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Obesity is a prevalent global health issue affecting approximately half of the world's population. Extensive scien-
tific research highlights the urgent need for effective obesity management to mitigate health risks and prevent
complications. While bariatric surgery has proven to be highly effective, providing substantial short-term and
long-term weight loss and resolution of obesity-related comorbidities, it is important to recognize its limitations
and associated risks. Given the global obesity epidemic and the limitations of surgical interventions, there is high
demand for effective and safe anti-obesity medications (AOMs). In Korea, the Korean Society for the Study of
Obesity strongly advocates for the use of pharmacotherapy in Korean adults with a body mass index of 25 kg/m?
or higher who have not achieved weight reduction through non-pharmacological treatments. Currently, five
AOMs have been approved for long-term weight management: orlistat, naltrexone/bupropion, phentermine/
topiramate, liraglutide, and semaglutide. Tirzepatide is awaiting approval, and combination of semaglutide/
cagrilintide and oral semaglutide are currently undergoing rigorous evaluation in phase 3 clinical trials. Further-
more, other promising drugs, including orforglipron, Bl 456906, and retartrutide, are progressing to phase
3 studies, expanding the therapeutic options for obesity management. In personalized patient care, physicians
play a crucial role in accurately identifying individuals who genuinely require pharmacotherapy and selecting
appropriate AOMs based on individual patient characteristics. By integrating evidence-based interventions and
considering the unique needs of patients, healthcare professionals significantly contribute to the success of obe-
sity management strategies.
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metabolic markers and overall health. Even small amounts of

weight loss yield improvements in metabolic markers, with greater

Obesity is a chronic and progressive disease with serious health

consequences, but weight loss brings significant improvements in

benefits observed as weight loss increases. Larger weight reduction

leads to substantial improvements across various health measures,
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including glycemic control, triglyceride levels, blood pressure, and
high density lipoprotein cholesterol.' Conditions like sleep apnea,
hepatitis, and fertility-related issues require more substantial weight
loss for clinical improvements.' Greater weight loss also enhances
quality of life, mobility, and other factors.! Larger weight reduction
offers notable advantages in overall health.

Bariatric surgery is known for its effectiveness in achieving signif-
icant short-term and long-term weight loss and resolving obesity-
related complications. However, it is important to acknowledge the
limitations and potential risks associated with the procedure. Early
complications may include bowel obstruction, venous thrombo-
embolism, bleeding, anastomotic leak, wound infection, and inter-
nal hernia.> Late complications can manifest as stricture, cholelithi-
asis, incisional hernia, and nutritional deficiencies.” Additionally,
many patients may experience weight regain over time.> Consider-
ing these factors, it is unrealistic to expect that bariatric surgery will
be suitable for the majority of individuals with obesity. There is a
need for effective and reversible biologic interventions that can ad-
dress the drawbacks associated with bariatric surgery.

Pharmacotherapy is beneficial for individuals with obesity and
comorbidities who have not achieved sustainable weight loss
through lifestyle changes alone. The availability of new generation
anti-obesity medications (AOMs) that can result in weight loss ex-
ceeding 10% makes this approach particularly relevant. Our review
covers the updated obesity pharmacotherapy guidelines recom-
mended by the Korean Society for the Study of Obesity (KSSO),
currently available long-term AOM:s in Korea, and upcoming and
potential future AOMs.

THE UPDATED OBESITY
PHARMACOTHERAPY GUIDELINES
RECOMMENDED BY KSSO

The most recent version of obesity management guidelines by
KSSO was published in 2022.* The recommendations regarding
obesity pharmacotherapy are as follows:

(1) The basic treatment for obesity is diet therapy, exercise ther-
apy, and behavioral therapy, and it is recommended to use medica-
tion as an additional treatment method only in combination with

these.
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(2) In Korean adults with a body mass index (BMI) of 25 kg/m*
or more who have failed to lose weight with non-medicinal treat-
ment, pharmacotherapy should be considered.

(3) For long-term weight management, it is recommended to use
medications that have been approved based on large-scale clinical
trials.

(4) If at least 5% weight loss is not achieved within 3 months of
maintenance dosage of AOM, it is recommended to change or stop
the medication.

In Korea, currently available AOMs for adults with obesity, long-
term weight loss options include orlistat, naltrexone/bupropion
(NB) extended-release (ER), liraglutide, and phentermine/topira-
mate (P/T) ER, semaglutide, while short-term treatment options
include phentermine, diethylpropion, phendimetrazine, and mazindol.
The AOM:s for children and adolescents include phentermine (for
those aged > 16) for short-term treatment, and orlistat (for those
aged > 12) and liraglutide (for those aged > 12) for long-term treat-
ment.

The globally accepted indications for pharmacotherapy based on
BMI are BMI > 30 kg/m” or BMI > 27 kg/m” with comorbidities.*
Most approved AOMs in Korea adhere to these criteria. Consider-
ing Korean racial characteristics, KSSO recommends pharmaco-
therapy for patients with BMI > 25 kg/m” who failed non-pharma-
cological treatments.* When prescribing medications based on
non-approved indications, physicians should thoroughly explain
the benefits and risks beforehand.

The choice of medication should consider accompanying condi-
tions such as type 2 diabetes mellitus (T2DM), hypertension, cor-
onary artery disease, chronic kidney disease, and liver disease. The
efficacy and safety of the five approved long-term medications are
supported by large-scale clinical studies, and dosage is determined
based on these findings. Individualized dosage adjustments are
necessary, considering patient response and adverse events (AEs).
If there is no response, discontinuation of medication is recom-
mended due to individual variability and potential AEs. In adults, if
a weight loss of > 5% is not achieved within 3 months of mainte-
nance dosage, the medication should be discontinued or changed.
In children and adolescents, if there is <4% decrease in BMI or
BMI z-score after 12 weeks of medication, it is considered ineffec-

tive and should be changed or discontinued.
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CURRENTLY AVAILABLE NON-PEPTIDE
AOMs

Orlistat

Orlistat was approved for long-term weight management by the
Food and Drug Administration (FDA) in 1999 and the Korea Min-
istry of Food and Drug Safety (KMFDS) in 2000. To date, orlistat
is the only available AOM that does not directly affect the central
appetite center. Orlistat, a reversible inhibitor of lipases, exerts its
therapeutic activity in the lumen of the stomach and small intestine,
by binding covalently to the active serine residue site of gastric and
pancreatic lipases.” This binding results in the partial inhibition of
triglyceride hydrolysis.” Undigested triglycerides are excreted through
the fecal route.

At the recommended therapeutic dose of 120 mg three times a
day, orlistat inhibits approximately 30% of dietary fat absorption.
The weight loss effect is dependent on the dosage, so it is advisable
to adhere to the recommended dosage. The medication should be
taken with a meal or within 1 hour of eating. No dosage adjustment
is required for discontinuation or re-administration of the medica-
tion.

In the 4-year XENical in the Prevention of Diabetes in Obese
Subjects (XENDOS) trial, which is one of the longest trials involv-
ing orlistat, 3,305 participants with obesity and either normal or
impaired glucose tolerance were randomly assigned to receive ei-
ther orlistat or placebo along with lifestyle modification.® After
1 year, the orlistat group achieved an 11% reduction in body weight
compared to 6% in the placebo group. However, over the following
3 years, both groups experienced weight regain. At the end of the
4-year period, the orlistat group had lost 6.9% of their body weight,
while the placebo group lost 4.1%. Notably, taking orlistat for 4 years
resulted in a 45% reduction in the progression from impaired glu-
cose tolerance to T2DM.

Gastrointestinal AEs, such as stool incontinence, oily stool, and
fatty stool, are common with orlistat use, with frequency rates rang-
ing from 15% to 30% in most studies.” It is recommended to sup-
plement with multivitamins to compensate for the potential malab-
sorption of fat-soluble vitamins. In a recent study utilizing nation-
wide electronic healthcare records from the Clinical Practice Re-

search Datalink, orlistat has been found to be associated with re-
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Table 1. The effects of approved long-term therapies for obesity compared to pla-
cebo on body weight and waist circumference

Pooled weighted mean difference (35% Cl)

Variable

Body weight (kg) Waist circumference (cm)

Orlistat 120 mg tid* —-260(-3.04t0-2.16)  —23(-28t0-1.7)

Naltrexone/bupropion ER —4.95(-5.94 t0 —3.96) -35(-4.41t0-2.6)
32/360 mg qd*

Liraglutide 3.0 mg subQ qd* —527(-606t0—452) —40(-50t0-33)

Phentermine/topiramate ER —880(-1020t0—7.42) —7.0(-841t0—-5.6)
15/92 mg qd*

Semaglutide 2.4 mg weekly" -11.19(-15.12t0-727) -8.8(-11.1t0—6.56)

*Pooled weighted mean differences (35% Cl) of body weight loss and waist circumfer-
ence in excess of placebo, obtained from previous meta-analysis reports' ' "Pooled
weighted mean difference (95% Cl) calculated by conducting meta-analyses using R
version 4.3.0 (R Core Team) and the meta package version 6.2-1, with data from STEP
1-6 and 8 trials.™*"®
Cl, confidence interval; tid, three times a day; ER, extended-release; qd, once daily;
subQ, subcutaneous.
duced rates of major adverse cardiovascular events, new-onset
heart failure, renal failure, and mortality."’

Orlistat has been a proven drug for over 20 years. While it may
be less effective compared to other available drugs (Table 1), it

has the advantage of being cost-effective and has fewer AEs.”

Naltrexone/bupropion extended-release

NB combination was FDA-approved in 2014 and KMFDS ap-
proved in 2016 for long-term weight management. Naltrexone is
an opioid receptor antagonist used to treat alcohol and opioid de-
pendence. Bupropion is an antidepressant that inhibits dopamine
and norepinephrine reuptake inducing weight reduction at 300 to
400 mg/day.*' While naltrexone alone has minimal weight loss
benefit, combining it with bupropion diminishes the pi-opioid re-
ceptor autoinhibitory feedback loop in anorexigenic hypothalamic
neurons activated by bupropion, leading to additive reduced food
intake and weight loss.”

The initial dose is one tablet (NB 8/90 mg) taken orally once
daily in the morning for 1 week. Over the course of 4 weeks, the
dose is increased gradually to the treatment dose of two tablets tak-
en twice daily (total daily dose of NB 32/360 mg).

NB was investigated in four large-scale, randomized, double-
blind, placebo-controlled trials that lasted for 1 year. Three of these
trials, namely Contrave Obesity Research I (COR-I), COR-II, and
COR-Behavior MODification (BMOD), enrolled patients with a
BMI >27 kg/m”* and at least one weight-related comorbid condi-
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Table 2. Randomized, double-blind, placebo-controlled trials conducted for cardiovascular outcome trials of anti-obesity medications

Drug (tial) Naltrexone/bupropion ER Phentermine/topiramate ER Semaglutide 2.4 mg Tirzepatide
g (LIGHTP (AQCLAIMJ* (SELECT)*? (SURMOUNT-MMOJ®
Maintenance dose (maximum  32/360 mg/day 15/92 mg/day 2.4 mg weekly 15 mg weekly
tolerated dose)
Population n=8910 n=16,000 n=17,605 n=15,000
Age =45 yr for men, > 50 yr for women Age >45yr Age >45yr Age >40yr
BMI 27-50 kg/m? BMI >27 kg/m? BMI >27 kg/m? BMI >27 kg/m?
WC >102 cm for men, >88 cm forwomen  One of high stroke risk, high  Established CVD with one or Established CVD or the presence
Preexisting CVD (32.1%) CVD risk or intermediate more of prior MI/stroke/PAD of CV risk factors
Type 2 diabetes mellitus with >2 risk CVD risk Without diabetes Without diabetes
factors (85.2%)
Primary outcome Non-inferior Non-inferior Superior Time to first occurrence of any
3-point MACE MACE 3-point MACE component event of composite
Results Premature termination Premature termination In progress In progress

ER, extended-release; LIGHT, Effect of Naltrexone-Bupropion on Major Adverse Cardiovascular Events in Overweight and Obese Patients With Cardiovascular Risk Factors; AQ-
CLAIM, A Qysimia cardiovascular morbidity and mortality study in subjects with documented cardiovascular disease; SELECT, Semaglutide Effects on Heart Disease and Stroke in
Patients With Overweight or Obesity; SURMOUNT-MMO, A Study of Tirzepatide (LY3298176) on the Reduction on Morbidity and Mortality in Adults With Obesity; BMI, body mass
index; WC, waist circumference; CVD, cardiovascular disease; MI, myocardial infarction; PAD, peripheral arterial disease; CV, cardiovascular; MACE, major adverse cardiovascular

events.

tion, such as hypertension.** The COR-Diabetes Mellitus (DM)
trial specifically focused on patients with obesity and T2DM.? The
NB group showed weight loss of 6.1% vs. 1.3%, 6.4% vs. 1.2%, 9.3%
vs. 5.1%, and 5.0% vs. 1.8% compared to placebo in COR-I, COR-II,
COR-BMOD, and COR-DM, respectively. In COR-DM, the NB
group had significant glycosylated hemoglobin (HbA1c) reduction
(0.6% vs. 0.1%).

Common AEs of NB include nausea, constipation, headache,
vomiting, dizziness, insomnia, and dry mouth.** It is worth noting
that NB can increase blood pressure and pulse despite greater weight
loss. While the cardiovascular safety of NB was investigated in the
LIGHT trial (Table 2), it was terminated prematurely after the study
sponsor publicly released confidential favorable interim results after
only 25% of expected vascular events had accrued, making it diffi-
cult to interpret the cardiovascular safety of this combination drug.*’

NB components have been used for a long time, and NB itself
has been a proven drug for almost 10 years. In terms of efficacy
(Table 1), AEs, and cost, NB shows intermediate characteristics

among available AOMs.”

Phentermine/topiramate extended-release

The combination of P/T was FDA-approved for long-term weight
management in 2012, making it the first combination agent for
obesity treatment. P/T was later approved in Korea in 2019. How-
ever, it has limited approval in only a handful of countries and is not

] Obes Metab Syndr 2023;32:106-120

approved by the European Medicines Agency due to concerns re-
garding insufficient long-term data on its cardiovascular effects, as
well as possible cognitive events and psychiatric effects.”® Phenter-
mine suppresses appetite by increasing epinephrine release in the
hypothalamus, while topiramate’s exact weight loss mechanism is
not fully understood but involves dopamine release, glutamate re-
ceptor inhibition, and modulation of neuropeptide-Y, a hormone
that stimulates food consumption.” The combination of P/T pro-
duces synergistic weight loss effects with a lower dosage than their
independent usage.

The recommended dosing regimen starts with a daily dose of
3.75/23 mg for 2 weeks, followed by an increase to 7.5/46 mg. The
minimum duration of treatment at this dose is 3 months before
further increasing to the maximum dose of 15/92 mg through a
2-week bridging dose of 11.25/69 mg. If the patient experiences
poor tolerability, a gradual titration down or discontinuation of the
medication is advised to reduce the risk of seizures. The medication
is taken orally once daily, unrelated to meals, and typically in the
morning to prevent insomnia.

The 1-year CONQUER study evaluated the controlled-release
phentermine plus topiramate combination in overweight and
obese adults with 2+ comorbidities.*® At 56 weeks, weight reduc-
tions were: placebo —-1.4 kg, P/T 7.5/46 mg -8.1 kg, and P/T
15/92 mg -10.2 kg. Proportions achieving > 5% and > 10% weight
loss respectively were: placebo 21% and 7%, P/T 7.5/46 mg 62%
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and 37%, P/T 15/92 mg 70% and 48%. The SEQUEL study, a
2-year extension of the CONQUER trial, assessed sustained weight
loss, showing changes from baseline of: placebo —-1.8%, 7.5/46 mg
-9.3%, 15/92 mg -10.5%.*' The CONQUER trial revealed dose-
related increases in anxiety, depression, and cognitive impairment.
P/T ranks high in terms of effectiveness among available obesity
treatments (Table 1),"""° with moderate AEs and cost.”’ The cardio-
vascular benefits and safety have not yet been proven (Table 2).%

CURRENTLY AVAILABLE PEPTIDE AOMs

Since the 2010s, gastrointestinal peptide-based agents have emerged
as a prominent therapeutic approach for obesity. Among these, glu-
cagon-like peptide-1 receptor (GLP-1R) agonists are widely uti-
lized in the treatment of obesity and diabetes. GLP-1 is secreted by

jomes

L cells in the small intestine in response to food-related signals (Fig.
1).3 It stimulates insulin secretion, inhibits glucagon secretion, and
slows gastric emptying.** While neurons in the hypothalamus con-
tribute to anorexigenic responses to peripheral GLP-1R agonism,
they do not account for the complete spectrum of these respons-
es.”® The KMFDS has approved GLP-1 analogues, including lira-
glutide 3.0 mg and semaglutide 2.4 mg, for the treatment of obesity.

Liraglutide shares a 97% amino acid sequence similarity with hu-
man GLP-1(7-37), with the substitution of lysine to arginine at po-
sition 34, and it also has palmitic acid conjugated via a glutamate
spacer at lysine in position 26.* On the other hand, semaglutide has
an additional substitution of alanine to o-aminoisobutyric acid (Aib)
at position 8, resulting in 94% similarity to human GLP-1(7-37), and
it has a C18 fatty diacid chain conjugated via a spacer at lysine 26.%

The weight loss and diabetes improvement of liraglutide are mod-
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Figure 1. The direct physiologic effects of endogenous glucagon-like peptide-1 (GLP-1; black arrows), glucose-dependent insulinotropic polypeptide (GIP; green arrows),
glucagon (red arrows), and amylin (blue arrows). The corresponding representation of these four peptides in target tissues is denoted by a black asterisk, green triangle,
red rectangle, and blue circle, respectively. These four peptides exert their effects on the hypothalamus, either directly or indirectly through neuronal conduction, ultimately
leading to a reduction in food intake. Adapted from Kim.* AP, area postrema; NTS, nucleaus tractus solitarius; BAT, brown adipose tissue; WAT, white adipose tissue.
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erate, and the need for daily subcutaneous injections often discour-
ages patients. There is a demand for a medication with stronger
weight loss effects that can be administered less frequently or taken
orally.

The amino acid substitutions in liraglutide and semaglutide de-
crease GLP-1’s susceptibility to dipeptidyl peptidase-4 (DPP-4),
and the fatty acid chain attached through a spacer enables binding
with albumin, creating a long-acting GLP-1 analogue. The disparity
in the attached fatty acids between semaglutide and liraglutide con-
tributes to semaglutide’s stronger effect, with semaglutide having a
dicarboxylic acid form with two carboxyl groups, while liraglutide
has a monocarboxylic acid form.*

The new GLP-1R agonist (GLP-1RA), semaglutide, has been
developed in both a once-weekly injectable formulation and a once
daily oral formulation, addressing the clinical limitations of liraglu-
tide.

jomes

Liraglutide 3.0 mg

Alower dose of 1.8 mg liraglutide was initially approved in 2010
for T2DM. Liraglutide 3.0 mg became the first GLP-1RA ap-
proved for weight management in 2014 and in Korea in 2017. Re-
cently, the KMFDS approved liraglutide for treating obesity in ado-
lescents. The recommended starting dose is 0.6 mg daily via subcu-
taneous injection, gradually increased by 0.6 mg each week until
reaching the target dose of 3.0 mg (Fig. 2).

Liraglutide’s approval was based on three key trials: Satiety and
Clinical Adiposity-Liraglutide (SCALE) Obesity and Prediabetes,
SCALE Diabetes, and SCALE Maintenance.”* In the SCALE
Obesity and Prediabetes trial, which included obese participants
with 61.2% having prediabetes, the liraglutide group achieved sig-
nificantly higher weight loss compared to the placebo group (8.0%
vs. 2.6%). Similar results were observed in the SCALE Diabetes tri-
al, with the liraglutide group showing greater weight loss compared
to placebo (6.0% vs. 2.0%). The SCALE Maintenance trial also

30mg: :
24mg ——» . . :
. Liraglutide :
1.8mg—— : :
12mg—— : .
06mg f—— ! '
Semaalutide : 24mg '-b +» +» + ‘+ + +
subcutgneous : 17mg >
H 1.0mg E+ + + + H
05mg + - + :
025mg P » + +» '

: 50mg;

Semaglutide ; : 25mg

oral ; 14mg: , :

7mg : g :

3mg " '

E 15mg E-o + »
- H 125mg * * oo
Tirzepatide : 10mg A . N , ! E
: 75mgh o+ :
5mg » + > .
25mg p + +» + H

1 2 3 4 5 6 7 8 9 0 N

12 3 14 15 16 17 18 19 20 2 22 23
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Figure 2. The recommended dosing schedule for liraglutide, semaglutide, and tirzepatide. Short arrows indicate a single dose, while long arrows represent daily adminis-
tration. This dosing schedule reflects the recommended escalation and maintenance method outlined in the product manual. The recommended escalation method is to in-
crease liraglutide by 0.6 mg every week until a maximum of 3.0 mg, increase semaglutide subcutaneous injection by 0.25-0.5-1.0-1.7-2.4 mg every 4 weeks, increase
oral semaglutide by 3—7—14-25-50 mg every 4 weeks, and increase tirzepatide by 2.5 mg every 4 weeks until a maximum of 15 mg. However, it is important to individual-
ize the escalation rate, maintenance dosage, and other factors based on the individual’s response to treatment.
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demonstrated additional weight loss in the liraglutide group (6.2%
vs.0.2%).

In the SCALE Obesity and Prediabetes trial, participants with
prediabetes who completed the initial study were re-randomized to
receive either liraglutide 3.0 mg or placebo for a 3-year assessment
(2-year extension).* The trial revealed that the time to onset of dia-
betes was 2.7 times longer in the liraglutide group compared to the
placebo group. Over the 3-year follow-up period, patients with pre-
diabetes in the liraglutide group maintained a sustained weight loss
of 6.1% compared to 1.9% in the placebo group. In the SCALE
Sleep Apnea trial, liraglutide combined with health behavior modi-
fication significantly reduced apnea-hypopnea index events by —12.2
events per hour compared to —6.1 events per hour with behavior
modification alone.*

The most common AEs in the liraglutide group included gastro-
intestinal symptoms (nausea, diarrhea, constipation, vomiting, and
dyspepsia), as well as gallbladder-related events (cholelithiasis and
cholecystitis), and an increase in resting heart rate.”

Liraglutide 3.0 mg, a proven drug with a nearly 10-year track re-
cord, has intermediate efficacy (Table 1)'"'? and AEs. It is associat-
ed with more AEs than orlistat and comes with a higher cost.

Semaglutide 2.4 mg

Semaglutide injection 2.4 mg weekly is the newest GLP-1RA ap-
proved for chronic weight management in the United States in
2021 and in Korea in 2023. It was previously approved in 2017 as a
subcutaneous injection once-weekly at a dose of 1.0 mg and in
2019 as an oral once daily dose of 14 mg for improving glycemic
control in adults with T2DM. For the treatment of obesity, sema-
glutide is initiated at a dose of 0.25 mg once a week and increased
every 4 weeks until reaching the full dose of 2.4 mg (Fig. 2). The
solution is available in pre-filled disposable single dose pens in five
different doses (0.25, 0.5, 1.0, 1.7, and 2.4 mg).

The efficacy of semaglutide 2.4 mg was assessed in the Semaglu-
tide Treatment Effect in People with obesity (STEP) trials."*" The
STEP 1 trial demonstrated that the semaglutide group achieved a
mean weight loss of ~14.9% compared to —2.4% in the placebo
group at week 68, with a higher percentage of participants in the
semaglutide group achieving weight reductions of > 5% (86.4% vs.
31.5%), >10% (69.1% vs. 12.0%), >15% (50.5% vs. 4.9%), and
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jomes

>20% (32.0% vs. 1.7%)." In the STEP § trial, the mean change in
body weight from baseline to week 104 was —15.2% in the sema-
glutide group compared to —2.6% in the placebo group."” The most
common AEs were gastrointestinal in nature, including nausea, con-
stipation, diarrhea, vomiting, and abdominal pain, with most gas-
trointestinal AEs being mild to moderate and transient."* Headache,
dizziness, and fatigue were more frequently reported in the sema-
glutide group.”® Oral semaglutide 50 mg daily is currently under
phase 3 clinical trials for the treatment of obesity.

Semaglutide is considered one of the most effective drugs among
currently available AOMs (Table 1).!"" Research has shown that
patients who discontinued semaglutide treatment and supportive
lifestyle interventions regained approximately two-thirds of their
lost weight within a year, indicating the potential need for long-term
use. However, the high cost of semaglutide poses a significant finan-
cial burden for patients, both in the United States and Korea. As for

the long-term health effects and AEs, conclusive evidence is still

lacking (Table 2).*

WAITING APPROVAL FOR OBESITY
TREATMENT

Tirzepatide

Glucose-dependent insulinotropic polypeptide (GIP) is an in-
cretin hormone released by K cells of the small intestine in response
to food intake. It has various effects, including appetite suppression
in the central nervous system and stimulation of pancreatic beta cell
growth, differentiation, and proliferation (Fig. 1).%** However,
GIP receptor (GIPR) agonism has not received much attention in
the field of obesity and diabetes treatment. GIP exerts significant
effects on adipocytes, such as increasing lipoprotein lipase, promot-
ing lipogenesis, enhancing fatty acid and glucose uptake, and inhib-
iting lipolysis mediated by glucagon and adrenergic receptors.*
Studies in mice with obesity and diabetes have shown that blocking
GIP signaling can protect against or reverse metabolic disturbances
associated with obesity.* In T2DM, GIPR expression in 3 cells is
reduced, resulting in decreased responsiveness to GIP.* This
down-regulation is caused by chronic hyperglycemia, and restoring
normal blood glucose levels can restore GIP sensitivity.* Further-

more, GIP stimulates glucagon secretion even in people with T2DM
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who have hyperglycemia.*

The role of GIPR agonism in the treatment of obesity and diabe-
tes has become clearer with combination therapy involving GLP-
1RA. By activating both GLP-1R and GIPR, blood glucose levels
can be improved through GLP-1R activation, leading to enhanced
GIPR response and further glucose improvement. GLP-1R stimu-
lation can counteract the increased glucagon secretion caused by
GIPR, and the activation of both appetite control receptors in the
central nervous system can result in stronger appetite suppression.

Tirzepatide, approved by the FDA in 2022 for the treatment of
T2DM, is a first-in-class dual agonist of the GIP/GLP-1Rs. It dem-
onstrates a binding affinity to the GIPR comparable to that of na-
tive GIP itself, while displaying a lower binding affinity to the GLP-
1R in comparison to native GLP-1.%

The starting dose of tirzepatide is 2.5 mg once-weekly, with a
gradual increase of 2.5 mg every 4 weeks during the dose escalation
period (Fig. 2). The maintenance dose can reach up to 15 mg
once-weekly by week 20. The medication is available in pre-filled,
disposable, single dose pens in five different doses: 2.5, 5, 7.5, 10,
12.5,and 15 mg,

20

Percent weight loss (%)

1 1 1 1

jomes

Two research programs were conducted: the SURPASS trials for
T2DM efficacy and the SURMOUNT trials for weight reduction.
In the SURMOUNT-1 trial targeting non-diabetic patients with
obesity, tirzepatide achieved an impressive 22.5% reduction in body
weight after 72 weeks, surpassing other drugs.*® This significant
weight loss was accompanied by a favorable safety profile and im-
provements in secondary outcomes, including a delay in the onset
of T2DM, reduced risk of decline in estimated glomerular filtration
rate or renal death, and enhancements in quality of life measures.
These positive outcomes contribute to the potential reduction of
obesity-related morbidity and mortality.

The most common AEs with tirzepatide were gastrointestinal,
including nausea, diarrhea, vomiting, constipation, and dyspepsia.
These events were mostly mild to moderate in severity and primar-
ily occurred during dose escalation.

Among the drugs that have undergone phase 3 trials, tirzepatide
has shown to be the most effective, with generally mild to moder-
ate AEs (Fig 3).513331374045% Burther experience is needed, similar
to semaglutide, to determine the long-term benefits and safety of

tirzepatide, especially regarding cardiovascular effects (Table 2).%°

m Tirzepitide 1yr
m Semaglutide 1 yr
mP/T2yr
mP/T1yr
| Liraglutide 3yr
| Liraglutide 1yr
m NB1yr
Orlistat 4 yr
Orlistat 1yr

1 1 1 1 J

0 10 20 30 40

60 70 80 90 100

Percentage of participants (%)

Figure 3. The percentage of participants achieving >5%, >10%, >15%, and >20% weight loss for each medication. Data were extracted from the following trials: XE-
Nical in the Prevention of Diabetes in Obese Subjects (XENDOS; orlistat).® Contrave Obesity Research | (COR-I; naltrexone/bupropion [NB] extended-release [ER]),? Satiety
and Clinical Adiposity-Liraglutide (SCALE) Obesity and Prediabetes and its extension (liraglutide 3.0 mg)° EQUIP (phentermine/topiramate [P/T] ER 1 year),* SEQUEL (P/
TER 2 years)*' Semaglutide Treatment Effect in People with obesity (STEP) 1 (semaglutide 2.4 mg),” and SURMOUNT-1 (tirzepatide 15 mg).*®
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PHASE 3 CLINICAL TRIAL DRUG

CagriSema

Obesity, a complex condition involving intricate mechanisms of
weight regulation influenced by multiple hormones, can be effec-
tively tackled by combining peptides that target different receptors.
CagriSema, a fixed-dose combination of an amylin analogue and a
GLP-1 analogue, addresses this need.

Amylin, a 37-amino acid peptide hormone, is released by pancre-
atic 3 cells after meals. It acts on the brainstem’s area postrema,
causing various physiological effects (Fig. 1).*! These include in-
hibiting glucagon secretion, reducing food intake, delaying gastric
emptying, and activating brown adipose tissue via the sympathetic
nervous system, leading to increased energy expenditure.’" Conse-
quently, blood glucose levels decrease, promoting weight loss. Am-
ylin receptor antagonism increases adipose tissue.” These effects
are mediated through the autonomic nervous system’s activation
via the area postrema, rather than direct tissue action.

Pramlintide, an amylin receptor agonist, is used to treat type 1
diabetes mellitus and T2DM in the United States. By substituting
three amino acids of human amylin with proline, it promotes weight
loss in diabetes patients.”> When combined with metreleptin, phen-
termine, and sibutramine, pramlintide showed superior weight loss
outcomes.”*** However, its short duration of action requires multi-
ple daily injections due to a 20-minute time to reach peak plasma
concentration and an approximate SO-minute half-life.

To overcome pramlintide’s short half-life and frequent adminis-
tration, amylin receptor agonists like cagrilintide have been devel-
oped. Cagrilintide allows once-weekly subcutaneous administra-
tion by modifying the structure of human amylin, resulting in a
longer half-life and pharmacological effects with weekly dosing. It
involves substituting six amino acids and attaching a dicarboxylic
acid form of fatty acid to the first amino acid lysine, similar to sema-
glutide.”

In a phase 1 clinical study, the concurrent administration of
cagrilintide and semaglutide demonstrated significant weight loss
outcomes.* The group receiving cagrilintide 2.4 mg+semaglutide
2.4 mg achieved a remarkable weight loss of 17.1% of initial body
weight within just 20 weeks, including the dose escalation period,

despite the study primarily focusing on evaluating pharmacokinet-

114 | https://www.jomes.org

jomes

ics and other parameters. The combination therapy shows promise
for treating obesity. A phase 3 clinical study investigating CagriSe-

ma is currently underway.

DRUGS APPROACHING PHASE 3 CLINICAL
TRIAL ENTRY

This section introduces three medications that are scheduled to
enter phase 3 clinical trials, building upon their promising results
from preclinical and early phase clinical studies. The forthcoming
large-scale phase 3 trials will provide a clearer understanding of

their effectiveness and safety through long-term administration.

LY3502970 (orforglipron)

The GLP-1R is a key target for obesity treatment. Most clinically
used GLP-1 analogues are administered via subcutaneous injec-
tions, except for oral semaglutide, which has limitations. Oral sema-
glutide has low bioavailability, its absorption is affected by food and
fluid intake, and it requires specific administration instructions.
This complex dosing regimen can impact medication adherence. A
non-peptide GLP-1R ligand, like LY3502970, shows promise as an
easy-to-administer, consistently absorbed, and clinically effective
option. LY3502970 has demonstrated favorable results in preclini-
cal and early phase clinical trials, prompting a phase 3 study for
obesity and T2DM.

LY3502970 interacts with GLP-1R in a slightly different manner
compared to native GLP-1. Native GLP-1 binds to transmembrane
(TM) domains 1-3 and 5-7 of GLP-1R, while LY3502970 binds
to the extracellular domain (ECD) as well as TM 1, 2, 3, 7, and ex-
tracellular loop 2 of GLP-1R. In vitro experiments have shown that
LY3502970 acts as a biased ligand for GLP-1R, increasing cyclic
adenosine monophosphate concentration without significantly ele-
vating B-arrestin levels (Fig. 4).5 This suggests a favorable mech-
anism of action from a pharmacological standpoint.”

GLP-1R belongs to the class B of G-protein coupled receptors
(GPCRs), and LY3502970 does not exhibit activity against other
class B GPCRs. Interestingly, LY3502970 does not demonstrate
activity against GLP-1R in mice and other species, possibly due to
species-specific differences in the amino acid sequence of the ECD
of GLP-1R.*®
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Figure 4. The manner of action on the glucagon-like peptide-1 (GLP-1) receptor differs between native GLP-1 and LY3502970 (orforglipron). The GLP-1 receptor belongs to
the class B G-protein coupled receptor (GPCR) family. Schematic explanations A to D illustrate the classic model of G-protein-mediated activation and B-arrestin-related
desensitization in GLP-1 receptor agonism by native GLP-1, while E demonstrates the biased agonism of LY3502970 on the GLP-1 receptor. (A) Inactive state of the GLP-1
receptor. (B) Activated GLP-1 receptor with attached GLP-1, leading to the substitution of guanosine diphosphate (GDP) with guanosine triphosphate (GTP) on the a. subunit
of the Gs protein (Gas). (C) Go dissociates from the G-protein and stimulates adenyl cyclase (AC), converting adenosine triphosphate (ATP) to cyclic adenosine monophos-
phate (cAMP) and resulting in elevated cAMP levels. Simultaneously, the C-terminal tail of the GLP-1 receptor is phosphorylated by G protein-coupled receptor kinase
(GRK), allowing B-arrestin to bind to the GLP-1 receptor, forming a complex. (D) Internalization of the GLP-1 receptor by B-arrestin. (E) The biased agonism of LY3502970 pri-
marily proceeds through the cAMP pathway with reduced B-arrestin recruitment.® This biased agonism is also exhibited by TT-0AD2, another orally administered non-
peptidic GLP-1R agonist compound.%® However, it is important to note that GPCR signaling is significantly more complex. GPCRs can couple with various G-protein families,

activate them differentially depending on conditions, and also engage non-G-protein-related signaling pathways.%

Early phase studies using LY3502970 have reported excellent ef-
ficacy and safety; however, detailed reports on these results have
not been published. According to the presentation of phase 1 study
results, the most commonly reported side effects were vomiting,
nausea, constipation, and headache. The pharmacokinetics showed
dose-proportional behavior, with a mean half-life ranging from 48.1
to 67.5 hours across the dose range when administered daily for
28 days. Gastric emptying was delayed, and there were significant
decreases in fasting glucose and body weight.”" There is no available
record on how LY3502970 acts on appetite centers in the brain.

BI 456906
Until now, most AOMs have primarily focused on appetite sup-

] Obes Metab Syndr 2023;32:106-120

pression as the main mechanism of action. However, it is more rea-
sonable to adopt a strategy that promotes both appetite suppression
and energy expenditure for effective weight loss or weight mainte-
nance. While substances that increase energy expenditure exist,
their safety for clinical use has not been established.

Glucagon, known for increasing energy expenditure,” has been
underutilized beyond hypoglycemia treatment due to its impact on
blood glucose levels. However, it also has metabolic functions, in-
cluding regulating food intake, promoting satiety, lipid homeostasis,
insulin secretion, and energy expenditure. The concept of simulta-
neous stimulation of GLP-1R and GLP-1R glucagon receptor
(GCGR), as seen with oxyntomodulin, an endogenous weak ago-
nist for both GLP-1R and GCGR, offers a weight loss strategy. By
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activating both receptors, glucagon’s undesired effects can be miti-
gated while addressing obesity and metabolic complications. The
synergy of appetite suppression and increased energy expenditure
is effective for weight loss. Unfortunately, oxyntomodulin’s weak
potency and short half-life limit its clinical suitability.

Peptide engineering, exemplified by tirzepatide, allows the devel-
opment of multi-receptor agonists. BI 456906 is a dual agonist for
GLP-1R and GCGR, designed for obesity and nonalcoholic steato-
hepatitis (NASH) treatment. However, it exhibits biased activity
towards GLP-1R, with full activation of GLP-1R and partial activa-
tion of GCGR at therapeutic exposure. It is a potent, acylated pep-
tide incorporating a C18 fatty acid to extend its half-life, supporting
once-weekly dosing in humans. BI 456906, structurally modified
from glucagon, resists proteolysis by DPP-4 due to C-terminal ami-
dation.

Phase 1 studies of BI 456906 revealed that the median time to
reach maximum concentration in European and Japanese studies
ranged from 12 to 24 hours and 6 to 28 hours, respectively.**
Common AEs of BI 456906 included nausea, eructation, dyspep-
sia, vomiting, diarrhea, abdominal pain, and headache.®® In the Jap-
anese clinical trial, there were two instances of severe vomiting and
diarrhea, as well as two cases of treatment discontinuation due to
AEs, including one case of mild amylase increase and one case of
vomiting requiring hospitalization.** A significant number of par-
ticipants experienced an increase in heart rate of more than 10 bpm.**
Maximum placebo-corrected weight loss after 16 weeks was —13.8%,
and BI 456906 exhibited a dose-independent half-life exceeding
100 hours.®

Clinical studies suggest that GLP-1 analogues, including sema-
glutide, face challenges in improving liver fibrosis or resolving
NASH, as GLP-1R has not been found in hepatocytes.*** In con-
trast, drugs targeting GCGR, which directly affects hepatocyte
function, have a high potential to positively impact NASH.

LY3437943 (retartrutide)

Given the benefits of dual agonists targeting GIPR/GLP-1R and
GLP-1R/GCGR, it is hypothesized that a triple agonist simultane-
ously targeting all three receptors has the potential to provide an
even more effective therapeutic approach for achieving improved

glycemic control and weight loss compared to single or dual recep-
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tor agonists. LY3437943, a 39-amino acid peptide derived from a
GIP peptide backbone, exhibits triple agonist activity at GCGR,
GIPR, and GLP-1R. It incorporates Aib for stability against DPP-4
cleavage. The peptide backbone is linked to a C20 fatty diacid moi-
ety at the 17th lysine residue, facilitating albumin binding to pro-
long its pharmacokinetic half-life while maintaining desired phar-
macological properties. LY3437943 is 2.9-fold less potent than hu-
man glucagon at the human GCGR, 8.9-fold more potent than
GIP at the human GIPR, and 2.5-fold less potent than GLP-1 at the
human GLP-1R. It exhibits balanced activity at GCGR and GLP-
IR but higher activity at GIPR.”

Phase 1 studies of LY3437943 have shown an average half-life of
approximately 6 days.””* In a phase 1b multiple-ascending dose
trial with individuals with T2DM, gastrointestinal disorders like di-
arrhea, nausea, and vomiting were common treatment-emergent
AEs. Due to the coronavirus disease 2019 pandemic, study com-
pletion was limited, with no participants completing the study in
the 0.5 mg group and only one in the 1.5 mg group. However, mean-
ingful results were obtained from the 3, 3/6, and 3/6/9/12 mg
groups.®® Despite the stimulation of GCGR by this triple agonist,
the higher dosage groups showed significant reductions in fasting
and postprandial plasma glucose levels and HbA1c.%® The stronger
activity at GIPR compared to GCGR and GLP-1R may explain the
positive effects. Body weight decreased in a dose-dependent man-
ner, with an approximately 9 kg (10%) reduction observed at the
highest dosage.”® These results are particularly promising given the
short treatment duration and the participants’ low body weight.
LY3437943 treatment was associated with decreases in blood pres-
sure and an increase in heart rate.® Additionally, LY3437943 led to

a decrease in serum aminotransferase concentrations.*®

CONCLUSION

Due to the global obesity epidemic, the demand for effective and
safe AOMs is high. In Korea, pharmacotherapy is strongly recom-
mended by KSSO for Korean adults with a BMI of 25 kg/m” or
higher who have not achieved weight loss through non-pharmaco-
logical treatments. Currently, five AOMs are approved for long-term
weight management: orlistat, NB ER, P/T ER, liraglutide, and sema-
glutide. Tirzepatide awaits approval, and CagriSema and oral sema-
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glutide are currently in phase 3 trials. Other drugs such as orforglip-
ron, BI 456906, and retartrutide are advancing to phase 3 studies.

While the new generation of AOMs shows improved efficacy,
there are individuals who respond poorly or do not respond at all
to each drug. This underscores the importance of personalized
obesity therapy. There is also concern about the misuse of AOMs
solely for aesthetic purposes by individuals who do not meet the
appropriate indications. Moreover, financial barriers and health in-
equalities are additional concerns. Physicians play a critical role in
identifying individuals who genuinely require treatment and select-
ing the appropriate AOM:s to ensure maximum health benefits.
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