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ABSTRACT

Objectives: To evaluate the evidence on the efficacy, safety, and cost-effectiveness of res-
metirom for metabolic dysfunction-associated steatohepatitis (MASH). Methods: A syste-
matic review with meta-analysis of randomized clinical trials was conducted, comparing
resmetirom to placebo or active comparators for the treatment of MASH (PROSPERO:
CRD42024557306). Searches were performed in 06/2024 in the Medline, Embase,
Lilacs, Cochrane, and Centre for Reviews and Dissemination databases. Two researchers
independently selected studies, extracted data, and assessed their methodological quali-
ty. Meta-analyses were conducted in R. The risk of bias in randomized clinical trials was
assessed using the Cochrane Collaboration’s RoB-2 tool, and the level of evidence was
evaluated using the GRADE approach. Results: The final sample was composed by eight
publications. Resmetirom was shown to be effective in resolving MASH, with a 149%
improvement compared to the control group. It also significantly improved liver fibrosis
and reduced liver fat, with notable effects in long-term studies. However, an increased
incidence of diarrhea and nausea was observed among treated patients. Laboratory pa-
rameters, such as LDL and triglycerides, also improved with resmetirom. The technolo-
gy was considered cost-effective at a threshold of $100,000/QALY (ICER ranging from
$36,600/QALY to $74,018/QALY) in studies worldwide. Conclusion: Resmetirom de-
monstrated significant and sustained reductions in liver fat and improvements in fibrosis,
proving to be effective, safe, and potentially cost-effective for the treatment of MASH.
Keywords: Pharmacoeconomics; Resmetirom; Metabolic dysfunction-associated stea-
tohepatitis; Obesity; Review.

RESUMO

Objetivos: Avaliar as evidéncias sobre a efic4cia, seguranga e custo-efetividade de res-
metirom para esteato-hepatite associada a disfuncdo metabélica (EHADM). Métodos:
Uma revisao sistematica com metanélise de ensaios clinicos randomizados foi realizada
comparando o resmetirom ao placebo ou comparador ativo para o tratamento da EHADM
(PROSPERO: CRD42024557306). As buscas foram realizadas em 06/2024 nas bases
de dados Medline, Embase, Lilacs, Cochrane e Centre for Reviews and Dissemination.
Dois pesquisadores selecionaram independentemente os estudos, extrairam os dados e
avaliaram sua qualidade metodoldgica. As metanalises foram conduzidas em R. O risco
de viés nos ensaios clinicos randomizados foi avaliado através da escala RoB-2 da Cola-
boragédo Cochrane e o nivel de evidéncia foi avaliado pelo método GRADE. Resultados:
A amostra final foi composta por oito publicaces. O resmetirom mostrou-se eficaz na
resolugdo da EHADM, com um aumento de 149% em comparacéo ao controle. Além
disso, promoveu melhorias significativas na fibrose hepética e na redugédo da gordura no
figado, com efeitos notaveis nos estudos de longa duragéo. No entanto, foi observado um
aumento na incidéncia de diarreia e ndusea entre os pacientes tratados. Os parametros
laboratoriais, como LDL e triglicerideos, também apresentaram melhora com o resme-
tirom. A tecnologia foi considerada custo-efetiva a um limiar de US$100.000/QALY
(RCEI entre US$36.600/QALY e US$74.018/QALY) em estudos ao redor do mundo.
Conclusao: O resmetirom demonstrou uma reducao significativa e sustentada na gordura
do figado e uma melhora na fibrose, demonstrando ser eficaz, seguro e potencialmente
custo-efetivo para o tratamento da EHADM.

Palavras-chave: Farmacoeconomia; Resmetirom; Esteato-hepatite associada a disfungéo
metabdlica; Obesidade; Reviséo.
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Introduction

Metabolic dysfunction-associated steatohepati-
tis (MASH) is considered one of the most severe
forms of metabolic dysfunction-associated fatty
liver disease (MAFLD).!? The disease is charac-
terized by the accumulation of more than 5% of
triglycerides in the cytoplasm of hepatocytes and
progressive fibrogenesis, which may evolve into fi-
brosis, cirrhosis, and fatal complications, such as
liver failure and hepatocellular carcinoma.>” Its
progression is associated with inflammation and
hepatocyte ballooning, often asymptomatic at the
beginning, but potentially causing fatigue, abdom-
inal discomfort, and, in advanced stages, jaundice
and ascites.” Diagnosis involves laboratory tests,
imaging exams, and, in some cases, liver biopsy.”?
Early identification and control of inflammation
are essential to improve prognosis and reduce mor-
tality.>%?

The global prevalence of MAFLD in adults is
estimated at approximately 30%. MASH is diag-
nosed in 10% to 20% of MAFLD cases.!®!! In Lat-
in America, the prevalence of MASH is relatively
high, around 7%.!° A global meta-analysis estimat-
ed the overall mortality rate for MASH at approx-
imately 25.6/1,000 person-years, with a follow-up
period of 4 to 13 years.!? It has been observed that
approximately 20% of patients with MASH and ad-
vanced fibrosis or compensated cirrhosis progress
to cirrhosis or develop liver failure within about 2
years.® In 2019, MASH was the second most com-
mon indication for liver transplantation in the
United States.'

In the United States, MASH-related costs were
US$11.61 million in 2020. With a projected increase
of 82.6% in cases, this cost could reach US$19.53
million by 2039. Consequently, accumulated direct
healthcare costs are expected to reach US$1.208.47
billion in obese patients and US$453.88 billion in
non-obese patients.’> The cost per patient was esti-
mated at US$7,668 per year.'® O’Hara et al. (2020)
reported that direct medical costs, direct non-medi-
cal costs, and indirect costs per patient with MASH
were €2,763, €4,917, and €5,509, respectively, in
Europe and the United States in 2018. A systematic
review of 14 studies estimated that direct medical

costs attributable to MASH with or without fibrosis
ranged from €332 million in Germany to US$7.35
billion in the United States, with an average annual
cost per patient of €4,754 (2019 values).!” Shahinul
et al.!’® estimated direct costs for MASH with cir-
rhosis in Bangladesh at US$1,783.83 per patient.
The amount found was US$938.84 per patient in
public hospitals and US$3,004.29 per patient in
private hospitals.!®

The goal of MASH management is to slow dis-
ease progression and possibly reverse liver dam-
age.!’® Standard care for MASH includes lifestyle
modifications, such as weight loss, physical exer-
cise, and a balanced diet, to reduce inflammation
and regress fibrosis.?>?2 It has been shown that
weight loss of more than 7% is associated with
MASH resolution and fibrosis regression?3. How-
ever, maintaining weight loss remains a challenge
for the population. In 2024, the United States Food
and Drug Administration (FDA) approved resme-
tirom as the first targeted pharmacological treat-
ment for non-cirrhotic patients with MASH and
moderate-to-advanced liver fibrosis (stage F2 and
F3)?2 Resmetirom is a thyroid hormone receptor
B (THR-B) agonist, with 28 times higher selectivi-
ty for THR-f than for thyroid hormone receptor V
(THR-B).>*® This selectivity provides greater drug
concentration and stability in hepatocytes, with
lower systemic exposure, avoiding cardiac and
bone effects associated with THR-B.2%>% The med-
ication should be used daily in combination with
diet and physical activity. According to the Insti-
tute for Clinical and Economic Review, projections
indicate that resmetirom will be cost-effective if its
price ranges between US$39,600 and US$50,100
per year.”’

To date, there is no standardized medication for
MASH within the Unified Health System (SUS).%
Resmetirom has not yet been registered in Brazil
but offers a promising mechanism of action by mod-
ulating lipid metabolism and reducing fat accumu-
lation in the liver. In this context, it is important
that high-quality information is available for assess-
ment by health managers at all levels. This study is
an initiative of the authors to support decision-mak-
ing when the evaluation of the drug is considered by
federal, state, and municipal authorities.
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Objectives

The objective of this study is to conduct a sys-
tematic literature review on the efficacy, safety, and
cost-effectiveness of resmetirom as a treatment for
metabolic dysfunction-associated steatotic liver
disease.

Methodology

This systematic review with meta-analysis was
conducted in accordance with the principles of the
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines.? Its protocol
was prospectively registered in the PROSPERO
database (CRD42024557306).

Research Question

This study aims to answer the following ques-
tion: “Is resmetirom effective, safe, and cost-ef-
fective for the treatment of metabolic dysfunc-
tion-associated steatohepatitis in adults?” The
experimental group received resmetirom. The con-
trol group could receive either placebo or an active
control. The meta-analysis was conducted based on
the resmetirom dosage. The PICO-formatted ques-
tion is presented in Appendix 1.

Literature Search

An electronic search was conducted in the
Medline (via PubMed), Lilacs (via BVS), The
Cochrane Library, Embase, and Centre for Reviews
and Dissemination (CRD) databases for studies
that comparatively assessed the efficacy, safety,
and cost-effectiveness of resmetirom for MASH.
Several descriptors and synonyms were used, such
as “Resmetirom,” “MGL-3196,”
controlled trial,” “Cost-Benefit,” “Cost-Utility,”
“economic evaluation,” “cost-effectiveness,” among

“randomized

others. The complete search strategies are available
in Appendix 2. A complementary search was
conducted in clinicaltrials.gov, in the references
of included studies, in journals and specialized
periodicals, in conference abstracts, and in

Google Scholar. Searches were carried out in June
2024. The references identified were imported
into EndeNote® 20 for duplicate removal and
subsequently transferred to the online application
Rayyan?® for the first phase of selection.

Study selection and data collection

Randomized controlled trials (RCTs) and full
economic evaluations (EEs) were selected for
outcome assessment. The RCT is the gold-stan-
dard study design for evaluating the efficacy and
safety of health technologies3!,32. Since this work
is concerned only with comparative results for a
meta-analysis, single-arm or phase 1 clinical trials
were not included. No restrictions on date, lan-
guage, or location were applied. In phase 1, records
were screened by titles and abstracts. In phase 2,
the full texts of the remaining records were re-
trieved and assessed for inclusion. In phase 3, data
related to the outcomes of interest were collected
in a spreadsheet created a priori. Phases 1, 2, and 3
were conducted independently by two researchers,
and differences were resolved by consensus33.

Outcomes

The primary outcomes chosen for this analysis
were the resolution of metabolic dysfunction-asso-
ciated steatohepatitis (MASH), improvement in liv-
er fibrosis (change in fibrosis stage observed in liver
biopsies or other non-invasive imaging tests), and
reduction of liver fat content. Secondary outcomes
were divided into four groups: (i) efficacy, (ii) safe-
ty, (iii) quality of life, and (iv) pharmacoeconomics.
The efficacy outcomes included improvement in
fibrosis without worsening of MASH character-
istics, improvement of MASH-related symptoms
(abdominal pain, fatigue), and improvements in
laboratory parameters such as low-density lipo-
proteins (LDL), high-density lipoproteins (HDL),
apolipoprotein B (ApoB), apolipoprotein C-III
(ApoC-III), lipoprotein A (LipoA), triglycerides,
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and gamma-glutamyltransfer-
ase (GGT). The safety outcomes included adverse
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events leading to drug discontinuation, serious ad-
verse events (SAEs), headache, weight loss or gain,
diarrhea, and nausea. Improvements in quality of
life among patients with MASH were included. Fi-
nally, incremental cost-effectiveness ratio (ICER)
data were collected for the economic studies.

Data analysis

A qualitative analysis was presented describ-
ing the results of the different RCTs and economic
studies. The quantitative synthesis of RCTs (direct
meta-analysis) was conducted using the inverse
variance method. To ensure accuracy and consis-
tency of the collected data, studies in which resme-
tirom was used in more than one treatment arm
with different therapeutic doses were combined.
The pooling of data from multiple doses to obtain
a single overall estimate followed the guidelines
described by Higgins et al.3? For dichotomous vari-
ables, the sample sizes of each resmetirom arm and
the number of events were summed to generate a
single estimate. Results were expressed as relative
risk (RR) and 95% CI. For continuous outcomes,
the weighted mean was applied for the estimation
of the central effect, and the pooled standard devi-
ation was used to represent data dispersion. Data
were expressed as mean difference (MD) and 95%
confidence interval (95% CI). Results from the
fixed-effect model (FEM) and the random-effects
model (REM) were presented. The REM was calcu-
lated using the DerSimonian and Laird method.*
Results with p<0.05 were considered statistically
significant. Analyses with I2>30% were considered
to have moderate heterogeneity, 12>50% substan-
tial heterogeneity, and 12>75% high heterogeneity.
Heterogeneity data with p<0.10 were considered
statistically significant33. Publication bias was pre-
sented using funnel plots and Egger’s test when at
least ten studies were included in the meta-analy-
sis.3®¥ All analyses were conducted in R.3¢

Economic studies were analyzed according to
their general characteristics, and the results were
reported by the ICER. The incremental cost-effec-
tiveness ratio was calculated through the difference

in costs between the therapeutic options evaluated,
divided by the difference in effectiveness (Equa-
tion 1). It is a measure of how much is paid for an
additional unit of outcome if the intervention un-
der evaluation is adopted. When its value is neg-
ative, dominance is observed in the analysis, i.e.,
one of the alternatives is both less costly and more
effective at the same time.

Cl - Cz
ICER = #(1)

E -E

1 2+

When there is no dominance in the analysis, it
is necessary to determine how much one is willing
(or able) to pay for an additional unit of outcome.
In this case, the ICER value must be compared to
a critical value, called the cost-effectiveness thresh-
old (A). Most authors accept that a technology is
recommended when ICER < A%,

Risk of bias in the included studies and level
of evidence

To assess the methodological quality of the
RCTs, the Cochrane Collaboration’s Risk of Bias-2
(RoB-2) tool was used3??. The RoB-2 evaluation of
the primary studies was conducted in duplicate and
disagreements were resolved by consensus. The
Grading of Recommendations Assessment, De-
velopment, and Evaluation (GRADE) system was
used to assess the level of evidence. The level of
evidence was classified into four categories: high,
moderate, low, and very low.>**? There is no widely
accepted method to assess the quality of economic
studies.*

Results

A total of 285 publications were identified in
the search. In phase 1, after the removal of 80 du-
plicates, 205 records were screened by titles and
abstracts. After excluding 157 records, the full
content of 48 publications was analyzed. In the
end, 8 publications were included in the review
(Figure 1).
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Figure 1. Study selection flowchart

285 publications were identified in the databases

No publicatins were identified in additional searches

Medline: 42

Lilacs: 0

The Cochrane Library: 62
Embase: 181

205 publications were evaluated by titles and abstracts after removal of 80 duplicates.

v

¥
205 ref q 157 references were excluded due to study
references were screened. type (135), population (19) and intervention(3).

41 references were excluded due

48 publications proceeded to the full-text reading phase.

to outcome (26), design (2),

intervention (3) and duplicate (10).

Randomized clinical trials: 3
Economics studies: 5

8 studies were included in the qualitative synthesis

‘ 3 studies were included in the quantitative synthesis

Source: Author's Elaboration

General characteristics of the included studies

Three RCTs were included in the analysis. These
studies were denominated MAESTRO-NAFLD-1,
“MAESTRO-NASH* and MGL-3196-05. The
first two had a duration of 52 weeks, while the third
lasted 36 weeks. All studies were multicenter, but
MAESTRO-NAFLD-1 and MGL-3196-05 were
conducted only in centers in the United States.
MAESTRO-NASH was conducted across centers
in 15 countries. This resulted in a total population
of 2,318 participants. All studies compared resmeti-
rom to placebo and used the same protocol for both
groups: oral administration once daily. Patients in
both study arms received nutritional and exercise
counseling according to current recommendations.
The mean age of patients in the MGL-3196-05 study
was lower than in the other studies. Thus, patients
from 2019, being younger, were less exposed to in-

flammatory factors and possible liver fibrotic activ-
ity. All studies excluded patients with uncontrolled
diabetes from the sample.

It is noteworthy that in the MAESTRO-NASH
study, statistical data from the biopsy endpoint and
outcomes were not adjusted for multiplicity and
therefore cannot be used for hypothesis testing.
Without appropriate adjustment, confidence inter-
vals cannot be fully relied upon to make statistical
decisions or conclusions regarding the significance
of the results. All RCTs were published by the same
team, with the same lead author, and funded by
Madrigal Pharmaceuticals, the company holding
the resmetirom patent. For MAESTRO-NASH and
MAESTRO-NAFLD-1, data from resmetirom 100
mg and 80 mg doses were pooled to obtain a single
global estimate for conducting the meta-analysis.
Data from the open-label continuation arm with 100
mg of resmetirom from the MAESTRO-NAFLD-1
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study were not included, as this arm did not contain
a comparator group.

All economic studies were conducted for the
United States.*>! Markov models with 10 health
states and annual cycles were built in at least three
studies.*! The studies by Ansaripour et al. (2023)
did not report the number of health states or the
cycle duration. Only Javanbakht et al.**>° reported
the discount rate (3%). Methodological differences
were observed, such as the drug cost and the data
sources used: Fahim et al.>! relied on phase III tri-
al data (MAESTRO-NASH), while Javanbakht et
al.*®»% used phase II data. Ansaripour et al. (2023)
was based on a systematic review and network
meta-analysis. It is also noteworthy that only the
study by Fahim et al. was not sponsored by Mad-
rigal Pharmaceuticals. Missing data on evaluated
outcomes were requested from the authors of the
publications, but no response was obtained. In-
formation on the characteristics of the included
studies was extracted from each of the publications
(Appendices 3 to 5).

Qualitative synthesis of outcomes

The three studies by Harrison et al. (2019) pro-
vide a comprehensive overview of the efficacy and
safety of resmetirom in the treatment of metabolic
dysfunction-associated steatohepatitis. The MGL-
3196-05* study is a phase 2 trial that demonstrat-
ed resmetirom’s ability to significantly reduce liv-
er fat and improve markers of inflammation and
fibrosis over 36 weeks compared to placebo, with
adverse events mainly mild to moderate. The MAE-
STRO-NAFLD-1# study is a phase 3 trial that rein-
forces these findings, showing that resmetirom, at
doses of 80 mg and 100 mg, was safe and well tol-
erated in patients with MASH. The study suggests
that resmetirom significantly reduces liver fat and
improves liver stiffness and lipid profiles over 52
weeks. Finally, the MAESTRO-NASH®* study con-
tinues to assess the efficacy of resmetirom, confirm-
ing its ability to resolve MASH and improve liver
fibrosis without worsening disease activity after 52
weeks of treatment. The study confirms the efficacy
and safety of the drug for MASH in multiple popu-
lations.

The economic studies by Ansaripour et al.¥*® in-
dicate that resmetirom is cost-effective for the treat-
ment of MASH in the United States. An ICER of
US$74,018 was found compared to placebo and dom-
inance over obeticholic acid (OCA). Fahim et al.’},
using a lifetime horizon and the perspective of the
US healthcare system, evaluated resmetirom at a pro-
visional price of US$19,011. The authors considered
the intervention dominant compared to standard
treatment, with incremental gains of 0.60 QALYs
(quality-adjusted life years) and 0.68 evLYs (equal
value life-years). The ICER was estimated at between
US$39,600 and US$50,100 compared to placebo.
Javanbakht et al.®*° reinforced these conclusions,
demonstrating that resmetirom yielded incremental
gains of 1.392 QALYs and an ICER of US$77,348/
QALY. Resmetirom was cost-effective at a daily price
of up to US$72.00. Costs and benefits were discount-
ed at a 3% rate, as recommended by ICER. All these
studies considered A=US$100,000/QALY.

Quantitative synthesis of outcomes

Resolution of metabolic dysfunction-associa-
ted steatohepatitis

Resmetirom was associated with a 149% increase
in the resolution of MASH compared to the control
group (RR=2.49, 95% CI=1.77-3.51, p<0.01). Sub-
stantial and significant heterogeneity was observed
in the analysis (I2=68%, p=0.08) (Figure 2). The
random-effects estimate yielded more conserva-
tive results (RR=2.08, 95% CI=0.96-4.54, p=0.06).
These results are not statistically significant at the
5% level, but they are at the 10% level.

The MAESTRO-NASH study® showed that
resmetirom promoted improvement in each compo-
nent of the NAFLD activity score (RR=3.58, 95%
CI=2.31-5.54) and that patients in the experimen-
tal group were more likely to achieve resolution of
MASH and improvement of liver fibrosis by =1
stage compared with the control group (RR=3.00,
95% CI=1.74-5.17). Resmetirom was twice as likely
to improve the NAFLD activity score by =2 points
without worsening fibrosis compared with the con-
trol group (RR=1.99, 95% CI=1.59-2.48). Hetero-
geneity in the result was null (I2=0%, p=0.58).
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Improvement of liver fibrosis

Resmetirom was associated with a 66% gain in
improvement of liver fibrosis by =1 stage with-
out worsening in the activity score compared with
the control group (RR=1.66, 95% CI=1.23-2.24,
p<0.001). Heterogeneity in the result was null (I2=0,
p=0.35) (Figure 3). Only the MAESTRO-NASH
study evaluated the outcome of liver fibrosis im-
provement by =2 stages, showing improvement
in fibrosis compared with placebo (RR=3.26, 95%
CI=1.56-6.79).% Additionally, one of the studies re-
ported improvements in liver stiffness measured by
FibroScan VCTE (Vibration Controlled Transient
Elastography) (MD=-0.17 kPa, 95% CI=-0.28 to
-0.06).4

Reduction of liver fat content

Resmetirom showed significant reductions in liv-
er fat compared with the control group, with a greater
effect observed in long-term studies (MD=-21.54%,
95% CI=-21.79 to -21.29, p<0.01). Heterogeneity of
the result was high and significant (I2=100%, p=0)

(Figure 4). Similarly, the MAESTRO-NAFLD-1#
study demonstrated, through FibroScan CAP (Con-
trolled Attenuation Parameter), reductions in liver
fat with the use of resmetirom (MD=-21.35 dB/m,
95% CI=-22.07 to -20.63).

Other outcomes

Resmetirom showed reductions in LDL (MD=-
1491 mg/dL, 95% CI=-15.15 to -14.68), HDL
(MD=1.56, 95% CI=1.34 to 1.77), triglycerides
(MD=-20.01 mg/dL, 95% CI=-20.55 to -19.48),
ApoB (MD=-18.43 mg/dL, 95% CI=-18.62 to
-18.25), Apo C-III (MD=-20.53 mg/dL, 95% CI=-
20.95 to -20.11), Lipo A (MD=-29.45 mg/dL, 95%
CI=-29.90 to -29.00), ALT (MD=-16.67 U/L, 95%
CI=-17.07 to -16.27), AST (MD=-9.36 U/L, 95%
CI=-9.70 to -9.02), and GGT (MD=-19.30 U/L,
95% CI=-19.86 to -18.74). All outcomes showed
high heterogeneity (Appendices 6 to 14). The phase
2 MGL-3196-05% study indicated that the quali-
ty-of-life questionnaire results showed no differenc-
es between the resmetirom and placebo groups (data
not presented).

Figure 2. Meta-analysis of the resolution of metabolic dysfunction-associated steatohepatitis

Experimental Control

Study Treatment Total Control Total
MAESTRO-NASH 89 318 31 318
MGL-3196-05 18 73 06 31
Fixed-Effect Model 319 349

Random-Effects Model

Heterogeneity: I1> = 67.7%, 12 = 0.2234, p = 0.0787
Test for overall effect (fixed effect): z = 5.21 (p < 0.0001)
Test for overall effect (random effects): z = 1.85 (p = 0.0646)

Overall Overall
effect effect
Risk Ratio (RR) (C195%) (Fixed) (Random)
—— 287[1.97:4.19] 82.6% 60.5%
T 1.27[0.56:2.90] 17.4% 39.5%
- 249[1.77;3.51] 100.0% )
W— 5 !
] 2.08 [0.96; 4.54] 100.0%

05 1 2
Risk Ratio (RR) and 95% Confidence Interval (Cl)

Figure 3. Meta-analysis of liver fibrosis improvement by one stage without worsening of the NAFLD activity

score
Experimental Control Overall ‘Qverall
Study Treatment Total Control Total Risk Ratio (RR) (CI 95%) :ﬁzz;) ?l:f::;om)
MAESTRO-NASH 80 318 45 318 _._ 1.78 [1.28; 2.47] 82.0% 82.0%
MGL-3196-05 21 73 08 34 — | -+ 1.22]0.60;2.48] 18.0%  18.0%
[ : :
]
Fixed-Effect Model 391 352 g 1:6601.23:2.24)
Random-Effects Model i 1.66 [1.23; 2.24] 100.0%
e

Heterogeneity: I? = 0.0%, 12 = 0, p = 0.3462
Test for overall effect (fixed effect): z = 3.33 (p = 0.0009)
Test for overall effect (random effects): z = 3.33 (p = 0.0009)

05 1 2
Risk Ratio (RR) and 95% Confidence Interval (Cl)

Source: Author's Elaboration
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Figure 4. Meta-analysis of liver fat content reduction (MRI-PDFF test)

Experimental Control
Study Untreated Mean TreatSD Treat. Cntrl Mean Cntrl SD Cntrl
Follow-up weeks = 52
MAESTRO-NASH 322 -41.00 2.8000 321 -8.70 2.7000
MAESTRO-NAFLD-1 262 -41.20 2.9000 268 -9.90 2.9000
Fixed-Effect Model 584 589
Random-Effects Model
Heterogeneity: I* = 88.9%, 12 = 0.4447, p = 0.0026
Follow-up weeks = 36
MGL-3196-05 74 -8.20 0.7000 34 -2.80 1.1000

Fixed-Effect Model 658 623
Random-Effects Model

Heterogeneity: I* = 100.0%, 7> = 232.5284, p=0
Global effect test (fixed effect): z=-167.77 (p = 0)
Global effect test (random effects). z = -2.61 (p = 0.0090)

Test for subgroup differences (fixed effect): x* =10121.95, df =1 (p=0)
Test for subgroup differences (random effects): x = 2387.18, df =1 (p = 0)

Fixed- Random
Mean Difference (MD)  (C195%) effect -effects
weight weight
o -32.30 [-32.73; -31.87]  35.0% 33.3%
= -31.30 [-31.79; -30.81]  25.9%  33.39%
[l -31.87 [-32.20; -31.55] 61.0%
‘ -31.81 [-32.79; -30.83] 66.7%
m -5.40 [-5.80; -5.00] 39.0%  33.3%
| -21.54 [-21.79; -21.29] 100.0%
’-"-. | ; -23.00 [-40.26; -5.74] 100.0%
40 20 0 20 40
Mean Difference (MD), Confidence Interval (Cl 95%), Standard Deviation (SD)

Source: Own elaboration

No difference was demonstrated between groups
in terms of serious adverse events (RR=1.04, 95%
CI=0.69-1.56), headache (RR=0.96, 95% CI=0.60-
1.53), or discontinuation of medication due to
adverse events (RR=1.71, 95% CI=0.91-3.19).
Resmetirom showed a higher incidence of diar-
rhea (RR=1.91, 95% CI=1.53-2.38) and nausea
(RR=1.66, 95% CI=1.25-2.20) (Appendices 15 to
20). A slight trend toward a higher incidence of
fatigue was observed in the experimental groups
(RR=1.08, 95% CI=0.74-1.59), with no significant
heterogeneity (I12=0%, p=0.66) (Appendix 6). In the
MAESTRO-NAFLD-1,*study, the incidence of ab-
dominal pain was 7.1% in the Resmetirom 100 mg
group, 4.3% in the Resmetirom 80 mg group, and
4.4% in the placebo group. The outcome of weight
loss or weight gain was not assessed in the studies.

Risk of bias assessment and level of evidence

The risk of bias assessment using the RoB-2 tool
was conducted individually for each outcome. How-
ever, since the results were consistent across out-
comes within each study, the findings were unified
by study (Figure 5). Overall, the assessment indicat-
ed some concerns, including multiple imputations
that could interfere with the actual outcomes, as well
as uncertainty regarding the results in the statistical
analyses. The quality of evidence for the outcomes
included in the meta-analysis, evaluated using the
GRADE methodology, was classified as moderate.
The outcomes are presented in the summary of find-
ings table of the included studies (Appendix 21).

Discussion

The meta-analysis demonstrated that resme-
tirom results in the resolution of MASLD in 2.49
times more cases when compared with placebo.
Furthermore, it was associated with a 66% increase
in the likelihood of fibrosis improvement by one
stage and with a 1.99-fold higher likelihood of liver
fibrosis improvement by two stages. However, the
data presented substantial heterogeneity (I2=68%),
possibly associated with the follow-up duration of
the studies. Regarding the lipid profile, resmetirom
promoted significant reductions in LDL-c, HDL-c,
triglycerides, apolipoprotein B, and apolipoprotein
C-III levels. In addition, it proved effective in re-
ducing ALT, AST, and GGT levels, indicating a
beneficial effect on liver inflammation. Concerning
biomarkers associated with inflammation and fibro-
sis, resmetirom demonstrated the ability to reduce
them.

The findings of the present study corroborate
data from the literature. In the MAESTRO-NASH
study®, the resolution rate of MASLD with the use
of 100 mg of resmetirom was 29.9%, a higher value
than the resolution rate observed in placebo groups
in other studies, such as Ng et al.’?, which reported
only 11.65% (95% CI: 7.98-16.71). Similarly, fibrosis
improvement by one stage was observed in 25.9%
of patients treated with resmetirom, compared
with 18.82% (95% CI: 15.65-22.47) in the placebo
group.*»? Furthermore, reductions in liver fat were
observed in three studies, with averages ranging be-
tween 5.4% and 32%.%-46
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Figure 5. Methodological risk of bias of the studies included in the meta-analysis

Studies D1 D2
MAESTRO-NAFLD-1
MAESTRO-NASH
MGL-3196-05

D3 D4 D5

Final
SC
SC
SC

D1 = Risk of bias in the randomization process; D2 = Risk of bias due to deviations from intended interventions; D3 = Risk
of bias due to missing outcome data; D4 = Risk of bias in the measurement of the outcome; D5 = Risk of bias in the selection
of the reported result; LRoB: low risk of bias; SC: some concerns. Source: Author's Elaboration.

This reduction is consistent with the findings of
Patel et al.,”® who demonstrated that a reduction of
approximately 29% in MRI-PDFF is associated with
a favorable histological response in MASLD. Addi-
tionally, to adequately position the additional bene-
fits offered by resmetirom, it is essential to evaluate
the drug alongside the standard of care, which in-
cludes physical exercise and dietary modifications,
since these lifestyle changes are an integral part of
MASLD treatment.

Another relevant aspect was the improvement in
quality of life among patients treated with resmeti-
rom. Younossi et al.>* reported significant improve-
ments in bodily pain and general well-being scores
as early as week 12 of treatment, with continued
benefits through week 36. However, these findings
contradict the results of the phase 2 MGL-3196-05
study,* which found no differences between the
resmetirom and placebo groups in quality-of-life
questionnaires. Regarding safety, the incidence
of treatment-emergent adverse events was similar
between resmetirom and placebo groups, with di-
arrhea and nausea being the most common events
within the first 12 weeks, lasting on average 15 to
20 days.**

Among the limitations of this study, it is note-
worthy that all trials were funded by Madrigal
Pharmaceuticals, the manufacturer of the drug.
The size of the trials did not allow for explorato-
ry subgroup analyses by comorbidities that could
strengthen evidence of efficacy. Inclusion and ex-
clusion criteria varied slightly between studies,
but all involved adults diagnosed with MASLD.
Information regarding whether patients in Harri-
son et al.¥ were derived from other RCTs was not

provided by the author.***¢ There was also a lack
of reporting on the fibrosis staging of patients in
the 2023 study..* The absence of final post-inter-
vention data stratifying how many patients were at
FO0, F1, F2, and F3 stages may represent a trans-
parency bias, neglecting to show at which fibrosis
stage the greatest statistical benefits occurred. The
MAESTRO-NAFLD-1* trial was impacted by the
COVID-19 pandemic.

Conclusion

Resmetirom demonstrated effects in the resolu-
tion of MASLD, reduction of liver fat, and improve-
ment in liver fibrosis, also suggesting an important
therapeutic potential with reductions in biomarkers
associated with inflammation and fibrosis. How-
ever, the methodological limitations of the studies
indicate the need for careful approaches when inter-
preting the results. All studies analyzed the cost-ef-
fectiveness relationship from the perspective of the
United States health payer, adopting the threshold
of US$100,000/QALY, a standard widely used in the
country. As all ICER results were below this thresh-
old, resmetirom was considered a cost-effective in-
tervention in the United States.
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