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ABSTRACT

Objective: This analysis aimed to assess the efficacy of setmelanotide over 52weeks in patients with Bardet-Biedl syndrome
(BBS) compared with an external natural history cohort from the international Clinical Registry Investigating BBS (CRIBBS).
Methods: Patients with BBS > 6years of age (n=29) treated with setmelanotide for 52weeks in a phase 3 trial (NCT03746522)
and a propensity-score matched external control cohort (n=58) from CRIBBS were included. Responder rate at week 52 was
defined as > 0.3-point decrease in BMI z-score (patients <18 years) or >10% body weight reduction (adults). Secondary outcomes
included changes in BMI, BMI z-score, and body weight.

Results: A significantly greater proportion of patients treated with setmelanotide met the primary endpoint compared with
control patients (58.6% vs. 6.9%; p<0.001). In pediatric patients, 71.4% achieved the primary endpoint vs. 10.7% of controls
(p<0.001); in adults, corresponding numbers were 46.7% vs. 3.3% (p =0.001). Secondary outcomes demonstrated consistent ben-
efits of setmelanotide treatment. Sensitivity analysis using inverse probability of treatment weighting confirmed these findings.
Conclusions: This indirect comparison provides additional strong evidence that setmelanotide significantly improves weight out-
comes in patients with BBS. These findings further support its clinical benefit over 52weeks in managing obesity associated with
BBS.

Trial Registration: ClinicalTrials.gov identifier: NCT03746522

1 | Introduction ranges from 1 in 100,000 to 1 in 160,000 in North America and
Europe [1, 2], but it can be substantially higher, with 1 in 13,500
Bardet-Biedl syndrome (BBS) is a rare autosomal recessive dis- to 1 in 18,000 in genetically isolated populations, such as the no-

ease classified among the ciliopathies [1]. Its estimated prevalence madic Bedouins and remote Newfoundland communities [3, 4].
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Study Importance
What is already known?

« Bardet-Biedl syndrome (BBS) is characterized by dys-
function in the hypothalamic melanocortin-4 receptor
(MC4R) pathway, potentially leading to hyperphagia
and early-onset obesity. This substantially impacts
quality of life and increases the risk of obesity-related
complications.

Setmelanotide, an MC4R agonist that is approved in
Europe, Canada, and the United States, has shown its
efficacy in hunger and weight reductions in patients
with BBS and obesity in a phase 3 clinical trial with
a 14-week double-blind, placebo-controlled period fol-
lowed by a 52-week open-label period.

What does this study add?

« In absence of a placebo-controlled comparison beyond
14weeks in the phase 3 clinical trial, an indirect treat-
ment comparison over 52weeks was performed using
matched controls from the international Clinical
Registry Investigating BBS (CRIBBS).

The indirect treatment comparison confirmed statisti-
cally and clinically meaningful reductions in BMI and
body weight in pediatric and adult patients with BBS
over 52weeks compared with usual care, with consist-
ent results across sensitivity analyses, reinforcing the
robustness of the findings.

How might these results change the direction of
research or focus of clinical practice?

« These findings support the therapeutic value of set-
melanotide and its use in managing obesity asso-
ciated with BBS, potentially leading to improved
quality of life and mitigating long-term obesity-related
complications.

To date, causative variants in at least 26 genes and four modifiers
have been identified in the pathogenesis of BBS [5]. These genes
are involved in ciliary function, accounting for the syndrome's
broad clinical spectrum due to their roles in multiple biological
pathways [5]. A key feature of BBS is dysfunction of the hypo-
thalamic melanocortin-4 receptor (MC4R) pathway, which regu-
lates appetite and energy balance [6]. Impaired signaling in this
pathway may lead to hyperphagia, an insatiable hunger due to
reduced satiety, which contributes to abnormal eating and per-
sistent food-seeking behaviors, and may result in early-onset obe-
sity [7-10].

Hyperphagia is a severe manifestation and hallmark of BBS
[11-13]. Its severity correlates strongly with obesity, which together
are perceived as two of the most distressing aspects of BBS by par-
ents of affected children [9, 12]. Both hyperphagia and obesity
typically emerge early in the disease course, which may support
earlier diagnosis and management of BBS [12]. Hyperphagia is
typically unresponsive to diet and lifestyle modifications due to its
neurological and behavioral underpinnings [7-10]. Rapid weight
gain is observed early in childhood with rates of overweight or
obesity exceeding 90% after Syears of age. Many patients display
persistent overweight/obesity through adolescence [9].

Additional symptoms of BBS may include developmental delay,
intellectual disability (in a minority of patients), and multiple
organ involvement, such as retinal dystrophy, renal dysfunc-
tion, hypogonadism, and cardiac abnormalities [8, 14-16].

Early-onset obesity linked to genetic causes such as BBS is associ-
ated with an increased risk of severe complications in childhood
and adulthood, including sleep apnea, early insulin resistance,
prehypertension/hypertension, metabolic-associated steatotic
liver disease (MASLD), and dyslipidemia [17, 18]. Moreover, in-
fants and children with early obesity frequently face considerable
psychosocial challenges, including impaired social development,
early-onset body image concerns, and weight bias and stigma. In
consequence, caregiver burden is often substantial [12, 17-19].

Setmelanotide is a selective MC4R agonist that is designed to re-
store MC4R pathway function in BBS, thereby reducing hunger
and promoting weight loss through decreased caloric intake and
increased energy expenditure [20]. In Europe, setmelanotide is
indicated for the control of hunger and the treatment of obesity
associated with genetically confirmed BBS, loss-of-function bi-
allelic pro-opiomelanocortin (POMC), proprotein convertase
subtilisin/kexin type 1 (PCSK1) deficiency, or biallelic leptin
receptor (LEPR) deficiency in all patients >2years of age [21].
In the United States and Canada, setmelanotide is approved for
weight management in all patients >2 or >6years of age with
obesity due to BBS or POMC, PCSK1, or LEPR deficiency [22, 23].

In a multicenter, randomized, double-blind, placebo-controlled,
phase 3 trial, patients with BBS or Alstrom syndrome > 6 years of
age received setmelanotide or placebo in a 14-week double-blind
period, followed by open-label treatment with setmelanotide
for 52weeks. In this trial, setmelanotide led to significant re-
ductions in weight and hunger among patients with BBS; 32.3%
of patients >12years of age reached a >10% reduction in body
weight after 52weeks of treatment (primary study endpoint)
[24]. Treatment was well tolerated, with skin hyperpigmenta-
tion being the most commonly reported treatment-emergent
adverse event [24]. These positive effects on body weight per-
sisted for up to 2years in the long-term extension study, with no
new safety concerns [25]. In the open-label, multicenter, phase
3 VENTURE trial (NCT04966741), the efficacy of setmelanotide
was also established in children 2-5years of age who had hyper-
phagia and obesity due to BBS or POMC, PCSK1, or LEPR defi-
ciency. Among the patients with BBS (n=5), four patients (80%)
reached a >0.22-point reduction in body mass index (BMI) z-
score per World Health Organization (WHO) methodology at
week 52. All adverse effects were mild or moderate [26].

Real-world effectiveness of setmelanotide also has been demon-
strated. Results from an ongoing prospective monocentric
cohort study including 11 patients with BBS in France demon-
strated clinically significant weight reductions and improved
eating behavior with significant reductions in hunger and food
craving [27]. Additionally, an online survey in Germany of 35
patients (including 10 children) with BBS revealed that over 90%
of patients reported reduced feelings of insatiable hunger, being
satiated after meals, and achieving either a stable body weight or
weight loss following treatment with setmelanotide. Moreover,
treatment improved mood and behavior [28]. Beyond reductions
in feelings of hunger and body weight, setmelanotide also has
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been associated with improvements in health-related quality
of life [11, 19, 24, 29] and with improvements in estimated glo-
merular filtration rate and MASLD [30]. The improvements in
MASLD were independent of changes in BMI.

Conducting clinical trials in rare diseases is challenging due
to the scarcity of patients and ethical considerations regarding
placebo use [31]. The blinded placebo-controlled part of the
phase 3 clinical trial for BBS lasted 14 weeks, and longer com-
parisons with treatment-naive patients are not available to fur-
ther evaluate the clinical benefit of this therapy. An additional
consideration with setmelanotide is that hyperpigmentation, a
common side effect, makes it challenging to maintain blinding
in a double-blind placebo-controlled trial.

In this scenario, alternative ways are needed to provide more
robust evidence of a treatment effect. In the absence of random-
ized controlled trials (RCTs) with long-term follow-up, indirect
treatment comparisons are well accepted to estimate the impact
of a therapeutic intervention, especially in rare diseases [32, 33].
Indirect treatment comparisons statistically compare interven-
tions using external control data when head-to-head trials are
lacking, often by referencing placebo groups from separate stud-
ies [34]. When designed carefully, indirect treatment compari-
sons can fulfill the population, intervention, comparators, and
outcomes (PICO) criteria to support decision-making for both
healthcare professionals and regulatory agencies. European rec-
ommendations for the performance of indirect treatment com-
parisons have been published previously [34].

The objective of the current analysis was to further evaluate the
clinical benefit of setmelanotide on weight-related parameters
over 52weeks in patients with BBS and obesity from a phase 3
trial (NCT03746522) compared with a long-term external con-
trol cohort from the international Clinical Registry Investigating
BBS (CRIBBS) that received usual care [35].

2 | Methods
2.1 | Study Participants

This indirect treatment comparison included patients with BBS
from the phase 3 clinical trial (NCT03746522) [24] and patients
identified from CRIBBS. All patients from the phase 3 trial who
reached >52weeks of treatment with setmelanotide were in-
cluded in this analysis (14 pediatric patients and 15 adults; n=29),
including patients who initially received placebo in the 14-week
double-blind period and then switched over to setmelanotide in
the 52-week open-label period. Patients were >6years of age with
a clinical diagnosis of BBS and obesity (defined as BMI >97th per-
centile for age and sex for patients 6-15years of age and > 30kg/m?
for those >16years of age). Further eligibility criteria were a<2%
weight loss from intensive diet or exercise regimen (or both) within
2months prior to enrollment or a <10% weight loss durably main-
tained after gastric bypass surgery. Obesity medication was not
permitted in the 3 months prior to study enrollment. Moreover, pa-
tients were required to have a glomerular filtration rate >30mL/
min/1.73m?. Clinical and demographic characteristics and the ge-
netic variants identified in the phase 3 trial participants have been
published previously [24], with the most common genetic variants

being BBSI (27.3%) and BBSI0 (25.0%). The trial was performed at
12 sites in the United States, Canada, the United Kingdom, France,
and Spain. This study was conducted in accordance with guide-
lines from the Declaration of Helsinki, Council for International
Organizations of Medical Sciences, and International Council for
Harmonisation at sites with approval of the Independent Ethics
Committee or institutional review board. An Independent Data
Monitoring Committee monitored the safety and efficacy data
during the study to ensure the highest ethical standards.

The external control group participated in CRIBBS, an inter-
national registry and natural history study that records health
information and outcomes on a yearly basis in patients with BBS
(June 2014 to present [35]). To be eligible for inclusion in the
registry, patients must have a clinical diagnosis of four primary
features or three primary features plus two secondary features
(regardless of genetic findings) or must have a biallelic variant
for an established gene associated with BBS [5]. Of the 789 par-
ticipants in CRIBBS, 728 participants have a clinical diagnosis,
and 61 participants have a biallelic variant for an established
gene associated with BBS without a clinical diagnosis. All pa-
tients enrolled in CRIBBS provided verbal and when applica-
ble written informed consent permitting the collection of their
clinical information and its use for research purposes, including
clinical analyses and dissemination of results in scientific publi-
cations. The study was conducted according to the Declaration
of Helsinki and approved by the Marshfield Clinic Research
Foundation Institutional Review Board (IRB-18-164).

Inclusion criteria from the phase 3 BBS trial were applied to all
patients from CRIBBS who were also required to have completed
at least one follow-up questionnaire after the initial phone in-
terview (n=605). Patients from CRIBBS who entered the phase
3 BBS trial were excluded from the comparative cohort. From
CRIBBS, 120 patients (51 pediatric and 69 adult) fulfilled the in-
clusion criteria for this analysis. All but three (pediatric) patients
had a clinical diagnosis of BBS at enrollment in the registry.

2.2 | Treatment Protocol

Patients with BBS from the phase 3 trial received a dose of set-
melanotide up to 3.0mg based on age or placebo during the
14-week double-blind period, and they continued open-label
setmelanotide at 3.0mg for 52 weeks. No participation in diet or
exercise interventions or change in drug therapies was allowed
during the trial. Further details of the trial protocol have been
described extensively elsewhere [24]. In the CRIBBS control
cohort, deidentified data collected as part of the registry ques-
tionnaires, as well as supplementary information collected from
the patients’ medical records, were utilized corresponding to the
same period as the phase 3 trial (December 10, 2018, to November
25, 2019) to avoid confounding factors, e.g., COVID-19.

2.3 | Outcomes

The predefined primary endpoint was the responder rate at
52weeks. In the pediatric population (patients <18years of
age at baseline), the response rate was defined as patients who
reached a >0.3-point reduction in the BMI z-score. The BMI
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z-score per WHO Child Growth Standard was used to report
weight changes in pediatric patients. BMI z-score is a statistical
measure to assess BMI in pediatric patients by considering a pa-
tient's BMI and comparing it to reference values for the same age
and sex. A reduction of >0.2 points is considered clinically rele-
vant in a pediatric population [36], but a 0.3-point reduction was
used as a stringent responder criterion in this analysis. In the
adult population (patients >18years of age at baseline), it was
defined as patients who had achieved a >10% reduction in body
weight from baseline. Studies have demonstrated that a >5%
weight loss is associated with a clinically meaningful impact on
multiple weight-related diseases [37, 38]. A 10% reduction was
used as a stringent responder criterion for adults in this analysis.

Key secondary endpoints were mean change and mean % change
in BMI from baseline in the pediatric and adult populations,
mean change and mean % change in BMI z-score from base-
line in the pediatric population, and mean change and mean %
change in body weight from baseline in the adult population.
Hunger and quality of life outcomes could not be assessed in this
analysis due to incomparable assessments between the phase 3
trial and CRIBBS.

2.4 | Statistical Analysis

Propensity score matching was applied to reduce the influence of
confounding variables and establish two comparable cohorts [39].
Propensity scores were estimated using logistic regression includ-
ing the covariates of age, BMI, gender, ethnicity, type 2 diabetes,
country of residence, cognitive impairment/developmental delay,
and previous weight loss interventions (Figure 1). Optimal 2:1
matching without replacement was performed. Figure 1 shows
the standardized mean differences for each covariate before
(unadjusted, open circles) and after (adjusted, filled circles) pro-
pensity score matching. Values of the covariates closer to zero in-
dicate a better balance between the treatment and control groups.
A covariate was determined as balanced if the value is <0.25 [40]
The adjusted values demonstrate that matching successfully re-
duced baseline differences across all listed covariates.

Mean and mean % change from study baseline until week 52 were
mapped for all outcomes for both pediatric and adult populations.
For patients who received more than 52weeks of setmelanotide,
active treatment baseline (ATB) was considered as the last avail-
able measurement before the first dose of setmelanotide. ATB was
used to assess a patient's status at the beginning of any setmela-
notide treatment, regardless of prior study participation, and dif-
fers from study baseline, which may also include a pretreatment
or observational period. The controlled treatment effect (CTE)
was calculated from ATB until 52weeks of treatment for all out-
comes for both adult and pediatric populations. CTE was calcu-
lated with a logistic regression model based on the propensity
score matched cohort. CTE estimates the treatment effect after
accounting for natural disease progression that would result from
no intervention. Unlike placebo-subtracted values from random-
ized trials, CTE uses matched control patients from real-world or
historical data to estimate the outcome without treatment [39].

A sensitivity analysis was carried out using inverse probability
of treatment weighting (IPTW) to further evaluate the treatment

effect of setmelanotide (see online Supporting Information
Methods). IPTW is an alternative statistical approach to pro-
pensity score matching that involves assigning weights to each
subject based on the inverse of the probability of receiving the
observed treatment. Unlike propensity score matching, this
method uses all available patients rather than creating matched
pairs, providing a complementary perspective on treatment
effectiveness while accounting for the same baseline char-
acteristics [41]. The IPTW analysis was carried out using the
Weightlt package in R. Treatment effects were estimated using
a weighted generalized linear model to examine the changes
from baseline to follow-up. Heteroskedasticity-consistent 3
(HC3) standard errors were used instead of subclass clustering,
since IPTW does not generate distinct matched sets. This vari-
ance estimator was selected for its robustness in weighted anal-
yses and its conservative properties in finite samples.

All analyses and tabulations were performed using R version 3.1
or higher on a PC platform.

3 | Results

After matching, a total of 58 patients (28 pediatric and 30 adult
patients) from CRIBBS were included in the analysis. Genetic test
results were available for 44 patients: 19 (32.8%) pediatric patients
and 18 (31.0%) adult patients had a positive genetic test result for
a biallelic pathogenic/likely pathogenic variant in BBS-associated
genes (Table 1). The most common genetic variants identified were
in BBSI (18.9% in pediatric patients, 13.5% in adult patients) and
BBSI10(21.6% in pediatric patients and 21.6% in adult patients).

In this analysis, 29 patients (14 pediatric and 15 adult patients)
from the phase 3 trial were compared (1:2) with the 58 matched
patients from CRIBBS. At baseline, mean BMI z-score in the pe-
diatric population was 3.7 (95% confidence interval [CI]: 2.9, 4.6)
in treated patients and 2.5 (95% CI: 2.4, 2.6) in the CRIBBS cohort.
Mean BMI at baseline in the adult population was 46.3kg/m? (95%
CI: 43.01, 49.5) in treated patients and 46.58 kg/m? (95% CI: 42.15,
51.0) in the CRIBBS cohort.

Of the combined pediatric and adult treated population, 58.6%
(n=17) achieved the primary endpoint compared with 6.9% (n=4)
of the CRIBBS cohort, reflecting a 51.7% difference between the
two cohorts (p <0.001; Figure 2A). Moreover, 71.4% of treated pe-
diatric patients (n=10) achieved the primary endpoint compared
with 10.7% (n=3) of the CRIBBS cohort, reflecting a 60.7% differ-
ence between the two cohorts (p <0.001; Figure 2B). In the adult
patient population, 46.7% of the treated patients (n=7) achieved
this endpoint, compared with 3.3% (n=1) of the CRIBBS cohort, a
43.4% difference between groups (p=0.002; Figure 2C).

Marked benefits of therapy with setmelanotide were also evi-
dent for all key secondary endpoints. In the pediatric population
(Table 2), mean change in BMI z-score from baseline was —0.8
for treated patients compared with —0.01 in the CRIBBS cohort.
The CTE was —0.7 (95% confidence interval [CI]: —1.0, —0.5;
p<0.001). Mean % change in BMI z-score from baseline was
—24.3% in treated patients compared with —0.3% in the CRIBBS
cohort. The CTE was —24.1% (95% CI: —35.7%, —12.4%; p < 0.001).
Mean change in BMI from baseline was —3.4kg/m? in treated

4
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FIGURE1 | Propensity matching outcomes in the (A) pediatric and (B) adult populations. Standardized mean differences for each covariate be-
fore (unadjusted, open circles) and after (adjusted, filled circles) propensity score matching. A covariate was determined as balanced if the value is

<0.25[40]. ATB, active treatment baseline.

patients compared with +1.0kg/m? in the CRIBBS cohort. The
CTE was —4.5 (95% CIL: —5.7, —=3.2; p<0.001). Ultimately, the
mean % change in BMI from baseline in the pediatric population
was —9.72% for treated patients compared with +3.42% in the
CRIBBS cohort. The CTE was —13.1% (95% CI: —17.0%, —9.2%;
p<0.001).

In the adult population (Table 3), the mean change in BMI was
—3.3kg/m? in treated patients compared with +0.4kg/m? in the
CRIBBS cohort. The CTEwas —3.7(95% CI: —5.2,-2.1; p < 0.001).
The mean % change in BMI was —7.1% in treated patients com-
pared with +0.9% in the CRIBBS cohort. The CTE was —7.9%
(95% CI: —11.0%, —4.8%; p<0.001). The mean change in body
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weight (kg) from baseline in treated patients was —9.4kg com-
pared with +1.1kg in the CRIBBS cohort. The CTE was —10.5
(95% CI: —14.9, —6.0; p<0.001). Finally, the mean % change in
body weight from baseline in treated patients was —7.6% com-
pared with 0.9% in patients from the CRIBBS cohort. The CTE
was —8.5% (95% CI: —11.5%, —5.4%; p <0.001).

The sensitivity analysis confirmed the findings of the propen-
sity score matched analysis. Treatment effect estimates and their
corresponding confidence intervals were compared and were
found to be consistent across two methodological approaches (see
Tables S1 and S2). In the pediatric population, IPTW produced
similar treatment outcomes to propensity score matching, with
BMI z-score changes of —0.8 (95% CI: —1.0, —0.5; p<0.001) ver-
sus —0.7 (95% CI: —1.0, —0.5; p <0.001), respectively. Similarly, in
the adult population, IPTW demonstrated consistent BMI reduc-
tions of —3.7 (95% CI: —5.8, —1.6; p<0.001) compared with —3.7
(95% CI: —5.3, —=2.1; p<0.001) with propensity score matching.
Additional IPTW sensitivity analyses using trimmed weights and
double-robust estimation supported these findings further, with
all methods producing statistically significant treatment effects

TABLE1 | Biallelic pathogenic/likely pathogenic variants identified
in matched patients with BBS from CRIBBS.

in the same direction and of a similar magnitude. This strength-
ens confidence in the validity of observed treatment benefits.

4 | Discussion

This indirect comparison using a propensity score matched ap-
proach demonstrates the significant efficacy of setmelanotide
in reducing obesity-related parameters in patients with BBS,
offering compelling additional support for the therapeutic ben-
efits of this treatment. The propensity score matched approach
with carefully selected covariates minimized confounding and
strengthened internal validity; in addition, the validity of these
results was corroborated in the sensitivity analysis using IPTW.
These results contribute to understanding the effects of setmela-
notide over 52weeks and reinforce its clinically relevant benefits
compared with usual care.

Although the efficacy and safety of setmelanotide have been demon-
strated previously, the blinded placebo-controlled part of the phase
3 trial lasted only 14weeks. CRIBBS provided the opportunity to
analyze a large cohort of patients with BBS, allowing an indirect
comparison of setmelanotide versus usual care over 52weeks. At
52weeks, patients treated with setmelanotide exhibited significant
and clinically meaningful improvements in weight-related pri-

Gerfetic o mary and secondary endpoints compared with propensity score
variant, n Adult Pediatric matched patients from CRIBBS. The primary endpoint was met
(%) (n=18) (n=19) Total (n=37) by a significantly larger proportion of patients treated with setmel-
BBS1 5(13.5) 7(18.9) 12 (32.4) anotide compared with control patients. Secondary endpoint anal-
yses further substantiated the therapeutic benefit of setmelanotide;
BBS2 4(10.8) 2649 6(16.2) reductions in weight-related outcomes were consistently greater in
BBS5 0 1(2.7) 1(2.7) the patients with BBS treated with setmelanotide compared with
BBS9 0 1.7 1027 control patients from CRIBBS. Across all endpoints, the CTE re-
@7 @2.7) mained robust and statistically significant.
BBS10 8 (21.6) 8 (21.6) 16 (43.2)
TTC21B 127) 0 127) Participation in registries has been shown to enhance health care
: . engagement by fostering better communication, transparency,
A Combined population B Pediatric population C Adult population
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FIGURE 2 | Primary endpoint responder rates in the (A) combined adult and pediatric populations, (B) pediatric population, and (C) adult pop-

ulation. The responder rate was defined as: a >0.3-point reduction in BMI z-score in patients < 18years of age at baseline (pediatric population) or

a >10% reduction from baseline in body weight in patients >18years of age at baseline (adult population). BBS, Bardet-Bied] syndrome; CRIBBS,

Clinical Registry Investigating BBS.
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TABLE 2 | BMI outcomes in setmelanotide-treated patients with BBS compared with the matched CRIBBS cohort—pediatric population.

BMI, kg/m? BMI z-score
Matched CRIBBS Matched
Treated BBS cohort cohort Treated BBS cohort CRIBBS cohort

Mean absolute change

52weeks =34 1.0 -0.8 —0.01

CTE (95% CI) 4.5(-5.7,-3.2) —-0.7 (1.0, —0.5)

p<0.001 p<0.001

Mean % change

52weeks -9.7% 3.4% —24.3% -0.3%

CTE (95% CI) —13.1% (=17.0%, —9.2%) —24.1% (=35.7%, —12.4%)

p<0.001

p<0.001

Abbreviation: CTE, controlled treatment effect.

TABLE 3 | Weight outcomes in setmelanotide-treated patients with BBS compared with the matched CRIBBS cohort—adult population.

BMI, kg/m? Body weight, kg
Matched CRIBBS Matched CRIBBS
Treated BBS cohort control cohort Treated BBS cohort control cohort

Mean absolute change

52weeks -3.3 0.4 -9.4 1.1

CTE (95% CI) —3.7(=5.2, -2.1); p<0.001 -10.5 (~14.9, —6.0); p<0.001
Mean % change

52weeks —7.1% 0.9% —7.6% 0.9%

CTE (95% CI) ~7.9% (~11.0%, —4.8%); p < 0.001 —8.5% (=11.5%, —5.4%); p <0.001

Abbreviation: CTE, controlled treatment effect.

and empowerment in decision-making [40]. This benefit is re-
flected in an analysis from CRIBBS, which included 331 pediat-
ric patients with BBS [12]. At baseline, 81% of these patients had
obesity, and 22.7% reported using weight loss diets or medica-
tions. Despite the availability of interventions, including weight-
reducing medications, only a small proportion of patients from
CRIBBS achieved clinically meaningful weight loss compared
with setmelanotide-treated patients in this indirect compari-
son. This comparison highlights the significant challenge that
patients with BBS face without therapies specifically targeting
hyperphagia and concomitant obesity.

An important distinction between the source datasets is that
patients in the phase 3 BBS trial were not permitted to initiate
or modify weight loss pharmacotherapy or to optimize life-
style interventions during the blinded or open-label treatment
periods. In contrast, participants in CRIBBS could make such
changes as part of usual care. Although detailed information on
how frequently, or to what extent, these interventions occurred
in CRIBBS is not available, this difference in study design has
the potential to influence outcomes in favor of the control group.
The fact that greater improvements were still observed in the
setmelanotide group should be interpreted in this context.

Using a real-world comparator is especially valuable in rare dis-
eases where data from long-term randomized trials is difficult

to obtain due to limited populations and ethical concerns. This
approach aligns with recent Coordination Group on Health
Technology Assessment and European Medicines Agency rec-
ommendations for leveraging indirect treatment comparisons in
rare conditions [34]. Employing a well-characterized, external
natural history cohort (CRIBBS) enhances the generalizabil-
ity of findings, supporting the effectiveness of setmelanotide
beyond the confines of a controlled trial. An additional con-
sideration with setmelanotide is that hyperpigmentation, a com-
mon side effect, makes it challenging to maintain blinding in a
double-blind placebo-controlled trial.

While the treatment effect of setmelanotide on hunger, quality
of life, and metabolic outcomes would offer a more comprehen-
sive picture of its long-term benefits, there were no comparable
assessments possible between the phase 3 trial and CRIBBS.

5 | Conclusion

This indirect treatment comparison using a propensity score
matched cohort from CRIBBS provides strong evidence that
setmelanotide offers clinically and statistically significant
weight-related benefits over 52 weeks in both pediatric and adult
patients with BBS, reinforcing its long-term therapeutic value
compared with usual care. Early intervention in patients with
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BBS and hyperphagia and obesity should be endorsed to help
improve weight-related outcomes and reduce the risk of obesity-
related complications and associated impacts on quality of life.
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