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Abstract 

Introduction:  Individuals with proopiomelanocortin (POMC) or leptin receptor (LEPR) deficiency are young and 
experience severe obesity, hyperphagia, and comorbidities, which can impair quality of life (QOL).

Methods:  Two pivotal Phase 3 trials explored the effect of setmelanotide on body weight and hunger in individuals 
with obesity due to POMC (NCT02896192) or LEPR (NCT03287960) deficiency. QOL and depression were investigated 
in parallel using the disease-specific, age-appropriate Impact of Weight on Quality of Life-Lite (IWQOL-Lite), Pediatric 
Quality of Life Inventory (PedsQL), and Patient Health Questionnaire-9 (PHQ-9).

Results:  In total, the POMC and LEPR trials enrolled 21 patients. Adults (≥ 18 years old; n = 7) had moderate-to-
severe impairment in QOL at baseline, with mean (standard deviation [SD]) IWQOL-Lite total score 60.3 (13.2; maxi-
mum IWQOL-Lite total score = 100). The effect of setmelanotide on IWQOL-Lite total score was observed as soon as 
Week 5. Among those with scores at Week 52, 5 of 6 adults experienced a clinically meaningful improvement, with 
mean (SD) total scores increased from baseline by 24.2 (12.1) points. Children (6–12 years old; n = 2) and adolescents 
(13–17 years old; n = 4) had impaired QOL at baseline, with mean (SD) self-reported PedsQL total scores 53.3 (6.2) and 
63.3 (29.1), respectively (maximum PedsQL total score = 100). Three of 5 patients experienced clinically meaningful 
improvement in PedsQL, with 2 children whose PedsQL total score increased by 28.3 and 3.3 points and 3 adoles-
cents whose mean (SD) total score increased from baseline by 5.8 (18.3) points. Baseline mean (SD) PHQ-9 score (in 
those ≥ 12 years old) was 5.3 (3.8) and was generally maintained through Week 52.

Conclusions:  Patients with POMC or LEPR deficiency had impaired, and in some cases severely impaired, QOL before 
setmelanotide treatment. Setmelanotide improved QOL in patients as early as Week 5, with some patients no longer 
experiencing impaired QOL at Week 52. Improvements in QOL may be related to a reduction in hunger and body 
weight associated with setmelanotide. Because of the highly complex psychological consequences of rare genetic 
diseases of obesity, some patients may require a long period of treatment to improve QOL and benefit from interdisci-
plinary care.
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Background
Obesity can negatively impact an individual’s life through 
increased risk of morbidity (e.g., cancer, respiratory 
disease, type 2 diabetes mellitus, and cardiovascular 
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disease), the burden of social stigma, and impaired qual-
ity of life (QOL) [1–6]. These burdens do not exist in 
isolation, but rather, impaired health status and social 
stigma can impact an individual’s QOL [1, 7]. Individu-
als with obesity are approximately twice as likely to have 
health concerns, chronic diseases, physical disability, or 
limitations to their daily life activities compared with 
nonobese individuals [7]. Children or adolescents with 
obesity were 5.5 times more likely to have an impaired 
QOL than a control population [6]. QOL in patients with 
obesity declines with higher grades of obesity [8]. The 
risk for impaired QOL and mental health is most pro-
nounced with severe obesity [7, 9–11]. Individuals with 
severe obesity were 4 times as likely to have limitations to 
their daily life activities and were 30% more likely (odds 
ratio, 1.3) to have depression compared with nonobese 
individuals. [7, 10].

In addition to socioeconomic, environmental, and cul-
tural factors, obesity can also be driven by genetics [12, 
13]. The leptin-melanocortin signaling pathway regulates 
hunger and energy balance, and disrupted activity of this 
pathway through genetic variants may cause insatiable 
hunger, known as hyperphagia [14, 15]. Such genetic 
variants in the leptin-melanocortin signaling pathway 
are the cause of rare genetic diseases of obesity, includ-
ing proopiomelanocortin (POMC) deficiency and leptin 
receptor (LEPR) deficiency, which are characterized by 
early-onset severe obesity and hyperphagia [13, 14, 16]. 
Hyperphagia can be a daily struggle for patients, placing 
burdens on them, their families, and their caregivers [17, 
18]. A survey of individuals with rare genetic diseases 
of obesity found that 45% reported fear or anxiety over 
creating stress for their support system. Individuals with 
POMC and LEPR deficiency experience comorbidities, 
including diabetes mellitus, frequent infections, and hor-
monal insufficiencies, which alone can impair QOL [14, 
16, 19, 20]. Together, hyperphagia, the accompanying 
obesity, and associated comorbidities can contribute to 
physiologic and psychological impairments and reduced 
QOL in patients with POMC or LEPR deficiency [18]. 
Given the early-onset of obesity in these populations, 
patients are often young and may have been living with 
these burdens most of their lives [20–22].

Very little research exists on the impact of POMC or 
LEPR deficiency on QOL. There is an unmet need to 
evaluate whether weight loss therapeutics reduce the 
burdens of hunger and obesity and improve QOL, espe-
cially in genetic obesity. In Phase 3 clinical trials, the mel-
anocortin-4 receptor agonist setmelanotide significantly 
reduced weight and hunger in patients with obesity due 
to POMC or LEPR deficiency, as reported by Clément 
et  al. [20] Patients in the POMC and LEPR trials expe-
rienced mean (standard deviation [SD]) weight loss of 

25.6% (9.9%; P < 0.0001) and 12.5% (8.9%; P < 0.0001), 
respectively, and mean (SD) hunger reduction of 27.1% 
(28.1%; P = 0.0005) and 43.7% (23.7%; P < 0.0001), respec-
tively, after ~ 52  weeks of setmelanotide [23]. For this 
reason, the aim of this substudy was to evaluate if the 
reduction in body weight and hunger scores was accom-
panied by improvement in the QOL of these patients 
with monogenic obesity.

Methods
Study design
Two pivotal Phase 3, single-arm, open-label trials with 
a double-blind placebo-controlled, withdrawal period 
investigated the effect of setmelanotide on body weight 
in individuals with obesity due to POMC or LEPR defi-
ciency. Patients for each study were identified by the 
investigators from clinical site databases or genetic obe-
sity registries [20]. The POMC trial (NCT02896192) 
had active sites in Germany, France, Canada, the 
United States, Spain, and Belgium. The LEPR trial 
(NCT03287960) had active sites in Germany, France, the 
United Kingdom, and The Netherlands.

The POMC trial enrolled patients ≥ 6  years old 
with homozygous or compound heterozygous 
POMC or PCSK1 variants. The LEPR trial enrolled 
patients ≥ 6  years old with homozygous or compound 
heterozygous LEPR variants. For inclusion in either trial, 
obesity was defined as body mass index (BMI) ≥ 30  kg/
m2 for adults ≥ 18  years old and BMI ≥ 95th percentile 
for age on growth chart assessment for children or ado-
lescents 6–17  years old. Patients were excluded from 
either trial if they reported moderately severe or severe 
depression (Patient Health Questionnaire-9 [PHQ-
9] score ≥ 15) or suicidal ideation (type 4 or 5 on the 
Columbia Suicide Severity Rating Scale), recent suicidal 
behavior, or history of suicide attempt.

The trials began with an open-label dose titration 
phase, during which adult and child/adolescent patients 
initially received doses of 1.0 and 0.5  mg, respectively 
(Fig. 1). Active dose is considered any dose of setmelano-
tide received. Doses were up-titrated 0.5  mg every 
2  weeks until the therapeutic dose (defined as the dose 
of setmelanotide associated with 2–3-kg weight loss per 
week in adults and 1–2-kg weight loss per week in chil-
dren/adolescents, and hunger reduction) was estab-
lished. The last 2 weeks of the dose titration phase were 
considered the first 2  weeks of open-label treatment. 
Patients continued open-label active treatment for an 
additional 10  weeks. Patients who experienced ≥ 5-kg 
weight loss (or ≥ 5% weight loss for patients with baseline 
body weight < 100  kg) continued into the 8-week dou-
ble-blind, placebo-controlled withdrawal phase, which 
included 4 weeks of placebo. Patients then completed an 
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additional 32 weeks of open-label active treatment for a 
total of ~ 1 year of therapeutic dosing.

Because of the rarity of these diseases, a small sample 
size (~ 10 patients) was planned for each trial. The pivotal 
cohort of patients used for the analysis was the first ~ 10 
patients enrolled in each trial. Enrollment remained 
open for additional supplementary patients, but the 
results from this supplementary cohort are not reported 
here. The full analysis set (FAS) comprised patients who 
received ≥ 1 dose of setmelanotide and completed the 
baseline assessment. The designated use set (DUS) com-
prised patients who received ≥ 1 dose of setmelanotide, 
experienced ≥ 5-kg weight loss (or ≥ 5% weight loss for 
those with baseline body weight < 100  kg), and contin-
ued into the double-blind, placebo-controlled withdrawal 
phase. Data for the QOL and depression endpoints were 
analyzed for the DUS population at Week 52 to align with 
the efficacy analysis in Clément et al. [20] Because of the 
small population sizes and clinical relevance of POMC 
and LEPR deficiency, results from the patient populations 
combined across both trials are reported.

Both trials were conducted in accordance with the 
International Council on Harmonisation for Good Clini-
cal Practice and the Declaration of Helsinki. Institutional 
review board or independent ethics committee approval 
was obtained at all trial sites. Patients provided informed 
consent. Patient confidentiality was maintained.

Assessments
Body weight, height, BMI, and hunger were assessed 
throughout the trials. Age-appropriate questionnaires 
were used in the assessment of hunger, QOL, and depres-
sion when available. The primary endpoint, which was 
the proportion of patients who reached ≥ 10% loss in 
body weight after ~ 52  weeks (with variance due to 
scheduling), was met by 80% of patients in the POMC 
trial and 45% of patients in the LEPR trial, as reported 
in Clément et  al. [20] Hunger was assessed using a 
daily questionnaire, which participants responded to in 
the morning before eating or receiving setmelanotide. 
Patients ≥ 12 years old responded to a set of 3 questions 

using a Likert-type numerical rating scale ranging from 0 
to 10, where 0 = not hungry at all and 10 = hungriest pos-
sible. The 3 questions were, “In the last 24 hours, on aver-
age, how hungry did you feel?”, “In the last 24 hours, how 
hungry did you feel when you were the most hungry?”, 
and “This morning when you woke up for the day, how 
hungry did you feel?” Patients 6–11 years old responded 
to a single question, “How hungry do you feel right 
now?”, using a 5-point scale consisting of faces and verbal 
descriptors. The exploratory analyses performed in this 
study were mostly descriptive in nature.

QOL in patients was assessed using the Impact 
of Weight on Quality of Life-Lite (IWQOL-Lite) in 
patients ≥ 18  years old. The IWQOL-Lite is a 31-item 
obesity-specific measure of health-related QOL that 
consists of a total score and scores on each of 5 domains 
(physical function, self-esteem, sexual life, public distress, 
and work) [24]. Similarly, QOL in patients < 18 years old 
was assessed using the age-appropriate Pediatric Qual-
ity of Life Inventory (PedsQL). Children responded 
to the young child report (6–7  years old) or child 
report (8–12  years old). Adolescents (13–17  years old) 
responded to the teen report. The PedsQL is an age-
dependent, self-reported (or parent-reported) measure-
ment system for assessing health-related QOL in children 
and adolescents who are healthy or experiencing acute 
or chronic health conditions [25]. QOL questionnaires 
were administered in each trial according to the follow-
ing schedule: at screening and before treatment admin-
istration at visits 4 (week 5), 6 (week 13), 9 (week 27), 11 
(week 39), and 13 (week 53). In instances when the incor-
rect patient-reported outcome instrument, by age, was 
administered to a patient, the data were not included in 
the analysis. Hunger questionnaires, IWQOL-Lite or 
PedsQL, and the PHQ-9 were administered at appropri-
ate visits before treatment administration in each trial.

Raw scores from both the IWQOL-Lite and PedsQL 
are transformed onto a scale of 0 to 100, such that 0 
represents the worst possible QOL and 100 repre-
sents the best possible QOL [26, 27]. The mean (SD) 
IWQOL-Lite total score of a comparative population 
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Fig. 1  Study design. aWithdrawal phase included a variably timed 4-week placebo period and a 4-week period of setmelanotide treatment
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of normal and overweight individuals is 94.7 (7.6) [26]. 
Severity of impairment for IWQOL-Lite is based on 
the number of SDs below the comparative mean, such 
that total scores of 87.1–94.6 (< 1 SD), 79.5–87.0 (1 
to < 2 SD), 71.9–79.4 (2 to < 3 SD), and < 71.8 (≥ 3 SD) 
represent no, mild, moderate, and severe impairment. 
Threshold values for clinically meaningful change in 
IWQOL-Lite scores are dependent on baseline scores 
and were referenced against those previously reported 
by Crosby et al. [26] The mean (SD) self-reported Ped-
sQL total score for children and adolescents of a com-
parative population without obesity was 83.0 (14.8) [6]. 
In this study, impairment for PedsQL was defined as 1 
SD below the comparative mean. For patient-reported 
scores, the clinically meaningful change was defined 
as 4.4, 6.7, and 5.3 for total score, physical health, and 
psychosocial health, respectively [27].

Depression was also assessed throughout the trials 
using the PHQ-9. The PHQ-9 is a self-reported 9-item 
depression scale for assessment of patients ≥ 12  years 
old. Depression severity is defined as minimal, mild, 
moderate, moderately severe, or severe for scores of 
0–4, 5–9, 10–14, 15–19, and 20–27, respectively [28]. 
For PHQ-9, clinically meaningful change was defined 
as change in score of ≥ 5 points [29]. If a patient had a 
PHQ-9 score ≥ 10 during the trial, they were referred 
to a mental health professional.

Results
Participant demographics
A total of 21 patients were enrolled in the pivotal cohorts 
of the POMC and LEPR trials, with mean (SD) age and 
BMI of 21.2 (7.7) years and 44.5 (10.4) kg/m2, respec-
tively; 16 patients were included in the DUS population 
(patients who experienced ≥ 5-kg weight loss [or ≥ 5% 
weight loss for those with baseline body weight < 100 kg]). 
In the DUS population, patients were aged 11–37  years 
old; 2 patients were 6–12  years old, 7 patients were 
13–17 years old, and 7 patients were ≥ 18 years old.

Baseline IWQOL‑Lite scores and changes 
with setmelanotide (in adults)
At baseline, 7 adult patients reported a IWQOL-Lite 
total score ranging from 43 to 77; 5 had severe impair-
ment [26] (defined as total score < 71.8; Table 1) and 2 had 
moderate impairment [26] (defined as total score in the 
range of 71.9–79.4). The mean (SD) baseline IWQOL-
Lite total score was 60.3 (13.2).

Of the 7 adults in the DUS pivotal cohort, 6 reported 
IWQOL-Lite scores at Week 52. Patient scores 
improved 9–44 points at Week 52, with mean (SD) 
change from baseline at Week 52 of 24.2 (12.1). Clini-
cally meaningful improvement was experienced by 5 of 
6 (83.3%) patients. Improvement cutoffs (ranging from 
change in scores of 8–12) are dependent on individual 
baseline IWQOL-Lite total scores [26]; relevant cut-
offs are shown in Table  1. Improvement in IWQOL-
Lite total score was seen as early as 5  weeks and was 

Table 1  IWQOL-Lite Summary (Age ≥ 18 Years)

IWQOL-Lite, Impact of Weight on Quality of Life-Lite; LEPR, leptin receptor; PD, public distress; PF, physical functioning; POMC, proopiomelanocortin; SD, standard 
deviation; SE, self-esteem; SL, sexual life; W, work
a Patient enrolled in POMC trial
b Patient enrolled in LEPR trial
c Improvement and deterioration cutoff scores are dependent on baseline IWQOL-Lite total scores

Patient 1a Patient 2a Patient 3a Patient 4b Patient 5b Patient 6b Patient 7b Mean (SD)

IWQOL-Lite total score at baseline 50 43 70 74 77 52 56 60.3 (13.3)

Change in IWQOL-Lite total score at Week 52 44 31 17 23 21 – 9 24.2 (12.1)

Relevant improvement cutoffs for IWQOL-Lite 
total score [26]c

12.0 12.0 12.0 8.3 8.2 12.0 12.0 –

Percent change in IWQOL-Lite total score at 
Week 52

88.0 72.1 24.3 31.1 27.3 – 16.1 43.1 (29.4)

Change in domain scores at Week 52

 PF 34 25 4 18 28 – 0 18.2 (13.6)

 SL 50 – 69 0 – – – 39.7 (35.6)

 W 63 38 19 62 19 – 7 34.7 (23.7)

 PD 40 30 0 10 25 – 20 20.83 (14.3)

 SE 47 39 18 29 7 – 14 25.7 (15.4)

Body weight, percent change  − 34.8  − 25.8  − 27.7  − 21.0  − 15.6 –  − 2.3  − 21.2 (11.3)

Most hunger, percent change  − 14.3  − 5.8  − 72.2  − 64.3  − 66.7 –  − 37.5  − 43.5 (28.7)
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sustained through ~ 52 weeks (Fig. 2). The 2 adults with 
the lowest baseline QOL scores experienced the great-
est improvement in QOL, improving from severely 
impaired to no or moderate impairment. One of these 
adults also experienced the greatest percent change 
in body weight among those reporting IWQOL-Lite 
scores. Improvements in each domain score were 
observed for most patients at Week 52.

Baseline PedsQL scores and changes with setmelanotide 
(in children and adolescents)
At baseline, 2 children reported PedsQL total scores of 
48.9 and 57.6; both had clinically meaningful impair-
ment [6] (defined as total score < 68.2; Table 2). Also at 
baseline, 4 adolescents reported a PedsQL total score 
ranging from 23.9 to 85.9; 2 had clinically meaningful 
impairment (Table 3). The mean (SD) baseline PedsQL 
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Table 2  PedsQL summary (age 8–12 years; child reported)

PedsQL, Pediatric Quality of Life Inventory; PH, psychosocial health; PF, physical functioning; POMC, proopiomelanocortin; SD, standard deviation
a Patient enrolled in POMC trial

Patient 8a Patient 9a Mean (SD)

PedsQL total score at baseline 48.9 57.6 53.3 (6.2)

Change in PedsQL total score at Week 52 28.3 3.3 15.8 (17.7)

Percent change in total PedsQL score at Week 52 57.8 5.7 31.7 (36.8)
P = 0.0311

PF 34.4  − 9.4 12.5 (30.9)

PH 25.0 10.0 17.5 (10.6)

Body weight, percent change  − 20.1  − 2.4  − 11.2 (12.5)
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total score was 53.3 (6.2) and 63.3 (29.1) for children 
and adolescents, respectively.

Both children in the DUS pivotal population reported 
PedsQL scores at Week 52. Patient total scores 
improved by 28.3 and 3.3 points at Week 52. Clinically 
meaningful improvement [27] (defined as total score 
change > 4.4) was experienced by 1 patient (Fig.  3). Of 
the 7 adolescents in the DUS pivotal cohort, 3 com-
pleted both the baseline and Week-52 PedsQL assess-
ment. Patient total scores changed by a range of − 14.1 
to 21.7 points at Week 52, with mean (SD) change from 
baseline at Week 52 of 5.8 (18.3). Clinically meaningful 
improvement was experienced by 2 of 3 patients (67%), 
and clinically meaningful worsening was experienced 
by 1 patient. Of the 5 children and adolescents who 
had scores reported at Week 52, 3 reported improve-
ments in physical functioning scores (defined as score 
change > 6.7) and 4 reported improvements in psycho-
social health scores (defined as score change > 5.3), 
secondary analyses of PedsQL [27]. Because children 
and adolescents are still growing, it is difficult to assess 
improvement in QOL relative to weight loss. However, 
the child and adolescent with the lowest baseline Ped-
sQL total scores experienced the greatest improve-
ments with setmelanotide.

Baseline PHQ‑9 scores and changes with setmelanotide
Baseline PHQ-9 scores ranged from 0 to 11, with 8, 3, 
and 3 patients reporting minimal, mild, and moderate 
depression, respectively (Table 4) [28]. The mean (SD) 
baseline PHQ-9 score was 5.3 (3.8). In the POMC and 
LEPR trials, PHQ-9 scores were generally maintained 
from baseline through Week 52, with mean (SD) change 
from baseline at Week 52 of − 0.5 (3.0). Two patients 
experienced clinically meaningful improvement [29] 
(defined as change ≥ 5 points) in PHQ-9. No patients 
experienced worsening depression.

Discussion
POMC deficiency and LEPR deficiency are caused by 
genetic variants in the leptin-melanocortin signaling 
pathway and are characterized by early-onset severe 
obesity and hyperphagia [13, 14, 16]. Obesity can bur-
den individual patients and caregivers, and obesity with 
genetically driven hyperphagia may further compound 
that burden [1, 2, 9, 17]. Obesity increases an individu-
al’s risk of morbidity, social stigma, and impaired QOL 
[1–6, 9]. Hyperphagia, or insatiable hunger, and comor-
bidities can also lead to an impaired QOL [17–19]. 
Genetic testing is important in individuals with early-
onset severe obesity and hyperphagia to identify those 
with rare genetic diseases of obesity [22]. This can lead 
to targeted therapies and allow patients to avoid addi-
tional burdens of frustration and medical complications 
that can be caused by failed weight loss interventions 
[22]. Weight loss and hunger reduction are important 
for individuals with obesity and hyperphagia because 
they can lead to improvements in QOL [26, 30].

The baseline characteristics of patients who enrolled 
in these two Phase 3 trials suggest that individuals 
living with rare genetic diseases of obesity, such as 
POMC or LEPR deficiency, have an impaired, and in 
some cases severely impaired, QOL. Setmelanotide 
was previously shown to reduce body weight and hun-
ger scores in patients with these rare genetic diseases 
of obesity [20]. Clément et  al. reported 80% and 45% 
of patients met the primary endpoint in the POMC 
and LEPR trials, respectively. Mean (SD) weight loss 
was − 25.6% (9.9%) in the POMC trial and − 12.5% 
(8.9%) in the LEPR trial (DUS; mean (SD) weight loss 
of 23.1% (12.1%) in the POMC trial and 9.7% (8.8%) 
in the LEPR trial for the FAS) [20, 23]. In the current 
analysis, setmelanotide was generally associated with 
a tendency toward improvements in disease-specific 
QOL measures, which may be related to decreases in 
hunger and, subsequently, body weight, although the 

Table 3  PedsQL summary (age 13–17 years; adolescent reported)

PedsQL, Pediatric Quality of Life Inventory; PH, psychosocial health; PF, physical functioning; POMC, proopiomelanocortin; SD, standard deviation
a Patient enrolled in POMC trial

Patient 10a Patient 11a Patient 12a Patient 13a Mean (SD)

PedsQL total score at baseline 23.9 85.9 84.8 58.7 63.3 (29.1)

Change in PedsQL total score at Week 52 21.7  − 14.1 9.8 – 5.8 (18.3)

Percent change in PedsQL total score at Week 52 90.9  − 16.5 11.5 28.7 (55.7)
P = 0.0106

PF 21.9  − 18.8 15.6 – 6.3 (21.9)

PH 21.7  − 11.7 6.7 – 5.6 (16.7)

Body weight, percent change  − 26.2  − 30.2  − 35.6  − 27.3  − 29.8 (4.2)

Most hunger, percent change  − 54.7  − 37.5  − 1.4  − 3.5  − 24.3 (26.2)
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small population size precluded meaningful correlation 
analyses.

Baseline IWQOL-Lite total scores suggest that some 
adults with severe obesity due to POMC or LEPR 

deficiency experience a lower QOL than individuals with 
general obesity [31]. Setmelanotide was associated with 
improvements in IWQOL-Lite total scores and domain 
scores in patients with these rare genetic diseases of 
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obesity. Clinically meaningful changes were observed for 
83% of adults with scores at Week 52; for 4 of 6 adults, 
these improvements led to no or mild impairment in 
QOL after setmelanotide treatment. Compared with a 
separate population of adults with severe obesity, set-
melanotide treatment may result in an equal or greater 
proportion of patients who achieve clinically meaningful 
improvement in IWQOL-Lite total scores compared with 
lifestyle intervention or surgery for weight loss. Warken-
tin et  al. demonstrated a clinically meaningful improve-
ment in IWQOL-Lite total scores in 49% of 200 patients 
who underwent medically managed lifestyle counseling 
for weight loss and 76% of 150 patients who underwent 
surgery for weight loss [32]. A 17% reduction in body 
weight was considered to be required to achieve a clini-
cally meaningful improvement [32]. In the current study, 
a participant in the LEPR trial with a body weight change 
of − 15.6% did not meet this − 17% threshold but had a 
greater improvement in IWQOL-Lite total score (change 
of 21; clinically meaningful improvement) than expected. 
While just 1 patient, this might suggest that weight loss 
is not the only factor driving improvement in IWQOL-
Lite total scores; notably, this patient experienced a 67.9% 
reduction in “most” hunger score.

Children and adolescents with obesity due to POMC 
or LEPR deficiency in these studies tended to have more 
impaired baseline QOL (mean [SD] PedsQOL total 
scores 53.3 [6.2] for children and 63.3 [29.1] for adoles-
cents) than children with other chronic conditions, such 
as diabetes mellitus, cardiac disease and cancer, from 
other studies, with mean (SD) PedsQL total scores 80.4 
(12.9), 77.5 (14.5), and 72.0 (16.1), respectively [33]. Clin-
ically meaningful improvements in PedsQL total, physi-
cal functioning, and psychosocial health scores were 
observed for some children and adolescents.

Effects of setmelanotide on patient QOL were seen rel-
atively quickly (as soon as Week 5) and were maintained 
throughout the study. Continued improvement in QOL 
may be diminished or delayed by certain family situa-
tions. Some patients have experienced a difficult relation-
ship with their parents that had lasting effects because of 
their obesity [1]. Some patients may even worry about 
the burden they place on their family or caregivers [18]. 
Family stressors may lead to further weight gain in pedi-
atric patients [16].

While depression as measured by the PHQ-9 is not a 
direct QOL measure, PHQ-9 scores have been shown 
to negatively correlate with QOL [34]. Some individuals 
with POMC or LEPR deficiency experienced mild-to-
moderate depression at the time of trial enrollment. This 
may stem from the burden of their disease. While mod-
erately severe or severe depression (PHQ-9 score ≥ 15) 
was an exclusion criterion, no patients were excluded or 

withdrew from the study based on PHQ-9 scores, sug-
gesting that the reported PHQ-9 scores were representa-
tive of the patient population. Centrally acting antiobesity 
therapeutics may be associated with neuropsychiatric 
adverse effects, including depression, as was seen with 
rimonabant treatment and others [35]. Levels of patient 
depression were generally consistent with baseline at 
Week 52, suggesting no worsening of depressive symp-
toms with setmelanotide treatment.

These two pivotal Phase 3 trials of setmelanotide were 
limited by the low prevalence of the extremely rare dis-
eases evaluated, the separation of the enrolled patients 
by age group according to the questionnaires available, 
and incomplete responses on some questionnaires. Fur-
thermore, the data are based in part on the IWQOL-
Lite, which is not tailored to patients in obesity clinical 
trials [36]. The IWQOL-Lite-CT may be a more sensi-
tive measure for this patient population [36]. Clinically 
meaningful changes in patient-reported PedsQL scores 
from a control population of children were used as the 
reference for both the child and adolescent populations 
in this study, given that adolescent scores were not avail-
able. The comparator population used to define clinically 
meaningful changes could affect the interpretation of 
QOL results. However, in this study, patients who expe-
rienced a clinically meaningful change often had scores 
well beyond the minimally defined thresholds referenced. 
Finally, this trial assessed disease-specific QOL measures 
for 1 year, which may be an insufficient amount of time 
for patients to overcome burdens that they may have 
lived with for multiple years.

However, these data, although originating from 
patients with differing ages, demonstrate the burden of 
the diseases, which are also characterized by hyperpha-
gia and early-onset severe obesity. The previous results 
of the Phase 3 trial and additional Phase 2 trials provide 
evidence that treatment with setmelanotide reduces 
hunger scores [20, 21, 37]. Some patients saw only mod-
erate effects on QOL, which may indicate that in some 
patients there are long-lasting individual consequences 
that alter the effect of hyperphagia including intrafamil-
ial dynamics, education, and social environment. How-
ever, despite QOL being a complex metric impacted by 
many variables, some patients improved to no impair-
ment in QOL after setmelanotide treatment. Getting 
control over one part of the disease is not sufficient, at 
least over ~ 52  weeks, to normalize QOL. The results of 
this study indicate that it is essential to support patients 
and their families psychologically, independent of phar-
macologic treatment. Further, psychological support 
is warranted during pharmacologic treatment, such as 
treatment with setmelanotide, which can be the driver 
for weight loss in some patients. It might take longer than 
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52  weeks to normalize QOL, given that some patients 
have lived with their disease since birth [22]. It will be 
of interest to evaluate whether setmelanotide treatment 
from an early age (e.g., before the age of 3 years) might 
be likely to avoid the occurrence of any psychosocial 
symptoms.

Conclusions
This study demonstrated that patients with POMC or 
LEPR deficiency have impaired QOL, which may improve 
with setmelanotide treatment. Setmelanotide, through 
its reduction in hunger and associated weight loss, may 
have a meaningful impact on patient QOL, especially 
when combined with interdisciplinary support in expe-
rienced centers. The psychological consequences of rare 
genetic diseases of obesity are highly complex, and sup-
port by trained psychologists should be implemented in 
the treatment strategy.

Abbreviations
BMI: Body mass index; DUS: Designated use set; FAS: Full analysis set; IWQOL-
Lite: Impact of Weight on Quality of Life-Lite; POMC: Proopiomelanocortin; 
LEPR: Leptin receptor; QOL: Quality of life; PedsQL: Pediatric Quality of Life 
Inventory; PHQ-9: Patient Health Questionnaire-9; SD: Standard deviation.

Acknowledgements
This study was supported by Rhythm Pharmaceuticals, Inc. Editorial assistance 
was provided under the direction of the authors by Kristin French, PhD, and 
David Boffa, ELS, MedThink SciCom, and funded by Rhythm Pharmaceuticals, 
Inc.

Authors’ contributions
PK contributed to data acquisition, analysis of the study results, and manu-
script development. MW contributed to the conception and design of the 
study, data acquisition, analysis of the study results, and manuscript develop-
ment. JvS, CP, and PMK contributed to data acquisition and manuscript 
development. CC, PC, and AG contributed to analysis of the study results and 
manuscript development. UGM and MS contributed to the conception and 
design of the study, analysis of the study results, and manuscript develop-
ment. KC contributed to the conception of the study, analysis of the study 
results, and manuscript development. All authors read and approved the final 
manuscript.

Funding
This study was sponsored by Rhythm Pharmaceuticals, Inc. Assistance with 
preparation of this manuscript was provided by MedThink SciCom and was 
funded by Rhythm Pharmaceuticals, Inc.

Availability of data and materials
The data sets used and/or analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Both trials were conducted in accordance with the International Council on 
Harmonisation for Good Clinical Practice and the Declaration of Helsinki. 
Institutional review board or independent ethics committee approval was 
obtained at all trial sites. Patients provided informed consent. Patient confi-
dentiality was maintained.

Consent for publication
Not applicable.

Competing interests
PK has nothing to disclose. MW received compensation as a consultant and 
for lectures, presentations, speakers bureaus, manuscript writing or educa-
tional events. JvS received compensation for lectures, presentations, speakers 
bureaus, manuscript writing or educational events. CC has nothing to disclose. 
UGM is an employee of Rhythm Pharmaceuticals and holds stock in the 
company. PC received compensation as a vendor for his work on this study. 
AG has nothing to disclose. CP has nothing to disclose. PMK has nothing to 
disclose. MS is an employee of Rhythm Pharmaceuticals and holds stock in the 
company. KC has nothing to disclose.

Author details
1 Charité ‑ Universitätsmedizin Berlin, Corporate Member of Freie Universität 
Berlin und Humboldt‑Universität zu Berlin, Institute for Experimental Pediatric 
Endocrinology, CVK, Augustenburger Platz 1, 13353 Berlin, Germany. 2 Division 
of Pediatric Endocrinology and Diabetes, Center for Rare Endocrine Diseases, 
Department of Pediatrics and Adolescent Medicine, University of Ulm, Eyth-
straße 24, 89075 Ulm, Germany. 3 RTI Health Solutions, 3040 East Cornwallis 
Road, P.O. Box 12194, Research Triangle Park, NC 27709‑2194, USA. 4 Rhythm 
Pharmaceuticals, Inc., 222 Berkeley Street, Suite 1200, Boston, MA 02116, USA. 
5 Genesis Research, 111 River Street, Suite 1120, Hoboken, NJ 07030, USA. 
6 Nutrition Department, Assistance Publique Hôpitaux de Paris, Pitié-Salpêtrière 
Hospital, IE3M Building, Room 637, 6th floor, 91 boulevard de l’Hôpital, 
75013 Paris, France. 7 INSERM, Nutrition and Obesity; Systemic Approaches 
(NutriOmique) Research Group, Sorbonne University, Room 637, 6th floor, 91 
boulevard de l’Hôpital, 75013 Paris, France. 

Received: 5 October 2021   Accepted: 20 January 2022

References
	1.	 Ramos Salas X, Forhan M, Caulfield T, Sharma AM, Raine KD. Addressing 

internalized weight bias and changing damaged social identities for 
people living with obesity. Front Psychol. 2019;10:1409.

	2.	 Jia H, Lubetkin EI. The impact of obesity on health-related quality-of-life 
in the general adult US population. J Public Health (Oxf ). 2005;27:156–64.

	3.	 Arnold M, Pandeya N, Byrnes G, Renehan AG, Stevens GA, Ezzati M, et al. 
Global burden of cancer attributable to high body-mass index in 2012: a 
population-based study. Lancet Oncol. 2015;16:36–46.

	4.	 Center for Disease Control and Prevention. Childhood Obesity Causes & 
Consequences. https://​www.​cdc.​gov/​obesi​ty/​child​hood/​causes.​html#:​~:​
text=​Obesi​ty%​20dur​ing%​20chi​ldhood%​20can%​20har​m,are%​20more%​
20lik​ely%​20to%​20have%​3A&​text=​High%​20blo​od%​20pre​ssure%​20and%​
20hig​h,resis​tance%​2C%​20and%​20type%​202%​20dia​betes. Accessed 20 
Sept 2021.

	5.	 Ford ES, Moriarty DG, Zack MM, Mokdad AH, Chapman DP. Self-reported 
body mass index and health-related quality of life: findings from the 
Behavioral Risk Factor Surveillance System. Obes Res. 2001;9:21–31.

	6.	 Schwimmer JB, Burwinkle TM, Varni JW. Health-related quality of life of 
severely obese children and adolescents. JAMA. 2003;289:1813–9.

	7.	 Sirtori A, Brunani A, Villa V, Berselli ME, Croci M, Leonardi M, et al. 
Obesity is a marker of reduction in QoL and disability. Sci World J. 
2012;2012:167520.

	8.	 Felix J, Stark R, Teuner C, Lennerz B, Brandt S, von Schnurbein J, et al. 
Health related quality of life associated with extreme obesity in adoles-
cents—results from the baseline evaluation of the YES-study. Health Qual 
Life Outcomes. 2020;18:58.

	9.	 Ul-Haq Z, Mackay DF, Fenwick E, Pell JP. Meta-analysis of the associa-
tion between body mass index and health-related quality of life among 
adults, assessed by the SF-36. Obesity (Silver Spring). 2013;21:E322–7.

	10.	 Scott KM, Bruffaerts R, Simon GE, Alonso J, Angermeyer M, de Girolamo 
R, et al. Obesity and mental disorders in the general population: results 
from the world mental health surveys. Int J Obes Lond. 2008;32:192–200.

	11.	 Zhao G, Ford ES, Dhingra S, Li C, Strine TW, Mokdad AH. Depression and 
anxiety among US adults: associations with body mass index. Int J Obes 
(Lond). 2009;33:257–66.

	12.	 Albuquerque D, Nobrega C, Manco L, Padez C. The contribution of genet-
ics and environment to obesity. Br Med Bull. 2017;123:159–73.

https://www.cdc.gov/obesity/childhood/causes.html#:~:text=Obesity%20during%20childhood%20can%20harm,are%20more%20likely%20to%20have%3A&text=High%20blood%20pressure%20and%20high,resistance%2C%20and%20type%202%20diabetes
https://www.cdc.gov/obesity/childhood/causes.html#:~:text=Obesity%20during%20childhood%20can%20harm,are%20more%20likely%20to%20have%3A&text=High%20blood%20pressure%20and%20high,resistance%2C%20and%20type%202%20diabetes
https://www.cdc.gov/obesity/childhood/causes.html#:~:text=Obesity%20during%20childhood%20can%20harm,are%20more%20likely%20to%20have%3A&text=High%20blood%20pressure%20and%20high,resistance%2C%20and%20type%202%20diabetes
https://www.cdc.gov/obesity/childhood/causes.html#:~:text=Obesity%20during%20childhood%20can%20harm,are%20more%20likely%20to%20have%3A&text=High%20blood%20pressure%20and%20high,resistance%2C%20and%20type%202%20diabetes


Page 11 of 11Kühnen et al. Orphanet Journal of Rare Diseases           (2022) 17:38 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	13.	 da Fonseca ACP, Mastronardi C, Johar A, Arcos-Burgos M, Paz-Filho G. 
Genetics of non-syndromic childhood obesity and the use of high-
throughput DNA sequencing technologies. J Diabetes Complicat. 
2017;31:1549–61.

	14.	 Huvenne H, Dubern B, Clement K, Poitou C. Rare genetic forms of 
obesity: clinical approach and current treatments in 2016. Obes Facts. 
2016;9:158–73.

	15.	 Heymsfield SB, Avena NM, Baier L, Brantley P, Bray GA, Burnett LC, et al. 
Hyperphagia: current concepts and future directions proceedings of the 
2nd international conference on hyperphagia. Obesity (Silver Spring). 
2014;22(Suppl 1):S1-17.

	16.	 Styne DM, Arslanian SA, Connor EL, Sadaf Farooqi I, Hassan Murad M, 
Silverstein JH, et al. Pediatric obesity-assessment, treatment, and preven-
tion: An Endocrine Society Clinical Practice Guideline. J Clin Endocrinol 
Metab. 2017;102:709–57.

	17.	 Kayadjanian N, Schwartz L, Farrar E, Comtois KA, Strong TV. High 
levels of caregiver burden in Prader-Willi syndrome. PLoS ONE. 
2018;13(3):e0194655.

	18.	 Knox J, Reed C, Fay M, McCagg A, Hadker N, Estrada E. Burden of illness 
associated with rare genetic disorders of obesity. Poster presented at: 
26th European Congress on Obesity. 2019 28 April–1 May. Glasgow, 
Scotland.

	19.	 Medici BB, Lerche la Cour J, Knop FK, Krakauer M, Michaelsson LF, Faber J, 
et al. Predictors of improvement in quality of life when treating hypothy-
roidism. J Thyroid Res. 2021. https://​doi.​org/​10.​1155/​2021/​55772​17.

	20.	 Clement K, van den Akker E, Argente J, Bahm A, Chung WK, Connors H, 
et al. Efficacy and safety of setmelanotide, an MC4R agonist, in individu-
als with severe obesity due to LEPR or POMC deficiency: single-arm, 
open-label, multicentre, phase 3 trials. Lancet Diabetes Endocrinol. 
2020;8(12):960–70.

	21.	 Clément K, Biebermann H, Farooqi IS, Van der Ploeg L, Wolters B, Poitou C, 
et al. MC4R agonism promotes durable weight loss in patients with leptin 
receptor deficiency. Nat Med. 2018;24(5):551–5.

	22.	 Zorn S, von Schnurbein J, Kohlsdorf K, Denzer C, Wabitsch M. Diagnostic 
and therapeutic odyssey of two patients with compound heterozygous 
leptin receptor deficiency. Mol Cell Pediatr. 2020;7(1):15.

	23.	 Imcivree [package insert]. Boston (MA): Rhythm Pharmaceuticals, Inc; 
2020.

	24.	 Kolotkin RL, Crosby RD, Kosloski KD, Williams GR. Development of a brief 
measure to assess quality of life in obesity. Obes Res. 2001;9(2):102–11.

	25.	 Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and validity of the Pedi-
atric Quality of Life Inventory version 4.0 generic core scales in healthy 
and patient populations. Med Care. 2001;39(8):800–12.

	26.	 Crosby RD, Kolotkin RL, Williams GR. An integrated method to determine 
meaningful changes in health-related quality of life. J Clin Epidemiol. 
2004;57(11):1153–60.

	27.	 Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQL 4.0 as a pediatric 
population health measure: feasibility, reliability, and validity. Ambul 
Pediatr. 2003;3(6):329–41.

	28.	 Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression 
severity measure. J Gen Intern Med. 2001;16(9):606–13.

	29.	 Kroenke K. Enhancing the clinical utility of depression screening. CMAJ. 
2012;184(3):281–2.

	30.	 Cook K, Adamski K, Gomes A, Tuttle E, Kalden H, Cochran E, et al. Effects 
of metreleptin on patient outcomes and quality of life in generalized and 
partial lipodystrophy. J Endocr Soc. 2021;5(4):bvab019.

	31.	 Kolotkin RL, Fujioka K, Wolden ML, Brett JH, Bjorner JB. Improvements 
in health-related quality of life with liraglutide 3.0 mg compared with 
placebo in weight management. Clin Obes. 2016;6(4):233–42.

	32.	 Warkentin LM, Majumdar SR, Johnson JA, Abgorsangaya CB, Rueda-
Clausen CF, Sharma AM, et al. Weight loss required by the severely obese 
to achieve clinically important differences in health-related quality of life: 
two-year prospective cohort study. BMC Med. 2014;12:175.

	33.	 Varni JW, Limbers CA, Burwinkle TM. Impaired health-related quality of 
life in children and adolescents with chronic conditions: a compara-
tive analysis of 10 disease clusters and 33 disease categories/severities 
utilizing the PedsQL 4.0 Generic Core Scales. Health Qual Life Outcomes. 
2007;5:43.

	34.	 Molebatsi K, Motlhatlhedi K, Wambua GN. The validity and reliability of 
the Patient Health Questionnaire-9 for screening depression in primary 
health care patients in Botswana. BMC Psychiatry. 2020;20(1):295.

	35.	 Nathan PJ, O’Neill BV, Napolitano A, Bullmore ET. Neuropsychiatric 
adverse effects of centrally acting antiobesity drugs. CNS Neurosci Ther. 
2011;17(5):490–505.

	36.	 Kolotkin RL, Williams VSL, Ervin CM, et al. Validation of a new measure 
of quality of life in obesity trials: Impact of Weight on Quality of Life-Lite 
Clinical Trials Version. Clin Obes. 2019;9(3):e12310.

	37.	 Kuhnen P, Clement K, Wiegand S, et al. Proopiomelanocortin defi-
ciency treated with a melanocortin-4 receptor agonist. N Engl J Med. 
2016;375(3):240–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1155/2021/5577217

	Quality of life outcomes in two phase 3 trials of setmelanotide in patients with obesity due to LEPR or POMC deficiency
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Assessments

	Results
	Participant demographics
	Baseline IWQOL-Lite scores and changes with setmelanotide (in adults)
	Baseline PedsQL scores and changes with setmelanotide (in children and adolescents)
	Baseline PHQ-9 scores and changes with setmelanotide

	Discussion
	Conclusions
	Acknowledgements
	References


