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STRUCTURED ABSTRACT 

Question: Does the oral thyroid hormone receptor beta-selective agonist 

resmetirom decrease fibrosis and produce resolution of nonalcoholic steatohepati-

tis (NASH; now also known as metabolic-dysfunction associated steatohepatitis 

[MASH]) with fibrosis? 

Design: Multicenter, phase 3, double-blind, randomized, placebo-controlled clini-

cal trial.  

Setting: Two hundred and forty-five centers across 15 countries (United States, 

Australia, Austria, Belgium, Canada, France, Germany, Hungary, Israel, Italy, 

Mexico, Poland, Spain, Switzerland, and the United Kingdom) between March 

2019 and July 2021. 

Patients: Adults aged >18 years with metabolic syndrome and biopsy-confirmed 

NASH. Screening biopsies were performed within 6 months of randomization, and 
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participants were required to have a nonalcoholic fatty liver disease (NAFLD) ac-

tivity score (NAS) >4 and fibrosis stage ranging from stage F1B to F3. At least 

50% of the total enrollment was required to have fibrosis stage F3. Participants 

were also required to have stable weight (<5% change in 3 months) with stable 

doses of glucagon-like peptide-1 (GLP-1) agonists for > 6 months prior to biopsy, 

if applicable. Exclusion criteria included: 1) alcohol consumption (>30 g/day for 

men, >20 g/day for women), 2) hemoglobin (Hgb) A1c >9%, 3) presence of other, 

concomitant chronic liver disease, and 4) fibrosis stage F0 (no fibrosis) or F4 

(cirrhosis).  

Interventions: Participants randomized 1:1:1 to 1 of 3 study arms: 1) resmetirom 

80 mg once daily, 2) resmetirom 100 mg once daily, or 3) placebo with stratifica-

tion for presence of type 2 diabetes mellitus (DM) and fibrosis stage (F1, F2, F3). 

All participants received nutrition and exercise counseling according to current 

recommendations. A second liver biopsy was performed at 52 weeks. 

Outcomes: Dual primary endpoints were assessed at week 52, including: 1) 

NASH resolution, defined as ballooning score of 0, lobular inflammation score of 

0 or 1, and reduction in NAS by >2 points with no worsening of fibrosis and 2) 

Improvement in fibrosis by at least 1 stage with no worsening of NAS. Outcomes 

were assessed by central, independent review by 2 pathologists. A secondary end 

point was percent change in baseline low-density lipoprotein (LDL) cholesterol at 

week 24. 

Data Analysis: Intention-to-treat analysis using Cochran-Mantel-Haenszel test.  

Funding: Madrigal Pharmaceuticals (West Conshohocken, PA), manufacturer of 

resmetirom. 

Results: Nine hundred and fifty-five patients were randomized: mean age was 

56.6 years, mean body mass index (BMI) was 35.7, 89% White, and most had met-

abolic risk factors (78% hypertension, 71% dyslipidemia, and 67% type 2 diabe-

tes). Most patients (60%) had F3 fibrosis, with 33% having F2 fibrosis and only 

5% having F1B fibrosis. 

For NASH resolution with no worsening of fibrosis, resmetirom 80mg and 

resmetirom 100 mg was superior to placebo: 25.9% and 29.9% vs 9.7%,  respec-

tively, P<0.001 for both comparisons). For decrease in fibrosis score by at least 1 

with no worsening of NAFLD activity score, resmetirom 80mg and resmetirom 

https://www.google.com/search?client=firefox-b-1-d&sca_esv=1a57d827cf09faae&sxsrf=ACQVn0_cnDsBzGXSJNsEcE0UMnUnZgRcMg:1713292905941&q=West+Conshohocken&si=AKbGX_qWtsfHufXsq_1jeDkJp50FstNngDxsch3EVTUjn7imcG4kEO2MZDUOOJtnZsIxZP0HmFr1oE4sjLX8H5KRsFmARPTBKMqZJTvdB
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100mg were also superior to placebo: 24.2% and 25.9% vs 14.2%, respectively,  

P<0.001 for both comparisons (Figure 1). For both NASH resolution and fibrosis 

improvement by ≥1 stage, resmetirom 80 mg and resmetirom 100mg was superior 

to placebo: 14.2% and 16% in the 100 mg vs 4.9%, respectively,  P<0.001 for both 

comparisons.  

Beneficial effects on LDL cholesterol levels were observed in both intervention 

groups at week 24 (-13.6% in the 80 mg resmetirom group and -16.3% in the 100 

mg resmetirom group) but not in the placebo group (0.1%; P<0.001 for both com-

parisons). Additionally, larger decreases in levels of other atherogenic lipids and 

lipoproteins (e.g., triglycerides, non-high density lipoprotein (HDL) cholesterol, 

apolipoprotein B) compared to baseline were observed in the resmetirom groups 

compared to placebo.  

Most adverse events (AEs) were mild or moderate, with diarrhea (27.0% and 
33.4% vs 15.6%, respectively) and nausea (22.0% and 18.9% vs 12.5%, respec-
tively) occurring more commonly in the resmetirom 80mg and 100 mg groups 
compared to placebo. Diarrhea was generally self-limited with duration. However, 
AEs led to trial discontinuation in more patients in the 100 mg resmetirom group 
(6.8%) compared to those in the 80 mg group (1.8%) and those in the placebo 
group (2.2%).  

COMMENTARY  
 
Why Is This Important? 
NAFLD, recently renamed metabolic-
dysfunction associated liver disease 
(MASLD),1 is highly prevalent, affect-
ing 30% of the global population.2 It is 
the fastest rising cause of hepatocellular 
carcinoma (HCC)3, 4 and the most rapid-
ly increasing indication for liver trans-
plant in the US.5 MASLD encompasses 
a spectrum of disease, from simple stea-
tosis (i.e., excess fat accumulation in 
hepatocytes) to its more severe form,  
MASH, characterized by hepatocyte 
ballooning, inflammation, and progres-
sive fibrosis.1 An estimated 25% of     
patients with MASH will eventually  

develop cirrhosis,  but fibrosis progres-
sion is incompletely understood and 
varies significantly between patients.6 
Fibrosis stage is the most important pre-
dictor of all-cause mortality, liver-
related events and cardiovascular dis-
ease in MASLD.7 Liver biopsy remains 
the gold standard for diagnosis and to 
assess disease severity (evaluated with 
the NAS) and stage (fibrosis), but is not 
routinely performed in clinical practice 
given its invasiveness.  
 
The pathophysiology of MASH is com-
plex with several potential therapeutic 
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targets.8 Despite an active research land-
scape and promising novel pharmaco-
logic agents, none had shown safety and 
efficacy in phase 3 trials to date. As fi-
brosis stage is the key driver of clinical 
outcomes and survival in MASH, the 
US Food and Drug Administration 
(FDA) endpoints for late-stage MASH 
trials have focused on improvement in 
histology (that is, MASH resolution 
without worsening fibrosis or improve-
ment of fibrosis stage without worsen-
ing MASH), resulting in at least 2 liver 
biopsies being required (at entry and 
end of treatment).9 Given the lack of 
FDA-approved drugs for MASH, treat-
ment has relied on lifestyle modifica-
tions (i.e., diet and aerobic exercise) and 

weight loss with varying efficacy.10   
Resmetirom, an oral selective thyroid 
hormone receptor beta (THR-b) agonist, 
is the first investigational drug to 
achieve both fibrosis improvement and 
NASH resolution in a phase 3 trial.11 
Data from the landmark MAESTRO-
NASH trial have led to resmetirom be-
coming the first FDA-approved therapy 
for the treatment of patients with non-
cirrhotic MASH with moderate to ad-
vanced fibrosis (i.e., stage F2-F3 fibro-
sis) in March 2024. 
 
Key Study Findings  

Figure 1. Percentage of patients reaching primary end points at week 52. Placebo N= 318; resmetirom, 80 mg N= 316; 

resmetirom, 100 mg N=321. NAS, nonalcoholic fatty liver disease activity score. NASH, nonalcoholic steatohepatitis. 

Extension of surveillance interval from 
1 to 2 years among SPS patients at  
lower neoplasia risk (<5 polyps and no 
AN) appears appropriate. The 5-year 

Among patients with biopsy-proven 
MASH and liver fibrosis, resmetirom 
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Results favoring resmetirom were con-
sistent across key subgroups; further, 
changes in lipid profiles, liver biochem-
istries, and non-invasive steatosis and 
fibrosis assessments all favored 
resmetirom. Resmetirom appears to be 
safe and well-tolerated, with most com-
mon adverse events being self-limited 
diarrhea and nausea at treatment initia-
tion; serious adverse events were similar 
across all 3 arms, including the placebo 
arm (10.9% to 12.7%).  
 
Caution 
The primary limitation of MAESTRO-
NASH to date is the lack of clinical out-
comes data, as both primary endpoints 
were histologic and assessed at 52 
weeks from baseline. Long-term safety 
and durability of histologic response be-
yond 52 weeks have also yet to be as-
sessed. However, the trial is planned to 
continue for a total 54 months of treat-
ment to accrue and evaluate potential 
benefits, including all-cause mortality 
and liver-related clinical outcomes (i.e., 
progression to cirrhosis, hepatic decom-
pensation, need for liver transplanta-
tion). Additionally, results from this trial 
may not be generalizable to all popula-
tions, including Black patients and those 
with an overlap of MASH and alcohol-
related liver disease (i.e., those classi-
fied within the newly termed metALD 
group, which encompasses a spectrum 
across which the relative contribution of 

MASLD and ALD varies). It should be 
noted that this trial was published short-
ly after new nomenclature for steatotic 
liver disease was endorsed by the 
American Association for the Study of 
Liver Diseases (AASLD) and other pro-
fessional societies.1 It also remains un-
clear whether patients with cirrhosis 
and those that have not yet developed 
fibrosis (stage F0) may benefit from 
resmetirom.  
 
My Practice 
As a hepatologist, it is incredibly excit-
ing to (finally!) see the first FDA-
approved medication for MASH, a dis-
ease impacting many of our patients. 
Identifying the subset of patients most 
likely to benefit from resmetirom (and 
anticipated future NASH therapies) will 
be the next challenge facing both sub-
specialty and primary care clinicians. 
Gastroenterology and hepatology clin-
ics alone lack the capacity to diagnose 
and risk stratify the entire large popula-
tion of patients with MASLD. Provider 
education and proposed primary care 
pathways will be critical to risk stratify 
patents and minimize the number of pa-
tients requiring biopsy.  
 
The 2023 AASLD clinical practice 
guidance recommends an algorithm 
wherein patients at higher risk for ad-
vanced fibrosis due to MASH (i.e., pa-
tients with 2 or more metabolic risk fac-
tors, particularly those with pre-diabetes 
or diabetes) are screened with FIB-4 
testing every 1-2 years.12, 13 Patients 
with moderate or high risk based on 
FIB-4 are recommended to undergo 
second-line testing like vibration-

(both 80 mg and 100 mg doses) was su-
perior to placebo regarding both histo-
logic primary endpoints: improvement 
in MASLD activity score and fibrosis 
stage.  
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controlled transient elastography or en-
hanced liver fibrosis testing, and, if still 
consistent with moderate or higher risk 
of fibrosis, the patient is referred to a 
subspecialist for possible intervention. 
As non-invasive tests have excellent 
negative predictive value, patients iden-
tified to be low riskcan be managed in 
primary care. We have begun to imple-
ment this care pathway at our health 
system.  
 
It is not feasible to biopsy the entire 
population of patients with MASH and 
suspected fibrosis. While non-invasive 
testing is useful to rule in or rule out pa-
tients with severe disease, liver biopsy 
remains the gold standard for grading 
MASH severity and staging fibrosis, it 
is not without limitations including sam-
pling variability, reader variation and 
safety.  These limitations and access be-
come a greater concern when consider-
ing the need to monitor treatment re-
sponse. Fortunately, the FDA-approved 
label does not include a requirement for 
biopsy to diagnose moderate-to-severe 
fibrosis, and most clinicians have access 
to some sort of non-invasive testing.  
 
Given the close correlation between 
MASLD and metabolic syndrome and 
diabetes, it will also be important to 
continue to counsel patients on lifestyle 
modifications for healthy weight loss, 
consider pharmacologic or surgical ther-
apies for treatment of obesity, and cardi-
ac risk factor modification.  
 
For Future Research 
Given the sheer number of patients with 
MASH that may potentially benefit 

from resmetirom (and anticipated future 
novel therapeutics), there is an urgent 
need to refine patient care pathways and 
implement strategies to identify patients 
at greatest risk of MASH progression 
and adverse clinical outcomes. As the 
leading causes of death among patients 
with MASLD are still cardiovascular 
events and extra-hepatic malignan-
cies,14 the benefits and risks of long-
term therapy must be considered in pa-
tients with low-risk NASH and those 
with concomitant severe comorbidities 
and limited life expectancy.  Cost-
effectiveness studies that consider com-
peting risks (e.g., comorbidities, liver 
transplantation) are needed to estimate 
the expected burden of long-term thera-
py on healthcare systems. Proactive 
strategies and interventions to address 
individual out-of-pocket costs and pro-
vide equitable access to new, high-cost 
therapeutics will be critical to prevent 
widening of existing racial, ethnic, and 
socioeconomic disparities in MASH se-
verity and outcomes.15  
 
Finally, there remains an unmet need 
for non-invasive tests to monitor treat-
ment response and assess risk of im-
portant clinical outcomes, including 
progression to cirrhosis, liver decom-
pensation, development of HCC and 
mortality. While there are several prom-
ising serum- and imaging-based bi-
omarkers, most are limited regarding 
positive predictive value and require 
further validation in diverse patient 
populations and practice settings. As the 
landscape of therapeutics for MASH 
continues to evolve, accurate and wide-
ly available tools for non-invasive risk 
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stratification and monitoring of treat-
ment response will only become more 
crucial.  
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