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Abstract

Context: Rare homozygous or biallelic variants in POMC, PCSK1, and LEPR can disrupt signaling through the melanocortin-4 receptor (MC4R)
pathway, resulting in hyperphagia and severe early-onset obesity. In pivotal Phase 3 clinical trials, treatment with the MC4R agonist setmelanotide
reduced hunger and weight in patients with obesity due to proopiomelanocortin (POMC), proprotein convertase subtilisin/kexin type 1 (PCSK1),
or leptin receptor (LEPR) deficiency.

Objective: To characterize the historical weight trajectory in these patients.

Methods: This analysis included data from 2 pivotal single-arm, open-label, Phase 3 trials (NCT02896192, NCT03287960). These were
multicenter trials. Patients had obesity due to POMC/PCSK1 or LEPR deficiency. During the trial, patients were treated with setmelanotide.
Historical data on measured weight and height were obtained during screening.

Results: A total of 17 patients (POMC, n = 8; PCSK1, n = 1; LEPR, n = 8) with historical weight and height data were included in this analysis.
Before setmelanotide treatment, patients with obesity due to POMC/PCSK1 or LEPR deficiency were above the 95th percentile for weight
throughout childhood, demonstrated continuous weight gain, and did not show long-term weight loss upon interventions (eg, diet, surgery,
exercise). Setmelanotide treatment attenuated weight and body mass index trajectories over the observation period of 1 year.

Conclusion: In patients with POMC, PCSK1, or LEPR deficiency, traditional interventions for weight loss had limited impact on the trajectory

of severe early-onset obesity. However, setmelanotide treatment attenuated weight and body mass index trajectories and led to weight loss
associated with health benefits in most individuals.
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Abbreviations: BMI, body mass index; DUS, designated use set; LEPR, leptin receptor; MC4R, melanocortin-4 receptor; PCSK1, proprotein convertase subtilisin/
kexin type 1; POMC, proopiomelanocortin.

While obesity is a multifactorial disease with many con-
tributing  biological, environmental, behavioral, and
socioeconomic factors, a small subset of individuals with
rare variants in genes involved in energy homeostasis develop
severe early-onset obesity [1, 2]. The hypothalamic leptin—
melanocortin pathway is a central regulator of energy homeo-
stasis [3]. Leptin binds the leptin receptor (LEPR) expressed
on proopiomelanocortin (POMC) neurons in the arcuate nu-
cleus of the hypothalamus, stimulating the expression of the
propeptide POMC [4, 5]. POMC is then cleaved by proprotein
convertase subtilisin/kexin type 1 (PCSK1) into melanocortin
ligands, including a- and (3-melanocyte-stimulating hormone
[4-6], which bind to and activate the melanocortin-4 receptor

(MC4R) expressed on neurons of the paraventricular nucleus,
promoting decreased hunger, increased satiety, and increased
energy expenditure [1, 4, 6]. Rare homozygous or biallelic
variants in POMC, PCSK1, and LEPR can disrupt signaling
of the melanocortin pathway and cause insatiable hunger, or
hyperphagia, and severe early-onset obesity [1, 7-13]. In indi-
viduals with these variants, hyperphagia can be observed as
early as the first weeks of life, with severe obesity (eg, >95th
percentile) being present within the first few years of life
[11, 13-15]. These patients can sometimes go through a
lengthy diagnostic process with frustrating therapeutic pro-
cedures [16]. However, because these diseases are rare, limited
information is available on the natural history of obesity and
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the effects of various interventions for weight loss in patients
with POMC, PCSK1, and LEPR deficiency.

Weight management strategies for these rare genetic dis-
eases of obesity have traditionally been limited to lifestyle
modifications and bariatric surgery [17]. In addition, indi-
vidual pharmacologic treatment approaches including off-
label use of methylphenidate to support weight control have
been described [18].

These interventions, however, are not sufficiently effective
at promoting or maintaining weight loss because they do not
address the underlying hyperphagia and specific molecular
mechanism, and continued weight gain is often observed
[7, 17, 19]. Long-term weight management that reduces
obesity-associated comorbidities and mortality [20, 21] and
can provide meaningful weight loss and hunger reduction in
patients with rare genetic diseases of obesity is needed.

In pivotal clinical trials, treatment with the MC4R agonist
setmelanotide led to reductions in weight and hunger in pa-
tients with obesity due to POMC, PCSK1, or LEPR deficiency,
leading to approval by the US Food and Drug Administration
in 2020 for treatment of patients having biallelic variants
in POMC, PCSK1, or LEPR [7, 22-25]. The approval of
setmelanotide provides a novel treatment option for these pa-
tients that may disrupt the natural trajectory of weight gain
associated with these diseases.

POMC, PCSK1, and LEPR deficiencies may be
underdiagnosed because of a lack of awareness of the dis-
orders [22, 26]. Gaining insight into the natural history of
POMC, PCSK1, and LEPR deficiencies may help physicians
identify patients for genetic testing. Case studies of patients
with POMC, PCSK1, or LEPR deficiency have shown that
obesity typically occurs early in life, with continued rapid
weight gain into adulthood with minimal or nonsustained
success with weight loss interventions [13, 24, 27, 28].
However, data are currently limited. As part of screening in a
Phase 3 clinical trial of setmelanotide in patients with POMC,
PCSK1, or LEPR deficiency, historical weight and height data
were collected, which have not been previously reported.
The objective of this analysis is to characterize the historical
weight trajectory in patients with obesity due to rare variants
in POMC, PCSK1, or LEPR prior to setmelanotide treatment
who were enrolled in pivotal Phase 3 clinical trials. These
data provide insight into the natural history of obesity in pa-
tients with POMC, PCSK1, or LEPR deficiency.

Materials and Methods

Study Design and Overview

Two similarly designed pivotal single-arm, open-label,
multicenter, Phase 3 trials investigating the efficacy of
setmelanotide in patients with obesity due to POMC
(NCT02896192) or LEPR (NCT03287960) deficiency have
previously been described [22]. Briefly, patients in each trial
were identified by the investigators from existing site data-
bases or genetic obesity registries. The POMC trial included
patients >6 years old with homozygous or compound hetero-
zygous POMC or PCSK1 deficiency. The LEPR trial included
patients >6 years old with homozygous or compound hetero-
zygous LEPR deficiency. For inclusion in either trial, obesity
was defined as body mass index (BMI) 230 kg/m? (for those
>18 years old) or body weight >95th percentile for age on
growth chart assessment (for those <18 years old).
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Each patient had their therapeutic dose of setmelanotide
established in a variable-duration open-label dose titration
phase, during which adult (218 years old) and pediatric
(<18 years old) patients initially received subcutaneous doses
of 1.0 and 0.5 mg, respectively. Doses were uptitrated by
0.5 mg every 2 weeks until the therapeutic dose was estab-
lished. The final 2 weeks of the dose titration phase were con-
sidered the first 2 weeks of the open-label treatment phase,
where patients continued open-label active treatment with
setmelanotide for an additional 10 weeks. Following the
open-label treatment phase, patients who experienced weight
loss of >5 kg (or >5% weight loss for patients with baseline
body weight <100 kg) continued to the 8-week double-blind,
placebo-controlled withdrawal phase, which included 4
weeks of placebo. Some patients who did not meet this weight
loss threshold were allowed to continue into the double-blind,
placebo-controlled withdrawal phase, but were not part of
the predefined designated use set (DUS). Patients resumed
open-label active treatment with setmelanotide for an add-
itional 32 weeks for a total of ~1 year of therapeutic dosing.

The primary endpoint of these trials was the proportion of
participants who achieved at least 10% weight loss compared
with baseline at ~1 year. Weight measurements were taken in
triplicate at each study visit. Height was recorded at screening
and at various time points throughout the study.

Both trials were conducted in accordance with the
International Council on Harmonisation for Good Clinical
Practice and the principals of the Declaration of Helsinki.
At all study sites, institutional review board or independent
ethics committee approval was obtained. Patients or guard-
ians provided written informed consent.

Historical Data Analysis

During screening, any historical data on measured weight and
height since infancy were obtained where available, including
any pediatric height and weight information from past pedi-
atricians or other medical providers. Additionally, any prior
interventions for weight loss (eg, diet, exercise, surgery) and
associated outcomes were documented where available.

Available data were plotted on Centers for Disease Control
and Prevention BMI for age, stature for age, and weight
for age growth charts for male and female patients aged
2-20 years [29]. Additionally, average annual weight change
for each patient within specified age ranges (2-15,>15-20, and
>20 years) was calculated using the average annual change
from the first available data point to the last within the given
time period. For patients in the European Union, because
only a birth year was available (ie, not a specific day) due to
data protection rules, the date of the first historical weight or
height measurement was used as a proxy for the birthdate,
if it occurred in their birth year. If no measurement was re-
corded during the birth year, June 1 was used as a proxy. BMI
data at baseline and at the end of the study were determined
for patients >18 years of age and plotted in terms of obesity
classes. Similarly, BMI Z score data, which are adjusted for
age and sex, were determined for patients <18 years of age
and plotted in terms of obesity categories.

The primary analyses were conducted in pivotal cohorts
of patients; however, additional patients were subsequently
enrolled in supplemental cohorts for the purpose of collecting
supporting data. Patients in the supplemental cohort received
setmelanotide treatment in the same manner as those in the
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Figure 1. Historical weight, height, and BMI in patients with obesity due to POMC deficiency. Solid markers are historical data recorded prior to entry
into the trial. Open markers are data at study screening and final study visit for which weight, height, or BMI were recorded after receiving treatment
with setmelanotide. Centers for Disease Control and Prevention reference growth charts are shown for the 5th (bold), 10th, 25th, 50th (bold), 75th,
90th, and 95th (bold) percentiles for sex. Patient 8 was enrolled in the supplemental cohort and not reported in primary analysis. *Dietary intervention.
"Exercise regimen. *Surgery for obesity. BMI, body mass index; POMC, proopiomelanocortin.



pivotal cohort. Patients included in this analysis were those
from either the pivotal or supplemental cohorts with >2 his-
torical time points (attributable to a specific day or month)
recorded as of the November/December 2019 data analyses.
Being part of the DUS was not an inclusion criterion for this
analysis. One patient with POMC deficiency and a confirma-
tory genetic test after enrollment demonstrating a benign gen-
etic variant was excluded from this analysis.

Results

A total of 17 patients (POMC, n = 8; PCSK1, n = 1; LEPR,
n =8) had documented historical weight and height data
available at >2 time points prior to enrolling in the study. Two
of these patients (POMC, n = 1; LEPR, n = 1) were enrolled
in the supplemental cohort and were not part of the primary
analysis. One patient with LEPR deficiency did not experi-
ence weight loss of >5 kg from baseline within the 12-week
open-label setmelanotide treatment period (and thus was

Table 1. Prior interventions for weight loss
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not included in the DUS), but had met this threshold by ~19
weeks, received treatment for >52 weeks, and was included
in this analysis.

Patients With Obesity Due to POMC Deficiency

Prior to receiving setmelanotide treatment, weight and BMI
in patients with POMC deficiency were generally >95th per-
centile throughout childhood (Fig. 1). Recorded previous
interventions for weight loss in patients with POMC defi-
ciency included diet changes, physical training, outpatient
obesity programs, and gastric bypass (Table 1). However,
these interventions were largely ineffective because they re-
sulted in either no or short-term weight loss followed by
weight regain. These patients gained an average of ~6.9 kg
(n = 7) annually from ages 2 to 15 years, ~2.9 kg (n = 4) from
ages >15 to 20 years, and ~5.1 kg (n = 1) at >20 years of age
over available time points (Table 2).

Setmelanotide altered the course of weight gain in patients
with obesity due to POMC deficiency, with all patients losing

Patient Gene Mutation Sex Age at intervention, Intervention Outcome
years
Patient 1 POMC c.-11C>A_HOM M 22 Severe diet change Initial weight loss
with regain
Patient 2 POMC ¢.304C>T, p.GIn102*_HOM F  14-15 Physical training Short-term weight loss
Patient 3 POMC  ¢.225delG, p.Lys76Serfs*82_ HOM M — — —
Patient 4 POMC ¢.251G>A, p. Trp84*_HOM M 13-14 Outpatient obesity program No weight loss
Patient 5 POMC c.-11C>A_HET; ¢.403_404dupGG, F 17 Gastric bypass Initial weight loss
p-Lys136Alafs*23_HET with regain
Patient 6  POMC ¢.304C>T, p.GIn102*_HOM F — — —
Patient 7  POMC  ¢.296delG, p.Gly99Alafs*59_HET; M — — —
c.151A>T, p.LysS1*_HET
Patient 8 POMC  ¢.296del, p.Gly99Alafs*59_HOM M 2-10 Diet advice NA
Patient 99 PCSK1 ¢.1029C>G, p.Tyr343*_HOM M — — —
Patient 10 LEPR c.2051A>C, p.His684Pro_ HOM M 13 Caloric restriction No weight loss
9-12 Methylphenidate No weight loss
Patient 11 LEPR  c¢.1874G>A, p. Trp625*_HET; c.2051A>C, M 14-25 Gastric banding Initial weight loss
p.His684Pro_HET with regain
Patient 12 LEPR ¢.2598-3_2607del_HET; ¢.2227T>C, F 18 Gastric sleeve Initial weight loss
p-Ser743Pro_HET with regain
Patient 13 LEPR  ¢.1604-8A>G, intronic HOM F 11-18 Combined lifestyle No weight loss
intervention
16, ongoing Metformin No weight loss
17-19 Dextroamphetamine Initial weight loss
with regain
Patient 14 LEPR  ¢.1753-1dup_HET; ¢.2168C>T, F 69 Dietitian Initial weight loss
p.S723P_HET with regain
9-10 Combined lifestyle No weight loss
intervention
Patient 15 LEPR c. 2051A>C, p.His684Pro_HET; F 1-4 Dietitian No weight loss
c.1835G>A, p.Arg612His_ HET
Patient 16 LEPR ¢.2385T>G, p.Tyr795*_HOM F 18 Gastric banding No weight loss
Patient 17 LEPR  Deletion of exons 6, 7 and a portion of M — — —
8_HOM

Abbreviations: F, female; LEPR, leptin receptor; M, male; NA, not applicable; PCSK1, proprotein convertase subtilisin/kexin type 1; POMC,

proopiomelanocortin.

“No interventions reported.

"Enrolled in supplemental cohort; not reported in primary analysis.
“Not part of the designated use set.
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weight and experiencing a reduction in BMI over ~1 year on
setmelanotide. All patients who were >18 years of age had a
decrease in BMI that resulted in a decrease of 1 to 3 obesity

Table 2. Historical weight changes by age group

Patient Gene Average weight change, kg/year
2-15 years® >15-20 years”
Patient 1 POMC 7.6 5.7
Patient 2 POMC 7.1 NA
Patient 3 POMC 6.3 NA
Patient 4 POMC 6.3 NA
Patient § POMC NA -1.2
Patient 6 POMC 7.6 -0.9
Patient 7 POMC 4.3 7.8
Patient 8° POMC 8.4 NA
Patient 9 PCSK1 13.6 NA
Patient 10 LEPR 9.1 NA
Patient 11 LEPR 10.4 -4.8
Patient 12 LEPR 8.6 6.2
Patient 13 LEPR 6.0 11.4
Patient 14 LEPR 8.5 NA
Patient 15 LEPR 5.6 NA
Patient 16¢ LEPR 7.9 6.0
Patient 17° LEPR 7.4 9.1

Abbreviations: LEPR, leptin receptor; NA, not applicable;

PCSK1, proprotein convertase subtilisin/kexin type 1; POMC,
proopiomelanocortin.

“Average weight change over available time points in the specified age
range.

"Enrolled in supplemental cohort; not reported in primary analysis.
“Not part of the designated use set.
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classes after 1 year of treatment with setmelanotide (Fig. 2).
Similarly, all patients who were <18 years of age had a de-
crease in BMI Z score that resulted in a decrease of 1 to 4
obesity categories after 1 year of treatment with setmelanotide
(Fig. 3). Notably, prepubertal patients had normal height tra-
jectory and puberty progression.

Patients With Obesity Due to PCSK1 Deficiency

The 1 patient with PCSK1 deficiency had limited historical
data available and had weight at approximately the 90th to
95th percentile from age 10 to 11 years, with weight being
>95th percentile at the time of study enrollment. Initially,
this patient lost 7.1% of their body weight prior to the
placebo-controlled withdrawal period. Upon withdrawal of
setmelanotide, the patient regained weight. During the with-
drawal phase, the patient was administered risperidone be-
cause of depression. Risperidone is known to cause weight
gain, and the patient did not lose meaningful weight after
restarting setmelanotide treatment, although weight re-
mained below study baseline. The patient stopped taking
risperidone at 48 weeks. Following ~52 weeks of treatment
with setmelanotide, the patient had lost 2.4% of their body
weight from baseline. This equated to a decrease in BMI Z
score that resulted in a decrease of 1 obesity category.

Patients With Obesity Due to LEPR Deficiency

In general, weight and BMI in patients with LEPR deficiency
were >95th percentile throughout childhood (Fig.4). Recorded
previous interventions for weight loss in patients with LEPR
deficiency included medications (eg, dextroamphetamine,
metformin, methylphenidate), diet changes, combined life-
style interventions, and surgery (eg, gastric banding, gas-
tric sleeve; Table 1). These interventions provided limited
long-term benefit, given that they resulted in either no weight

LEPR
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Figure 2. Change in obesity class due to setmelanotide treatment in patients aged >18 years with obesity caused by POMC or LEPR deficiency.
Patient 16 was not part of the designated use set. Patient 17 did not have BMI data available following 1 year of treatment and was enrolled in the
supplemental cohort and not reported in primary analysis. *Achieved primary endpoint of >10% weight loss after ~1 year of treatment. BMI, body mass
index; LEPR, leptin receptor; N, normal; O/W, overweight; POMC, proopiomelanocortin.
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Figure 3. Change in obesity category due to setmelanotide treatment in patients aged <18 years with obesity caused by POMC, PCSK1, or LEPR
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*Achieved primary endpoint of >10% weight loss after ~1 year of treatment. BMI, body mass index; LEPR, leptin receptor; PCSK1, proprotein

convertase subtilisin/kexin type 1; POMC, proopiomelanocortin.

loss or initial weight loss followed by weight regain. These pa-
tients gained an average of ~7.9 kg (n = 8) annually from ages
2 to 15 years, ~5.6 kg (n = 5) from ages >15 to 20 years, and
~2.1 kg (n = 1) at >20 years of age over available time points.

Setmelanotide altered the course of weight gain in pa-
tients with obesity due to LEPR deficiency, and most pa-
tients lost weight and had reduced their BMI over ~1 year on
setmelanotide. Generally, patients had a decreased or main-
tained BMI class (218 years old) or BMI Z score category
(<18 years old) after 1 year of treatment with setmelanotide
(Figs. 2 and 3). Notably, height trajectory in children was con-
sistent with expectations based on growth charts.

Discussion

Patients with POMC, PCSK1, and LEPR deficiency are
known to have early-onset obesity and insatiable hunger re-
sulting from defects in MC4R pathway signaling [1, 7-9].
Traditional weight loss interventions that are commonly used
in patients with general obesity, such as lifestyle modifications
and bariatric surgery, have previously shown limited impact
in patients with rare genetic diseases of obesity. Continued
weight gain in patients with rare genetic diseases of obesity is
seen despite traditional weight loss interventions because of
the inability of these interventions to address the underlying
hyperphagia and MC4R signaling imbalance [7, 17].
Setmelanotide has been shown to significantly reduce body
weight in patients with POMC, PCSK1, or LEPR deficiency
through targeting the underlying physiologic defects in the
MCH4R pathway and decreasing the resulting hunger [22, 23].

In this analysis, patients with POMC, PCSK1, and LEPR
deficiency were shown to have severe obesity beginning
as early as infancy, with a trajectory of yearly weight gain

continuing into adulthood. Consistent with the results from
other studies of patients with rare genetic diseases of obesity,
weight gain and BMI increases are greatest during early child-
hood [14, 16]. This may be due to defective MC4R signaling
and hyperphagia being present from birth in individuals with
rare genetic diseases of obesity, as opposed to an accumu-
lation of environmental and social risk factors throughout
childhood in individuals with general obesity [30, 31]. In con-
trast, some individuals with general obesity have BMI and
weight increases in early childhood that are more modest,
gradually progressing throughout childhood and adolescence
[14, 32].

Similar to what has been previously described [13, 27, 28],
traditional interventions for weight loss (ie, dietary changes,
exercise regimens, medications, surgery) had little long-term
impact in patients with POMC and LEPR deficiency.
Following treatment with setmelanotide in patients enrolled
in the pivotal Phase 3 clinical trials, most patients lost weight
over ~1 year on setmelanotide and maintained their weight
loss, resulting in an altered course of weight gain. If these
patients were left untreated, many might have continued on
the trajectory of weight gain that had been observed prior
to setmelanotide treatment. Many patients had a notable
decrease in obesity class/category following treatment with
setmelanotide. These changes may translate to health benefits,
which can occur with even modest weight loss (eg, 5%) [33].

In general, obesity is known to have detrimental effects on
long-term health. Obesity is associated with an increased risk
for long-term complications, including some cancers, respira-
tory disease, diabetes, and cardiovascular diseases [34, 35].
Additionally, obesity is associated with anxiety, depression,
and diminished quality of life [36, 37]. Overall, the presence
and severity of obesity is associated with an increased risk
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Figure 4. Historical weight, height, and BMI in patients with obesity due to LEPR deficiency. Solid markers are historical data recorded prior to entry
into the trial. Open markers are data at study screening and final study visit for which weight, height, or BMI were recorded after receiving treatment
with setmelanotide. Centers for Disease Control and Prevention reference growth charts are shown for the 5th (bold), 10th, 25th, 50th (bold), 75th,
90th, and 95th (bold) percentiles for sex. Patient 16 was not part of the designated use set. Patient 17 was enrolled in the supplemental cohort and not
reported in primary analysis. *Dietary intervention. "Medication for obesity. *Surgery for obesity. *Exercise regimen. BMI, body mass index; LEPR, leptin
receptor.



of mortality and reduced life expectancy [38-40]. Notably,
obesity in childhood or young adulthood is associated with
increased mortality later in life, underscoring the import-
ance of early intervention [41, 42]. Thus, the large impact of
setmelanotide on the trajectory of weight gain or severity of
obesity in patients with rare genetic diseases of obesity may
translate to earlier long-term health benefits.

Setmelanotide has been shown to be well tolerated, with
the most common treatment-emergent adverse events being
related to injection site reactions and hyperpigmentation
[22]. No treatment-related cardiovascular adverse events
were reported with setmelanotide, and setmelanotide was
not associated with changes in heart rate or blood pressure
[22], which have been associated with first-generation MC4R
agonists [43, 44]. Hypothalamic POMC deficiency may re-
sult in improved glucose tolerance [45]. However, treatment
with setmelanotide did not result in significant worsening of
glucose metabolism parameters (eg, fasting glucose, glycated
hemoglobin) in patients with POMC or LEPR deficiency [22].
In fact, setmelanotide was associated with a significant im-
provement in fasting glucose levels in patients with POMC
deficiency.

Overall, these results showed that patients with POMC,
PCSK1, or LEPR deficiency experience weight gain starting
early in childhood and continuing into adulthood, with trad-
itional interventions for weight loss having limited impact
on the trajectory of weight gain. This leads to a tremendous
burden of the disease for patients and caregivers because they
fail to stabilize body weight with traditional treatments. As
reported previously, setmelanotide can meaningfully and sig-
nificantly reduce body weight [22] and attenuate weight and
BMI trajectories, potentially leading to long-term benefits on
morbidities, life expectancy, and long-term health.
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