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INTRODUCTION

Abstract

Chronic liver disease is a major cause of mortality, with approximately 2
million deaths worldwide each year, and it poses a significant economic
burden. The most common cause of chronic liver disease in the United
States and Europe is steatotic liver disease (SLD), which includes metabolic
dysfunction—associated SLD, metabolic dysfunction and alcohol-associated
SLD, and alcohol-associated liver disease (ALD). Effective treatment of
these conditions is essential to reduce the liver disease burden, with
promising approaches including treating cardiometabolic risk factors and
excessive alcohol intake. Glucagon-like peptide 1 receptor agonists, both as
monotherapy and in combination with other drugs, are gaining attention for
their beneficial impact on cardiometabolic risk factors and excessive alcohol
intake. In this review, we examine the molecular and clinical effects of
glucagon-like peptide 1 receptor agonists, focusing on their direct hepatic
steatohepatitis and liver fibrosis but also the indirect influence on
cardiometabolic risk factors and excessive alcohol intake as key features
of SLD. We also explore the future implications of glucagon-like peptide 1
receptor agonists for treating metabolic dysfunction—associated SLD,
metabolic dysfunction and alcohol-associated SLD, alcohol-associated liver
disease, and the potential challenges.

Keywords: alcohol-associated liver disease, GLP-1 receptor agonists,
metabolic dysfunction—associated steatotic liver disease, nonalcoholic
steatohepatitis, treatment
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States and Europe is steatotic liver disease (SLD),
including the subcategories metabolic dysfunction—
associated steatotic liver disease (MASLD), metabolic
dysfunction and alcohol-associated SLD, and alcohol-
associated liver disease (ALD).[2-4 Within the spectrum
of SLD, MASLD is the most prevalent type, while
metabolic dysfunction and alcohol-associated SLD and
ALD are associated with a higher risk of developing
severe liver disease and liver-related mortality.[5-6]

Effective treatments of these conditions are consid-
ered the key to reduce the burden of liver disease.[”]
Treating cardiometabolic risk factors and excessive
alcohol intake holds promise for future SLD manage-
ment. Glucagon-like peptide 1 (GLP-1) receptor ago-
nists as monotherapy and in combination with other
drugs are gaining attention due to their beneficial impact
on these risk factors.[2:89]

In this review, we discuss the molecular and clinical
effects of GLP-1 receptor agonists, with a particular
focus on their direct and indirect influence on the key
features related to SLD. We also explore the future
implications of GLP-1 receptor agonists for the treat-
ment of the specific subclasses of SLD and the potential
challenges.

The molecular effects of GLP-1
GLP-1 is a gut hormone and member of the incretin

hormone family, secreted by L-cells in the intestinal
epithelium in response to the intake of nutrients,

especially fats and carbohydrates.['”) GLP-1 receptor
agonists are synthetic analogs designed to mimic the
actions of GLP-1. They have demonstrated beneficial
effects on various conditions associated with cardiome-
tabolic diseases.['"12]

The mode of action is complex as GLP-1 receptor
agonists work through multiple pathways in several
organ systems (Figure 1).

In the pancreas, GLP-1 receptor agonists bind to
receptors on beta cells. This binding increases cAMP
levels, which stimulates the release of insulin into the
circulation.['*-"% The increased insulin facilitates glu-
cose transportation into cells, thereby lowering blood
glucose levels.l'S! Additionally, GLP-1 receptor agonists
bind to receptors on alpha cells, inhibiting glucagon.
This further contributes to lower blood glucose levels by
reducing hepatic glucose release.['?!

In the skeletal muscles, the presence of GLP-1
receptors is still debated.l'”) Some studies suggest that
GLP-1 may increase blood flow in the skeletal muscles
and help lower blood glucose levels. However, the
precise mechanisms underlying these effects remain
unclear.[18-20]

In the stomach, GLP-1 receptor agonists bind to
receptors on myenteric neurons in the gastrointestinal
(GI) tract, slowing gastric emptying and reducing Gl
motility.2"l  This reduced stomach emptying rate
decreases the postprandial rise in blood glucose
levels and prolongs the feeling of fullness, likely

contributing to reduced caloric intake and weight
loss.[22.23]
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lllustration of the molecular and clinical effects of GLP-1 receptor agonists. In the uppermost row, a depiction of organs and

structures impacted by GLP-1 receptor agonists is presented. Each of these organs exhibits distinct molecular effects. This term covers the
outcomes arising either directly or indirectly from the influence of GLP-1 receptor agonists on these organs. In the lower section in the yellow
boxes, the clinical effects are described and from what organ they are influenced. Abbreviations: BMI, body mass index; GLP-1, glucagon-like

peptide 1; MASH, metabolic dysfunction—associated steatohepatitis.
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In the brain, GLP-1 receptor agonists seem to bind to
receptors in the hypothalamus, cerebral cortex, and other
brain areas.'”l This stimulates receptors in the hypo-
thalamus’ satiety centers, reducing hunger perception,
which likely contributes to the weight loss effect.24 In the
kidneys, GLP-1 receptor agonists inhibit the renal
sodium-hydrogen exchanger in proximal tubular cells,
increasing diuresis through increased sodium excretion.
Additionally, GLP-1 receptor agonists have demon-
strated a reduction in renal inflammation.[25-271

In the liver, there is still ongoing debate regarding the
presence and functional significance of GLP-1
receptors.[28-30 Therefore, the potential beneficial effect
on SLD appears to be mediated by treating cardiome-
tabolic risk factors and reducing alcohol intake.

GLP-1 receptor agonists

The discovery of the GLP-1 receptor led to the
development of GLP-1 receptor agonists. Since the first
formulation was tested, several analogs have been
developed to optimize their effects, administration routes,
and half-lives in order to enhance compliance.3'32
These analogs exhibit different pharmacokinetic and
pharmacodynamic characteristics.®3 (Table 1) Their
effect varies among the different analogs in terms of
weight loss impact and improvements in hemoglobin A1c
and cholesterol levels.*¥ The pathogenesis of metabolic-
associated steatohepatitis (MASH) includes insulin
resistance in both liver and adipose tissue, which
contributes to extra lipid accumulation in the liver and
lipotoxicity, leading to liver fibrosis.353¢1 Therefore,
treatment with GLP-1 receptor agonists that reduce lipid
accumulation and insulin resistance may have the
potential for a disease-modifying role in MASH.5!

In recent years, there has been a development in
treatments with additional hormone receptor agonists in
combination with GLP-1 receptor agonists (dual and

triple hormone agonists).[37-39 These include compo-
nents such as glucose-dependent insulinotropic poly-
peptide and glucagon, and combinations have been
shown to increase the effect of weight loss.[37:39401 The
dual agonists seem to have an enhancing effect, and
combining them can lead to synergistic effects and
impact hepatocyte metabolism.[841.42]

GLP-1 receptor agonists for treating risk
factors for progressive SLD

The main risk factors for SLD are cardiometabolic
factors, particularly obesity and type 2 diabetes, as well
as alcohol intake. However, since GLP-1 receptor
agonists have beneficial effects on these risk factors
found in most patients with SLD, they are likely to have
a positive impact on the progression of SLD (Figure 2).
Consequently, for most patients without advanced liver
fibrosis, the main benefits of GLP-1 receptor agonists
are related to their extrahepatic effects and improve-
ment in cardiometabolic health.3! In contrast, patients
with SLD and advanced fibrosis have a relatively high
risk of developing decompensated cirrhosis and related
complications, which may be reduced or prevented with
GLP-1 receptor agonist treatment.[43:44]

Managing type 2 diabetes

Most people with type 2 diabetes (T2D) have hepatic
steatosis, and T2D is a major risk factor for developing
hepatic inflammation (metabolic-associated steatohe-
patitis (MASH), leading to fibrosis and progression
toward cirrhosis.[*5461  Dietetic and drug-induced
improvements in glycemic control lead to reduced
hepatic inflammation.“6-49 Therefore, GLP-1 receptor
agonists should be considered in patients with T2D and
steatosis.

TABLE 1 Most used GLP1-receptor agonists: Descriptions of the different GLP-1 receptor agonists
Generic name Active component Administration Half-time Approved indications
GLP-1 receptor agonists
Exenatide GLP-1 SC 2.4 h T2DM
Lixisenatide GLP-1 SC 3 h T2DM
Liraglutide GLP-1 SC 13 h T2DM
Obesity
Semaglutide GLP-1 SC + PO 1 wk T2DM
Obesity
Dulaglutide GLP-1 SC 5d T2DM
Dual agonists
Tirzepatide GLP-1 and glucose-dependent SC 5d T2DM
insulinotropic polypeptide Obesity
Survodutide GLP-1 and glucagon SC 6d Not yet approved
Efinopegdutide GLP-1 and glucagon SC 8d Not yet approved

Abbreviations: PO, per oral; T2DM, type 2 diabetes mellitus.
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Natural history of SLD GLP-1 receptor agonist treatment of SLD
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FIGURE 2 lllustration of the process from steatotic liver disease to a healthy liver using GLP-1 receptor agonists: GLP-1 receptor agonists

inhibit risk factors (insulin resistance and excessive alcohol, obesity), promoting reduced hepatic steatosis and inflammation. Abbreviations: GLP-1,

glucagon-like peptide 1; SLD, steatotic liver disease.
Managing obesity

Increasing body mass index is directly associated with
increasing risk of liver-related morbidity and mortality in
SLD.5%-521 Adipose tissues are one of the main
etiologies in developing SLD.[5%! Excessive fat accumu-
lation in the body can extend to the liver, causing
dysregulation. This dysregulation leads to the develop-
ment of SLD, MASH, and later fibrosis.® To achieve
fibrosis regression, studies with paired biopsies have
found that a 7%—10% loss of body weight is required.3!

In the European Association for the Study of the Liver
Clinical Practice Guidelines on the management of
MASLD, incretin-based weight loss drugs are recom-
mended to be considered in patients with MASLD and
overweight or obesity.[55!

Two studies, including 1569 participants, tested
semaglutide in people with overweight or obesity, and
overall weight loss was obtained. However, the studies
also concluded that the weight loss was not maintained
after discontinuation.l®®571 Thus, sustained weight loss
is crucial for reducing liver-related morbidity and
mortality in SLD.

Managing excessive alcohol use

Alcohol is a risk factor for the progression of liver
disease in patients with alcohol-associated liver
disease (ALD) but also in patients with type 2 diabetes
mellitus (T2DM).[5258.59] Vice versa, alcohol absti-
nence improves the prognosis of patients with cirrho-
sis and increases hepatic regeneration (regression
of liver fibrosis).0-62 Therefore, treatments with

medications that reduce alcohol consumption are
likely to be beneficial for patients with SLD. The
neurobiological foundations of addictive disorders,
including alcohol use disorder, have led to investiga-
tions into the potential use of GLP-1 receptor agonists
in addictive disorders.[%®! This has led to a series of
studies primarily conducted in laboratory animals
injected with GLP-1 receptor agonists, which have
shown a reduction in alcohol intake in rats and
mice.[63641 Figure 3 illustrates the proposed central
mechanisms of GLP-1 receptor agonists in reducing
reward-related behavior, highlighting their potential to
drive clinical improvements in treating excessive
alcohol consumption, eating disorders, and substance
use disorders.

One randomized controlled trial testing the GLP-1
receptor agonist exenatide on people with alcohol use
disorder found no overall significant reduction in the
quantity of alcohol intake or heavy drinking days.[®!
However, in the subgroup of individuals with obesity,
both the quantity of alcohol intake and heavy drinking
days were significantly reduced. Neurobiological activity
was observed within brain regions associated with drug
reward and addiction.65]

Another study used self-reported data from individ-
uals taking semaglutide and found that 21% stopped
drinking completely, and 88.4% reported a reduced
desire for alcohol.[67]

A retrospective cohort study of over 83,000 electronic
health records from patients with obesity found that
semaglutide was associated with a 50%—56% lower risk
of developing or recurring alcohol use disorder within a
12-month follow-up period compared to other antiobe-
sity drugs.[68]
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Changes in reward-related behavior:

Reduced alcohol intake

Reduced food intake

Assumed central effects

GLP-1

Reduced activity in areas for
addiction and drug reward:
* Ventral striatum
* Septal area

Reduced dopamine
transporter activity —
dopamine remains longer
in synapsis

Reduced substance use

FIGURE 3

GLP-1 is assumed to influence brain regions linked to reward and addiction, reducing activity in the ventral striatum and septal

area. It also decreases the activity of the dopamine transporter, which leads to prolonged dopamine presence in the synapse. This causes a
presumed effect in reward-related behavior.[65:66] Apbreviation: GLP-1, glucagon-like peptide 1.

Despite the clear association between alcohol intake
and the risk of progression of SLD and the above
studies suggesting that GLP-1 receptor agonists can
reduce alcohol intake, it remains unclear whether
treatment with GLP-1 receptor agonists can reduce
hepatic inflammation and prevent the progression of
fibrosis in patients with SLD.

Preventing extrahepatic morbidity and
mortality in patients with SLD

Cardiometabolic-associated diseases are the major
competing causes of morbidity and mortality among
the most common subclasses of SLD, including MASLD
and ALD.[369701 | arge randomized controlled trials
have recently established that GLP-1 receptor agonists
can reduce the morbidity and mortality in individuals
with overweight and/or T2DM: a randomized trial with
17,604 patients showed that the GLP-1 receptor agonist
semaglutide significantly reduced the risk of cardiovas-
cular death with an HR on 0.80 (95% Cl: 0.72—0.90).17"
Obstructive sleep apnea is associated with major
cardiovascular complications. A phase 3 study testing
tirzepatide in patients with apnea and obesity resulted in
reduced apnea and hypopnea episodes, body weight,
systolic blood pressure, and improved sleep-related
reports by the patients.[?]

Another common cause of extrahepatic disease in
patients with MASLD is impaired kidney function.[*?!
GLP-1 receptor agonists can have a nephroprotective
action in patients with T2DM.[®! Results from a study
testing GLP-1 receptor agonists on individuals with

T2DM stated that GLP-1 receptor agonists obtained
kidney-protective effects, including lowering albumin-
uria and a declining estimated glomerular filtration rate
slope.l'¥ The FLOW study published in 2024 testing
semaglutide in patients with type 2 diabetes and chronic
kidney disease showed a reduced risk of clinically
important kidney outcomes and death from cardiovas-
cular causes.[”®! Given the shared metabolic comorbid-
ities, there is no reason to believe that these beneficial
effects would not be seen in patients with SLD.

GLP-1 receptor agonists on SLD

Currently, 5 phase Il trials with liver histology have been
reported investigating GLP-1 receptor agonists in
patients with MASH (Table 2).[41:42.76-78] Hereof, 3 trials
have tested GLP-1 receptor agonists as monotherapy,
while 2 studies have tested GLP-1 receptor agonists in
combination with glucagon and glucose-dependent
insulinotropic polypeptide. The efficacy of MASH
resolution and fibrosis regression are summarized in
Figures 4 and 5. While there overall seems to be a
beneficial effect of GLP-1 receptor agonists, the current
evidence suggests that the effect may vary depending
on the severity of liver fibrosis, as described below.
The first trial investigated the effects of GLP-1
receptor agonist on MASH by testing daily sub-
cutaneous 1.8 mg liraglutide versus placebo for 48
weeks.[’®l The trial showed that liraglutide induced
histological resolution of MASH without worsening liver
fibrosis. Additionally, liraglutide seemed to improve the
fibrosis stage even though not reaching statistical



TABLE 2 Clinical trials concerning GLP-1 receptor agonists and liver disease

References Agent
GLP-1 receptor agonists
Armstrong et all’6!

scC.
Newsome et all’”} Semaglutide,

daily sc.
Loomba et all"®! Semaglutide,

weekly sc.

Liraglutide, daily

Phase

2

2

Size/
duration

52 patients,
48 wk

320

patients,
72 wk

71 patients,
48 wk

Primary endpoint

Resolution of MASH with no
worsening of liver fibrosis

Resolution of MASH with no
worsening of liver fibrosis

Improvement in liver fibrosis without
worsening of MASH

Ongoing phase 3 clinical trials concerning GLP-1 receptor agonists and liver disease

ESSENCE Semaglutide,
(NCT04822181) weekly sc.
Dual agonists
Loomba et al4'! Tirzepatide,
weekly sc.
Sanyal et all42] Survodutide,
weekly sc.

3

1200

190

293

Resolution of steatohepatitis and no
worsening of liver fibrosis.

Improvement in liver fibrosis and no
worsening of steatohepatitis.

Time to first liver-related event

Resolution of MASH without
worsening of fibrosis

Improvement in MASH with no
worsening of fibrosis

Inflammation

MASH resolution with no worsening
of fibrosis:

39% in liraglutide group

9% in placebo group

p=0.019

MASH resolution with no worsening
of liver fibrosis:

40% in 0.1 mg group

36% in 0.2 mg group

59% in 0.4 mg group

17% in placebo group

p<0.001

Resolution of MASH:
34% in semaglutide group
21% in placebo group
p=0.29

Recruiting

MASH resolution with no worsening
of fibrosis:

44% in 5 mg group

56% in 10 mg group

62% in 15 mg group

10% in placebo group

p<0.001

Improvement in MASH with no
worsening of fibrosis:

47% in 2.4 mg group

62% in 4.8 mg group

43% in 6.0 mg group

14% in placebo group

Fibrosis

Improvement in fibrosis stage with no
worsening in MASH:

26% in liraglutide

14% in placebo

p=0.46

Improvement in fibrosis stage with no
worsening in MASH:

43% in 0.4 mg group

33% in placebo group

p=0.48

Improvement in fibrosis stage with no
worsening of MASH:

11% in semaglutide group

29% in placebo group

p=0.087

Recruiting

Improvement of >1 fibrosis stage
with no worsening of MASH,;

55% in 5 mg group

51% in 10 mg group

51% in 15 mg group

30% in placebo group

Improvement in fibrosis with no
worsening of MASH:

34% in 2.4 mg group

36% in 4.8 mg group

34% in 6.0 mg group

22% in placebo group

Note: We searched Medline for full papers published in any language in peer-reviewed journals up to January 3, 2024. We added the terms “GLP-1" and “liver disease” and filtered by “clinical trial” and identified 58 papers.
These papers were manually reviewed and included if their primary endpoint was related to GLP-1 receptor agonists and SLD, used biopsies and were RCTs. We identified 3 papers reporting results of randomized controlled

trials of GLP-1 receptor agonists in patients with SLD.

For phase 3 clinical trials, we searched clinicaltrials.gov and clinicaltrialsregister.eu for currently ongoing trials. We added the terms “GLP-1" and “liver disease.” We included the ongoing trials if their primary endpoint was
related to GLP-1 receptor agonists and SLD and used biopsies. We identified 1 ongoing phase 3 trials using GLP-1 receptor agonists in patients with SLD.
Abbreviations: GLP-1, glucagon-like peptide 1; MASH, metabolic dysfunction—associated steatohepatitis.
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MASH resolution with no worsening of fibrosis

Study ID’s Intervention group Control group Odds ratio Odds ratio (95% Cl)

Responders/non- Responders/non- (95% ClI)

responders (N) responders (N) )
GLP-1 receptor agonists:
Armstrong, 2016 97 2/24 e 6.35(1.22 - 33.19)
Newsome, 2021 73/99 19/39 [ | 3.85(1.85-8.19)
Loomba, 2023 5/42 s ——T— 1.96 (0.62 - 6.23)
Dual-agonists: :
Loomba, 2024 77165 5/43 : s | 10.19 (3.81 - 27.23)
Sanyal, 2024 111/108 10/64 HaEH 6.58 (3.21 - 13.48)

OR (lOg SCale) - 0.062‘5 0.1‘25 0‘.25 (I).S 1I ; All 2‘3 1I6 3‘2 -
Favors placebo Favors GLP-1
FIGURE 4 Forest plot with the reported ORs (intention to treat) of MASH resolution and no worsening of fibrosis in the 5 randomized

controlled trials on GLP-1 receptor agonists for MASH. It is important to note that the study populations differ regarding fibrosis stage. All data from
the randomization until last study-related procedure were included. Missing outcomes were reported as nonresponse. In the study by Newsome

et al, only patients with primary outcomes are included in the analysis. Study references (the severity of fibrosis), type of GLP-1 rece{%cir agonist:
(

Armstrong et all76] (FO—F4]): liraglutide; Newsome et all’’] (F1-F3), Semaglutide, Loomba et all78l (F4): semaglutide, Loomba et al
(F1-F3): survodutide. Abbreviations: GLP-1, glucagon-like peptide 1; MASH, metabolic dysfunction—-associated

tirzepatide, Sanyal et al
steatohepatitis.

significance. The second trial tested daily injections of
semaglutide in varying doses versus placebo for 72
weeks on patients with biopsy-confirmed MASH and
fibrosis stage F1-F3."] Three doses were tested: 0.1,
0.2, and 0.4 mg. The trial showed that patients receiving
the highest dose of 0.4 mg achieved a significant
resolution of MASH with no worsening of fibrosis
compared to placebo. In contrast to the first ftrial,
semaglutide did not show effect on fibrosis. The third
trial tested 2.4 mg semaglutide versus placebo for 48
weeks on patients with biopsy-confirmed F4 (MASH
cirrhosis).l”8 This trial found no difference between the
groups on the primary outcome improvement in fibrosis
without worsening of MASH. However, there was a
significant difference in weight loss and glycemia
between the groups.

One phase lll trial is currently registered (clinical trial
reg. no. NCT04822181, ClinicalTrials.gov). In this trial,
semaglutide is being tested against placebo in patients
with MASH and fibrosis stages 2 and 3. It is planned to
include 1200 participants who will receive treatment for
240 weeks (4.6 y). The primary outcomes are divided
into 2 parts.”®l The outcome for part 1, as defined in
phase Il studies, includes “resolution of steatohepatitis
with no worsening of liver fibrosis” and “improvement in

F2-F3):

liver fibrosis with no worsening of steatohepatitis” after
72 weeks (1.4 y). The outcome for part 2 is defined as
“cirrhosis-free survival” after 240 weeks (4.6 y) of
treatment. The results from part 1 are expected to be
presented in late 2024.

A phase 2 frial investigated the effects of weekly
injections of survodutide, a dual glucagon and GLP-1
receptor agonist, versus placebo in patients with
biopsy-confirmed MASH and fibrosis stages F1-F3
over 48 weeks.*2 Survodutide significantly improved
MASH without worsening fibrosis compared to placebo.
It also reduced liver fat content and showed some
improvements in fibrosis stages.

Another dual-agonist tirzepatide consisting of glu-
cose-dependent insulinotropic polypeptide and GLP-1
receptor agonists was also tested in a phase 2 trial in
patients with MASH and fibrosis stage F2 or F3.[4!]
Patients received weekly tirzepatide for 52 weeks and
showed significant effectiveness over placebo in resolv-
ing MASH without worsening of fibrosis. Over 50% in
the tirzepatide group improved in the fibrosis stage
compared to 30% in the placebo group.

In addition to the clinical trials with predefined
purposes to investigate the clinical effects of GLP-1
receptor agonists on MASH with fibrosis, several clinical
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Improvement in liver fibrosis and no worsening of MASH

Study ID’s Intervention group Control group Odds ratio Odds ratio (95% Cl)

Responders/non- Responders/non- (95% ClI)

responders (N) responders (N) ,
GLP-1 receptor agonists:
Armstrong, 2016 6/20 3/23 ——— 2.30 (0.51-10.41)
Newsome, 2021 73/99 19/39 HE— 1.51(0.81 - 2.83)
Loomba, 2023 5/42 777 I—I—-I 0.29 (0.08 - 1.04)
Dual-agonists:
Loomba, 2024 74/68 14/34 I ! 2.64 (1.31-5.34)
Sanyal, 2024 76/143 16/58 o 1.93 (1.04 - 3.58)

OR (lOg SCaIe) X 0.062; O.1I25 0!25 (;.5 1I ; zlt ; 1I6 3‘2 i
Favors placebo Favors GLP-1
FIGURE 5 Forest plot with the reported odds ratios (intention to treat) of improvement in liver fibrosis and MASH resolution in the 5

randomized controlled trials on GLP-1 receptor agonists for MASH. It is important to note that the study populations differ regarding fibrosis stage.
All data from the randomization until last study-related procedure were included. Missing outcomes were reported as nonresponse. In the study by

Newsome et al, only patlents with primary outcome are included i |n the analysis. Study references (the seventy of fibrosis), type of GLP-1 rece[)tor

agonist: Armstrong et all’ (FO- F42)] liraglutide; Newsome et all’’l
(F2—F3): tirzepatide, Sanyal et all*
associated steatohepatitis.

studies have shown that GLP-1 receptor agonists have
beneficial effects on liver enzymes in patients with T2D
and patients with overweight.[%-821 While the impact of
GLP-1 receptor agonists on fibrosis remains uncertain,
2 observational studies found a reduced risk of liver-
related morbidity in patients with T2D. The first study of
16,659 individuals with chronic liver disease and type 2
diabetes showed that individuals started on GLP-1
receptor agonists had a lower risk of having major
adverse liver outcomes.83 The second study, a
retrospective study including 1,890,020 patients with
T2D, showed that those taking GLP-1 receptor agonists
had a reduced risk of incident HCC and hepatic
decompensation compared with those taking other
types of antidiabetes medication. 84

Safety and side effects of GLP-1 receptor
agonists

Treatment with GLP-1 receptor agonists is generally
well tolerated and the adverse effects that lead to
people discontinuing the treatment are mostly GI-
related with symptoms, such as nausea, vomiting, and
diarrhea.l’185861 |n clinical trials, Gl symptoms are

(F1-F3), semaglutide, Loomba et all’8l
(F1-F3): survodutide. Abbreviations: GLP-1, glucagon-like peptide 1; MASH, metabolic dysfunction—

(F4): semaglutide, Loomba et al4

estimated to occur in approximately 80% of patients,
leading to discontinuation in about 3%-10% of
Cases‘[71,75,76,78,87]

In larger-scale studies, the incidence of serious
adverse events tends to be lower among patients
assigned to GLP-1 receptor agonists. This is primarily
due to a reduced risk of cardiovascular diseases and
serious infections.[71.75]

In one of the largest trials, testing semaglutide with
17,000 participants, pancreatitis was not significantly
more prevalent compared to the placebo group.[’!! Most
data, however, suggest that GLP-1 receptor agonists do
not significantly increase the risk of pancreatitis and
pancreatic cancer.l8-92 |n contrast, gallbladder prob-
lems, including cholecystitis, cholelithiasis, and biliary
obstruction, have been more frequently observed with
the use of GLP-1 receptor agonists, and the risks
appear to be more pronounced with higher doses and
prolonged use of the medications.[93:94]

In children and adolescents, large-scale evidence
regarding the safety of GLP-1 receptor agonists is
lacking. However, 2 randomized controlled trials involv-
ing 201 adolescents with obesity and 134 children and
adolescents with T2D found that adverse effects were
very similar to those seen in adults.®>%! The most
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common adverse events were Gl disorders, including
nausea. Cholelithiasis was found in 4% of the semaglu-
tide group had cholelithiasis with no cases in the
placebo group.[®! These safety results are supported by
a meta-analysis with similar findings.[7]

Safety data on GLP-1 receptor agonists in elderly
individuals, particularly those over 75 years old, is
limited. This is mainly because people over 75 are often
excluded from clinical trials. However, the existing data
for individuals over 75 does not suggest that the safety
profile differs from that of adults under 75.9€¢!

Consideration of GLP1-receptor agonists in
the treatment of decompensated cirrhosis

While many patients with SLD are likely to benefit from
GLP-1 receptor agonists, caution should be exercised
in patients with decompensated cirrhosis. Malnutrition is
a common condition in patients with decompensated
cirrhosis, worsening with disease severity and associ-
ated with increasing risk of complications and higher
mortality.%?! Given the weight loss effect of semaglutide,
its benefits and risks should be carefully considered
when treating this patient group. Additionally, the
likelihood of a beneficial effect appears lower among
patients with cirrhosis, as the only study in this patient
group to date has not shown any clear beneficial effects
(Figures 4 and 5).78 Further, the impact of lean body
mass associated with GLP-1 receptor agonists is a

concern in patients with decompensated cirrhosis that
may already suffer from sarcopenia.[190

Real-world evidence

The use of GLP-1 receptor agonists in both type 2
diabetes and obesity has rapidly increased in the last
few years, and in the United States, the percentage of
patients with a health care visit who were prescribed
semaglutide increased from 0.04% in 2018 to 1.73% in
2023 (Figure 6).

While the weight loss effects have significantly
increased interest and usage, a paradoxical new
phenomenon has emerged. Despite achieving the
desired effects on glycemic control and weight loss, a
substantial proportion of patients initiating GLP-1
receptor agonist treatment discontinue it.8% A retro-
spective study with 4791 participants with type 2
diabetes, 48% discontinued the treatment after
12 months and 70% for 24 months.[85 Other studies
investigating the reasons for discontinuation found that
the most common reasons were Gl side effects,
including nausea and vomiting.[’".1%") Problems with
injections, inadequate blood glucose control, and
hypoglycemia were also factors.l'°"! Finally, the finan-
cial aspect due to the high cost of GLP-1 receptor
agonists also plays a role, with 27% reporting that the
medicine was too costly and 13% reporting this as the
reason for discontinuation.[0"]

PERCENTAGE OF PATIENTS WITH A HEALTH CARE VISIT WHO
WERE PRESCRIBED SEMAGLUTIDE

2,00%

1,80%

1,60%

1,40%

1,20%

1,00%

0,80%

0,60%

0,40%

0,20%

0,00%

2018 2019 2020

FIGURE 6

2021 2022 2023

Graph of the development in semaglutide prescriptions. Pictured as the percentage of patients with a health care visit who were

prescribed semaglutide. The data come from Cosmos, a HIPAA-limited data set of >217 million patients from 218 Epic organizations, including
over 1200 hospitals and over 26,000 clinics, serving patients in all 50 states and 3 in Lebanon. The data are collected from January 1, 2018, to

September 15, 2023.
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Even though discontinuation of GLP-1 receptor
agonists often leads to weight gain and return to baseline
of cardiometabolic variables, cardiometabolic improve-
ment can be maintained through supervised exercise, as
indicated by a 2024 Danish post-treatment study.[102.103]

No direct effect on fibrosis, but still hope
for future treatment

While cardiometabolic disease, alcohol intake, and
genetics are considered the main drivers of progressive
SLD, liver fibrosis is the key predictor for the develop-
ment of cirrhosis and liver-related mortality.[*4! However,
the evidence of GLP-1 receptors being expressed in the
liver is debatable, and no trials yet have shown direct
effect on liver fibrosis. Therefore, the potential beneficial
effect of GLP-1 receptor agonists on liver fibrosis is
considered to be driven mainly by weight loss, glycemic
control, and lower alcohol intake that lead to indirect
beneficial effects on hepatic steatosis and inflammation
and, over longer time, fibrosis regression.®! Such a
relationship has been observed in bariatric intervention
for MASH.[104105] |n g study with a 1-year follow-up,
hepatic inflammation was affected and had an impact
on liver fibrosis.'"® Another study with a 5-year
follow-up showed fibrosis regression in patients who
underwent bariatric intervention.l'%! This supports the
hypothesis that reducing hepatic inflammation can lead
to fibrosis regression over time. None of the GLP-1
receptor agonist trials on individuals with MASH have
this long follow-up durations, which may explain why no
significant effect on fibrosis has been seen. It is
noteworthy that the food and drug administration and
European Medicines Agency only accept fibrosis
reduction or regression as endpoints, excluding stable
disease as a validated outcome.l'%! This means that for
a drug to gain approval, it must demonstrate an ability to
reduce fibrosis rather than merely halting fibrosis
progression, despite having lower stages of liver fibrosis
without progression likely affecting the quality of life and
having limited clinical consequences.

CONCLUSIONS

The impact of GLP-1 receptor agonists on glycemic
control, weight loss, and potentially reducing alcohol
intake is highly promising. Since GLP-1 receptor
agonists are already used to treat T2D and obesity,
and because cardiometabolic disease is closely linked
to SLD, many patients could benefit from this treatment,
regardless of SLD severity. However, patients with SLD
and advanced fibrosis face a higher risk of decom-
pensated cirrhosis and related complications, which
may be preventable with GLP-1 receptor agonist. The
focus on developing medications for MASH, along with

the growing interest in metabolic dysfunction and
alcohol-associated SLD and ALD, GLP-1 receptor
agonists-based therapies offer hope for effective treat-
ment options in SLD.
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