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Abstract: Obesity has become an epidemic and a worldwide problem and its treatment is ever-evolving. Apart from diet and exercise,
medication and surgery are other options. After disappointing side effects of various obesity drugs, new treatments showed promising
results. This review discusses the following anti-obesity drugs: liraglutide, semaglutide, tirzepatide, orlistat, as well as the phenter-
mine/topiramate and bupropion/naltrexone combinations. These drugs have been approved by the Food and Drug Administration
(FDA) for weight reduction except for tirzepatide which is still under evaluation. Efficacy and tolerable safety profiles of some of these
drugs contribute to the management of obesity and reduce the complications associated with this chronic disease.
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Introduction
Obesity has become an epidemic and a worldwide problem." The prevalence of obesity in adults is estimated to be over
40% and is expected to increase further after the coronavirus disease 2019 (COVID-19) pandemic.” There are many risk
factors for obesity, from low birth weight to aging, but lifestyle choices have always been the biggest contributor.>

Obesity has been associated with cardiovascular (CV) diseases, type 2 diabetes, immune dysfunction, and cancer.® '°
The Global Burden of Disease investigators showed that more than two-thirds of deaths related to high BMI were due to
CV disease.'" Once thought of as an illness of the industrialized countries, it is now known that due to the decreased
nutritional value of low-cost food and lack of physical exercise obesity can affect both underdeveloped and developing
countries.'”> As obesity pandemic grows further it becomes more costly. It is projected that in 2030 medical costs
associated with obesity-related diseases will increase to $48-66 billion/year in the United States.'?

Although there are several therapeutic options to treat the diseases obesity is related to, agents that can solve the main
problem are limited."*

Treatment of obesity always starts with lifestyle changes.'* A healthier diet and a moderate exercise routine are a must in

15,16 .
>*” cumulative data

obesity treatment. However although randomized trials have shown >8.% decrease in weight in the first year,
shows that most patients cannot sustain this lifestyle and, more than half of the lost weight was regained within two years."”

Anti-obesity drugs are developed to help patients who fail to lose weight with lifestyle measures, but these therapeutic
options are limited.

Various drugs were withdrawn from the market due to adverse psychiatric or CV effects.'® Following the recall of
sibutramine from the market, the Food and Drug Administration (FDA) has called for mandatory placebo-controlled CV
safety data for new obesity drugs. These mandatory trials showed promising results for obesity treatment. This review
will discuss the following drugs; liraglutide, once weekly semaglutide, tirzepatide, orlistat, as well as the phentermine/
topiramate and bupropion/naltrexone combinations (Table 1). All but tirzepatide have been approved for weight loss by

FDA whereas tirzepatide is still under evaluation at the time of writing.
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Table | Obesity Treatment Options Approved by the Food and Drug Administration (FDA)

Name Mechanism of Action Route of Recommended Dose Expected Weight
Administration Loss, kg

Liraglutide GLP-1 agonist Subcutaneous 3 mg once a day 5.7-8

Semaglutide GLP-1 agonist Subcutaneous 2.4 mg once a week 9.7-15.3

Tirzepatide* GLP-1/GIP agonist Subcutaneous 15 mg once a week 9.5-23.6

Orlistat Lipase inhibitor Oral 120 mg three times a day | 5.8-10.6

Phentermine-Topiramate Sympathomimetic amine Oral 7.5 mg/46 mg once a day | 9.2-12.4
anorectic/antiepileptic combination

Bupropion-naltrexone Opioid antagonist/antidepressant Oral 16 mg/180 mg twice a day | 3.6-9.3
combination

Note: *Tirzepatide is still under evaluation by the FDA for obeslty treatment approval.
Abbreviations: GLP-1, glucagon-like peptide-1; GIP, glucose-dependent insulinotropic polypeptide.

Liraglutide

Liraglutide is a human glucagon-like peptide-1 (GLP-1) analog with an arginine-for-lysine substitution and a C-16
palmitic acid side chain.'® This modification not only prolongs its absorption time, but also decreases the deactivation
rate of the molecule by dipeptidyl peptidase (DPP).'? Its half-life is approximately 13 h. Its bioavailability after
subcutaneous (sc) administration is 55%.’ As a GLP-1 analog, it increases insulin secretion, decreases glucagon
production, delays gastric emptying and decreases appetite.”' Its effect relies on oral glucose intake.

Once introduced as an antiglycemic agent,”' liraglutide proved itself as an anti-obesity drug.?* In the SCALE (Satiety
and clinical adiposity — liraglutide evidence in nondiabetic and diabetic individuals) Obesity and Prediabetes Study 3731
patients body mass index (BMI) =30 or >27 if the patient had treated or untreated dyslipidemia or hypertension were
randomized to liraglutide 3 mg/day, sc, plus lifestyle intervention (n=2487) or placebo plus lifestyle intervention
(n=1244).7 After 56 weeks liraglutide plus lifestyle intervention provided a reduction of 8.4+7.3 kg in weight compared
with the placebo group (2.8+6.5 kg, p<0.001). Sixty-three percent of the patients lost >5% of their body weight and 33%
lost >10%. As expected, liraglutide reduced prediabetes prevalence compared with placebo. It also affected other
metabolic parameters; waist circumference (WC), fasting insulin, both systolic (—4.2 £ 12.2, liraglutide vs —1.5 + 12.4
mmHg, placebo p<0.001) and diastolic blood pressure (—2.6 + 8.7, liraglutide vs —1.9 + 8.7 mmHg, placebo p<0.001)
decreased compared with placebo, and dyslipidemia improved.

As for quality of life, liraglutide treatment provided better scores in physical and mental health questionnaires. Its
main side effects were associated with the gastrointestinal system and withdrawal rate was 6.4% compared with 0.7% for
the placebo group. Liraglutide was associated with gall-bladder related diseases (including cholelithiasis or cholecystitis)
and pancreatitis. Seventy-eight percent of these patients went through surgery and 84% continued their treatment.

The SCALE Sleep Apnea study was completed with 276 patients (liraglutide 3 mg sc, n=134 vs placebo n=142).>*
Withdrawal rate was 12% for liraglutide and 3% for placebo. After 32 weeks patients in the liraglutide group lost 5.7% of
their weight whereas the placebo group lost 1.6% (p<0.0001). The SCALE weight maintenance study tested the effect of
liraglutide on obese patients who have lost >5% of their weight during the run-in period with a 1200-1400 kcal/day low
calorie diet.” Participants who lost >6% during run-in period lost an additional 6.1% of their weight with liraglutide 3 mg
sc, compared with 0.2% of placebo, (p<0.0001). It also ameliorated CV risk factors. When liraglutide was tested against an
active comparator orlistat, after 20 weeks, liraglutide 3 mg sc provided 7.2 kg weight loss whereas orlistat provided 4.1 kg
(»<0.0001).%° Overall withdrawal rate was higher with orlistat compared with liraglutide 3 mg (17 vs 12%).

Liraglutide 1.8 mg sc was also tested in patients (n=9340) with diabetes for nonfatal acute myocardial infarction
(AMI), nonfatal stroke, and CV death (MACE) and showed a 13% reduction (p=0.01) in the primary composite CV
outcome and 22% reduction (p=0.007) in CV mortality compared with placebo.?” Although there is no CV outcome study
for 3 mg sc, a post hoc analysis showed no impact on CV risk.”® This analysis had 5908 participants and with liraglutide
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3.0 mg, eight participants had adjudicated events (1.54 events/1000 person years) compared with participants in the
comparator group (3.65 events/1000 person-years) with hazard ratio of 0.42 (95% confidence interval (CI): 0.17-1.08).
Another study (n=135) showed that in patients with type 2 diabetes liraglutide had better efficacy on cardiometabolic risk
factors in obese patients compared with the nonobese.?”

The SCALE studies have shown that in almost each study (except for the sleep apnea study) more than half of the
patients lost >5% of their body weight. These findings were also confirmed in real life studies. An Italian cohort of 93
overweight or obese patients had a mean weight loss of 7.1% with liraglutide 3 mg sc.’® This study also showed
decreased blood pressure and increased heart rate with liraglutide which was also reported in the SCALE Obesity and
Prediabetes study. Similarly a Canadian cohort (n=167) showed 7.1% weight loss in more than six months with
liraglutide 3 mg sc and lifestyle intervention.>’ A smaller cohort from Switzerland (n=54) reported that liraglutide
3 mg sc and lifestyle intervention results with overall mean weight loss of 12.4% in 10 months.*> A Korean cohort
(n=211) reported an average of 5.85% weight loss with no serious side effects in real life.>> Compared with orlistat
(n=400) in real life liraglutide up to 3 mg sc (n=100) provided 7.7 kg of mean weight loss compared with 3.3 kg for
orlistat (p<0.001).>*

As with all GLP-1 analogs liraglutide should not be used in patients with a history of pancreatitis and medullary

thyroid cancer or multiple endocrine neoplasia or a family history of these conditions.>>~°

Semaglutide

Semaglutide is another GLP-1 analog used both in type 2 diabetes and obesity.?” It is available as a once weekly 1 mg sc
injection for type 2 diabetes treatment and up to 14 mg once daily oral use. Injectable 2.4 mg is approved for obesity
treatment whereas oral semaglutide has not been approved for obesity treatment. Therefore, this review will discuss
once-weekly semaglutide for obesity treatment. Starting dose is 0.25 mg and dose is titrated every four weeks until
2.4 mg is reached (approximately 16 weeks). Its half-life is 155—184 h.*®

The STEP (Semaglutide treatment effect in people) trial program assessed the effects of semaglutide on weight loss. STEP 1
assessed efficacy of semaglutide 2.4 mg sc once a week compared with placebo in a 2:1 ratio.”® There were 1,961 patients with
a BMI >30 kg/m? or >27 kg/m? with >1 weight-related comorbidity and no diabetes. Mean age of the participants was 46 years
for semaglutide and 47 years for placebo. After 68 weeks of treatment patients in the treatment group lost 14.9% of their weight
whereas the placebo group lost 2.4% (p<0.001). Thirty-two percent lost >20% of their initial weight. Their weight loss also
improved metabolic parameters including WC, blood pressure, fasting glucose, HbAlc and lipid parameters along with quality-
of-life assessments. Side effects of semaglutide mostly included transient gastrointestinal discomfort. Three patients had mild
acute pancreatitis in the semaglutide group and none in the placebo group. It should be noted that women constituted >70% of the
participants; this may have caused an underrepresentation of men.*’

STEP 2 evaluated the weight loss effect of semaglutide 2.4 mg sc once a week in 1,595 patients who were overweight
or obese and with type 2 diabetes and a mean age of 55 years for 68 weeks.*' In this trial weight loss was 9.6% compared
with placebo (3.4%, p<0.0001). Side effects were similar to those in the STEP 1 study. The most common gastro-
intestinal events were nausea, vomiting, diarrhea, and constipation which were not severe.

Although both STEP 1 and STEP 2 included a lifestyle counseling program, STEP 3 had a more pronounced lifestyle
intervention program including eight weeks of low-calorie diet (1,000—1,200 kcal/day) followed by a hypocaloric diet
(1,200-1,800 kcal/day) for 60 weeks.*> The program also included increased physical activity and behavioral strategies.
Along with intensive lifestyle intervention weight loss was more prominent with semaglutide 2.4 mg sc once a week than
with placebo (16 vs 5.7%).

STEP 4 compared continuing semaglutide therapy with withdrawing it in adults with BMI of >30 (or >27 with one
weight-related comorbidity) and without diabetes.*® After 20 weeks of semaglutide 2.4 mg sc once a week patients were
randomized to either semaglutide 2.4 mg (n=535) or to placebo (n=268). After 48 weeks patients in the semaglutide
group lost 7.9% of their weight whereas placebo group gained 6.9% of their weight.

STEP 5 study compared the effect of semaglutide 2.4 mg sc once a week over a more prolonged period of time.** In
104 weeks, weight loss was —15.2% in the semaglutide group (n=152) vs —2.6% in the placebo group (n=152),
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p<0.0001). There were 12 patients with serious adverse effects in the semaglutide group and 18 participants in the
placebo group. No participant had acute pancreatitis. There was no reported thyroid cancer in either group.

The semaglutide effects on heart disease and stroke in patients with overweight or obesity (SELECT) study is
ongoing and evaluates the impact of semaglutide 2.4 mg sc once a week on CV events in 17,605 participants who are
overweight or obese with established CV disease and without diabetes.*’

Semaglutide 2.4 mg sc once a week (n=126) was compared to liraglutide 3 mg sc once a day (n=127) in the STEP 8
study.*® Along with lifestyle intervention, the semaglutide arm showed 15.8% weight loss from baseline and liraglutide
arm had a 6.4% weight loss in 68 weeks (p<0.001). Gastrointestinal disorders were the most frequent advance effects
with semaglutide and liraglutide, reported by 84.1% and 82.7% of participants, respectively (placebo: 55.3%); nausea,
constipation, and diarrhea were among the most common gastrointestinal disorders.

Contradictions for semaglutide use are the same as for liraglutide and other GLP-1 analogs.

Tirzepatide

Tirzepatide is a relatively new drug from a similar but different class entitled dual co-agonist [acting on GLP-1/GIP (glucose-
dependent insulinotropic polypeptide) receptors].*” The SURMOUNT-1 (Efficacy and safety of tirzepatide once weekly in
participants without type 2 diabetes who have obesity or are overweight with weight-related comorbidities: a randomized,
double-blind, placebo-controlled trial) study evaluated (for 72 weeks) 2539 adults with a BMI>30 or with >27 and at least one
weight-related complication without diabetes.*® Along with a moderate lifestyle intervention program participants were given
once weekly sc tirzepatide 5, 10, or 15 mg or placebo in a 1:1:1:1 ratio. Weight loss with 15 mg was 20.9% compared with
3.1% for the placebo group (p<0.001). Lower doses also decreased body weight significantly; 15.0% with 5 mg, and 19.5%
with 10 mg dose (p<0.001 compared with placebo). At the time of writing, tirzepatide had received FDA approval for the
treatment of type 2 diabetes, but was still in the approval process for the treatment of obesity.

When tested against an active comparator dulaglutide sc once a week, tirzepatide had better outcomes in both
glycemic control and body weight in patients with type 2 diabetes. Patients received tirzepatide sc 5 mg (n=159), 10 mg
(n=158), or 15 mg (n=160), or dulaglutide 0.75 mg (n=159). Weight loss was 5.8 kg, 8.5 kg, 10.7 kg and 0.5 kg,
respectively (all p<0.0001).*” Nausea was the most common side effect especially with tirzepatide 10 and 15 mg (20% vs
8% with dulaglutide). A meta-analysis compared seven randomized controlled studies (n=12,371) and reported 9.23 kg
more weight loss with tirzepatide 15 mg sc weekly compared with semaglutide 2.4 mg sc weekly.>

Along with this pronounced weight loss effect of tirzepatide, it is also a promising agent for nonalcoholic fatty liver
disease (NAFLD)/nonalcoholic steatohepatitis (NASH).'

Orlistat

Orlistat is a pancreatic lipase and gastric lipase inhibitor that can lead to a decrease in fat absorption by as much as
30%.>? It has a modest weight loss effect which depends mostly on diet.” It is an oral treatment (120 mg) taken with
each meal or up to one hour later.>* In the XENDOS study (n=3305) after four years weight loss was higher with orlistat
120 mg three times a day compared with placebo (5.8 vs 3.0 kg; p<0.001).”° It can cause steatorrhea and a decrease in fat
soluble vitamins.>® Patients should be advised against eating foods that are high in fat to prevent high volume diarrhea.
A database study showed decreased CV event rates on orlistat treatment compared with persons who did not take this
drug.”’ Furthermore, the ATTEMPT study showed that orlistat is useful in multifactorial treatment of CV risk in patients
with metabolic syndrome and without diabetes.”® A total of 1,123 participants were administered hyperlipidemia and
hypertension treatment as well as metformin and orlistat for CV risk reduction and two targets were established for LDL
cholesterol (LDL-C) (<100 vs <130 mg/dL). After three years, the lower LDL-C threshold showed superior results in CV
events (1 vs 13, p=0.0012). Mean orlistat dose was 320 mg/day and BMI was significantly reduced in both groups after
three years. When same cohort was analyzed for regression of NAFLD, 86% of patients in the low LDL-C threshold
group and 74% of patients in the high LDL-C threshold group (p<0.001) had better liver enzymes than at baseline.>”
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Phentermine/topiramate

Phentermine is a sympathomimetic that suppresses appetite by increasing norepinephrine and to a lesser extent, dopamine.*
Topiramate, a gamma-aminobutyric acid (GABA) receptor agonist, decreases appetite and increases satiety.®' It also increases
energy expenditure.” The phentermine/topiramate (PHEN/TPM) combination was approved in 2012 for obesity management
by the FDA. The combination results with more weight loss compared with its monotherapy components (PHEN/TPM 15/
92 mg —11.63 kg vs phentermine 15 mg —7.38 kg, topiramate 92 mg —8.82 kg, p<0.05).°> PHEN/TPM was tested as 3.75/
23 mg (low-dose), 7.5/46 mg (mid-dose), and 15/92 mg (high-dose) orally in various studies.®***%> A meta-analysis reports
that the average weight loss was 3.55 kg for 3.75/23 mg, 7.27 kg for 7.5/46 mg, and 8.25 kg for 15/92 mg.®® Patients should be
started on a low dose and after 2 weeks this can be increased to mid-dose.®® If after 12 weeks a 3% loss in baseline body weight
is not achieved, the dose can be increased to 11.25/69 mg for 14 days and then to 15/92 mg daily.®® If there is no weight loss of
5% after 12 weeks on high dose, PHEN/TPM should be discontinued gradually, tapering the dose over at least one week.®
Adverse effects include dry mouth, psychiatric side effects including depression, anxiety and loss of concentration.% %
Studies also reported increased heart rate with PHEN/TPM.®*%* The CONQUER (Effects of the low-dose, controlled-release,
PHEN/TPM combination on weight and associated comorbidities in overweight and obese adults) study showed increase in
the mean heart rate with PHEN/TPM 15/92 mg (p<0.0001) compared with baseline.®* In the EQUIP trial, there was also
increased heart rate compared with baseline, however, this was not statistically significant [1.2 bpm, (p=0.0830 vs placebo)].**

Bupropion/naltrexone

Another combination therapy consists of bupropion, a dopamine-reuptake inhibitor used for smoking cessation and
naltrexone, an opioid-receptor antagonist for the treatment of alcohol and opioid abuse.®’ This dual treatment has the
potential to reduce body weight 4-5%°%7° however its CV safety is questionable.”' Due to early release of the interim
data, the trial was terminated prematurely. Nissen et al’? reported that 50% of planned events, occurred in 102 patients
(2.3%) in the placebo group and 90 patients (2.0%) in the bupropion-naltrexone group (HR, 0.88; adjusted 99.7%CI:
0.57—1.34) however they concluded that the CV safety of this drug combination is uncertain.”' This combination therapy
can also cause nausea, dizziness and dry mouth.®®

Conclusion

With the discovery of incretin hormones new obesity drugs have been developed and GLP-1 agonists have shown
consistent success. Newer agents which use similar pharmacologic pathways will pave the way for increased weight loss
with medication and their results may even be comparable with bariatric surgery. Although sc injections may be less
tolerated than oral treatments, both their efficacy and safety profile seem superior to oral treatments. With wider
implementation of these drugs, global obesity burden may decrease and type 2 diabetes can be prevented.
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