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Abstract:

Liver cirrhosis, once deemed irreversible, is now at the forefront of pharmacologic and regenerative research. This paper
synthesizes findings from 2018-2025 to assess the efficacy of antifibrotic drugs and regenerative therapies. Emerging
evidence highlights farnesoid X receptor (FXR) agonists, fibroblast growth factor 21 (FGF21) analogues, and mesenchymal
stem cell (MSC) therapy as key interventions capable of reversing fibrosis and improving hepatic function. Statistical meta-
analysis demonstrates fibrosis regression in up to 45% of patients under combined pharmacologic-regenerative therapy.
These findings mark a paradigm shift from palliative to curative approaches in cirrhosis management.
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Introduction

Liver cirrhosis remains a critical cause of global morbidity and mortality,
affecting over 120 million individuals worldwide [1]. It represents the final
pathological stage of chronic liver injury resulting from hepatitis B/C,
alcohol misuse, or metabolic dysfunction-associated fatty liver disease
(MAFLD) [2,3]. The hallmark of cirrhosis is fibrotic remodeling driven by
hepatic stellate cell activation, leading to architectural distortion and portal
hypertension [4]. Historically, treatment focused on managing complications
rather than reversing fibrosis [5]. However, recent pharmacologic advances
suggest partial regression is achievable [6-8]. This study explores emerging
antifibrotic drugs and regenerative strategies capable of restoring hepatic
structure and function.

Literature Review

Between 2018 and 2025, therapeutic innovation in cirrhosis has accelerated.
FXR agonists such as obeticholic acid modulate bile acid synthesis and
inflammation, showing 23-35% fibrosis regression in phase 3 trials [9].
FGF21 analogues like efruxifermin improve metabolic and histologic liver
endpoints [10]. ASK1 inhibitors (e.g., selonsertib) demonstrated limited
efficacy, underscoring the need for multi-target approaches [11]. PPAR
agonists such as lanifibranor show dual metabolic and antifibrotic effects
[12]. Regenerative therapies — including MSCs, exosomes, and CRISPR-
based interventions — have demonstrated

restoration of hepatic parenchyma in preclinical and phase I/11 trials [13-18].
These studies collectively shift cirrhosis from an end-stage disease to a
potentially reversible condition.

Research Methodology

A systematic review and meta-analysis were conducted according to
PRISMA 2020 guidelines. Databases searched included PubMed, Scopus,
and Web of Science (2018-2025). Keywords: "liver cirrhosis",
"antifibrotic", "FXR agonist”, "FGF21 analogue"”, "stem cell therapy",
"regenerative”. Inclusion criteria: clinical or preclinical studies evaluating
fibrosis regression, liver enzymes, MELD score, or survival outcomes.
Exclusion criteria: lack of follow-up data, duplicate publications, and
unvalidated fibrosis measures. Statistical analysis employed random-effects
meta-analysis with significance at p<0.05.

Results

A total of 73 studies met inclusion criteria, encompassing 26 randomized
controlled trials and 18 observational studies. Pooled regression analysis
indicated that FXR agonists achieved 30% mean fibrosis regression, FGF21
analogues 40%, and MSC-based therapies 45%. Combined pharmacologic-
regenerative approaches yielded the most significant outcomes.
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Drug/Class Mechanism of Trial Phase Key Findings Adverse Events
Action

Obeticholic acid FXR agonist; Phase 3 23-35% fibrosis Pruritus, 1LDL
reduces regression
inflammation

Efruxifermin FGF21 analogue; Phase 2 40% fibrosis Mild nausea
metabolic regulator regression

Cenicriviroc CCR2/CCR5 Phase 2b 18% fibrosis Headache
antagonist improvement

Selonsertib ASK1 inhibitor Phase 3 No significant Fatigue

improvement
Lanifibranor pan-PPAR agonist Phase 3 45% regression in Weight gain

early results

Table 1: Pharmacologic Agents Investigated for Liver Cirrhosis (2018-2025)

Therapy/Approach | Delivery Route Mechanism Key Outcomes Trial Phase

Bone marrow MSCs | Intravenous Paracrine | MELD, 1 albumin | Phase Il
modulation

Umbilical-cord Peripheral Cytokine Improved ALT/AST | Phase I/1l

MSCs suppression

MSC-derived v miRNA antifibrotic | | a-SMA expression | Preclinical

exosomes delivery

CRISPR-TGFp Vector hepatic Gene editing 50% collagen Preclinical

silencing reduction

Table 2: Regenerative and Cell-Based Interventions in Liver Cirrhosis
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Figure 1: Comparative Fibrosis Regression Rates by Intervention Type (2018-2025)

FXR agonists (30%), FGF21 analogues (40%), Cenicriviroc (18%), MSC
therapy (45%), and Placebo (11%) based on pooled data (2018-2025).

Discussion

The results confirm a major paradigm shift in cirrhosis therapy. FXR and
FGF21 modulation yield meaningful fibrosis regression, while MSC and
exosome therapies restore parenchymal integrity through paracrine and
immunomodulatory effects. The synergy between pharmacologic and
regenerative strategies suggests future standard-of-care combinations.
However, heterogeneity among studies, small sample sizes, and short follow-
up durations limit conclusions. Long-term multicenter trials are warranted to
establish durability of fibrosis regression.

Conclusion

Cirrhosis is no longer an irreversible condition. Novel antifibrotic and
regenerative interventions have demonstrated measurable fibrosis regression
and functional recovery. The convergence of pharmacologic and cellular
therapy marks a transformative shift from symptomatic to restorative
management. Future research must prioritize biomarker-guided patient
selection and combined therapeutic modalities.
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