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Summary

Background—~Patients with non-alcoholic steatohepatitis (NASH)-related cirrhosis are at high
risk of liver-related and all-cause morbidity and mortality. We investigated the efficacy and safety
of the glucagon-like peptide-1 analogue semaglutide in patients with NASH and compensated
cirrhosis.

Methods—This double-blind, placebo-controlled phase 2 trial enrolled patients from 38 centres
in Europe and the USA. Adults with biopsy-confirmed NASH-related cirrhosis and body-mass
index (BMI) of 27 kg/m2 or more were randomly assigned (2:1) to receive either once-weekly
subcutaneous semaglutide 2-4 mg or visually matching placebo. Patients were randomly allocated
via an interactive web response system, stratified by presence or absence of type 2 diabetes.
Patients, investigators, and those assessing outcomes were masked to treatment assignment. The
primary endpoint was the proportion of patients with an improvement in liver fibrosis of one stage
or more without worsening of NASH after 48 weeks, assessed by biopsy in the intention-to-treat
population. Safety was assessed in all patients who received at least one dose of study drug. The
trial is closed and completed, and registered with ClinicalTrials.gov, number NCT03987451.

Findings—71 patients were enrolled between June 18, 2019, and April 22, 2021; 49 (69%)
patients were female and 22 (31%) were male. Patients had a mean age of 59-5 years (SD 8-0)

and mean BMI of 34.9 kg/m? (SD 5:9); 53 (75%) patients had diabetes. 47 patients were randomly
assigned to the semaglutide group and 24 to the placebo group. After 48 weeks, there was no
statistically significant difference between the two groups in the proportion of patients with an
improvement in liver fibrosis of one stage or more without worsening of NASH (five [11%] of

47 patients in the semaglutide group vs seven [29%] of 24 in the placebo group; odds ratio 0-28
[95% CI 0-06-1-24; p=0-087). There was also no significant difference between groups in the
proportion of patients who achieved NASH resolution (p=0-29). Similar proportions of patients in
each group reported adverse events (42 [89%] patients in the semaglutide group vs19 [79%] in
the placebo group) and serious adverse events (six [13%] vstwo [8%]). The most common adverse
events were nausea (21 [45%] vs four [17%]), diarrhoea (nine [19%] vstwo [8%]), and vomiting
(eight [17%] vsnone). Hepatic and renal function remained stable. There were no decompensating
events or deaths.

Interpretation—In patients with NASH and compensated cirrhosis, semaglutide did not
significantly improve fibrosis or achievement of NASH resolution versus placebo. No new safety
concerns were raised.

Introduction

Patients with non-alcoholic steatohepatitis (NASH)-related cirrhosis are at particularly

high risk of developing potentially life-threatening liver-related morbidities, such as portal
hypertension, hepatic decompensation, hepatocellular carcinoma, liver-related mortality, and
cardiovascular events.1~4 By 2030, advanced liver disease amongst patients with NASH is
expected to rise by 160% to nearly 8 million cases in the USA, leading to an estimated 3.5
million cases of cirrhosis and more than 100 000 cases of decompensated disease.® This
increase in prevalence is associated with an ageing population and increased incidence

of metabolic syndrome related to the epidemic rise in obesity and type 2 diabetes.>

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.
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Indeed, approximately 71% of patients with NASH-related cirrhosis have type 2 diabetes,®
and suboptimal glycaemic control is a marker of advanced disease and adverse clinical
outcomes.”:8

Patients with NASH-related cirrhosis have a high unmet need for effective
pharmacotherapies to improve the natural history of this disease, including the associated
increased risk for cardiovascular morbidity and mortality, yet there are currently no
approved pharmacotherapies for the treatment of NASH.® Currently, first-line treatment
in patients with compensated cirrhosis and overweight or obesity involves lifestyle
interventions to safely achieve weight loss and treat comorbidities (eg, hyperlipidaemia,
hypertension, and diabetes).1911 Despite this, there is limited evidence that lifestyle
modification or treating comorbidities in patients with cirrhosis improves liver-related
morbidity or mortality.12 From a liver perspective, the main aim of treatment is to
prevent progression of cirrhosis to end-stage liver disease (hepatocellular carcinoma and
liver failure, which are increasingly likely with increasing fibrosis!3), for which liver
transplantation remains the only curative treatment option.10:11 Unfortunately, due to obesity
and metabolic and cardiovascular comorbidities, many patients may not be listed for liver
transplantation.14

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) exert multiorgan effects and have
been shown to lower HbA; in people with type 2 diabetes and reduce bodyweight in
individuals with overweight or obesity, and are associated with a reduced risk of adverse
cardiovascular outcomes in patients with diabetes at high cardiovascular risk.15-18 It

has been suggested that GLP-1RAs may have hepatoprotective effects.19 In a previous
placebo-controlled trial, the GLP-1RA semaglutide improved metabolic parameters and
NASH resolution and was well tolerated in patients with NASH without cirrhosis (fibrosis
stage [F] 1-3).29 However, there are at present no data with semaglutide in patients with
NASH-related cirrhosis. Therefore, we investigated the efficacy and safety of semaglutide in
patients with NASH and compensated cirrhosis.

Study design and participants

This multinational, multicentre, randomised, double-blind, placebo-controlled, phase 2 trial
was conducted in 38 centres in Europe and the USA. Before trial initiation, the protocol,
consent form, and patient information sheet were reviewed and approved according to

local regulations and by an independent ethics committee/review board. Patients provided
written, informed consent before participating in the trial. The trial was conducted in
accordance with the principles of the Declaration of Helsinki and International Conference
on Harmonisation Good Clinical Practice guidelines.

Eligible patients were male or female, aged 1875 years (both inclusive) at the time of
signing informed consent, and had histological evidence of NASH and Kleiner F4 according
to the NASH Clinical Research Network (CRN) classification,?! based on single central
pathologist evaluation of a liver biopsy obtained within 360 days before screening. In
patients who had never had a liver biopsy showing NASH and F4, a liver stiffness of greater

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.
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than 14 kPa by FibroScan at screening enabled selection for a trial-related liver biopsy.
Further inclusion criteria were a histological non-alcoholic fatty liver disease (NAFLD)
activity score (NAS) of 3 or more with a score of 1 or more for both lobular inflammation
and hepatocyte ballooning, and a body-mass index (BMI) of 27 kg/m? or greater.

Among the key exclusion criteria were presence or history of: hepatic decompensation (eg,
ascites, variceal bleeding, hepatic encephalopathy, or spontaneous bacterial peritonitis) or
liver transplantation; hepatocellular carcinoma; and gastro-oesophageal varices within the
past 360 days before screening. Esophagogastroduodenoscopy was performed on patients
with no known history of gastro-oesophageal varices but who had FibroScan of 20 kPa

or more and thrombocyte count less than 150 000 per pL, in accordance with Baveno VI
guidelines.22 Patients were also excluded if they were treated with: vitamin E (doses =800
IU/day) or pioglitazone, if not at a stable dose in the period from 90 days before screening;
a GLP-1RA in the 90 days before screening; or other glucose-lowering agent(s) or weight
loss medication not at a stable dose in the opinion of the investigator in the 28 days before
screening. Full eligibility criteria are provided in the appendix (pp 14-15).

Randomisation and masking

Randomisation was done centrally using an interactive web response system and stratified
for presence or absence of type 2 diabetes. Calyx (formerly Parexel) generated the
randomisation list. Randomisation was done in a 2:1 ratio to the semaglutide or placebo
group with a block size of six; patients were assigned to the next available treatment
according to a randomisation schedule. Patients, investigators, trial site staff, and the sponsor
(except for specific laboratory staff and individuals responsible for safety) remained blinded
to treatment assignment throughout the trial. Semaglutide and placebo injections were
visually identical—ie, used the same syringes and volume of injection, etc—to preserve
blinding.

Procedures

Patients assigned to the semaglutide group received once-weekly subcutaneous semaglutide
and those assigned to the placebo group received once-weekly, subcutaneous placebo for 48
weeks with a 7-week follow-up. Semaglutide was escalated from an initial dose of 0-24 mg
to 0-5 mg after 4 weeks, and thereafter every 4 weeks to 1-0 mg, 1.7 mg, and finally 2-4

mg once weekly after 16 weeks’ treatment (appendix p 4). Dietary and lifestyle advice was
given as standard of care according to local standards. During dose escalation, patients could
remain at their existing level for up to 1 additional week for tolerability (eg, gastrointestinal
events) or other reasons, as judged by the investigator. Patients were removed from the

trial if any of the following criteria were met: simultaneous participation in another clinical
trial, diagnosis of acute pancreatitis or medullary thyroid carcinoma, surgical treatment

for obesity, or events of hepatic decompensation (eg ascites, variceal bleeding, hepatic
encephalopathy, or spontaneous bacterial peritonitis).

A screening visit (6 weeks before randomisation) to assess patient eligibility was followed
by visits or telephone contacts every second week during the first 12 weeks of the dose-
escalation period. At the randomisation visit, patients attended in a fasting state and received

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.
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instructions on trial product administration, completion of the study diary, and diet and
lifestyle advice; patients with type 2 diabetes received a blood glucose meter. All patients
underwent an MRI scan analysed by a central imaging supplier (blinded to treatment), and
biosamples were collected from a selection of patients for exploratory biomarker analyses.

From week 12 until end of treatment, four visits were scheduled with an increasing time
interval from 4 to 12 weeks between visits. At these visits, discontinuation criteria were
evaluated; diaries were collected, reviewed, and transcribed; and diet and lifestyle advice
was provided. All on-site visits (except for visits 4, 6, 9, 11, and 13) were attended in a
fasting state. An end-of-trial follow-up visit for safety assessments was scheduled 7 weeks
after end of treatment. Patients who prematurely discontinued treatment had a follow-up
visit scheduled 48 weeks after randomisation.

The baseline liver biopsy was either retrospective (taken in the preceding 12 months)

or performed de novo during the screening period, and all patients who completed
treatment underwent a further biopsy 48 weeks after randomisation. Histology was assessed
at a central site by one pathologist who was blinded to visit, patient characteristics,

and treatment, but not time. Fibrosis was measured by MRI using magnetic resonance
elastography (MRE) and steatosis was measured by MRI proton density fat fraction
(MRI-PDFF).23 Pathologist evaluation included presence or absence of NASH, fibrosis
stage, lobular inflammation, hepatocyte ballooning and steatosis, NAS, Ishak fibrosis

score, steatosis-activity-fibrosis (SAF) score, and hepatic collagen content assessed via
morphometry (collagen proportionate area).

Liver fat volume was calculated based on assessment of steatosis and liver volume assessed
by MRI. Child—Pugh score was calculated,24 bodyweight and height recorded to calculate
BMI, and waist circumference was measured. Blood samples were analysed for levels

of the biomarkers pro-collagen 3 peptide (pro-C3), pro-C3 amino terminal peptide, total
adiponectin, hyaluronic acid, tissue inhibitor of metalloproteinase-1 (TIMP-1), and high-
sensitivity C-reactive protein (hsCRP). Levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and gamma glutamyltransferase, as well as cardiometabolic
parameters, were recorded.

Adverse events, either observed by the investigator or reported by patients, were recorded
and evaluated for severity (mild, moderate, severe), seriousness, duration, outcome, and
possible relationship to the study treatment. Data from physical examinations, vital signs,
electrocardiograms, and clinical laboratory tests were recorded (appendix p 2).

Outcomes

The primary endpoint was the proportion of patients with an improvement in liver fibrosis

of one stage or more on biopsy (using the NASH CRN classification) without worsening of
NASH after 48 weeks. Worsening of NASH was a worsening of one grade or more of either
lobular inflammation, hepatocyte ballooning, or steatosis, as defined by the NASH CRN.
The primary endpoint was evaluated prospectively by an expert liver pathologist. In addition,
a post-hoc exploratory analysis was undertaken using machine learning software developed
by PathAl (Boston, MA, USA).

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.
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Primary endpoint assessment was changed from MRE to liver biopsy on Feb 21, 2020,
after completion of the study protocol but before unblinding of trial data. This change was
to align with new regulatory standards for NASH trials,2>26 introduced in 2018 during
trial conduct, that specify endpoints deemed relevant clinical outcomes in NASH-related
cirrhosis.

Secondary endpoints (all measured from baseline to week 48) were: relative change in liver
fat content measured by MRI-PDFF and in liver stiffness measured by MRE; change in
NASH resolution on biopsy (assessed by the liver pathologist and, post-hoc, by machine
learning software), and in stage of fibrosis and NAS according to NASH CRN criteria; and
number of treatment-emergent adverse events.

Exploratory endpoints were evaluation of the primary endpoint and NASH resolution by
PathAl machine learning software, and changes from baseline in the biomarkers pro-C3,
pro-C3 amino terminal peptide, total adiponectin, hyaluronic acid, TIMP-1, enhanced liver
fibrosis (ELF) score, and hsCRP.

Statistical analysis

Although a sample size calculation was performed, there is currently no guidance on
minimum treatment effect on histological endpoints that would be considered clinically
relevant. Assuming 2:1 randomisation, a treatment ratio of 0-85 and a coefficient of variation
of 0:17, with a 20% withdrawal rate in both groups, a total sample size of 69 participants
was considered sufficient to provide 90% power to detect a difference between semaglutide
and placebo at the 5% significance level for the initially defined primary endpoint.
Following the change in the primary endpoint, there was no guidance on the minimum
treatment effect on histological endpoints that would be considered clinically relevant. For
the originally calculated sample size, assuming a semaglutide responder proportion of 35%
and a placebo responder proportion of 10%, a power of 62% to observe a treatment in the
binary histology endpoint was calculated.

Efficacy outcomes were assessed using intention-to-treat analysis, in all randomised
patients. Safety outcomes were assessed in all patients exposed to at least one dose of
randomised treatment. Patients were eligible for analysis based on the following: visit or
measurement done; fasting status; screening or baseline measurements no later than first
dose; visit scheduled; re-test rules followed if several observations for a given visit; and
visit reallocation only for values collected at premature treatment discontinuation visits. The
primary analysis was based on a Cochran—Mantel-Haenszel test based on all randomised
patients for the in-trial period with missing data handled as non-responders. The common
odds ratio between semaglutide and placebo, adjusting for baseline type 2 diabetes, was
estimated along with exact 95% CI. To test for superiority, the exact two-sided p-value was
calculated as the sum of probabilities of outcomes having equal or lower probability than the
observed outcome under the null hypothesis.

A sensitivity analysis was performed in which missing data were handled by reference-based
multiple imputation informed by data from placebo recipients. A supportive complete case

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.
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on-treatment analysis, in which patients with missing week 48 data or for whom the data
were collected after the on-treatment period were excluded, was also conducted.

Continuous endpoints were analysed using an analysis of covariance (ANCOVA) with
missing outcomes handled by unconditional reference-based imputation. For each of

500 complete data sets, the treatment effect on change from baseline to week 48 was
estimated with treatment and baseline diabetes status as factors, and baseline bodyweight
and baseline biomarker as covariates. All parameters, except NAFLD and ELF scores,
were logarithmically transformed and estimated treatment differences (ETDs) were back-
transformed to the original scale as estimated treatment ratios (ETRs). The ETDs and SE
were pooled and SE, 95% Cls for treatment difference, and associated two-sided p-values
were calculated.

For the secondary endpoints, ordinal histological features were analysed by ordered logistic
regression with the histological scores at week 48 as response; treatment, baseline diabetes
status as factors; and baseline bodyweight and corresponding histological score at baseline
as covariates. Change in hepatic collagen from baseline to week 48 was analysed using
ANCOVA and a mixed model for repeated measures. Binary histological endpoints were
analysed in the same way as the primary endpoint. Safety was analysed descriptively. See
the appendix (p 3) for further information.

All statistical analyses were performed with SAS (version 9.4). The trial is closed and
completed, and is registered with ClinicalTrials.gov, number NCT03987451.

Role of the funding source

Results

The sponsor was responsible for the trial design, preparing the trial protocol and the
statistical analysis plan, performing the statistical analyses, and analysis of the results.

71 patients were enrolled between June 18, 2019, and April 22, 2021. The study was
completed on June 10, 2021. 47 patients were randomly assigned to the semaglutide group
and 24 to the placebo group. 64 (90%) patients completed treatment, of whom 63 had
evaluable paired biopsies for primary endpoint assessment (61 on treatment; figure 1). Of
the 71 patients, 47 had a screening biopsy with a collection date of more than 6 weeks
before the randomisation date. All 71 patients were included in both the full and safety
analysis sets. Patients were mainly female (49 [69%]) and white (62 [87%]), with a mean
age of 59-5 years (SD 8-0), a mean BMI of 34-9 kg/m? (SD 5-9), and mean NAS of 4.8 (SD
1.0); 53 (75%) patients had type 2 diabetes at baseline, with a mean HbA of 7-1% (SD
1.3; table 1). Histological parameters were generally balanced between treatment groups.
More than three-quarters of patients had an Ishak score of 6/6, the mean baseline MELD
score was 7-6 (SD 1:8), and mean albumin level was 4-2 g/dL (SD 0-3; table 1). Baseline
liver parameters were also generally well balanced between treatments (table 1). Use of
glucose-lowering medication was also generally well balanced between the groups and is
shown in the appendix (p 16).

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.
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There was no significant difference between groups in the proportion of patients with
improvement in liver fibrosis and no worsening of NASH after 48 weeks (five [11%] of 47
patients in the semaglutide group vsseven [29%] of 24 patients in the placebo group; odds
ratio 0-28 [95% CI 0-06-1-24]; p=0-087; figure 2). Outcomes were similar in the sensitivity
and supportive analyses (appendix p 17). There was also no significant difference between
treatments for the proportion of patients with NASH resolution (16 [34%] vs five [21%];
odds ratio 1-97 [95% CI 0-56-7-91]; p=0-29; figure 2). A lower proportion of patients
achieved resolution of NASH and improvement in liver fibrosis at week 48 with semaglutide
versus placebo, although this difference was not significant (three [6%] vsthree [13%]; odds
ratio 0-48 [95% CI 0-06-3-91]; p=0-40).

Exploratory assessment by PathAl machine learning software also showed no significant
differences between treatments for improvement in liver fibrosis and no worsening of NASH
after 48 weeks (three [7%] vstwo [8%]; p=1-0) or NASH resolution (eight [17%] vstwo
[8%]; p=0-50; appendix p 5).

Outcomes for ordinal histological endpoints are shown in the appendix (pp 6-8). A lower
proportion of patients had evaluable biopsies in the semaglutide group versus the placebo
group (38 [81%] vs 23 [96%]) but all patients were included in the evaluation of histological
endpoints. A lower proportion of patients had an improvement in liver fibrosis stage (NASH
CRN and Ishak scores) with semaglutide versus placebo (appendix pp 6-8).

There was no significant difference between treatments for components of NASH. 21 (45%)
patients in the semaglutide group had an improvement in steatosis grade compared with
eight (33%) in the placebo group (p=0-45), and a lower proportion experienced worsening
of steatosis (one [2%] vsfour [17%]). In the semaglutide group, 20 (43%) patients

had an improvement in lobular inflammation compared with nine (38%) in the placebo
group (p=0-80); similar proportions of patients in both groups had worsening of lobular
inflammation (six [13%] vsthree [13%]). A higher proportion of patients (26 [55%)]) in the
semaglutide group had an improvement in hepatocyte ballooning compared with the placebo
group (eight [33%]; p=0:088); one (2%) patients in the semaglutide group and two (8%)

in the placebo group experienced worsening. NAS improvement was achieved by 29 (62%)
patients who received semaglutide versus 14 (58%) in the placebo group (p=0-80), whereas
one (2%) in the semaglutide group and four (17%) in the placebo group had a worsening of
NAS. Finally, in the semaglutide group, 27 (57%) patients had an improvement in SAF score
versus 12 (50%) in the placebo group (p=0:61); four (9%) patients in the semaglutide group
and three (13%) in the placebo group had a worsening of SAF.

Hepatic collagen decreased from baseline to week 48 in both the semaglutide and placebo
groups, albeit from a higher baseline level in the semaglutide group (appendix p 18).

At week 48, change in liver stiffness (assessed by MRE) from baseline was not significantly
different between groups (ETR 0-93 [95% CI 0-80-1-07]; p=0-30; figure 3; appendix p 18).
At week 48, improvement in liver steatosis (assessed by MRI-PDFF) from baseline was
significantly greater in the semaglutide group than in the placebo group (ETR 0:67 [95%

Cl 0-51-0-88]; p=0-0042; figure 3; appendix p 18). In the semaglutide group, 23 (49%)

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.
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patients had a 30% or greater reduction in steatosis compared with three (13%) patients in
the placebo group (odds ratio 6-58 [95% CI 1-63-39-31]; p=0-0037). At week 48, reduction
in liver fat volume and thus total liver volume was significantly greater in the semaglutide
group than in the placebo group (appendix pp 9, 18).

At week 48, change in ALT concentration from baseline was significantly greater in the
semaglutide group than in the placebo group (ETR 0-76 [95% CI 0-61-0-93]; p=0-0090;
figure 3; appendix p 18). In a post-hoc analysis, a significantly greater proportion of patients
receiving semaglutide had a clinically significant decrease of 17 units in ALTZ? compared
with placebo (19 [40%] vstwo [8%]; p=0-0057), and had both a 17-unit ALT plus a 30% or
greater MRI-PDFF decrease (14 [30%] vsone [4%]; p=0:013). Similar improvements were
seen with semaglutide compared with placebo for both AST concentrations (ETR 0-77 [95%
Cl 0-65-0-92]; p=0-0046; figure 3; appendix p 18) and gamma glutamyltransferase (ETR
0-74 [95% CI 0-62-0-88]; p=0:0007; appendix p 18).

Pro-C3 (ETR 0-84 [95% CI 0-73 to 0-98]; p=0-027) and hsCRP (ETR 0:59 [95% CI 0-40 to
0-87]; p=0-0072) levels were significantly reduced after treatment with semaglutide versus
placebo (appendix p 10). ELF decreased from baseline to week 48 in the semaglutide
group by —0-44 and in the placebo group by —0-13; the difference between groups was not
significant (ETD —0-31 [95% CI -0:69 to 0-07; p=0-12).

Bodyweight decreased from baseline by a greater extent in patients treated with semaglutide
(relative change from baseline —8-83% in the semaglutide group vs-0:09% in the placebo
group); the difference between groups was significant (ETD —8-75 [95% CI —12:41 to
-5-09]; p<0-0001; figure 4). The proportion of patients who achieved a 5% or greater (29
[62%] vssix [25%]; p=0:0047) and 10% or greater (19 [40%] vsnone; p=0-016) weight
reduction at week 48 was significantly higher with semaglutide than placebo. BMI and waist
circumference were also significantly lower with semaglutide versus placebo at week 48
(appendix pp 19-20).

At week 48, HbA . had decreased from baseline among patients with type 2 diabetes in the
semaglutide group but not in the placebo group (mean —1-39% vs +0-24%); the difference
between groups was significant (ETD -1-63 [95% CI —2-20 to —1.06]; p<0-0001; figure 4).
Fasting plasma glucose was also significantly reduced from baseline to week 48 (ETD —2:32
mmol/L [95% CI -3.74 to —0-90]; p=0-001), but fasting C-peptide was not (ETR 0:94 [95%
Cl 0-71-1-25]; p=0-67), with semaglutide compared with placebo.

At week 48, reductions in levels of triglycerides and VLDL cholesterol from baseline were
significantly greater with semaglutide than with placebo (ETR 0-83 [95% CI 0-72-0-96];
p=0-013 for triglycerides and 0-83 [95% CI 0-72-0-96]; p=0-012 for VLDL cholesterol), but
this was not the case, for example, for total cholesterol (appendix pp 11, 19-20). Blood
pressure was reduced from baseline in patients who received semaglutide at 24 weeks but
increased again and was not significantly different to placebo at 48 weeks (appendix pp
19-20).

Similar proportions of patients experienced adverse events (42 [89%] patients in the
semaglutide group and 19 [79%)] in the placebo group, of which six [13%] and two [8%],
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respectively, were serious; table 2). No serious events were considered related to trial
product and there were no deaths. Most adverse events were mild or moderate in severity
but there were eight severe events in the semaglutide group versus one in the placebo group;
additionally, more adverse events in the semaglutide group than in the placebo group were
judged as possibly or probably related to trial product (table 2). No patients withdrew from
the trial due to adverse events. A total of five patients had eight adverse events leading

to dose reduction (six adverse events in four patients in the semaglutide group, and two
adverse events in one patient in the placebo group). Three patients had adverse events
leading to premature treatment discontinuation (two with gastrointestinal disorders [nausea]
considered probably related to treatment and one with an eye disorder [vitreous detachment]
considered unlikely related to treatment), all in the semaglutide group. In total, 64 (90%)
patients completed treatment, and three patients (two in the semaglutide group and one in
the placebo group) withdrew from the trial.

As expected, the most common adverse events associated with semaglutide were
gastrointestinal (table 2). The most frequently reported gastrointestinal adverse events
were mild-to-moderate transient nausea, diarrhoea, and vomiting, which mainly occurred
during treatment initiation or dose escalation (appendix p 12). The median durations of
nausea, diarrhoea, and vomiting were 8 days (IQR 3-341), 7 days (3—-34), and 3 days
(1-41), respectively, in patients treated with semaglutide. Among the 53 patients with

type 2 diabetes, on-treatment hypoglycaemic adverse events (as per the American Diabetes
Association classification) were reported for 12 (34%) patients in the semaglutide group and
five (28%) in the placebo group, of which only one event with semaglutide (and none with
placebo) was classed as a severe symptomatic episode. No hypoglycaemic episodes were
reported for patients without type 2 diabetes.

Hepatic function remained stable after semaglutide treatment and did not result in
decompensating events. Ten hepatic events were identified in six patients, nine of which
were in five patients who received semaglutide (appendix p 21). All events were non-serious
and mild or moderate in severity. The MELD score fluctuated during the trial in both
treatment groups but was similar at week 48 (appendix p 13). The change in MELD scores
between baseline and week 48 was not clinically meaningful in either group (mean 0-2

[SE 1-3] in the semaglutide group and 0-1 [3:1] in the placebo group); there were no
MELD scores over 15 points at any stage during treatment. All patients with measurements
were classed as Child—Pugh A at baseline and week 48. Renal function, as measured by
estimated glomerular filtration rate, remained stable in patients who received semaglutide
and decreased slightly with placebo (ratios to baseline 1-00 and 0-97, respectively; p=0-53).

In the semaglutide group, albumin increased transiently at week 24 but returned to baseline
at week 48 and remained stable in the placebo group. Bilirubin increased with semaglutide
but not placebo, while international normalised ratio increased slightly in both groups and
thrombocytes remained unchanged (appendix p 22). None of the values at week 48 were
significantly different from baseline.
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Discussion

In this phase 2 study of patients with NASH-related compensated cirrhosis, semaglutide
2-4 mg once weekly did not significantly improve fibrosis or achievement of NASH
resolution compared with placebo. However, in patients with cirrhosis, semaglutide did
lead to improvements in cardiometabolic risk parameters (weight loss, glycaemic control,
and lipids), did not lead to new safety concerns, and was well tolerated based on the
established profile of the GLP-1RA class. Despite the lack of histological changes with
semaglutide, improvements were seen in non-invasive markers of disease activity. We also
noted a clinically significant reduction in liver fat by MRI-PDFF.

Addressing features of the metabolic syndrome is essential in patients with NASH-

related cirrhosis. Not only are cardiovascular morbidity and mortality common in this
population, but type 2 diabetes and obesity increase the risk of fibrosis progression,

hepatic decompensation, and hepatocellular carcinoma.t=8 In this trial, semaglutide reduced
bodyweight and HbA ;. was decreased in patients with type 2 diabetes. This is reflective

of findings seen in trials of semaglutide in people with type 2 diabetes and those

with overweight or obesity.16-18 Semaglutide has also been shown to positively affect
cardiovascular risk in patients with type 2 diabetes.1®> Thus, semaglutide treatment may
provide an opportunity to address multiple factors associated with adverse outcomes in
advanced NASH.

The GLP-1RAs liraglutide and semaglutide have previously been investigated in patients
with NASH, but mainly in those without cirrhosis. In the randomised, phase 2 LEAN trial
in 52 patients with NASH and overweight, liraglutide 1-8 mg once daily led to NASH
resolution in 39% of patients versus 9% with placebo (p=0-019) after 48 weeks.8 In a
larger, placebo-controlled, randomised, 72-week, phase 2 trial in 320 patients with NASH
F1-3, semaglutide 0-4 mg once daily led to a significantly greater proportion of patients
achieving NASH resolution with no worsening of fibrosis versus placebo (59% vs17%;
p<0-001), with a non-significant difference in the proportion of patients with improvement
in fibrosis stage (43% vs33%; p=0-48).20

In the phase 2 trial of semaglutide in patients with NASH and F1-3, a maximum dose

of 0-4 mg once daily was investigated,20 which contrasts with the 2.4 mg once weekly
schedule used in the current trial. Semaglutide 24 mg once weekly has been shown to be
effective and well tolerated for weight reduction in patients with overweight or obesity,18
and therefore was considered appropriate for this trial given the high disease burden of
participants, including BMI of 27 kg/m? or more. A once-weekly dosing schedule was
also anticipated to be likely to improve the burden of drug administration compared with
once-daily dosing. It was estimated that maximum plasma concentrations of semaglutide
after once-weekly 2-4 mg doses would be similar to those achieved with 0-4 mg once daily
(unpublished data).

Overall, the safety profile of semaglutide seen in this trial was consistent with previous
trials in patients with type 2 diabetes,16:17 overweight or obesity,18 and NASH,20 with
mild-to-moderate, transient gastrointestinal effects accounting for most on-treatment adverse
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events. We did not observe effects on hepatic or renal function with semaglutide treatment,
and there were no decompensating events. Although the study was not powered to assess
decompensating events, these data might be considered reassuring in the vulnerable patient
population studied.

Strengths of this trial include its robust design and high completion rate. There were various
limitations. The change in the primary endpoint may be considered a limitation, especially
since the sample size calculation was done on the basis of MRE; thus, the study was likely
underpowered with a relatively small size (61 patients with evaluable biopsy), which might
have limited its power to detect a difference between treatments for the revised primary
endpoint. The treatment duration of 48 weeks used in the current study is in line with other
phase 2b and 3 trials in patients with NASH and compensated cirrhosis.29-30 However, this is
a shorter duration than the 72-week treatment period used in the phase 2 trial of semaglutide
in patients with NASH and F1-3.20 It may be that a longer duration of treatment, as seen
with entecavir for patients with cirrhosis due to hepatitis B,3! could have provided more
scope to establish if semaglutide had significant effects on NASH and its components,

as well as fibrosis regression, in patients with NASH and compensated cirrhosis. Trials
investigating the treatment of NASH over a longer follow-up period are currently ongoing
(eg, NCT03439254) and could indicate whether a longer treatment duration has a significant
effect on NASH and its components in patients with compensated cirrhosis.

It should also be noted that, although patient baseline characteristics were generally well
balanced, a greater proportion of patients in the semaglutide group had Ishak score 6,
whereas more placebo recipients had a score of 4 or 5, and hepatic collagen proportion
was also higher in the semaglutide group. Furthermore, MRE score was higher in the
semaglutide group and baseline levels of liver enzymes and pro-C3 were also somewhat
higher with semaglutide versus placebo. It may be, therefore, that patients in the placebo
group had a more heterogeneous, lower-grade fibrosis than the semaglutide group, and this
may have affected the ability to show a treatment difference. The high rate of fibrosis
improvement in the placebo group was similar to that seen in the trial of semaglutide

in NASH F1-3,20 and may be related to sampling variability as well as the inherent
inconsistency between conventional pathology assessments of treatment response in patients
with NASH-related cirrhosis.

Restrictions due to the COVID-19 pandemic affected the conduct of the trial to some extent
but both treatment groups were similarly impacted, primarily involving changing site visits
to telephone or remote audio contacts. A limitation was the use of a single pathologist

to assess histology slides, which were permitted to be up to 12 months or 360 days old,
with no re-read of baseline assessments at the end of trial. This approach was originally
intended to evaluate secondary histology endpoints only. When the primary endpoint was
changed during the trial, it was not feasible to alter the pathology procedures. It should

be emphasised that the change in the primary endpoint was done to align with evolving
regulatory standards,2%26 and this happened before any unblinding and trial analysis. To
support histology analysis, the primary endpoint and the secondary endpoint of NASH
resolution were also assessed by machine learning software (PathAl), which assessed lower
proportions of patients as having met these endpoints than with pathologist evaluation. This
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phenomenon has been observed previously with PathAl and is not fully understood, but may
be driven by PathAl determining that the “no worsening of NASH” part of the endpoint was
not fulfilled. Ultimately, machine learning software may facilitate greater consistency in the
interpretation of histological outcomes in NASH.32

The mainstay of NASH treatment is weight loss.10-11 Patients who received semaglutide

in the current trial had a mean weight loss of almost 9% from baseline without any

evidence of a negative effect on safety. Weight-loss results in the current trial are similar

to those observed in previous 72-week phase 2 trials of semaglutide in NASH F1-3 in which
semaglutide treatment led to a mean weight change of —5% with semaglutide 0-1 mg once
daily to —13% in the semaglutide 0-4 mg once daily group.2 It is, however, important that
future studies understand the type of weight loss (adipose vs muscle; central vs peripheral),
as detailed changes in body composition were not assessed in the current study. Sarcopenia
(muscle wasting) may be masked if coexistent with morbid obesity and is a predictor of poor
outcomes in cirrhosis, such as hepatic decompensation, poor quality of life, and premature
mortality.12:33 Although the current study did not assess measures of physical function,

the previously discussed phase 2b trial in NASH F1-3 highlighted that semaglutide led to
improvements in the physical component of the short form-36 quality-of-life questionnaire
in parallel with weight loss.

Larger trials are needed to investigate whether semaglutide improves liver-related morbidity
and mortality in patients with NASH and compensated cirrhosis. The phase 2b ATLAS

trial indicated that a combination of cilofexor and firsocostat led to improvements in

NASH activity and a reduction in fibrosis score in patients with bridging fibrosis or
compensated cirrhosis (F3-4).34 A combination of these treatments with semaglutide is
currently under investigation (NCT04971785). In a similar population, the STELLAR trials
of selonsertib failed to show an antifibrotic effect in patients with NASH and F3-4.30
Similarly, the FALCON clinical trial programme in patients with NASH and F3-4 did not
show a statistical advantage for pegbelfermin over placebo in terms of histology, but did
indicate improvements in non-invasive measures of fibrosis, steatosis, or inflammation, 29
while simtuzumab also failed to show an antifibrotic effect in patients with bridging fibrosis
and compensated cirrhosis.3®

In conclusion, in this phase 2 study of patients with NASH and compensated cirrhosis,
semaglutide 2-4 mg once weekly did not significantly improve fibrosis or achievement of
NASH resolution, but was well tolerated, did not raise any new safety concerns, and led to
improved cardiometabolic parameters and non-invasive markers of liver fat and liver injury
associated with fibrosis progression.
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Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

PubMed was searched on July 19, 2022, for articles published since Jan 1, 2017, without
language restrictions, using the search terms “non-alcoholic steatohepatitis™ or “NASH”
and “cirrhosis” in the title. The retrieved articles were manually reviewed for relevance
and their reference lists examined for additional sources of relevant information. Patients
with non-alcoholic steatohepatitis (NASH)-related cirrhosis are at high risk of potentially
life-threatening liver-related morbidities, as well as cardiovascular events. Current first-
line treatment in patients with compensated cirrhosis and overweight or obesity involves
lifestyle interventions to achieve weight loss and treat cardiometabolic comorbidities,
but there is no approved NASH-specific pharmacotherapeutic treatment. Selonsertib,
simtuzumab, and pegbelfermin are among the agents that have been investigated in
NASH-related cirrhosis, but the primary efficacy endpoints of these trials were not

met. Compared with placebo, the glucagon-like peptide-1 receptor agonist semaglutide
improved NASH resolution and metabolic parameters in patients with non-cirrhotic
NASH (fibrosis stage 1-3) and could be of benefit to patients with NASH-related
cirrhosis.

Added value of this study

This placebo-controlled, randomised phase 2 trial is the first study to assess the
efficacy and safety of semaglutide 2-4 mg once weekly in patients with NASH-related
compensated cirrhosis (fibrosis stage 4). There was no difference between semaglutide
and placebo for the primary endpoint (fibrosis improvement without worsening of
NASH) or the supportive secondary endpoint of NASH resolution. However, compared
with placebo, semaglutide led to reductions in liver enzymes, liver steatosis (but not
stiffness), and levels of the exploratory hepatic collagen biomarker pro-collagen 3
peptide.

Patients treated with semaglutide lost more weight, had lower concentrations of
triglycerides and VLDL cholesterol, and those with type 2 diabetes also had reductions

in HbA 1 levels, compared with placebo. No new safety concerns were raised with
semaglutide in this population, with no decompensating events or deaths; as expected, the
main adverse events were mild to moderate and transient gastrointestinal events.

Implications of all the available evidence

Semaglutide 2:4 mg once weekly did not improve fibrosis without worsening of NASH.
However, addressing features of the metabolic syndrome is essential in individuals with
NASH-related cirrhosis, as is weight loss in those who have overweight or obesity,

and there was evidence of improvement in cardiometabolic parameters and non-invasive
markers of liver injury with semaglutide treatment. The relatively small size of the
current trial may have limited its ability to demonstrate an effect on fibrosis and NASH
resolution.
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286 patients assessed for eligibility

215 not randomised
191 ineligible on inclusion or exclusion criteria
24 for other reasons

A 4

71 enrolled

v

71 randomised

v

47 assigned to semaglutide

6 discontinued treatment
3 due to adverse events
3 for other reasons

2 withdrew from the trial
1 patient withdrawal
1 lost to follow-up

A 4

41 completed treatment

v

38 with evaluable biospy at week 48 [d--+

Figure 1:
Trial profile

v

24 assigned to placebo

1 discontinued treatment
1 withdrew consent

1 withdrew from the trial
1 patient withdrawal

A 4

23 completed treatment

v

23 with evaluable biospy at week 48  [d--*
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Figure 2: Improvement in liver fibrosis and no worsening of NASH (A) and resolution of NASH
(B) at 48 weeks

p-values are two-sided and taken from a Cochran—Mantel-Haenszel test stratified by
baseline diabetes status. Patients with missing outcomes were imputed as non-responders.
NASH=non-alcoholic steatohepatitis. OR=0dds ratio.
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Figure 3: Change in imaging parameters and liver enzymes from baseline to week 48
Liver stiffness assessed by MRE (A), liver steatosis assessed by MRI-PDFF (B), ALT

(C), and AST (D). Number of observations per treatment group and visit is presented

in the lower part of each plot. Error bars show the SE of the mean for observed

values. ALT=alanine aminotransferase. ANCOVA=analysis of covariance. AST=aspartate
aminotransferase. ETR=estimated treatment ratio. MRE=magnetic resonance elastography.
MRI-PDFF=MRI proton density fat fraction. *ETRs with 95% CI and two-sided p-values
were calculated using the same ANCOVA analysis. Missing data were imputed from the
observed data in the placebo group using the same ANCOVA model but without treatment as

factor.

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Loomba et al.
A
105
100 L ]; l l
% 5 1 l
-;'? ETD-8.75(95% C1-12-41to -5-09)*
£ 904 p<0-0001
B
4]
85
—e— Semaglutide 2-4 mg
—¥— Placebo
0= T T 1
0 12 24 48
Time since randomisation (weeks)
Semaglutide 2.4 mg 47 42 43 46
Placebo 24 23 22 23

Page 21

B
85 70
80 65
60
75 -
55
7:07 ETD -1-63 (95% CI 2-20 to-1-06)*
p<0-0001 50
6.5
45
6-0-
40
O/(I T T T /I(O
0 12 24 48
Time since randomisation (weeks)
35 32 33 34
18 18 18 18

Figure 4: Change in (A) bodyweight and (B) HbA1. (in patients with type 2 diabetes) from

baseline to week 48

Number of observations per treatment group and visit is presented in the lower part of
each plot. Error bars show the SE of the mean for observed values. ANCOVA=analysis
of covariance. ETD=estimated treatment difference. *ETDs with 95% CI and two-sided
p-values were calculated using the same ANCOVA analysis. Missing data were imputed
from the observed data in the placebo group using the same ANCOVA model but without

treatment as factor.
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Patient baseline characteristics

Table 1.

Empty Cell Empty Cell Semaglutide 2:4 mg group (n=47)  Placebo group (n=24)
Sex

Female 31 (66%) 18 (75%)

Male 16 (34%) 6 (25%)
Age, years 59.9 (7-1) 58:7 (9:7)
Ethnicity

American Indian/Alaska Native 1 (2%) 0

Asian 1(2%) 0

Black/African American 0 2 (8%)

White 41 (87%) 21 (88%)

Other 1(2%) 0

Not reported 3 (6%) 1 (4%)
Bodyweight, kg 95-2 (18:7) 986 (22-2)
BMI, kg/m? 346 (5-9) 355 (6-0)
Type 2 diabetes 35 (75%) 18 (75%)
HbA¢, % 7-1(1-3) 72(1-2)
Lipids, mg/dL

LDL cholesterol 100:0 (34-4) 88-1 (41.7)

HDL cholesterol 44.7 (10-0) 45-8 (12:6)

VLDL cholesterol 325 (17:4) 29:6 (11.0)

Total cholesterol 1772 (34-9) 1634 (47-5)

Free fatty acids 156 (7.9) 159 (81)

Triglycerides 168-9 (98-3) 151-6 (56-2)
Blood pressure, mm Hg

Diastolic 78.7 (9-6) 87.0 (6:6)

Systolic 132:6 (13-7) 135.8 (14.7)
Steatosis

1 32 (68%) 15 (63%)

2 12 (26%) 7 (29%)

3 3 (6%) 2 (8%)
Lobular inflammation

1 14 (30%) 6 (25%)

2 31 (66%) 17 (71%)

3 2 (4%) 1 (4%)
Hepatocyte ballooning

1 18 (38%) 8 (33%)

2 29 (62%) 16 (67%)
Ishak score

4 0 (0%) 1 (4%)

5 9 (19%) 6 (25%)
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Empty Cell Empty Cell

Semaglutide 2:4 mg group (n=47)

Placebo group (n=24)

6 38 (81%) 17 (71%)
Total NAFLD activity score 4.7 (1-0) 4.9(1-2)
Hepatic collagen proportion 11.5(7:3) 9.4 (4-8)
Imaging, geometric mean (CV)
MRE, kPa 6-4 (27-9) 5.8 (30-7)
MRI-PDFF, % 100 (58-3) 10-4 (54-7)
Liver enzymes, U/L, geometric mean (CV)
ALT 476 (59-0) 36-4 (57-3)
AST 47-2 (457) 39.0 (46.0)
GGT 94.3 (85-1) 95.0 (133-5)
Exploratory biomarkers, geometric mean unless stated
ELF 10-7 (0-8) 10-6 (0-7)
Pro-C3, ng/mL (CV) 20-4 (31-3) 17:9 (26:1)
Pro-C3 N-terminal peptide, ng/mL  21.5 (8:6) 185 (5-3)
FIB-4, score (CV) 2.4 (38-3) 2:2 (54-2)
Total adiponectin, pg/mL (CV) 3:3(69:0) 4.2 (94-9)
TIMP-1, ng/mL 340-3 (83-0) 350-8 (106-7)
Hyaluronic acid, ng/mL 1889 (156:5) 154.9 (92.9)
Liver severity
MELD score 76 (1-2) 7.7 (2:6)
Child-Pugh classification 5.0 (0-1) 5.0 (0-0)
Albumin, g/dL 4.2 (0:3) 4.2 (0:3)
Bilirubin, mg/dL 0-3(0-1) 0-3(0-1)
INR 11 (0-1) 1.1 (0-4)
Sodium, mmol/L 140-2 (2:3) 139-7 (2'5)
Thrombocytes, 10%/L 1784 (50.5) 1835 (63-1)
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Data are n (%) or mean (SD) unless otherwise stated. Data based on full analysis set. ALT=alanine aminotransferase. AST=aspartate
aminotransferase. BMI=body-mass index. CVV=coefficient of variance. ELF=enhanced liver fibrosis. FIB-4=fibrosis-4 index. GGT=gamma
glutamyltransferase. INR=international normalised ratio. MRE=magnetic resonance elastography. MRI-PDFF=MRI proton density fat fraction.
NAFLD=non-alcoholic fatty liver disease. Pro-C3=pro-collagen 3 peptide. TIMP-1=tissue inhibitor of metalloproteinase-1.

*
Ishak score was not one of the inclusion criteria for this study.
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Adverse events

Table 2.

Empty Cell

Empty Cell

Semaglutide 2:4 mg group (n=47)

Placebo group (n=24)

On-treatment observation period, weeks

All patients with adverse events

Gastrointestinal disorders

Nausea

Diarrhoea

\omiting

Abdominal pain
Decreased appetite
Eructation

Abdominal pain upper

Dyspepsia

511 (9:9)
42 (89%)
36 (77%)
21 (45%)
9 (19%)
8 (17%)
6 (13%)
6 (13%)
6 (13%)
5 (11%)
5 (11%)

Patients with other adverse events (=10% in either treatment group)

Urinary tract infection

Back pain

Patients with serious adverse events

On-treatment

In-trial

Serious adverse events

Severity*

Gastrointestinal disorders

Eye disorders

Hepatobiliary disorders

Injury, poisoning, and procedural complications
Metabolism and nutrition disorders

Nervous system disorders

Renal and urinary disorders

Respiratory, thoracic, and mediastinal disorders
Musculoskeletal and connective tissues disorders
Psychiatric disorders

Fatal events

Mild
Moderate

Severe

Relationship to trial product *

Probable
Possible

Unlikely

Leading to withdrawal of trial product

Leading to withdrawal from trial

3 (6%)
0

6 (13%)
6 (13%)

3 (6%)
1 (2%)
1 (2%)
1 (2%)
1 (2%)
1 (2%)
1 (2%)
1 (2%)
0

0

0

37 (79%)
26 (55%)
8 (17%)

22 (47%)
23 (49%)
31 (66%)
3 (6%)

0

535 (59)
19 (79%)
8 (33%)
4 (17%)
2 (8%)

0 (0%)

1 (4%)

1 (4%)

0 (0%)

2 (8%)

0 (0%)

4 (17%)
3 (13%)

2 (8%)
2 (8%)

2 (8%)
0
0
0
0
0
0

0
1 (4%)
1 (4%)
0

17 (71%)
10 (42%)
1 (4%)

4 (17%)
9 (38%)
18 (75%)
0

0

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.

Page 24



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Loomba et al. Page 25

Data are n (%) unless otherwise stated. Data are from all exposed patients on treatment (safety analysis set). %=proportion of patients with at least
one adverse event. Numbers are patients with at least one adverse event.

*
Patients could have more than one adverse event.
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