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ABSTRACT

Background

Dual agonism of glucagon receptor and glucagon-like peptide-1 (GLP-1) receptor may be more
effective than GLP-1 receptor agonism alone for treating metabolic dysfunction—associated
steatohepatitis (MASH). The efficacy and safety of survodutide (a dual agonist of glucagon receptor
and GLP-1 receptor) in persons with MASH and liver fibrosis are unclear.

Methods

In this 48-week, phase 2 trial, we randomly assigned adults with biopsy-confirmed MASH and fibrosis
stage F1 through F3 in a 1:1:1:1 ratio to receive once-weekly subcutaneous injections of survodutide
at a dose of 2.4, 4.8, or 6.0 mg or placebo. The trial had two phases: a 24-week rapid-dose-escalation
phase, followed by a 24-week maintenance phase. The primary end point was histologic
improvement (reduction) in MASH with no worsening of fibrosis. Secondary end points included a



decrease in liver fat content by at least 30% and biopsy-assessed improvement (reduction) in fibrosis
by at least one stage.

Results

A total of 293 randomly assigned participants received at least one dose of survodutide or placebo.
Improvement in MASH with no worsening of fibrosis occurred in 47% of the participants in the
survodutide 2.4-mg group, 62% of those in the 4.8-mg group, and 43% of those in the 6.0-mg group,
as compared with 14% of those in the placebo group (P<0.001 for the quadratic dose—response
curve as best-fitting model). A decrease in liver fat content by at least 30% occurred in 63% of the
participants in the survodutide 2.4-mg group, 67% of those in the 4.8-mg group, 57% of those in the
6.0-mg group, and 14% of those in the placebo group; improvement in fibrosis by at least one stage
occurred in 34%, 36%, 34%, and 22%, respectively. Adverse events that were more frequent with
survodutide than with placebo included nausea (66% vs. 23%), diarrhea (49% vs. 23%), and vomiting
(41% vs. 4%); serious adverse events occurred in 8% with survodutide and 7% with placebo.

Conclusions

Survodutide was superior to placebo with respect to improvement in MASH without worsening of
fibrosis, warranting further investigation in phase 3 trials. (Funded by Boehringer Ingelheim;
ClinicalTrials.gov number, NCT04771273; EudraCT number, 2020-002723-11.)

Metabolic dysfunction—associated steatohepatitis (MASH; previously called nonalcoholic
steatohepatitis [NASH])! is associated with increased morbidity and mortality.? Its prevalence is
predicted to increase worldwide, highlighting the increasing burden of the disease.3*

In March 2024, the selective thyroid hormone receptor beta agonist resmetirom gained conditional
approval from the Food and Drug Administration as the first pharmacotherapy for MASH with
moderate-to-advanced liver fibrosis.? In a phase 3 trial, resmetirom was superior to placebo in MASH
resolution and improvement in fibrosis; however, the difference in the percentage of patients who
had an improvement in fibrosis as compared with placebo was only 10.2 to 11.8 percentage points.
Compounds in development for MASH include glucagon-like peptide-1 (GLP-1) receptor

agonists.” This receptor is a plausible therapeutic target, given that obesity is a risk factor for MASH
and a coexisting condition in many persons with MASH2; however, hepatocytes lack GLP-1
receptor.? Dual agonism of glucagon receptor and GLP-1 receptor may be more effective than GLP-1
receptor monoagonism for treating MASH, because the extrahepatic benefits of GLP-1 receptor
agonism (glucose control, reduced appetite, and weight loss) are combined with direct hepatic
effects (increased energy expenditure, lipolysis, and mobilization of hepatic fat) associated with
glucagon receptor agonism.10-16

Survodutide (Bl 456906) is a dual agonist of glucagon receptor and GLP-1 receptor that is derived
from glucagon and administered once weekly.' In a phase 2 trial involving persons living with
obesity or overweight, survodutide treatment led to significant dose-dependent weight loss as
compared with placebo.!® In a mouse model, dual glucagon receptor—GLP-1 receptor agonism
ameliorated MASH by reducing inflammation, steatosis, apoptosis, and oxidative stress and
increased mitochondrial biogenesis and liver regeneration.!® Here, we report results from a phase 2
dose-finding trial investigating the efficacy, safety, and side-effect profile of multiple subcutaneous
doses of survodutide in participants with MASH and liver fibrosis.
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METHODS

Trial Design and Oversight

This multicenter, randomized, double-blind, dose-finding, placebo-controlled, parallel-group trial
was conducted at 155 sites in 25 countries. The protocol was approved by the institutional review
board and independent ethics committee at each participating site. All the participants provided
written informed consent. The trial was conducted in accordance with Good Clinical Practice, the
Declaration of Helsinki, and applicable regulatory requirements.

Participants

Eligible participants were aged 18 (or of legal age) to 80 years with biopsy-confirmed MASH and a
fibrosis stage of F1 through F3. Diagnosis of MASH required a nonalcoholic fatty liver disease
(NAFLD) activity score? of at least 4, with at least 1 point each for lobular inflammation and
hepatocellular ballooning. The NAFLD activity score (ranging from 0 to 8) represents the sum of
subscores for steatosis (scale of 0 to 3), lobular inflammation (scale of 0 to 3), and hepatocellular
ballooning (scale of 0 to 2), with higher scores indicating more severe disease.?’ The total score for
fibrosis stage ranges from 0 to 4. Additional key inclusion criteria included stable body weight (<5%
participant-reported change between historical biopsy and randomization), a liver fat content of at
least 8% as measured by magnetic resonance imaging proton density fat fraction (MRI-PDFF), and
liver stiffness of more than 6.0 kPa as measured by vibration-controlled transient elastography
(FibroScan) at screening.

Among the key exclusion criteria were current or previous clinically significant alcohol consumption
(>210 g per week in men and >140 g per week in women for >3 months); the use of medications
associated with liver injury, hepatic steatosis, or steatohepatitis within 12 weeks before screening;
and a history of other forms of chronic liver disease.

Procedures

Eligible participants were randomly assigned in a 1:1:1:1 ratio to receive once-weekly subcutaneous
injections of survodutide at a dose of 2.4, 4.8, or 6.0 mg or placebo. Participants, investigators,
central reviewers, and personnel involved in trial conduct or analysis (with some exceptions; see the
protocol) were unaware of the trial-group assignments until after the main database lock.
Randomization lists were generated with the use of a pseudorandom number generator;
participants were stratified according to status with respect to type 2 diabetes (with vs. without).
The trial had two phases: a 24-week rapid-dose-escalation phase (with escalations every 2 weeks
until the target dose was reached), followed by a 24-week maintenance phase (Figs. S1 and S2 in
the Supplementary Appendix). Dose adjustment was allowed twice (see the Supplementary
Appendix). Lifestyle counseling and management of coexisting conditions were conducted according
to guidelines.?"2 A screening or historical biopsy performed within 6 months before randomization
was used as a baseline for histologic variables. Baseline and end-of-treatment values were derived
from one central pathologist (see the Supplementary Appendix). The MRI-PDFF was assessed at
screening, week 28, and the end of treatment.

End Points

The primary end point was improvement in histologic findings on liver biopsy after 48 weeks of
treatment, defined as a composite of improvement in MASH (>2-point decrease in the NAFLD
activity score with >1-point decrease in either lobular inflammation or hepatocellular ballooning)
with no worsening of fibrosis (absence of any increase in fibrosis stage). Secondary efficacy end
points included a decrease in liver fat content (as measured by the MRI-PDFF) by at least 30%,
absolute change (not reported here) and percentage change in liver fat content (as measured by the
MRI-PDFF), and biopsy-assessed improvement in fibrosis (>1-stage decrease) and absolute change in
the NAFLD activity score, all from baseline after 48 weeks of treatment. Further end points included



improvement in fibrosis (21-stage decrease) with no worsening of MASH (no increase in any of the
NAFLD activity subscores), and resolution of MASH (absence of ballooning [score of 0], no or mild
inflammation [score of 0 or 1], and possible steatosis [score of 0 to 3]) with no worsening of fibrosis,
both from baseline after 48 weeks of treatment as assessed by liver biopsy. There were no
predefined specific safety end points; safety assessment was based on the overall safety results.
Table S1 shows all trial end points.

Statistical Analysis

The sample-size calculation was performed with the use of simulations in R software, version 3.6.1
(R Project for Statistical Computing). One aim was to show a significant nonflat dose—response curve
across the different survodutide doses and placebo. At least one modeled dose within the
considered dose range should show a benefit of a minimum clinically relevant effect with respect to
the incidence of response (primary end point) as compared with placebo. The sample-size
calculation assumed a maximum difference in the incidence of response (survodutide vs. placebo) of
25 percentage points, under the assumption of an incidence of response of 20% in the placebo
group. With the use of a total sample of 240 evaluable participants (60 per group), the probability of
a successful trial, under a minimum clinically relevant effect of 20 percentage points (i.e., nonflat
curve achieved and >1 survodutide dose showing a difference vs. placebo of 220 percentage points),
was approximately 76% under the assumption of a linear dose—response curve. Participants who
dropped out would not have had an end-of-treatment biopsy; thus, this subpopulation is indirectly
considered by the lower assumption of the incidence of response. An overall significance level of 5%
(one-sided) for the contrast test of the null hypothesis of a flat dose—response was assumed.

The primary end point was analyzed in the modified intention-to-treat population, defined as all
randomly assigned participants who had received at least one dose of survodutide or placebo
(treated population), and was based on the maintenance dose assigned at randomization (planned
treatment). Owing to the potential for dose adjustment, the preplanned primary analysis according
to the protocol was based on the actual dose that participants received during the maintenance
phase (actual treatment; see the Supplementary Appendix). Table S2 shows the shift between the
randomized treatment group and actual maintenance treatment group. The primary analysis used all
the data, with missing data imputed as nonresponse. A sensitivity analysis was based on participants
with paired biopsy and MRI results at baseline and at the end of treatment.

The primary end point as well as the secondary end point of a decrease in liver fat content by at
least 30% were analyzed with the use of multiple comparison and modeling techniques that allowed
simultaneous evaluation of potential dose—response patterns, while protecting the overall
probability of type | error (one-sided 5%).2* Participants who met the end-point criteria were defined
as having a response; participants without end-of-treatment data were imputed as having a
nonresponse. Further details are provided in the Supplementary Appendix.

For continuous secondary end points, a mixed model with repeated measures analysis was
performed and used to obtain covariate adjusted mean estimates of differences between
survodutide doses and placebo at week 48. For binary secondary and further end points, a logistic-
regression analysis was performed and used to obtain covariate-adjusted odds ratios between
survodutide dose and placebo. Adverse events were analyzed in the treated population. There was
no plan to adjust for multiple comparisons. A two-sided P value is reported for the analysis of the
primary end point for the assessment of the dose response. All other results are reported with 95%
confidence intervals and have not been adjusted for multiple comparisons; therefore, they should
not be used to infer definitive treatment effects.

The sponsor (Boehringer Ingelheim) designed the trial and collected and analyzed the data. All the
authors had access to the data. The authors vouch for the accuracy and completeness of the data
and for the fidelity of the trial to the protocol. The manuscript was drafted with the assistance of
medical writers (funded by the sponsor), under the guidance of the authors. Survodutide is licensed
to the sponsor from Zealand Pharma.



Results

Participants

Participants were recruited starting on April 27, 2021, and the last participant completed the trial on
December 21, 2023. A total of 1153 participants were screened for eligibility, and 295 participants
were randomly assigned to receive survodutide once weekly at a dose of 2.4 mg (73 participants),
4.8 mg (73 participants), or 6.0 mg (75 participants) or to receive placebo (74 participants) (Fig. S3).
The treated population included 293 participants. Overall, 281 of 293 participants (95.9%)
completed the trial, of whom 219 had paired biopsy samples.

The demographic and clinical characteristics of the participants at baseline were similar across the
trial groups (Table 1 and Tables S3 and S4). Baseline biopsies indicated that 70% of the participants
had an NAFLD activity score of 5 or more, 16% had F1B fibrosis, 41% had F2 fibrosis, and 35% had F3
fibrosis. Table S5 shows the representativeness of the trial population.

Efficacy

In the modified intention-to-treat analysis (omitting two participants who underwent randomization
but did not receive a dose of survodutide or placebo), a benefit of survodutide with respect to the
primary end point of improvement in MASH with no worsening of fibrosis at 48 weeks was shown by
a nonflat dose—response curve (P<0.001 for the quadratic dose—response curve as best-fitting
model). Improvement in MASH with no worsening of fibrosis occurred in 47% (95% confidence
interval [Cl], 36 to 58) of the participants in the survodutide 2.4-mg group, 62% (95% Cl, 51 to 73) of
those in the 4.8-mg group, and 43% (95% Cl, 33 to 55) of those in the 6.0-mg group, as compared
with 14% (95% Cl, 8 to 23) of those in the placebo group (Figure 1). Similar results were observed in
the analysis of participants with paired biopsy results (Fig. S4A).

The secondary end point of improvement in fibrosis was met by 34% of the participants in the
survodutide 2.4-mg group, 36% of those in the 4.8-mg group, and 34% of those in the 6.0-mg group,
as compared with 22% of those in the placebo group (Fig. S5A). The absolute change from baseline
in the NAFLD activity score after 48 weeks was —3.3 in the survodutide 6.0-mg group, as compared
with —0.2 in the placebo group (Fig. S5B).

For the end points assessed by MRI-PDFF, a decrease in liver fat content by at least 30% occurred in
63% of the participants in the survodutide 2.4-mg group, 67% of those in the 4.8-mg group, and 57%
of those in the 6.0-mg group, as compared with 14% of those in the placebo group (Fig. S5C; results
for the actual-treatment analysis are shown in Fig. S10C and S10F). The percentage change from
baseline in liver fat content after 48 weeks was -62.0% in the survodutide 6.0-mg group, as
compared with =5.7% in the placebo group (Fig. S5D; results for the actual-treatment analysis are
shown in Fig. S10D).

Improvement in fibrosis with no worsening of MASH was observed in 32% of the participants in the
survodutide 6.0-mg group, as compared with 18% of those in the placebo group (Fig. S6A).
Resolution of MASH was observed in 49% of the participants in the survodutide 6.0-mg group, as
compared with 11% of those in the placebo group (Fig. S6B). MASH resolution with a decrease of at
least 2 points in the NAFLD activity score (decrease of 21 point in the hepatocellular ballooning
subscore) and with no worsening of fibrosis was observed in 39% of the participants in the
survodutide 6.0-mg group, as compared with 5% of those in the placebo group (Fig. S6C). Results of
post hoc analysis of improvement in fibrosis with no worsening of MASH and resolution of MASH
with no worsening of fibrosis in participants with fibrosis stage F2 or F3 are shown in Fig. S7.
Planned-treatment data for participants with paired biopsy and MRI results are shown in Figures S4,
S6, and S7.

Survodutide was associated with an absolute change at week 48 of up to -38.5 U per liter in the
alanine aminotransferase (ALT) level and -32.2 U per liter in the aspartate aminotransferase (AST)



level, as compared with a change of 5.7 U per liter and —-2.4 U per liter, respectively, with placebo
(Figure 2 and Fig. S8). Results for other clinical end points are included in Table S6.

Data from the primary analysis (actual treatment) for participants with paired biopsy samples
indicated that improvement in MASH with no worsening of fibrosis occurred in up to 83% with
survodutide and 18% with placebo (Fig. S9), improvement in fibrosis in up to 52% with survodutide
and 26% with placebo (Fig. S10), improvement in fibrosis with no worsening of MASH in up to 50%
with survodutide and 21% with placebo, and resolution of MASH in up to 75% with survodutide and
15% with placebo (Fig. S11). Complete results from the actual-treatment analysis are provided in
Figures S9 through S14.

Safety

Overall, 95% of the participants receiving survodutide and 92% of those receiving placebo reported
an adverse event (Table 2). The most common adverse events were gastrointestinal disorders,
including nausea, diarrhea, and vomiting, all of which occurred more frequently with survodutide
than with placebo. Trial discontinuation due to adverse events occurred in 20% of the participants
across all survodutide doses (with 16% due to gastrointestinal events, mostly occurring in the rapid-
dose-escalation phase), as compared with 3% with placebo (Table S7). Participants receiving
survodutide had a higher frequency of fatigue (Table 2) and asymptomatic pancreatic
hyperenzymemia (on the basis of adjudication; defined as an amylase or lipase level of 23 times the
upper limit of the normal range not accompanied by clinical symptoms) than those receiving
placebo. Hypoglycemia (grade 1 or 2) was reported in 5% of the participants receiving survodutide
and 3% of those receiving placebo. All the participants with hypoglycemia had either type 2 diabetes
or hyperinsulinemia at baseline and received antihyperglycemia medications. Table S8 shows
adverse events according to actual treatment. The mean increase in heart rate at 48 weeks ranged
from 2.4 to 4.2 bpm in participants receiving survodutide, as compared with 1.6 bpm in those
receiving placebo (Fig. S15). One participant receiving placebo reported a change from baseline in
the QT interval corrected for heart rate according to Fridericia’s formula (QTcF) of more than 60
msec. There were no safety signals that suggested an increased risk of arrhythmia or QTcF
prolongation.

Discussion

In this phase 2 trial, survodutide was associated with significant improvement in MASH with no
worsening of fibrosis (P<0.001). Results also suggest a possibility of clinical benefit with respect to
improvement in fibrosis (34% of the participants in the survodutide 6.0-mg group vs. 22% of those in
the placebo group).

Dual agonism of glucagon receptor and GLP-1 receptor may confer clinical advantages over GLP-1
receptor monoagonist pharmacotherapies for MASH, mediated by a direct hepatic effect through
glucagon receptor agonism?® combined with extrahepatic effects through GLP-1 receptor agonism.1%"
13,1925 |n 3 phase 2 trial, treatment with the GLP-1 receptor monoagonist semaglutide resulted in a
significantly higher percentage of patients with MASH resolution than placebo but not in a
significantly higher percentage of patients with improvement in fibrosis stage.? The benefit of
survodutide with respect to fibrosis will need to be examined in future studies.

Cotadutide, a once-daily glucagon receptor—GLP-1 receptor dual agonist with a receptor ratio of
1:5,% improved the NAFLD fibrosis score and levels of ALT, AST, and propeptide of type lll collagen in
patients living with overweight or obesity and type 2 diabetes.?® A phase 2 trial of SAR425899, a
glucagon receptor—GLP-1 receptor dual agonist with a receptor ratio of 1:5, was halted owing to a
high incidence of gastrointestinal adverse events.'?>?° Similarly, clinical development of NNC9204-
1177, a glucagon receptor—GLP-1 receptor dual agonist with a receptor ratio of 1:3, was stopped
owing to a dose-dependent increase in heart rate, a decrease in the reticulocyte count, and
increased markers of inflammation.?® Survodutide shows dual agonism of the glucagon receptor and



GLP-1 receptor at a ratio of approximately 1:8.17 Our findings suggest that an appropriate ratio of
glucagon receptor to GLP-1 receptor activation may achieve a beneficial effect of glucagon receptor—
GLP-1 receptor dual agonism in patients with MASH, with a potentially acceptable adverse-event
profile.

The adverse-event profile of survodutide was similar to that in a previous phase 2 trial involving
participants living with obesity, in which the most common adverse events were nausea, vomiting,
and diarrhea.®® In our trial, the discontinuation of survodutide and placebo because of adverse
events occurred in 20% and 3% of the participants, respectively. Discontinuation of survodutide
mainly occurred during the rapid-dose-escalation phase of the trial and may be mitigated by a
slower dose-escalation approach. Furthermore, no unexpected safety issues were identified. A
limitation of this trial was that most participants were White, which may restrict the generalizability
of the findings.

The results of this phase 2 trial support the potential for survodutide as a treatment for patients with
MASH and liver fibrosis. These results warrant further investigation of this compound in phase 3
trials.
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Table 1
Demographic and Clinical Characteristics of the Participants at Baseline.

Survodutide, Survodutide, Survodutide,

Characteristic 24 mg 4.8 mg 6.0 mg :’I:Ia=c7e4b)o -(rl\?:azlgs)
(N=73) (N=72) (N=74)

Age — yr 49.6113.7 50.2+12.9 50.4+13.1 53.0+11.5 50.8+12.8

Female sex — no. (%) 36 (49) 34 (47) 41 (55) 44 (59) 155 (53)

Body weight — kg 101.44+18.2099.95+26.12 103.87+23.7098.09+20.78 100.84+22.37

Waist circumference —cm  113.10+11.37112.09+£14.87116.99+14.62 113.02+14.23113.81+13.91

Body-mass indext 35.3045.05 35.00+6.97 37.42+6.84 35.4916.44 35.81+6.41

Type 2 diabetes

Participants with condition — 28 (38) 26 (36) 30 (41) 29 (39) 113 (39)

no. (%)
Glycated hemoglobin — % 6.90+1.12 6.90+1.06 6.92+0.91  7.08+0.87 6.96+0.96

Systolic blood pressure —
mm Hg

Diastolic blood pressure —
mm Hg

Liver-enzyme levels — U/liter
Alanine aminotransferase 59.4+50.3 59.6+40.0 54.9+39.9 57.3136.6 57.8141.8
Aspartate aminotransferase 47.4+37.5 44.8+27.5 45.6139.0 51.3+40.9 47.3£36.5

128.8+14.8 132.4+14.1 127.0+14.8 129.4+12.5 129.4+14.1

80.4+8.2 81.8+19.4 79.4+8.1 81.2+8.4 80.7+8.5

Total NAFLD activity scoref 5.2+1.0 5.3%1.0 5.1+1.0 5.2+1.1 5.211.0
Subscore for steatosis — no.

(%)*

0 0 0 0 0 0

1 6 (8) 0 1(1) 3(4) 10(3)

2 38 (52) 38 (53) 49 (66) 43 (58) 168 (57)
3 29 (40) 34 (47) 24 (32) 28 (38) 115 (39)
Liver fibrosis stage — no. (%)

F1A 0 3(4) 3(4) 2(3) 8(3)
F1B 17 (23) 7 (10) 14 (19) 9(12) 47 (16)
F1C 3(4) 3(4) 6 (8) 3(4) 15 (5)
F2 30 (41) 36 (50) 24 (32) 30 (41) 120 (41)
F3 23 (32) 23 (32) 27 (36) 30 (41) 103 (35)
MRI-PDFF — % 19.75+7.56 21.09+8.26 17.85+6.34 19.62+7.59 19.57+7.51

*Plus—minus values are means £SD. Subcutaneous doses were administered once weekly.
Percentages may not total 100 because of rounding. MRI-PDFF denotes magnetic resonance imaging
proton density fat fraction.

tThe body-mass index is the weight in kilograms divided by the square of the height in meters.

$The nonalcoholic fatty liver disease (NAFLD) activity score (ranging from 0 to 8) represents the sum
of subscores for steatosis (scale of 0 to 3), lobular inflammation (scale of 0 to 3), and hepatocellular
ballooning (scale of 0 to 2), with higher scores indicating more severe disease.



Table 2.
Summary of Adverse Events.

Event

Any adverse event

Adverse events from any system
organ classt

Nausea

Diarrhea

Vomiting

Constipation

Covid-19

Headache

Decreased appetite

Fatigue

Dyspepsia

Adverse event considered by the
investigator to be related to
survodutide or placebo

Adverse event leading to
discontinuation of survodutide or
placebo

Serious adverse event

Resulting in death

Life threatening

Persistent or clinically significant
disability or incapacity

Resulting in or prolonging
hospitalization

Congenital anomaly or birth defect

Other medically important serious
adverse event

Serious adverse event considered by

the investigator to be related to
survodutide or placebo

Survodutide, Survodutide, Survodutide, Survodutide,

2.4 mg 4.8 mg 6.0 mg
(N=73) (N=72) (N=74)
number of participants (percent)

71 (97) 67 (93) 70 (95)
46 (63) 49 (68) 49 (66)
30 (41) 40 (56) 37 (50)
27 (37) 33 (46) 29 (39)
15 (21) 12 (17) 19 (26)
18 (25) 16 (22) 7 (9)
13 (18) 16 (22) 11 (15)
16 (22) 9(12) 13 (18)
15 (21) 11 (15) 11 (15)
7 (10) 9(12) 15 (20)
60 (82) 59 (82) 60 (81)
12 (16) 15 (21) 17 (23)
4 (5) 7 (10) 6 (8)

0 0 0

0 0 0

0 0 0

3 (4) 5(7) 5(7)

0 0 0

3 (4) 3 (4) 3 (4)
1(1) 0 0

Total
(N=219)

208 (95)

144 (66)
107 (49)
89 (41)
46 (21)
41 (19)
40 (18)
38(17)
37 (17)
31(14)

179 (82)

44 (20)
17 (8)

0
0

0

13 (6)

9 (4)

1(<1)

Placebo
(N=74)

68 (92)

17 (23)
17 (23)
3 (4)
11 (15)
14 (19)
12 (16)
7(9)
6(8)
3 (4)

36 (49)

2(3)
5(7)

0
0

0

2(3)

3(4)

0

*All adverse events occurred during the on-treatment observation period for planned treatment.

Additional information on adverse events is provided in Tables S7 and S8. Covid-19 denotes

coronavirus disease 2019.

tShown are adverse events with an incidence of at least 20% in any trial group, according to the
preferred term in the Medical Dictionary for Regulatory Activities.
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Figure 1.

Primary End Point after 48 Weeks of Planned Treatment. Subcutaneous doses were administered
once weekly. The primary end point was histologic improvement (reduction) in metabolic
dysfunction— associated steatohepatitis (MASH) with no worsening of fibrosis at week 48.
Improvement in MASH was defined as a decrease in the nonalcoholic fatty liver disease activity score
(range, 0 to 8, with higher scores indicating more severe disease) of at least 2 points with a decrease
in either the lobu- lar inflammation subscore (range, 0 to 3) or hepatocellular ballooning sub- score
(range, 0 to 2) of at least 1 point. No worsening of fibrosis was de- fined as the absence of any
increase in the fibrosis stage. Participants who did not undergo endoftreatment biopsy were
considered to have a nonre- sponse. Error bars represent 95% confidence intervals and have not

been adjusted for multiplicity, so they should not be used for hypothesis testing.
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Figure 2.
Change in Liver-Enzyme Levels over Time. Shown are the mean absolute changes from baseline in
the alanine aminotransferase level (Panel A) and aspartate aminotransferase level (Panel B) from the

plannedtreatment analysis. | bars represent standard deviations.
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