RESMETIROME BEYOND THYROID, FOR NAFLD NASH: A Literature Review
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ABSTRACT
This study aims to review the role and potential of resmetirome, a selective thyroid receptor β (THR-β) agonist, in the treatment of non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) through a literature review approach. The study was conducted by searching various scientific publications from the PubMed, ScienceDirect, and SpringerLink databases during the period 2015–2024. Literature analysis shows that resmetirome has selective activity against THR-β which plays a role in increasing fatty acid oxidation, reducing intrahepatic triglyceride accumulation, and improving lipid profiles without causing systemic effects on non-hepatic tissue. Several phase II and III clinical trials have shown positive results, where resmetirome administration significantly reduces liver fat levels and hepatic inflammation and slows the progression of fibrosis. In addition to its hepatoprotective effects, resmetirome also has the potential to improve insulin resistance and dyslipidemia that often accompany metabolic syndrome. The results of this literature review strengthen the evidence that modulating the thyroid pathway through THR-β activation may be a novel therapeutic strategy for NAFLD/NASH patients, who currently lack globally approved pharmacological therapies. However, long-term studies are needed to confirm the safety, efficacy, and impact of resmetirome on patient clinical outcomes. Thus, resmetirome offers a new direction in the development of metabolic-based therapies that go beyond the traditional functions of thyroid hormones
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INTRODUCTION

Non-Alcoholic Fatty Liver Disease (NAFLD) is one of the most common metabolic diseases worldwide, characterized by excess fat accumulation in the liver without excessive alcohol consumption (Patel, Parikh, Upadhyay, Sonaiya, & Ramnath, 2024). This condition can progress to Non-Alcoholic Steatohepatitis (NASH), which involves progressive liver inflammation and fibrosis, potentially leading to cirrhosis and hepatocellular carcinoma. Global epidemiological data indicates that approximately 25% of the world's population has NAFLD, and approximately 20% of these individuals develop NASH (Antonio, 2018). The increasing prevalence of obesity and type 2 diabetes mellitus is accelerating this rise, making NAFLD/NASH a serious global public health problem. To date, no pharmacological therapy has been officially approved by regulatory agencies such as the U.S. Food and Drug Administration (FDA) for either NAFLD or NASH (Nash, 2023). Recommended treatments are still limited to lifestyle changes, weight control, and metabolic risk factor management. However, these approaches are often ineffective and difficult to maintain long-term (Karim, 2023). Therefore, alternative therapies are needed that can target the main pathophysiological mechanisms, namely impaired lipid metabolism and insulin resistance in the liver.
	One promising therapeutic candidate is Resmetirome (MGL-3196), a selective agonist of the thyroid hormone receptor beta (THR-β). The thyroid receptor has two main isoforms: THR-α, which is dominant in the heart and muscle, and THR-β, which is dominant in the liver (Stephen A Harrison et al., 2023). Activation of THR-β plays a key role in increasing fatty acid oxidation, reducing triglyceride accumulation, and improving lipid profiles without systemic effects on other organs. Through this selectivity, resmetirome is able to mimic the metabolic effects of thyroid hormones without causing side effects such as tachycardia or bone loss. Several phase II and III clinical trials have demonstrated that resmetirome effectively reduces liver fat levels based on magnetic resonance imaging-proton density fat fraction (MRI-PDFF), improves hepatic inflammation, and reduces fibrosis progression (Suvarna, Shetty, & Pappachan, 2024). In addition to its hepatoprotective effects, resmetirome also lowers LDL cholesterol, triglycerides, and lipoprotein(a) levels, potentially providing additional benefits against cardiometabolic risk (Patel et al., 2024). This mechanism of action provides a novel therapeutic approach targeting the thyroid hormone pathway as a regulator of lipid and energy metabolism.
	A literature review is needed to integrate various scientific findings regarding the mechanism of action, effectiveness, and safety of resmetirome as a potential therapy for NAFLD/NASH. The literature review was conducted on scientific articles published between 2018 and 2024 through databases such as PubMed, ScienceDirect, and SpringerLink. The results indicate that THR-β activation by resmetirome can improve hepatic metabolic dysfunction and inhibit fibrosis progression without significant adverse effects. While early research results are promising, long-term studies are needed to assess the safety and sustainability of resmetirome therapy, particularly in patients with complex metabolic comorbidities. Nevertheless, current scientific evidence supports the view that resmetirome has the potential to be an innovative therapeutic agent “beyond thyroid,” affecting not only thyroid hormone regulation but also providing protective effects on the liver and the body's overall metabolic system. Thus, resmetirome opens up new opportunities for the development of more effective and integrated metabolic-based therapies for the treatment of NAFLD and NASH.

MATERIAL AND METHOD

Research Strategy
A structured literature search was conducted in Elsevier and PubMed using the keyword phrases “Resmetirome” OR “MGL-3196” OR “THR-β agonist” AND “NAFLD” OR “NASH” OR “Non-alcoholic fatty liver disease” OR “Non-alcoholic steatohepatitis.” The search was performed on 15 November (Asia/Surabaya) and limited to publications from 2015–2025. The initial query returned 84 results. Titles and abstracts were screened for relevance to the potential and effectiveness of resmetirome as a selective thyroid receptor β (THR-β) agonist in the treatment of NAFLD and NASH. Only English-language publications were included. After applying these criteria, 15 studies were retained for full-text review and included in this systematic literature review."

Inclusion and Exclusion Criteria
Inclusion Criteria: Research articles published between 2015 and 2025. Written in English. Subjects were neonates with jaundice. The study explicitly included an intervention using filtered-sunlight phototherapy (FSPT). Included at least one outcome related to the clinical efficacy or safety of FSPT.

Exclusion Criteria: Articles not in English. Research protocols or conference abstracts that do not include clinical results or outcomes. Publications focusing on engineering or optical aspects without including clinical data in neonates. Studies that only examined electric phototherapy without an FSPT group or analyses involving FSPT.


Data Extraction and Synthesis
Data collected included study design and context, sample size, characteristics of subjects with NAFLD or NASH, dose and duration of resmetirome administration, type of comparator (placebo or standard therapy), biochemical parameters (such as ALT, AST, and lipid levels), liver histological findings, and safety and efficacy outcomes (changes in steatosis, fibrosis, and metabolic profile). Evidence synthesis was performed narratively with pooling of effect sizes where possible. Meta-analysis was not performed due to heterogeneity among studies in design, populations, interventions, and clinical outcomes evaluated.

RESULT AND DISCUSSION

Hepatoprotective Effects of Caulerpa spp.
A comprehensive literature review covering publications between 2015 and 2025 demonstrates that resmetirome, a liver-directed, selective thyroid hormone receptor- β (THR-β) agonist, significantly reduces hepatic steatosis, improves lipid profiles, and lowers liver injury biomarkers such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in patients with NAFLD and NASH. Data synthesized from several pivotal phase II and III clinical trials indicate that oral resmetirome treatment for a duration of 12–52 weeks resulted in a relative reduction of liver fat content by more than 30% as measured by MRI-proton density fat fraction (MRI-PDFF). Crucially, this reduction in hepatic fat was strongly correlated with histological resolution of steatohepatitis and, in some cohorts, regression of fibrosis.
The pharmacological distinctiveness of resmetirome lies in its high selectivity for THR- β receptors, which are predominantly expressed in the liver, while sparing the THR-α receptors found in the heart and bone. This selectivity allows resmetirome to stimulate hepatic mitochondrial β-oxidation and restore normal hepatocyte function without inducing the systemic adverse events typically associated with excess thyroid hormone activity, such as tachycardia, arrhythmias, or bone mineral density loss. Consequently, it presents a superior safety profile compared to conventional hormonal therapies or non-selective thyromimetics. Furthermore, resmetirome has demonstrated significant pleiotropic metabolic benefits beyond liver health. The review highlights its potential in attenuating insulin resistance and significantly lowering atherogenic lipids, including LDL cholesterol, triglycerides, and apolipoprotein B (ApoB). Given that cardiovascular disease is the leading cause of mortality in NAFLD/NASH patients, these lipid-lowering effects suggest a dual benefit of reducing both liver-related and cardiovascular risks.
However, the interpretation of these findings requires caution due to certain limitations. The reviewed studies exhibited heterogeneity in study designs, particularly regarding baseline fibrosis stages, varying sample sizes, and the methods used for histological assessment (e.g., discrepancies between local and central pathology readings). Overall, while resmetirome offers promising new hope in the pharmacological landscape of NAFLD and NASH management, further longitudinal studies are essential to confirm its long-term safety, durability of effect, and impact on clinical outcomes in a broader and more diverse global population.

TABLE 1
SUMMARY FROM STUDY RESULT 
	No
	Author (year)
	Title
	Method
	Result

	1
	Harrison SA et al., (2024)
	A Phase 3, Randomized, Controlled Trial of Resmetirom in NASH with Liver Fibrosis.
	Phase-3 RCT multicenter, resmetirom (80/100 mg) vs placebo, histologi & non-invasive endpoints.
	Resmetirome was superior to placebo on several noninvasive endpoints and some histological endpoints; an acceptable safety profile.

	2
	Harrison SA et al., (2021)
	Effects of Resmetirom on noninvasive endpoints in a 36-week phase-2 active treatment extension study.
	Open-label extension (OLE) of the phase-2 study, biomarkers, MRI-PDFF and fibrosis markers (PRO-C3)
	Reduction of fibrosis markers (PRO-C3), sustained reduction in liver fat, good tolerability.

	3
	Karim G. et al., (2023)
	Resmetirom — review of efficacy, mechanisms and safety.
	Narrative/systematic review of the literature phase-1/2/3
	Concluded consistent reduction in liver fat, lipid improvement, and safety profile support further development.

	4
	Harrison et al., (2023)
	Resmetirom for nonalcoholic fatty liver disease.
	Scientific summary/commentary on the latest clinical evidence
	Highlighting positive clinical trial results and the need for long-term evidence; supporting continued development

	5
	Suvarna R. et al., ‑‑‑(2024)
	Efficacy and safety of resmetirom in MASLD: a clinical evaluation.
	Clinical/observational data analysis and clinical trial summaries.
	Reduction of MRI-PDFF, LDL-C, triglycerides; safety profile showed no serious signal.

	6
	Wang K. et al., (2025)
	Drug discovery targeting thyroid hormone receptor β (THR-β) agonists for liver disease.
	Technical review of the development of THR-β agonists (including resmetirom).
	Explaining the pharmacological rationale, liver-directed selectivity, and generic safety issues; resmetirom is the leading candidate.. 

	7
	Brennan PN. et al., (2022)
	Advances and emerging therapies in NASH (termasuk resmetirom).
	Clinical review of the NASH landscape, comparing new agents.
	Resmetirome shows consistent effects on steatosis & biomarkers, combined with other therapies has potential

	8
	Icer Evidence Report on NASH (2023)
	Comparative clinical effectiveness & value assessment.
	Evidence synthesis/HTA of clinical trial data of resmetirom & other agents.
	Assessing clinical benefits & areas of uncertainty

	9
	Harrison SA et al. (2024)
	Design of the phase-3 MAESTRO clinical programme for resmetirom
	Description of phase-3 trial design, endpoints, biomarkers & statistical analysis.
	Describes the design justification for testing the effects on NASH resolution and fibrosis.

	10
	Patel RH et al. (2024)
	Resmetirom in management of metabolic dysfunction-associated steatohepatitis (MASH): current evidence.
	Comprehensive review of clinical literature & real-world early evidence
	Confirms consistency of liver fat reduction and biomarker improvement; suggests long-term studies.

	11
	Antonio (2018)
	Phase-2 results and open-label extension data summaries.
	Summary of phase-2 clinical trial results & OLE (company data).
	Reporting significant MRI-PDFF reduction and tolerability data; press release available.

	12
	Mazhar (2024)
	Efficacy and Safety of Resmetirom Among Patients with Non-Alcoholic Steatohepatitis: A Systematic Review and Meta-Analysis
	A systematic review and meta-analysis of phase 2 and 3 clinical trials evaluating the efficacy and safety of resmetirom.
	Resmetirome significantly reduced ALT, AST, LDL, and steatosis levels compared to placebo, with minimal side effects.

	13
	Abbasi L., Irfan Q., Zaidi S.M.M., Jawed I., Malik A., Kaleem S (2024)
	Safety and efficacy of Resmetirom in metabolic dysfunction-associated steatohepatitis (MASH): a systemic review and meta-analysis
	Meta-analysis of three RCTs with a total of >2,200 participants enrolled through April 2024; assessing histological outcomes, MRI-PDFF, and adverse events.
	Resmetirome provided increased resolution of NASH, improved fibrosis, and decreased liver fat compared to placebo; side effects were mild to moderate.

	14
	Udaikumar J., Nimmagadda R., Lella V.V., Achuta K.M., Kuppili S., Avula S.R., Sarwar R., (2025)
	The Comparative Safety and Efficacy of Resmetirom and Semaglutide in Patients with Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD): A Systematic Review.
	An open-access systematic review comparing two therapies (Resmetirom vs Semaglutide) for MASLD in the current literature.
	Resmetirom demonstrates a very competitive efficacy and safety profile; compared to Semaglutide, Resmetirom is superior in terms of liver targeting/systemic release, but both have potential.

	15
	Upadhye KS et al
	Resmetirom: A promising treatment for non-alcoholic steatohepatitis.
	Systematic review/open access (review article), discussing the efficacy and safety profile of resmetirom for NASH
	Concluded that resmetirom showed reduced liver fat, improved histology, improved lipid profile, with mild side effects; suggested long-term studies.



CONCLUSION
Resmetirom, a selective thyroid hormone receptor β (THR-β) agonist, has demonstrated strong therapeutic potential in the treatment of non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH). Based on multiple clinical trials and a recent meta-analysis (2019–2025), resmetirom has been shown to be effective in reducing liver fat levels, improving hepatic histology, and improving lipid profiles without causing serious side effects. Its hepatoprotective effects are primarily associated with increased fatty acid oxidation in the liver and decreased lipogenesis, thus helping to inhibit fibrosis progression. In addition to its clinical benefits, resmetirom also demonstrates good tolerability with mild, manageable gastrointestinal side effects. However, the variability in results between studies underscores the need for long-term studies assessing its sustained efficacy, safety, and impact on liver mortality and morbidity. Overall, resmetirom is a promising first-line therapeutic candidate to address the metabolic roots of NASH, opening a new paradigm for liver disease treatment through targeted and selective thyroid hormone modulation..
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