
markers but lack robust long-term safety data. Thus, there remains
a significant unmet need for novel, effective, and well-tolerated
therapies for patients with PBC!”,

Seladelpar, a selective peroxisome proliferator-activated
receptor delta (PPAR-8) agonist, has emerged as a promising
therapeutic option for PBC'®. By modulating lipid metabo-
lism, anti-inflammatory pathways, and bile acid synthesis,
Seladelpar targets key mechanisms implicated in PBC patho-
genesis. Preclinical studies have demonstrated its potential to
reduce hepatobiliary inflammation and fibrosis. Moreover,
early-phase clinical trials have reported substantial reductions
in ALP levels and improvements in other liver function para-
meters, with a favorable safety profile!”l. These findings
underscore Seladelpar’s potential to address the therapeutic
gaps in PBC management and improve clinical outcomes. The
objective of this systematic review and meta-analysis is to
evaluate the efficacy and safety of Seladelpar in the treatment
of PBC.

Methods

Study design and registration

This systematic review and meta-analysis was conducted follow-
ing the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines and reported according to
A MeaSurement Tool to Assess Systematic Reviews (AMSTAR)
to ensure a transparent methodology. The study protocol was
registered with PROSPERO to enhance methodological rigor
and prevent duplication of research efforts.

Search strategy

A systematic literature search was performed across multiple
electronic databases, including PubMed, Google Scholar,
EMBASE, Scopus, Cochrane Library, and ClinicalTrials.gov,
from inception to October 2024. The search strategy incorpo-
rated a combination of Medical Subject Headings terms and key-
words related to PBC and Seladelpar. Examples of search terms
included “Primary Biliary Cholangitis,” “PBC,” “Seladelpar,”
“PPAR-delta agonist,” “efficacy,” and “safety.” Boolean opera-
tors (AND/OR) were used to refine the search, and filters were
applied to include only human studies. Reference lists of included
articles and relevant reviews were also screened for additional
studies (Fig. 1).

Inclusion and exclusion criteria

Inclusion criteria:

1. Studies involving adult patients diagnosed with PBC based
on established clinical and histological criteria.

2. Randomized controlled trials, observational studies, and
open-label extensions evaluating Seladelpar for the treat-
ment of PBC.

3. Studies reporting at least one efficacy outcome (e.g., alkaline
phosphatase reduction, normalization of liver enzymes) or
safety outcome (e.g., adverse events, drug tolerability).

4. Publications in English with full-text availability.
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Exclusion criteria:

1. Studies focusing on non-PBC populations or unrelated
interventions.

2. Case reports, editorials, and conference abstracts lacking
sufficient data.

3. Non-English publications or those without full-text access.

4. Studies with incomplete outcome reporting or insufficient
methodological details.

Data extraction

Two independent reviewers conducted data extraction using
a predesigned data collection form to ensure consistency and
reduce bias. Extracted data included study characteristics (e.g.,
author, year, design, sample size), baseline patient demo-
graphics, intervention details (Seladelpar dose, duration), effi-
cacy outcomes (e.g., ALP reduction, changes in liver function
tests), and safety outcomes (e.g., incidence of adverse events).
Disagreements between reviewers were resolved through discus-
sion or by consulting a third reviewer.

Outcome measures

Efficacy outcomes:

e Primary: reduction in ALP levels.
e Secondary: normalization of liver enzymes, bilirubin levels,
and improvement in pruritus or quality of life.

Safety outcomes:

e Incidence of adverse events (e.g., gastrointestinal distur-
bances, pruritus).
e Drug tolerability and withdrawal rates due to adverse effects.

Risk of bias assessment

The quality of included clinical trials was evaluated using the
Cochrane Risk of Bias 2.0 tool (Fig. 2).

Statistical analysis

Meta-analysis was conducted using RevMan. Pooled estimates of
continuous outcomes (e.g., ALP reduction) were calculated as
weighted mean differences with 95% confidence intervals (CI).
Dichotomous outcomes (e.g., adverse events) were analyzed using
risk ratios. Heterogeneity among studies was assessed using the I*
statistic, with values of 25%, 50%, and 75% representing low,
moderate, and high heterogeneity, respectively. A random-effects
model was employed to account for variability among studies.
Sensitivity analyses were performed to evaluate the robustness
of the findings, and publication bias was assessed visually using
funnel plots and quantitatively using Egger’s test. This rigorous
methodology ensures a comprehensive evaluation of the efficacy
and safety of Seladelpar in the treatment of PBC.

Results

The initial search identified 611 studies. After screening titles
and abstracts, many were excluded for failing to meet rele-
vance criteria. A full-text assessment further eliminated stu-
dies lacking Seladelpar as a therapy for PBC, relevant outcome
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Identification of studies via databases and registers

Figure 1. PRISMA selection of the included studies.
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measures, or sufficient data. Ultimately, seven studies!” **! met

the inclusion criteria, allowing for a qualitative synthesis of
the evidence on Seladelpar’s efficacy and safety in treating
PBC (Table 1).

The review studies included 1019 participants. The studies
included four Phase 2 randomized, double-blind, placebo-con-
trolled trials and three Phase 3 randomized, double-blind, pla-
cebo-controlled trials, alongside two open-label extension
studies. The average doses of Seladelpar administered across
these studies varied, with the most common doses being 5 mg,
10 mg, and 50 mg per day.

Efficacy

A network meta-analysis was conducted using data from three
studies, encompassing seven pairwise comparisons and 466
patients. The analysis revealed that 10 mg Seladelpar demon-
strated superior efficacy compared to 5 mg Seladelpar, 2 mg
Seladelpar, and placebo, as illustrated in Fig. 3. Among these
comparisons, the most pronounced effect was observed between
10 mg Seladelpar and placebo, with an odds ratio (OR) of 10.24

(95% CI: 3.41-30.76), indicating a nearly 9-fold greater effec-
tiveness compared to placebo. Comparisons between different
Seladelpar doses suggested a dose-response relationship, where
higher doses consistently exhibited greater efficacy. However,
the analysis showed a high degree of heterogeneity (I = 70.7%),
suggesting variability across studies. Figure 4 provides a network
plot illustrating the relationships between the included treatments
and comparisons.

Biochemical improvement

Seladelpar demonstrated significant efficacy in improving bio-
chemical markers associated with PBC. Multiple studies!”$11713!
reported a notable reduction in ALP levels. For instance, Jones
et al”! observed a reduction of 53% in the 50 mg group and
63% in the 200 mg group compared to placebo. Similarly, the
Phase 3 RESPONSE study by Hirschfield ez al'”! showed that
42% of patients on Seladelpar achieved the primary endpoint
compared to 26% on placebo. Normalization of ALP levels was
achieved in a substantial proportion of patients receiving
Seladelpar across various trials.
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Figure 2. Network meta analysis of efficacy.

Clinical outcomes

A notable and consistent theme across the reviewed studies was
the significant reduction in pruritus. The ENHANCE study!'"!
reported substantial improvements in pruritus scores. Patients
receiving Seladelpar demonstrated a statistically significant
decrease in pruritus Numerical Rating Scale (NRS) scores,
which correlated with enhanced sleep quality and overall quality
of life. The relationship between reduced pruritus and improved
quality of life was further supported by findings from the
RESPONSE study!'!), where patients noted marked relief from
pruritus, enhancing their daily functioning and well-being.

In the trial led by Hirschfield et al'®!, 61.7% of patients on the
10 mg dose met the primary composite endpoint, which
included criteria for ALP reduction and bilirubin normalization,
compared to only 20% in the placebo group. Further reinforcing
this trend, other studies demonstrated similar success rates in
meeting composite endpoints. The Phase 3 RESPONSE study!!!!
reported significant biochemical improvements in alkaline phos-
phatase levels and total bilirubin among patients receiving
Seladelpar. In this study, a striking 42% of patients treated
with Seladelpar achieved the primary endpoint, showcasing its
robust efficacy compared to the 26% of patients on placebo.

In long-term follow-up studies, such as the Mayo et all'
open-label extension, patients who completed prior Seladelpar
trials continued to show sustained improvements. A composite
endpoint at 2 years indicated that 79% of patients achieved
clinically significant responses, with ALP normalization
observed in 42% of participants. This long-term data further
emphasizes Seladelpar’s potential for prolonged efficacy in mana-
ging PBC. Statistical analyses across these studies consistently
revealed that the improvements associated with Seladelpar treat-
ment were not only clinically relevant but also statistically sig-
nificant, with P values typically less than 0.0001. This rigorous
statistical validation enhances the credibility of the findings, sup-
porting Seladelpar’s role as an effective therapeutic option for
patients suffering from PBC.

Safety profile

The prevalence of adverse effects varied across the Seladelpar
treatment groups, as summarized in Table 2. The 5 mg
Seladelpar group exhibited the lowest incidence of adverse
effects, including Pruritus: 13.99% (95% CI: 2.88-30.83),
Nausea: 12.74% (95% CI: 4.82-23.44), Dyspepsia: 3.7%
(95% CI: 0.06-10.84). Other reported adverse effects across
different doses included muscle spasms, arthralgia, fatigue,
headache, and abdominal pain. Adverse effect prevalence for
other doses: Pruritus: Highest in the 2 mg group (52.39%;
95% CI: 30.07-74.28), Nausea: Most prevalent in the 2 mg
group (42.79%; 95% CI: 21.50-65.35), Dyspepsia: Most pre-
valent in the 2 mg group (27.27%; 95% CI: 4.39-57.92). The
data demonstrated substantial variability in adverse effects
across dose levels, with heterogeneity measures (I?) particularly
high for the 5 mg and 10 mg groups across pruritus and nausea
outcomes, indicating inconsistent results across studies.

Seladelpar has demonstrated a favorable safety profile among
patients with PBC. Across various studies, the incidence of
adverse events was comparable between the Seladelpar and
placebo groups, indicating that the treatment is generally well-
tolerated. For instance, the Phase 3 RESPONSE study!®! revealed
that none of the patients in the Seladelpar group experienced
serious treatment-related adverse events, reinforcing the drug’s
acceptability in clinical practice.

The most frequently reported treatment-emergent adverse
events (TEAEs) included mild to moderate pruritus, headaches,
nausea, and abdominal pain. In the ENHANCE study'®!, while
adverse events were noted in both the Seladelpar and placebo
groups, a notable 56% of patients receiving Seladelpar reported
TEAEs compared to 50% in the placebo group. Among these,
pruritus emerged as the most common side effect, affecting 30%
of patients on Seladelpar compared to 20% in the placebo
group.

Discontinuation rates due to adverse events varied across
studies, highlighting the treatment’s tolerability. In the trial
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Figure 3. Analysis.
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conducted by Hirschfield et all®!, six patients — approximately
2.3% of the total 265 participants — discontinued treatment due
to TEAEs. This suggests that while most patients tolerated
Seladelpar well, a minority experienced intolerable side effects.
The safety profile also indicated a dose-dependent relationship,
where higher doses of Seladelpar were associated with increased
reports of mild adverse effects. For example, in the study by
Bowlus et al''), among patients receiving Seladelpar at a 10 mg
dose, 36% experienced adverse events compared to 30% in the
5 mg group and 10% in the 2 mg group. This underscores the
importance of individualized treatment approaches, as higher

Seladelpar 1

Seladelpar

Figure 4. Network analysis.

doses may enhance efficacy while potentially increasing the like-
lihood of mild adverse effects.

Discussion

This review evaluated the efficacy and safety of Seladelpar,
a selective PPARS agonist, in treating PBC. The findings indicate
that Seladelpar significantly reduces alkaline phosphatase levels,
bilirubin levels, and pruritus severity among patients with PBC.
Additionally, the review included seven studies, demonstrating
that Seladelpar’s administration leads to notable improvements
in patient-reported outcomes such as sleep quality and overall
quality of life. The significant biochemical response observed
with Seladelpar aligns with previous research indicating the
need for alternative therapeutic options in PBC, particularly
for patients who have suboptimal responses to UDCA. With
up to 40% of patients failing to achieve adequate biochemical
control with UDCA, Seladelpar’s ability to normalize alkaline
phosphatase levels in 61.7% of patients in the trial by Hirschfield
et al™ presents a compelling argument for its incorporation into
treatment regimens. Furthermore, the observed reductions in prur-
itus not only enhance patient comfort but also positively affect
sleep and quality of life, underscoring Seladelpar’s multifaceted
benefits.

The findings of this review show Seladelpar’s potential as
a valuable second-line therapy for patients with PBC, particu-
larly for those who demonstrate inadequate responses to
UDCA. Seladelpar has shown the ability to achieve meaningful
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Adverse effect

2mg 5mg 10 mg 50 mg 200 mg
Pruritus
%(Cl) 52.39 (30.07-74.28) 13.99 (2.88-30.83) 19.20 (3.97-41.58) 33.33 (8.96-62.86) 7.69 (0-30.13)
No. of studies 2 3 4 1 1
2 0 86.82 94.72 0 0
Nausea
%(Cl) 42.79 (21.50-65.35) 12.74 (4.82-23.44) 8.89 (3.93-15.42) 25 (3.93-53.92) 7.65 (0-30.13)
No. of studies 2 3 4 1 1
2 0 71.55 66.87 0 0
Dyspepsia
%(Cl) 27.27 (4.39-57.92) 3.7 (0.06-10.84) 1.79 (0-7.51) 16.67 (0.41-43.95) 7.69 (0-30.13)
No. of studies 1 1 1 1 1
2 0 0 0 0 0

biochemical responses, as demonstrated by the studies
reviewed, where it led to a normalization of ALP levels in
a considerable percentage of patients. Seladelpar’s favorable
safety profile is particularly noteworthy, especially in light of
the adverse effects often associated with other therapeutic
agents. In the reviewed studies, Seladelpar was generally well-
tolerated, with a similar incidence of TEAEs compared to
placebo groups. This safety aspect is crucial for a patient popu-
lation that may already be dealing with the burdens of chronic
illness. The absence of serious treatment-related adverse events
in the Phase 3 RESPONSE study reinforces the acceptability of
Seladelpar in clinical practice. Furthermore, the significant
reductions in pruritus — a debilitating symptom of PBC — can
have profound implications for patients’ quality of life. The
relationship between pruritus severity, sleep quality, and over-
all well-being highlights the importance of addressing this
symptom in therapeutic strategies. Improved pruritus control
not only enhances patient comfort but also positively impacts
psychosocial aspects, such as mental health and social interac-
tions, which are often compromised in chronic illness contexts.
Clinicians should therefore prioritize symptom management,
utilizing Seladelpar to alleviate pruritus alongside its role in
normalizing liver function tests.

The evidence from this review suggests that Seladelpar may
also have broader implications for the management of PBC. As
treatment algorithms evolve, the incorporation of Seladelpar as
a second-line option provides clinicians with a novel tool to
tailor therapy to individual patient needs. This is particularly
relevant in cases where patients may have specific contraindica-
tions to UDCA or exhibit intolerable side effects. Moreover, as
research progresses and our understanding of PBC pathophy-
siology deepens, Seladelpar’s role may extend beyond simply
serving as an alternative to UDCA. Its dual mechanism of
action — anti-cholestatic and anti-inflammatory — positions it
as a potential disease-modifying therapy that could not only
improve symptomatic relief but also impact disease progression.
Future studies are warranted to explore these aspects further,
particularly the long-term effects of Seladelpar on liver histology
and fibrosis progression, which are crucial for comprehensive
PBC management.

While the review highlights promising results, several limita-
tions must be acknowledged. Many studies included were of
relatively short duration, and the long-term efficacy and safety

of Seladelpar remain uncertain. Additionally, variations in
study design and patient populations may affect the generaliz-
ability of the findings. The reliance on patient-reported out-
comes also introduces subjectivity, which could bias the
results. Furthermore, the absence of long-term follow-up data
prevents a comprehensive understanding of the sustainability of
Seladelpar’s benefits. Future studies should focus on longer-term
outcomes associated with Seladelpar treatment, including its
impact on disease progression and liver-related morbidity and
mortality. Direct comparisons with emerging therapies for PBC
will be vital in determining Seladelpar’s relative efficacy.
Additionally, exploring the drug’s effects in diverse patient
populations, including those with advanced disease, will
enhance our understanding of its therapeutic potential.
Investigating the mechanisms underlying Seladelpar’s hepato-
protective effects and its role in modulating liver fibrosis could
provide insights into its application in other chronic liver dis-
eases, such as nonalcoholic steatohepatitis.

Conclusion

This systematic review and meta-analysis highlights the thera-
peutic potential of Seladelpar as a promising treatment option
for PBC. The findings demonstrate that Seladelpar, particularly
at a 10 mg dose, significantly reduces ALP levels and offers
superior efficacy compared to placebo and lower doses. The
observed dose-response relationship shows its potential to opti-
mize treatment outcomes, while the lower incidence of adverse
effects at 5 mg highlights the importance of tailoring doses to
individual patient needs. Seladelpar’s efficacy in improving sur-
rogate markers of disease progression, such as ALP, provides
a strong foundation for its role as a second-line therapy, parti-
cularly in patients with an inadequate response to first-line
treatments like UDCA. However, the safety profile at higher
doses, coupled with variability in adverse event reporting and
high study heterogeneity, necessitates further investigation.
Future research should prioritize long-term outcomes, including
liver histology and survival benefits, as well as the evaluation of
Seladelpar in diverse patient populations and real-world set-
tings. As evidence continues to emerge, Seladelpar has the poten-
tial to reshape the treatment landscape for PBC, offering hope to
patients who struggle with this chronic and progressive disease.
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