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1. Introduction

Nonalcoholic steatohepatitis (NASH) is a double composite word that was first coined
in 1980 by Ludwig and Colleagues [1]. These authors reported on a series of 20 individuals,
predominantly women, who were moderately obese, often had type 2 diabetes and gall-
stones, and sought hepatological consultation owing to enlarged livers and mildly raised
liver tests. Liver biopsy findings of these subjects exhibited fatty changes, lobular hepatitis,
focal necrosis, inflammatory infiltrates (with mononuclear cells and/or neutrophils), and,
in most instances, Mallory bodies; liver fibrosis was identified in most cases, and three
patients had histological evidence consistent with liver cirrhosis. Ludwig and Colleagues
concluded by stating that “currently, we know of no effective therapy” [1].

The absence of any effective management option, other than lifestyle changes, has lasted
for forty-four years since the seminal paper by Ludwig and Colleagues was published [1], and
innumerable NASH clinical trials have yielded disappointing results [2,3]. However, recently,
Harrison et al. [4], based on an analysis conducted in approximately one thousand individuals,
published a breakthrough article announcing that, irrespective of the oral dose used (i.e., 80 mg
or 100 mg daily), resmetirom was better than placebo regarding the outcomes of resolved NASH
(in 25.9 to 29.9% of individuals treated with resmetirom vs. 9.7% of those assigned to placebo)
and improved liver fibrosis by >1 stage without any worsening of the NAFLD activity score
(NAS), which is assessed by summing up scores of steatosis (0-3), lobular inflammation (0-3),
and hepatocyte ballooning (0-2) [5] (in 24.2 to 25.9% of patients receiving resmetirom compared
to 14.2% of those receiving placebo).

Interestingly, resmetirom also improved atherogenic dyslipidemia while exerting
neutral effects on body weight, insulin resistance, and glycemia. Similarly, the drug
affected neither the cardiovasculature (i.e., heart rate and blood pressure) nor the endocrine
system, and the profile of undesired effects, which occurred more often with resmetirom
than with placebo, comprised often transient, mild, gastrointestinal complaints (nausea,
vomiting, and diarrhea) [4].

Given that resmetirom is a selective agonist of thyroid hormone receptor (THR)
beta [6], the logical question is this: what has NASH to do with the thyroid? To an-
swer this question, the histological features and pathogenic determinants of NASH need to
be pinpointed first.

2. What Has NASH to Do with Thyroid?

Over time, what we now call “NASH” has been identified with different names, includ-
ing “diabetic hepatitis”, “metabolic steatohepatitis”, “metabolic syndrome steatohepatitis”,
and “metabolic dysfunction-associated steatohepatitis” (MASH) [7-9]. These names are
clear evidence for the strong association of NASH with dysmetabolism. Histologically, the
criteria used to diagnose NASH include, further to the presence of steatosis, mild-grade,
sterile inflammation owing to metabolic dysfunction (i.e., “metaflammation”), injured
hepatocytes (i.e., ballooning and Mallory bodies), and variable stages of fibrosis classified

from FO (absent) to F1-F2 (mild) to F3-F4 (advanced) [8,10].
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Among the innumerable reasons explaining the failures of NASH trials before the
advent of resmetirom, there is the scarcely appreciated notion that NASH is invariably
accompanied by a complex picture of systemic metabolic dysfunction [11]. For example,
each of the individual elementary components of NASH histology invariably recognizes
metabolic determinants [12], strongly supporting the notion that, being a systemic condition
owing to general metabolic dysfunction, NASH therefore requests a multidisciplinary and
holistic approach [3].

Pioneering studies highlighting the interconnections among endocrine derangements
and the development of nonalcoholic fatty liver disease (NAFLD) and its progression
to NASH [13,14] have laid the foundations for clearly differentiating “hypothyroidism-
induced NAFLD” from other “primary” NAFLD forms [15,16]. This notion has universally
been accepted by subsequent studies [17,18]. In parallel, strong epidemiological evidence
has indicated that hypothyroidism is also tightly associated with the development and
fibrotic progression of NAFLD and NASH [19-22]. This association has recently been found
to be sex-specific and mediated by adipokines/mitokines [23].

Understanding the relationship between NASH and thyroid function in healthy states
is critical for conceptualizing how hypothyroidism perturbs this relation [24,25]. In the
liver, thyroid hormones (THs) regulate energy and metabolic homeostasis by modulat-
ing the export of lipids from the hepatocyte into the bile and the blood stream, as well
as their oxidation and de novo lipogenesis [26]. Moreover, THs also control hepatic in-
sulin sensitivity, suppress hepatic gluconeogenesis [26], and are involved in bile acid
metabolism [27]. Among the various signals implicated in the cross-talks between the
thyroid and the liver [high thyroid-stimulating hormone (TSH) levels, low TH levels,
and chronic inflammation], it is the role of the THR that is deemed to be essential in the
pathogenesis of hypothyroidism-induced NAFLD [6,26].

Their beneficial cardiometabolic effects (such as lowering LDL cholesterol, or re-
ducing whole-body adiposity and body weight) explain why agonists of THRs (hence
“thyromimetics”) were among the first anti-obesity agents [28]. However, this approach
leads to undesired and ominous effects on the heart (e.g., tachycardia and sudden death)
and musculo-skeletal system, prompting the research of safe thyromimetics that leverage
the existence and different body distribution of THR isoforms: alpha and beta, which are
found in the heart and liver, respectively [28].

Moreover, the use of non-selective agonists of THRs to treat NASH has raised concerns
regarding the risks of accruing hepatic lipogenesis because of increased lipolysis in the
adipose tissue; these concerns have prompted pioneering studies utilizing liver-targeted
agonists of THR [29].

3. Safety and Efficacy of Resmetirom

On the grounds of the physio-pharmacological premises summarized above, investigators
have developed an orally-active, small-molecule, liver-selective THR agonist—resmetirom
(MGL-3196)—which has been shown to improve quality of life in patients through a reduced in-
trahepatic fat content (measured non-invasively with the magnetic-resonance-imaging-derived
proton density fat fraction); moreover, it also reduces liver enzyme levels, improves non-
invasive markers of liver fibrogenesis, and decreases liver stiffness, while eliciting a favorable
cardiometabolic profile by reducing LDL cholesterol [30,31]. Preliminarily, investigators re-
ported on the good safety and tolerability profile of resmetirom by showing that treatment-
emergent adverse events (TEAEs) occurred in 86.5-86.1% of individuals receiving 100 mg
resmetirom and in 88.4% of those assigned to 80 mg resmetirom versus 81.8% of those under
placebo [31]. TEAEs occurring more often under resmetirom than placebo comprised mild gas-
trointestinal complaints (e.g., diarrhea and nausea) when treatment was initiated. Confronted
with these adverse effects, there were beneficial effects versus placebo in terms of LDL reduc-
tion (—11.1%, —12.6%), decreased apolipoprotein B (—15.6%, —18.0%), triglycerides (—15.4%,
—20.4%), 16-week hepatic fat (—34.9%, —38.6%) (p < 0.0001) and liver stiffness (—1.02, —1.70),
and 52-week hepatic fat (—28.8, —33.9) with resmetirom at 80 mg and 100 mg, respectively [31].
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4. Conclusions and Research Agenda

Over a 44-year period, investigators have progressed from a state of global uncertainty,
if not frank impotence, regarding the pharmacological treatment of NASH to developing
an innovative thyromimetic drug—resmetirom. Notable steps along this scientific journey
have included pioneering recognition that systemic administration of iodothyronines
curtailed body weight gain and resulted in reductions in triglyceridemia, cholesterolemia,
and hepatic steatosis in high-fat-diet-fed rats [32] However, these compounds could not
enter the clinical arena owing to their unacceptable cardiovascular effects. To avoid these
effects, hepato-specific thyromimetics have been modeled, including resmetirom, which
has proven effective in fibrosing NASH.

Future, independent studies should be conducted in the post-marketing phase to
document any unprecedented side effects while ascertaining whether, as expected, reduced
liver fibrosis will eventually result in a reduced risk of liver-related (e.g., cirrhosis, liver
failure, hepatocellular carcinoma) and other extra-hepatic (e.g., cardio-metabolic) outcomes.
Additionally, investigators should be encouraged to consider combination therapies, as
predicted many years ago [33], and to perform sex-specific analyses of data [34].

In conclusion, the robustness of biological rationale, findings in experimental and
human studies concur in supporting the notion that resemetirom represents a breakthrough
in drug treatment of NASH with fibrosis [35,36]. In this case, it seems unlikely that the
light at the end of the tunnel is just the light of an oncoming train. Rather, the advent
of resmetirom documents the successful multidisciplinary approach to complex medical
topics achieved by integrating epidemiological evidence with pathophysiological and
physio-pharmacological studies.

Conflicts of Interest: The author declares no conflicts of interest.
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