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Obesity is among the leading causes of morbidity and mortality worldwide and its prevalence continues to increase globally. Be-
cause obesity is a chronic, complex, and heterogeneous disease influenced by genetic, developmental, biological, and environ-
mental factors, it is necessary to approach obesity with an integrated and comprehensive treatment strategy. As it is difficult to
achieve and sustain successful long-term weight loss in most patients with obesity through lifestyle modifications (e.g., diet, exer-
cise, and behavioral therapy), pharmacological approaches to the treatment of obesity should be considered as an adjunct therapy.
Currently, four drugs (orlistat, naltrexone extended-release [ER]/bupropion ER, phentermine/topiramate controlled-release, and
liraglutide) can be used long-term (> 12 weeks) to promote weight loss by suppressing appetite or decreasing fat absorption. Phar-
macotherapy for obesity should be conducted according to a proper assessment of the clinical evidence and customized to indi-
vidual patients considering the characteristics of each drug and comorbidities associated with obesity. In this review, we discuss
the mechanisms of action, efficacy, and safety of these available long-term anti-obesity drugs and introduce other potential agents

under investigation. Furthermore, we discuss the need for research on personalized obesity medicine.
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INTRODUCTION

Obesity, which refers to the state of excessive body fat accumu-
lation owing to an imbalance between energy intake and ex-
penditure, is a major risk factor for non-communicable diseas-
es, such as type 2 diabetes mellitus, hypertension, dyslipid-
emia, cardiovascular diseases, and some cancers [1,2]. The
World Health Organization (WHO) defined obesity as a major
global public health problem in 1997 [3].

The prevalence of obesity has steadily increased in response
to changes in dietary and physical activity patterns for the past
10 years, most prominently among adults in their 20s and 30s
in South Korea. In 2018, the prevalence of obesity, with a body
mass index (BMI) of 25 kg/m® or greater, among adult men
and women was 45.4% and 26.5%, respectively. Among adults
in their 20s and 30s, 10.8% of men and 4.9% of women were

obese, with a BMI of 30 kg/m’ or greater, which reflects a dra-
matic increase from the past decade [4]. According to the
WHO, more than 1.9 billion (39%) adults aged 18 years and
over were overweight and 650 million (13%) were obese in
2016; the global prevalence of obesity has nearly tripled be-
tween 1975 and 2016 [5].

As a result, the global burden of obesity continues to increase
in terms of public health and socioeconomic development. Ad-
ditionally, obesity is now recognized as a component of the

“global syndemic;” which is characterized by obesity, undernutri-
tion, and climate change as the most important health problems
faced by humans and the environment in the near future [6].

Nonetheless, therapeutic approaches for patients with obesi-
ty are still insufficient. Because obesity is affected by various
complex causes, including genetic, physiological, behavioral,
sociocultural, and environmental factors, an integrated and
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Anti-obesity drugs

comprehensive approach based on diet, exercise, and behav-
ioral therapy, with consideration of pharmacological therapy, is
needed to achieve adequate weight loss in patients with obesity.

Lifestyle and behavioral modifications are the cornerstones
of obesity management but pharmacological therapy should
be promptly considered for those who do not respond to life-
style modifications or experience difficulty maintaining the
initial weight loss caused by lifestyle modifications. Physiologi-
cally, as the basal metabolic rate decreases with weight reduc-
tion, maintaining weight loss requires an ongoing decrease in
energy intake and/or increase in energy expenditure; thus, ad-
ditional weight loss and maintaining the reduced weight are
more difficult with only lifestyle modifications.

The U.S. National Institutes of Health recommends anti-
obesity drugs for individuals with BMI >30 or 27 kg/m’ with
comorbidities, such as diabetes, hypertension, dyslipidemia, or
sleep apnea [7]. The Asia-Pacific obesity treatment guidelines
recommend that anti-obesity drugs should be considered for
those with BMI 225 or >23 kg/m* who have at least one
weight-related comorbidity [8].

The anti-obesity drugs currently approved by the U.S. Food
and Drug Administration (FDA) for long-term use (> 12 weeks)
are orlistat, naltrexone extended-release (ER)/bupropion ER,
phentermine/topiramate controlled-release (CR), and liraglu-
tide [9]. The European Medicines Agency has only approved
orlistat, naltrexone ER/bupropion ER, and liraglutide for long-
term use [10]. Most of these anti-obesity drugs have 3% to 7%
efficacy in terms of weight loss. In the case of lorcaserin, the
FDA concluded that the benefits do not outweigh the evidence
of excess cancer risk for any identifiable patient population [11].

A pharmacological approach should be used according to
the efficacy and safety profile of each drug as well as the type of
obesity and associated comorbidities. According to FDA regu-
lations, a product should result in at least 5% mean weight loss,
which indicates a statistically significant effect compared with
the placebo group, and more than 35% of patients should
achieve 5% or greater categorical weight loss after 1 year of
treatment to be defined as an effective anti-obesity drug [12].
The FDA also requires an anti-obesity drug to improve cardio-
metabolic parameters, including glycemic control, blood pres-
sure, and lipid levels [12,13].

From this perspective, in this review, we discuss obesity
treatment strategies, focusing on pharmacological approaches
with anti-obesity drugs approved for long-term use in patients
with obesity.
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CURRENTLY APPROVED LONG-TERM
THERAPIES FOR OBESITY

The mechanism of action and dosing schedule of anti-obesity
drugs are summarized in Fig. 1. The long-term effects of four
approved drugs on weight reduction, cardiometabolic param-
eters, and safety profiles are summarized in Table 1, Fig. 2. The
proposed algorithm for the management of obesity with avail-
able long-term anti-obesity drugs is summarized in Fig. 3.

Orlistat (Xenical)

Mechanism of action

Orlistat induces weight reduction via the inhibition of lipases
in the mucous membranes of the stomach, small intestine, and
pancreas, thereby preventing the breakdown of triglycerides
into fatty acids and their absorption in the intestines (Fig. 1)
[14-16]. It is the only available anti-obesity drug that does not
involve the mechanisms of appetite.

Efficacy

In the Xenical in the Prevention of Diabetes in Obese Subjects
(XENDOS) study, a longitudinal study of patients using orli-
stat, the mean weight loss from the baseline was significantly
greater with orlistat than with the placebo (10.6 kg vs. 6.2 kg)
after 1 year and the significantly greater weight loss was main-
tained after 4 years (5.8 kg vs. 3.0 kg). Among the patients who
completed 4 years of treatment, the percentage of patients who
achieved at least 5% weight loss was significantly higher in the
orlistat group (52.8%) than in the placebo group (37.3%). At
the end of the 4-year study, the cumulative incidence of diabe-
tes was 9.0% in the placebo group and 6.2% in the orlistat
group, with a risk reduction rate of 37.3% [17].

Additionally, a meta-analysis of 30 studies reported that 21%
more participants who use orlistat for 1 year achieve at least 5%
or greater weight loss, and 12% more participants achieve a
weight loss of 10% or more, than those who use a placebo [18].

Orlistat inhibits the intestinal absorption of 30% of triglycer-
ides; therefore, it exerts a greater weight loss effect than a fat-lim-
ited diet. The use of orlistat also results in the improvement of
various cardiometabolic parameters, such as decreased insulin
resistance, fasting plasma glucose level, low-density lipoprotein
cholesterol level, and systolic and diastolic blood pressure [16-18].

Safety
The side effects of orlistat are primarily limited to the intes-
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Liraglutide
Slows gastric
empiying

1. Phentermine/Topiramate

Initiate at 3.75/23 mg per day for 14 days;
Increase to 7.5/46 mg per day for 12 weeks;

If 3% weight loss not achieved at 12 weeks,
either discontinue therapy or escalate the dose;
Increase to 11.25/69 mg per day for 14 days;
Increase dose to maximum dose of

15/92 mg per day

" )

Arcuate nucleus

2. Liraglutide

Initiate at 0.6 mg per day for week 1;
Increase by 0.6 mg per day each week
to reach 3 mg per day at week 4

Phentermine
possibly dopaminergic
sympathomimetic amine

Bupropion

3. Naltrexone/Bupropion

Initiate at 8/90 mg per day for week 1;
Increase by 8/90 mg each week to reach
16/180 mg twice daily at week 4

4. Orlistat
One 120 mg capsule three times per day

- Vagus nerve

Dorsal vagal complex

Orlistat
Reduce lipid absorption
Inhibitory Stimulatory

Fig. 1. Mechanism of action and dosing schedule of anti-obesity drugs. Some images were downloaded from the Smart Servier
website. MCH, melanin-concentrating hormone; TRH, thyrotropin-releasing hormone; CRH, corticotropin-releasing hormone;
MC3/4R, melanocortin receptor type 3/4 receptor; Y1R, Y1 receptor; GABA, gamma-aminobutyric acid; GLP1R, glucagon-like
peptide 1 receptor; D1, dopamine 1 receptor; D2, dopamine 2 receptor; POMC/CART, pro-opiomelanocortin/cocaine amphet-
amine-related transcript (anorexigenic); p-OR, p-opioid receptor; NPY/AGRP, neuropeptide Y/agouti-related peptide (orexigenic);
DAT, dopamine active transporter.

Phentermine/Topiramate

EQUATE
EQUIP 108 kg/56 wk
CONQUER 8.8kg/56 wk
SEQUEL 8.8 kg/104 wk

Liraglutide

SCALE-Sleep Apnea
SCALE-Diabetes
SCALE-Obesity and prediabetes

SCALE-Maintenance
SCALE-Obesity and prediabetes,
2-year extension

Naltrexone/Bupropion

COR-1 | 32/360 mg (n=1,742) | 47kg/56 wk

COR-II | 32/360 mg (n=1,496) | 49kg/56 wk
COR-BMOD | 32/360 mg (1=793) | 41kg/56 wk

COR-Diabetes | 32/360 mg (n=505) | 3.4kg/56 wk
LIGHT | 32/360 mg (n=8910) | 27kg/121 wk
Orlistat
XENDOS

4.6kg/160 wk

JRIPW NN ACERRNN 3 kg/208 wk

0 2 4 6 8 10 12
(—) Placebo-subtracted weight loss (kg)

Fig. 2. The effect of currently approved long-term therapies for obesity on weight loss. EQUATE, evaluation of phentermine and
topiramate versus phentermine/topiramate extended-release in obese adults; EQUIP, controlled-release phentermine/topiramate
in severely obese adults: a randomized controlled trial; CONQUER, Controlled-Release Phentermine plus Topiramate Combina-
tion in Overweight and Obese Adults; SEQUEL, 2-year Sustained Weight Loss and Metabolic Benefits with Controlled-release
Phentermine/Topiramate in Obese and Overweight Adults; SCALE, Satiety and Clinical Adiposity—Liraglutide Evidence in
Nondiabetic and Diabetic Individuals; COR, Contrave Obesity Research; BMOD, behavior modification; LIGHT, long-term in-
tervention with group-wise dietary consulting supported by meal replacements maintaing weight loss in patients with concomi-
tant obesity and knee osteoarthritis; XENDOS, Xenical in the Prevention of Diabetes in Obese Subjects.
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4 Obesity R
BMI 230 kg/m? or BMI 227 kg/m?
+ co-morbidities
(BMI 225 kg/m? or BMI =23 kg/m?
+ co-morbidities for Asians)
.
[
Consider anti-obesity drugs as an adjunct to
lifestyle intervention
J
[
Consider cardiovascular risk factors and

9 obesity-related co-morbidities

s | N I N N I N | N
Type 2 diabetes mellitus
CVD . . ’ Moderate hepatic . .
NASH/PCOS Hypertension Chronic kidney disease impairment Depression and anxiety
Obstructive sleep apnea
- | /U J U J U | J U | J
( N [ N ( NGht'/t't\( h
: entermine/topiramate "
o oristat || Oistatliaglutce (8190 mg) Orlstal .
Liraglutide: priority Phentermine/topiramate’ can be used carefull / ) naltrexone/bupropion/
Liraglutide® . reluly Naltrexone/bupropion liraglutide may be used
(7.5/46 mg)

_ J J J y € 4

Sufficient weight loss and health improvements

Yes:
continuing drugs and
follow-up every 3 months

No:
discontinue drugs and
reassess

Fig. 3. Choice of anti-obesity drugs based on obesity-associated comorbidities. BMI, body mass index; CVD, cardiovascular dis-
ease; NASH, non-alcoholic steatohepatitis; PCOS, polycystic ovary syndrome. *Increase heart rate.

tines. The side effects experienced by more than 20% of partic-
ipants who use orlistat for 2 years include fecal incontinence,
oily spotting, and fatty stool. In one study, the treatment dis-
continuation rate was 8.8% in the treatment group and 5.0% in
the placebo group [19,20]. Furthermore, when patients with
obesity who attempt to lose weight suddenly decrease their
food intake, some experience severe constipation owing to re-
duced dietary fiber intake. Constipation can be treated by orli-
stat, along with dietary fiber supplementation, via its gastroin-
testinal side effects.

In patients with chronic malabsorption syndrome or cho-
lestasis, as orlistat can reduce the absorption of fat-soluble vita-
mins (i.e.,, vitamins A, D, E, and K), multivitamin supplemen-
tation might be needed. Other potential side effects of orlistat
include that the oxalic acid content in the urine increases,
which can cause renal stones; when administered simultane-

https://e-dmj.org  Diabetes Metab J 2020;44:802-818

ously with cyclosporine or thyroid hormone drugs, their effec-
tiveness decreases; and when administered to patients admin-
istered warfarin, the decreased absorption of vitamin K causes
changes in blood clotting [20,21].

However, because only a small amount of orlistat is absorbed
into the body, it is recognized as the safest anti-obesity drug
and the only drug that can be used in adolescents [22]; there
are insufficient data about the safety of orlistat in elderly pa-
tients or those with impaired liver or kidney function.

Naltrexone ER/bupropion ER (Contrave)

Mechanism of action

Bupropion is a norepinephrine and dopamine reuptake inhibi-
tor that is used for depression and smoking cessation treatment.
It activates pro-opiomelanocortin (POMC), a neuropeptide
that decreases appetite when its concentration increases in the
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hypothalamus, and supplements dopamine activation, which is
lower among patients with obesity. As a result, bupropion in-
hibits food intake via the reward system and increases energy
expenditure for weight reduction [23]. Naltrexone is a mu-opi-
oid receptor antagonist that is used for the treatment of opioid-
and alcohol-dependence. Naltrexone inhibits the appetite-en-
hancing effects of beta-endorphin caused by cannabinoid-1 re-
ceptor activation. The combined use of bupropion and naltrex-
one has a synergistic effect on appetite suppression [24-26].
This may be because POMC, which is self-inhibited by endoge-
nous opioids, can reduce the appetite-suppressing effects of bu-
propion. However, the addition of naltrexone, which is an opi-
oid antagonist, can maintain POMC activation by bupropion to
strengthen its appetite-suppressing effects (Fig. 1) [27].

Efficacy
In the Contrave Obesity Research (COR)-I trial, which was
conducted for 56 weeks in individuals with obesity and a BMI
of 30 to 45 kg/m?’, the naltrexone ER/bupropion ER 32/360 mg
group achieved a 6.1% weight reduction and the naltrexone
ER/bupropion ER 16/360 mg group achieved a 5.0% weight
reduction, which were significant improvements compared
with the 1.3% weight reduction in the placebo group. The pro-
portion of participants who achieved >5% weight loss was
48% in the naltrexone ER/bupropion ER 32/360 mg group and
39% in the naltrexone ER/bupropion ER 16/360 mg group,
which were significantly higher than that (17%) in the placebo
group [28]. COR-IL, which involved 1,496 individuals with a
BMI greater than 30 kg/m? or a BMI greater than 27 kg/m’
with dyslipidemia (and/or controlled hypertension), also
showed that the combination of naltrexone ER/bupropion ER
32/360 mg is associated with a significantly greater weight loss
from the baseline body weight than the placebo (-6.4% vs.
-1.2%) at week 56 and that the proportion of participants who
achieve >5% weight loss is significantly higher in the treat-
ment group than in the placebo group (50.5% vs. 17.1%) [29].
The COR-behavior modification (BMOD) study examined
the efficacy and safety of naltrexone ER/bupropion ER as an
adjunct to intensive BMOD. In this study, all participants were
instructed to have a balanced diet of conventional foods and
individual goals for energy intake were based on initial weight.
The mean weight loss was significantly higher for those who
received naltrexone ER/bupropion ER 32/360 mg and BMOD
than those who received the placebo and BMOD (11.5% vs.
7.3%) in the completers analysis at the end of the study. At
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week 56, the proportion of participants who achieved >5%
weight loss was higher in the naltrexone ER/bupropion ER
32/360 mg and BMOD group than in the placebo and BMOD
group (66.4% vs. 42.5%) [30].

In the COR-Diabetes trial, patients using naltrexone ER/bu-
propion ER lost significantly more weight from the baseline
than those using the placebo (5.0% vs. 1.8%) and a greater pro-
portion of patients in the naltrexone ER/bupropion ER group
achieved at least 5% weight loss than that in the placebo group
(44.5% vs. 18.9%). Naltrexone ER/bupropion ER also resulted
in significantly greater glycosylated hemoglobin (HbA1lc) re-
duction (-0.6% vs. -0.1%) than the placebo [31].

In terms of psychosocial status, the naltrexone ER/bupropi-
on ER 32/360 mg and BMOD group showed significant im-
provements in the physical function and self-esteem subscales
compared with the placebo and BMOD group [30].

Moreover, all COR clinical trials showed improvements in
cardiometabolic parameters, including glycemic control, insu-
lin resistance, and lipid profiles [28-32].

Safety

The main side effect of naltrexone ER/bupropion ER is nausea,
which is so severe in some patients it warrants the discontinua-
tion of the drug. Seizures occur rarely. To prevent these side ef-
fects, it is standard to increase the dose gradually. Insomnia is
also a common side effect of naltrexone ER/bupropion ER;
thus, it is appropriate to take the drug in the morning, at least
at the beginning of treatment.

Naltrexone ER/bupropion ER should be used with caution
in older patients and is not recommended for those older than
75 years. Its pharmacokinetics in patients with impaired liver
and kidney function have not yet been sufficiently studied. If
naltrexone ER/bupropion ER is required for patients with im-
paired liver function, a maximum of one pill per day can be
administered and, in patients with impaired kidney function,
the maximum dose is two pills per day. The drug is contraindi-
cated in patients with severe hepatic dysfunction or end-stage
renal failure [33].

When using naltrexone ER/bupropion ER, the presence of
emotional or psychological disorders should be considered. In
clinical trials, mild depressive mood and anxiety, which do not
require special treatment, were less common in the naltrexone
ER/bupropion ER treatment group, which could be attributed
to the effects of bupropion. However, the risk of suicidal ide-
ation in individuals aged 18 to 24 years taking bupropion has
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been reported to the FDA and cases in which bupropion has
caused adverse mental and nervous system responses have
been reported. The risk of seizures also increases in a dose-de-
pendent manner with bupropion administration, which is in-
creased by prior head trauma, excessive alcohol intake, cocaine
or stimulant addiction, diabetes treated with oral hypoglyce-
mic agents or insulin, and the concomitant use of drugs that
lower the seizure threshold (antipsychotics, antidepressants,
antimalarial drugs, tramadol, theophylline, steroids, quino-
lones, and sedative antihistamines). Additionally, naltrexone
ER/bupropion ER is contraindicated in patients with a history
of convulsive seizure or bipolar disorder. For patients with
emotional or psychological disorders who take antipsychotics
or antidepressants, caution is required owing to the potential
for drug interactions and increased risk of seizures [33].

A large-scale study on the cardiovascular safety of naltrex-
one ER/bupropion ER, the long-term intervention with group-
wise dietary consulting supported by meal replacements main-
taing weight loss in patients with concomitant obesity and
knee osteoarthritis (LIGHT) study, was conducted; however, it
was terminated early and did not provide conclusions regard-
ing cardiovascular safety [34].

Phentermine/topiramate CR (Qsymia)

Mechanism of action

Phentermine/topiramate CR is a long-acting combination of
phentermine, a short-term appetite suppressant, and topira-
mate, a nervous system drug. This drug was developed to re-
duce the incidence of side effects and increase drug efficacy; in
combination, these two drugs exert synergistic effects and are
used at lower doses than when used independently. Phenter-
mine suppresses appetite by increasing the secretion of epi-
nephrine in the hypothalamus and has been approved for
short-term use in obesity treatment. Topiramate is a gamma-
aminobutyric acid agonist, glutamate antagonist, and carbonic
anhydrase inhibitor that is used to treat epilepsy and prevent
migraines, although its mechanism for obesity treatment is
uncertain (Fig. 1) [35,36]. However, it exerts weight reduction
effects through increased satiety, increased energy expendi-
ture, reduced caloric intake, and taste abnormalities.

Efficacy

The Controlled-Release Phentermine plus Topiramate Combi-
nation in Overweight and Obese Adults (CONQUER) study
was conducted among 2,487 overweight and obese patients
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with a BMI of 27 to 45 kg/m* and two or more cardiometabolic
diseases, such as hypertension, dyslipidemia, prediabetes or di-
abetes, and abdominal obesity. Participants were randomized
into three groups. The proportion of participants in the placebo
group, phentermine/topiramate CR 7.5/46.0 mg a day group,
and phentermine/topiramate CR 15.0/92.0 mg a day group was
2:1:2. At the end of the trial, a greater weight loss effect was ob-
served in the treatment groups than in the placebo group (-1.4
kg vs. -8.1 kg vs. =10.2 kg) and the proportion of patients who
achieved >5% weight loss was significantly higher in the treat-
ment groups than in the placebo group (21% vs. 62% vs. 70%)
at week 56. A similar result was obtained for patients who
achieved >10% weight loss (7% vs. 37% vs. 48%) [37].

In a randomized controlled trial of phentermine/topiramate
CR in adults with severe obesity (BMI greater than 35 kg/m?),
patients were randomized into the placebo, low-dose (phenter-
mine/topiramate CR 3.75/23.0 mg), or high-dose (phenter-
mine/topiramate CR 15.0/92.0 mg) group for 56 weeks. The
weight loss from the baseline in the placebo group (1.6%) was
significantly lower than that in the low-dose (5.1%) and high-
dose (10.9%) treatment groups. Additionally, the proportion of
patients who achieved >5% weight loss was higher in the treat-
ment groups than in the placebo group (17.3% vs. 44.9% vs.
66.7%) [38].

In the secondary endpoint analysis of all clinical trials, the
phentermine/topiramate CR group showed significant im-
provements in cardiometabolic risk factors, including waist
circumference, glycemic control, and lipid profile [37,38].

A network meta-analysis that studied differences in the effi-
cacy of anti-obesity drugs showed that phentermine/topira-
mate CR has the greatest weight loss effect among the currently
used anti-obesity drugs [39].

The FDA recommends that if a weight reduction of less than
3% is achieved after 12 weeks of use, the drug should be either
discontinued or the dose increased. If the patient does not
achieve a 5% weight reduction 12 weeks after a dose increase, it
is recommended that this drug should be gradually discontin-
ued.

Safety

As topiramate use during pregnancy increases the risk of cleft
palate in babies, for women who might become pregnant,
pregnancy testing should be performed before phentermine/
topiramate CR initiation and every month during use [40].
The contraindications of phentermine also apply to phenter-
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mine/topiramate CR (Table 1) [17,28-31,37,38,41-45].

Many side effects of topiramate are related to the inhibition
of carbonic anhydrase activity, including metabolic acidosis,
hypokalemia, renal stones, angle-closure glaucoma, myopia,
and anhidrosis. Related symptoms should be observed careful-
ly and the drug should be discontinued as soon as symptoms
occur. Importantly, topiramate should not be combined with
other drugs that inhibit carbonic anhydrase.

The use of phentermine/topiramate CR increases the risk of
depression, anxiety, sleep disorder, suicidal ideation, and diffi-
culties in concentration; the drug should be stopped immedi-
ately if suicidal ideation or behavior is observed. If a patient
handles dangerous machinery, extra caution should be taken.
Additionally, phentermine/topiramate CR is associated with
taste abnormalities in a dose-dependent manner.

When taking phentermine/topiramate CR, it is recommend-
ed that the dose is increased gradually. Additionally, because
sudden discontinuation causes seizures in some patients, even
in those without a history of epilepsy, it is desirable to discon-
tinue its use gradually by taking a dose every other day for at
least 1 week prior to stopping treatment altogether [46].

There are no large-scale studies on the safety and efficacy of
phentermine/topiramate CR related to cardiovascular disease,
although patients with recent cardio-cerebrovascular disease
are recommended not to take this drug. As this drug was ap-
proved by the FDA under the condition of further follow-up
studies, including an evaluation of long-term safety regarding
cardiovascular disease [47], a more accurate assessment of
long-term safety will be possible after these results become
available. Currently, the Qsymia CardiovascuLAr morbldity
and Mortality study in subjects with documented cardiovascu-
lar disease is ongoing.

Liraglutide (Saxenda)

Mechanism of action

Glucagon-like peptide-1 (GLP-1), which is secreted from the
intestines in response to carbohydrates and fats digested after a
meal, reduces caloric intake by increasing satiety [48]. Liraglu-
tide is 97% identical to human GLP-1 but has a longer action
time [49]. Liraglutide acts on the GLP-1 receptor in the hypo-
thalamus and directly stimulates POMC-, cocaine-, and am-
phetamine-regulated transcript neurons, which suppress ap-
petite and indirectly inhibit neuropeptide-Y/agouti-related
protein neurons that stimulate appetite, thereby reducing ap-
petite and promoting weight loss [50,51]. Peripherally, liraglu-
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tide delays gastric emptying after a meal and regulates the bal-
ance between insulin and glucagon secretion for glycemic con-
trol (Fig. 1) [49].

Efficacy

The series of Satiety and Clinical Adiposity-Liraglutide
(SCALE) studies were conducted to investigate the efficacy and
safety of liraglutide 3.0 mg compared with those of a placebo
in combination with a reduced-calorie diet and increased
physical activity for weight management in overweight or
obese patients with or without comorbidities [41-43,52]. This
series consisted of: (1) SCALE-Obesity and Prediabetes trial of
3,731 overweight or obese patients without evidence of type 2
diabetes mellitus; (2) SCALE-Diabetes trial of 846 overweight
or obese adults with type 2 diabetes mellitus; (3) SCALE-
Maintenance trial of 422 overweight or obese adults who had
lost >5% of initial body weight during a calorie-restriction pe-
riod; and (4) the 3-year assessment of the SCALE Obesity and
Prediabetes trial of 2,254 overweight or obese patients with
prediabetes.

The mean weight loss was significantly higher in the liraglu-
tide group than in the placebo group (SCALE-Obesity and
Prediabetes, 8.4 kg vs. 2.8 kg; SCALE-Diabetes, 6.4 kg vs. 2.2
kg; SCALE-Maintenance, additional 6.2% vs. 0.2%, respective-
ly) [41-43]. In terms of categorical weight loss, significantly
more patients in the liraglutide group than in the placebo
group achieved at least 5% weight loss from the baseline
(SCALE-Obesity and Prediabetes, 63.2% vs. 27.1%; SCALE-
Diabetes, 54.3% vs. 21.4%; SCALE-Maintenance, 50.5% vs.
21.8%), which suggests that the effect of liraglutide meets the
mean and categorical weight loss criteria [41-43].

The 3-year assessment (2-year extension) of the SCALE-
Obesity and Prediabetes trial was a double-blind study using
2,254 patients with prediabetes who completed the SCALE-
Obesity and Prediabetes study, re-randomized 2:1 to either li-
raglutide 3.0 mg or the placebo group, with the primary out-
come defined as time to diabetes onset within 160 weeks. The
time to the onset of diabetes was 2.7 times longer with liraglu-
tide than with the placebo (hazard ratio, 0.21; 95% confidence
interval, 0.13 to 0.34; P<0.0001). By week 160, patients in the
liraglutide group lost significantly more body weight from the
baseline than those in the placebo group (6.1% vs. 1.9%) [52].

In the SCALE-Sleep Apnea trial, 180 non-diabetic patients
with obesity who had moderate or severe obstructive sleep ap-
nea (OSA) were randomized to liraglutide 3.0 mg or the place-
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bo group to examine whether liraglutide reduces the severity
of OSA using the primary endpoint of the change in the apnea-
hypopnea index (AHI) after 32 weeks. At week 32, the AHI
was significantly lower, with weight loss, in the liraglutide
group than in the placebo (-12.2+1.8 events h™ vs. -6.1+2.0
events h™') [44].

In all SCALE trials, liraglutide resulted in a greater improve-
ment than the placebo in terms of glycemic control, blood
pressure, lipid levels, and health-related quality of life in over-
weight or obese participants [41-44,52].

Liraglutide lowers body weight in humans mainly via the in-
duction of fat mass loss that exceeds lean mass loss [53]. Addi-
tionally, liraglutide has been shown to improve hepatic steato-
sis in patients with non-alcoholic steatohepatitis [54], and after
a 26-week intervention, ovarian dysfunction, with 5.2 kg of
weight loss, in overweight women with polycystic ovary syn-
drome [55].

More recently, in the Gauging Responsiveness with A Veri-
fyNow assay-Impact on Thrombosis And Safety (GRAVITAS)
trial, liraglutide 1.8 mg as an adjuvant therapy was associated
with a significant change in body weight and HbA1lc levels
from the baseline (-4.23 kg and —1.22% compared with the pla-
cebo, respectively) in patients who underwent bariatric surgery
and had persistent or recurrent type 2 diabetes mellitus [56].

The FDA recommended that if more than 4% weight reduc-
tion is not achieved after 16 weeks of liraglutide administra-
tion, it should be discontinued.

Safety

The main side effects of liraglutide are gastrointestinal symp-
toms, such as nausea, diarrhea, constipation, and vomiting, and
it is recommended that the dose is incrementally increased to
reduce the incidence of these adverse events. Owing to the de-
layed gastric emptying caused by liraglutide, the action of other
drugs can be affected. Additionally, liraglutide use can cause
gallstones and, less commonly, acute pancreatitis [57,58]; it
should not be used in patients with a history of pancreatitis. Be-
cause there are concerns regarding liraglutide use and medul-
lary thyroid cancer and multiple endocrine neoplasia, it should
not be used in patients with a past or family history of such
conditions [59-61]. Furthermore, heart rate can be increased
when liraglutide is used and, if this symptom persists, the drug
might need to be discontinued. The safety of liraglutide has not
been demonstrated among those who are older than 75 years;
thus, it is not recommended in this population [59].
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In the Liraglutide Effect and Action in Diabetes: Evaluation
of Cardiovascular Outcome Results (LEADER) study, the car-
diovascular safety of liraglutide 1.8 mg was evaluated in pa-
tients with diabetes. The time to death owing to cardiovascular
disease, myocardial infarction, and cerebral infarction was an-
alyzed in 9,340 patients with diabetes who were randomized to
either the liraglutide or placebo group. During an average fol-
low-up period of 3.8 years, the occurrence of the primary com-
posite outcome, including death from cardiovascular disease,
non-fatal myocardial infarction, and non-fatal cerebral infarc-
tion, was significantly lower in the liraglutide group than in the
placebo group (13% vs. 14.9%) [62]. However, there is no di-
rect evidence regarding the safety and efficacy of liraglutide 3.0
mg in cardiovascular disease.

Comparison of available anti-obesity drugs for long-term
obesity management

According to the results of a systematic literature review and
meta-analysis of 28 randomized clinical studies conducted
with 29,018 subjects, all agents are associated with significantly
greater weight loss after 1 year than the placebo; phentermine/
topiramate CR, liraglutide, naltrexone ER/bupropion ER, and
orlistat reduce weight by 8.8, 5.3, 4.9, and 2.6 kg, respectively,
compared with the baseline. The proportion of patients with
weight loss of at least 5% is 3.4, 2.3, and 1.7 times higher for
phentermine/topiramate CR than for orlistat, naltrexone ER/
bupropion ER, and liraglutide, respectively. Moreover, the pro-
portion of patients who lost 10% of their weight after 1 year of
treatment is also different among phentermine/topiramate CR
(54%), liraglutide (34%), naltrexone ER/bupropion ER (30%),
and orlistat (20%) groups. In terms of safety, patients are most
likely to discontinue liraglutide owing to side effects, followed
by naltrexone ER/bupropion ER [39].

Altogether, phentermine/topiramate CR is the most effective
of the available drugs, with good tolerability, naltrexone ER/
bupropion ER and liraglutide have intermediate efficacy, and
orlistat is associated with the fewest side effects [63]. However,
there are no head-to-head comparisons of these anti-obesity
drugs and the inclusion criteria and background lifestyle and
interventions differed among studies; thus, we must interpret
these results with caution.

Effects of anti-obesity drugs on eating behavior and neural
activity
To personalize pharmacotherapy for obesity in adults, it is crit-
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ical to target behavioral issues associated with obesity. In a
crossover intervention study, functional magnetic resonance
imaging (fMRI) data suggested that liraglutide (1.8 mg for 10
days) decreases central nervous system in the insula and puta-
men compared with insulin in response to viewing pictures of
food and high-calorie food during the fasted and postprandial
states [64].

In terms of eating behavior, liraglutide (3.0 mg for 5 weeks)
also increases feelings of both satiety and fullness and decreas-
es feelings of hunger and prospective food consumption com-
pared with a placebo [65]. In the COR-BMOD trial, there was
a significant improvement in the ability to control eating in the
naltrexone ER/bupropion ER group compared with the place-
bo group. Additionally, fMRI data suggest that naltrexone/bu-
propion treatment may improve the control of eating behavior
[66]. Little clinical data are available on the effects of phenter-
mine/topiramate ER on eating behavior.

Considerations for anti-obesity drug use in depression and
anxiety

As there is no significant difference in the incidence of depres-
sion or anxiety between naltrexone ER/bupropion ER and pla-
cebo groups, naltrexone ER/bupropion ER is the recommend-
ed drug for patients with obesity and comorbid mood disor-
ders. However, caution is required when using naltrexone ER/
bupropion ER in patients taking antidepressants.

Although liraglutide has no effect at a low dose, at a high
dose, mood disorders worsen slightly. However, because there
is less interaction with antidepressants, liraglutide should be
considered first for patients taking antidepressants. As phen-
termine/topiramate CR can cause mood disorders, it should be
avoided in patients with mood disorders.

Sleep disorders have been reported in a significant number
of patients taking naltrexone ER/bupropion ER; thus, the dete-
rioration of existing sleep disorders or development of new-
onset sleep disorders should be monitored when the drug is
administered. Additionally, phentermine/topiramate CR
should be avoided in patients with sleep disorders [67,68].

Emerging drug therapies in obesity

Setmelanotide

Setmelanotide, a synthetic melanocortin 4 receptor (MC4R)
agonist, regulates appetite by selectively binding to and activat-
ing MC4Rs in the paraventricular nucleus in the hypothala-
mus, which is involved in appetite regulation [69]. The MC4R-
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related neural circuit in the hypothalamus is involved in food
consumption behavior [70]. The accumulation of fatty acids in
adipocytes increases the secretion of leptin, a hormone that in-
duces the feeling of satisfaction. Leptin travels to the hypothal-
amus through the blood and binds to the leptin receptor
(LEPR) in neurons in the hypothalamus. When the LEPR sig-
nal pathway is activated by binding with leptin, POMC is con-
verted to alpha-melanocyte-stimulating hormone (o-MSH;
also known as alpha-melanotropin). a-MSH is secreted to
other neurons to activate the MC4R signaling pathway, which
triggers a feeling of satiety that leads to reduced food con-
sumption. If the LEPR and POMC genes, which are involved in
the upstream pathways of MC4R-related neural circuits, are
deficient, one cannot feel full and continues to eat excessively.

Thus, the unique mechanism of action of setmelanotide can
overcome the effects of genetic deficiencies that occur upstream
in this pathway in individuals with obesity owing to these rare
genetic disorders. Setmelanotide has been shown to reduce
body weight and hunger in individuals with obesity owing to
POMC or LEPR deficiency in phase 2 trials [71,72] and is cur-
rently being investigated in phase 3 trials in subjects with POMC
and LERP deficiency (NCT03287960 and NCT02896192). In a
recent phase 3 trial, setmelanotide treatment led to a signifi-
cant reduction in body weight and hunger after 1 year of treat-
ment in individuals with Bardet-Biedl syndrome [73]. The re-
ported adverse reactions related to setmelanotide treatment
are injection site reactions, nausea, vomiting, and hyperpig-
mentation. However, no severe adverse reactions or cardiovas-
cular side effects are related to setmelanotide.

Tesofensine

Tesofensine inhibits the synaptic reuptake of serotonin, nor-
adrenaline, and dopamine. It was originally developed as a
treatment for Alzheimer’s and Parkinson’s disease but the treat-
ment effect was not satisfactory. As weight reduction was re-
ported as a side effect, clinical trials on obesity were conducted,
and tesofensine was observed to decrease the desire for food,
food consumption, and weight [74]. In a small-scale clinical
trial with 161 participants, people who received either 0.5 or
1.0 mg of tesofensine for 24 weeks experienced weight reduc-
tions of 11.3 and 12.8 kg, respectively. The weight reduction
was 2.2 kg in the placebo group, which indicates that tesofen-
sine might have twice the weight reduction effect of previously
developed drugs [74]. The weight reduction effect of tesofen-
sine can be attributed to increased overnight energy expendi-
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ture and fatty acid oxidization rate [75]. Additionally, the use
of tesofensine causes favorable changes in waist circumference,
insulin resistance, adiponectin, lipid profiles, and glycemic
control. However, the side effects of tesofensine include dry
mouth, insomnia, constipation, nausea, and an increased heart
rate. As an increase in blood pressure is observed at high doses,
it is important to demonstrate the safety of tesofensine in a
large-scale clinical trial. Furthermore, phase 3 trials are cur-
rently underway [76].

Several other treatment options against obesity are being
studied in clinical trials, including cannabinoid type 1 receptor
blockers, amylin mimetics, peptide YY, neuropeptide Y inhibi-
tors, fibroblast growth factor 21 analogs, and vaccines [36]. It is
possible that the administration of a specific combination of
these drugs will have beneficial effects on the complex physio-

Table 2. Emerging anti-obesity drug in clinical trials
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logical factors that contribute to the maintenance body weight.
Potential anti-obesity drugs in clinical trials are summarized in
Table 2.

FUTURE PERSPECTIVES: PERSONALIZED
MEDICINE IN OBESITY

As obesity is affected by multiple genetic, biological, environ-
mental, and behavioral factors, there are various obesity phe-
notypes, which affect the response to medications in clinical
practice. Although the field of anti-obesity drug therapy has
evolved, there are currently no recommendations regarding
the type or class of patients for which anti-obesity drugs are
more effective in terms of good responders and poor respond-
ers; thus, progress remains to be made in personalized medi-

Mechanism of action Drug Indication Registration number Phase
Long-acting amylin analog NNCO0174-0833 Normal weight, overweight to NCT02300844 Phase 1
obesity
FGF21 analog NNCO0194-0499 Overweight or obesity NCT03479892 Phase 1
Beta 3 adrenergic agonist Mirabegron Overweight or obesity NCT02919176 Phase 1
GLP-1R/GCGR/GIPR triple agonists NNC9204-1706 A Overweight or obesity NCT03095807 Phase 1
Dual GLP-1R/GCGR agonists NNC9204-1177 Overweight or obesity NCT03308721 Phase 1
JNJ-64565111 Severe obesity NCT03486392 Phase 2
Oxyntomodulin analog MEDI0382 Obesity NCT03625778 Phase 1
5-HT 1 receptor agonist Cannabidiol Prader-Willi syndrome NCT02844933 Phase 2
Oxytocin receptor agonist Oxytocin intranasal Obesity NCT03043053 Phase 2
GLP-1R agonist Efpeglenatide (HM11260C)  Obesity NCT02075281 Phase 2
Liraglutide Prader-Willi syndrome NCT02527200 Phase 3
Pubertal adolescent subjects with NCT02918279 Phase 3
obesity
Semaglutide Overweight or obesity NCT03552757 Phase 3
SGLT1/2 inhibitor Licofliglozin (LIK 066) Obesity NCT03320941 Phase 2
PYY 3-36 analog Nasal PYY3-36 Obesity NCT00537420 Phase 2
Type 4 FGF receptor antagonist ISIS-FGFR4RX Obesity NCT02476019 Phase 2
PDE-5 inhibitor Tadalafil Obesity NCT02819440 Phase 2
Mast cell stabilizer Amlexanox Obese type 2 diabetics NCT01842282 Phase 2
Norepinephrine, dopamine, and Tesofensine Hypothalamic injury-induced NCT03845075 Phase 2
serotonin transporter inhibitor obesity
MCRA4R agonist Setmelanotide Leptin receptor deficiency obesity NCT03287960 Phase 3
Dopamine reuptake inhibitor Methylphenidate Obesity NCT02754258 Phase 3

FGE, fibroblast growth factor; GLP-1R, glucagon-like peptide-1 receptor; GCGR, glucagon receptor; GIPR, gastric inhibitory peptide receptor;
5-HT, 5-hydroxytryptamine; SGLT1/2, sodium-glucose cotransporter 1/2; PYY, peptide YY; PDE-5, phosphodiesterase type 5 MCR4R, mela-

nocortin 4 receptor.
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cine in this field.

Additionally, pharmacometabolomic research, including
metabolic and genetic profiling, to identify therapeutic gene
clusters involved in distinguishing early responders from non-
responders to anti-obesity drugs remains inadequate. The
identification of response patterns to specific anti-obesity drugs
can increase the efficacy of these drugs, which will be an initial
step toward personalized medicine for obesity treatment.

Furthermore, pharmacogenetic and mechanistic studies to
confirm the effects of drugs on feeding behavior and reward
processing would allow the further characterization of good
responders to various anti-obesity drugs [77].

CONCLUSIONS

Obesity, a chronic disease associated with significant increases
in morbidity and mortality, poses a major public health risk.
Currently, four anti-obesity drugs are available for long-term
use. The potential weight loss effect of these four anti-obesity
drugs can be ranked as follows: phentermine/topiramate CR >
liraglutide 3.0 mg > naltrexone ER/bupropion ER > orlistat.
Although orlistat has advantages in terms of its ease of admin-
istration and tolerability, its potential for weight loss is less than
that of other approved anti-obesity drugs. Furthermore, there
are more non-responders to orlistat than to other drugs and
the cardiovascular safety of orlistat is still unclear.

Phentermine/topiramate CR has shown the strongest weight
loss effect of any anti-obesity drug but the risk of neuropsychi-
atric reactions requires strict pharmacological monitoring.
Additionally, the fetal toxicity of topiramate limits its use in
women of reproductive age and requires risk assessment.

Naltrexone ER/bupropion ER and liraglutide have an inter-
mediate effect on weight loss. The cardiovascular safety of nal-
trexone ER/bupropion ER is not yet known, as the only rele-
vant cardiovascular outcome trial was unblinded early. Lira-
glutide 1.8 mg resulted in significant reductions in cardiovas-
cular outcomes in the LEADER trial, which enrolled patients
with type 2 diabetes mellitus and high cardiovascular risk. Al-
though there is no direct evidence regarding the safety and ef-
fectiveness of liraglutide 3.0 mg on cardiovascular disease, it is
the most preferred drug for patients with obesity and type 2
diabetes mellitus.

Finally, as individual treatment responses to anti-obesity
drugs vary, the appropriate classification of patient groups will
be the first step toward personalized medicine and the provi-
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sion of more suitable drug selection and improved treatment
algorithms.
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