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Abstract

Obesity is a chronic disease which requires treatment.
As lifestyle interventions alone hardly ever result in
long-term weight loss, pharmacotherapy is an impor-
tant adjunct to lifestyle measures to improve the induc-
tion and maintenance of weight loss. Owing to the lim-
ited options currently available for the pharmacological
treatment of obesity, it is imperative to develop new
safe compounds. This study aims to review the current
medications approved by European Medicines Agency
and United States Food and Drug Administration (FDA)
for the treatment of obesity, focusing essentially on
their benefits and risks, as well as on the new drugs
which are presently under clinical trials. Moreover, it
lists the anti-obesity agents that have been recently
withdrawn from the market. A revision of the scientific
literature was carried out, through a search on Pubmed
for papers published from January 2010 to January
2013. Orlistat (Xenical®) is currently the only long-term
pharmacotherapy for obesity available in the European
market, as rimonabant and sibutramine were with-
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drawn in 2008 and 2010, respectively, due to serious
psychiatric and cardiovascular adverse effects. Lorca-
serin (Belvig®) and the association of phentermine and
topiramate (Qsymia"") were recently approved by FDA.
Orlistat suppresses appetite inhibiting gastrointestinal
lipase, being its adverse effects mostly gastrointestinal.
Lorcaserin activates 5-HTac receptors, phentermine is
a norepinephrine releasing drug, and topiramate is an
anticonvulsivant drug with weight loss properties.

© 2014 Baishideng Publishing Group Inc. All rights re-
served.
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Core tip: Obesity is a chronic disease which requires
treatment. As lifestyle interventions alone hardly ever
result in long-term weight loss, pharmacotherapy is an
important adjunct to lifestyle measures to improve the
induction and maintenance of weight loss. This study
reviews the current medications approved by European
Medicines Agency and United States Food and Drug
Administration for the treatment of obesity, focusing
essentially on their benefits and risks, as well on the
new drugs under clinical trials. An original algorithm
for assessment and treatment of overweight and obese
patients in clinical practice was also developed.

Martins A, Morgado S, Morgado M. Anti-obesity drugs currently
used and new compounds in clinical development. World J Meta-
Anal 2014; 2(4): 135-153 Available from: URL: http://www.
wjgnet.com/2308-3840/full/v2/i4/135.htm DOI: http://dx.doi.
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INTRODUCTION

Obesity is a global epidemic, which is increasing not only
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in Western cultures, but also in Mexico, Brazil, China and
[1,2]
, and

underlying sedentary lifestyles and overconsumption of

parts of Africa, due to increasing urbanization

calories. According to the most recent estimates by the
World Health Organization, more than 1 billion people in
the world are overweight or obese, accounting for up to
7% of the health care cost in most developed countries”.
It is estimated that obesity affects 10%-30% of adults in
the European Union (EU) countries and 46.3% in the
United States. This chronic disease increases morbid-
ity and mortality, largely due to associated comorbidities,
including type 2 diabetes mellitus (T2DM), cardiovascular
diseases, premature atherosclerosis metabolic syndrome,
. About 90% of cases of

T2DM are due to excess weight, so professional societ-

liver disease and cancer”

ies recommend weight loss as a key initial step in the
management of overweight or obese T2DM patients”ol.
Furthermore, there is a five-to-six times increase in hy-
pertension among obese individuals compared to those
with normal Welght[11 A2

The relation between obesity and several of its co-
morbidities appears to be mediated by risk factors char-
acterized by the metabolic syndrome, which is closely
. Weight loss
achieved by changes in eating behavior, diet and physi-

cal activity are the cornerstones in the treatment of the

associated with abdominal obesity!"”"”

metabolic syndrome. However, weight control methods
often produce short-term success, while sustained weight
maintenance is difficult to achieve''”. Therefore, phar-
macological therapy has been proposed as an adjunct
to diet and lifestyle changes to improve maintenance of
weight loss"® Drug therapy is considered for 1nd1v1duals
with a body mass index (BMI) greater than 30 kg/ m’ or
ranging from 25 to 30 kg/ m” if they have concomitant
obesity-related risk factors or diseases'".

Improving diet (7e., reduction in caloric intake) and
increasing physical activity can address obesity. Neverthe-
less, adherence to lifestyle changes can be challenging for
many reasons, such as a lack of will for change on the
part of the patient, physical restrictions that limit activity
and the need for a multidisciplinary health care team for
effective treatment. In severe cases of obesity, with pos-
sibly evident comorbidities, pharmacological treatment
or bariatric surgery are considered in addition to lifestyle
changes®”.

In contrast to orlistat, a gastric and pancreatic lipase
inhibitor that inhibits the absorption of fat from the
intestines, all of the other mentioned drugs act on the
central nervous system (CNS) to suppress appetite, thus
reducing food intake, and/or stimulate energy expendi-
ture, thereby reducing body weight. Orlistat is the first
prescription treatment for obesity that does not act as
an appetite suppressant, incapacitating lipase to break
triglycerides down into fatty acids and monoglycerides. It
also improves cardiovascular risk factors, including serum
triglycerides levels®™

There are currently several drugs towards the phat-
macological treatment of obesity under clinical trials. An
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anti-obesity drug that is already on an advanced stage of
clinical trials is Contrave®, a sustained-release formulation
of bupropion and naltrexone, which significantly reduced
body weight in a phase 3 trial®. The FDA has required
an additional clinical trial prior to the approval of the
drug, because of concern over the cardiovascular safety
profile™

SHORT-TERM TREATMENT OF OBESITY

Phentermine

Phentermine hydrochloride (Adipex-P®) is a sympatho-
mimetic anorectic drug of the phenethylamine class, with
pharmacology similar to amphetamine. It is thought to
act on the hypothalamus stimulating the adrenal glands to
release norepinephtine, thus reducing appetite”™, although
it has not been established that the primary action of
amphetamine anorectics in treating obesity is appetite sup-
pression, since other CNS actions or metabolic effects may
also be involved””. Tt is approved by FDA since 1959 for
short-term (< 12 wk) treatment of obesity as monothera-
py (15-37.5 mg/d) in a regimen of weight reduction based
on exercise, behavioral modification and calotic restriction,
in the rnanagernent of exogenous obesity in patients with a
BMI = 30 kg/m” or = 27 kg/m” in the presence of other
risk factors (e.g, hypertension, diabetes, dy: shplderma) I In
2005, it was still the most prescribed anti-obesity drug in
the United States™. However, it was definitely withdrawn
from the EU market in May 2001, after a recommenda-
tion by European Medicines Agency (EMA) due to an
unfavourable risk to benefits ratio, including tolerance and
possible abuse potentialm. Because phentermine has sym-
pathomimetic properties, some reported adverse effects
were insomnia, tremor, elevation in blood pressure and
pulse rate, headache, palpitation and constipationm.

Diethylpropion

Diethylpropion hydrochlotide (Tenuate®), also known
as amfepramone, is another amphetamine-like analogue
that was also approved by FDA in 1959 as a short-term
(< 12 wk) adjunct in the treatment of exogenous obesity
as monotherapy only (one 25 mg tablet three times daily
or one 75 mg controlled-release tablet once a day), in a
regimen of weight reduction based on caloric restriction
in patients with a BMI = 30 kg/m™™*, Diethylpropion,
as an amphetamine-like analogue, stimulates neurons to
release or maintain high levels of catecholamines, namely
dopamine and norepinephrine. High levels of these cat-
echolamines tend to suppress hunger signals and appetite.
Diethylpropion, through catecholamine elevation, may
also indirectly affect leptin levels in the brain. It is theo-
rized that diethylpropion can raise levels of leptin, which
signal satiety. It is also theorized that increased levels of
the catecholamines are partially responsible for halting
neuropeptide Y. This peptide initiates eating, decreases
energy expenditure, and increases fat storage[34]. The most
common side effects are dry mouth and insomnia™. In
2001, EMA also recommended its withdrawal from the
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EU market, for the same reasons as phenterminem

LONG-TERM TREATMENT OF OBESITY

Intestinal lipase inhibitors
Orlistat: Orlistat was until recently the only pharma-
cological weight loss drug on the international market.
Xenical® (orlistat 120 mg) was approved as a prescrip-
tion drug by FDA in 1999 for obesity management and
to reduce the risk of regaining weight after prior weight
loss. In 2007, Alli (orlistat 60 mg) was approved for over-
the-counter use for weight loss in overweight adults (=
18 years), along with a reduced-calorie and low-fat diec™.
Orlistat reversibly blocks the gastrointestinal lipase activ-
ity and thus the absorption of about 25% of ingested
fat. The 60 mg dose achieves a weight loss of about 5%
of total body weight over a 16 wk period, improving
insulin resistance and lipid proﬁlem. Weight loss with
orlistat is about 3% (placebo-subtracted), but meets FDA
categorical standard (FDA categorical weight loss is the
proportion of subjects who lose at least 5% of baseline
body weight in the active-product #s placebo-treated
group.) P9, Tt is indicated for obese individuals aged 18 or
over with an initial BMI = 30 kg/m” or = 27 kg/m’ in
the presence of other risk factors. The safety and efficacy
of Xenical® were evaluated in obese adolescent patients
aged 12 to 16 years old. It was concluded that the use
of Xenical® in this age group is supported by evidence
from adequate and well-controlled studies of Xenical® in
adults, from a 54-wk efficacy and safety study and a 21-d
mineral balance study in obese adolescent patients aged
12 to 16 years. However, unlike FDA, EMA did not ap-
prove the use of orlistat in patients below 18 years of
age. With respect to pediatric patients below the age of
12, safety and effectiveness have not been established
yet and its use is not approved in this populationm]. The
Royal Pharmaceutical Society recommends that BMI of
individuals requesting orlistat is always checked and that
patients should be advised to take an additional multivi-
tamin supplement, to counteract the loss of fat-soluble
vitamins™. As it is a lipases inhibitor, orlistat has several
potential adverse effects patients need to be aware of,
most of them involving the gastrointestinal system.
When combined with a reduced-calorie diet, otlistat
has proved to be more effective than diet alone". How-
ever, another study, carried out in order to compare a
low-carbohydrate, ketogenic diet with orlistat therapy
combined with a low fat diet over 48 wk, showed a sta-
tistically significant mean weight loss, although similar in
the two groups (ze., -9.5% s -8.59 o). This intervention
also had similar beneficial effects on most measures of

cardiovascular disease risk, including waist circumference
(which decreased as well), fasting serum lipid profiles and
C-reactive protein. Weight loss was significantly greater in
participants who attended group sessions regularly, which
may indicate the usefulness of these sessions in motivat-
ing patients. Efforts should hence be made to incorpo-
rate similarly intensive weight loss programs into medical
practice!
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Another study was conducted to compare the effects
of one year treatment with orlistat plus L-carnitine and
otlistat alone on body weight, glycemic and lipid control
and insulin resistance in uncontrolled T2DM™. This
study led to the conclusion that the association of otlistat
plus L-carnitine was more effective than orlistat mono-
therapy in improving body weight, glycemic and lipid
profile, insulin resistance and inflammatory parameters.
A weight loss was observed from baseline of 9.5% in the
orlistat group and of 11.3% in the orlistat + L-carnitine
group. No significant adverse effects were reported.
These positive effects can be due to synergism between
these two drugsml.

A Portuguese study, carried out by de Castro ez al*,
compared the efficacy and safety of orlistat »s placebo
in obese patients with mild to moderate hypercholester-
olemia, concluding that treatment with orlistat, plus a
reduced calorie diet for 6 mo, achieved significant reduc-
tions in weight, BMI and in total and low-density lipopro-
tein (LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol changes being similar in both treatment
groups. The mean difference in weight from baseline
was 5.9% in the orlistat group and 2.3% in the placebo
group. By the end of the study, 49.1% of patients in the
otlistat group had lost 5%-10% of their baseline weight,
compared to 22.4% of the placebo group and 8.8% had
lost over 10% (4.7% more than the placebo group). The
frequency of gastrointestinal adverse effects was slightly

higher in the orlistat than in the placebo groupw.

Cetilistat: Cetilistat is a new, highly lipophilic benzoxazi-
none inhibitor of gastrointestinal and pancreatic lipases,
which is currently under development for the manage-
ment of weight loss in obese patients. In a 12-wk, Phase
2 clinical trial in obese patients without medicated co-
morbidities, administration of cetilistat three times daily
combined with a hypocaloric diet produced significantly
greater weight loss than placebo[m. Furthermore, it was
well tolerated, the adverse effects being predominantly
gastrointestinal and mild (ie., aware of signs or symp-
toms, easily tolerated) or moderate (7.e., sign or symptom
causes discomfort but does not interfere with normal
activities) in severit}r[45].

A randomized, double-blind study was carried out
to determine the efficacy and safety of cetilistat and or-
listat relative to placebo in obese patients with T2DM,
treated with metformin*’. Twelve weeks of treatment
with cetilistat 80 or 120 mg three times daily significantly
reduced body weight and improved glycemic control in
obese T2DM patients. Absolute weight loss was signifi-
cantly greater in the cetilistat 80 and 120 mg dose groups
than in the placebo group (P = 0.01 and P = 0.0002,
respectively), but in the group treated with cetilistat 40
mg weight loss was similar to placebo. Cetilistat was well
tolerated, having withdrawals due to adverse effects been
similar to placebo and markedly less frequent than with
orlistat. Discontinuation in the orlistat group was entirely
due to gastrointestinal adverse effects. The high level of
tolerability to cetilistat led to an increase in compliance
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Figure 1 Structures of orlistat and cetilistat.

and could be clinically significant in the management of
this patient population. The difference in adverse effects
between cetilistat and otlistat could be attributable to
structural differences between them (Figure 1). Although
both molecules are lipase inhibitors, the chemical struc-
tural differences concerning hydrophilic and lipophilic
components may influence the way they interact with fat
micelles in the intestine. Orlistat, unlike cetilistat, may
hence promote coalescence of micelles, leading to oils
and increased gastrointestinal adverse effects™.

A Bryson ¢ al'” article, published in 2009, described
three phase 1 studies, which demonstrated that cetilistat
effectively inhibits gastrointestinal lipases, substantially
increasing the amount of faecal fat excreted in healthy
male volunteers receiving a controlled calotie diet. It also
stated that faecal fat excretion in the cetilistat groups was
at least comparable to the orlistat 120 mg three times
daily group™”.

In December 2008, phase 2 clinical trials data show-
ing that cetilistat 80 mg and 120 mg promoted significant
weight loss compared with placebo (3.85 kg and 4.32 kg
vs 2.86 kg, respectively) and was well tolerated in clinically
obese patients encouraged Takeda Pharmaceutical Com-
pany Limited to start a phase 3 clinical trial in ]apan[w.

Agonists of the serotonin 5-HT:c receptors
Lorcaserin: Lotcaserin is a potent and selective sero-
tonin 2C receptor agonist, which has been recently (June
2012) approved by FDA for chronic weight management
as Belviq® (lorcaserin hydrochloride), in addition to a hy-
pocaloric diet and exercise. The drug is approved for use
in obese (BMI = 30 kg/m’) or overweight (BMI = 27
kg/ mz) adults who have at least one weight related condi-
tion, such as hypertension, T2DM or dyslipidemiaw.
Lotcasetin activates 5-hidroxytryptamine (5-HT or se-
rotonin) receptors 5-HTzc, suppressing appetite through
the pro-opiomelanocortin (POMC) neurons. This anti-
obesity drug reduces body weight both in rodents and
humans, although it is not clear whether weight loss is a
result of reduced energy intake only or also of enhanced
energy expenditure. When gauged by the standards of
the Division’s 2007 draft guidance for Developing Prod-
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ucts for Weight Management, the mean weight loss as-
sociated with the lorcaserin 10 mg once daily and twice
daily dose was 3%-4% greater than the mean weight loss
with placebo. Therefore lorcaserin did not satisfy the
guidance’s mean efficacy criterion. However, the lorcase-
rin 10 mg twice a day dose did, by a slim margin, satisfy
the categorical efficacy criterion™",

Martin ef al”" investigated the effect of lorcaserin on
energy intake and energy expenditure, having concluded,
after 7 d of weight maintenance (consisting of a diet and
exercise plan), that lorcaserin significantly reduced energy
intake and appetite. However, it did not alter either en-
ergy expenditure or respiratory quotient (RQ) (The ratio
of the volume of carbon dioxide produced to the volume
of oxygen consumed per unit of time by the body; usu-
ally corresponding to the volumes given off and taken
up by the lungs. It varies with the source of food energy
used.). In combination with a healthy lifestyle program,
lorcaserin treatment (10 mg twice daily) resulted in sig-
nificantly larger weight loss than placebo (lorcaserin, -3.8
+ 0.4 kg; placebo, -2.2 £ 0.5 kg; P < 0.01) over 56 d"".
Furthermore, treatment with lorcaserin improved the risk
factors of cardiovascular disease, namely total and LDL
cholesterol, which were significantly reduced, as well as
diastolic blood pressurem. Concerning adverse effects,
lorcaserin was generally well tolerated, headache being
the most common adverse effect”".

Another 2-year trial, carried out by Smith e o/, and
known as Behavioral Modification and Lorcaserin for
Overweight and Obesity Management trial, led to the
conclusion that lorcaserin, along with behavioral modi-
fication (consisting of a nutrition and physical exercise
program), produced significant mean weight loss and im-
proved maintenance of weight loss, when compared with
placebo (5.8% vs 2.2%, P < 0.001). It was also observed
that, at the end of year 1, 47.5% of patients who received
lorcaserin lost, at least, 5% of their initial body weight,
compared to 20.3% of patients who received placebo
(¢.e., the proportion of patients in the lorcaserin group
was more than twice that in the placebo group) (P <
0.001). The average weight loss achieved in the lorcaserin
group after 1 year was associated with an improvement in
plasma lipid levels, insulin resistance, and blood pressure.
Furthermore, lorcaserin produced a reduction in waist
circumference and in the levels of markers of inflamma-
tion, such as high-sensitivity C-reactive protein (hs-CRP),
thus reducing the risk of future cardiovascular events.
Total and LDL cholesterol, as well as triglyceride levels, at
the end of year 1 were considerably lower in the lorcase-
rin group than in the placebo group, but it was increased
at the end of year 2 in both groups. Concerning adverse
effects, more patients in the lorcaserin group than in
the placebo group withdrew from the study because of
headache (2.0% #5 0.8%) and dizziness (0.8% »s 0.1%). At
the end of year 1, 2.3% of patients in the placebo group
and 2.7% of patients in the lorcaserin group developed
serotonin-associated valvulopathy (P = 0.70) (relative
risk with lorcaserin, 1.1; 95%CI: 0.69-1.85). On the other
hand, in year 2, the rate of heart valvulopathy was 2.7%
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Figure 2 Patients with at least 5% and at least 10% weight loss in the
CONQUER study. From™ with permission from Elsevier.

in the placebo group and 2.6% in patients who received
lorcaserin during year 1 and year 27,

Belvig® should not be used during pregnancy. Treat-
ment may lead to serious adverse effects, including se-
rotonin syndrome, particularly when administered with
drugs commonly used to treat depression and migraine,
and disturbances in attention or memory. However, the
most common adverse effects of Belviq® are headache,
dizziness, fatigue, nausea, dry mouth and constipation
in non-diabetic patients; and hypoglycemia, headache,
back pain, cough and fatigue in diabetic patients. Belvig®
should be used with caution in patients with congestive
heart failure, due to a possible increase in the number of
5-HT%8 receptors in this pathologyw.

Combination therapies

Phentermine/topiramate: Topiramate, used as anti-
convulsivant and for prevention of migraine headaches,
has shown weight loss properties but is not currently
approved as a sole therapy for obesitymj. The mecha-
nism of action for topiramate is unknown, although it is
known that it blocks repetitive firing by acting on sodium
channels, may enhance GABAx-mediated chloride ions
flux, and seems to be an antagonist of the q-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid and kainate
receptors, blocking the effect of glutamate (an excitatory
neurotransmitter)”’,

Qsymia™, an extended-release formulation of phen-
termine hydrochloride and topiramate, has been approved
by FDA, in July 2012, as weight loss therapy, in combina-
tion with a reduced-calorie diet and exercise. The drug is
approved for use in obese (BMI = 30 kg/m?’) or over-
weight (BMI = 27 kg/m?’) adults, who have at least one
weight-related comorbidity, such as hypertension, T2DM
or dyslipidemia. Qsymia™ is available in four different
extended-release formulations: 3.75 mg of phentermine
and 23 mg of topiramate; 7.5 mg of phentermine and
46 mg of topiramate; 11.25 mg of phentermine and 69
mg of topiramate; and a higher dose containing 15 mg
of phentermine and 92 mg of topiramate for specific
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patients. Qsymia™ should be taken once a day in the
morning, with or without food. The dose of Qsymia™
should be increased if the patient does not lose a certain
amount of weight within the first 12 wk of treatment at
the recommended dose. If, after an additional 12 wk peri-
od of treatment on a higher dose, the patient has not lost
a certain amount of weight, treatment should be discon-
tinued””. With respect to pharmacological interactions,
Qsymia™ should not be used with: birth control (contra-
ceptive) medications, diuretics (e.g., hydrochlorotiazide),
carbonic anhydrase inhibitors, anticonvulsivant medicines
(e.g., valproic acid) and medicines that impair or decrease
thinking, concentration or muscle coordination’™.

Qsymia™ must not be used in patients with glau-
coma or hyperthyroidism and can increase heart rate 0.6
to 1.6 beats per minute (bpm)™. Tts use in patients with
recent or unstable heart disease ot stroke is, therefore,
not recommended. Heart rate should be regularly moni-
tored in these patients, especially if they ate starting or
increasing the dose. The FDA approved Qsymia™ with
a Risk Evaluation and Mitigation Strategy, the aim of
which is to educate prescribers and their patients about
the increased risk of birth defects associated with first 3
mo of exposure to Qsymia™, the need for pregnancy
prevention and the need to discontinue therapy in preg-
nancy”". The most common adverse effects of Qsymia
™ are paresthesia of hands and feet, dizziness, altered
taste sensation, insomnia, constipation and dry mouth®".

Allison ¢z /™ conducted a 56-wk randomized controlled
trial to evaluate the safety and efficacy of a controlled-release
formulation of phentermine and topiramate (PHEN/TPM
CR) for weight loss and metabolic improvements. In this
study, men and women with class II and III obesity (BMI
= 35 kg/m’) wete randomized to placebo, PHEN/TPM
CR 3.75/23 mg or PHEN/TPM CR 15/92 mg, in addi-
tion to a low-energy diet. PHEN/TPM CR demonstrated
dose-related beneficial effects on weight and metabolic
variables, having not been reported serious adverse ef-
fects resulting from treatment. Concerning mean weight
loss, patients in the placebo, PHEN/TPM 3.75/23, and
PHEN/TPM 15/92 groups lost 1.6%, 5.1%, and 10.9%
of baseline body weight (BW), respectively, at 56 wk
(P < 0.0001). In categorical analysis, 17.3% of placebo
patients, 44.9% of PHEN/TPM 3.75/23 patients, and
66.7% of PHEN/TPM 15/92 patients, lost at least 5%
of baseline BW at 56 wk (P < 0.0001)",

The same authors developed a 56-wk, randomized,
placebo-controlled, Phase 3 trial, known as the CON-
QUER study[”], in order to evaluate the efficacy and
safety of two doses of Phentermine/Topiramate CR, in
combination with diet and lifestyle modification in over-
weight and obese adults (Figure 2). These authors dem-
onstrated that both doses of the controlled formulation
of phentermine and topiramate, along with lifestyle inter-
ventions, are useful for the treatment of obesity, both in
reducing weight and improving cardiometabolic variables
(blood pressure, waist circumference, concentrations of
lipids, glycemia, adiponectin)ligj. It was obtained a mean
weight loss (placebo-subtracted) of 6.6% and 8.6% with
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PHEN/TPM 7.5/46 mg and PHEN/TPM 15/92 mg,
respectively, and a categorical weight loss of 62% and
70% with PHEN/TPM 7.5/46 mg and PHEN/TPM
15/92 mg, respectively. These results satisfy the FDA
mean and categorical efficacy draft guidance criteria”™.
Furthermore, improvements in risk factors were most
pronounced in patients with pre-existing comorbidities.
Psychiatric and cognitive adverse dose-dependent effects
occurred mainly during the eatly phase of treatment, and
were resolved on drug discontinuation. It is important to
mention that patients with clinically significant depres-
sion were excluded from this study"”.

The SEQUEL study, a double-blind placebo con-
trolled, 52-wk extension of the CONQUER Studyml, was
designed to evaluate the longer-term efficacy and safety
of lifestyle modification and two doses of PHEN/TPM
CR for an additional 52-wk period (in patients who had
completed the CONQUER study). Mean weight losses
from baseline were -1.8%, -9.3% and -10.5% for placebo,
PHEN/TPM 7.5/46 mg and PHEN/TPM 15/92 mg,
respectively. A weight loss of 10% was achieved by more
than 50% of subjects treated with PHEN/TPM CR.
Phentermine/Topitamate CR improved cardiovascular
and metabolic variables (¢g., hyperglycemia, dyslipidemia,
hypertension), despite reduced use of concomitant medi-
cations to control blood pressure, lipid variables, and gly-
cemic variables and decreased the rate of progression to
T2DM. The greatest benefic effects were seen in patients
receiving PHEN/TPM CR 15 mg/92 mg™. However, a
mean increase was reported in heart rate of 0.4 bpm in
placebo subjects, 1.3 bpm in PHEN/TPM CR 7.5/46
subjects, and 1.7 bpm in PHEN/TPM CR 15/92 sub-
jects. Despite this, PHEN/TPM CR was generally well
tolerated, the most commonly reported adverse effects
being upper respiratory infection, constipation, paraes-
thesia, sinusitis and dry mouth. During the extension
study, discontinuation rates due to adverse effects were
similar between placebo (3.1%) and patients treated with
PHEN/TPM CR 7.5/46 (4.5%) and with PHEN/TPM
CR 15/92 (4.4%). Therefore, PHEN/TPM CR consti-
tutes a well-tolerated and effective option for the sus-
tained treatment of obese individuals with cardiometa-

bolic disease™.

Naltrexone/bupropion: Naltrexone is a non-selective
p-opioid receptor antagonist, but is considered rather
preferential for p receptors. It is a synthetic analogue
of oxymorphone and naloxone, a white crystalline
compound soluble in water. Bupropion is an amino-
ketone antidepressant, inhibiting dopamine reuptake.
Its structure is closely related to that of diethylpropion,
an anorexigenic and sympathomimetic agent previously
mentioned. Bupropion is highly soluble in water and is
related to the phenylethylamines, which are known for
their stimulant effects'®’,

Combined treatment with sustained-release (SR) naltrex-
one and bupropion (Contrave®) was developed to produce
complementary actions in CNS pathways regulating body
weight: on the one hand, by stimulating hypothalamic pro-
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opiomelanocortin (POMC) neurons with bupropion; on
the other hand, by simultaneously blocking opioid-mediated
POMC autoinhibition with naltrexone™. POMC produc-
ing neurons in the hypothalamus release g-melanocyte-
stimulating hormone (0-MSH) and B-endorphin. a-MSH
mediates the anorexigenic effect of POMC, whereas
B-endorphin performs an autoinhibitory feedback through
activation of opioid receptors on POMC neurons, thus
Inactivating the anorexigenic effect® ),

In February 2011, the FDA declined the approval
of Contrave® due to concerns related to the long-term
cardiovascular safety profile in overweight and obese
individuals. The FDA advised the company responsible
for the development of Contrave® (Orexigen Therapeu-
tics Inc.) that they would have to conduct a randomized,
double-blind, placebo-controlled trial in order to demon-
strate that the risk of major cardiovascular adverse effects
in overweight and obese patients receiving the drug does
not negatively affect the risk-benefit proﬁle[mM. One of
the conducted trials was the Contrave Obesity Research-1
(COR-I) study™, a randomized, double-blind, placebo-
controlled, phase 3, 56-wk trial, which examined the ef-
fect of such treatment on body weight in overweight and
obese subjects from 34 locations in the United States.
The participants were men and women aged between
18 and 65 years with: (1) a BMI ranging from 30 to 45
kg/ m” and uncomplicated obesity; or (2) a BMI ranging
from 27 to 45 kg/ m’ and dyslipidemia or hypertension.
Participants were submitted to a mild hypocaloric diet
and exercise and were randomly assigned in a 1:1:1 ratio
to receive: (1) naltrexone 32 mg plus bupropion 360 mg;
(2) naltrexone 16 mg plus bupropion 360 mg; and (3) a
placebo (Figure 3).

The combination treatment produced greater im-
provements in waist circumference, insulin resistance, and
concentrations of HDL cholesterol, triglycerides and hs-
CRP compared with placebom. Moreover, naltrexone 32
mg plus bupropion 360 mg originated a better improve-
ment in fasting insulin and glucose concentrations” . The
groups treated with naltrexone plus bupropion revealed
a better weight-related quality of life than the placebo
group did, mainly as a result of increased physical func-
tion and self-esteem”. Treatment with naltrexone 32
mg plus bupropion 360 mg provided greater weight loss
as well as greater improvements in cardiometabolic risk
factors and quality of life than the naltrexone 16 mg
plus bupropion 360 mg formulation. In participants who
completed 56 wk of treatment, weight loss was greater
in the combination treatment groups (naltrexone 32 mg
plus bupropion, -8.1%; naltrexone 16 mg plus bupropion,
-6.7%) than in the placebo group (-1.8%). Due to the ef-
fects of bupropion, combination treatment originated a
small and transient increase in mean systolic and diastolic
blood pressure. However, it was subsequently observed
that greater weight loss correlated with larger decreases
in systolic and diastolic blood pressure in all treatment
groups. Although more adverse effects were reported in
the groups receiving naltrexone plus bupropion than in
the placebo group, those adverse effects were mostly mild
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Figure 3 Proportion of participants who lost at least 5%, 10% and 15% of baseline weight at week 56. °P < 0.0001 vs placebo. From

Elsevier.

to moderate and transient, having been consistent with
the known safety and tolerability profiles of the individual
drugs. It was then concluded that treatment with sus-
tained-release naltrexone plus bupropion provides a new
approach to manage obesity that might improve the ability
to control eating behavior and response to food imagesm].

The effects of bupropion and naltrexone in addictive
disorders, along with evidence suggesting synergism of
these drugs in reward pathways, suggest that this combi-
nation improves control of eating and response to food
cravings. Since many overweight adults report food crav-
ings to be an important obstacle to their ability to adhere
to a diet, these actions could add to the utility of naltrex-
one plus bupropion in treatment of obesity".

Another study was the COR-behavior modification
(BMOD)[“J, a 56-wk, randomized, placebo-controlled
trial, aiming to evaluate the efficacy and safety of naltrex-
one plus bupropion, in addition to an intensive BMOD.
The participants were randomly assigned, in a 1:3 ratio, to
receive either placebo or naltrexone SR 32 mg/d plus bu-
propion SR 360 mg/d. The main positive endpoint in the
patients receiving treatment was change in body weight, a
decrease in weight of 5% or more from baseline at week
56 having been achieved. The larger weight losses pro-
duced by naltrexone 32 mg plus bupropion 360 mg were
also associated with greater reductions in markers of car-
diometabolic risk, such as waist circumference, triglycer-
ide and fasting insulin concentrations. Furthermore, this
drug combination, along with BMOD, produced an in-
crease in HDL cholesterol concentration, compared with
placebo + BMOD". Despite the reduction in systolic
and diastolic blood pressure being higher in the placebo
group, additional analyses revealed a relationship between
greater blood pressure reductions and greater weight loss
in patients treated with naltrexone 32 mg plus bupropion
360 mg + BMOD. The most common adverse effect in
the groups treated with naltrexone SR/bupropion SR
was mild-to-moderate transient nausea, a well-known side
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effect of naltrexone, which was dose-dependent. Other
reported adverse effects were constipation, dizziness,
dry mouth, urticaria, anxiety, disturbance in attention, in-
crease in blood pressure and vomiting, In conclusion, the
combination of naltrexone SR/bupropion SR, along with
an intensive behavioral modification program, achieved a
greater weight loss than BMOD alone, having generally
been well tolerated.

Bupropion/zonisamide: The sustained-release com-
bination of bupropion with the anti-epileptic agent
zonisamide (Empatic™), developed by Orexigen Thera-
peutics Inc., has been evaluated in three Phase 2 trials,
having produced more weight loss than treatment with
either drug given alone!”™. The second Phase 2b clini-
cal trial was designed to assess the safety and efficacy of
EmpaticTM in healthy, nondiabetic, obese patientsm.

Bupropion was approved by FDA in 1985 as antide-
pressant and in 1997 for smoking cessation. An immedi-
ate release formulation of zonisamide was approved in
the United States in 2000 for the adjunctive treatment of
partial seizures, a form of epilepsy. It is believed to exert
its anticonvulsivant activity by blocking calcium and so-
dium channels". The mechanism by which it decreases
appetite is not known. Zonisamide increases dopamine
and serotonin activities, possibly leading to a reduction in
appetite and an increase in energy expenditure, and it is
believed to supptess the neuropeptide Y/agouti-related
protein (NPY/AgRP) neuron, further stimulating the
POMC neurons®. It also inhibits carbonic anhydrase ac-
tivity, which possibly alters the perception of taste””.

A 24-wk Phase 2 study conducted by Orexigen
Therapeutics Inc., demonstrated a weight loss of 7.5%,
6.1% and 1.4% from basecline weight with bupropion
plus zonisamide 360 mg, bupropion plus zonisamide 120
mg and a placebo, respectively[73]. The most frequently re-
ported adverse effects of zonisamide SR/bupropion SR
combination were headache, nausea and insomnia” .
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Figure 4 Action of the orexigenic and anorexigenic hormones in the fast-
ing and feeding states. AgRP: Agouti-related protein; GLP-1: Glucagon-like
peptide-1; NPY: Neuropeptide Y; PYY: Peptide tyrosine-tyrosine; POMC: Pro-
opiomelanocortin.

Norepinephrine, dopamine and serotonin reuptake
inhibitors
Tesofensine: Tesofensine was initially developed for the
treatment of Parkinson’s disease or Alzheimert’s disease,
although it demonstrated a limited efficacy for this ap-
plication™, However, it is a very promising development
drug candidate for obesity management, having produced
twice the weight loss seen with currently marketed drugs
(-7.2 £ 6.7 kg, P < 0.0001)""". It simultaneously inhibits
three monoaminergic neurotransmitters (dopamine, not-
epinephrine and serotonin) presynaptic reuptake, thereby
increasing their neurotransmission. Dopamine acts in the
nucleus accumbens of the forebrain, modulating reward
and the “pleasure” feeling of food. Serotonin and norepi-
nephrine act on the hypothalamus, increasing metabolism
and reducing appetite. Tesofensine is under development
by NeuroSearch for the potential treatment of obesity”".
Sjédin et al”” investigated the mechanisms by which
tesofensine produces weight loss, measuring energy
expenditure and appetite sensations in overweight and
obese individuals. Tesofensine induced a 1.8 kg weight
loss above placebo after 2 weeks’ treatment (P < 0.0001).
It was concluded that tesofensine has a significant effect
on appetite sensations and a slight effect on energy ex-
penditure at night and that both effects can contribute to
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the strong effect of tesofensine in weight reduction!”

Phase 2 clinical trials with tesofensine were conducted
in obese individuals and it was observed that tesofensine
produced dose-related reductions in body weight, body
fat and waist circumference, as well as improvements in
other obesity-related endocrine factors. At the highest
dose tested, tesofensine caused dose-dependent eleva-
tions in heart rate, with significant increases in blood
pressure. However, the findings from these studies sug-
gest that tesofensine may be a well-tolerated long-term
treatment for obesity, with minimal cardiovascular effects.
FDA appears to share this view, having authorized the

Phase 3 trial program for this agent"”.

Glucagon-like peptide-1 receptor agonists

In the last few years, knowledge concerning the mecha-
nisms involved in appetite control has increased. The im-
mediate postprandial state is accompanied by hormonal
changes that include: (1) a reduction in the concentra-
tions of the orexigenic gut hormone ghrelin; and (2) an
increase in the anorexigenic peptides, such as peptide
tyrosine-tyrosine (PYY), glucagon-like peptide-1 (GLP-1)
and oxyntomodulin,

All of these hormones act on the hypothalamus, play-
ing an important regulatory role in the mediation of hun-
ger, satiety and energy intake (Figure 4)™, GLP-1 also ex-
erts an incretin effect on insulin synthesis and secretion,
inhibiting glucagon secretion, which may be responsible
for postprandial insulin response™”

GLP-1 is an incretin hormone secreted by enteroen-
docrine L-cells, which increases insulin secretion after
oral ingestion of a meal™. Carbohydrates and fat are the
most potent secretagogues for GLP-1 release!™,

The incretin response after meals is impaired in many
patients with T2DM, owing to resistance to glucose-
dependent insulinotropic peptide (GIP) that cannot be
compensated for by endogenous GLP-1. Two classes
of incretin therapies have been developed, in order to
overcome the native GLP-1 short half-life (1-2 min): di-
peptidyl peptidase-4 (DPP-4) inhibitors (gliptins), which
raise endogenous levels of plasma GLP-1 and GIP, and
DPP-4-resistant GLP-1 receptor agonists (liraglutide,
exenatide)™. In Phase 3 clinical trials, agents from both
of these classes of incretin-based therapies produced
improvements in glycemic control in patients with
T2DM™; however, efficacy is greater with GLP-1 RAs,
which additionally promote weight loss, reducing systolic
blood pressure and improving 3-cell function. These ef-
fects are particulatly advantageous to T2DM patients, as
most are affected by B-cell dysfunction, obesity and hy-
pertension™”.

The glucagon-like peptide-1 receptor agonists (GLP-1
RAS) Jiragintide and exenatide (ot exendin-4) improve glyce-
mic control by stimulating insulin release through pancre-
atic B-cells, depending on glucose. GLP-1 receptors do
not exist only in the pancreas.

Liraglutide (Victoza®) is cutrently approved by FDA
and EMA as an anti-hyperglycemic agent in T2DM
adults. Treatment with the 1.8 mg dose resulted in weight
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loss of 2.0 £ 0.3 kg from baseline after 26 wk, while
weight change with placebo vatied from a weight loss of
1.5 kg to a 0.6 kg weight gain over that time™. Never-
theless, liraglutide causes dose-dependent thyroid C-cell
tumors in rodents, being thus contraindicated in patients
with a personal or family history of medullary thyroid
carcinoma, although it is unknown whether liraglutide
causes C-cell tumors in humans™. Gastrointestinal ad-
verse events, namely nausea, diarrhea and vomiting, were
the most frequently reported events during treatment
with liraglutide™. Other reported adverse effects were:
pancreatitis; hypoglycemia, when liraglutide was used
with an insulin sectetagogue or insulin; renal impairment;
hypersensitivity reactions; headache; and anti-liraglutide
antibody formation™.

At the present, the main adverse effects of GLP-1
and GLP-1 RAs seem to be transient gastrointestinal
events. A cardiovascular protective role has also been
suggested for GLP-1 in Phase 3 clinical studies, raising
the possibility that GLP-1 RAs may lower the risk of
cardiovascular events in T2DM patients. In those studies,
T2DM patients treated with liraglutide exhibited reduced
lipid levels as well as decreased levels of cardiovascular
risk biomarkers, including plasminogen activator in-
hibitor-1 (PAI-1), brain natriuretic peptide and hs-CRP
(-7.6%, -11.9% and -23.1%, respectively)™.

Exenatide (Byetta®) is approved by both FDA and
EMA as an adjunct to diet and exercise to improve glyce-
mic control in adults with T2DM®**. A study was con-
ducted to assess the effects of exenatide on body weight
and glucose tolerance in nondiabetic obese individuals
with normal or impaired glucose tolerance or impaired
fasting glucose, submitting obese patients to exenatide
or placebo, with simultaneous lifestyle intervention, for
24 wk'™, Patients treated with exenatide lost 5.1 £ 0.5 kg
from baseline versus 1.6 + 0.5 kg with placebo. Placebo-
subtracted difference in percent weight reduction was
-3.3% £ 0.5% (P < 0.001). It was observed that exenatide
plus lifestyle modification reduced caloric intake, having
resulted in greater weight loss than lifestyle modification
alone (treatment difference, -3.3%), in nondiabetic obese
subjects, with improved glucose tolerance in individuals
with impaired glucose tolerance and impaired fasting glu-
cose. Thus, some authors have speculated that exenatide,
along with lifestyle modification, has potential as a treat-
ment for obesity in individuals at high risk for develop-
ing T2DM™. However, the efficacy of weight loss for
GLP-1 agonists does not meet FDA standards and they
are not well-tolerated for long-term use because they
result in nausea and diarrhea. Indeed, nausea was experi-
enced by 25% and 4% and diarrhea by 14% and 3% of
exenatide and placebo-treated subjects, respectivelylssj.

Oxyntomodulin is another gut hormone and GLP-1
receptor agonist, which is released from the small intes-
tine after each meal in proportion to the calories intake.
Early studies showed that administration of synthetic
oxyntomodulin reduces appetite, suggesting that endog-
enous oxyntomodulin signals to the brain a feeling of
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“fullness” or “satiety” after meals™. Wynne ez 2/’ dem-
onstrated that oxyntomodulin reduces energy intake and
increases energy expenditure, resulting in negative energy
balance. These data support its role as a potential anti-
obesity therapy. Field ez al”™ carried out a study aiming
to investigate whether the anorectic effects of PYY, a Y2
receptor agonist, and oxyntomodulin, a GLP-1 receptor
agonist, can be additive. Likewise PYY, oxyntomodulin is
secreted by intestinal L-cells after meals. It was observed
that a combined infusion of PYY and oxyntomodulin
produces an additive anorectic effect in overweight and
obese humans, reducing food intake. Furthermore, this
and other studies suggest that coadministration of a Y2
receptor agonist and a GLP-1 receptor agonist may be an
important strategy for treating obesity, although further

: 02
studies are necessary"”.

Amylinomimetic drugs

Ampylin is cosecreted with insulin from pancreatic B-cells
and, like GLP-1, it has been reported to inhibit glucagon
secretion, delay gastric emptying, reduce appetite and,
therefore, food intake in humans (Figure 4P, Amylin
may, thus, act as an important regulator of postprandial
glucose homeostasis”™. I vitro, it forms amyloid and un-
dergoes a change in conformation, which leads to loss of
biological acrivity[%’wl. However, the study of analogues
of human amylin showed that substitution of alanine and
serine at positions 25, 28 and 29, originating pramlintide,
promotes stability in solution and allows preservation of
biological activity[%J. Thus, responses to the new drug
pramlintide provided knowledge of the biology of amy-
lin, as it has the same mechanism of action. Pramlintide,
a synthetic analogue of amylin, reduces appetite and food
intake, thus producing body weight loss”. Pramlintide
(Symlin®) is cutrrently approved in the United States as
an anti-hyperglycemic agent for patients with diabetes
mellitus as an adjunctive therapy to mealtime insulin, be-
ing uélder investigation as a potential treatment for obe-
sityllU )

A 2010 randomized, placebo-controlled trial investi-
gated the efficacy and safety of pramlintide monotherapy
or in association with either phentermine or sibutramine,
in addition to lifestyle modification”". A greater weight
loss was reported with both pramlintide plus phenter-
mine (11.3% % 0.9%) and pramlintide plus sibutramine
(11.1% £ 1.1%) than with pramlintide (3.7% % 0.7%) or
placebo alone (2.2% * 0.7%), confirming the potential
of both combinations in treating obesity. With respect to
categorical weight loss, = 5% weight loss was achieved
by 78% of pramlintide + sibutramine and 82% of pram-
lintide + phentermine evaluable subjects. These percent-
ages for both combination treatments were significantly
greater (P < 0.001) than the percent of subjects achieving
= 5% weight loss with placebo (28%) or pramlintide
alone (36%). Nevertheless, a greater reduction in blood
pressure was observed with both placebo and pramlintide
than with combination treatments, which generally pro-
duced an elevation in diastolic blood pressure and heart
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101 P : : . . .
rate", This is a matter of concern, owing to typically An increase in systolic blood pressure was not observed
elevated cardiometabolic risk profile in obese individuals. in the group treated with pramlintide plus sibutramine,
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in contrast to what had been previously reported with
sibutramine monotherapy. Both combination treat-
ments improved total and HDL cholesterol, as well as
triglycerides levels. On the other hand, pramlintide plus
phentermine improved LDL cholesterol levels. The most
frequent adverse effect seen with pramlintide mono-
therapy was nausea, which generally resolved over time.
The incidence of psychiatric adverse effects was low, the
combination having produced a reduction in the Hospi-
tal Anxiety and Depression Scale depression subscore, a
self-assessment mood questionnaite[mﬂ.

Smith ¢z /'™ demonstrated that pramlintide treatment
reduces daily food intake (including fast food intake) and
meal sizes, besides improving perceived control of eating
in obese individuals and reducing binge eating tendencies.
Binge eating disorder is a psychopathology characterized
by frequent and persistent episodes of binge eating with
the feeling of losing the control due to the absence of
regular compensatory behaviors'™,

Leptin is a neurohormone mainly secreted by adipo-
cytes and plays an important role in regulating insulin ac-
tion and long-term energy homeostasis (Figure 4). Obe-
sity is associated with resistance to many of the metabolic
effects of leptin, leading to the notion that resistance to
leptin is a cause of insulin resistance associated with obe-
sity'™. Leptin deficiency produces an increase in body
weight and insulin resistance, with consequences to glu-
cose metabolism", Tt is known that replacement treat-
ment with leptin improves insulin sensitivity in people
with leptin deficiency"*"",

As the neurohormonal control of body weight in-
volves an interaction between long-term adiposal signals
(eg., leptin, insulin) and short-term satiation signals (e.g.,
amylin, PYY, GLP-1, cholecystokinin), Ravussin ez al"™
examined the effect on weight loss of the agonism amy-
lin/leptin, using pramlintide and metreleptin. A 24-wk,
randomized, double-blind, active-drug controlled study
was developed in obese or overweight patients"", The
combination pramlintide plus metreleptin produced a
greater weight loss (-12.7% % 0.9%) in the first 20 wk
of the study than monotherapy with pramlintide (-8.4%
+ 0.9%; P < 0.001) ot metreleptin (-8.2% £ 1.3%; P <
0.01), demonstrating synergism between the two drugs.
The most frequent adverse effects were mild to moder-
ate nausea and reactions at the injection site. However,
this study did not elucidate the mechanism(s) for the
observed increase in weight loss, even though the results
support further development of pramlintide/metreleptin,
towards obesity pharmacotherapy”ogj.

Metformin

There are currently no medications approved by FDA to
treat obesity in children aged under 12 years. Metformin
is approved by FDA for the treatment of T2DM in chil-
dren aged 10 years or over, having received attention for its
potential to be used with weight control purposes in chil-
dren"". Tt suppresses hepatic glucose production and, at
higher doses, improves peripheral insulin sensitivity ", Tt
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is proved that metformin decreases food consumption, sta-
bilizes weight and can induce small weight losses in diabetic
and nondiabetic adults"*""Y. Yanovski e# o' studied the
effects of metformin in obese insulin-resistant children
aged between 6 and 12 years old, having concluded that
treatment with metformin produces a modest reduction
in body weight and adiposity, although it improves glu-
cose homeostasis in obese children. Metformin may also
be helpful in counteracting the weight gain observed in
children taking atypical psychotropic medications. Nev-
ertheless, cessation of metformin therapy may lead to
rebound hyperinsulinemia and rapid weight gain[“ﬁ]. Con-
cerning side effects of metformin, the most common
are nausea, flatulence, bloating and diarrhea, all of them
usually resolved. Metformin should not be used in renal
failure or with intravenous contrast. Multivitamin supple-
mentation is strongly recommended"””.

Ghandi e# a/''" carried out a study to compare the
effects of metformin and oftlistat in obese women with
polycystic ovary syndrome and concluded that both met-
formin and orlistat produce similar reductions in weight,
BMI and waist citcumference. Furthermore, metformin
caused a significant reduction in serum triglyceride and a
higher ovulation rate than orlistat, although the difference
was not statistically significant.

On the other hand, Wiegand ez al"™ studied the effect
of metformin therapy in obese insulin-resistant adoles-
cents, having reached the conclusion that metformin and
lifestyle modification improved insulin sensitivity, although
it did not produce weight loss. Curiously, a higher preva-
lence of side effects was reported in the placebo group
than in the group receiving metformin, showing how
important the belief in therapy effects and self-efficacy
may be, as it increases the motivation to adopt a healthy

lifestyle[lm.

Other possible treatments under investigation
Baclofen, a y-aminobutiric acid B (GABAB) agonist,
was demonstrated to reduce body weight more than 2%
(baseline: 93.3 + 9.8 kg; 12 wk: 91.7 + 10.3 kg, P < 0.05)
and waist circumference more than 2 cm in 5 out of 10
subjects, without observed adverse effects in obese pa-
tients'"”. Although the reported anti-obesity effects were
mild, baclofen may constitute a new anti-obesity drug in
humans.

Lactoferrin is a Fe-binding glycoprotein which is
present at high concentrations in mammalian milk. It is
multi-functional, having antibacterial, antiviral, immu-
nostimulatory, antioxidant and cancer-preventive poten-
tial™'*), As lactoferrin is ingested by infants in breast
milk, it is considered to be safe, having been approved
as a food additive in Japan. Ono ez a/'* demonstrated
that the ingestion of enteric-coated lactoferrin during 8
wk can reduce visceral fat, body weight (-1.5 kg, + 1.0 kg
than placebo), BMI and waist circumference both in men
and women without the need for lifestyle modifications.
Thus, it has potential to prevent obesity and decrease the
risk of metabolic syndrome.
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DRUGS THAT HAVE BEEN WITHDRAWN
FROM THE MARKET

Serotonin and norepinephrine reuptake inhibitors
Sibutramine: Sibutramine is a norepinephrine and se-
rotonin reuptake inhibitor that was approved in 1997 for
weight management and was withdrawn from the market
by FDA and EMA in 2010, based on the Sibutramine
Cardiovascular OUTcome (SCOUT) trial, which demon-
strated a 16% increase in risk of major adverse cardiovas-
cular events (non-fatal heart attack, non-fatal stroke, re-
suscitation after cardiac arrest and cardiovascular death).
The long-term effects of sibutramine treatment in com-
bination with diet and exercise on the rates of cardiovas-
cular events and cardiovascular death among individuals
with high cardiovascular disease risk were evaluated in the
SCOUT trial ™™,

James ez al™? investigated the effect of sibutramine
on cardiovascular outcomes in overweight and obese
subjects, 55 years of age or older, with preexisting car-
diovascular disease, T2DM, or both, to examine the
cardiovascular consequences of weight management
with or without sibutramine in individuals at high risk for
cardiovascular events. In the SCOUT trial, event rates
in the sibutramine group were lower than expected, and
the sibutramine group lost significantly more weight
than the placebo group (P = 0.001) and maintained the
weight loss"™!. However, the risk of a primary outcome
event was 16% higher in the sibutramine group than in
the placebo group (P = 0.02). It was concluded that indi-
viduals with a history of cardiovascular conditions who
were receiving long-term sibutramine treatment had an
increased risk of nonfatal myocardial infarction (P = 0.02)
and nonfatal stroke (P = 0.03), but not of cardiovascular
death (P = 0.90) or death from any cause (P = 0.54). On
the basis of these results, the authors of the SCOUT
trial concluded that sibutramine should continue to be
excluded from use in patients with preexisting cardiovas-
cular disease!™. These results also led to the withdrawal
of sibutramine from the market.

Cannabinoid type 1 receptor inverse agonists

The cannabinoid-1 receptors (CB1Rs) are highly expressed
in the CNS, autonomic gastric endings of the peripheral
nervous system, and other key cells involved in body energy
metabolism, such as adipocytes, hepatocytes and myo-
cytes"”"? Tt has been hypothesized that CB1R inverse ago-
nists act directly on adipocytes, hepatocytes, pancreatic islets
and skeletal muscle to mediate metabolic effects”.

Rimonabant: Rimonabant was the first selective can-
nabinoid-1 receptor blocker tested in large clinical trials,
having been used to reduce body weight and improve
cardiometabolic risk factor in obese patients. Rimonabant
(Acomplia® in Europe) received marketing approval from
the EMA in June 2006. However, it was withdrawn from
the market by EMA in 2008, due to safety concerns,
namely psychiatric adverse effects. In June 2007, FDA
unanimously voted against approval of rimonabant (Zi-
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multi® in the United States) because of increased risk of
neurological and psychiatric side effects, namely seizures,
depression, anxiety, insomnia, aggressiveness and suicidal
thoughts, having never approved its usel?*,

A prospective, double-blind, placebo-controlled,
randomized, two-arm parallel group trial (Atherosclero-
sis Underlying Development assessed by Intima-media
Thickness in patients On Rimonabant/AUDITORmﬂ
was carried out to determine whether treatment with 20
mg rimonabant would reduce progression of carotid inti-
ma-media thickness over 30 mo of treatment in abdomi-
nally obese patients with metabolic syndrome. The results
of this study demonstrate that rimonabant correlates
with an increase in psychiatric symptoms, nervous system
disorders (e.g., depression, anxiety) and gastrointestinal
disorders. Furthermore, the study suggests that a 5% loss
of body weight over a 30-mo period with rimonabant is
not sufficient to modify atherosclerosis progression in
the carotid artery in obese individuals with the metabolic
syndrome'”,

Motaghedi ez al™" observed that rimonabant admin-
istration may be efficacious for weight loss in adults with
Prader Willi syndrome, characterized by increased appe-
tite and decreased energy expenditure with lower insulin-
like growth factor-1, leading to adiposity. Nevertheless, it
causes high risk psychiatric adverse effects.

Horder et a/™ findings were the first to show that
rimonabant inhibits the neural process of rewarding food
stimuli in humans. Thus, it may not only promote weight
loss, but it may also indicate a mechanism for inducing
anhedonia (i.e., loss of the capacity to experience plea-
sure), which could increase the risk of depressive symp-
tomatology observed in clinical use.

Clinical trials did not support further development of
both taranabant and CP 945598, because of psychiatric
adverse effects, similar to those of rimonabant.

Figure 5 provides an overview of all drugs currently
approved for both long-term and short-term treatment of
obesity, the new drugs presently registered in ongoing clini-
cal trials and those recently withdrawn from the market.

Figure 6 summarizes assessment of overweight (25
kg/m” < BMI < 30 kg/m’) and obese (BMI = 30 kg/
m’) patients and pharmacological and non-pharmacolog-
ical treatment measures, taking into account currently ap-
proved anti-obesity drugs both in Europe (by EMA) and
in the United States (by FDA).

Table 1 summarizes the subtracted drug/placebo
mean weight loss (expressed in terms of percentages or
kilograms, as available) of the currently available drugs
for long-term treatment of obesity, and of the candidate
drugs that have shown more efficacy in clinical trials. It
also mentions the main beneficial and adverse effects of
each anti-obesity drug, allowing to compare their efficacy
and safety.

CONCLUSION

Obesity is a chronic disease and an important risk factor
for cardiovascular and metabolic diseases, such as T2DM.
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Initial assessment
of the patient:
Hx of BMI = 25?

Measure height, weight
and waist circumference;
Calculate BMI

If 25 < BMI < 27
or waist circumference
> 88 cm (F), > 102 cm (M),
recommend behavioral
changes dietary therapy,
physical activity

If BMI = 27, assess
obesity-related risk
factors or diseases
(e.g., hypertension)
T2DM, dyslipidemia)

If 27 < BMI < 30
or waist circumference
> 88 cm (F), > 102 cm (M),
and < 2 risk factors
recommend behavioral
changes

If 27 < BMI < 30
or waist circumference
> 88 cm (F), > 102 cm (M),
and < 2 risk factors,
pharmacotherapy
behavioral changes
and risk factors control
are required
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If BMI = 30, recommend
adequate
pharmacotherapy
and behavioral changes

Pharmacological therapy
should be personalized.
Discuss risk, benefits
and lack of long-trem
safety data with patients

In Europe:
Orlistat is the only
anti-obesity drug
approved for clinical use

In the United States:
Short-term treatment
(< 12 wk)
Consider Phentermine
or Diethylpropion

In the United States:
long-term treatment
(> 12 wk)

First choice - Orlistat
Second choice
- Lorcaserin or
Phentermine + Topiramate

Figure 6 Algorithm for assessment and treatment of overweight and obese patients. BMI: Body mass index; F: Female; Hx: History; M: Male; T2DM: Type 2

diabetes mellitus.

As lifestyle interventions alone hardly ever result in long-
term weight loss, pharmacotherapy is an important ad-
junct to lifestyle measures to improve the induction and
maintenance of weight loss.

Orlistat was until recently the only pharmacological
long-term treatment for obesity available on the market,
as rimonabant and sibutramine had been withdrawn in
2008 and 2010, respectively, due to serious psychiatric and
cardiovascular adverse effects. Lorcaserin (Belviq®) and
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phentermine plus topiramate (Qsymia™) were recently
approved by FDA, in June and July 2012, respectively.
Considering the drugs currently available on the market,
otlistat is the only whose mechanism of action does not
involve the CNS, but the inhibition of gastrointestinal
lipase. Lorcaserin activates 5-HT2c receptors, thus sup-
pressing appetite. Qsymia™ is an association of phenter-
mine, a norepinephrine releasing drug, and topiramate,
an antiepileptic drug which also exhibits weight loss
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Table 1 Benefits and risks of anti-obesity drugs

Drug Drug/Placebo Mechanism of action Other positive effects Adverse effects
subtracted weight
loss
Orlistat (Xenical®) 3.6% Decreases fat absorption ~ Improvement in most risk Increased flatulency
factors of cardiovascular Fecal incontinence
disease and CRP Diarrhea
Lorcaserin (Belviq®) 3.6% 5-HTac receptors agonist ~ Reduction in energy intake Headache, fatigue,
and appetite. Improvement in  dizziness, nausea, dry
the markers of cardiovascular mouth, constipation.
disease and inflammation  Disturbances in attention
or memory. Risk of birth
defects
Phentermine 7.5 + Topiramate 46 6.6% Amphetamine analogue + Improvement of Psychiatric and cognitive
(Qsymia™) Anticonvulsivant cardiometabolic variables adverse effects. Risk of
Phentermine 15 + Topiramate 92 8.6% birth defects
Cetilistat 146 kg Decreases fat absorption ~ Improvement in glycemic Mild or moderate
control gastrointestinal effects
Naltrexone 16 + Bupropion (Contrave®) 4.9% u-opioid antagonist Improvement in Nausea, constipation,
Naltrexone 32 + Bupropion 6.3% + Stimulator of the cardiometabolic risk factors  anxiety, increase in blood
hypothalamic POMC and in insulin resistance pressure
neurons
Zonisamide 120 + Bupropion (Empatic™) 4.7% Increases monoamines (e.g., Reduction in appetite. Headache, nausea,
Zonisamide 360 + Bupropion 6.1% DA) and POMC neurons Increase in energy insomnia
activity expenditure
Tesofensine 54+6.7kg Inhibits reuptake of DA,  Reduction in appetite, body Increase in heart rate and
5-HT and NE fat and waist circumference blood pressure
Liraglutide (Victoza®) 05+03 kg GLP-1 agonist; increases Improvement in glycemic  Nausea, diarrhea, vomiting
insulin secretion after meals  control and systolic blood
pressure
Exenatide (Byetta®) 35+05kg GLP-1 agonist; increases Improvement in glycemic Nausea, diarrhea

Pramlintide (Symlin®) 1.5% +0.7%

insulin secretion after meals

Anti-hyperglycemic agent;
synthetic analogue of

control and systolic blood
pressure
Reduction in binge eating
tendencies and blood

Nausea

human amylin

pressure

5-HT: 5-hidroxytryptamine; 5-HTzc: 5-hidroxytryptamine 2C receptors; CNS: Central nervous system; CRP: C-reactive protein; DA: Dopamine; GLP-1:

Glucagon-like peptide 1; NE: Norepinephrine; POMC: Pro-opiomelanocortin.

properties. All these drugs requite a combination with
lifestyle changes (hypocaloric diet, physical activity) in
order to show efficacy. Among the drugs under Phase 3
clinical trials, which have not been approved yet, the most
promising ones appear to be cetilistat, which mechanism
of action is identical to that of orlistat; Contrave®
association of naltrexone and bupropion which acts on
hypothalamic POMC neurons; tesofensine, a monoamine
reuptake inhibitor; and GLP-1 agonists, such as liraglu-
tide and exenatide, which exert an anorexigenic effect and
may be helpful to T2DM obese patients. However, Con-
trave® and tesofensine have shown cardiovascular side
effects in clinical trials, which led FDA not to approve
them yet. Pramlintide, a synthetic analogue of human
amylin currently approved for T2DM management, also
produced significant weight loss in clinical trials, having
shown a low incidence of psychiatric adverse effects. En-
teric coated lactoferrin appears to be a promising treat-
ment, as it does not require lifestyle changes. Baclofen
may also constitute a new anti-obesity therapy, since it
reduces body weight without reported adverse effects.
Regarding the short-term treatment of obesity, phenter-
mine and diethylpropion are currently the two available

, an
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pharmacological options in the United States, having
been withdrawn from the EU market.

In conclusion, owing to the limited options currently
available for the pharmacological treatment of obesity, it
is imperative to develop new safe compounds. The rapid
growth of biomedical science in the last decade and the
increasing understanding of the energy metabolism may
provide new and better therapies for this pathologic con-
dition.
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