nature medicine

Article

https://doi.org/10.1038/s41591-023-02603-1

Resmetirom for nonalcoholicfatty liver

disease: arandomized,

double-blind,

placebo-controlled phase 3 trial

Received: 6 March 2023

Accepted: 20 September 2023

Stephen A. Harrison®'
Dominic Labriola?, Sam E. Moussa®, Naim Alkhouri® & Mustafa R. Bashir’

, Rebecca Taub? Guy W. Neff, K. Jean Lucas®,

Published online: 16 October 2023

W Check for updates

Nonalcoholic steatohepatitis (NASH) is a progressive liver disease with
no approved treatment. MAESTRO-NAFLD-1was a 52-week randomized,

double-blind, placebo-controlled phase 3 trial evaluating the safety of
resmetirom in adults with nonalcoholic fatty liver disease and presumed
NASH. Patients were randomized to three double-blind arms (100 mg
resmetirom (n =325), 80 mg resmetirom (n = 327) or placebo (n=320))

or open-label 100 mg resmetirom (n =171). The primary end point was
incidence of treatment-emergent adverse events (TEAEs) over 52 weeks
and key secondary end points were LDL-C, apoB, triglycerides (over 24
weeks), hepatic fat (over 16 and 52 weeks) and liver stiffness (over 52
weeks). Resmetirom was safe and well tolerated. TEAEs occurred in 86.5%
(open-label 100 mg resmetirom), 86.1% (100 mg resmetirom), 88.4%

(80 mg resmetirom) and 81.8% (placebo) of patients. TEAEs in excess of
placeboincluded diarrhea and nausea at the initiation of treatment. Key
secondary end pointsincluded least square means difference from placebo
at 80 mg, 100 mg resmetirom: LDL-C (-11.1%, -12.6%), apoB (-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). These findings demonstrate resmetirom was safe and well tolerated
inadults with presumed NASH, supporting a role for further clinical
development. (ClinicalTrials.gov identifier NCT04197479).

Nonalcoholicfatty liver disease (NAFLD) is associated with metabolic
dysregulation and iscommonly identified inindividuals with obesity,
type 2 diabetes and dyslipidemia’. Overall, the global prevalence of
NAFLD is estimated to be approximately 25% (refs. 2-4), with higher
prevalence among patients with comorbid conditions such as obesity
andtype 2 diabetes>®. Inaddition, the prevalence of NAFLD is projected
to increase in subsequent decades with the rising prevalence of obe-
sity”®.Ingeneral, 25% of patients with NAFLD have NASH, defined as the

presence of >5% hepatic fat (steatosis) in combination with hepatocyte
injury (ballooning) and inflammation®". Ina subset of patients, NASH
will further progress to advanced fibrosis and cirrhosis (which can
necessitate liver transplantation), portal hypertension, hepatocellular
carcinoma and death*®. There are currently no approved treatments
for NASH.

At present, a liver biopsy is needed to definitively diagnose
NASH; however, liver biopsy is an invasive procedure with associated
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morbidity. As such, noninvasive tests (biomarkers and/or imaging
techniques) that can replace serial liver biopsies in (1) identifying
patients with NASH and (2) monitoring treatment response (in the
setting of an approved therapy) are urgently needed. Magnetic reso-
nance imaging-proton density fat fraction (MRI-PDFF) is an accurate
imaging technique that quantifies hepatic fat content. A systematic
review and meta-analysis performed by Stine et al. showed that adults
with NASH who achieved a>30% reduction from baselinein hepatic fat
(measured by MRI-PDFF) had greater odds of achieving NASHreduction
andresolution, suggesting this threshold could be used as amarker for
improvement in NASH"™.

Thyroid hormone receptor (THR)- is responsible for regulat-
ing metabolic pathways in the liver and is frequently impaired in
NASH?®. Patients with NASH have reduced levels of thyroid hormone
activity in the liver with resultant impaired hepatic function. Resme-
tirom is an oral, once-daily, liver-targeted THR-f selective agonist in
clinical development for the treatment of NASH. In a randomized,
double-blind (DB), placebo-controlled phase 2 serial liver biopsy
trial in adults with biopsy-confirmed NASH, resmetirom-treated
patients achieved a significantly greater relative reduction from
baseline in hepatic fat (-=32.9% versus —-10.4%; P < 0.0001) (ref. 14).
Reduction in hepatic fat of >30% by resmetirom was associated with
anincreased rate of NASH resolution (37%) as well as improvements
in patient-reported outcomes (PROs)™. After completing the phase
2 trial, resmetirom-treated patients who rolled over into a 36-week
open-label extension that used higher resmetirom doses of 80 and
100 mgonce daily achieved a50% and 64% relative reductionin hepatic
fat, respectively”. The potential efficacy and adverse event profile
of the phase 2 trials supported the selection of 80 and 100 mg res-
metirom for phase 3 (ref. 15). MAESTRO-NAFLD-1 (NCT04951219) is
one of four phase 3 trials that have been initiated (MAESTRO-NASH
(NCT03900429), MAESTRO-NAFLD-1, MAESTRO-NAFLD-OLE and
MAESTRO-NASH-OUTCOMES (NCT05500222)) to support anindica-
tion for the treatment of NASH with liver fibrosis.

To increase the overall size of the safety database, MAESTRO-
NAFLD-1 was a randomized, DB, placebo-controlled phase 3 trial
to evaluate the safety and tolerability of 80 and 100 mg resmetirom
versus placebo over 52 weeks of treatment in adults with NAFLD
(presumed NASH) diagnosed utilizing noninvasive biomarkers and
imaging (as opposed to an invasive diagnostic liver biopsy). Primary,
key secondary and secondary end points from MAESTRO-NAFLD-1
arereported here.

Results
Patient disposition
MAESTRO-NAFLD-1was conducted between 16 December 2019 and 13
December2021at 80 ssitesinthe United States. Overall, 1,988 patients
were screened and 1,143 patients were randomized to the trial (Fig. 1).
Overall, 972 patients were randomized to the three DB arms
(100 mgresmetirom (n =325),80 mg resmetirom (n = 327) or placebo
(n=320)) and 171 patients were randomized to the open-label (OL)
100 mg resmetirom arm. One patient in the DB 100 mg resmetirom
armand two patientsin the placebo arm were randomized but did not
receive the study drug (as study sites were closed due to COVID-19).
As such, 969 patients randomized to DB treatment and 171 patients
randomized to OL100 mgresmetirom treatment wereincludedinthe
safety population. Intotal, 77.4% of patients (750 out of 969) across the
three DBarms completed the study, whereas 22.6% (219 out of 969) were
discontinued from the trial. Of the 171 patients randomized to the OL
100 mgresmetirom arm, 89.0% (152 out of 171) completed the 52-week
treatment period. The percentage of patients who were discontinued
from the trial did not markedly differ among the three DB arms. Most
patients discontinued the trial due to patient withdrawal (other than
TEAEs) or were lost to follow-up (119 and 63 patients across the three
DB arms, respectively).

Access tostudy drug wasimpacted by the COVID-19 pandemic, par-
ticularly in the DB arms where drug kit delays occurred, but notin the
OLarmthat utilized bottles of tablets. Largely due to COVID-19-related
drug kit delays in the DB arms, 86-88% of DB patients missed study
visits (inclusive of visits where no study drug was provided) and the
average number of missed monthly visits in the DB arms was 2-3 over
the 52-week treatment period. Only 19% of OL patients had missed
study visits. Compliance was 81.2% in the OL arm and 76.4% across the
three DB arms. The mean number of weeks of exposure to study drug
was 47 weeks in the OL 100 mg resmetirom arm, 45 weeks in the DB
100 mg resmetirom arm, 43 weeks in the DB 80 mg resmetirom arm
and 45 weeks inthe placebo arm. Study drug dose adjustments (based
on low free thyroxine (FT4) levels, defined as a 230% decrease from
baseline on consecutive visits to avalue of <0.7 ng dI™") were infrequent;
12 (2.4%) patients had their dose reduced from 100 mg resmetirom
to 80 mg and 2 (0.6%) patients had their dose reduced from 80 mg
resmetirom to 60 mg.

Across the four treatment arms, demographic and baseline
characteristics of the safety population were generally comparable
(Table1) withmean age, 56 years; female, 57%; white, 88%; and Hispanic,
34%. High percentages of patients across all four arms had meta-
bolicrisk factors including obesity with mean body mass index (BMI)
35kg m?; type 2 diabetes, 49%; dyslipidemia, 88%; and hypertension,
75%. Per protocol, patients with hypothyroidism on thyroxine doses
>75 pg were enrolled in the OL 100 mg resmetirom arm (to allow for
comparison with patients not on thyroxine). Patients with a diagnosis
of hypothyroidism on thyroxine doses <75 pg were enrolled in the DB
arms until the protocol was amended near the end of the randomiza-
tion period to allow patients on thyroxine doses >75 pg to enroll in
the DB arms. As such, 44.4% of patients in the OL 100 mg resmetirom
arm were on thyroxine at baseline compared to 10.5-11.9% in the DB
arms. Consistent with the higher percentage of patients on thyroxine
treatment, a higher percentage of patientsinthe OL armwere female.
Common concomitant medications across the four arms were antidia-
betes drugs (such as glucagon-like peptide-1(GLP-1) receptor agonists
(RAs), metformin, pioglitazone and sodium/glucose cotransporter-2
inhibitors) and drugs to manage dyslipidemia (statins, 46%). A greater
proportion of patientsinthe OL arm were taking GLP-1RAs (11.7%) and
SGLT2 inhibitors (10.5%) at baseline compared to the three DB arms
(6.0-9.3% and 4.7-9.3%, respectively). Demographic and baseline
characteristics of the modified intent-to-treat (mITT) population
(whichincluded all randomized patients who received >1 dose of DB
study drug and had a baseline and >1 post-baseline measurement)
are shown in Extended Data Table 1. The demographic and baseline
characteristics of the safety and mITT populations were comparable.

Primary outcome

The primary end point, incidence of TEAEs (time frame, up to 52 weeks
of treatment and 4 weeks of follow-up) not being different between
treatment arms was met. In total, 86.1-88.4% of resmetirom-treated
patients and 81.8% of placebo-treated patients reported a TEAE dur-
ing the trial (Table 2). The majority of TEAEs were mild or moderatein
severity. Seventy patients experienced a serious TEAE. Approximately
20% of the serious TEAEs were related to either COVID-19 pneumonia
(n=_8,onepatientinthe OLarm, twointhe DB100 mgresmetiromarm,
threeinthe DB 80 mgresmetiromarmandtwointheplaceboarm)ora
diagnosis code for COVID-19 (n=7,2,1,1and 3 patients, respectively).
No specificserious TEAEs were numericallyincreased in the resmetirom
arms compared to placebo. TEAE rates in excess of placebo included
mild ormoderate diarrhea (23.5-31.2% in the resmetirom arms versus
13.8% in the placebo arm) and nausea (11.9-18.2% versus 7.9%, respec-
tively). Diarrhea (or nausea) occurred more frequently in the resmeti-
rom arms than the placebo armin the first 12 weeks of treatment and
theincidence was notincreased in the resmetirom arms compared to
placebo after 12 weeks. The median duration of diarrheawas 15-20 d
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Fig.1|Patient composition. Pbo, placebo; rand, randomized; Pt, patient; WD, withdrew; inv, investigator decision; LFTU, lost to follow-up; AE, adverse event; prot

dev, protocol deviation.

inthe DB resmetirom arms independent of dose. Approximately half
of the diarrhea TEAEs were described as a single episode, worsening
of underlying diarrhea or intermittent diarrhea. Diarrhea and nausea
were further evaluated by sex and while the incidence of diarrhea was
similar between sexes, nausea was more common in females than males,
includinginthe placebo arm (Extended Data Table 2). Discontinuation
from the study due to TEAEs occurred in 1.2-3.1% of patients in the
resmetirom arms compared to 1.3% of patients in the placebo arm. A
single patient died due to presumed cardiac arrest not related to the
study drugin the 4-week follow-up period, during which, no study drug
had been administered.

Secondary outcomes
Key secondary end points were achieved for both the DB 100 mg and
80 mg resmetirom arms. At week 24, resmetirom treatment resulted
in significant reductions in atherogenic lipid levels from baseline
compared to placebo treatment (Fig. 2a and Table 3). At 100 mg, sig-
nificant (P < 0.0001) reductions from baseline relative to placebo were
observedinlow-density lipoprotein cholesterol (LDL-C),-13.9% (2.0%)
(least squares mean (s.e.m.)), apolipoprotein B; (apoB), -16.5% (1.6%)
and triglycerides (TGs), -23.4% (5.0%) (baseline TG > 150 mg dI™). At
80 mg, significant (P < 0.0001) reductions from baseline relative to
placebo were observed in LDL-C, —12.4% (2.0%), apoB, —14.3% (1.6%)
and TG, —18.4% (4.8%) (baseline TG > 150 mg dI™). In the OL 100 mg
resmetirom arm, the reductions frombaselinein LDL-C,-19.4% (2.6%),
apoB, -21.3% (2.1%) and TG, —27.5% (4.5%) at week 24 were numerically
greater than those achieved in the DB resmetirom arms (potentially
due to more missed doses of study drug in the DB arms as a result of
COVID-19-related drug kit delays). Effects achieved at week 24 were
maintained over 48 weeks with continued treatment (Table 3).
Additional lipid end points reported in Table 3 in DB 100 mg,
reductions from baseline relative to placebo at week 24 were observed
in Lp(a), -19.7% (4.2%) (least squares mean (s.e.m.)), apoClll -17.6%
(2.5) and apoB -16.5% (1.6%) and LDL-C -22.0% (2.4%) in patients
with LDL-C =100 mg dI™* (P < 0.0001 for all). At 80 mg, significant
reductions from baseline relative to placebo were observedin Lp(a),
-4.8% (4.1) (P=0.0037), apoClIl -11.5% (2.4%) (P < 0.0001) and apoB
-14.3% (1.6%) (P < 0.0001) and LDL-C -19.0% (2.3%) (P < 0.0001) in
patients with LDL-C =100 mg dI™. In the OL 100 mg resmetirom

arm, the reductions from baseline were observed in Lp(a), -28.4%
(3.7%), apoClIl -18.1% (3.0%) and apoB —-21.3% (2.1%) and LDL-C -22.2%
(3.0%) in patients with LDL-C =100 mg dI ™. Also, reductions were
observed for multiple atherogenic species. For the DB100 mgarms for
remnant-like particle (RLP) cholesterol, —11.9% (2.6%), very low-density
lipoprotein (VLDL) cholesterol, -12.9% (5.3%) and atherogenic lipo-
protein particles LDL, -16.7% (1.7%) and small LDL particles, -17.1%
(2.9%) were reduced compared to the placebo arm (all P<0.0001).
Data for 80 mg DB and OL are also reported (Extended Data Table 3
and Supplementary Table 3).

As akey secondary end point, at week 16 resmetirom treatment
showed arelative reductionin hepatic fat compared to placebo treat-
ment (least squares mean percent change from baseline (95% con-
fidence interval (Cl)) for OL100 mg, -47.8% (-53.8% to -41.8%); DB
100 mg, —45.1% (-50.3%t0-39.9%); 80 mg, —41.4% (-46.6%t0-36.2%);
placebo, -6.5% (-11.7%to -1.3%); P < 0.0001 versus placebo for all three
comparisons (Fig. 2b and Table 3). The significant relative reduction
in hepatic fat achieved by week 16 was sustained over 52 weeks with
continued resmetirom treatment (Fig.2b and Table 3). As an additional
secondary end point, at week 52 the least squares meanrelative reduc-
tion from baseline (95% CI) in hepatic fat was —51.8% (-=58.6% to —45.0%)
in the OL 100 mg resmetirom arm. Similarly, as a key secondary end
point, at week 52 hepatic fat as estimated by continuous attenuation
parameter (CAP) was reduced (least squares mean percent change from
baseline (95% CI) for OL100 mg-46.0% (-55.3% t0 -36.6%); DB100 mg
-42.8% (-33.8%t0-15.1%); 80 mg -36.7% (-27.8% t0 -8.9%); P < 0.0001
versus placebo for three comparisons (Fig. 2b and Table 3).

MRI-PDFF subgroup analyses demonstrated that resmetirom
treatment reduced hepatic fat frombaseline at week 52 in all key patient
subgroups (Extended DataFig.1).In particular, weight loss >5%in com-
bination with resmetirom treatment or high exposure to resmetirom
measured by the sex hormone-binding globulin (SHBG) response as
described previously™ (defined in this study as >120% increase from
baseline in SHBG, which corresponds to the upper two tertiles of the
SHBG response observed with 100 mg resmetirom) was associated with
greater reduction in hepatic fat. In contrast, weight gain >5% or lower
exposure to resmetirom (defined as <120% increase in SHBG) showed
lower hepatic fat reduction with resmetirom. Ingeneral, 80 mg resme-
tirom was less effective than 100 mg resmetirom at reducing hepatic
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Table 1| Demographic and baseline characteristics (safety population)

Resmetirom 100 mg OL Resmetirom 100 mg DB Resmetirom 80 mg DB Placebo DB (n=318)

(n=171) (n=324) (n=327)

Age, years, mean (s.d.) 55.6 (11.5) 55.9 (11.7) 56.2 (11.7) 55.7 (12.1)
Sex, male, n (%) 55 (32.2) 147 (45.4) 145 (44.3) 150 (47.2)
Race, n (%)

White 151(88.3) 287 (88.6) 290 (88.7) 282 (88.7)

Black or African American 10 (5.8) 22(6.8) 21(6.4) 20(6.3)

Asian 6(3.5) 6(1.9) 6(1.8) 7(2.2)

Other® 3(1.8) 7(21) 8(2.4) 7(2.2)

Missing 1(0.6) 2(0.6) 2(0.6) 2(0.6)
Ethnicity, Hispanic or Latino, n (%) 52(30.4) 108 (33.3) 108 (33.0) 120 (37.7)
BMI, kgm™, mean (s.d.) 36.1(6.3) 35.4 (6.4) 35.3(5.9) 35.2(5.8)
Type 2 diabetes, n (%) 83(48.5) 156 (48.1) 160 (48.9) 159 (50.0)
Hypertension, n (%) 119 (69.6) 246 (75.9) 249 (76.1) 242 (76.1)
Dyslipidemia, n (%) 152 (88.9) 283 (87.3) 288 (88.1) 281(88.4)
Hypothyroidism, n (%)° 76 (44.4) 34 (10.5) 39 (11.9) 35 (11.0)
ASCVD, n (%) 10(5.8) 22(6.8) 26 (8.0) 24 (7.5)
10-year ASCVD risk score, % n=140 n=253 n=245 n=238
Mean (s.d.) 11.6 (12.5) 12.2(1.7) 12.7 (11.5) 13.5(12.8)

Median (Q1, Q3) 6.6 (3.4,15.2) 8.4(4.0,16.2) 9.6 (3.9,16.5) 9.4(3.7,20.0)
FibroScan VCTE/LSM, kPa, mean (s.d.) 7.8 (3.4) 7.3(40) 74 (4.4) 75 (5.5)
FibroScan CAP, dBm, mean (s.d.) 342.3 (35.6) 341.4 (34.0) 339.5(32.9) 344.1(34.0)
MRI-PDFF, % fat fraction, mean (s.d.) 17.9(71) 18.1(7.3) 177 (6.7) 17.8 (6.9)
MRE, kPa, mean (s.d.) 2.8(0.9)n=14 2.6 (0.5) n=232 2.6 (0.5) n=219 2.60 (0.50) n=205
FIB-4, mean (s.d.) 1.0 (0.6) 1.0 (0.4) 1.0 (0.5) 1.0 (0.50)
ALT, UL, mean (s.d.) 36.9(24.2) 36.2(25.2) 37.1(23.9) 37.9(30.4)
AST, UL, mean (s.d.) 26.4(15.3) 24.9 (12.4) 25.3(13.3) 26.4(16.4)
GGT, ul™

Mean (s.d.) 46.9 (55.0) 415 (31.8) 46.1(41.0) 49.9(62.1)

Median (Q1, Q3) 30 (22, 47) 32 (22, 49) 33(25, 49) 33(24,52)
ALP, UL, mean (s.d.) 72.8 (23.8) 70.8 (22.3) 71.6 (23.8) 71.3 (24.8)
Platelets, 101, mean (s.d.) 262.2 (70.7) 257.5 (60.9) 254.4 (63.3) 247.8 (65.9)
Albumin, gdl”, mean (s.d.) 4.4(0.3) 4.3(0.3) 4.3(0.3) 4.4(0.3)
Bilirubin, mgdl™, mean (s.d.) 0.6 (0.2) 0.6 (0.3) 0.6 (0.3) 0.6 (0.3)
TC, mgdl™, mean (s.d.) 186.9 (47.9) 178.1(42.9) 181.0 (44.2) 176.8 (43.4)
HDL-C, mgdl™, mean (s.d.) 451(14.5) 43.8 (13.0) 43.6 (14.7) 43.2(13.6)
LDL-C, mgdLl”, mean (s.d.) 115.2 (41.0) 109.1(36.4) 117 (37.6) 106.8 (37.2)
apoB, mgdl”, mean (s.d.) 1011 (28.4) 95.5 (25.0) 981(26.3) 951 (271)
TG, mgdl™

Mean (s.d.) 183.6 (86.2) 1741 (93.5) 1776 (94.4) 186.8 (119.2)

Median (Q1, Q3) 157 (126, 220) 155 (117, 206) 153 (116, 206) 158 (122, 215)
Lp(a), nmoll™

Mean (s.d.) 48.5(73.) 57.6 (77.6) 60.8 (77.5) 49.0(70.2)

Median (Q1, Q3) 23 (11,54) 21(12, 68) 25 (11, 85) 22 (9, 46)
Baseline medications, n (%)

GLP-1RA 20 (1.7) 30(9.3) 25 (7.6) 19 (6.0)

Metformin 71(41.5) 138 (42.6) 137 (41.9) 136 (42.8)

Pioglitazone 3(1.8) 3(0.9) 3(0.9) 1(0.3)

SGLT2i 18 (10.5) 30(9.3) 26 (8.0) 15(4.7)

Statin 75 (43.9) 143 (44.) 138 (42.2) 164 (51.6)

2Sex was self-reported by the patient. °Includes American Indian or Alaska Native; Native Hawaiian or other Pacific Islander; and Other. °Patients on thyroxine replacement therapy at baseline.
Median reported for baseline characteristics that showed high s.d. ASCVD, atherosclerotic cardiovascular disease; FIB-4, fibrosis-4; HDL-C, high-density lipoprotein cholesterol; SGLT2i,
sodium/glucose cotransporter-2 inhibitor; TC, total cholesterol.
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Table 2 | Safety summary (safety population)

Dataare n (%) Resmetirom 100 mg OL Resmetirom 100mg DB Resmetirom 80 mg DB Placebo DB
(n=171) (n=324) (n=327) (n=318)
21 TEAEs 148 (86.5) 279 (86.1) 289 (88.4) 260 (81.8)
Grade 1 (mild) 51(29.8) 99 (30.6) 99 (30.3) 90 (28.3)
Grade 2 (moderate) 85 (49.7) 151(46.6) 165 (50.5) 141 (44.3)
>Grade 3 (severe) 12 (7.0) 29 (9.0) 25 (7.6) 29 (9.1)
>1drug-related TEAEs 63(36.8) 119 (36.7) 14 (34.9) 77 (24.2)
>1serious TEAEs 7(4.) 24 (7.4) 19(5.8) 20 (6.3)
>1drug-related serious TEAEs 0 0 0 1(0.3)
TEAESs leading to study discontinuation 2(1.2) 10 (31) 8(2.4) 4(1.3)
Gl-related TEAEs leading to study 0 6(1.9) 5(1.5) 2(0.6)
discontinuation
Liver enzymes >3x ULN (ALT or AST) 1(0.5) 1(0.3) 2(0.6) 6(1.9)
TEAEs occurring in 5%
Diarrhea 51(29.8) 101(31.2) 77 (23.5) 44(13.8)
Onset <12 weeks 43 (25.1) 81(25.0) 61(18.7) 28(8.8)
Duration, days, median (Q1, Q3) 26 (5, 64) 15 (3, 69) 20 (4,59) 22 (8, 97)
Onset >12 weeks 8(4.7) 20(6.2) 16 (4.9) 16 (5.0)
Nausea 24 (14.0) 59 (18.2) 39 (11.9) 25 (7.9)
Onset <12 weeks 12(7.0) 47 (14.5) 27(8.3) 15 (4.7)
Onset >12 weeks 12 (7.0) 12(3.7) 12(3.7) 10(3.)
Abdominal pain 9(5.3) 23 (71) 14 (4.3) 14(4.4)
COVID-19 21(12.3) 27(8.3) 27(8.3) 27(8.5)
Urinary tract infection 9(5.3) 20(6.2) 21(6.4) 23(7.2)
Arthralgia 16 (9.4) 27 (8.3) 24 (7.3) 21(6.6)
Back pain 7(49) 18 (5.6) 17 (5.2) 14 (4.4)
Pain in extremity 5(2.9) 18 (5.6) 16 (4.9) 16 (5.0)
Headache 13(7.6) 27 (8.3) 22(6.7) 24 (7.5)
Type 2 diabetes 8(4.7) 21(6.5) 18 (5.5) 14 (4.4)
Fatigue 1(6.4) 15 (4.6) 21(6.4) 13 (4.)

Gl, gastrointestinal.

fat; however, the effect of 80 mg was similar to 100 mgin females and
in patients with >120% increase in SHBG.

Inthistrial, approximately one-third of randomized patients had
abaseline liver stiffness measurement (LSM) via vibration-controlled
transient elastography (VCTE) that met prespecified criteriafor analysis
as a key secondary end point (>7.2 kPa (which has been shown to
have a > 90% positive predictive value for moderate fibrosis (F2)) (51
patients in the OL arm, 102 in the DB 100 mg resmetirom arm, 83 in
the DB 80 mg resmetirom arm and 107 in the placebo arm). Although
directionally showing a treatment effectin the DB100 mgresmetirom
arm, the mean change frombaselinein VCTE was not significantly dif-
ferentbetweentheresmetiromand placebo arms at week 52 (Table 3).
A responder analysis was subsequently conducted to reduce the
influence of measurement variability. This analysis showed that a
numerically greater percentage of patients in the resmetirom arms
achieved either a>2 kPareduction frombaseline (32-55% in the resme-
tirom arms versus 25% in the placebo arm) or a >30% reduction from
baseline (26-43% versus 21%, respectively) in VCTE at week 52 (Fig. 2c).
Asimilarresponder analysis was conducted for liver stiffness measured
by magneticresonance elastography (MRE). The percentage of patients
who achieved a 219% reduction from baseline in MRE at week 52 was
greater inthe resmetirom arms compared to the placebo arm (22-25%

versus 11%) and numerically fewer resmetirom-treated patients had a
>19% increase in MRE (Fig. 2c).

Markers of liver injury, additional secondary end points in the
trial, were improved with resmetirom treatment. Mean baseline liver
enzymes were low in this population (mean baseline alanine ami-
notransferase (ALT),~-37 U I (upper limit of normal (ULN) 41U I%)).In
the subgroup of patients with ALT > 30 IU I ' at baseline, ALT, aspartate
aminotransferase (AST) and y-glutamyl transferase (GGT) levels were
significantly reduced from baseline in the OL 100 mg and DB 100 mg
and 80 mg resmetirom arms compared to the placebo arm at week 52
(P<0.05 versus placebo for all) (Table 3). Figure 3 shows mean ALT,
AST and GGT levels over the 52-week treatment period in patients
with baseline ALT =30 IU I"". SHBG increases reflect the degree of
THR-Bactivationintheliver and correlate with resmetirom exposure.
Atime course of the level of SHBG demonstrates that SHBG gradually
increased with a plateau at week 12 that seemed to correlate with a
plateau in ALT/AST reduction at week 24. Lower levels of SHBG were
apparentinthe DB armas compared to the OL100-mgarm, consistent
with the COVID-19-related drug kit delays that occurredinthe DB arms.

At week 52, biomarkers of hepatocyte injury were signifi-
cantly improved from baseline among resmetirom-treated versus
placebo-treated patients (Table 3). Cytokeratin-18 (CK-18) fragments
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Fig.2|Resmetirom-mediated changes in atherogeniclipid levels and non-
invasive biomarkers. a, Least squares mean %CFBin LDL-C, apoB and TG at week
24 (100 mg OL n=169;100 mg DB n = 314; 80 mg DB nn =320; placebo n =309).
TGreported in subgroup with baseline TG levels >150 mg dI™ (100 mg OL n = 97;
100 mg DB n=169; 80 mg DB n=166; placebo n =163). Data are presented
asmean = s.e.m. b, Median %CFB in hepatic fat (measured by MRI-PDFF) at

weeks 16 and week 52 (100 mg OL n=152;100 mg DB n=268; 80 mg DB n =258;

Worsened
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(n=88) (n=60) (n=44)
placebo n=268) as well as mean CFB in FibroScan CAP at week 52 (100 mg OL
n=147;100 mg DB n =270; 80 mg DB n=260; placebo n = 260). ¢, Percentage
of patients whose VCTE results improved or worsened by either >2 kPa or >30%
from baseline at week 52 (100 mg OL n=50;100 mg DB n=102;80 mgDB n=83;
placebo n=107) (left). Percent of patients whose MRE results improved or
worsened by >19% from baseline (right). mITT population. BL, baseline.

were markedly reduced from baseline with resmetirom treatment
(-78.4 to —-87.2 U 1™") compared to an increase from baseline with
placebo (4.15U17%; P<0.01 versus placebo at both doses). Adi-
ponectin levels were significantly increased from baseline among
resmetirom-treated patients relative to placebo-treated patients
(0.90-1.12 versus 0.42 pg ml™, respectively; P< 0.05 versus placebo
atboth doses). Levels of reverse triiodothyronine (rT3) were reduced
frombaselinein the resmetirom armsandincreased inthe placeboarm,
resulting in a significant treatment difference at week 52 (P < 0.0001
versus placebo for both doses) (Table 3). The enhanced liver fibrosis
(ELF) score was evaluated in a subset of patients with a baseline score
of >9.8 (Extended Data Table 4). No significant difference relative
to placebo was observed for the total score but a reduction in tissue

metalloproteinase-1 (TIMP-1) was observed. PROs were assessed uti-
lizing the chronic liver disease health questionnaire. There were no
observed differences between the resmetirom and placebo groups
(datanotshown).

Exploratory outcome

ALT increases of >3 x ULN occurred in fewer patients in the resmetirom
arms compared to the placebo arm (0.5% (OL 100 mg resmetirom),
0.3% (DB100 mgresmetirom) and 0.6% (DB 80 mg resmetirom) versus
1.9% (placebo)). As a marker of potential efficacy, liver enzymes were
reduced from baseline over time in the resmetirom arms compared
to placebo. Safety observations related to potential thyroid axis or
thyroid hormone effects showed no increase in signs or symptoms of
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Table 3 | Key secondary and secondary end points (mITT population)

Resmetirom 100 mg OL Resmetirom 100mg DB (n=314) Resmetirom 80mg DB (n=320) Placebo DB
(n=169) (n=309)
Leastsquares 95% CI Least Least squares Pvalue Least Least squares mean Pvalue Least
mean %CFB or squares mean difference squares difference (97.5% Cl) squares
CFB(s.e.m.) mean %CFB (97.5% CI) mean %CFB mean %CFB
or CFB or CFB or CFB
(s.e.m.) (s.e.m.) (s.e.m.)
LDL-C, mgdl™
Week 24 -19.4 (2.6) -245t0-14.3 -13.9(2.0) -12.6 (-16.7 to -8.6) <0.0001 -12.4(2.0) -111(-15.0 to -7.2) <0.0001 -1.3(1.9)
Week 48 -20.5(2.5) -25.4t0-15.6 -13.4(2.4) -12.0 (-16.8 to -7.2) <0.0001 -10.6(21) -9.2(-14.2t0 -4.3) 0.0004 -1.4(2.4)
LDL-C, mgdl™ (baseline LDL-C>100 mgdl™)
N 103 181 194 162
Baseline, 137.2 (35.5) 133.9 (25.6) 134.2 (28.7) 133.8 (26.3)
mean (s.d.)
Week 24 -22.2(3.0) -281t0-16.3 -22.0(24) -15.9(-201t0-11.7) <0.0001 -19.0(2.3) -12.9(-171t0-8.7) <0.0001 -61(2.4)
Week 48 -22.6(2.9) -28.2t0-16.9 -21.9(3.0) -15.6 (-20.6t0-10.7) <0.0001 -17.3(2.8) -11.0 (-15.9t0 -6.2) <0.0001 -6.2(2.8)
ApoB, mgdl™
Week 24 -21.3(2.1) -25.4t0-17.2 -16.5(1.6) -16.5 (-19.5 to -13.4) <0.0001 -14.3(1.6) -14.3 (-17.4 to -11.3) <0.0001 0.0(1.5)
Week 48 -22.4(21) -26.4t0-184 -16.3(1.8) -15.1(-18.7 to -11.6) <0.0001 -13.8(1.6) -12.5(-16.4t0-8.7) <0.0001 -1.2(1.8)
ApoB, mgdl™ (baseline LDL-C>100mgdl™)
N 103 181 194 162
Baseline, 115.1(25.3) 110.4 (19.4) 112.8 (20.0) 114.2 (20.5)
mean (s.d.)
Week 24 -23.6(2.7) -28.8t0-18.4 -22.3(21) -18.0 (-21.7to -14.4) <0.0001 -19.9(21) -15.6 (-19.3 to -12.0) <0.0001 -4.2(2.2)
Week 48 =217 (2.7) -270to-16.5 -23.2(27) -175(-21.8t0-13.3) <0.0001 -19.4(2.2) -13.8(-18.0t0-9.6) <0.0001 -5.6(2.5)
MRI-PDFF, % fat fraction
n 152 268 255 268
Week 16 -47.8 (3.1) -53.8t0-41.8 -44.8(2.6) -38.6(-44.6t0-32.6) <0.0001 -41.2(2.6) -34.9 (-41.0t0 -28.9) <0.0001 -6.2(2.6)
Week 52 -51.8 (3.5) -586t0-450 -43.8(2.9) -33.9(-40.7to-271) <0.0001 -38.6(2.9) -28.8(-35.6t0-21.9) <0.0001 -9.9(2.9)
TG, mgdl™ (baseline TG>150mgdLl™)
n 97 169 166 163
Baseline, 232.2 (82.0) 228.3(971) 236.5(97.3) 254.0 (133.3)
mean (s.d.)
Week 24 -27.5(4.5) —3865» to -234(5.0) -20.4(-30.2t0-10.6) <0.0001 -18.4(4.8) -15.4 (-24.9 t0 -5.9) 0.0015 -3.0(4.9)
-18.
Week 48 -34.7 (4.6) -43.8t0-255 -22.5(4.5) -22.8(-31.0t0-14.5) <0.0001 -22.6(4.7) -22.9 (-31.3t0 -14.5) <0.0001 0.3(4.6)
Lp(a), nmoll™ (baseline Lp(a)>10nmoll™)
n 130 246 244 220
Baseline, 61.1(79.6) 72.4(82.9) 78.0 (82.6) 64.8 (76.2)
mean (s.d.)
Week 24 -28.4(3.7) -356t0-21.2 -19.7(4.2) -28.3(-37.2t0-19.4) <0.0001 -4.8(4.1) -13.3 (-22.3t0-4.3) 0.0037 85(4)
Week 48 -18.7 (3.5) -256t0-11.8 -33.6 (4.0) -29.2 (-37.3t0 -21.1) <0.0001 -24.0(49) -19.6 (-27.6 to -11.6) <0.0001 -4.4(41)
ApoClll, mgdl™
n 162 286 278 289
Baseline, 1.3 (4.8) 10.6 (4.5) 10.9 (4.5) 11.0 (4.8)
mean (s.d.)
Week 24 -181(3.0) -239t0-12.3 -176(2.5) -18.5 (-24.3 to -12.6) <0.0001 -11.5(2.4) -12.5 (-18.3 to -6.6) <0.0001 0.9(2.4)
Week 48 -136(3.1) -196t0-76  -14.4(26) -22.2(-28.3t0-16.0) <0.0001 -97(2.6) -175 (237 to -11.2) <0.0001 77(2:6)
FibroScan CAP, dBm
n 147 270 260 260
Week 52 -46.0 (4.8) -55.3t0-36.6 -42.8(4.0) -24.4(-33.8t0-151) <0.0001 -36.7(3.9) -18.3 (-27.8 to -8.9) <0.0001 -18.4(3.9)
CFB
FibroScan VCTE, kPa (baseline VCTE >7.2kPa)
n 50 102 83 107
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Table 3 (continued) | Key secondary and secondary end points (mITT population)

Resmetirom 100mg OL Resmetirom 100mg DB (n=314) Resmetirom 80 mg DB (n=320) Placebo DB
(n=169) (n=309)
Leastsquares 95% CI Least Least squares Pvalue Least Least squares mean Pvalue Least
mean %CFB or squares mean difference squares difference (97.5% Cl) squares
CFB(s.e.m.) mean %CFB (97.5% CI) mean %CFB mean %CFB
or CFB or CFB or CFB
(s.e.m.) (s.e.m.) (s.e.m.)
Baseline, 91(2.4) 8.4(1.6) 8.5(1.3) 8.5(1.8)
mean (s.d.)
Week 52 -2.09 (0.5) -3.0to-1.2 -170(0.4) -0.50(-1.3t0 0.3) 01710 -1.02(0.4) 017(-0.7 to 1.0) 0.6614 -119 (0.4)
CFB
Liver enzymes, Ul (baseline ALT>301UL™)
n 83 157 169 156
ALT
Baseline, 52.5(25.3) 51.1(23.2) 51.9(22.4) 55.5(31.2)
mean (s.d.)
Week 52 -14.3 (3.0) -20.2t0-84 -11.9(2.6) -10.8 (-16.8 to -4.8) <0.0001 -10.8(25) -9.6(-157t0-3.6) 0.0004 -11(2.6)
CFB
AST
Baseline, 33.9(13.9) 32.0(12.5) 32.0(13.2) 34.9(17.2)
mean (s.d.)
Week 52 -3.5(2.2) -791t0 0.9 -31(1.9) -4.3(-8.71t00.2) 0.0341 -3.9(1.9) -5.0(-9.5t0-0.4) 0.0141 11(1.9)
CFB
GGT
Baseline, 58.5 (66.4) 53.0(38.1) 58.4 (50.8) 68.8 (83.0)
mean (s.d.)
Week 52 -16.5(3.9) -24.2t0-8.7 -11.5(3.4) -10.0 (-17.9 to -2.0) 0.0049 -10.1(3.3) -8.6 (-16.5t0 -0.6) 0.0157 -1.5(3.4)
CFB
NASH biomarkers
CK-18/M30, Ul™
n 150 250 238 250
Baseline, 664.8 (399.4) 601.1(357.3) 601.7 (358.4) 609.0 (410.8)
mean (s.d.)
Week 52 -174.2 (31.6) -236.2 to -78.4(271) -82.6(-146.8t0 0.0040 -87.2(26.8) -91.4-156.4t0-26.3) 0.0017 415 (26.6)
CFB -112.3 -18.4)
Adiponectin, ugml™
n 126 175 173 178
Baseline, 4.9(2.8) 47(2.7) 47 (3.0) 4.4(2.7)
mean (s.d.)
Week 52 1.61(0.2) 1.2t02.0 0.90(0.2) 0.48 (0.02 to 0.9) 0.0195 112 (0.2) 0.70(0.24t01.2) 0.0007 0.42(0.2)
CFB
Reverse T3, ngdl™
n 152 265 250 257
Baseline, 18.1(5.5) 16.3 (4.6) 17.8 (5.1) 16.8 (4.6)
mean (s.d.)
Week 52 -3.34(0.4) -41to0-2.6 -3.21(0.3) -3.94(-47t0-3.2) <0.0001 -270(0.3) -3.43 (-4.2t0-2.7) <0.0001 0.73(0.3)
CFB

Lipids and lipoproteins are evaluated at week 24 and week 48 as least squares mean %CFB; other analytes as week 52 least squares mean CFB. This trial was designed to maintain an overall
study-wise type | error rate of a=0.05 for the key secondary end points only. The error rate was controlled by first splitting the overall two-sided a=0.05 into two partitions via the Bonferroni
method and then the key secondary end points tested in a prespecified hierarchical order. For the primary analysis of key secondary lipid end points, an analysis of covariance (ANCOVA)
model was used to analyze each set of ten imputed datasets. The ANCOVA models for each lipid outcome included percent change from baseline to week 24 (and all other end point visits) as
the dependent variable; treatment and stratification factors (presence of type 2 diabetes and ASCVD) as independent variables; and baseline lipid values as a covariable. The statistical method
of estimating the treatment effect and testing for apoB and TG was similar to the LDL-C end point; a similar ANCOVA model was used whereby the baseline value of the dependent variable was
included as covariate instead of LDL-C. CFB, change from baseline; %CFB, percentage change from baseline.

hypothyroidism or hyperthyroidism relative to placebo. At week 52,
minor reductionsinbody weight from baseline were noted in all treat-
mentarms with nosignificant difference between the DB resmetirom
and placebo arms (Extended Data Table 5). No adverse cardiovascu-
lar (CV) or bone TEAEs (fracture) were noted with resmetirom. Blood

pressure, including systolic and diastolic, generally decreased from
baseline by 2-3 mm Hgin the resmetirom arms (Extended Data Table 5).
No change in heart rate (based on electrocardiogram (ECG)) was
observedinresmetirom-treated patients compared to placebo-treated
patients and no arrythmias were noted.
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Fig.3|Resmetirom-mediated changes in markers of liver injury and sex-hormone bindingglobulin. a-d, Mean ALT (a), AST (b) and GGT (c) in the subgroup with
baseline ALT levels =30 IU I and SHBG (nmol 1) (d) levels over time. Shown are observed data (100 mg OL n = 83;100 mg DB n=157; 80 mg DB n=169; placebo n=156).

Dataare presented as mean +s.e.m.

Minimal reductions frombaselinein prohormone FT4 levels were
observedintheresmetirom arms. No effects on active hormonefree trii-
odothyronine (FT3) or thyroid-stimulating hormone (TSH) were noted
inthe resmetirom arms. Sex hormone levels after 52 weeks of resmeti-
romtreatment are shownin Extended Data Table 6 and Supplementary
Table 3. Thyroid hormone levels after 52 weeks of resmetirom treatment
arereported in Extended Data Table 6 and Supplementary Table 4.

Liver volume was evaluated in the OL 100 mg resmetirom arm at
week 52. Liver volume was reduced from the baseline by amean of 21%
and 23% following 16 and 52 weeks of resmetirom treatment, respec-
tively (Extended DataFig. 2). Furthermore, reductionsinliver volume
were observed in all key patient subgroups of the OL arm. Correcting
hepaticfatreduction forreducedliver volumeled to anaverage hepatic
fatreduction of 61% in the OL arm.

Discussion

Thereare currently noapproved pharmacological therapies for NASH.
Rather, management focuses on lifestyle modification, including diet
and exercise and treatment of comorbidities such as obesity, type 2
diabetes and dyslipidemia. In addition, NASH is a chronic condition
which may require lifelong therapy to slow or prevent progression of
the disease. The blinded, placebo-controlled data from the 52-week
MAESTRO-NAFLD-1 trial reinforce the safety data reported from the
36-week resmetirom phase 2 NASH trialbutinalarger population over
alonger treatment period.

Resmetirom was well tolerated at both 80 and 100 mg once-daily
doses over 52 weeks of treatmentin this trial. There were no increases
in serious TEAEs or notable imbalances in specific serious TEAEs in
the resmetirom arms compared to placebo. Consistent with previous
data, excess TEAEs were mostly gastrointestinal in nature (diarrhea
and nausea) and characterized as mild or moderate at the initiation of
resmetiromtreatment™. Diarrheawas of short duration (approximately
2 weeks) and the incidence of this TEAE was not increased relative to
placebo after week 12. Few patients discontinued the study due to these
TEAEs. Theincidence of nausea was more frequent in females relative
to placebo (withfemalesinthe placebo arm being more frequent than
malesinthe placebo arm).

In patients with NASH, THR-( signaling within the liver is dimin-
ished, impacting lipid metabolism, fatty acid oxidation and energy

production, potentially resulting in worsening NASH and liver fibrosis'.
The lipotoxicity that occurs in NASH induces intrahepatic hypothy-
roidism resulting in reduced conversion of prohormone T4 to active
hormone T3infavor of increased conversion of T4 to theinactive metab-
olite rT3 (refs. 13,15). Resmetirom is a liver-targeted THR-B-selective
agonist designed to address this underlying pathophysiology in
patients with NASH. The minimal but significant reduction in FT4 has
been previously noted and is thought to be due toincreased conversion
of T4to T3 and reductionin rT3in the liver that is mediated by DIOI (a
known target gene of THR-P) (refs. 13,14). Thyroxine treatment does
not improve this deficiency; in fact, patients with NASH treated with
thyroxine (T4) have more exaggerated elevations of rT3 and reductions
inthe FT3/rT3 ratio®. As expected, in MAESTRO-NAFLD-1resmetirom
treatment significantly reduced rT3 levels from baseline by week 52 in
both thyroxine-treated and euthyroid patients compared to placebo
treatmentand improved the FT3/rT3ratio, bothindicative of normaliza-
tion of thyroid hormone functionin theliver.

While resmetirom was specifically designed to target the liver to
correct the dysfunctional THR-3 signaling in patients with NASH, it
is critical to ensure that resmetirom does not affect the more widely
expressed THR-a receptor, whichis responsible for thyroid hormone
activity in the heart and bone. No signs or symptoms related to sys-
temic hyperthyroidism or hypothyroidism, or central thyroid axis
changes were noted. As shown previously, no change in heart rate
was observed™. Rather than increases in blood pressure, as would be
expected with excess THR-a activity, small reductions inboth systolic
and diastolic blood pressure were observed.

CV disease is the most common cause of death in patients with
NASH, thus the CV effect of potential NASH therapies is to be consid-
ered”. Elevated atherogenic lipids and lipoproteins have been shown to
contributetoincreased CV risk”. In this trial, reductionsin LDL-C, apoB
and TGlevels were achieved with both DB 80 and 100 mg resmetirom;
similar effects were observed with OL 100 mg resmetirom. Resmetirom
significantly reduced atherogenic lipids/lipoproteins from baseline,
including apoClll, Lp(a), RLPand VLDL cholesterol when compared to
placebo treatment. Improvementsin thelipid/lipoprotein profile were
maintained throughout the 52-week treatment period.

Resmetirom reduced hepatic fat from baseline compared to
placebo when assessed by either MRI-PDFF or CAP. The 100-mg
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resmetirom dose showed consistently greater reductions in hepatic fat
(measured by MRI-PDFF) than 80 mg; however, patients who achieved
atarget level of SHBG increase (>120% increase from baseline) on 80
or 100 mg resmetirom showed a similar reduction in hepatic fat. In
the previous phase 2 trial, an MRI-PDFF reduction of >230% or >50% by
resmetirom was shown to be significantly related to the magnitude
of NASH reduction, including all components of NASH and fibrosis
reduction'>". Previously, it was shown that similar PDFF reductions
were achieved with resmetirom independent of the fibrosis stage™.
Furthermore, thereductionin liver volume observed with resmetirom
in this trial suggests even greater efflux of fat from the liver than that
estimated by hepatic fat before correction for liver volume.

Thelimited number of patients who had abaseline FibroScan VCTE
LSM that met the criteriafor analysis precluded the ability to evaluate
the effect of resmetirom onfibrosisin this patient population; however,
responder analyses suggested fibrosis wasimproved from baseline by
week 52 in the resmetirom arms compared to the placebo arm (based
on reduction in either FibroScan VCTE LSM or MRE). In support of a
potential improvement in fibrosis, multiple liver injury biomarkers,
suchas TIMP-1(acomponent of the ELF score), CK-18 and adiponectin,
were significantly improved compared to placebo after 52 weeks of
resmetirom treatment.

Limitations of the MAESTRO-NAFLD-1 trial include the impact of
COVID-19-related dose interruptions on the evaluation of safety and
efficacy inthe DB arms. Another limitation was the early fibrosis stage
of patients, which restricted evaluation of the effect of resmetirom on
noninvasive measures of fibrosis, particularly VCTE and ELF score and
theinability for noninvasive testing to definitively stage the diseasein
these patients; however, from the perspective of safety (primary end
point of the study), MAESTRO-NAFLD-1 evaluated a high-risk popula-
tion with significant comorbidities (almost half with type 2 diabetes;
the majority with hypertension, obesity and high CV risk).

In conclusion, resmetirom did not produce a differencein TEAEs
relative to placebo over 52 weeks of treatment. The positive results
from MAESTRO-NAFLD-1 are supportive of resmetirom’s safety and
tolerability profile in patients with NAFLD.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butionsand competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41591-023-02603-1.
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Methods
Study design and participants
MAESTRO-NAFLD-1 (ClinicalTrials.govidentifier NCT04197479) was a
randomized, DB, placebo-controlled phase 3 trial evaluating the safety
and tolerability of resmetirom in patients with NAFLD (presumed
NASH). The trial consisted of a screening period of up to 8 weeks, a
52-week treatment period and a 4-week follow-up period (Extended
Data Fig. 3). Visits were conducted every 4 weeks. In addition to the
three DB arms (100 mg resmetirom, 80 mg resmetirom and placebo),
MAESTRO-NAFLD-lincluded three OL armsin patients with (1) noncir-
rhotic NASH; (2) well-compensated NASH cirrhosis (to be reported sep-
arately); and (3) moderate renalimpairment (to be reported separately).
Maleand female adults >18 years of age with >3 metabolicrisk factors
couldscreen forinclusionin MAESTRO-NAFLD-1. At sites participatingin
MAESTRO-NASH, patients who failed the screen for MAESTRO-NASH but
had confirmed NAFLD (earlier stage or F2/F3 with NAFLD activity score
(NAS) <4) could enrollin MAESTRO-NAFLD and patients with FibroScan
VCTE LSM > 5.5 and <8.5 kPa and FibroScan CAP > 280 dB m™ without
liver biopsy could screen for inclusion in MAESTRO-NAFLD-1. At sites
not participating in MAESTRO-NASH, FibroScan VCTE/LSM > 5.5 kPa
and FibroScan CAP =280 dB m™ were required. Acceptable standard
blood chemistry and hematology screening laboratory results and the
presence of >8% hepatic fat (measured by MRI-PDFF) were screening
requirements. Initially, thyroxine treatment was limited to<75 pg din
the DB arms (exceptin patients post-thyroidectomy), whereas all doses
of thyroxine treatment were permitted in the OL 100 mg resmetirom
arm. Patients were excluded who had a history of significant alcohol
consumption for>3 monthswithin1year of screening, history of bariatric
surgery or intestinal bypass surgery inthe 5 years before randomization,
experienced a >5% weight gain or loss within 12 weeks of randomiza-
tion, HbAlc > 9.0%, diagnosis of hepatocellular carcinoma, model for
end-stage liver disease score 212, ALT > 250 U [ or receiving treatment
with pioglitazone >15 mg d™. Pioglitazone was permitted if the dose was
<15 mg d™ and stable for 12 weeks before randomization. Treatment
with GLP-1RAs was permitted if the dose was stable for >24 weeks before
screening. High-dose vitamin E treatment (>400 IU d") was permitted if
the dose was stable for >24 weeks before randomization.

Inclusion criteria (DB and OL noncirrhotic arms)

We only evaluated patients for study participation if they met the
prescreening criteria. Patients who did not initially meet the eligibility
criteriamay beretested, based oninvestigator judgment, to determine
whether they qualify to participate. Patients who met all of the follow-
ing criteria were eligible to participate in the study:

1. Mustbe willing to participate in the study and provide written
informed consent.

2. Male and female adults >18 years of age.

3. Female patients are eligible if they are of reproductive potential
and have a negative serum pregnancy test (3-human chori-
onic gonadotropin), are not breastfeeding and do not plan to
become pregnant during the study and agree to use two highly
effective birth-control methods during the study OR if they are
not of childbearing potential (surgically (bilateral oophorec-
tomy, hysterectomy or tubal ligation) or are naturally sterile
(>12 consecutive months without menses)). Highly effective
birth-control methods include condoms with spermicide,
diaphragm with spermicide, hormonal and non-hormonal
intrauterine device, hormonal contraception (estrogens stable
>3 months), a vasectomized male partner or sexual abstinence
(defined as refraining from heterosexual intercourse, from the
time of screening throughout the study and for at least 30 d
after the last dose of study drug administration). Reliance on
abstinence from heterosexual intercourse is acceptable only if
itis the patient’s habitual practice.

4. Male patients who are sexually active with a partner of child-
bearing potential must either be sterile (vasectomy with
history of a negative sperm count at least 90 d following the
procedure); practice total abstinence from sexual intercourse
as the preferred lifestyle (periodic abstinence is not accept-
able); use a male condom with any sexual activity; or agree to
use a birth-control method considered to be appropriate by
the investigator (such as one of the methods identified above
for female patients of childbearing potential) from the time of
screening until 30 d after the last dose of study drug administra-
tion. Male patients must agree not to donate sperm for a period
of 30 d after the last dose of study drug administration.

5. Forsuspected or confirmed diagnosis of NASH/NAFLD sug-
gested by the historical data, they must meet one of the follow-
ing criteria:

+  FibroScan with kPa >5.5and <8.5; CAP > 280 dBm™ OR
MRE > 2.0 and <4.0; MRI-PDFF > 8% liver fat consistent with
steatosis and fibrosis stage >1 and <4.
« Recentliver biopsy (within past 2 years) documenting NASH/
NAFLD with steatosis showing one of the following:
NAS > 4, steatosis > 1, with fibrosis stage 0 (FO) ORwith F1A/1C
and PRO-C3 <14.
NAS < 4, steatosis > 1, with fibrosis stage <3.
NAS > 4, steatosis > 1, fibrosis stage <3 without ballooning.
Note: following the completion of enroliment of the DB arms,
patientsmeetingallother criteriawho havealiverbiopsyresult
from MGL-3196-11 with the following may be enrolled in the
OL active treatment arm of MGL-3196-14 (100 mg dose):
NAS =3, steatosis 1, ballooning1,inflammation1with F2 or F3.
NAS =3, ballooning O with F2 or F3.

Note: if patient is FO, they must also, within the last 6 months, have a
FibroScanwithkPa > 5.5 ORMRE > 2.0 (no upper limit).Note: in patients
on thyroxine >75 pg, a FibroScan with kPa > 5.5 is eligible (no upper
limit).Note: in patients with glomerular filtration rate (GFR) > 30 and
<45 (OLtreatmentarm).aFibroScanwithkPa > 5.5is eligible (no upper
limit).Note: eligibility based on meeting inclusion criterion 5 should
be determined based on historic medical and laboratory (FibroScan,
liver biopsy) data and should be determined before informed consent
is provided and the screening visit.Note: FibroScan does not need tobe
repeated at screeningif conducted at prescreening and/or a historical
FibroScan was conducted in the previous 3 months (including study
MGL-3196-11). A historic liver biopsy must not be accompanied by a
significant decrease in body weight >5% since the biopsy or treatment
with a new concomitant medication that might affect steatosis.
6. Patients must meet inclusion criterion O before obtaining
an MRI-PDFF (unless a patient has an existing qualifying
MRI-PDFF). MRI-PDFF fat fraction >8% obtained during the
screening period (baseline MRI-PDFF) or a historic MRI-PDFF
< 8weeks (+3 d) old at the time of randomization.Note: an
eligible MRI-PDFF with fat fraction >8% must be obtained for
the baseline value (does not need to be repeated if conducted in
the <8 weeks (+3 d) before anticipated randomization and there
has not been >5% weight change in that interval). Patients with
contraindications to an MRI-PDFF (for example, metal pros-
thetics, uncontrolled documented claustrophobia or where
body weight exceeds the limit of the machine) examination
or who are screened at an investigative site where MRI-PDFF is
not available are eligible for this study if they have a FibroScan
with CAP >300 dB m™ or a CAP > 280 with a historic liver biopsy
showing steatosis >1.Note: if a historic liver biopsy shows
steatosis of 0 and there has been no recent change in metabolic
status such as weight gain, the patient is not eligible to partici-
pate unless the current MRI-PDFF is >8%.
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7. Mustbeonstable, standard care dyslipidemia therapy for >30 d
before randomization that can be maintained for the entire
study except for noted exceptions. Statins should be taken in
the evening for at least 2 weeks before randomization and con-
tinue to be taken in the evening for the duration of the study.
Patients recommended for dyslipidemia therapy but who are
intolerant of statins or other dyslipidemia therapy are allowed.
Permitted dyslipidemia therapy includes:

* Rosuvastatin <20 mg daily.

» Atorvastatin <40 mg daily.

« Simvastatin <20 mg daily.

« Pravastatin <40 mg daily.

» Lovastatin <40 mg daily.

« Pitavastatin <2 mg daily.

» Ezetimibe alone or in combination with any of the above
statins.

« Omegallllfatty acids.

« Bileacid sequestrants (for example, cholestyramine (Ques-
tran or Prevalite), colestipol (Colestid or Flavored Colestid)
and colesevelam (Welchol)) are permitted if taken at least 4 h
after or 4 hbefore the dose of study drug.

» Thefenofibrate dose must be stable for at least 6 weeks
before randomization and is allowed for patients with a
history of and/or ongoing very high TGs (>500 mg dI™)
based on investigator discretion. Unless taking fenofibrate
for a history of and/or ongoing very high TGs (500 mg dI ™),
fenofibrate is excluded throughout the study. For patients
on fenofibrate in which previous high TG values >500 mg dI™*
cannot be located, the sponsor, in consultation with the
investigator may review the case details to evaluate the justi-
fication for the fenofibrate indication on a case-by-case basis.

Note: because lipid end points are assessed during the study, lipid thera-
pies must be stable for the duration of the 52-week study. Lipids are
blinded during the study and monitoringlipid levels at local laboratories
outside the clinical trial is discouraged. Safety reasons that may result
inanincrease/modification in lipid therapy during the study include
the occurrence of a laboratory alert for TGs >1,000 or another acute
indication for modifying lipid therapy such as a CV event. Statins and
otherlipid therapy may be reduced, switched to an alternative statin or
cholesterol-lowering medication or discontinued secondary to AEs dur-
ingthe study.Note: patients already enrolled who are taking fenofibrate
evenif not for very high TGs may remain in the study, because there
are no safety concerns in most patients taking fenofibrate.Note: other
stable dyslipidemia therapies not specifically listed, such as PCSK9
inhibitors, are allowed.Note: patients with dyslipidemia therapy that was
initiated <30 d before expected randomization may be rescreened after
the dyslipidemia therapy is stabilized. In the case that a lipid-lowering
medication is discontinued before randomization, the patient would
be able to randomize 1 week after the discontinuation.

8. Estimated GFR =45 (DB treatment arms) or =30 and <45 (OL

treatment arm) by the modification of diet in renal disease
6-variable (MDRD-6) formula.

Exclusion criteria

Patients who meet any of the following criteria will be excluded from
participationinthe study. Patients who do not initially meet eligibility
criteriamay be retested or rescreened, based oninvestigator judgment,
to determine whether they qualify to participate.

1. History of significant alcohol consumption for a period of more
than three consecutive months within 1 year before screening.
Note: significant alcohol consumption is defined as equal to
or greater than approximately two alcoholic drinks per day
for males and approximately 1.5 alcoholic drinks per day for

females. One alcoholic drink is equal to 12 ounces (355 ml) of

5% alcohol by volume (ABV) beer, 5 ounces (148 ml) of 12% ABV

wine or 1.5 ounces (44.4 ml) of 40% ABV distilled spirits. Note:

Cabohydrate-deficient transferrin (CDT) will be measured at

screening and if elevated by >3.0%, patients will be excluded

unless another reason for CDT elevation is provided. If CDT is
elevated >2.47 and <3.0, additional patient history should be
obtained to rule out alcohol consumption inconsistent with the
protocol exclusion limit. Significant alcohol consumption is not
allowed for the duration of the study.

2. Regular use of drugs historically associated with NAFLD,

which include, but are not limited, to the following: amiodar-

one, methotrexate, systemic glucocorticoids at greater than

5mgd?, tamoxifen, estrogens at doses greater than those used
for hormone replacement or contraception, anabolic steroids
except testosterone replacement, valproic acid and known
hepatotoxins for more than 4 weeks within the last 8 weeks
before the initial screening.

3. Thyroid diseases:

a. Active hyperthyroidism. Note: patients with a history of
hyperthyroidism are eligible to participate.

b. Untreated clinical hypothyroidism defined by TSH>7IUI?!
with symptoms of hypothyroidism or >10IUI™" without
symptoms. Note: TSH may be repeated once, and if >10 U I,
even with normal FT4 levels, patients may be stabilized on
thyroxine replacement therapy and rescreened for eligibility.
Patients with TSH >7 and <10 with no symptoms of hypothy-
roidism are eligible and TSH may be monitored normally.

c. Subclinical hypothyroidism and patients on stable thyroxine
therapy are eligible to participate. During screening and af-
ter randomization, small adjustments of the thyroxine dose
(12.5-25 pg every 4 weeks) are allowed as per the usual care.

Note: investigators are asked to review TSH levels, particularly in OL
and DB patients on thyroxine, at screening, baseline and throughout
the study to determine whether to make dose adjustments in thy-
roxine (or recommend thyroxine dose adjustments to the patient’s
primary care physician (PCP)). Small dose adjustments in thyroxine

(12.5to 25 pg every 4 weeks) are expected and are consistent with

‘stable’ thyroxine therapy. Patients with Hashimoto’s thyroiditis

may have residual thyroid function and typically require a dose that

is lower than patients with a complete thyroidectomy. Target TSH
level may be >1in patients at high CV risk or established CV disease.

Note: NASH/NAFLD is associated with reduced conversion of prohor-

mone T4 tothe active hormone T3inthe liver and decreased plasmafree

T3/reverse T3 ratio. Most patients on thyroxine enrolled in the study will

not require areduction in thyroxine dose. Some patients with NAFLD

may require a small reduction in thyroxine dose during screening or
after randomization to maintain TSHat target due at least in part tomore
efficient conversion of T4 to T3 in the liver (and reduced reverse T3)
that occurs with resmetirom treatment and/or increased diet/exercise.

4. History of bariatric surgery or intestinal bypass surgery within
the 5 years before randomization or planned during the con-
duct of the study.

5.  Weight gain or loss >5% total body weight within 12 weeks be-
fore randomization. Note: this includes the screening period.

6. HbAIc>9.0%. Note: patients with HbAlc > 8.0% and <10.0%
should have documented efforts to control HbAlc to <8.0%. If
there is no previous documentation of efforts to control HbAlc,
patients may be treated with new or higher doses of existing
diabetic medication(s) and are eligible for rescreening 6 weeks
after initiating a new antidiabetic therapy if the repeated HbAlc
is £9.0%. Patients must be on stable treatment for all diabetes
medications, including any new doses or medications, for >30 d
before randomization.
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10.

11.

12.

Note: stable diabetes therapy is expected at the time of randomi-
zation, but may be modified after randomization, includingin-
creases in dose, switching or adding an additional antidiabetic if
medically indicated (with the exception of adding GLP-1 agonists)
to maintain good HbAlc control during the study. Investigators
should enforce diet and exercise as described in the protocol.
Note: insulin doses may be altered by up to 10% during the
screening period.

GLP-1agonist therapy (for example, exenatide, liraglutide,

lixisenatide, albiglutide, dulaglutide, semaglutide and albiglu-

tide) unless stable dose for 24 weeks before screening. GLP-1
therapeutics may not be initiated, or doses increased during the
study. A switch within class from a GLP-1 agonist to a different

GLP-1agonist at a dose assessed as equivalent would be allowed

during the study.

Use of high-dose vitamin E (>400 IU d) unless stable for >24

weeks before randomization. Vitamin E can be discontinued or

decreased but dose cannot be increased during the study.

Presence of cirrhosis on liver biopsy defined as stage 4 fibrosis

is excluded from randomized arms.

Diagnosis of hepatocellular carcinoma.

Model for end-stage liver disease score >12 due to liver disease.

Note: score of 212 must be the result of liver disease to be exclu-

sionary, not isolated laboratory abnormalities such as elevated

creatinine due to chronic kidney disease, international normal-
ized ratio (INR) abnormality secondary to anticoagulants or
laboratory error and bilirubin elevation due to Gilbert’s
syndrome.

Hepatic decompensation or impairment defined as presence of

any of the following:

a. Historyofesophagealvarices,ascitesorhepaticencephalopathy.

b. Serumalbumin <3.5 g dl”, except as explained by nonhepatic
causes.

c. INR>1.4 unless due to therapeutic anticoagulants or labo-
ratory error. Note: INR may be repeated once to reassess
eligibility.

d. Total bilirubin>1.5xULN=1.2mgdl™. Note: patients with
Gilbert syndrome are eligible with a total bilirubin above
1.5 x ULN if reticulocyte count is within normal limits (typi-
cally 0.5-2.5%), hemoglobin is within normal limits unless
due to chronic anemia and unrelated to hemolysis (typically
13.5-17.5 g dI"* for men; 12.0-15.5 g dI" for women) and direct
bilirubin is <20% of total bilirubin.

Chronic liver diseases:

a. Primary biliary cholangitis.

b. Primary sclerosing cholangitis.

c. Hepatitis B positive: as defined by the subject testing positive
for Hepatitis B surface antigen, core antibody and positive
for hepatitis B virus infection. A patient could also be exclud-
ed if hepatitis BDNA is detected.

d. Hepatitis C as defined by presence of hepatitis C virus (HCV),
HCV antibody and positive HCV RNA (tested for known cured
HCV infection or positive HCV antibody at screening). Note:
patients who are HCV antibody positive and HCV RNA nega-
tive who have a history of clearly documented HCV infection
(history of positive HCV RNA) are eligible to participate if
previous treatment for HCV was given and they have a docu-
mented sustained virologic response of at least 2 years be-
fore anticipated randomization.

. History or evidence of current active autoimmune hepatitis.
History or evidence of Wilson’s disease.

. History or evidence of a-1-antitrypsin deficiency.

. History or evidence of genetic hemochromatosis (hereditary
or primary).

ou@ ™o

13.

14.

15.

16.

17.
18.

i. Evidenceofdrug-induced liverdisease,asdefined onthebasis
of typical exposure and history.
j. Known bile duct obstruction.
k. Suspected or proven liver cancer.
Has an active autoimmune disease, including actively treated lu-
pus, rheumatoid arthritis, inflammatory bowel disease or autoim-
mune hepatitis, requiring systemic treatment within the past 12
weeks or adocumented history of clinically severe autoimmune
disease, including autoimmune liver disease or a syndrome that
requires systemic steroids or immunosuppressive agents. Note:
patients with vitiligo or resolved childhood asthma/atopy would
be an exception to this rule. Patients who require intermittent use
of bronchodilators, topical, inhaled or intranasal corticosteroids,
or local steroid injections are not excluded from the study.
Note: as evaluation of safety, not efficacy, is the major objec-
tive being evaluated in patients with moderate renal impair-
ment (eGFR =30 and <45) enrolled in the OL arm, patients with
autoimmune diseases such as rheumatoid arthritis who are on
systemic therapies may be eligible on a case-by-case basis as
long as the systemic therapy for the autoimmune disease is not
specifically excluded.
Serum ALT>250 U™,
Note: given the intrinsic variability in ALT and AST in patients
with NASH, investigators should use the following guide in an
attempt to establish a relatively stable baseline for ALT and
AST. Investigator discretion is allowed. Documented historical
(3 weeks to 6 months before study entry) ALT and AST levels
consistent with the screening ALT and AST values may help
establish a stable baseline. This consistency may be established
based on the following:

« Ifthe historical and screening ALT and AST values are both
<1.5x ULN, there is no limit to the difference between the
values.

- Patients who do not have historical ALT and AST evaluations
available will have their ALT and AST repeated during the
screening period to help to establish no worsening of >30%
(both assessments during screening period) with >2 weeks
between assessments. The second ALT, AST assessment may
take place after the screening MRI-PDFF.

« Ifthe historic ALT/AST are >1.5x elevated and screening ALT
and AST are markedly improved (>50% decreased or normal-
ized) relative to historic data, then a third ALT/AST deter-
mination will be made during screening to help establish a
stable baseline.

« Ifatleast one of the valuesis >1.5 x ULN and the second value
is greater than the first value, the difference in the mean of ALT
and AST values must be <30%. If the second value is greater
than the first value by >30%, a third value assessed >2 weeks
after the second value should be determined to help establish
alack of worsening trend in ALT/AST. If aworsening trend is
confirmed (three consecutive worsening values with difference
from first value and second value >30% and difference between
second and third value >30%), the patient will be deemed a
screen failure, but may be rescreened if ALT and AST stabilize.

Use of pioglitazone >15 mg d. Pioglitazone is allowed at doses
up to 15 mg d*if the patient has been on stable dose for =12
weeks before randomization.

Platelet count <140,000 mm, Patients with platelets <140,000
and >100,000 mm~ are eligible if Fib-4 < 3.5.

History of biliary diversion.

Uncontrolled hypertension (either treated or untreated)
defined as systolic blood pressure 2170 mm Hg or a diastolic
blood pressure 2100 mm Hg at screening.
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19. New York Heart Association Class Il or IV heart failure or known
left ventricular ejection fraction <30%.

20. Uncontrolled cardiac arrhythmia.

21. Atscreening, confirmed QT interval corrected using Fridericia’s
formula (QTcF) > 450 ms for males and >470 ms for females based
on triplicate ECG assessment. At least two of the three ECGs must
show a prolongation and the average of the three ECGs must be
prolonged to meet criteria for exclusion. Prolonged QTcF may be
repeated and confirmed following machine calibration if needed.
Note: patients with bundle branch block or other conditions in
which a QTcF cannot be calculated are allowed.

22. Myocardial infarction, unstable angina, percutaneous coronary
intervention, coronary artery bypass graft or stroke within
12 weeks before randomization.

23. Use ofillicit intravenous drugs within 5 years before randomiza-
tion or a urine drug screen result positive for amphetamines,
barbiturates, benzodiazepines, cocaine, methadone, opiates or
phencyclidine at screening, unless a prescribed drug accounts
for the positive test.

24. Active, serious medical disease with a likely life expectancy
<2years.

25. Participationin aninvestigational new drug trialin the 60 d
or five half-lives, whichever is longer, before randomization.
Patients previously treated with NASH therapeutics in an inves-
tigational trial are allowed if follow-up liver biopsy at the end of
trial continued to show active NASH fibrosis meeting eligibility
criteria and they have been off the NASH therapeutic for at least
24 weeks before expected randomization. If a potential NASH
therapeutic studied revealed no safety issues, and in fact was
not a NASH therapeutic (no effect on liver biopsy compared to
placebo), participation may occur 60 d or five half-lives, which-
ever is longer, after discontinuation of the therapy.

26. History of major surgery (surgery involving arisk to the life
of the patient; specifically, an operation upon an organ within
the cranium, chest, abdomen or pelvic cavity) within 6 weeks
before randomization.

27. History of cancer within the last 5 years (other than treated and
believed to be cured basal or squamous cell carcinoma of the
skin or resected carcinoma of the cervix).

28. Any other condition which, in the opinion of the investigator,
would impede compliance, hinder completion of the study,
compromise the well-being of the patient or interfere with the
study outcomes.

29. Knownimmunocompromised status, including but not limited
to individuals who have undergone organ transplantation,
who are known to be positive for HIV or who have recurrent or
chronic systemic bacterial, fungal, viral or protozoal infections.

30. Hypersensitivity to resmetirom or to any of the excipients or to
placebo.

MAESTRO-NAFLD-1was conducted inaccordance with the ethical
principles of the Declaration of Helsinki and was consistent with the
International Conference on Harmonization Good Clinical Practice and
applicableregulatory requirements. Aninstitutional review board (IRB)
or independent ethics committee at each site approved the protocol
and allamendments (central IRB WCG, tracking no.20192651; local IRB
Duke University Health System tracking no. Pro00104842; local IRB
Cedars-Sinai Office of Research Compliance and Quality Assurance
tracking no. STUDY00001571). All patients provided written informed
consent before enrollment.

Randomization

As specified in the protocol, the first 30 patients were enrolled in the
OL 100 mg resmetirom arm (including any patients taking thyroxine
>75 pg d™) before initiation of 1:1:1:1 randomization to the three DB

arms (100 mg resmetirom, 80 mg resmetirom or placebo) or the OL
100 mg resmetirom arm. Randomization to the OL arm was discon-
tinued when the target number of patients was achieved (1July 2020).
Thereafter, eligible patients were randomized 1:1:1to the three DB arms
(100 mgresmetirom, 80 mgresmetirom or placebo). Randomization
was stratified by type 2 diabetes status (presence/absence) and by
history of documented atherosclerotic CV disease (ASCVD; yes/no).
Aninteractive voice and web response system was used to assign treat-
ment. Patients and study personnel administering the study drug and
performing the clinical assessments were blinded to the individual
patient’s treatment (resmetirom or placebo). Select individuals were
notblinded to patients’ treatment assignments to facilitate operations
(forexample, to prepare data monitoring committee (DMC) materials);
these individuals were not otherwise involved in the study. Results of
severallaboratory tests, defined in the laboratory manual (for example,
SHBG, lipids and FT4), were blinded to study personnel and investiga-
tors during the study to preserve the blind. Reporting of serious AEs
that met thecriteriafor expedited reporting was also managed by the
pharmacovigilance team to maintain the blind for the rest of the study
team. In addition, certain laboratory results that could unblind the
study and were not required for patient management were blinded.

Patients completing MAESTRO-NAFLD-1wereeligibletoenrollina
52-week OL extension (MAESTRO-NAFLD-OLE), which will provide addi-
tional datato characterize the safety and efficacy of resmetiromin adults
with NAFLD/presumed NASH. In addition to the four arms described
above, the MAESTRO-NAFLD-1trialincluded three additional OL active
treatment armsin patients with (1) noncirrhoticNASH, enrolled after the
randomization period; (2) well-compensated (Child-Pugh A) NASH cir-
rhosis; and (3) moderate renalimpairment. The OL armsin patients with
at-risk NASH (enrolled after randomization period), well-compensated
NASH cirrhosis and moderate renal impairment were completed after
the main study and will be reported separately.

Procedures

For all patients randomized to resmetirom treatment, dose adjustments
could betriggered by an unblinded monitor. At week 12, the resmetirom
dosewasreduced by 20 mgifFT4 levels decreased frombaseline by >30%
(to<0.7 ng dI™") on two consecutive visits (at weeks 4 and 8). In patients
assigned to 100 mg resmetirom who were dose reduced to 80 mg at
week 12, if FT4 levels continued to decrease from baseline by >30% (to
<0.7 ng dI™), the dose was further decreased to 60 mg at week 24. After
week 24, no further resmetirom dose adjustments were permitted.

A DMC, which met at least quarterly throughout the
MAESTRO-NAFLD-1 trial, evaluated the safety and key pharmaco-
dynamic data to recommend whether the trial should continue, be
modified or stopped. The DMC reviewed the unblinded safety data,
including TEAEs, serious TEAEs and pharmacodynamic data. Blinded
hepatic and CV adjudication committees evaluated potential liver or
major adverse CV events.

A TEAE was defined as any AE with onset or post-dose worsening
of any pre-existing AE (existing before the first dose of study drug),
either by severity or by study drug relationship, on or after the date
of the first dose of study drug up to 30 d after the date of the last dose
of study drug. Patients who discontinued treatment but remained in
thetrial could have their safety data defined by new AEs that occurred
>30 d after last dose censored (considered not treatment-emergent).
AEs were coded using MedDRA v.24.0.

MRI-PDFF and MRE (at participating sites) were performed at baseline
(beforeinitiation of study drug), week 16 and week 52. MRI-PDFF was calcu-
lated using a proton density weighted two-dimensional multi-echo gradi-
entecho pulse sequence, including sixnominally in-and opposed-phase
echoes. The reconstruction accounted for T2*-related signal decay and
the spectral complexity of fat. MRE was obtained and reconstructed using
vendor-supplied hardware and software. FibroScans were obtained at
prescreening or duringscreening and at week 52.Both MRland MRE image
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analyses were conducted using OsiriX 9 (Pixmeo Sarl). Vital signs, a12-lead
ECGandclinical laboratory testing (hematology, chemistry and urinalysis)
and assessment of lipid parameters, thyroid hormone parameters and
other biomarkers were conducted at specified visits.

Liver volume was assessed at baseline and week 52inthe OL100 mg
resmetirom arm. Volumes were estimated based on motion-robust
single-shot fast-spin echo MRl obtained as part of the MRl examinations
for MRI-PDFF estimation. Images were obtained in the axial plane with
aslice thickness of 6-8 mm and inter-slice gap of 0-2 mm, with maxi-
mumin-plane voxel dimensions of 1.9 x 1.9 mm. Initial two-dimensional
contours were developed using amodel based on the UNet architecture.
Contours were visually assessed and adjusted by imaging core labora-
tory technologists with experienceinliver volumetry and validated by a
fellowship-trained abdominal radiologist with over 15 years’ experience
inabdominal radiology. Liver volumes were estimated inmlbased onthe
number of voxels segmented, in-plane voxel size and section spacing.

Objectives

The primary objective was to evaluate the safety and tolerability of
resmetirom as measured by the incidence of TEAEs over 52 weeks of
treatment. The same objective applied to the OL noncirrhotic NASH
cohortthatenrolledinthe trial from the time of initiation to the closure
ofthel:1:1:1randomization (1July 2020). Key secondary objectives were
%CFB to week 24 in LDL-C; %CFB to week 24 in apoB; %CFB to week 16
in hepatic fat (measured by MRI-PDFF); %CFB to week 24 in TGs in the
subgroup with baseline TGs =150 mg dI™’; CFB toweek 52 in FibroScan
CAP; and CFBtoweek 52in FibroScan VCTE/LSMin the subgroup with
baseline VCTE/LSM > 7.2 kPa.

Additional secondary objectives were %CFB to week 52 in hepatic
fat (measured by MRI-PDFF); %CFB to week 24 in LDL-C in the sub-
group with baseline LDL-C > 100 mg dI™, apoB in the subgroup with
baseline LDL-C >100 mg dI™, Lp(a) in the subgroup with baseline Lp(a)
>10 nmol I, apoClIl, HDL-C,RLP cholesterol, VLDL cholesteroland VLDL
and chylomicron TG; %CFB toweek 48in LDL-C, LDL-Cin the subgroup
with baseline LDL-C =100 mg dI™, apoB, apoB in the subgroup with
baseline LDL-C >100 mg dI™*, TGsinthe subgroup with TGs > 150 mg dI ™,
Lp(a) in the subgroup with Lp(a) >10 nmol I}, apoClll, HDL-C, RLP cho-
lesterol, VLDL cholesteroland VLDL and chylomicron TGs; CFB to week
52in liver enzymes (ALT, AST and GGT) in the subgroup with baseline
ALT >301U1™; CFB toweek 52in CK-18, adiponectin, ELF in the subgroup
with baseline ELF > 9.8, amino-terminal propeptide of type Il procol-
lagen (PIIINP) in the subgroup with baseline PIIINP > 9 ng mI™, TIMP-1
in the subgroup with baseline TIMP-1 > 240 ng ml™” and hyaluronic acid
in the subgroup =50 ng ml™. PROs were assessed by the chronic liver
disease questionnaire at week 52.

Exploratory outcomesincluded change frombaseline to week 52
in sex hormones (estradiol, follicle-stimulating hormone, luteinizing
hormone, testosterone, free testosterone and SHBG); CFB toweek 52in
thyroid hormones (FT3,FT4, rT3,FT3/rT3, TSH and thyroxine-binding
globulin).

Statistical analysis

Sample size was based on safety and regulatory considerations to facili-
tate the evaluation of the treatment effect within subgroups of interest.
For evaluation of the key secondary end points, randomizing >200
patients to each of the three DB arms was expected to provide >90%
power to demonstrate a statistically significant difference between
eachresmetiromdose and placebo at the two-sided 0.025 significance
level in the %CFB in LDL-C at week 24, assuming a >13.5% difference
between the resmetiromarmand placebo arm with a within-treatment
s.d.of 16%. Other key secondary lipid end points and percent change in
hepatic fat between the resmetirom and placebo arms had >90% power.
This trial was designed to maintain an overall study-wise type I error
rate of o = 0.05 for the key secondary end points only. The error rate
was controlled by first splitting the overall two-sided & = 0.05 into two

partitions via the Bonferroni method and then the key secondary end
points were tested in a prespecified hierarchical order (Extended Data
Fig.4).Customary usage of s.d. or s.e.m. was applied to statistical out-
puts. For population characteristics such as baseline measurements,
thes.d.was usedto describe the variability. Asameasure of dispersion
around the mean, the s.d. allows us to best understand the character-
istics of the population being studied. When describing changes from
baseline or %CFB, for example in lipid measurements, the s.e.m. was
used. The s.e.m. enables an understanding of the magnitude of change
observed in the sample studied. If any of the statistical comparisons
were notstatistically significant, then all subsequent tests were consid-
eredregular secondary end points that were not controlled for multiple
testing. Subsequent secondary and exploratory end points were not
controlled for multiplicity and P values were considered nominal.

The primary analyses were conducted after all patientsin the DB
arms completed the 52-week treatment period and 4-week follow-up
period (or discontinued fromthe trial with a 4-week follow-up period).
TEAEs were analyzed descriptively for each treatment arm. For the pri-
mary analysis of key secondary lipid end points,an ANCOVA model was
used to analyze eachset of tenimputed datasets. The ANCOVA models
for each lipid outcome included %CFB to week 24 (and all other end
point visits) as the dependent variable; treatment and stratification
factors (presence of type 2 diabetes and ASCVD) as independent vari-
ables; and baseline lipid values as a covariable. The statistical method
of estimating the treatment effect and testing for apoB and TGs was
similar to the LDL-C end point; a similar ANCOVA model was used
whereby the baseline value of the dependent variable was included as
covariate instead of LDL-C.

This study was impacted by COVID-19 and the estimand in the sta-
tistical analysis plan reflected the statistical approach taken to address
COVID-19-related missing data. The strategy was used to evaluate the
effect of resmetirom as though the blister pack kit shortage due to the
COVID-19 pandemic or other missing receipt of study drug (due to site
closures or other COVID-19-related missed visits) had not happened.
Toaddress the COVID-19 impact, the week-24 lipid assessment and lipid
assessment at any visit in which fasting lipids were measured (weeks 4,
12,16,20, 24,28, 32,36,40, 44,48 and 52) that was impacted by the blis-
ter pack kit shortage at the previous visit (unavailability of study drug
during the 4 weeks preceding the visit), was considered missing. Per
protocol and of note, all post-baseline lipids/lipoproteins and MRI-PDFF
measurements were blinded during the study, aswas the treatment code.

The analysis of lipids was performed after imputation was per-
formed for missing results. The imputation was conducted in two
stages, where stage 1 utilized a single imputation using a patient’s own
dataandstage 2 used amultiple imputation approach. Instage1, invalid
and missing data caused by the COVID-19 pandemic wereimputed using
the ‘valid visit’ lipid measurement (if available) obtained just before
the missing visit. If the previous visit was missing or invalid, the lipid
value obtained immediately after the missing visit was imputed for the
missing visit. For lipid data that were still missing after the single impu-
tation approach described above, those missing data were imputed
using the non-missing lipid values (including the singly imputed data
fromabove) based on missing-at-random-based multiple imputation.
When applying the missing-at-random-based multiple imputation,
data were imputed separately by randomized treatment group and
randomization stratification factors. Lipid assessments impacted by
other COVID-19-related factors including drop-out from the study due
to COVID-19 (including drop outs caused by blister pack kit shortages)
and nonadherence to dosing due to COVID-19 were not considered for
singleimputation giventhat they were either infrequent (missed visits)
or difficult to track. The values for lipid end points affected by all other
intercurrent events (COVID-19-related and non-COVID-19-related) were
multiply imputed as described in the statistical analysis plan.

In this trial, few patients had a baseline FibroScan VCTE LSM that
met criteriaforanalysis. Assuch, aresponder analysis was performed to
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evaluate the percent of patients whose FibroScan VCTELSM improved
orworsened by either >2 kPaor >30% from baseline at week 52. A simi-
lar responder analysis was performed for MRE as well to evaluate the
percent of patients whose LSM by MRE improved or worsened by >19%
from baseline at week 52. For analysis of the OL resmetirom arm, end
points were summarized descriptively and analyzed by a within-group
CFB.For descriptive statistical summaries, the number of non-missing
observations, mean, s.d., median, minimum and maximum were calcu-
lated for continuous variables. For categorical variables, the frequency
and percentage of each category were provided. All statistical analyses
were performed with SASv.9.4 or above.

Safety end points were evaluated in the safety population, which
included allrandomized patients who received =1 dose of the DB study
drug. Efficacy end points were evaluated in the mITT population,
whichincluded all randomized patients who received >1 dose of the
DB study drug and had a baseline and =1 post-baseline measurement.
ThelTT population, whichincluded all DB randomized patients, could
be used for sensitivity analysisif it differed substantially from themITT
population.

Protocol deviations resulting from COVID-19

The study was conducted between December 2019 and December 2021
at 79 sites in the United States during the height of the COVID-19 pan-
demic.On27March2020, Madrigal, the sponsor, issued an administra-
tiveletter (following the Conduct of Clinical Trials of Medical Products
During the COVID-19 Public Health Emergency Guidance for Industry,
Investigators and IRBsissued by the US Food and Drug Administration
on 25March 2020) to sites with information on the following topics:

- Documentation of protocol deviations with attribution to
COVID-19 when applicable;

« Flexibility for screening and enrollment windows, study visit
windows and study procedures and collection of laboratory
results at study visits in situations in which patient access was
unsafe or restricted due to COVID-19, including allowing tel-
ehealth phone visits;

- Delivery of investigational medicinal product to patients who
could not come to the investigative site for a study visit;

« Guidance on investigative site monitoring, focusing on a remote
site monitoring plan; and

« Changesininformed consent to implement a more flexible
approach to clinical studies.

Largely due to COVID-19-related drug kit delays in the DB arms,
86-88% of DB patients missed study visits (inclusive of visits where no
study drug was provided) and the average number of missed monthly
visits in the DB arms was 2-3 over the 52-week treatment period. Only
19% of OL non-cirrhotic (NC) patients with NASH had missed study visits.

Reporting summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

Datasets generated as part of the MAESTRO-NAFLD-1 trial are consid-
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Requests for data supporting findings in this manuscript should be
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form of aggregate data summaries and via a data transfer agreement
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patient privacy and cannot be shared.
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double-blind arms (100 mg resmetirom, 80 mg resmetirom, or placebo) or the
open-label 100 mg resmetirom arm. Randomization to the open-label arm was
discontinued when the target number of patients was achieved (July 1,2020).
Thereafter, eligible patients were randomized 1:1:1to the 3 double-blind arms
(100 mg resmetirom, 80 mg resmetirom, or placebo).
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Extended Data Table 1| Demographic and baseline characteristics (modified intent-to-treat population)

Resmetirom Resmetirom Resmetirom Placebo
100mg OL 100mg DB 80mg DB DB
(n=170) (n=314) (n=320) (n=309)
Mean age, years mean (SD) 55.6(11.5) 56.2 (11.5) 56.2 (11.7) 55.7(12.2)
Sex, male, n (%) 54 (31.8) 142 (45.2) 141 (44.1) 146 (47.2)
Race, n (%)
White 150 (88.2) 278 (88.5) 284 (88.8) 276 (89.3)
Black or African American 10(5.9) 21 (6.7) 20 (6.3) 19(6.1)
Asian 6(3.5) 6(1.9) 6(1.9) 5(1.6)
Other® 3(1.8) 7(22) 8(2.5) 72.3)
Missing 1(0.6) 2(0.6) 2(0.6) 2(0.6)
Ethnicity, Hispanic or Latino, n (%) 51 (30.0) 103 (32.8) 105 (32.8) 118 (38.2)
Body mass index, kg/m?, mean (SD) 36.1(6.3) 35.4(6.4) 35.4(6.0) 35.2(5.8)
Type 2 diabetes, n (%) 82 (48.2) 152 (48.4) 156 (48.8) 156 (50.5)
Hypertension, n (%) 118 (69.4) 238 (75.8) 243 (75.9) 238 (77.0)
Dyslipidemia, n (%) 151 (88.8) 275 (87.6) 282 (88.1) 272 (88.0)
Hypothyroidism, n (%) 76 (44.7) 32 (10.2) 39(12.2) 34 (11.0)
10-year ASCVD risk score, % mean (SD) 11.6(12.5) 12.3(11.8) 12.7(11.5) 13.7(12.9)
FibroScan® VCTE/LSM, kPa mean (SD) 7.79 (3.4) 7.28 (4.2) 733 (4.4) 7.55(5.6)
FibroScan® CAP, dBm mean (SD) 342.6 (35.6) 341.1 (34.0) 339.3(32.9) 344.1 (33.6)
MRI-PDFF, % fat fraction mean (SD) 17.9(7.1) 18.0(7.3) 17.6 (6.6) 17.8(6.9)
2.79 (0.9 2.62(0.5 2.62 (0.5 2.60(0.5
MRE, kPa mean (5D) n=1(14 ) n=2(23 ) n=2(16 : n=2(00 )
FIB-4, mean (SD) 1.04 (0.59) 0.98 (0.44) 1.00 (0.45) 1.04 (0.48)
ALT, U/L mean (SD) 37.0(24.2) 36.1(25.3) 36.8(23.7) 37.8(30.5)
AST, U/L mean (SD) 26.4 (15.3) 24.9 (12.5) 25.0(13.0) 26.2(16.1)
GGT, U/L mean (SD) 47.0(55.2) 41.7(32.1) 45.5 (40.9) 49.9(62.9)
ALP, U/L mean (SD) 73.0(23.8) 71.1(22.5) 71.6(23.8) 71.3(25.0)
TC, mg/dL mean (SD) 186.8 (48.0) 178.1 (43.0) 180.5 (44.3) 175.5 (42.9)
HDL-C, mg/dL mean (SD) 45.1(14.5) 43.9(13.1) 43.6 (14.7) 42.9(13.6)
LDL-C, mg/dL mean (SD) 115.2(41.2) 109.1 (36.4) 111.3(37.8) 105.9 (36.9)
ApoB, mg/dL mean (SD) 101.0(28.5) 95.4(24.9) 97.7 (26.3) 94.5(27.0)
TG, mg/dL mean (SD) 183.8 (86.5) 173.7(93.7) 176.2 (94.5) 187.3 (120.6)
Lp(a), nmol/L mean (SD) 48.0 (73.0) 58.1(78.3) 60.9 (77.8) 47.9(69.5)
Baseline medications, n (%)
GLP-1 RA 20 (11.8) 30(9.6) 25(7.8) 19(6.1)
SGLT21 18 (10.6) 29(9.2) 26 (8.1) 15(4.9)
Statin 75 (44.1) 139 (44.3) 136 (42.5) 161 (52.1)

2Sex was self-reported by the patient. *Includes American Indian or Alaska Native; Native Hawaiian or other Pacific Islander; and Other. ALP, alkaline phosphatase; ALT, alanine

aminotransferase; apoB, apolipoprotein B; ASCVD, atherosclerotic cardiovascular disease; AST, aspartate aminotransferase; CAP, controlled attenuation parameter; DB, double-blind; FIB-4,
fibrosis-4; GGT, gamma-glutamyl transferase; GLP-1RA, glucagon-like peptide-1 receptor agonist; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LSM,
liver stiffness measurement; MRE, magnetic resonance elastography; MRI-PDFF, magnetic resonance imaging-proton density fat fraction; OL, open-label; SD, standard deviation; TC, total
cholesterol; TG, triglycerides; VCTE, vibration-controlled transient elastography.
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Extended Data Table 2 | Gastrointestinal adverse events by sex and time (safety population)

Resmetirom 100mg OL Resmetirom 100mg DB Resmetirom 80mg DB Placebo DB
(n=171) (n=324) (n=327) (n=318)
Males Females Males Females Males Females Males Females
n (%) (n=55) (n=116) (n=147) (n=177) (n=145) (n=182) (n=150) (n=168)
Diarrhea
<12 weeks 14 (25.5) 29 (25.0) 36 (24.5) 45 (25.4) 26 (17.9) 35(19.2) 18 (12.0) 10 (6.0)
>12 weeks 2(3.6) 6(5.2) 10 (6.8) 10 (5.6) 6(4.1) 10(5.5) 6(4.0) 10 (6.0)
Nausea
<12 weeks 0 12 (10.3) 11(7.5) 36 (20.3) 534 22(12.1) 5@3.3) 10 (6.0)
>12 weeks 3(55) 9(7.8) 6(4.1) 6(3.4) 321D 9(4.9) 3(2.0) 7(42)

DB, double-blind; OL, open-label.
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Extended Data Table 3 | Lipids and lipoproteins at baseline and percent change from baseline®

Resmetirom 100mg OL Resmetirom 100mg DB Resmetirom 80mg DB Placebo DB
(n=169) n=314) (n=320) (n=309)
LSM 95% CI LSM LSM p-value LSM LSM p-value LSM
% CFB (SE) %  CFB (SE) Difference %CFB Difference %CFB
(97.5% CI) (SE) (97.5% CI) (SE)
HDL cholesterol, mg/dL
Baseline, mean (SD) 439(12.2) 43.7(11.7) 432(12.7) 42.4(12.4)
Week 24 -3.6(1.8) -7.1t0-0.0 2.8(1.3) 1.1 0.41 33(1.4 1.6 0.25 1.7(1.3)
(-1.5t03.7) (-1.1to 4.4)
Week 48 48(2.2) 0.5t09.2 38(1.4) 2.0 0.19 37(1.4) 1.9 0.18 1.8(1.4)
(-1.0t0 5.0) (-0.9t0 4.7)
RLP cholesterol, mg/dL
Baseline, mean (SD) 35.0(18.5) 33.4(16.3) 33.6(18.7) 341(18.1)
Week 24 -122(3.1)  -182to-6.1 -11.9(2.6) -14.3 <0.0001 -7.4(25) -9.8 0.0003 24(2.5)
(-20.4t0 -8.2) (-159t0 -3.7)
Week 48 -8.5(3.5) -155t0-1.5 -6.2 (3.0) -18.5 <0.0001 -1.0(3.0) -13.4 <0.0001 12.4(3.0)
(-25.7t0-11.4) (-20.7t0 -6.2)
VLDL cholesterol, mg/dL
Baseline, mean (SD) 27.9(16.1) 25.3(15.0) 26.4 (16.7) 26.9(16.5)
Week 24 -147(©6.4) -272t0-22 -129(53) 211 0.0002 -4.6(5.2) -12.9 0.022 83(5.2)
(-33.6t0 -8.6) (-25.5t0 -0.3)
Week 48 -10.9(5.9) -22.4t0 0.6 -1.7(5.0) -26.8 <0.0001 02(5.0) -18.9 0.0004 19.0(4.9)
(-38.6t0 -15.1) (-30.9t0 -6.9)

°End points reported as percent change from baseline (%CFB). Lipids, lipoprotein particles and lipoproteins are evaluated at Week 24 and Week 48 as LSM %CFB; other analytes as Week 52
LSM CFB. This trial was designed to maintain an overall study-wise type | error rate of a=0.05 for the key secondary end points only. The error rate was controlled by first splitting the overall
two-sided a=0.05 into 2 partitions via the Bonferroni method, and then the key secondary end points tested in a prespecified hierarchical order. For the primary analysis of key secondary
lipid end points, an analysis of covariance (ANCOVA) model was used to analyze each set of 10 imputed datasets. The ANCOVA models for each lipid outcome included percent change from
baseline to Week 24 (and all other end point visits) as the dependent variable; treatment and stratification factors (presence of type 2 diabetes and ASCVD) as independent variables; and
baseline lipid values as a covariable. The statistical method of estimating the treatment effect and testing for apoB and TG was similar to the LDL-C end point; a similar ANCOVA model was
used whereby the baseline value of the dependent variable was included as covariate instead of LDL-C.CFB, change from baseline; Cl, confidence interval; DB, double-blind; ELF, enhanced
liver fibrosis; HDL, high-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; LDL, low-density lipoprotein; LSM, least squares mean; OL, open-label; RLP, remnant-like particle; SD,
standard deviation; SE, standard error VLDL, very low-density lipoprotein.
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Extended Data Table 4 | ELF test and ELF components change from baseline

Resmetirom 100mg OL Resmetirom 100mg DB Resmetirom 80mg DB Placebo DB
(n=169) (n=314) (n=320) (n=309)
LSM CFB 95% CI LSM CFB LSM p-value LSM CFB LSM p-value LSM CFB
(SE) (SE) Difference (SE) Difference (SE)
(97.5% CI) (97.5% CI)
ELF (Baseline ELF >9.8)
N 47 64 63 61
Baseline, mean (SD) 10.4(0.5) 10.3 (0.4) 10.2(0.4) 10.3 (0.4)
Week 52 CFB -0.3(0.1) -0.5t0 -0.07 -0.3(0.1) -0.07 0.60 -0.2(0.1) 0.0 0.84 -0.2(0.1)
(-0.3t00.2) (-0.3t00.3)
PIIINP, ng/mL (Baseline PITINP >9 ng/mL)
N 92 157 151 164
Baseline, mean (SD) 12.6 (3.5) 11.9(3.4) 11.82.7 12.0(3.9)
Week 52 -0.9 (0.4 -1.8t0-0.1 -1.3(0.4) 0.2 0.70 -0.9(0.4) 0.5 0.21 -1.4(0.4)
(-0.8t0 1.1) (-0.4t0 1.4)
TIMP-1, ng/mL (Baseline TIMP-1 >240 ng/mL)
N 78 111 130 107
Baseline, mean (SD) 282.0 (40.4) 285.4 (46.1) 274.1 (31.3) 280.7 (38.9)
Week 52 -6.7(6.7) -19.8t0 6.4 -6.1 (6.0) -13.1 0.05 -171 (5.7 -24.1 <0.01 7.0(6.3)
(-28.0t0 1.7) (-38.5t0-9.7)
HA, ug/L (Baseline HA >50 ng/mL)
N 62 102 101 97
Baseline, mean (SD) 109.6 (72.8) 96.5 (44.6) 91.8(43.7) 98.5(62.8)
Week 52 -13.0(10.8) -342t082 -8.7(9.0) -8.1 0.45 4.0(9.5) 4.5 0.68 -0.6 (9.0)
(-32.2t0 16.0) (-20.2 t0 29.3)

This trial was designed to maintain an overall study-wise type | error rate of a=0.05 for the key secondary end points only. The error rate was controlled by first splitting the overall two-sided
a=0.05 into 2 partitions via the Bonferroni method, and then the key secondary end points tested in a prespecified hierarchical order. For the primary analysis of key secondary lipid end
points, an analysis of covariance (ANCOVA) model was used to analyze each set of 10 imputed datasets. A similar ANCOVA model was used whereby the baseline value of the dependent
variable was included as covariate instead of LDL-C.CFB, change from baseline; Cl, confidence interval; DB, double-blind; ELF, enhanced liver function; PIIINP, amino-terminal propeptide of
type Ill collagen; TIMP, tissue mettaloproteinase-1; HA, hyaluronic acid
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Extended Data Table 5 | Change from baseline in metabolic factors at Week 52 (safety population)

Resmetirom 100mg OL Resmetirom 100mg DB Resmetirom 80mg DB Placebo DB
(n=169) (n=315) (n=323) (n=309)
LSM LSM
LSI(\gE(;FB 95% CI LSI(\;EC)FB Difference  p-value LSl\gEC FB Difference  p-value LSI\g}g ¥B
(97.5% CI) SB) (97.5% CI) 5B)
Body weight, kg, mean -1.7(0.5) -1.3(0.4) 0.08 -1.2(0.4) 0.2
(SE) n-153 20008 o (0910 O n250  (08t12) 06 1404
-23(1.3) -2.6(1.1) -1.7 -29(1.1) -1.9 -1.0(1.D)
SBP, mmHg, mean (SE) n=152 481001 n=263 (421008 013 n=250  (-45t006) 088 n=256
-3.2(0.7) -3.4(0.6) -1.6 -3.8(0.6) 2.0 -1.8(0.6)
DBP, mmHg, mean (SE) o152 -4.6to-1.8 =063 (3.11t0-0.1) 0.014 h=250 (3510 -05) 0.0025 =256
ECG heart rate, beats/min, -1.0(0.7) -1.7(0.5) -2.4(0.5) -1.4(0.5)
mean (SE) n=153 NA n=265 NA NA n=251 NA NA n=257

CFB, change from baseline; Cl, confidence interval; DB, double-blind; DBP, diastolic blood pressure; ECG, electrocardiogram; LSM, least squares mean; NA, not available; OL, open-label;
SEM, standard error of the mean; SBP, systolic blood pressure; SE, standard error.
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Extended Data Table 6 | Thyroid hormones at baseline and change from baseline® at Week 52 (observed data)

Resmetirom 100mg OL Resmetirom 100mg DB Resmetirom 80mg DB Pl;l;]gbo
(n=169) (n=314) (n=320) (0=309)
oo LSM CFB LSM LSMCFB  LSM LSM CFB
%CFB 95% CI or % CFB Difference p- value or % CFB Difference  p-value or %CFB
ZSE) (SE) (97.5% CI) (SE) 97.5% CI) (SE)
FT3, ng/L
N 151 263 250 257
Baseline mean (SD) 2.8(0.5) 2904 2.9(0.5) 3.004
0.0 0.1
Week 52 CFB -0.2 (0.0) -0.2t0-0.0 -0.1 (0.0) ¢01t00.1) 0.87 -0.0 (0.0) (-0.0t00.1) 0.24 -0.1 (0.0)
FT4, ng/dL
N 151 263 250 257
Baseline mean (SD) 1.2(0.2) 1.1(0.2) 1.1(0.2) 1.1(0.2)
-16.1 -10.8
0,
Week 52 %CFB -16.1(1.8)  -195t0-12.7  -149(1.5) (1950 -12.6) <0.0001 -96(1.4) (143 10-7.3) <0.0001 1.2(1.4)
0.2 -0.1
Week 52 CFB -0.2(0.2) -02t0-0.2 -0.2 (0.0) (0210 -0.1) <0.0001  -0.1(0.0) (0210 -0.1) <0.0001 0.0 (0.0)
rT3, ng/dL
N 152 265 250 257
Baseline mean (SD) 18.1(5.5) 16.3 (4.6) 17.8 (5.1) 16.8 (4.6)
-3.9 3.4
Week 52 CFB -33(0.4) -4.1t0-2.6 -3.2(0.3) (-4710-32) <0.0001  -2.7(0.3) 421027 <0.0001 0.7(0.3)
FT3/rT3
N 151 263 249 256
Baseline mean (SD) 0.17(0.07) 0.19 (0.06) 0.18 (0.06) 0.19(0.06)
Week 52 CFB 0.04 0.03t00.05  0.04(0.01) 0.05 <0.0001  0.04 (0.01) 0.05 <0001 001
(0.01) ‘ ) ’ ’ (0.04 t0 0.07) ’ ’ ‘ (0.03 to 0.06) ’ (0.001)
TSH, mIU/L
N 151 263 250 256
Baseline mean (SD) 23(1.8) 23(1.9) 20(1.1) 22(1.D)
-0.1 -0.0
Week 52 CFB 0.2(0.3) -0.4t0 0.7 -0.4(0.2) (0610 0.5) 0.81 -0.4(0.2) (06105 0.88 -0.3(0.2)

°Free thyroxine (FT4) reported as both change from baseline (CFB) and percent change from baseline (%CFB) at Week 52. All other thyroid hormones reported as change from baseline (CFB)
at Week 52. This trial was designed to maintain an overall study-wise type | error rate of a=0.05 for the key secondary endpoints only. The error rate was controlled by first splitting the overall
two-sided a=0.05 into 2 partitions via the Bonferroni method, and then the key secondary endpoints tested in a prespecified hierarchical order. An ANCOVA model was used whereby the
baseline value of the dependent variable was included as covariate instead of LDL-C CFB, change from baseline; Cl, confidence interval; DB, double-blind; LSM, least squares mean; OL,
open-label; RT3, reverse triiodothyronine; SE, standard error; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone.
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Clinical trial registration  ClinicalTrials.gov identifier, NCT04197479

Study protocol Not available
Data collection MAESTRO-NAFLD-1 was conducted between December 16, 2019 and December 13, 2021 at 80 sites in the United States
Qutcomes The primary and secondary endpoints were predefined in the protocol and SAP based on clinically important endpoints for NASH
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