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1. Introduction:

Metabolic dysfunction–associated steatotic liver disease 
(MASLD), previously termed non-alcoholic fatty liver 
disease (NAFLD), is now recognized as the most 
common chronic liver disorder globally, affecting nearly 
one-third of adults and strongly associated with obesity, 
type 2 diabetes mellitus, dyslipidaemia, and insulin 

resistance.1–3 MASLD encompasses a disease spectrum 
ranging from simple steatosis to metabolic 
dysfunction–associated steatohepatitis (MASH/NASH), 
progressive fibrosis, cirrhosis, and hepatocellular 
carcinoma, and is now a leading indication for liver 
transplantation globally.4–6

Despite its substantial clinical and public health burden, 
effective pharmacological management of MASLD 
remains a major unmet need. Lifestyle modification 

remains the cornerstone of treatment; however, 
long-term adherence is poor and often insufficient to 
halt disease progression, particularly in patients with 
advanced fibrosis or high metabolic risk.7,8 Over the 
past two decades, multiple pharmacological agents 
targeting metabolic pathways, inflammation, oxidative 
stress, and fibrogenesis, including insulin sensitizers, 
lipid-modifying agents, nuclear receptor agonists, 
incretin-based therapies, and novel antifibrotic 
compounds, have been evaluated in clinical trials with 
varying degrees of success.9–12 Recently, the approval of 
resmetirom for at-risk MASH has further intensified 
interest in drug-based therapeutic strategies.13

However, the existing evidence base is heterogeneous 
and fragmented. Individual trials differ substantially in 
study design, patient populations, diagnostic criteria, 
endpoints, and follow-up duration. Moreover, while 
many studies report improvements in metabolic 
parameters or non-invasive biomarkers, fewer provide 
robust data on histological outcomes, which remain the 
regulatory gold standard for disease modification. 
Safety and tolerability profiles also vary across 
pharmacological classes and are critical considerations, 
given the chronic nature of MASLD therapy.14–16 As a 
result, clinicians and policymakers face challenges in 
interpreting the cumulative evidence and translating it 
into informed clinical decision-making.

Previous reviews have often focused on specific drug 
classes, surrogate outcomes, or emerging therapies, and 
many predate recent advances in MASLD 
nomenclature, trial design, and therapeutic 
development.2,11,12,14 A comprehensive synthesis that 
systematically evaluates both efficacy and safety of 
pharmacological interventions across histological and 
metabolic outcomes in adult MASLD/NAFLD 
populations is therefore warranted.

This systematic review aimed to critically evaluate the 
efficacy and safety of pharmacological therapies in 
improving histological and metabolic outcomes among 
adults with MASLD or NAFLD, based on evidence 
from comparative clinical studies. By synthesizing the 
available clinical data, this review seeks to clarify the 
therapeutic value of current pharmacological strategies 
and to inform future research and clinical practice.

Materials & Methods:

Study Design and Reporting Standards:

The present systematic review was conducted to 
evaluate the efficacy and safety of pharmacological 
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interventions in enhancing histological and metabolic 
outcomes among adults with MASLD and NAFLD. The 
review methodology and reporting adhered strictly to 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 guidelines.17 A 
PRISMA flow diagram was employed to illustrate the 
process of study identification, screening, eligibility 
assessment, and inclusion.

Search Strategy:

A thorough search of several electronic databases, 
including PubMed, Scopus, and the Cochrane Library, 
was carried out in December 2025. Additionally, the 
researchers used "clinicaltrials.gov" to look for 
registered trials. Pre-selected keywords and phrases 
served as the foundation for this stringent search 
technique, which sought to identify the most pertinent 
and qualifying papers and trials. The search strategy was 
designed to identify studies evaluating pharmacological 
treatments for MASLD/NAFLD and their histological, 
metabolic, efficacy, and safety outcomes. The following 
search terms were applied:

“("Metabolic Dysfunction-Associated Steatotic Liver 
Disease" OR "MASLD" OR "Non-Alcoholic Fatty 
Liver Disease" OR "NAFLD") AND ("pharmacological 
therapy" OR "medications" OR "drug treatment") AND 
("histological outcomes" OR "liver biopsy" OR "liver 
fibrosis" OR "metabolic outcomes" OR "efficacy" OR 
"safety" OR "side effects")”

Eligibility Criteria:

Studies were eligible if they: (i) included adults (≥18 
years) with metabolic dysfunction–associated steatotic 
liver disease (MASLD) or non-alcoholic fatty liver 
disease (NAFLD), including non-cirrhotic or presumed 
non-alcoholic steatohepatitis (NASH); (ii) evaluated 
pharmacological interventions; (iii) reported at least one 
relevant histological, metabolic, efficacy, or safety 
outcome; (iv) used a comparative clinical design 
(randomized controlled trials, controlled trials, or cohort 
studies); (v) were published in English; and (vi) were 
published between 2000 and 2025.

Studies were excluded if they: (i) involved participants ≤
17 years; (ii) assessed non-pharmacological interventions 
(e.g., lifestyle, surgery, supplements, herbal products); 
(iii) lacked relevant outcomes; (iv) were preclinical, 
protocol-only, genetic/Mendelian randomization, or 
non-comparative studies; or (v) were reviews, guidelines, 
editorials, or had high risk of bias.
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dysfunction–associated steatohepatitis (MASH/NASH), 
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transplantation globally.4–6
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effective pharmacological management of MASLD 
remains a major unmet need. Lifestyle modification 

remains the cornerstone of treatment; however, 
long-term adherence is poor and often insufficient to 
halt disease progression, particularly in patients with 
advanced fibrosis or high metabolic risk.7,8 Over the 
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targeting metabolic pathways, inflammation, oxidative 
stress, and fibrogenesis, including insulin sensitizers, 
lipid-modifying agents, nuclear receptor agonists, 
incretin-based therapies, and novel antifibrotic 
compounds, have been evaluated in clinical trials with 
varying degrees of success.9–12 Recently, the approval of 
resmetirom for at-risk MASH has further intensified 
interest in drug-based therapeutic strategies.13

However, the existing evidence base is heterogeneous 
and fragmented. Individual trials differ substantially in 
study design, patient populations, diagnostic criteria, 
endpoints, and follow-up duration. Moreover, while 
many studies report improvements in metabolic 
parameters or non-invasive biomarkers, fewer provide 
robust data on histological outcomes, which remain the 
regulatory gold standard for disease modification. 
Safety and tolerability profiles also vary across 
pharmacological classes and are critical considerations, 
given the chronic nature of MASLD therapy.14–16 As a 
result, clinicians and policymakers face challenges in 
interpreting the cumulative evidence and translating it 
into informed clinical decision-making.

Previous reviews have often focused on specific drug 
classes, surrogate outcomes, or emerging therapies, and 
many predate recent advances in MASLD 
nomenclature, trial design, and therapeutic 
development.2,11,12,14 A comprehensive synthesis that 
systematically evaluates both efficacy and safety of 
pharmacological interventions across histological and 
metabolic outcomes in adult MASLD/NAFLD 
populations is therefore warranted.

This systematic review aimed to critically evaluate the 
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improving histological and metabolic outcomes among 
adults with MASLD or NAFLD, based on evidence 
from comparative clinical studies. By synthesizing the 
available clinical data, this review seeks to clarify the 
therapeutic value of current pharmacological strategies 
and to inform future research and clinical practice.

Materials & Methods:

Study Design and Reporting Standards:

The present systematic review was conducted to 
evaluate the efficacy and safety of pharmacological 

interventions in enhancing histological and metabolic 
outcomes among adults with MASLD and NAFLD. The 
review methodology and reporting adhered strictly to 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 guidelines.17 A 
PRISMA flow diagram was employed to illustrate the 
process of study identification, screening, eligibility 
assessment, and inclusion.

Search Strategy:

A thorough search of several electronic databases, 
including PubMed, Scopus, and the Cochrane Library, 
was carried out in December 2025. Additionally, the 
researchers used "clinicaltrials.gov" to look for 
registered trials. Pre-selected keywords and phrases 
served as the foundation for this stringent search 
technique, which sought to identify the most pertinent 
and qualifying papers and trials. The search strategy was 
designed to identify studies evaluating pharmacological 
treatments for MASLD/NAFLD and their histological, 
metabolic, efficacy, and safety outcomes. The following 
search terms were applied:

“("Metabolic Dysfunction-Associated Steatotic Liver 
Disease" OR "MASLD" OR "Non-Alcoholic Fatty 
Liver Disease" OR "NAFLD") AND ("pharmacological 
therapy" OR "medications" OR "drug treatment") AND 
("histological outcomes" OR "liver biopsy" OR "liver 
fibrosis" OR "metabolic outcomes" OR "efficacy" OR 
"safety" OR "side effects")”

Eligibility Criteria:

Studies were eligible if they: (i) included adults (≥18 
years) with metabolic dysfunction–associated steatotic 
liver disease (MASLD) or non-alcoholic fatty liver 
disease (NAFLD), including non-cirrhotic or presumed 
non-alcoholic steatohepatitis (NASH); (ii) evaluated 
pharmacological interventions; (iii) reported at least one 
relevant histological, metabolic, efficacy, or safety 
outcome; (iv) used a comparative clinical design 
(randomized controlled trials, controlled trials, or cohort 
studies); (v) were published in English; and (vi) were 
published between 2000 and 2025.

Studies were excluded if they: (i) involved participants ≤
17 years; (ii) assessed non-pharmacological interventions 
(e.g., lifestyle, surgery, supplements, herbal products); 
(iii) lacked relevant outcomes; (iv) were preclinical, 
protocol-only, genetic/Mendelian randomization, or 
non-comparative studies; or (v) were reviews, guidelines, 
editorials, or had high risk of bias.
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Search Process:

A structured, multi-stage search process was employed 
to identify studies eligible for inclusion in this 
systematic review. First, a comprehensive search of 
electronic bibliographic databases was conducted to 
identify published studies using predefined keywords 
and Boolean operators. The databases searched included 
PubMed, Scopus, and the Cochrane Library. In parallel, 
ClinicalTrials.gov was searched to identify trials.

Second, manual screening of reference lists from all 
included studies and relevant review articles was 
performed to identify additional eligible studies not 
identified through electronic database searches.

All retrieved records were imported into the Rayyan AI, 
a cloud-based systematic review platform, which was 
used to manage the review process from duplicate 
removal through title and abstract screening to full-text 
assessment.18 After initial screening of titles and 
abstracts, potentially relevant articles underwent full-text 
review to determine eligibility based on predefined 
inclusion and exclusion criteria (Figure 1)..

Quality Assessment:

The methodological quality of the included studies was 
evaluated using the National Institutes of Health (NIH) 
Study Quality Assessment Tools.19,20 The Quality 
Assessment Tool for Controlled Intervention Studies 
was applied to randomized controlled trials, whereas 
observational cohort and cross-sectional studies were 
assessed using the corresponding NIH Quality 
Assessment Tool for Observational Designs. Each 
domain within the NIH tools was evaluated and 
categorized as “Yes,” “No,” “Not Reported (NR),” 
“Cannot Determine (CD),” or “Not Applicable (NA)”, 
as appropriate. The NR category was used when relevant 
information was potentially applicable but not reported, 
CD when assessment was unclear due to insufficient 
detail, and NA when a criterion was not applicable to the 
study design.

Quality assessment was performed independently by 
two reviewers, with disagreements resolved through 
discussion and consensus. Each study was subsequently 
classified as exhibiting good, fair, or poor 
methodological quality.

Data Extraction:

Data from the included studies were extracted using a 
standardized, pilot-tested data extraction form. The 
extracted data encompassed study characteristics (first 
author, year of publication, country, and study design) 
and participant characteristics (sample size, age, and 
diagnostic criteria), details of the pharmacological 
intervention (drug class, dosage, and treatment 
duration), comparator characteristics, and reported 
outcomes related to histological findings, metabolic 
parameters, treatment efficacy, and safety and 
tolerability. Data extraction was performed 
independently, and the extracted information was 
cross-checked to ensure accuracy and completeness.
 
Data Synthesis:

Given the heterogeneity in study designs, 
pharmacological agents, outcome measures, and 
follow-up durations, a qualitative narrative synthesis 
was conducted. Findings were synthesized and 
summarized according to pharmacological class and 
mechanism of action, with emphasis on histological 
outcomes, metabolic effects, efficacy, and safety 
profiles. Where appropriate, results were compared 
across studies to identify consistent trends and clinically 
relevant patterns.

Results:

Study Selection:

The comprehensive database search identified 3,897 
records from PubMed, Scopus, and the Cochrane 
Library, with an additional 531 records retrieved from 
ClinicalTrials.gov. Following duplicate removal and 
title–abstract screening, 29 studies were selected for 
full-text assessment. Six studies were excluded at this 
stage due to preclinical design, review or guideline 
format, genetic or Mendelian randomization 
methodology, or the absence of retrievable outcome 
data. Ultimately, 23 studies fulfilled the predefined 
eligibility criteria and were included in the qualitative 
synthesis. The study selection process and reasons for 
exclusion are summarized in the PRISMA flow diagram 
(Figure 1).

Study Characteristics:

The 23 included studies represented a heterogeneous 
body of evidence comprising randomized controlled 
trials, phase II and phase III interventional studies, and 
registered clinical trials. Fifteen studies were 
peer-reviewed articles.21–32,32–35 while eight were 
clinical trial registry records with available 
protocol-level or interim information.36–42

All studies enrolled adult participants (≥18 years) 
diagnosed with NAFLD, NASH/MASH, or MASLD. 
Disease severity varied substantially, ranging from 
simple steatosis and early-stage disease to advanced 
fibrosis (F2–F3) and compensated cirrhosis. Study 
duration ranged from very short-term pharmacodynamic 
assessments (2 weeks)36 to long-term interventions 
extending to 52 weeks or longer.23,24,28,37 Sample sizes 
varied widely, from small early-phase trials evaluating 
novel agents27,32 to large multi-center trials and 
real-world cohorts involving several thousand 
participants.24,35

Study (Author, Design Population Diagnosis basis Cirrhosis status Follow-up
 Year)/Identifier

Kessoku, 2018  Study Adults NAFLD NR NR NR
 protocol +constipation
 (DB RCT
 design)

CENTRAL Trial Trial Adults NASH NR NR NR
Record (CN-020  registry
25947) record 

Torres, 2011  Randomized, Adults NASH Histology/ Non-cirrhotic 48 weeks
 open-label  biopsy (typical (likely) (≈12
   for Hepatology  months)
   NASH trials)     

Harrison, 2022  Randomized,   Adults Biopsy-confirmed Compensated 16 weeks
 DB, placebo- compensated NASH cirrhosis cirrhosis (primary
 controlled NASH   biopsy
 Phase IIa cirrhosis   window)

NCT03486899  Trial registry Adults NASH  NR Non-cirrhotic NR
(FALCON 1)  + stage 3   (F3) 
  fibrosis

NCT04006145 Trial registry Adults NAFLD NR NR NR
   or NASH

NCT06256926 Trial registry Adults NAFLD NR NR NR
Sanyal, 2024  Randomized,  Adults MASH  Histology/ (trial Non- 48 weeks 
 DB, placebo- + fibrosis biopsy cirrhotic (per NEJM
 controlled   endpoint) phase 2 
 Phase 2    format)

Emricasan trial,  Randomized,  Adults NASH Biopsy Non-cirrhotic NR
2019 placebo-  F1–F3
 controlled 

Nakajima, 2021  Randomized,  Adults  NR NR NR
 placebo- NAFLD 
 controlled (high-risk)

Safadi, 2021 Randomized,  Adults  NR NR NR
 DB Phase 2 NAFLD/NASH
NCT03912532 Trial registry Adults NASH Biopsy (typical Non-cirrhotic NR 
(ALPINE 2/3)  F2–F3 for F2/F3)

Harrison, 2024  Phase 3 Adults Presumed + Mixed 52 weeks 
 program “presumed biopsy  biopsy + 
 design paper NASH”  endpoints  longer
  (program) (design  outcomes)
    
Pedrosa, 2020 Trial design Adults NASH Biopsy Non-cirrhotic NR
 paper + fibrosis (design)

Loomba, 2021  Randomized, Adults NASH Imaging/ Non-cirrhotic 12 weeks
 placebo-  biomarkers +
 controlled   fibrosis
 Phase 2a  evidence 

NCT04480710 Trial registry Adults NR Non-cirrhotic NR
(AMBITION)   NASH  
  F2–F3

Calle. A., 2021 Randomized, Adults Imaging/ NR NR
 placebo- NAFLD biomarkers
 controlled  (typical)
 Phase 2a

Hu, 2023  Randomized, Adults NR NR 28 days
 placebo- NAFLD
 controlled
 Phase Ib/IIa

Zein, 2011  Randomized, Adults Biopsy  Non-cirrhotic 1 year 
 placebo- biopsy-
 controlled confirmed
  NASH 

NCT03513588 Trial registry Adults NAFLD NR NR 2 weeks

Ratziu, 2022  Randomized, Adults NR Non-cirrhotic NR
 DB, placebo- fibrotic
 controlled NASH
 Phase 2

Suki, 2025  Real-world Adults ICD coding Mixed 1 year
 cohort MASLD
 (propensity
 matched)

Note: NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic 
steatohepatitis; MASLD, metabolic dysfunction-associated steatotic 
liver disease; RCT, randomized controlled trial; DB, double-blind; NR, 
not reported; AE, adverse event; SAE, serious adverse event.

Vol. 21, No. 2, July 2026Faridpur Medical College Journal

Records identified from*:
Databases (n = 3897)
     Scopus= 3220
     PubMed= 330
     Cochrane Library= 347
Registers (n = 531)

 Records screened
(n = 2012)

Reports sought for retrieval
(n = 57)

Reports assessed for eligibility
(n = 29)

Records removed before 
screening :

Duplicate records removed 
(n = 457)
Records marked as ineligible 
by automation tools (n = 
1959)

Records excluded by screening 
title and abstract
(n = 1955)

Reports not retrieved
(n = 28)

 

only ongoing trial (n 

(n = 2)

Reports excluded: 6
In vitro/preclinical only (n = 1)
Protocol
= 1)
Mendelian randomization 
study 
Review / commentary / 
guideline article (n = 2)

Studies included in review
(n = 23)

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

In
cl

ud
ed

Identification of studies via databases and registers

Figure 1: Flow diagram of the literature search and
articles selection (adapted from PRISMA 2020
guidelines for systematic reviews)



Search Process:

A structured, multi-stage search process was employed 
to identify studies eligible for inclusion in this 
systematic review. First, a comprehensive search of 
electronic bibliographic databases was conducted to 
identify published studies using predefined keywords 
and Boolean operators. The databases searched included 
PubMed, Scopus, and the Cochrane Library. In parallel, 
ClinicalTrials.gov was searched to identify trials.

Second, manual screening of reference lists from all 
included studies and relevant review articles was 
performed to identify additional eligible studies not 
identified through electronic database searches.

All retrieved records were imported into the Rayyan AI, 
a cloud-based systematic review platform, which was 
used to manage the review process from duplicate 
removal through title and abstract screening to full-text 
assessment.18 After initial screening of titles and 
abstracts, potentially relevant articles underwent full-text 
review to determine eligibility based on predefined 
inclusion and exclusion criteria (Figure 1)..

Quality Assessment:

The methodological quality of the included studies was 
evaluated using the National Institutes of Health (NIH) 
Study Quality Assessment Tools.19,20 The Quality 
Assessment Tool for Controlled Intervention Studies 
was applied to randomized controlled trials, whereas 
observational cohort and cross-sectional studies were 
assessed using the corresponding NIH Quality 
Assessment Tool for Observational Designs. Each 
domain within the NIH tools was evaluated and 
categorized as “Yes,” “No,” “Not Reported (NR),” 
“Cannot Determine (CD),” or “Not Applicable (NA)”, 
as appropriate. The NR category was used when relevant 
information was potentially applicable but not reported, 
CD when assessment was unclear due to insufficient 
detail, and NA when a criterion was not applicable to the 
study design.

Quality assessment was performed independently by 
two reviewers, with disagreements resolved through 
discussion and consensus. Each study was subsequently 
classified as exhibiting good, fair, or poor 
methodological quality.

Data Extraction:

Data from the included studies were extracted using a 
standardized, pilot-tested data extraction form. The 
extracted data encompassed study characteristics (first 
author, year of publication, country, and study design) 
and participant characteristics (sample size, age, and 
diagnostic criteria), details of the pharmacological 
intervention (drug class, dosage, and treatment 
duration), comparator characteristics, and reported 
outcomes related to histological findings, metabolic 
parameters, treatment efficacy, and safety and 
tolerability. Data extraction was performed 
independently, and the extracted information was 
cross-checked to ensure accuracy and completeness.
 
Data Synthesis:

Given the heterogeneity in study designs, 
pharmacological agents, outcome measures, and 
follow-up durations, a qualitative narrative synthesis 
was conducted. Findings were synthesized and 
summarized according to pharmacological class and 
mechanism of action, with emphasis on histological 
outcomes, metabolic effects, efficacy, and safety 
profiles. Where appropriate, results were compared 
across studies to identify consistent trends and clinically 
relevant patterns.
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Results:

Study Selection:

The comprehensive database search identified 3,897 
records from PubMed, Scopus, and the Cochrane 
Library, with an additional 531 records retrieved from 
ClinicalTrials.gov. Following duplicate removal and 
title–abstract screening, 29 studies were selected for 
full-text assessment. Six studies were excluded at this 
stage due to preclinical design, review or guideline 
format, genetic or Mendelian randomization 
methodology, or the absence of retrievable outcome 
data. Ultimately, 23 studies fulfilled the predefined 
eligibility criteria and were included in the qualitative 
synthesis. The study selection process and reasons for 
exclusion are summarized in the PRISMA flow diagram 
(Figure 1).

Study Characteristics:

The 23 included studies represented a heterogeneous 
body of evidence comprising randomized controlled 
trials, phase II and phase III interventional studies, and 
registered clinical trials. Fifteen studies were 
peer-reviewed articles.21–32,32–35 while eight were 
clinical trial registry records with available 
protocol-level or interim information.36–42

All studies enrolled adult participants (≥18 years) 
diagnosed with NAFLD, NASH/MASH, or MASLD. 
Disease severity varied substantially, ranging from 
simple steatosis and early-stage disease to advanced 
fibrosis (F2–F3) and compensated cirrhosis. Study 
duration ranged from very short-term pharmacodynamic 
assessments (2 weeks)36 to long-term interventions 
extending to 52 weeks or longer.23,24,28,37 Sample sizes 
varied widely, from small early-phase trials evaluating 
novel agents27,32 to large multi-center trials and 
real-world cohorts involving several thousand 
participants.24,35

Study (Author, Design Population Diagnosis basis Cirrhosis status Follow-up
 Year)/Identifier

Kessoku, 2018  Study Adults NAFLD NR NR NR
 protocol +constipation
 (DB RCT
 design)

CENTRAL Trial Trial Adults NASH NR NR NR
Record (CN-020  registry
25947) record 

Torres, 2011  Randomized, Adults NASH Histology/ Non-cirrhotic 48 weeks
 open-label  biopsy (typical (likely) (≈12
   for Hepatology  months)
   NASH trials)     

Harrison, 2022  Randomized,   Adults Biopsy-confirmed Compensated 16 weeks
 DB, placebo- compensated NASH cirrhosis cirrhosis (primary
 controlled NASH   biopsy
 Phase IIa cirrhosis   window)

NCT03486899  Trial registry Adults NASH  NR Non-cirrhotic NR
(FALCON 1)  + stage 3   (F3) 
  fibrosis

NCT04006145 Trial registry Adults NAFLD NR NR NR
   or NASH

NCT06256926 Trial registry Adults NAFLD NR NR NR
Sanyal, 2024  Randomized,  Adults MASH  Histology/ (trial Non- 48 weeks 
 DB, placebo- + fibrosis biopsy cirrhotic (per NEJM
 controlled   endpoint) phase 2 
 Phase 2    format)

Emricasan trial,  Randomized,  Adults NASH Biopsy Non-cirrhotic NR
2019 placebo-  F1–F3
 controlled 

Nakajima, 2021  Randomized,  Adults  NR NR NR
 placebo- NAFLD 
 controlled (high-risk)

Safadi, 2021 Randomized,  Adults  NR NR NR
 DB Phase 2 NAFLD/NASH
NCT03912532 Trial registry Adults NASH Biopsy (typical Non-cirrhotic NR 
(ALPINE 2/3)  F2–F3 for F2/F3)

Harrison, 2024  Phase 3 Adults Presumed + Mixed 52 weeks 
 program “presumed biopsy  biopsy + 
 design paper NASH”  endpoints  longer
  (program) (design  outcomes)
    
Pedrosa, 2020 Trial design Adults NASH Biopsy Non-cirrhotic NR
 paper + fibrosis (design)

Loomba, 2021  Randomized, Adults NASH Imaging/ Non-cirrhotic 12 weeks
 placebo-  biomarkers +
 controlled   fibrosis
 Phase 2a  evidence 

NCT04480710 Trial registry Adults NR Non-cirrhotic NR
(AMBITION)   NASH  
  F2–F3

Calle. A., 2021 Randomized, Adults Imaging/ NR NR
 placebo- NAFLD biomarkers
 controlled  (typical)
 Phase 2a

Hu, 2023  Randomized, Adults NR NR 28 days
 placebo- NAFLD
 controlled
 Phase Ib/IIa

Zein, 2011  Randomized, Adults Biopsy  Non-cirrhotic 1 year 
 placebo- biopsy-
 controlled confirmed
  NASH 

NCT03513588 Trial registry Adults NAFLD NR NR 2 weeks

Ratziu, 2022  Randomized, Adults NR Non-cirrhotic NR
 DB, placebo- fibrotic
 controlled NASH
 Phase 2

Suki, 2025  Real-world Adults ICD coding Mixed 1 year
 cohort MASLD
 (propensity
 matched)

Note: NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic 
steatohepatitis; MASLD, metabolic dysfunction-associated steatotic 
liver disease; RCT, randomized controlled trial; DB, double-blind; NR, 
not reported; AE, adverse event; SAE, serious adverse event.
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summary (n = 23)



55

Vol. 21, No. 2, July 2026Faridpur Medical College Journal

Pharmacological Interventions:

A broad spectrum of pharmacological agents targeting 
distinct pathogenic pathways in MASLD/NAFLD was 
evaluated. These included insulin-sensitizing and 
metabolic agents such as rosiglitazone-based regimens3 
and pentoxifylline33,38; fibroblast growth factor 21 
(FGF21) analogues and related metabolic regulators, 
including efruxifermin and aldafermin23,37,39; 
incretin-based therapies such as semaglutide and 
survodutide24,35; nuclear receptor and bile acid pathway 
modulators, including pemafibrate, elobixibat, 
tropifexor, cenicriviroc, and resmetirom26,28,29,40; and 
agents targeting apoptosis, inflammation, and fibrosis 
pathways such as emricasan and CRV431.25,41

Additionally, several studies evaluated inhibitors of de 
novo lipogenesis and lipid metabolism, including 
TVB-2640 and acetyl-CoA carboxylase (ACC) 
inhibitors with or without DGAT2 inhibition.30,31 Novel 
or repurposed agents, such as lubiprostone, 
namodenoson, and the pan-phosphodiesterase inhibitor 
ZSP1601, were also investigated in early-phase 
trials.21,27,32 The therapeutic landscape was dominated 
by metabolic and hormonal modulators, reflecting the 
systemic nature of MASLD rather than liver-specific 
targeting alone, as shown in Table 2.

Pharmacological Representative Number of Targeted 
class/theme  agents studies pathway/
   rationale

GLP-1–based Semaglutide, 2 Weight 
and dual Survodutide   reduction,
incretin agonists   improved
   insulin
   sensitivity, 
   anti-
   inflammatory
   effects

 FGF analogues Efruxifermin, 3 Regulation of
 Aldafermin,  lipid
 Pegbelfermin  metabolism,
   fibrosis 
   modulation

Thyroid Resmetirom 1 Reduction of
hormone    hepatic
receptor-β   steatosis
agonists   via lipid   
   oxidation

FXR agonists/ Tropifexor, 3 Bile acid
bile acid EDP-305,  signalling,  
modulators Elobixibat  inflammation, 
   fibrosis

Lipid synthesis ACC inhibitors, 4 Suppression of
and metabolism DGAT2 inhibitors,  de novo
inhibitors TVB-2640,  lipogenesis and
 Pemafibrate     triglyceride
   synthesis

Anti-inflammatory/ Pentoxifylline, 3 Cytokine
anti-fibrotic Emricasan,  suppression,
agents CRV431    apoptosis and
   fibrosis
   modulation

Novel signalling ZSP1601, 2 PDE inhibition,
pathway Namodenoson  adenosine
modulators   receptor 
   signalling

Adjunct or gut– Lubiprostone 1 Modulation of
liver axis–   intestinal
targeted agents     permeability
   and 
   inflammation

Histological Outcomes:

Histological outcomes, assessed through liver biopsy or 
validated fibrosis-related surrogate measures, were 
reported in a subset of the included studies, particularly 
those enrolling patients with biopsy-confirmed 
NASH/MASH or advanced fibrosis. In patients with 
compensated NASH cirrhosis, efruxifermin 
demonstrated improvements in fibrosis- and 
steatohepatitis-related endpoints, supporting its 
potential disease-modifying role in advanced disease.23 
Similarly, survodutide showed histology-aligned 
improvements in patients with MASH and fibrosis, with 
evidence of fibrosis regression and steatohepatitis 
resolution reported in a randomized phase II trial.24

Pentoxifylline was evaluated in biopsy-confirmed 
NASH and demonstrated modest improvements in 
histological features alongside reductions in 
inflammatory markers.33 In contrast, emricasan, despite 
targeting apoptotic pathways, showed limited 
histological benefit in patients with NASH and fibrosis, 
highlighting the complexity of translating mechanistic 
effects into meaningful histological improvement.25

Agents primarily targeting hepatic lipid synthesis and 
metabolism, including TVB-2640, ACC/DGAT2 
inhibitors, and ZSP1601, were generally assessed using 
liver fat content and fibrosis-related biomarkers rather 
than repeat biopsy. These studies reported reductions in 
hepatic fat and favorable trends in fibrosis-related 
markers, although consistent evidence of 
biopsy-confirmed fibrosis regression was limited.30–32 
Histological benefits were most consistent when 
metabolic improvements were achieved, supporting 
MASLD as a metabolically driven liver disease, as 
shown in Table 3.

Table 2: Pharmacological Interventions Categorized
by Mechanistic Theme
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Outcome Evidence Drug classes Key 
domain pattern showing observations
   benefit

NASH Moderate GLP-1/dual agonists, Histological 
resolution to strong FGF analogues, resolution
  THR-β agonists is primarily
   seen in metabolic
   and hormonal 
   therapies

Fibrosis Moderate FGF analogues, Fibrosis regression
improvement  resmetirom, was observed
(≥1 stage)  selected FXR mainly in
  agonists longer-duration   
   trials

Steatosis Strong GLP-1 agonists, Consistent 
reduction  lipid metabolism reductions in liver
  inhibitors, THR-β fat by biopsy or
  agonists  imaging

Inflammation Variable Anti- Less consistent 
and   inflammatory than steatosis 
ballooning   agents, FGF outcomes
  analogues 

Liver enzymes Strong GLP-1 agonists, Enzyme reduction
(ALT/AST)   FXR agonists, typical but not
  lipid modu lators always linked to 
   histological change

Glycemic Strong GLP-1 agonists, Improvements
control and  TZDs, metabolic often paralleled 
insulin   agents histological benefit
sensitivity

Weight and Strong GLP-1 agonists, Weight loss and
lipid profile  pemafibrate, triglyceride 
  resmetirom reduction are  
   prominent

Metabolic Outcomes

Across the included studies, metabolic outcomes were 
the most frequently reported, including measures of 
body weight, body mass index, lipid profiles, insulin 
resistance, and glycaemic control. Incretin-based 
therapies exhibited the most consistent and pronounced 
metabolic effects. Notably, semaglutide was linked to 
significant weight reduction, improved HbA1c and lipid 
parameters, and favorable cardiovascular outcomes in a 
large real-world MASLD population.35 Survodutide was 
likewise associated with meaningful metabolic 
improvements and favorable liver-related outcomes in 
patients with MASH and fibrosis.24

Pemafibrate improved lipid parameters in patients with 
NAFLD, particularly triglyceride levels, reflecting its 
targeted action on lipid metabolism26 

Rosiglitazone-based regimens improved insulin 
sensitivity and glycaemic markers but were accompanied 
by weight-related considerations.22 Pentoxifylline 
showed modest improvements in metabolic and 
inflammatory parameters across trials.33,38(Table 3)

Efficacy Outcomes

Overall treatment efficacy was evaluated using 
composite endpoints incorporating histological, 
metabolic, and biochemical outcomes. FGF21 
analogues (efruxifermin and aldafermin) demonstrated 
improvements across multiple outcome domains, 
including fibrosis-related markers and metabolic 
parameters, suggesting broader disease-modifying 
potential23,37 Incretin-based therapies also showed 
consistent efficacy across metabolic and liver-related 
outcomes, particularly in populations with high 
cardiometabolic risk24,35

Large development programs, most notably the 
MAESTRO phase III program evaluating resmetirom, 
provided evidence of efficacy in improving 
steatohepatitis resolution and fibrosis-related 
endpoints28 Other agents demonstrated selective 
efficacy confined to metabolic or biochemical 
improvements without consistent histological benefit, 
underscoring variability in therapeutic response across 
pharmacological classes.

Safety and Tolerability

Safety and tolerability outcomes were reported across all 
included studies, although the depth and granularity of 
reporting varied. Overall, the included pharmacological 
therapies showed favorable tolerability profiles, with 
adverse events largely limited to mild or moderate 
severity. Gastrointestinal adverse events were the most 
frequently reported across multiple drug classes, 
particularly with incretin-based therapies, bile acid 
pathway modulators, and repurposed agents21,24,26,34,35,40

The pan-phosphodiesterase inhibitor ZSP1601 was 
associated with common but mostly mild adverse 
events, including diarrhea, transient elevations in 
creatinine, and headache, with no serious adverse events 
reported in early-phase trials32 FXR and bile acid 
pathway modulators, such as EDP-305, were evaluated 
with safety and tolerability as key outcomes, reflecting 
known class-related concerns such as pruritus and lipid 
alterations.35

SK Bhowmick et al.Pharmacological Management of Metabolic Dysfunction–Associated Steatotic Liver Disease (MASLD)

Table 3: Summary of Histological and Metabolic
Outcomes Across Therapeutic Themes
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Serious adverse events were uncommon across studies 
and rarely resulted in treatment discontinuation. 
However, long-term safety data remained limited for 
several novel agents and for studies with short treatment 
durations or registry-only reporting, highlighting the 
need for extended follow-up in future trials.36,37,39–42

Discussion:

This systematic review summarizes findings from 23 
clinical studies assessing the efficacy of 
pharmacological interventions for metabolic 
dysfunction–associated steatotic liver disease (MASLD) 
and non-alcoholic fatty liver disease (NAFLD). 
Collectively, the findings demonstrate a clear evolution 
in therapeutic strategy, moving away from isolated 
anti-inflammatory or hepatocyte-targeted approaches 
toward agents that address the systemic metabolic 
drivers of disease. This shift reflects advances in 
understanding MASLD as a multisystem disorder rooted 
in insulin resistance, dyslipidemia, and chronic 
low-grade inflammation.

Among the included studies, agents targeting metabolic 
and hormonal pathways showed the most consistent 
efficacy. Incretin-based agents, including GLP-1 
receptor agonists and dual incretin agonists, showed 
improvements in liver enzymes, metabolic parameters, 
and disease progression, supported by findings from 
randomized trials and real-world settings.24,35 These 
findings align with broader evidence indicating that 
weight loss and improved insulin sensitivity are among 
the strongest predictors of histological improvement in 
steatohepatitis.7,43

FGF analogues, particularly FGF19 and FGF21-based 
therapies, showed promising antifibrotic and 
steatosis-reducing effects in biopsy-confirmed 
populations23,37 These agents exert pleiotropic 
metabolic effects, including enhanced lipid oxidation 
and reduced hepatic lipogenesis, which may explain 
their ability to influence fibrosis, an outcome 
historically resistant to pharmacotherapy. Similar 
antifibrotic signals have been reported in prior phase II 
programs, supporting the consistency of these 
findings.44

In contrast, therapies focused primarily on inflammation 
or apoptosis, such as pentoxifylline and emricasan, 
yielded variable results.25,33,38 While some studies 
reported improvements in inflammatory markers or 
modest histological changes, the overall efficacy was 
inconsistent. These observations support the emerging 
consensus that inflammation alone is insufficient as a 

therapeutic target in MASLD, particularly in the 
absence of meaningful metabolic improvement.11

Histological endpoints remain central to regulatory 
approval and clinical decision-making. In this review, 
histological improvement was most evident in studies 
with longer follow-up durations and biopsy-confirmed 
enrollment, particularly those targeting metabolic 
pathways.23,24,28,33 This pattern further emphasizes the 
critical role of sustained intervention and careful patient 
selection in the evaluation of disease-modifying 
potential.

However, many early-phase and short-duration studies 
relied on surrogate markers such as liver enzymes or 
imaging-based fat quantification30,32 While useful for 
proof-of-concept, these measures do not consistently 
correlate with fibrosis regression or long-term clinical 
outcomes. This limitation echoes prior critiques of 
NAFLD drug development and underpins regulatory 
emphasis on fibrosis improvement and steatohepatitis 
resolution as primary endpoints.14,45

A key theme across included studies is the tight coupling 
between metabolic improvement and hepatic benefit. 
Reductions in body weight, triglycerides, and insulin 
resistance were frequently accompanied by reductions 
in liver fat and disease activity.22,24,26,30,35 This 
relationship reinforces MASLD as a metabolic disease 
with hepatic manifestations rather than a purely 
liver-limited pathology.

Notably, lipid-targeting therapies such as pemafibrate 
and ACC inhibitors achieved meaningful reductions in 
hepatic fat but sometimes induced unfavorable lipid 
profiles, including hypertriglyceridemia.26,31 These 
findings highlight the importance of evaluating systemic 
metabolic consequences alongside hepatic efficacy, 
particularly given the elevated cardiovascular risk in this 
population.46

Pharmacological treatments were generally well 
tolerated in the short term, with gastrointestinal adverse 
events being the most commonly reported class-wide 
issue, particularly for incretin-based and FXR-targeted 
therapies.24,29,34,35 Although often mild to moderate, 
these effects contributed to treatment discontinuation in 
some trials and may influence real-world adherence.

Class-specific safety concerns were also observed. FXR 
agonists were frequently associated with pruritus29,34, 
while older insulin sensitizers were linked to weight 
gain and fluid retention.22 Importantly, serious adverse 
events were uncommon; however, the lack of long-term 
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safety data limits conclusions regarding chronic use, 
particularly in patients with advanced fibrosis or 
cirrhosis. This concern is consistent with broader safety 
discussions in MASLD pharmacotherapy.47

Strengths and Limitations: 

This review includes a comprehensive search across 
multiple databases and trial registries, thematic 
synthesis of outcomes, and explicit separation of 
histological, metabolic, efficacy, and safety domains. 
However, limitations include reliance on published and 
registry-reported data, heterogeneity across studies, and 
limited long-term safety evidence.

Clinical and Research Implications:

Clinically, the findings support prioritizing metabolic- 
centric pharmacological strategies, particularly 
incretin-based therapies, FGF analogues, and thyroid 
hormone receptor-β agonists, while carefully considering 
safety and patient comorbidities. Combination therapies 
targeting complementary pathways may represent the next 
step in improving efficacy.

From a research perspective, there is a need for 
long-term, head-to-head comparative trials, integration 
of validated non-invasive fibrosis markers, and clearer 
linkage between surrogate endpoints and clinical 
outcomes. Addressing these gaps will be critical to 
translating pharmacological advances into durable 
clinical benefit.

Conclusion:

Current pharmacological therapies for MASLD 
demonstrate the greatest efficacy when targeting 
systemic metabolic dysfunction rather than isolated 
hepatic pathways. While several agents show promising 
histological and metabolic benefits with acceptable 
safety profiles, substantial gaps remain regarding 
long-term outcomes and optimal therapeutic strategies. 
Continued high-quality clinical trials and integrated 
treatment approaches are essential to advancing 
effective pharmacological management of MASLD.
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