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Purpose of review

Examine Setmelanotide use in patients with rare genetic variants that disrupt the melanocortin pathway.

Recent findings

Between February 2017 and September 2018, 10 participants with pro-opiomelanocortin (POMC)/
proprotein convertase subtilisin/kexin type 1 (PCSK1) deficiency and 11 participants with leptin receptor
(LEPR) deficiency were enrolled in open-label, phase 3 trials at 10 centers in the United States and
internationally to assess the efficacy and safety of the melanocortin-4 receptor (MC4R) agonist
Setmelanotide. 80% of POMC participants and 45% of LEPR participants achieved at least 10% weight
loss at 1 year. Significant changes in hunger scores were seen for both cohorts as well. Setmelanotide was
well tolerated with injection site reactions and hyperpigmentation being the most common adverse events
reported. As a result, Setmelanotide was approved by the U.S. FDA in 2020 for chronic weight
management in adult and pediatric patients �6years of age with POMC, LEPR, or PCSK1 deficiency. In
2022, its approval was extended to include patients with Bardet --Biedel syndrome (BBS) after phase 3 trial
data showed that, on average, Setmelanotide treatment resulted in a BMI loss of 7.9% for the 44 BBS
participants.

Summary

Rare genetic variants such as POMC, LEPR, and PCSK1 deficiency disrupt MC4R pathway signaling,
resulting in severe early-onset obesity, hyperphagia, and increased risk for metabolic co-morbidities.
Patients with BBS also demonstrate severe early-onset obesity and hyperphagia, due in part to defective
MC4R signaling. Setmelanotide has shown promising benefits in improving satiety scores and weight-
related outcomes in patients with these early-life genetic obesity conditions, although longer-term studies are
needed.
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INTRODUCTION

Obesity is a global pandemic that increasingly
affects a significant number of children and adoles-
cents. According to the World Health Organization,
the percentage of children and adolescents aged 5–
19 with overweight or obesity increased from 4% in
1975 to 18% in 2016 [1]. A recent cross-sectional
study, which collected data from nearly 15 000 US
children and adolescents who took part in the
National Health and Nutritional Examination Sur-
vey (NHANES), revealed that among children and
adolescents aged 2–19years of age in the United
States, the prevalence of obesity increased from
17.7% between 2011–2012 to 21.5% in the 2017–
2020 survey. This increase was seen in children
and adolescents from every racial and/or ethnic
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KEY POINTS

� Rare genetic variants should be considered in children
who present with early-onset rapid weight gain,
accompanied by hyperphagia.

� A number of these genetic variants result in disruption
of melanocortin-4 receptor pathway signaling, which is
critical for energy homeostasis and appetite regulation.

� Setmelanotide is approved in pediatric patients at least
6 years of age with pro-opiomelanocortin, leptin
receptor, or proprotein convertase subtilisin/kexin type
1 deficiency, as well as patients with Bardet --Biedel
syndrome.

� Recent data support that treatment with Setmelanotide
leads to significant weight reduction and improved
satiety for many patients with these rare genetic
variants, although longer-term studies are needed.
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background. Obesity rates in males have increased
from 18% to 21.4%, and in females from 17% to
21.6% over the past decade [2]. Genetic factors are
estimated to account for 40–70% of an individual’s
predisposition for excess adiposity [3]. Although
obesity is a complex condition that is multifacto-
rial in its origins, severe early-onset obesity may be
due to rare genetic variants that result in disrup-
tion of the melanocortin pathway, which is critical
for energy homeostasis and appetite regulation
[4,5].

In the ‘fed’ state, leptin binds to the leptin
receptor (LEPR), expressed on pro-opiomelanocor-
tin (POMC) neurons in the hypothalamus, resulting
in increased expression of POMC. POMC is cleaved
by proprotein convertase subtilisin/kexin type 1
(PCSK1) into a- and b-melanocyte–stimulating hor-
mones (a- and b-MSH). These melanocortin pepti-
des bind to and activate themelanocortin-4 receptor
(MC4R) to promote satiety and increase energy
expenditure, which help to control body weight.
Rare variants in POMC, LEPR, or PCSK1 disrupt
MC4R pathway signaling, which results in extreme
hunger, or hyperphagia, and severe early-onset obe-
sity that place patients at risk for related metabolic
co-morbidities such as type 2 diabetes, dyslipidemia,
and cardiovascular disease [5,6].

Until recently, lifestyle modifications and bari-
atric procedures were the primary options available
to patients with these rare genetic obesity condi-
tions. However, these interventions have typically
shown limited success, not least because they do not
curtail the hyperphagia experienced by patients.
Therapies that specifically target the melanocortin
pathway have been in development for over
20 years, but many of these agents either failed to
1752-296X Copyright © 2023 The Author(s). Published by Wolters Kluwe
show clinical efficacy and/or had undesirable
adverse effect profiles [7,8].

Setmelanotide, a MC4R agonist, was approved
by the U.S. Food and Drug Administration (FDA) in
2020 for chronic weight management in adult and
pediatric patients at least 6 years of age with obesity
due to three rare genetic conditions: POMC, LEPR,
or PCSK1 deficiency [9

&

]. The use of Setmelanotide
for other rare genetic disorders associated with obe-
sity such as Bardet–Biedl syndrome (BBS), Alström
syndrome, POMC and other MC4R pathway heter-
ozygous deficiency obesity, and POMC epigenetic
disorders, continues to be studied. In June 2022, the
indication for Setmelanotide was extended by the
FDA to include patients with BBS. These develop-
ments have ushered in a new era of targeted therapy
for select early-life genetic obesity syndromes.
Genetic variants of obesity

There are a number of rare genetic variants that
result in disruption of the melanocortin pathway,
which is essential for regulation of appetite and
body weight. Proopiomelanocortin (POMC) defi-
ciency is an autosomal recessive disorder that is
characterized by early-onset obesity and hyperpha-
gia. It may also lead to adrenal crisis due to adreno-
corticotropic hormone (ACTH) deficiency with
resultant hypopigmentation and inadequate corti-
sol production [10]. Leptin receptor (LEPR) muta-
tions have been identified in up to 3% of individuals
with severe, early-onset obesity; these patients
present with extreme hyperphagia, delayed puberty
secondary to hypogonadotropic hypogonadism,
and frequent infections due to T-cell abnormalities
[10,11]. Loss-of-function mutations in the PCSK1
gene, which encodes prohormone convertase 1/3
(PC1/3), result in early-onset obesity and hyperpha-
gia [12]. PCSK1 deficiency is a very rare autosomal-
recessive disorder that, in addition to obesity and
hyperphagia, may also lead to other endocrinopa-
thies such as hypogonadotropic hypogonadism,
central hypothyroidism, and adrenal insufficiency.
Setmelanotide development and mechanism
of action

Setmelanotide was developed as a ligand of the
MC4R. Setmelanotide is an eight amino-acid pep-
tide that preferentially binds to and activates MC4
receptors in the paraventricular nucleus of the hypo-
thalamus and in the lateral hypothalamic area, both
of which are involved in appetite regulation [13

&

]. In
addition to its appetite suppressive effects, Setme-
lanotide has also been shown to increase resting
energy expenditure in both animals and humans
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with obesity. Unlike earlier generation MC4R ago-
nists, individuals taking Setmelanotide have not
exhibited concerning elevations in heart rate or
blood pressure that led to the termination of first-
generation MC4R agonist development [14,15].
Early use of Setmelanotide for
melanocortin-4 receptor deficiency

Collet et al. [16] examined the use of Setmelanotide
in individuals with MC4R deficiency in a 28-day
randomized, double blind placebo-controlled phase
1b clinical trial. Setmelanotide led to similar
amounts of weight lost in individuals heterozygous
for complete or partial loss-of-functionmutations in
MC4R, compared to placebo. This early study also
highlighted that Setmelanotide appeared to bemore
efficacious for patients with MC4R pathway
upstream defects, such as POMC, in comparison
to MC4R deficient patients or controls. As such,
one conclusion reached from this study was that
there was unlikely to be an advantage for Setmela-
notide usage in heterozygous individuals. Subse-
quent development of Setmelanotide focused on
identifying individuals homozygous for genetic
defects that could prove responsive to Setmelano-
tide therapy [17].
Clinical trial results for Setmelanotide in
patients with rare genetic variants

Between February 2017 and September 2018, single-
arm, open-label multicenter phase 3 trials were con-
ducted at 10 different centers, both in the United
States and internationally, to evaluate the efficacy
and safety of Setmelanotide therapy [18

&&

]. Re-
cruited patients with POMC, PCSK1, or LEPR defi-
ciency aged 6years or older received open-label
Setmelanotide for 12weeks. Those who demon-
strated at least 5 kg of weight loss compared to
baseline then entered an 8-week placebo-controlled
withdrawal sequence, which was followed by
32weeks of open-label Setmelanotide treatment.
The primary endpoint of these trials, which was
evaluated for all individuals who received at least
one dose of medication and had baseline assess-
ments, was the percentage of participants who sus-
tained at least 10% weight loss compared to their
baseline at 1 year. Change in hunger scores was
also examined.

Ten participants enrolled in the POMC/PCSK1
trial with mean percentage change in the most
hunger score of �27�1% (n¼7; 90% confidence
interval [CI] �40.6 to �15.0; P¼0.0005). Eight par-
ticipants (80%) achieved at least 10% weight loss at
approximately 1year with mean weight loss of
138 www.co-endocrinology.com
–25.6%. Eleven participants were enrolled in the
LEPR trial. Five participants (45%) were found to
achieve at least 10% weight loss at approximately
1 year with mean percentage change in the most
hunger score of �43.7% (n¼7; �54.8 to �29.1;
P<0.0001). Of note, five participants achieved
15% or greater weight loss with two participants
reaching 20% or greater weight loss [18

&&

].
There was only one enrolled patient with PCSK1

deficiency in the POMC/PCSK1 trial; this individu-
al’s weight was greater than the 95th percentile at
the time of study recruitment [19]. This patient lost
7.1% of their body weight during the initial 12-week
treatment period. Weight regain was demonstrated
upon Setmelanotide withdrawal. Complicating the
clinical picture, this individual was also started on
risperidone, which is commonly associated with
weight gain, during the withdrawal phase. Risper-
idone was stopped by week 48 of the trial. After
approximately one year of Setmelanotide treatment,
this patient lost 2.4% of their bodyweight compared
to baseline.

In addition to investigating the effects of Set-
melanotide on body weight and hunger, researchers
also examined quality of life (QOL) and depression
scores of participants using the disease-specific
Impact of Weight on Quality of Life-Lite (IWQOL-
Lite) self-report measure for patients �18years of
age, the age-appropriate Pediatric Quality of Life
Inventory (PedsQL) for those under 18 years of
age, and the Patient Health Questionnaire-9
(PHQ-9). Results from these assessments showed
that at baseline, both adults and children with
POMC and LEPR deficiency reported impaired
QOL. For pediatric participants with POMC and
LEPR deficiency, the PedsQL scores were lower than
a comparative population without obesity or when
compared to scores from children and adolescents
with other chronic conditions. Three out of five
participants reported improvements in PedsQL
scores at week 52 that were considered clinically
meaningful. Of these 5 children and adolescents,
3 also reported improvements in physical function-
ing scores and 4 reported improvements in psycho-
social health scores, which are secondary analyses of
the PedsQL [20].
Adverse reactions in pro-opiomelanocortin/
leptin receptor trials

Setmelanotide was generally well tolerated by
the majority of trial participants for whom there
is published data. Injection site reactions and
hyperpigmentation were the most commonly
reported adverse reactions, experienced by all ten
participants in the POMC trial. Additionally, five
Volume 30 � Number 2 � April 2023
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participants reported nausea and three others
experienced emesis. Injection site reactions were
reported for all 11 participants in the LEPR trial.
Hyperpigmentationwas reported by five individuals
and nausea occurred for four patients with LEPR
deficiency [18

&&

].
Setmelanotide use in patients with
BardetSBiedel syndrome

BBS is a rare ciliopathy characterized by a number of
clinical features including retinal cone-rod dystro-
phy, polydactyly, cognitive impairment, renal dis-
ease, and early-onset obesity with hyperphagia [21].
Although the pathophysiology of BBS is incom-
pletely understood, previous research has elucidated
that the obesity and hyperphagia is likely due in part
to impairedMC4R pathway activity, suggesting that
a MC4R agonist could be of potential therapeutic
benefit [22].

Results of a phase 2 trial published in 2020
examined the effects of Setmelanotide on weight
outcomes in individuals with BBS aged 12years or
older [13

&

]. The primary outcome measure was
percent change in body weight after 3months of
treatment at therapeutic dosing. A number of
exploratory outcomes were also examined, includ-
ing hunger scores. Participants who had achieved
weight reduction of at least 5 kg or greater compared
to baseline were enrolled in a 52-week treatment
extension phase to further evaluate the efficacy and
safety of Setmelanotide at 6 and 12 months. Eight
participants completed the 3-month treatment
phase and seven completed the 52-week extension
phase. Although this trial only included a small
number of participants, there was a significantmean
percent change in body weight at 3months, which
continued at 6 and 12months (% change in body
weight at 12months was �16.3% [90% CI �19.9%
to �12.8%]; n¼7; P <0.0001). Hunger scores
among participants also showed improvement at
all time points. Similar to results from the POMC
and LEPR trials, the most common adverse events
noted for participants with BBS were injection site
reactions and hyperpigmentation.

A randomized, placebo-controlled, double-
blind multicenter phase 3 trial to evaluate the effi-
cacy and safety of Setmelanotide for treatment of
obesity and hyperphagia in individuals �6years of
age with BBS or Alström syndrome completed
enrollment of its primary cohort in 2019 [23]. Par-
ticipants initially were randomized 1:1 to receive
treatment or placebo for a 14-week period, followed
by 52weeks of open-label treatment with Setmela-
notide. The primary outcome measure was the pro-
portion of participants aged 12years and older who
1752-296X Copyright © 2023 The Author(s). Published by Wolters Kluwe
showed �10% reduction in body weight compared
to baseline after 52weeks of treatment. A key sec-
ondary endpoint was the proportion of participants
with � 25% improvement in hunger scores after the
full treatment period. In June 2022, the U.S. FDA
extended use of Setmelanotide for chronic weight
management in adult and pediatric patients
�6 years of age with BBS [24]. This approval was
granted due to Phase 3 trial data which showed
benefit in both weight-related outcomes, as well
as hunger reduction, in patients with BBS [25

&&

].
Thirty-two patients with BBS enrolled as part of
the initial cohort with 32.3% of patients with BBS
aged 12 years or older achieving at least a 10%
reduction in body weight after 52 weeks of
Setmelanotide therapy compared to baseline, with
a mean percentage change in body weight of –5�2%
(SD 7�9; p¼0�0005). There was a mean percentage
change in maximal hunger score of –30�5% in
57.1% of BBS patients aged 12 years or older after
52 weeks of Setmelanotide therapy (–45�7% to
–15�2%; p¼0�0004) [25&&

].
Setmelanotide approval for rare genetic
variants and future directions

Setmelanotide was approved in 2020 for use in
children aged 6years or older who have POMC,
PCSK1, or LEPR deficiency in whom genetic testing
has confirmed variants in POMC, PCSK1, or LEPR
genes that are considered to be pathogenic, those
likely to be pathogenic, or those of uncertain sig-
nificance. Additionally, in 2022, the FDA granted
supplemental approval of Setmelanotide for
patients with BBS, making it the first medication
specifically indicated for chronic weight manage-
ment in patients with this rare condition. Setmela-
notide continues to be studied in ongoing clinical
trials for those with other alterations in the MC4R
pathway, as well as those with deletions on chro-
mosome 16p11.2. The goal of these trials has been to
investigate the efficacy and safety of Setmelanotide
for individuals with various heterozygous genetic
mutations in the MC4R pathway [26] (https://clin-
icaltrials.gov/ct2/show/NCT04963231).
CONCLUSION

Rare genetic variants such as POMC, LEPR, and
PCSK1 deficiency disrupt MC4R pathway signaling,
resulting in severe early-onset obesity, pronounced
hyperphagia, and increased risk for metabolic
co-morbidities. Patients with BBS also demonstrate
severe early-onset obesity and hyperphagia,
thought to be due in part to defective MC4R signal-
ing. These early-life genetic obesity conditions
r Health, Inc. www.co-endocrinology.com 139
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place a tremendous burden on patients and care-
givers with significant impact on QOL and long-
term health outcomes. Setmelanotide, a MC4R
agonist, has been shown in a limited number of
trials to result in short-term weight reduction and
improved satiation for patients with these rare
genetic variants. Continued development of tar-
geted therapies, such as Setmelanotide, offer prom-
ising benefit for improving appetite regulation and
weight-related outcomes in patients with early-life
genetic obesity conditions, but further research
is needed.
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