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Understanding the Mechanism of Action
and Clinical Implications of Anti-Obesity
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The Korean Ministry of Food and Drug Safety has approved three anti-obesity drugs for long-term management in
the past decade. In addition, since 2019, bariatric surgery has been financially supported by National Health Insur-
ance Service in Korea. In this review, the mechanisms of action and the clinical implications of the recently ap-
proved anti-obesity drugs, lorcaserin, naltrexone/bupropion, and liraglutide are explained. Lorcaserin stimulates
proopiomelanocortin (POMC)/cocaine- and amphetamine-regulated transcript (CART) neurons and inhibits
neuropeptide Y (NPY)/agouti-related peptide (AgRP) neurons, which results in the activation of melanocortin 3/4
receptors. Naltrexone/bupropion stimulates POMC neurons through bupropion; this stimulation is augmented by
blocking the autoinhibitory mechanism of POMC with naltrexone. The hypophagic effect of liraglutide is mediated
through the direct activation of POMC/CART neurons and the indirect suppression of NPY/AgRP neurons through
y-aminobutyric acid-dependent signaling, with adjunctive suppression of the mesolimbic dopamine reward sys-
tem. In addition to liraglutide, another glucagon-like peptide-1 receptor agonist, semaglutide, is expected to be
added to the list of anti-obesity drugs in the near future. In patients with obesity and high cardiovascular risk, lorca-
serin was considered neutral and liraglutide was considered favorable, whereas inconclusive results were obtained
for naltrexone/bupropion.
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INTRODUCTION

There are five methods of obesity treatment: diet, exercise, behavior
modification, drugs, and surgery. These treatment modalities can be
divided into two categories, active and passive, based on the perspec-
tive of the patient. The active methods, including diet, exercise, and
behavior modification, must be done by the patients themselves,
whereas the passive methods of pharmacotherapy and bariatric sur-
gery are performed by medical personnel.

A sufficient reduction in food intake and a radical increase in daily
activity can reduce excess body weight and then maintain normal
body weight in almost all patients with obesity. However, it is well es-
tablished, through clinical experience and many previous clinical tri-
als," that the standard active treatments are not strong enough to in-
duce clinically significant weight loss. Very few patients with obesity
can resist hunger and select low-energy-density foods when facing the
excess availability of high-energy-density foods. Moreover, very few
patients with obesity can maintain an active daily life given the present
social prevalence of sedentary lifestyles. Thus, obesity specialists are
constantly seeking passive methods of weight reduction.

Over the past decade, there have been major changes in the global
treatment of obesity, and in Korea. Between 1964 and 2009, 25 anti-
obesity drugs, most of which were monoamine neurotransmitter re-
uptake inhibitors or releasers, were withdrawn after marketing in sev-
eral countries or worldwide due to cardiotoxicity or potential for drug
abuse/dependency.? Consequently, in 2009, orlistat was the only anti-
obesity drug approved for long-term treatment in Korea. However, Ko-
rean Ministry of Food and Drug Safety has approved three more anti-
obesity drugs for long-term management in the past decade and an-
other drug is under consideration for approval. The currently pre-
scribed anti-obesity drugs are listed in Table 1, along with their status
in the controlled substances schedule, by the US Drug Enforcement
Administration.” In addition, since 2019, bariatric surgery has been
supported financially by the National Health Insurance Service.

In this review paper, the mechanisms of action and the clinical im-
plications of the recently approved anti-obesity drugs, lorcaserin, nal-

trexone/bupropion, and liraglutide, will be described.

Table 1. Commonly used drugs for weight reduction
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MECHANISM OF ACTION OF CENTRALLY ACTING
ANTI-OBESITY DRUGS

In the previous era of anti-obesity drugs, it was unclear how the cen-
trally acting anti-obesity drugs suppressed appetite; however, the
mechanism of action of orlistat, a gastric/pancreatic lipase inhibitor
that inhibits the absorption of dietary fat in the small intestine, was
well characterized. However, the appetite-suppressing mechanisms of
lorcaserin, naltrexone/bupropion, and liraglutide are easy to under-
stand. Before the mechanism of action of anti-obesity drugs is de-
scribed, a brief overview of the mechanism of energy homeostasis in
the brain will be provided.

1. Energy Homeostasis and the Arcuate Nucleus

For the maintenance of energy homeostasis, it is essential to sense the
peripheral signals related to the amount and accessibility of energy.
The signals can be divided into two groups: the relatively stable signals
that describe the amount of overall stored energy in the body; and the
rapidly changing signals that describe the sudden energy consump-
tion, the recent food intake, food availability, and anticipated energy
consumption. These peripheral signals of body energy status are con-
sidered to be transferred to a specific region of the brain through the
humoral and neural pathways and are integrated there. The signaling
routes for the control of obesity have been described in detail previ-
ously.”

The neurons in the arcuate nucleus of the hypothalamus, which
control food intake and energy expenditure, can be grouped into two
major populations: orexigenic neurons, which express neuropeptide Y
(NPY) and/or agouti-related peptide (AgRP); and anorexigenic neu-
rons, which express proopiomelanocortin (POMC) and/or cocaine-
and amphetamine-regulated transcript (CART). These two neuron
populations gather and integrate the peripheral signals related to the
current energy status of body, the presence of food, and the amount of
food intake, and they activate the feeding center or transmit signs of
satiety, which stop feeding behavior and suppress feeding actions for a
certain period of time. Downstream of the POMC/CART neurons, the

activation of melanocortin (MC) 3 and 4 receptors by o-melanocyte

Drug category Controlled substance schedule

Drug Approval status in MFDS
Phentermine Short-term
Phendimetrazine Short-term
Diethylpropion Short-term
Mazindol Short-term
Orlistat Long-term
Lorcaserin Long-term
Naltrexone/Bupropion Long-term
Liraglutide Long-term
Phentermine/Topiramate Under consideration

Sympathomimetic amine v
Sympathomimetic amine [If
Sympathomimetic amine v
Sympathomimetic amine v
Gastric/pancreatic lipase inhibitor NA
5-HTxc receptor agonist v
Opioid antagonist/anti-depressant NA
GLP-1 analogue NA
Sympathomimetic amine/antiepileptic drug NA

Controlled substance schedules are divided into five classes according to the medical usage and the relative abuse potential of each substance by the US Drug Enforcement
Administration. For the definition of schedules and example drugs, refer to reference number 3.9
MFDS, Korean Ministry of Food and Drug Safety; NA, not applicable; GLP-1, glucagon-like peptide 1.
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stimulating hormone occurs (Figure 1).

2. Serotonergic Satiety in Brain

Serotonin (5-hydroxytryptophan, 5-HT) is a monoamine neurotrans-
mitter that is been well conserved across species throughout evolu-
tion.” The 5-HT system and receptors are quite varied and the 5-HT
receptors have been grouped into seven families, 5-HT. to 5-HT,
which include 14 known subtypes.” 5-HT is involved in diverse physi-
ology, including cognition, mood, sexual behavior, and feeding behav-
ior.”

Although 5-HT has been conserved well throughout evolution,
5-HT systems are different in invertebrate animals and mammals. Al-
though 5-HT neurons are broadly distributed throughout the CNS in
lophotrochozoan invertebrates, they are concentrated largely in the
raphe nucleus in mammals.® The role of 5-HT in eating behavior is not
the same in invertebrates and mammals. In invertebrate animals,
5-HT promotes feeding behavior, whereas in mammals, its main role
is in the induction of satiety.”

For the investigation of the involvement of 5-HT receptor subtypes
in satiety, several compounds that differ in their affinity to the receptor

subtypes have been used, including m-chlorophenylpiperazine
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(mCPP), RU-24969, 1-(3-trifluoromethylphenyl) piperazine (TFMPP),
and 2,5-dimethoxy-4-iodoamphetamine (DOI).” According to the re-
ports investigating mCPP, RU-24969, TFMPP, and DO], of the various
5-HT receptors, 5-HT1s and 5-HTxc are predominantly involved in sati-

ety.”)

3. Interaction of Serotonin Satiety System with POMC/CART
Neurons and NPY/AgRP Neurons
The anorexic effects of the serotonin receptor agonist (RA), fenflura-
mine, which was widely administered to patients with obesity in the
early 1990s, were known to be mediated through the central melano-
cortin system.” Lam et al.? reported that 5-HT.c receptors were ex-
pressed on POMC neurons, and prolonged infusion with BVTX, a se-
lective 5-HT.c RA, significantly increased the expression of POMC
mRNA, which was not observed in MC4 receptor knockout mice. The
MC3 receptor was reported to be more likely downstream of sero-
tonin-induced hypophagia, through a study of MC3 knockout, MC4
knockout, and MC3/MC4 double knockout mice.'"” Moreover, the sys-
temic administration of fenfluramine can acutely suppress the expres-
sion of NPY in hypothalamic neurons, although the expression returns
to normal with chronic administration."'? 5-HT1; RAs were shown to

Figure 1. Schematic drawing of appetite control and the mechanisms of action of lorcaserin, naltrexone/bupropion, and liraglutide. Solid arrows mean stimulation and dotted
lines mean inhibition. Among the various diverse 5-HT receptors, 5-HT+g and 5-HTzc are mainly involved in satiety. In the serotonin satiety system, 5-HT suppresses NPY(O)/
AgRP(@) neurons through 5-HTsg, but stimulates POMC/CART neurons through 5-HTac receptors. Lorcaserin stimulates POMC/CART neurons, which results in the activation
of MC3/4 receptors. The mechanism of action of naltrexone/bupropion is the stimulation of POMC neurons with bupropion, augmented with blocking of the autoinhibitory
mechanism of POMC by naltrexone. Endogenous GLP-1(*) is secreted from intestinal endocrine L-cells, which are located mainly in the distal ileum and colon, and
preproglucagon-expressing neurons in the NTS of the brain stem. Endogenous GLP-1 from L-cells can activate the hepatic vagal nerve and vagal afferent fibers of nodose
ganglion neurons. However, the hypophagic effect of liraglutide depends on its direct activation of POMC/CART neurons and the indirect suppression of NPY/AgRP neurons
through GABA(I)-dependent signaling. 5-HT, 5-hydroxytryptophan; 5HT+gR, 5-hydroxytryptophan (serotonin) 1B receptor; 5HTxcR, 5-hydroxytryptophan 2C receptor; NPY,
neuropeptide Y; AgRP, agouti-related peptide; POMC, proopiomelanocortin; CART, cocaine- and amphetamine-regulated transcript; MC, melanocortin; GLP-1, glucagon-like
peptide-1; NTS, nucleus tractus solitaries; GABA, gamma-aminobutyric acid; ARC, arcuate nucleus; a.-MSH, o.-melanocyte stimulating hormone.
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hyperpolarize NPY neurons, whereas 5-HT receptor antagonists pre-
vented the hyperpolarization induced by 5-HT:s RAs."” These findings
suggested that 5-HT may directly inhibit NPY/AgRP neuron activity
through the inhibitory 5-HT;s receptor.

In conclusion, 5-HT suppresses NPY/AgRP neurons, but stimulates
POMC/CART neuron through the 5-HT:s and 5-HT.c receptors, and
these effects are transferred to the MC3/4 receptors to induce hypo-

phagia (Figure 1).

4. Gut to Brain

Preproglucagon, coded by the proglucagon gene, is processed to glu-
cagon-like peptide-1 (GLP-1), and is secreted from intestinal endo-
crine L-cells, which are located mainly in the distal ileum and colon,
and preproglucagon-expressing neurons in the nucleus tractus solitar-
ius (NTS) of the brain stem."*' Although there are many GLP-1 bind-
ing sites in the brain, the half-life of endogenous GLP-1 secreted from
the gut is too short to reach the brain owing to the rapid degradation;
this occurs mainly through dipeptidyl peptidase-4 (DPP-4) and DPP-4
shortens the half-life of GLP-1 to several minutes. However, unlike gut-
derived endogenous GLP-1, GLP-1 RAs have a much longer half-life
owing to their resistance to degradation by DPP-4, conferred by their
structural differences, including changes in the amino acid sequence;
therefore, some GLP-1 RAs may reach the brain through the humoral
pathway, cross the blood-brain barrier (BBB), and attach to GLP-1
binding sites in the brain. GLP-1 RAs that reach the inside of brain may
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act like brain-derived endogenous GLP-1.

GLP-1 can activate the hepatic vagal nerve and the vagal afferent fi-
bers of nodose ganglion neurons.'®'” In rats with subdiaphragmatic
vagal deafferentation, the hypophagic effect of intraperitoneally inject-
ed GLP-1 was suppressed in the early stage (until 1 hour) of low-dose
administration, whereas the hypophagic effect was observed in the
later stages (>2 hours) or by a high-dose administration.'® Similarly,
the hypophagic effect of liraglutide was sustained in rats with subdia-
phragmatic vagal deafferentation.'” According to these findings, puta-
tively, the neural pathway through the vagus nerve is responsible for a
large part of the influence of endogenous gut-derived GLP-1 on the
brain, whereas peripherally administered long-acting GLP-1 RAs act
directly on brain GLP-1 RAs through the humoral pathway.

5. Mechanisms of Action of Lorcaserin and Liraglutide
Considering the energy homeostasis mechanism described above, the
action mechanism of lorcaserin, a selective 5-HT.c RA, is very clear: it
stimulates POMC/CART neurons, which results in the activation of
MC3/4 receptors.

However, the weight-reducing mechanism of liraglutide requires
further explanation. A well-known effect of gut-derived endogenous
GLP-1 is the inhibition of gastric emptying, which is related to the
main side effect of liraglutide, nausea. However, the weight loss effect
of liraglutide does not appear to depend on the delay in gastric empty-

ing, at least in rats. The chronic administration of the long-acting GLP-

Table 2. Randomized controlled trials of lorcaserin and naltrexone/bupropion for weight reduction

Study . : " :
Author (year) du(:;g)on Group No. Compleion  Age) Ml b(okg{we'ght '”:;'Z'ei’o(ﬁé /mf)ss M‘fggs‘“(’;o'?m

Smith et al.? (2010) 52 Lorcaserin 20 mg 1,595 883 43.8 100.4+0.4 36.2+0.1 -5.8

Placebo 1,587 716 44.4 99.7+0.4 36.2+0.1 2.2

Fidler et al.” (2011) 52 Lorcaserin 20 mg 1,602 917 43.8 100.1+£15.6 36.0+4.3 -5.8

Lorcaserin 10 mg 801 473 43.8 99.8+16.6 35.8+4.3 -4.7

Placebo 1,601 834 43.7 100.5+16.2 35.9+4.1 -2.8

O'Neil et al.?” (2012)* 52 Lorcaserin 20 mg 256 169 53.2 103.7+£17.0 36.1+4.5 -4.5

Lorcaserin 10 mg 95 75 53.1 106.0+19.4 36.1+4.8 -5.0

Placebo 253 157 52.0 102.6+18.1 35.9+4.5 -15

Greenway et al.* (2010) 56 Naltrexone 32 mg+ 583 296 44.4 99.7+15.9 36.1+4.4 -6.1
Bupropion 360 mg

Naltrexone 16 mg+ 578 284 44.4 99.5+14.8 36.2+4.3 -5.0
Bupropion 360 mg

Placebo 581 290 43.7 99.5+14.3 36.2+4.0 =118

Wadden et al.*” (2011)" 56 Naltrexone 32 mg+ 591 342 45.9 100.2+15.4 36.3+4.2 -9.3
Bupropion 360 mg

Placebo 202 118 45.6 101.9+15.0 37.0+4.2 -5.1

Apovian et al.*® (2013) 56 Naltrexone 32 mg+ 1,001 538 44.3 100.3+16.6 36.2+4.5 -6.4
Bupropion 360 mg

Placebo 495 267 44.4 99.2+15.9 36.1+4.3 -1.2

Hollander et al.*¥ (2013)* 56 Naltrexone 32 mg+ 335 175 54.0 104.2+18.9 36.4+4.8 -5.0
Bupropion 360 mg

Placebo 170 100 535 105.1+17.0 36.4+4.5 -1.8

Values are presented as number or mean=standard deviation. The mean weight loss was calculated for the full analysis set, which comprised all randomized individuals

exposed to trial drug with at least one post-randomization weight assessment.

*The participants were patients with obesity and diabetes. "Treatment was combined with behavior modification.
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1 RA liraglutide induces desensitization of gastric inhibition, whereas
the short-acting GLP-1 RA exenatide does not.*” This is the reason for
stepwise up-titration in the administration of liraglutide to the pa-
tients.

The hypophagic effect of liraglutide does not rely on the neural
pathway through the vagus nerve, and it is independent of GLP-1 re-
ceptors in the area postrema and the paraventricular nucleus."” Lira-
glutide does not activate endogenous GLP-1-producing neurons in the
NTS." However, liraglutide acts directly on POMC/CART neurons and
NPY/AgRP neurons. Liraglutide increases the expression of POMC
mRNA, but does not affect the expression of CART mRNA." In the
comparison of weight-matched rats, liraglutide-treated rats showed
lower expression of NPY mRNA and AgRP mRNA, indicating that lira-
glutide suppressed the elevation of food-deprived hunger signals."
However, there are no GLP-1 receptors on NPY/AgRP neurons, and
the inhibitory signal of liraglutide on orexigenic NPY neurons is trans-
mitted via y-aminobutyric acid (GABA)-dependent signaling.' In ad-
dition, the activation of GLP-1 receptors suppressed the reward system
activity of mesolimbic dopamine neurons to highly palatable food in-
take, which may be a mechanism through which liraglutide demon-
strates its hypophagic effect.?”

GLP-1 can induce direct thermogenesis. It was demonstrated that
GLP-1 increased thermogenesis in rats, mediated by the lower brain-
stem and the sympathoadrenal system, with a larger increase ob-
served from intravenous administration than from intracerebroven-

tricular administration.” The thermogenic effect of GLP-1 is induced
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depends on adrenergic signaling. However, the increase in resting
energy expenditure was not significant in patients with type 2 diabetes
mellitus (T2DM).2)

In conclusion, the hypophagic effect of liraglutide depends on the
direct activation of POMC/CART neurons and the indirect suppres-
sion of NPY/AgRP neurons through GABA-dependent signaling, and
the suppression of mesolimbic dopamine reward system (Figure 1).
The weight loss results of clinical trials of lorcaserin and GLP-1 RAs are

summarized in Tables 2 and 3, respectively.*?

6. Combination of Naltrexone/Bupropion
The fixed dose drug combination of sustained-release (SR) naltrexone
32 mg and SR bupropion 360 mg (NB) is one of the approved anti-
obesity drugs for long-term treatment in Korea.

In the arcuate nucleus, dopamine receptor activation suppresses
NPY neurons and stimulates POMC neurons, most likely through D2
receptors.***¥ The intraperitoneal co-administration of a selective do-
pamine reuptake inhibitor with a selective norepinephrine reuptake
inhibitor showed additive effects on negative energy balance in
mice.* Although bupropion, a norepinephrine-dopamine reuptake
inhibitor, is unique among anti-depressants owing to its association
with weight loss due to its mechanism of action, the extent of weight
reduction from bupropion is minimal in patients with obesity. In a
randomized placebo-controlled trial, 24-week administration of SR
bupropion 300 and 400 mg/d were associated with mean weight loss

of 5.7% and 7.7%, respectively, compared with that of 4.0% in the pla-

by the increase in interscapular brown adipose tissue activity, which  cebo group.*®
Table 3. Randomized controlled trials of liraglutide and semaglutide for weight reduction
Author (year) duraSttiggy(wk) Group No. Completion  Age (y) wgilgLF ?8; “}ﬁg)n?gﬂ l Melaggsm(/oe/: ?ht
Wadden et al.?® (2013)* 56 Liraglutide 3.0 mg 212 159 45.9 100.4+20.8 36.0£5.9 -6.2
Placebo 210 146 46.5 98.7+£21.2 35.2+5.9 0.2
Pi-Sunyer et al.?® (2015) 56 Liraglutide 3.0 mg 2,487 1,789 45.2 106.2+21.2 38.3+6.4 -8.0
Placebo 1,244 801 45 106.2+21.7 38.3+6.3 -2.6
Davies et al.”® (2015)" 56 Liraglutide 3.0 mg 423 310 55.0 105.7+21.9 37.1+6.5 -6.0
Liraglutide 1.8 mg 211 154 54.9 105.7+21.9 37.0+6.9 -4.7
Placebo 212 135 54.7 106.5+21.3 37.4+71 -2.0
Blackman et al.*" (2016) 32 Liraglutide 3.0 mg 180 134 48.6 116.5+23.0 38.9+6.4 -5.7
Placebo 179 142 48.4 118.7+25.4 39.4+7.4 -1.6
O’Neil et al.* (2018) 52 Semaglutide 0.05 mg 103 7 47 111.3+23.2 39.1+6.5 -6.3
Semaglutide 0.1 mg 102 88 45 111.3£21.5 39.6+7.4 -9.1
Semaglutide 0.2 mg 103 87 44 114.5+£24.5 40.1+6.9 -12.5
Semaglutide 0.3 mg 103 88 47 111.5+£23.0 39.6+7.1 -12.1
Semaglutide 0.4 mg 102 82 48 113.2+26.4 39.9+8.8 -14.0
Semaglutide 0.3 mg FE 102 75 47 108.1+£22.1 38.2+6.5 -12.3
Semaglutide 0.4 mg FE 103 91 46 109.6+21.3 38.5+5.9 -17.0
Liraglutide 3.0 mg 103 86 49 108.7+21.9 38.6+6.6 -8.3
Placebo 136 103 46 114.2+25.4 401+7.2 -2.3

Values are presented as number or mean=standard deviation. The mean weight loss was calculated for the full analysis set, which comprised all randomized individuals

exposed to trial drug with at least one post-randomization weight assessment.
BMI, body mass index; FE, fast (2-weekly) dose escalation.

*The participants were patients with obesity who lost >5% of their initial body weight during a variable-length (4—12 weeks) low-energy diet run-in period. The participants
were patients with obesity and diabetes (BMI >27 kg/m? with hemoglobin A1s 7.9%—10.0%).
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Naltrexone, an opioid receptor antagonist used in the treatment of
opioid or alcohol dependence, resulted in the dose-related suppres-
sion of eating and drinking in rats.*” Consequently, naltrexone was ad-
ministered to patients with obesity in several clinical trials in the 1980s
to induce weight loss in humans, but the results were unsuccessful.***)

Although the weight loss effects of bupropion and naltrexone in hu-
mans were not satisfactory, in vivo electrophysiology studies by Gre-
enway et al."” demonstrated that bupropion stimulated POMC neu-
rons and the combination of bupropion and naltrexone showed great-
er effects on POMC neurons. Animal studies, preclinical, and clinical
trials of NB showed that this combination had a greater weight loss ef-
fect compared with previous results for the monotherapy of each
drug."* In conclusion, the mechanism of action of NB is the stimula-
tion of POMC neurons with bupropion, with this stimulation aug-
mented by blocking of the autoinhibitory mechanism of POMC by
naltrexone (Figure 1). The weight loss results of clinical trials of NB are
summarized in Table 2."9

GLP-1 RECEPTOR AGONISTS FOR THE TREATMENT
OF OBESITY: LIRAGLUTIDE AND SEMAGLUTIDE

Presently, six GLP-1 RAs are used worldwide for the treatment of
T2DM: albiglutide, dulaglutide, exenatide, liraglutide, lixisenatide, and
semaglutide. Except for semaglutide, these GLP-1 RAs have been ap-
proved in Korea. Although the six GLP-1 RAs share a mechanism of
action and their basic characteristics, there are differences among the
drugs. The detailed similarities and differences of these drugs are be-
yond this review and are were described.* Essentially, the GLP-1 RAs
can be categorized by their duration of action for the stimulation of the
GLP-1 receptor in circulation: short-acting (exenatide and lixisenatide)
and long-acting (albiglutide, dulaglutide, exenatide long-acting re-
lease, liraglutide, and semaglutide). The main mechanism of the glu-
cose-lowering effect is somewhat different between the two groups.
The short-acting GLP-1 RAs inhibit gastric emptying and mainly lower
postprandial glucose levels, whereas the long-acting drugs stimulate
postprandial insulin secretion and suppress fasting glucagon secre-
tion, which can affect both fasting and postprandial blood glucose lev-
els.>"

Endogenous GLP-1, liraglutide, and lixisenatide can cross the BBB
and reach the hypothalamus.'**"*® However, there is no evidence that
other GLP-1 RAs cross the BBB. The molecular size and structure of al-
biglutide and dulaglutide are completely different from endogenous
GLP-1; therefore, it is difficult for them to cross BBB and act on the hy-
pothalamic neurons through the humoral pathway.

Of the six GLP-1 RAs, only liraglutide and semaglutide were re-
searched for long-term weight management; liraglutide is currently
available in Korea. There have been several large phase 2 and 3 clinical
trials for these drugs in the treatment of obesity and the participants
and mean weight loss results are summarized in Table 3.%%? As shown
in the clinical trials, the weight reduction effect of liraglutide was mod-

est (mean weight loss from -5.7% to -8.0%) and that of semaglutide

https://doi.org/10.4082/kjfm.19.0013
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was strong (-17% for rapid dose escalation of 0.4 mg). Unlike liraglu-
tide, semaglutide can be administered orally. Oral semaglutide in a
tablet form is co-formulated with the absorption enhancer sodium
N-[8 (2-hydroxybenzoyl) amino] caprylate. In a clinical trial of daily
administered oral semaglutide (2.5 to 40 mg) for 26 weeks in patients
with T2DM, the dose-dependent range in the reduction of hemoglo-
bin Alc induced was -0.7% to -1.9%, whereas those induced by 1 mg
weekly administered semaglutide through the subcutaneous route
and oral placebo were -1.9% and -0.3%, respectively.” In that trial, the
weight reduction in oral semaglutide for each dosage was as follows:
placebo, -1.2 kg; 2.5 mg group, -0.9 kg; 5 mg group, -1.5 kg; 10 mg
group, -3.6 kg; 20 mg group, -5.0 kg; 40 mg standard escalation group,
-5.7 kg. Thus, subcutaneous injection is better than per oral adminis-
tration for semaglutide. The mainstream obesity treatment of GLP-1
RAs will move to semaglutide from liraglutide in the near future, con-
sidering the results of clinical trials. Putatively, in some areas, bariatric
surgery can be replaced with semaglutide.

Beyond obesity treatment, liraglutide has some other potential clini-
cal uses. Patients with schizophrenia have high mortality rate; one of
the primary causes of their death is cardiovascular disease.”” Although
anti-psychotic drugs are effective for the treatment of schizophrenia,
they induce weight gain and adverse metabolic effects in patients with
schizophrenia.® In a small clinical trial, liraglutide improved glucose
tolerance and reduced body weight in patients with schizophrenia
spectrum disorders on clozapine or olanzapine.”

Bariatric surgery induces a large weight reduction in patients with
morbid obesity and substantial remission of T2DM. However, T2DM
relapses occurred in a considerable number of the patients with dia-
betes who achieve remission through surgery.*” Small-scale retrospec-
tive reports suggested that liraglutide could be an option for patients
who experienced poor weight loss or weight regain after bariatric sur-
gery

Although liraglutide was not approved for patients under 18 years of

54,55)

age in Korea, a randomized controlled 5 week trial of 21 adolescents
between 12 and 17 years of age reported that the administration of li-
raglutide resulted in similar safety and tolerability as administration to
adults.”

CARDIOVASCULAR SAFETY OF ANTI-OBESITY
DRUGS

Diabetes is diagnosed from an elevated blood glucose level and non-
enzymatic glycation products; thus, the tight control of blood glucose
should be the core of the prevention of cardiovascular disease, which
is the most common cause of mortality, disability, and financial bur-
den. However, intensive glycemic control was shown to fail in the re-
duction of macrovascular episodes, even though it reduced microvas-
cular events in well-known large clinical observational or interven-
tional studies.”™

Itis certain that obesity increases cardiovascular risk and that weight

reduction can ameliorate risk. However, similar to the glycemic control
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achieved with anti-diabetic drugs, there is little evidence on whether
the weight reduction induced by anti-obesity drugs can decrease or
postpone cardiovascular events in patients with obesity. Conversely,
several anti-obesity drugs, including fenfluramine and sibutramine,
were banned from market owing to their deleterious effects on the car-
diovascular system.” Based on these historical events, newly devel-
oped anti-obesity drugs should have proven safety and/or efficacy on
cardiovascular events in addition to its weight loss effect.

In the past several years, three clinical trials of the cardiovascular
safety of anti-obesity drugs have been performed: the CAMELLIA-
TIMI 61% trial of lorcaserin, the study by Nissen et al.*” of NB, and the
LEADER trial of liraglutide in patients with T2DM.*” The results of the
trials are summarized in Table 4. In the lorcaserin group, there was no
increase in the risk of cardiovascular events during the trial. The lira-
glutide group (administered up to 1.8 mg daily for the treatment of dia-
betes) had lower rates of cardiovascular events and all-cause death
than the placebo group, although there were no significant differences
between the liraglutide and placebo groups with respect to myocardial
infarction and for stroke. However, the safety of NB for cardiovascular
events was not confirmed, because trial was terminated prematurely
owing to early data release. In addition, the cardiovascular safety or ef-
ficacy of the higher dosage of liraglutide (3.0 mg) for the treatment of
obesity has not yet been studied.

Of these three trials, the major cardiovascular events and all-cause
death rates were clearly higher in the liraglutide trial (LEADER); this
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may have been because the proportion of patients with diabetes, the
proportion of established cardiovascular disease, and the level of gly-
cated hemoglobin were higher. The lack of cardiovascular benefits in
the clinical trials of anti-obesity drugs may be a result of: (1) insuffi-
cient length of the study; (2) the moderate cardiovascular risk of par-
ticipants; and (3) the usage of anti-hypertensive agents, statins, or anti-
platelet agents.

CONCLUSION

Lorcaserin stimulates POMC/CART neurons and inhibits NPY/AgRP
neurons, which results in the activation of the MC3/4 receptors. The
mechanism of action of NB is the stimulation of POMC neurons with
bupropion, augmented with blocking of the autoinhibitory mecha-
nism of POMC by naltrexone. The hypophagic effect of liraglutide de-
pends on its direct activation of POMC/CART neurons and the indi-
rect suppression of NPY/AgRP neurons through GABA-dependent
signaling, with adjunctive suppression of the mesolimbic dopamine
reward system. Among GLP-1 RAs, semaglutide is expected to be add-
ed to the list of anti-obesity drugs in the near future. In patients with
obesity patients with high cardiovascular risk, lorcaserin was neutral
and liraglutide (up to 1.8 mg) was favorable, whereas the results of NB

were inconclusive.

Table 4. Time-to-event analysis randomized controlled trials of lorcaserin, naltrexone/bupropion, and liraglutide for cardiovascular safety

Author (year)
Variable
Bohula et al.*® (2018)* Nissen et al.>¥ (2016)* Marso et al.%% (2016)"
Noninferiority margin of HR 1.4 1.4 1.3
Follow-up duration 3.3y (3.0-3.5Y) 121 wk (114-128 wk) with 3.8 y with 2-week placebo run-in
2-week crossover run-in
Group Lorcaserin 20 mg Placebo NB Placebo Liraglutide 1.8 mg Placebo
No. 6,000 6,000 4,455 4,450 4,668 4,672
No. of AEs leading to 433 (7.22) 220 (3.67) 1,253 (28.1) 388 (8.7) 444 (9.5) 339(7.3)
discontinuation of study drug

Age () 64 (58-69) 64 (58-69) 61.1+7.27 60.9+7.38 64.2+7.2 64.4+7.2
Initial bodyweight (kg) 102 (90-116) 102 (90-116) 105.6+19.1 106.3+19.2 91.9+21.2 91.6+20.8
Initial body mass index (kg/m?) 35 (32-39) 35 (32-39) 36.6 (33.1-40.9) 36.7 (33.1-41.1) 32.5+6.3 32.5+6.3
Male 3,888 (64.9) 3,814 (63.6) 2,018 (55.3) 2,031 (55.6) 3,011 (64.5) 2,992 (64.0)
Baseline condition

Diabetes 3,385 (56.4) 3,431 (57.2) 3,784 (84.9) 3,803 (85.5) 4,668 (100.0) 4,672 (100.0)

Glycated hemoglobin (%) 6.1 (5.7-7.0) 6.1 (5.6-7.0) 7.0 (6.1-8.1)F 7.1 (6.4-8.2)* 8.7+1.6 8.7+1.5

Cardiovascular disease 4,488 (74.8) 4,470 (74.5) 1,415 (31.9) 1,447 (32.5) 3,831 (82.1) 3,767 (80.6)
Mean weight loss -42kgatly -14kgatly -3.6% -1.1% Difference between group was 2.3 kg
MACE at trial completion 364 369 124 119 608 694
MACE at interim analysis 242 241 90 102 NA NA
All cause death 212 202 43 51 381 447

HR (95% Cl) for MACE

0.99 (0.85-1.14)

0.95 (0.65-1.38)°

0.87 (0.78-0.97)

Values are presented as number (%), median (interquartile range), or mean=standard deviation, unless otherwise stated.
HR, hazard ratio; NB, naltrexone 32 mg-+bupropion 360 mg; AE, adverse event; MACE, major cardiovascular events (a composite of cardiovascular death, myocardial
infarction, and stroke); NA, not applicable; ClI, confidence interval.
*The participants were people with obesity and pre-existing cardiovascular disease or with an increased cardiovascular risk. 'The participants were patients with type 2
diabetes and high cardiovascular risk. *Glycated hemoglobin level in patients with diabetes, median (interquartile range). $99.7% Cl.
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