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a b s t r a c t 

On March 14, 2024, after more than 25 years of intense research and a long series of failures, the Food 

and Drug Administration approved resmetirom as first drug for the treatment of non-alcoholic steato- 

hepatitis (NASH) with fibrosis (now Metabolic-Associated Steatotic Liver Disease – MASLD). The present 

review covers this difficult process, finally providing a drug to complement lifestyle intervention, that 

has long been the sole approved therapeutic intervention. However, the availability of a drug shown to 

reduce disease progression in advanced stages of diseases opens a series of questions that deserve even 

more intense research. How to continue ongoing trials? How to generate an appropriate use of resme- 

tirom in the community, limiting treatment according to predefined criteria and according to individual 

risk assessment? How to guarantee that both hepatic and non-hepatic comorbidities are appropriately 

targeted? How to define cost-effective strategies that might prevent the generation of unacceptable dif- 

ferences within the population, given the high costs of novel drugs and the extremely high numbers of 

candidates to treatment? Only a close surveillance of drug use in the real world, generated by insurance 

databases and national healthcare system registries, might provide adequate answers to these compelling 

questions. 

© 2024 The Authors. Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

March 14, 2024 signs a historical turning point in the treatment 

f metabolic-associated steatotic liver disease (MASLD). The Food 

nd Drug Administration (FDA) approved resmetirom (RezdiffraTM ) 

or the treatment of patients with noncirrhotic nonalcoholic steato- 

epatitis (NASH) with moderate to advanced liver fibrosis. This re- 

arks the achievement of a target long-pursued by the scientific 

ommunity to reduce the progression of steatotic liver disease and 

he disease burden for a large fraction of adults worldwide. More 

han 40 years after the original description by Ludwig et al [ 1 ],

everal treatment failures and several billion dollars invested by 

harmaceutical companies, we finally have a “magic bullet” able 

o fulfill the two outcomes dictated by International agencies, i.e., 

) NASH resolution (including a reduction in the nonalcoholic fatty 

iver disease [NAFLD] activity score (NAS) by ≥2 points) with no 

orsening of fibrosis; and b) an improvement in fibrosis by at least 
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ne stage with no worsening of NAS. Outcomes should be achieved 

ithout significant side-effects, which created an obstacle for ap- 

roval. To comply with safety concerns, in January 2021 the FDA 

equirements included a possible, alternative regulatory pathway 

or drug approval [ 2 ]. This novel pathway requires two phase 3 

andomized controlled trials (RCTs): one in NASH population with- 

ut cirrhosis with liver histology as primary outcome, the second 

n compensated NASH cirrhosis, having adverse liver outcomes as 

ndpoint. If both efficacy and safety are fulfilled, full approval is 

ranted without the need for a confirmatory phase 4 trial. 

The present approval is expected to have a tremendous im- 

act on current and future trials. The present review is intended 

o trace the history of treatment, with hints to the future and to 

hanging practices induced by the new achievements. 

. A summary of the epidemiological scenario 

Most recent estimates indicate that the overall global preva- 

ence of MASLD in adults is 30-38% [ 3 , 4 ], with differences in re-

ation to strategies to define liver fat (biomarkers, ultrasonogra- 

hy). It increased by 50% between 1990-2006 and 2016-2019 [ 4 ], 

riven by the epidemics of diabesity and globesity [ 5 ], affecting 
rologica Italiana S.r.l. This is an open access article under the CC BY-NC-ND license 
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ll countries and spreading to areas where obesity was rare. The 

orldwide prevalence of NASH is more difficult to define, given 

he need of liver biopsy that generates a selection bias. In general, 

epending on the association with obesity and diabetes, it is re- 

orted around 60% in cases with indication for biopsy and between 

-30% in those without [ 6 ]. The critical characteristics determining 

iver disease progression is however fibrosis, which can be confi- 

ently determined by transient elastography (TE); in the commu- 

ity, advanced fibrosis ( ≥F3) is diagnosed in 6.5% of NAFLD cases, 

ut the rate increases progressively from 3.7% in the absence of 

etabolic risk factors to 36.3% in the presence of multiple comor- 

idities [ 7 ] and 40% of NAFLD have significant fibrosis ( ≥ F2) [ 8 ].

rom a pathogenic perspective, necroinflammation (NASH) gener- 

tes fibrosis, consistently associated with long-term outcomes [ 9 ]. 

his explains the focus given to necroinflammation and fibrosis in 

herapeutic trials, with scarce interest to changes in liver fat accu- 

ulation. 

. Literature search and data extraction 

A rapid search for clinical trials using the quest string “(NAFLD 

R steatosis OR NASH) AND trial” on March 28, 2024 provided 

,412 studies in PubMed with 200-250 studies/year in the past 

 years. The addition of term “(drug OR pharmacologic)” limits 

he number to 2,098. Accordingly, the present analysis is not ex- 

ected to be exhaustive, but will only focus on the most important 

rugs tested along the years, as well as on the issues generated by 

esmetirom approval. 

. MASLD drug treatment 

The most important studies carried out with the use of drugs 

argeting completely different pathogenic mechanisms are summa- 

ized in Table 1 . They cover a period of approximately 25 years 

f intense research, characterized by multiple failures, as detailed 

elow. The total number of patients enrolled in the multiple RCTs 

s exceedingly large, including over 17,0 0 0 patients and probably 

wo or three times as many screened around the world. The tested 

rugs cover several pathophysiological mechanisms, from insulin 

esistance to lipid metabolism and finally fibrosis, which makes it 

ifficult to classify them into precise categories, but a few may be 

dentified. 

.1. Insulin sensitizers (Metformin and 

eroxisome-proliferator-activated receptor agonists - PPARs) 

Metformin was the drug initially tested in a limited number of 

tudies, both in the presence and in the absence of type 2 dia- 

etes. Despite its effectiveness in reducing liver enzymes, and ini- 

ial positive remarks, a meta-analysis, based on a limited number 

f individual patient data, did not report any significant effect on 

istology [ 10 ] and the drug is not recommended by International 

uidelines. 

Tiazolidinediones (PPAR- γ agonists) were more extensively in- 

estigated because of their efficacy in redistributing the adipose 

issue between the subcutaneous and the abdominal area. Whereas 

osiglitazone was soon abandoned due to side effects, pioglita- 

one has received a lot of attention and was demonstrated to re- 

uce both NASH severity and fibrosis. In a frequently quoted meta- 

nalysis of 5 studies (392 patients), pioglitazone was reported to 

educe histologically-detected fibrosis and promote NASH resolu- 

ion, also in the presence of advanced fibrosis [ 11 ], irrespective of 

he presence of diabetes; this made pioglitazone one of the very 

ew drugs suggested for use in International guidelines. Unfortu- 

ately, no individual patient meta-analysis could produce data on 

he possible achievement of the two criteria required by regulatory 
1443
gencies in order to receive formal approval. Its use was limited by 

ide effects, in particular by the modest increase in body weight 

nd concerns in the presence of heart failure. 

A totally different, novel approach with pioglitazone is the use 

f an enantiomer of deuterium-stabilized R-pioglitazone, lacking 

he PPAR- γ activity responsible for side-effects (namely, weight 

ain), but maintaining its efficacy on the liver. In a proof-of- 

oncept study in fibrotic NASH with diabetes, the drug proved its 

fficacy in reducing liver fat, but also several secondary outcomes 

n fibrosis biomarkers and histology were reached in a higher pro- 

ortion with the experimental drug at different dosage [ 12 ]. The 

tudy has not so far been extended. 

Azemiglitazone (MSDC-0602K) is another PPAR- γ agonist inter- 

cting with the mitochondrial pyruvate carrier with low side ef- 

ects. In a phase 2 study in NASH with F1-F3 fibrosis, at different 

oses, it did not meet the primary target of NAS reduction without 

orsening of fibrosis, but produced several metabolic effects [ 13 ]. 

 phase 3 study was planned [NCT03970031], but did never start. 

Elafibranor, a PPAR- α/ δ agonist with an intense activity on 

riglycerides, reported partially positive results in a phase-2 mul- 

icenter study, improving NASH without worsening of fibrosis par- 

icularly in subjects with mild disease [ 14 ]. The phase 3 registra- 

ion study (RESOLVE-IT) was initiated, but an interim analysis at 

eek 72 showed that elafibranor failed both the primary end-point 

NASH resolution without worsening of fibrosis) and the key sec- 

ndary end-point (fibrosis improvement by at least by one stage) 

 15 ]. Accordingly, the study was terminated. 

Lanifibranor is a pan-PPAR agonist (PPAR- α/ β/ γ / δ agonist) with 

ey regulatory functions in metabolism, inflammation, and fibroge- 

esis and activity far superior to single or dual PPARs. In a phase 

 study, treatment with lanifibranor was superior to placebo for 

oth resolution of NASH without worsening of fibrosis and im- 

rovement in fibrosis by at least one stage without worsening of 

ASH. A third outcome was also fulfilled, i.e., resolution of NASH 

lus improvement in fibrosis [ 16 ]. The study was expected to ter- 

inate recruitment in the first trimester 2024, but enrolment was 

aused in February 2024 due a serious treatment-related event. Fi- 

al results were expected by the end of 2025, but might be re- 

arded. 

Two more PPARs deserve mention: saroglitazar and seladel- 

ar. Saroglitazar, a PPAR- α/ γ agonist, was initially tested in NASH 

atients in a phase 2 study having ALT levels as primary out- 

ome and hepatic fat on MRI, insulin resistance, and dyslipidemia 

s secondary outcomes [NCT03061721] [ 17 ]. Safety and efficacy 

rompted to initiate a phase 2b study in 240 cases of NASH with 

brosis [NCT0501130], having NASH resolution and no worsen- 

ng of fibrosis at 52weeks as primary outcome. The results are 

xpected by the end 2025. Seladelpar, a selective PPAR- δ ago- 

ist shown to regulate critical metabolic and liver disease path- 

ays, was tested in a phase 2 study in 181 NASH cases with 

iver fat assessed by magnetic resonance imaging proton den- 

ity fat fraction (MRI-PDFF) as primary outcome at week 12 and 

istology at week 52 [NCT03551522]. Due to failure in primary 

utcome, the study was terminated and drug development was 

uccessfully continued in the area of primary biliary cholangitis 

 18 ]. 

.2. Lipid mediators 

Vitamin E has long been used for its antioxidant properties in 

AFLD, particularly in pediatric NAFLD. In adult NASH, the clin- 

cal use of vitamin E is supported by the PIVENS study, where 

t proved to be superior to both placebo and pioglitazone in de- 

reasing liver fat and necroinflammation, without significant ef- 

ects on fibrosis [ 19 ]. Also in the pediatric TONIC trial, vitamin 

 treatment produced NASH resolution in a significantly higher 
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Table 1 

Principal studies of pharmacologic treatment in adult patients with MASLD. Only RCT with histologic outcomes and those that paved the way to liver biopsy studies are 

reported, together with meta-analyses of drug classes. 

Study drug (Ref) 

[ClinicalTrials.gov] 

Study type/N. of cases 

Duration/Control ∗
Outcomes ̂ Most relevant results 

Metformin [ 10 ] Meta-analysis 

4 RCTs 

126 NAFLD cases 

4-12 months 

Effectiveness of metformin on liver enzymes 

Effects on histology (paired biopsies in a limited number of 

cases) 

Metformin improved biochemical liver 

markers; no systematic improvement in liver 

histology 

Pioglitazone [ 11 ] Meta-analysis 

5 RCTs 

392 NASH cases 

6-24 months 

Co-primary : Improvement in advanced fibrosis (stage F3-F4) on 

liver biopsy; ≥1-point improvement in fibrosis of any NASH 

stage and NASH resolution 

Improvement from F3-F4 to F0-F2: all cases, 

OR 4.53 (1.52-13.52); limited to advanced 

fibrosis, OR 10.17 (2.83-36.54); 

Improvement ≥1 stage: 1.77 (1.15-2.72; 

NASH resolution: 3.65 (2.32-5.74) 

Deuterated 

Pioglitazone [ 12 ] 

[NCT04321343] 

Phase 2 RCT fibrotic 

NASH + T2DM 

117 cases 

36 weeks 

Primary : Percent change in liver fat content (MRI-PDFF) 

Secondary : 
- ≥ 2 points NAS improvement, no worsening of fibrosis 

- Many other outcomes for NASH resolution, no fibrosis 

worsening 

Primary outcome: LSMs from baseline, -16% 

to -22% with different doses 

NASH resolution with ≥1 stage fibrosis 

improvement: OR 3.26 (0.63-17.21), OR 2.65 

(0.48-14.63), OR 0.70 (0.12-4.18) with 

different doses. 

Azemiglitazone [ 13 ] 

[NCT02784444] 

Phase 2 RCT 

392 F1-F3 NASH cases 

12 months 

Primary : ≥ 2 points NAS improvement, no worsening of fibrosis 

Secondary : 
- Any NAS improvement, no worsening of fibrosis 

- NASH resolution, several metabolic end-points 

Primary end-point at highest dose: OR 1.64 

(0.83-3.27) 

Significant reductions in glucose, HbA1c, 

insulin, liver enzymes and NAS vs. PL 

Elafibranor [ 14 ] 

[NCT01694849] 

Phase 2 RCT 

275 Participants 

3 years 

Primary : NASH resolution without worsening of fibrosis 

Secondary : 
- changes in NAS (also including a 2-point decrease) 

- improvements in steatosis, ballooning, inflammation, 

fibrosis and surrogate markers of insulin resistance; safety 

and tolerability 

Primary outcome: OR 2.31 (1.02-5.24), based 

on a modified definition 

In moderate or severe NASH, OR 3.18 

(1.22-8.13) 

The predefined end point was not met in the 

intention to treat population 

Elafibranor [ 15 ] 

[NCT02704403] 

Phase 3 RCT 

2,157 Participants 

4 years 

Primary : Resolution of NASH without worsening of fibrosis; 

time to long-term outcome 

Secondary : 
- Improvement of fibrosis of at least 1 stage; change in 

metabolic parameters in the presence/absence of diabetes 

Cases who met primary outcome: 

Experimental, 138/717 (19.2%), Placebo, 

52/353 (14.7%); P = 0.066 

Secondary endpoint on fibrosis: 176/717 

(24.5%) vs. 79/353 (22.4%), P = ns 

Lanifibranor [ 16 ] 

[NCT03008070] 

Phase 2 dose-finding 

RCT 

247 Participants 

3 years 

Primary : Decrease of SAF score ≥2 points, no worsening of 

fibrosis 

Secondary : 
- NASH resolution, no worsening of fibrosis 

- Improvement of fibrosis ≥1 stage and no worsening of 

NASH 

- ≥2-point NAS reduction, NASH resolution and a composite 

end point 

- Changes in enzymes, metabolic parameters, collagen 

turnover. 

Primary outcome: Lanifibranor 1200 mg, OR 

1.69 (1.22-2.34) 

NASH resolution, no worsening of fibrosis: OR 

1.70 (1.07-2.71) and OR 2.20 (1.49-3.26) with 

larger dose 

Composite end-point: OR 2.57 (1.20-5.51) and 

OR 3.95 (2.03-7.66), respectively. 

Vitamin E [ 19 ] 

[NCT00063622] 

Phase 3 RCT 

247 Participants 

4 years 

vs. PL/pioglitazone 

Primary : Improvement in NAFLD activity defined by change in 

standardized scoring of liver biopsies 

Secondary : 
- Improvement in histology components and NASH 

Vitamin E significantly better than placebo in 

NASH improvement (43% vs. 19%, P = 0.001) 

No improvement in fibrosis scores 

Ursodeoxycholic acid 

[ 21 ] 

Phase 3 RCT 

166 NASH patients 

2 years 

Primary : Response rate in NAFLD activity defined by change in 

scoring of liver biopsies 

Secondary : 
- Improvement in liver enzymes and body weight 

Significant improvement in the degree of 

steatosis in UDCA and in PL. No differences in 

NAS or fibrosis. No difference in body weight 

and improvement of liver enzymes in both 

groups 

Ursodeoxyxholic acid 

[ 22 ] 

Phase 3 RCT vs. 

Vitamin E or PL 

40 NASH cases 

2 years 

Primary : Response rate in histology by scoring of paired 

biopsies 

Secondary : 
- Improvement in liver enzymes 

Primary outcome: NAS was unchanged in the 

P/P and UDCA/P groups, but imporoved in the 

UDCA/ Vit E group, driven by regression of 

steatosis 

Liver enzymes improved in the UDCA/ Vit E 

group 

High-dose 

ursodeoxycholic acid 

[ 23 ] 

Phase 3 RCT 

186 NASH cases 

18 years 

Primary : Overall improvement in liver histology by paired 

biopsies 

Secondary : 
- Improvement in individual histology components 

- Improvement in liver biochemistry and body weight 

The study did not meet primary outcomes. 

Only lobular inflammation improved, 

particularly in cases with elevated NAS score. 

Fibrosis did not change. 

No change in liver biochemistry 

Aramchol [ 25 ] 

[NCT02279524] 

Phase 2b RCT 

247 Participants 

3 years 

Primary : Change from baseline in liver enzymes 

Secondary : 
- Change in liver fat (MRI-PDFF) and in liver stiffness (MRE) 

Primary end-point was not met 

MRI-PDFF diff -4.7% (-2% to -7.5%) 

MRE ≥ 15%: 8.3% and 6.4% vs. 21.1% (PL) 

( continued on next page ) 
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Table 1 ( continued ) 

Study drug (Ref) 

[ClinicalTrials.gov] 

Study type/N. of cases 

Duration/Control ∗
Outcomes ̂ Most relevant results 

Obeticholic acid [ 27 ] 

[NCT01265498] 

Phase 2 RCT 

283 Participants 

3 years 

Primary: Improvement in NAFLD activity score ≥2 points 

Secondary: 
- Resolution of NASH 

- Change in NAS score; improvement in individual histology 

items 

- Changes liver enzymes, HOMA-IR, anthropometric 

measures), and health-related quality-of-life scores 

Primary outcome: RR 1.9 (1.3-2.8) 

NASH resolution: RR 1.5 (0.9-2.6) 

Change in NAS: RR -0.9 (-1.3 to -0.5) 

Improvement in fibrosis (RR 1.8 (1.1-2.7)), 

ballooning (RR 1.5 (1.0-2.1)), steatosis (RR 1.7 

(1.2-2.3)) and lobular inflammation (RR 1.6 

(1.1-2.2)) 

Obeticholic acid [ 28 ] 

[NCT02548351] 

Phase 3 RCT 

1,968 participants 

8 years (interim 

analysis) 

Primary: Fibrosis improvement, no NASH worsening; NASH 

resolution without worsening of fibrosis 

Secondary : 
- Improvement of NASH and NAS 

Primary outcome: Fibrosis improvement was: 

RR 1.5 (1.0-2.2) and 1.9 (1.4-2.8) with 

ascending dose. NASH resolution was not met 

(RR 1.5 (0.9-2.4) and 1.4 (0.9-2.3), 

respectively; high rates of TEAEs 

Denifanstat [ 31 ] 

[NCT03938246] 

Phase 2a RCT 

99 F1-F3 NASH cases 

12 weeks 

Primary: Safety and relative change in MRI-PDFF 

Secondary : 
- Change in MRI-PDFF ≥30% 

- Change in NASH and FIB-4 index 

Primary outcome: Liver fat decreased in a 

dose-dependent manner: LSMD -15.5% 

(-31.3-0.02) and -28.0% (-44.5 to -11.6%), 5mg 

and 50mg, respectively 

Pro-inflammatory and fibrotic markers also 

improved 

Emricasan [ 32 ] 

[NCT02686762] 

Phase 2 RCT 

318 F1-F3 NASH cases 

72 weeks 

Primary : ≥ 1 fibrosis stage improvement, no NASH worsening 

Secondary : 
- Any NAS improvement, no worsening of fibrosis, NASH 

resolution 

Primary outcome: There was a trend in favor 

of placebo (21.5% vs. 13.7% and 13.4% vs. 

emricasan 5 mg and 50 mg groups) 

Simtuzumab [ 33 ] 

[NCT01672866 and 

NCT01672879] 

Two Phase 2 RCTs 

bridging fibrosis, 219 

cases; cirrhosis, 258 

96 weeks 

Primary : Change in hepatic collagen content, measured by 

morphometry in bridging fibrosis, change in HVPG in cirrhosis 

Secondary : 
- Progression to cirrhosis in bridging fibrosis, events in 

cirrhosis 

Hepatic collagen content decreased similarly 

in drug- and PL-treated groups 

No difference in HVPG between groups 

Studies were discontinued earlier than the 

planned 240 weeks for TEAEs and treatment 

failure 

Selonsertib [ 34 ] 

[NCT03053050 and 

NCT03053063] 

Two Phase 3 RCTs 

803 NASH with F3 

fibrosis, 877 with 

cirrhosis 

12 months 

vs. simtuzumab 

Primary : ≥1 stage improvement in fibrosis, no NASH worsening 

for both studies 

Secondary : 
- ≥1-stage improvement in fibrosis; proportion with NASH 

resolution 

- proportion of patients with progression to cirrhosis (from 

F3 fibrosis) 

Fibrosis F3: Primary outcome in 10% and 12% 

with study drug at different dose, 13% with 

PL. No differences in progression to cirrhosis 

Cirrhosis: Primary outcome in 14%, 13% and 

13%, respectively. No differences in the risk of 

liver-related events (decompensation) 

Belapectin [ 35 ] 

[NCT02462967] 

Phase 2 RCT 

162 NASH cirrhosis 

52 weeks 

Primary : Reduced HVPG 

Secondary : 
- ≥1-stage improvement in fibrosis 

- Change in liver stiffness; complication of cirrhosis 

(decompensation) 

Primary outcomes: PL, + 0.10mmHg; 

Belapectin, -0.28 and -0.25 with the two 

doses (not significant) 

Subgroup without varices: LSM diff -2.0 (-3.7 

to -0.3) and -0.7 (-2.4 to + 1.0) 

Cenicriviroc [ 36 ] 

[NCT02217475] 

Phase 2b RCT 

289 participants 

3 years 

Primary : NAS improvement ≥2 points with ≥1-point reduction 

in either lobular inflammation or ballooning, no worsening of 

fibrosis 

Secondary : 
- Complete resolution NASH, no worsening of fibrosis stage 

- Safety and tolerability; change in liver biochemistry and 

fasting metabolic parameters 

Primary end-point: OR 0.82 (0.44-1.52) 

NASH resolution: OR 2.20 (1.11-4.35) 

No safety concerns 

Cenicriviroc [ 37 ] 

[NCT02217475] 

Phase 2 RCT 

289 participants at 

year 2 

3 years 

Primary: NAS improvement by ≥2 points with ≥1-point 

reduction in either lobular inflammation or ballooning, no 

worsening of fibrosis 

Secondary : 
- Complete resolution of NASH, no worsening of fibrosis at 

different time points 

- Adverse events, eventually leading to withdrawal, changes 

in non-invasive markers and scores of fibrosis, weight, 

anthropometry 

Fibrosis improvement ≥1 stage, no NASH 

worsening: OR 2.03 (0.89-4.62) 

No systematic differences between study 

groups in main outcome measures 

Cenicriviroc [ 38 ] 

[NCT03028740] 

Phase 3 RCT 

1,778 participants 

4 years 

Primary: improvement in fibrosis by ≥1 stage and no 

worsening of NASH; time to first occurrence of adjudicated 

events. 

Secondary : 
- Fibrosis improvement ≥2 stages; NASH resolution, no 

worsening of fibrosis at different time points 

Primary end-point: OR 0.84 (0.63-1.10) 

NASH resolution: 23.0% vs. 27.2% in PL 

TEAE similar in the two groups 

Liragluitide [ 39 ] 

[NCT01237119] 

Phase 2 RCT 

52 Participants 

4 years 

Primary : NASH resolution, no worsening of fibrosis 

Secondary : 
- Improvement in NAS and its individual components 

- Changes in liver enzymes and drug safety 

Primary outcome: RR 4.3 (1.0-17.7) 

NAS score improvement: RR 1.2 (0.8-1.7) 

Improvement in fibrosis: RR 1.9 (0.5-6.7) 

No differences in ALT and AST 

( continued on next page ) 
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Table 1 ( continued ) 

Study drug (Ref) 

[ClinicalTrials.gov] 

Study type/N. of cases 

Duration/Control ∗
Outcomes ̂ Most relevant results 

Semaglutide [ 40 ] 

[NCT02970942] 

Phase 2 RCT 

320 Participants 

4 years 

Primary: Resolution of NASH, no worsening of fibrosis 

Secondary: 
- Improvement ≥1 fibrosis stage and no worsening of NASH 

- Change in fibrosis stage, NAS and score components 

- Changes in liver enzyme levels, ELF, liver stiffness and CAP, 

body 

- weight, glucose metabolism, blood pressure, and lipid 

levels 

NASH resolution at 0.4-mg: OR 6.9 (2.6-17.6); 

fibrosis improvement: 1.4 (0.6-3.3) 

Percent decrease in body weight: up to 12.5% 

with ascending dose 

No differences in liver enzymes and ELF. 

Moderate increase in amylase and lipase 

GLP-1 RAs [ 42 ] Meta-analysis 

1,454 patients 

Changes in hepatic steatosis and fibrosis markers 

Changes in liver function test 

Changes in metabolic parameters and body composition 

Steatosis: SMD -1.05 (-1.62 to -0.48) 

Fibrosis: SMD APRI -0.68 (-1.24 to -0.18) 

Tirzepatide 

[NCT04166773] 

Phase 2 RCT 

196 participants 

5 years 

Primary: absence of NASH, no worsening of fibrosis 

Secondary: 
- Percentage with ≥1 point decrease in fibrosis, no NASH 

worsening 

- ≥2 point decrease in NAS, in liver fat by MRI-PDFF and 

body weight 

No interim data available 

Cotadutide [ 45 ] 

[NCT03235050] 

Phase 2b RCT vs. 

liraglutide or PL 

834 T2DM patients 

14 weeks 

Primary : changes in HbA1c and body weight 

Secondary : 
- Percent reaching HbA1c target; weight loss ≥ 5% 

- Liver enzymes, non-invasive biomarkers of steatosis and 

fibrosis 

Efficacy in primary end-points similar to 

liraglutide 

Larger efficacy on liver enzymes vs. 

liraglutide, but similar changes in both FIB-4 

and NFS markers of fibrosis 

SGLT-2 inhibitors [ 46 ] Meta-analysis 

Six studies 

850 T2DM patients 

12 months 

Primary : changes in liver enzyme levels and liver fat content 

on imaging techniques. 

ALT: WMD -10.0 U/L (-12.2 to -7.79) 

GGT: WMD -14.5 U/L (-19.3 to -9.6) 

Liver fat on MRI: WMD -2.05 (-2.61 to –

1.48). No biopsy data 

Aldafermin [ 47 ] 

[NCT02443116] 

Phase 2 RCT, NAS ≥4, 

fibrosis F2-3 

78 cases 

24 weeks 

Primary: Absolute change in liver fat content (MRI-PDFF) 

Secondary : 
- Improvement in serum markers and histologic measures of 

fibrosis 

Liver Fat content: WMD -5% (-8.0% to -1.9%). 

Fibrosis improvement ≥ 1 stage) with no 

worsening of NASH was achieved in 38% vs 

18% in PL (P = 0.10) 

Efruxifermin [ 48 ] 

[NCT03976401] 

Phase 2a RCT, NAS ≥4, 

fibrosis F2-3 

80 patients 

24 weeks 

Primary: Absolute change in liver fat content (MRI-PDFF) 

Secondary : 
- Improvement in liver enzymes and non-invasive markers 

Primary outcome: met in all study groups at 

different doses 

Limited biopsy data available in PL 

Efruxifermin [ 49 ] 

[NCT04767529] 

Phase 2b RCT, NAS ≥4, 

fibrosis F2-3 

128 patients 

24 weeks 

Primary: Fibrosis improvement by ≥ 1 stage, no NASH 

worsening; NASH resolution no fibrosis worsening 

Secondary : 
- Any NASH resolution, ≥1 stage fibrosis improvement 

- Change in MRI-PDFF, change in non-invasive markers 

Primary outcomes: RR 2.3 (1.1.-4.8) and 2.2 

(1.0-5.0) with ascending dose 

NASH resolution: RR 3.1 (1.4-6.9) and 5.2 

(2.4-11.1) 

Pegozafermin [ 50 ] 

[NCT04929483] 

Phase 2b F2-F3 RCT 

222 cases 

24 weeks 

Primary: Percent with fibrosis improvement by ≥ 1 stage, no 

NASH worsening; percent with NASH resolution no fibrosis 

worsening 

Secondary : 
- NASH resolution, proportion with fibrosis improvement ≥1 

stage 

- Change in MRI-PDFF, change in non-invasive markers 

Primary outcomes: Differences in fibrosis 

improvement 14% (-9 to 38); 19% (5-32) and 

20% (5-35) with ascending dose; differences 

in NASH resolution: 35% (10-59), 21% (9-33) 

and 24% (10-37), respectively 

Resmetirom [ 51 ] 

[NCT02912260] 

Phase 2 NASH RCT, 

fibrosis F1-F3 

348 cases 

36 weeks 

Primary: Relative change in liver fat (MRI-PDFF) 

Secondary : 
- ≥2-point NAS improvement; NASH resolution without 

fibrosis worsening 

- Changes in liver enzymes, safety 

Primary outcomes: LQD -28.8% (-42.0% to 

-15.7%) 

Moderate changes in histology 

Liver fibrosis (ELF score): -0.48 (-0.99 to 

-0.09) 

No safety concerns (mild diarrhea) 

Resmetirom [ 52 ] 

[NCT0419749] 

Phase 3 combined 

RCTs 

972 NASH cases 

52 weeks 

Primary: Incidence of TEAE 

Secondary : 
- Lipid levels; hepatic fat content (MRI-PDFF); NASH 

biomarkers 

- Changes in liver stiffness ≥ 2kPa (VCTE) or at MRE 

Primary: no safety concerns 

A much larger proportion of cases improved 

by ≥ kPa (VCTE) or by MRE, and a lower 

proportion had fibrosis worsening 

Resmetirom [ 53 ] 

[NCT03900429] 

Phase 3 RCT 

966 NASH cases, 

fibrosis F1-F3 

52 weeks 

Primary: NASH resolution (including a reduction in NAS score 

by ≥2 points) with no worsening of fibrosis; improvement in 

fibrosis by ≥ 1 stage, no NAS worsening 

Secondary : 
- Percent change in lipids, adverse events, biochemical data 

Primary end-points: they were all met with 

both doses (80 and 100 mg) 

Both NASH resolution and fibrosis 

improvement: 80mg, WMD 9.5 (5.4-13.6); 

100mg, WMD 11.6 (7.5-15.8) 

Abbreviations : ALT-AST, alanine and aspartate transaminases; APRI, AST/platelet ratio index; CAP, controlled attenuation parameter; ELF, enhanced liver fibrosis; FIB-4, 

fibrosis 4 index; GGT, γ -glutamyl transpeptidase; HbA1c, glycosylated A1c hemoglobin; HOMA-IR, homeostatic model assessment of insulin resistance; HVPG, hepatic venous 

pressure gradient; LSM, least square mean; MRE, magnetic resonance elastography; MRI-PDFF, magnetic resonance imaging-proton density fat fraction; LQD, least square 

difference; NAS, nonalcoholic activity score; NFS, NAFLD fibrosis score; OR, odds ratio; PL, placebo; RCT, randomized controlled study; RR, relative risk; SAF, steatosis, activity, 

fibrosis; SMD, standardized mean difference; TEAE, treatment emergent adverse events; UDCA, ursodooxycholic acid; VCTE, vibration-controlled transient elastography; Vit 

E, vitamin E; WMD, weighed mean difference. 
∗ For RCTs, comparator is placebo (PL), unless otherwise reported. 
^ Outcomes assessed by liver biopsy, unless otherwise reported 
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roportion of cases vs. placebo, again with no effects on fibrosis 

 20 ], and treatment remains an option in international pediatric 

uidelines. 

Ursodeoxycholic acid treatment has been extensively investi- 

ated, given its anti-apopototic and anti-oxidant properties. Three 

rials based on liver biopsy provided evidence of some effects on 

teatosis, but no evidence was retrieved for a beneficial effect on 

brosis [ 21-23 ], as well as on fibrosis biomarkers when tested at 

igher doses [ 24 ]. 

Aramchol is a conjugate of cholic and arachidic acid that was 

hown to reduce de novo lipogenesis in animal models. In humans, 

t was tested on NAFLD patients (predominantly, non-NASH) in a 

hase 2b study (ARREST), having hepatic triglycerides by magnetic 

esonance spectroscopy as primary end-point, and the changes in 

iver histology required by FDA as secondary end-points [ 25 ]. The 

tudy failed the primary end-point at 52-week analysis, but ful- 

lled the secondary end-points and is still ongoing as a larger 

hase 3 study (ARMOR study), expected to be completed in June 

027. 

Obeticholic acid (OCA) is a semisynthetic derivative of the pri- 

ary human bile acid chenodeoxycholic acid, the natural agonist 

f the farnesoid X receptor (FXR), that received approval for the 

reatment of primary biliary cholangitis. The compound was orig- 

nally tested for NASH treatment against placebo in a phase 2, 

roof-of-concept study, where it reduced the markers of liver in- 

ammation, together with significant metabolic effects on insulin 

ensitivity [ 26 ]. The much larger phase 2 FLINT study, supported 

y interim analyses, confirmed the positive effects on liver his- 

ology, but provided a larger evidence of side effects (pruritus 

nd increased cholesterol levels) frequently requiring discontinu- 

tion or additional statin treatment [ 27 ]. An even larger phase 3 

tudy (REGENERATE) was initiated, with conflicting results at in- 

erim analyses [ 28 ]. The pharma company requested approval for 

ASH treatment (as already given in primary biliary cholangitis), 

ut FDA required additional safety analyses and a longer study pe- 

iod for concerns over the drug modest efficacy and the range of 

afety problems. Accordingly, the company decided to discontinue 

he NASH-related trial. 

Another FXR ligand, EDP-305, 15 times more potent than OCA, 

as been so far tested in a phase 2 study (NCT03421431) with im- 

ressive results on liver fat, but no histology data are available on 

ecroinflammation and fibrosis [ 29 ]. No additional studies were re- 

rieved in ClinicalTrials.gov. 

Volixibat is an inhibitor of the apical sodium-dependent bile 

cid transporter, expected to improve NASH by blocking bile acid 

euptake and stimulating hepatic bile acid production. The drug 

as tested in 197 patients without cirrhosis in a phase 2, dose 

nding study [NCT02787304]. The primary outcome was a ≥2- 

oint reduction in NAS without fibrosis worsening at week 48, 

ut two predefined interim endpoints at week 24 ( ≥5% reduction 

n MRI-PDFF and ≥20% decrease in ALT) were not fulfilled; the 

tudy was terminated [ 30 ], but remained under development for 

holestatic pruritus. 

Denifanstat, an orally-active, potent inhibitor of fatty acid syn- 

hase under development in cancer therapy, is under investigation 

n NASH patients (FASCINATE program). The initial phase 2 RCT 

NCT04906421] met the primary outcomes of changes in liver fat 

nd liver enzymes, and provided some clues to histology improve- 

ents [ 31 ]. A second study [NCT03938246] has been completed 

n NASH patients with fibrosis F2-F3, aimed at primarily testing 

hanges in NAS score and fibrosis, according to FDA rules. Data are 

xpected soon. 

Other drugs under investigation, directly or indirectly acting on 

teatosis are rencofilstat, a cyclosporine analog targeting the effects 

f steatosis on oxidative stress, icosabutate, a long-chain fatty acid, 

nd nor-ursodeoxycholic acid. 
1447
.3. Anti-fibrotic agents 

Emricasan, a pan-caspase inhibitor was hypothesized to reduce 

brosis by reducing apoptosis and cytokine generation, but failed 

he primary end-point in a study in NASH patients with fibrosis 

1-F3, with a trend in favor of placebo [ 32 ]. 

Similarly, simtuzumab, a monoclonal antibody against lysyl- 

xidase 2, completely failed two phase 2 studies in bridging fibro- 

is and in compensated cirrhosis [ 33 ]. It did not produce any effect 

n histology compared with placebo or did not reduce hepatic ve- 

ous pressure gradients (HVPG) and events in cirrhosis. 

Selonsertib, a selective inhibitor of apoptosis signal-regulating 

inase 1, expected to play a role in inflammation and fibrosis, was 

nitially tested in two phase 2 studies of NASH patients with fi- 

rosis F2-F3 [NCT01672866 and NCT01672879], and in combination 

ith simtuzumab [NCT02466516]. It did not meet the expected 

esults on fibrosis, but was nonetheless moved into two phase 3 

tudies of NASH with/without cirrhosis where it did not lead to fi- 

rosis regression or reduce disease progression in comparison with 

lacebo [ 34 ]. 

Belapectin, an inhibitor of galectin-3 administered via biweekly 

njections, was tested in a phase 2 study of NASH cirrhosis with 

ortal hypertension, having change in HVPG as primary outcome 

nd change in histology as secondary outcomes [ 35 ]. The drug did 

ot reach the primary outcome, but reduced progression in sub- 

ects without varices. 

Cenicriviroc is a dual antagonist targeting the chemokine re- 

eptor 2 and 5 (CCR2/5) tested for treating liver fibrosis. In the 

ENTAUR phase 2b trial, cenicriviroc treatment for one year failed 

o improve NAS by ≥ 2 points without worsening of fibrosis, but 

et the secondary fibrosis end-point (improvement of fibrosis, no 

ASH worsening) [ 36 ]. Continued two-year treatment corroborated 

he initial results of significant effects on fibrosis, with greater ef- 

ects in subjects with advanced fibrosis [ 37 ]. The long-term effects 

f cenicriviroc, investigated in a large phase 3 placebo-controlled 

rial (AURORA), were recently reported and the primary outcome 

f fibrosis improvement was not met [ 38 ]. 

.4. Drugs primarily acting on glucose metabolism and body weight 

Glucagon-like peptide-1 receptor agonists (GLP-1RAs), double 

nd triple agonists have been extensively investigated, given their 

mpressive activity on glucose metabolism and body weight. 

Liraglutide was the first GLP-1RA tested for efficacy on NASH 

atients. In the phase 2 LEAN study, conducted in a very limited 

umber of cases, liraglutide, at a dose of 1.8 mg daily, promoted a 

igher rate of NASH resolution compared with placebo and a lower 

ate of fibrosis progression, warranting more extensive studies [ 39 ]. 

owever, the registration process was stopped in favor of semaglu- 

ide, a weekly-dosing compound with more pronounced metabolic 

ffects proved to be much superior to liraglutide on weight loss 

utcomes. In the phase 2b study, semaglutide at the daily dose of 

.1, 0.2 and 0.4 mg significantly achieved NASH resolution com- 

ared with placebo, but failed to improve the fibrosis stage, irre- 

pective of treatment dose [ 40 ]. Data are not available so far on 

iver disease progression at the weekly dosage of 2.4 mg, that pro- 

uced a massive weight loss [ 41 ] and has received approval as 

nti-obesity drug. To cover this gap, the phase 3 ESSENCE study 

NCT04822181] is going to test the effects of 2.4mg semaglutide 

s. placebo at 72 weeks in 1,200 participants on the classical pri- 

ary outcomes of NASH resolution and fibrosis improvement, to- 

ether with an additional primary outcome of cirrhosis-free sur- 

ival after 240 weeks of treatment. Secondary outcomes will in- 

lude different effects on NASH and fibrosis, as well as changes in 

ody weight, liver enzyme levels, liver stiffness and steatosis, glu- 

ose metabolism, blood pressure, and blood lipids, but also major 
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dverse cardiovascular events (MACEs) and cardio-hepatic event- 

ree survival. Final data are expected by 2029. Another study will 

est the combination of weekly semaglutide combined with 3 dif- 

erent doses of NNC0194-0499, a fibroblast growth factor-21 mod- 

lator (see below) or cagrilintide in a phase 2, dose-finding study. 

utcomes will include safety and effectiveness on NASH and fibro- 

is, as well as on individual NAS features. The oral formulation of 

emaglutide has so far received scarce interest in MASLD area. 

In a meta-analysis covering 5 RCTs and comprising 1,454 NASH 

atients, GLP-1RAs were demonstrated to decrease hepatic fat con- 

ent, liver biochemistry and inflammatory markers but changes in 

brosis parameters, although improved, did not reach statistical 

ignificance [ 42 ]. 

Another drug, tirzepatide, a subcutaneous, weekly-dosing dou- 

le agonist targeting both GLP-1 and the gastric inhibitory 

olypeptide is actively being tested in MASLD patients vs. placebo 

n a phase 2 study (NCT04166773). The final results are soon ex- 

ected. Also this drug was highly effective in promoting a massive 

eight loss, ranging up to 20.9% after 72 weeks with the higher 

osage [ 43 ], with a safety profile not affected by liver impairment 

 44 ]. 

The dual GLP-1 and glucagon receptor agonist cotadutide is 

imilarly under investigation in a phase 2, proof-of-concept study 

NCT05364931), expected to provide the final results in the next 

ew months. In another phase 2b study in patients with type 2 

iabetes the drug showed effects on weight loss comparable or su- 

erior to those achieved with liraglutide 1.8 mg [ 45 ] and similar 

ffects on fibrosis biomarkers. 

Sodium-glucose cotransporter-2 inhibitors (SGLT-2Is) are a 

elatively-new class antidiabetic medications, that received in- 

reasing interest for a possible use in patients with type 2 

iabetes and liver disease. They promote glucose excretion in the 

rine, thus improving the metabolic milieu and reducing body 

eight. A meta-analysis covering the literature to October 2020 

ailed to retrieve studies based on paired liver biopsies. According 

o the review, including 6 studies testing dapagliflozin, 3 em- 

agliflozin and 3 canagliflozin, SGLT-2I treatment reduces liver 

nzymes and liver fat, based on magnetic resonance techniques, 

ompared with placebo [ 46 ]. Only real-world data are available on 

ossible changes in inflammatory and fibrotic activity, based on 

urrogate biomarkers. 

.5. Fibroblast growth factor (FGF) analogs 

FGF family members have broad effects on cell activity and pro- 

iferation. Aldafermin, an engineered analog of FGF19, inhibits bile 

cid synthesis and regulates metabolic homeostasis. It effectively 

educed liver fat (MRI-PDFF) and increased the rate of fibrosis im- 

rovement and NASH resolution [ 47 ], without relevant side effects, 

ut no more studies were planned. 

Efruxifermin is a fusion protein of a human IgG linked to a 

odified FGF21 (Fc-FGF21), longer acting than most FGF21 analogs. 

t significantly reduced liver fat in a phase 2a study [ 48 ], without

afety concerns. In a phase 2b study, the drug confirmed its activ- 

ty on liver fat, also improving fibrosis by ≥1 stage in F2-F3 NASH 

nd no NAS worsening [ 49 ]. Accordingly, the drug has been moved 

o two phase 3 studies [NCT06215716 and NCT06161571], expected 

o enroll 1,0 0 0 and 60 0 NASH patients with different degrees of 

brosis, to be completed in 2027 and 2026, respectively. 

Pegozafermin is a pegylated FGF21 analog also tested in non- 

irrhotic NASH patients. The two primary end points of fibrosis 

mprovement without NASH worsening and NASH resolution, no 

brosis worsening, were both met at week 24 at high drug dosage 

 50 ], also supporting the progress to phase 3 trial. A very long- 

erm phase 3 study (ENLIGHTEN-Fibrosis, planned to enroll 1,050 

ases) has been registered to provide data in 2029 [NCT 06318169]. 
1448
.6. Thyroid hormone receptor- β agonist 

Resmetirom, the “magic bullet”, is an oral selective thyroid hor- 

one receptor- β agonist, progressively developed for the treat- 

ent of NASH. Animal studies showed that the compound ef- 

ectively reduces plasma lipids and hepatic fat, as well as apop- 

osis and inflammation, improves insulin sensitivity, and pro- 

otes liver regeneration. Following a proof-of-concept study where 

t showed efficacy in reducing liver fat by MRI-PDFF [ 51 ] and 

afety, it was moved to phase 3 in the MAESTRO program. The 

hase 3 MAESTRO-NAFLD-1 study confirmed safety, with mild di- 

rrhea as common event, and efficacy on liver fat and fibro- 

is, expressed by reduced transient elastography [ 52 ]. Finally, the 

AESTRO-NASH study hit both regulatory targets for NASH drug 

pproval, and in addition it also doubled the probability to have 

 marked reduction of NAS score ( ≥2 points) (additional primary 

nd-point) [ 53 ]. This led to formal accelerated approval (along 

ith breakthrough therapy, fast track, and priority review des- 

gnations) by FDA for NASH with moderate and advanced fibro- 

is (stages F2-F3), while the study remains ongoing to generate 

onfirmatory data (MAESTRO-NAFLD-OLE, NCT04951219) to ver- 

fy clinical benefits and to support full approval. Another ongo- 

ng trial is testing resmetirom efficacy in preventing liver de- 

ompensation in well-compensated NASH cirrhosis versus placebo 

MAESTRO-NASH-OUTCOMES, NCT05500222). The drug is expected 

o be available in the U.S. in April 2024. As to Europe, the autho- 

ization for marketing of resmetirom received validation from the 

uropean Medicines Agency and the formal approval is pending. 

. The alternative lifestyle/weight loss treatment 

Intensive lifestyle programs promoting healthy diet, habitual 

hysical activity and weight loss have long been used for MASLD 

reatment, and are supported by international [ 54-56 ] and national 

uidelines [ 57 ]. Recommendations are based on epidemiological 

tudies, with only a few RCTs available and mainly addressing spe- 

ific issues (Mediterranean diet, low-carb diet, habitual physical 

ctivity) [ 58 ]. Following a seminal experience showing that ≥ 7% 

eight loss reduced liver fat and necroinflammatory disease ac- 

ivity, not fibrosis [ 59 ], a large pivotal experience confirmed that 

early 100% of cases achieving the weight loss target of ≥7-10% re- 

uce steatosis and NAS, as well as fibrosis, although their number 

t 1-year follow-up is only 10% [ 60 ]. These results were confirmed 

n a community-based cohort, and were consistent, irrespective of 

nitial BMI [ 61 ]. Thus, lifestyle intervention to promote weight loss 

ecame mandatory in both arms of pharmacologic RCTs; this pol- 

cy, in keeping with good clinical practice, increases the number of 

lacebo-treated cases achieving therapeutic outcomes, reduces any 

ossible advantage of drugs and is considered among the possible 

easons for drug failures [ 62 ]. 

Behavioral interventions require dedicated teams, rarely found 

n liver units [ 63 ], and the engagement of asymptomatic MASLD 

atients in intensive lifestyle protocols [ 64 ]. eHealth technology 

s a possible resource to engage patients limiting space and time 

onstraints [ 65 ], and has grown in the last decade, either as web-

ased approach or using dedicated apps [ 66 ], thus expanding 

ifestyle intervention to a much larger community [ 63 ]. The long- 

erm (5-year) effectiveness of a web-based behavioral intervention 

n MASLD is similar to that achieved by group-based programs, re- 

ucing disease progression [ 67 ] and worsening of surrogate mark- 

rs of steatosis and fibrosis [ 68 ]. However, the desired 10% weight 

oss target remains limited to approximately 10% of the initial co- 

ort [ 68 ]. 

The importance of weight loss for reducing MASLD progres- 

ion has also been translated into the surgical arena, where sev- 

ral cohort studies confirmed that bariatric surgery is able to re- 
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erse NASH and fibrosis. A systematic review and meta-analysis of 

2 cohort studies reported 1-year resolution of steatosis in 66% of 

ases, inflammation in 50%, ballooning degeneration in 76%, and 

brosis in 40%, with new or worsening of fibrosis limited to 12% 

 69 ], with differences between Roux-en-Y gastric by-pass (higher 

ffect on steatosis) and sleeve gastrectomy (higher effect on fibro- 

is) [ 70 ]. There is also evidence that prior bariatric surgery reduces 

he risk of incident cirrhosis and mortality in patients with obesity 

nd NAFLD [ 71 ]. 

In the meantime, progress in the drug treatment of obesity has 

eached impressive results. In the STEP program, 2.4mg weekly 

emaglutide was reported to produce an average weight loss of 

5-16% after 68 weeks [ 72 ], also improving cardiovascular and 

etabolic risk factors [ 73 ]. When cagrilintide was added, weight 

oss increased further to 17.1% of initial weight, without evidence 

f a plateau [ 74 ]. In the SURMOUNT program, tirzepatide 15mg re- 

uced body weight by 20.9% after 72 weeks, and nearly 40% of 

ases lost 25% of their initial weight [ 43 ]. The triple agonist reta-

rutide (12mg weekly) produced an average weight loss of 24.2%, 

nd 26% of cases lost ≥30% of initial body weight [ 75 ]. These

rugs are not without side effects: they need slow titration to 

educe gastrointestinal complaints, promote sarcopenia associated 

ith massive weight loss, and their continued use requires lifelong 

bservation [ 76 ]. However, daily oral agents might soon be avail- 

ble (orforglipron) [ 77 ], increasing acceptability and widespread 

se. 

. Questions for future research - Conclusion 

The recent, long-awaited approval of a drug - resmetirom - for 

ASLD treatment has definitely closed a gap, but several clinical 

nd ethical questions remain open for managing treatment, both 

n the community and in clinical trials, and are discussed below. 

.1. Should placebo-treated patients be maintained in ongoing and 

uture trials? 

The large majority of pharmacologic RCTs in MASLD have been 

nd are being carried out comparing the experimental treatment 

gainst placebo. According to the Helsinki declaration, the use of 

lacebo is considered ethically acceptable only in the absence of 

rugs of proven efficacy; maintaining patients in the placebo arm 

n the presence of an effective drug (resmetirom) violates the 

quipoise principle and expose patients to the risk of non-receiving 

he best available or a supposedly at least as effective treatment 

 78 ]. Accordingly, all patients should be informed that drug treat- 

ent is now available and should be invited to sign a new con- 

ent, updating the information. This is mainly the case of long- 

erm phase 3 regulatory RCTs, frequently testing cardiovascular 

utcomes. The possibility also exists to move placebo-treated cases 

o resmetirom, in accordance with the equipoise principle, but 

his would jeopardize the validity of trials. Pragmatically, short- 

erm, phase 2 studies should be completed, provided that patients 

ign the new consent formulation, but new RCTs should consider 

esmetirom as alternative treatment. 

.2. Should resmetirom be preferred to weight-losing treatment or 

hould it be used as add-on in patients with severe grades of obesity? 

Resmetirom has a modest or no significant effect on body 

eight, but the subgroups who lost weight in the course of ac- 

ive treatment in the MAESTRO program showed a greater effect 

n steatosis [ 51 ]. About 65-70% of enrolled patients had type 2 dia-

etes, and the use of GLP-1RAs was only permitted when stable by 

6 months and at doses used for diabetes treatment. The impor- 

ant weight loss generated by high-dose single, double and triple 
1449
ncretin treatment, although at present not curative of MASLD, is 

ighly appreciated by patients with severe obesity and is associ- 

ted with reduced risk of cardiovascular outcomes – so far proven 

ith semaglutide [ 79 ] – and improved quality of life [ 73 ]. In lean

ASLD patients without diabetes, resmetirom becomes the treat- 

ent of choice, but in individuals with diabetes and particularly in 

he presence of severe obesity, patients’ preferences should be con- 

idered. Incretin-induced weight loss might be preferable to MASH 

esolution, due to the cardiovascular risk and the relative unaware- 

ess of liver disease progression in most MASLD cases [ 80 ]. Com- 

ination treatment might be the solution, but we need appropriate 

esearch studies. 

.3. Is lifestyle intervention still an option, irrespective of treatment 

rm? 

Lifestyle intervention procedures are cumbersome and difficult 

o maintain in the long-term. The future scenario of MASLD treat- 

ent might differ in relation to the severity of obesity and the 

resence of diabetes, where support and education for lifestyle 

hanges should be mandatory, independently of the pharmacologic 

reatment of glucose abnormalities. In patients with obesity, the 

vailability of drugs able to induce a massive weight loss – compa- 

able to that achievable by bariatric (metabolic) surgery – is very 

ikely to reduce motivation to spend time and money to modify 

ood preferences and engage in physical activity, i.e., modify ha- 

itual lifestyle. When high-dose semaglutide was added to intense 

ifestyle intervention (STEP 3 study [ 81 ]) the final effects on weight 

oss were only minimally larger than those measured during the 

ole semaglutide treatment (STEP 1 study [ 41 ]), but in community- 

ased treatment the effects might be different [ 82 ]. Engagement in 

hysical activity should thus remain a constant practice at any age. 

uring weight-loss periods, physical activity is mandatory to pre- 

ent or to reduce the negative effects of sarcopenia in liver disease 

rogression and survival [ 83 ], whereas the adherence to the dif- 

erent components of healthy lifestyle per se reduces all-cause and 

ardiovascular mortality [ 84 ], in a dose-dependent manner [ 85 ]. 

.4. Should all these drugs be used life-long and how to afford the 

osts? 

No long-term study is available to define how long resmetirom 

hould be used to indefinitely prevent progressive liver disease. 

hould it be used as long as complete resolution of steatosis and 

brosis occur and what happens after treatment stop? High-doses 

ncretins determine a progressive weight loss, but weight regain 

nvariably occurs after treatment stop [ 86 ]. Should these drugs be 

sed at intervals, or tapered down after the achievement of a large 

mount of weight loss? Many more studies should be done to an- 

wer all these questions. The use of “real world” post-marketing 

ata, registered in insurance databases, might be an important 

ource of information. 

The problem of costs is both ethical and economic: the cost 

f semaglutide exceeds 1,300 US $ per month. In insurance-type 

ealthcare systems, these drugs are expected to generate unaccept- 

ble differences within the population, given that payers do not 

lways cover costs. In the U.S., a law was initially passed to bar 

edicare from covering weight loss medications after the safety 

oncerns with the fenfluramine-phentermine combination. Later, a 

esolution was approved calling obesity a disease, which opens the 

ay to reimbursement for patients at high cardiovascular risk that 

re either overweight or obese, given the recently approved ad- 

itional indication of semaglutide for cardiovascular disease [ 87 ]. 

owever, the high cost will progressively increase the future pre- 

ium for beneficiaries, a matter of general concern. For univer- 

alistic healthcare systems, that are all suffering from insufficient 
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unding, the widespread prescription of these drugs in the large 

opulation who could benefit would result in a final bankruptcy. 

. Conclusion 

A final question remains: Who should be responsible for treat- 

ent prescription? Again, the answer needs to be put in the con- 

ext of the type of healthcare system. With a look at the universal- 

stic Italian system, there is large consensus that MASLD should be 

nitially screened by surrogate biomarkers and cared for by general 

ractitioners. Patients with NASH, fibrosis or other comorbidities, 

hould be referred to a multidisciplinary team of specialists, in or- 

er to guarantee that both hepatic and non-hepatic comorbidities 

re appropriately targeted. Selection of treatment will depend on a 

principal risk” assessment, with the liver being the primary or co- 

rimary target only in the presence of fibrosis, without forgetting 

he general need to move patients to healthier lifestyles. 
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