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Introduction
Prader-Willi syndrome (PWS) is a complex, multisystem, neurodevelopmental disorder occurring in 
approximately 1 in 15,000 live births (1, 2). The underlying cause of  PWS is the lack of  expression of  pater-
nally inherited imprinted genes on chromosome 15q11–q13, most commonly through paternal deletions or 
maternal uniparental disomy (3, 4).

These genetic anomalies lead to a distinctive phenotype that includes mild to moderate levels of intellectu-
al disability, compulsivity, growth hormone deficiency, life-threatening hyperphagia, and high risk of obesity.

Symptoms of  PWS often present as a period of  infantile hypotonia and feeding difficulties that gradu-
ally improve, followed by an increased interest in food in early childhood (age 4–5 years) (5). Hyperphagia 
and food-related behavior problems often evolve by 8 years of  age and are characterized by the lack of  a 
normal satiety response, food preoccupations, and problematic food-seeking behaviors. Although symptom 
severity varies, hyperphagia poses persistent, life-long risks to the health and safety of  affected individuals 
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(5). Patients with PWS also manifest significant compulsive behaviors, including insistence on sameness, 
repetitive questioning, rearranging items until they are “just right,” skin picking, and hoarding (6). Addi-
tionally, patients are prone to impulsivity, anxiety, tantrums, and sudden outbursts, with some variability in 
the expression of  all of  these based on environmental factors, age, and genetic subtypes of  PWS (6).

The combination of  hyperphagia, intellectual disabilities, and behavioral difficulties presents life-long 
management challenges for parents and families, and it limits the range of  social, educational, and voca-
tional opportunities for individuals with PWS. Parents and caregivers are tasked with exerting some level 
of  environmental controls, including close supervision of  children around food, securing food sources (e.g., 
locking the refrigerator), providing reduced caloric meals and snacks, adhering to a predictable meal sched-
ule to ameliorate anxiety, encouraging regular exercise, and advocating for their child’s dietary needs in 
educational and other settings (7). While strict environmental controls may help reduce caloric intake and 
effectively manage weight for some individuals with PWS in the home setting, the persistent hyperphagic 
drive and associated behavioral problems characteristic of  PWS often prevent patients from achieving a 
high quality of  life or being well-integrated into their communities.

While complications of  obesity are common causes of  death in PWS, related causes of  morbidity are 
observed regardless of  body mass index (BMI) and include gastric necrosis and rupture after an episode of  
binge eating (8), as well as choking due to sneaking food and eating too rapidly while unsupervised (9). The 
clinical benefits of  treating hyperphagia with weight-loss drugs used in the general population, psychotropic 
medications (10), and restrictive bariatric surgeries have not been established (11). No pharmacotherapies are 
currently available to effectively reduce symptoms of  hyperphagia in PWS. However, the potential benefit of  

Figure 1. CONSORT diagram of disposition of study patients. *One patient who did not meet inclusion criteria was mistakenly randomized to treatment 
with carbetocin but did not receive any study medication. †A total of 19 patients in the placebo group completed the study; however, 1 patient who discontin-
ued the study because of an AE (broken lower arm) was included in the full analysis population and participated in the final efficacy assessment on day 15.
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i.n. delivery of  an oxytocin analog in patients with PWS may be gleaned from existing evidence of  the specific 
neurologic actions of  this hormone. Indeed, oxytocin is a potent anorexigenic hormone, and it is integral to 
the complex neural and gut networks associated with the homeostatic control of  food intake, satiety, and 
energy balance (12). The proform of oxytocin is cleaved by subtilisin-like prohormone convertase (PC1), an 
enzyme that is encoded by the proprotein convertase subtilisin/kexin type 1 gene (PCSK1) (13).

Recent evidence indicates that deficits in PC1 (resulting from paternal deletion of  the noncoding RNA 
gene SNORD116) may contribute to the development of  clinical phenotypes observed in patients with PWS 
due to improper processing of  hormones like oxytocin (14). Moreover, findings of  postmortem studies in 
individuals with PWS demonstrate a lower number of  oxytocin-secreting neurons in the paraventricular 
nucleus of  the hypothalamus (15), suggesting that dysregulation of  oxytocin impairs the satiety response 
in patients with PWS.

Several studies have investigated the effects of  i.n. oxytocin treatment in patients with PWS and have 
produced conflicting results. Tauber and colleagues (16) conducted a randomized, double-blinded, place-
bo-controlled study of  a single 24-IU dose of  i.n. oxytocin in 24 adult inpatients with PWS. Two days after 
administration, the oxytocin group had less sadness tendencies (irritability, frustration), less destructive 
behaviors (tantrums, aggression), and more trust in others (greeting people, joining activities) compared 
with the placebo group. Although these outcomes were based on unstandardized staff  ratings, they are 
consistent with a growing animal and human literature on the role of  oxytocin in pair bonding, empathy, 
attachment security, and trust (17–19). Miller and colleagues (20) recently reported results of  a random-
ized, double-blinded, placebo-controlled, 2-period crossover study designed to evaluate i.n. oxytocin in 24 
children aged 5–11 years with PWS. After 5 days of  treatment, i.n. oxytocin 16 IU was superior to placebo 
in all 17 behavioral, socialization, anxiety, and appetite endpoints, although none achieved statistical sig-
nificance.

In contrast, Einfeld and colleagues (21) found no beneficial effects of  i.n. oxytocin in a double-blinded, 
placebo-controlled trial in 30 children and adolescents with PWS. Using dosages that varied from 18–40 
IU twice daily for 8 weeks, investigators found no treatment effects in hyperphagia, compulsivity, or social 
functioning. Instead, a significant worsening of  temper outbursts was reported for patients receiving higher 
doses of  oxytocin. These observations may be explained by oxytocin’s lack of  specificity and stimulation 
of  arginine vasopressin (AVP) receptors, which are not reduced in the PWS brain. Vasopressin differs from 
oxytocin by just 2 amino acids and has been associated with states of  negative emotional arousal and 
aggression (22). Thus, high doses of  i.n. oxytocin may bind to the more abundant AVP receptors and 

Table 1. Baseline demographics and clinical characteristics of study participants — full analysis set

Demographics Carbetocin (n = 17) Placebo (n = 20) Overall (n = 37)
Sex
     Male, n (%) 6 (35.3) 8 (40.0) 14 (37.8)
     Female, n (%) 11 (64.7) 12 (60.0) 23 (62.2)
Age, years
     Mean (SD) 13.9 (2.4) 13.6 (2.5) 13.7 (2.5)
     Range 10.0–18.0 10.0–18.0 10.0–18.0
Race, n (%)
     Black/African American 0 1 (5) 1 (2.7)
     White/European descent 17 (100) 19 (95) 36 (97.3)
Weight, kg
     Mean (SD) 66.3 (17.2) 61.82 (20.7) 63.89 (19.1)
Height, cm
     Mean (SD) 160.3 (10.0) 154.32 (10.3) 157.0 (10.4)
BMI, kg/m2

     Mean (SD) 25.7 (5.9) 25.7 (7.5) 25.7 (6.8)
Genetic subtype
     Deletion 10 14 24
     UPD 7 6 13

BMI, body mass index. UPD, uniparental disomy.
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worsen behavioral symptoms (22). In addition, oxytocin carries the risk of  prolonged antidiuresis (reduced 
urinary volume) and hyponatremia (low sodium blood levels) owing to considerable vasopressin V2 recep-
tor activity (23, 24). Therefore, an oxytocin receptor–selective compound may be preferable to avoid these 
vasopressin-related medical complications or potential worsening of  agitated behavior. Indeed, some indi-
viduals with PWS are known to have polydipsia (excessive thirst) and low baseline serum sodium levels 
(25). As such, antidiuretic effects from exogenous oxytocin therapy have the potential to further increase 
the risk of  the serious complication of  hyponatremia.

Carbetocin is an analog of  the endogenous hormone oxytocin with an improved receptor-selectivi-
ty profile. It is approved in numerous countries outside the US for the prevention of  uterine atony and 

Figure 2. Change from baseline in HPWSQ-R and CY-BOCS at study end (visit 4, day 15). (A) HPWSQ-R total scores at baseline and study end (visit 4, 
day 15; primary efficacy endpoint) and least squares (LS) mean change versus baseline for each treatment group and 90% CIs. (B) CY-BOCS total scores at 
baseline and study end (visit 4, day 15; secondary efficacy endpoint) and LS mean change versus baseline for each treatment group and 90% CIs. Statis-
tical analyses included all participants with assessment scores at baseline and day 15; analyses were performed using an ANCOVA model, with treatment 
group and study site as fixed effects. Baseline HPWSQ-R total scores served as a covariate. Treatment group differences in total scores were calculated by 
subtracting LS mean change from baseline in the placebo group from that in the carbetocin group. HPWSQ-R, parent/caregiver-rated Hyperphagia in PWS 
Questionnaire–Responsiveness.

Table 2. Change from baseline in secondary efficacy endpoints at study end (visit 4, day 15)

Carbetocin  
(n = 17)

Placebo  
(n = 20) Adjusted mean difference P value (1-sided)

Efficacy outcome LS mean (SE) score
HPWSQ-R
Behavior domain –5.9 (1.6) –3.9 (1.2) –2.0 0.117
Drive domain –4.5 (1.5) –2.9 (1.2) –1.6 0.143
Severity domain –3.3 (0.8) –1.8 (0.6) –1.5 0.025
HPWSQ-C
Total score –18.9 (3.0) –8.4 (2.5) –10.5 0.001
Behavior domain –7.7 (1.7) –3.4 (1.3) –4.3 0.007
Drive domain –5.7 (1.4) –3.2 (1.1) –2.6 0.034
Severity domain –4.0 (0.7) –1.8 (0.6) –2.2 0.001
CGI-I 2.7 (0.5) 3.6 (0.4) –0.8 0.023
CY-BOCS –8.8 (2.3) –2.6 (1.9) –6.2 0.005
Reiss Profile food domain –6.9 (1.9) –2.5 (1.6) –4.4 0.013

Efficacy endpoints were analyzed statistically using an ANCOVA model with treatment and site as fixed effects and baseline scale scores as covariates. 
Adjusted mean difference indicates difference between least square (factors included) means. CGI-I, Clinical Global Impressions–Improvement; 
CY-BOCS, Children’s Yale-Brown Obsessive-Compulsive Scale; HPWSQ-R, parent/caregiver-rated Hyperphagia in Prader-Willi Syndrome Questionnaire–
Responsiveness; HPWSQ-C, clinician-rated Hyperphagia in Prader-Willi Syndrome Questionnaire; LS, least squares; SE, standard error. 
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excessive bleeding during cesarean section delivery. Carbetocin has a well-established safety profile, with 
an estimated cumulative exposure of  9.5 million patients in 80 countries outside the US. The rationale 
for conducting the current phase 2 trial was, thus, based on (a) the improved oxytocin receptor–selectivity 
profile of  carbetocin; (b) established safety in humans; and (c) converging evidence of  the role of  oxytocin 
in human behaviors that are aberrant in PWS (12). As such, the objective of  the current study was to assess 
the efficacy and safety of  i.n. carbetocin as a targeted treatment for symptoms of  hyperphagia in patients 
with PWS.

Results
Patient disposition and demographics. Of  the 38 patients randomly assigned to receive treatment, 1 patient 
in the carbetocin group was excluded from the study because of  prior or concomitant use of  prohibited 
medication and did not receive treatment. A total of  37 patients received treatment with carbetocin or 
placebo and were included in full analysis and safety populations (Figure 1). One patient in the placebo 
group prematurely discontinued the study because of  an adverse event (AE; ulnar fracture); the remain-
ing 36 patients completed the trial. Demographics and baseline characteristics, including BMI, were 
similar between the 2 treatment groups, although patients in the carbetocin group were slightly taller 
and heavier than those in the placebo group (Table 1).

Efficacy endpoints. In the primary efficacy endpoint analysis, patients who received carbetocin had sta-
tistically significant reductions from baseline in the parent/caregiver-rated Hyperphagia in PWS Question-
naire–Responsiveness (HPWSQ-R) total score at end of  treatment (least squares [LS] mean change: −15.6) 
compared with those who received placebo (–8.9; P = 0.029; Figure 2A).

Results of  secondary efficacy endpoint analyses are summarized in Table 2 and Supplemental 
Figures 1–4 (supplemental material available online with this article; https://doi.org/10.1172/jci.
insight.98333DS1). Statistically significant improvements were observed for patients who received car-
betocin versus those who received placebo for secondary endpoint LS mean changes from baseline in 
the HPWSQ-R severity domain score (P = 0.025); clinician-rated HPWSQ (HPWSQ-C) total score and 
behavior, drive, and severity domain scores (P ≤ 0.034); Children’s Yale-Brown Obsessive Compulsive 
Scale (CY-BOCS; P = 0.005; Figure 2B); and food domain of  the Reiss Profile scores (P = 0.01). In addi-
tion, Clinical Global Impressions–Improvement (CGI-I) total scores indicated a statistically significant 
treatment effect of  carbetocin at study end (P = 0.023). Highly statistically significant correlations were 
found between the primary endpoint change in HPWSQ-R total score and all supportive secondary 
endpoints including change in HPWSQ-C total score, change in CY-BOCS total score, change in Reiss 
Profile food domain, and CGI-I score (r = 0.60–0.93; P ≤ 0.0001), indicating that treatment-related 
improvements in hyperphagia were associated with overall symptom improvement. Supplemental Table 
1 provides the mean change from baseline in primary and secondary efficacy outcome measures at days 8 

Table 3. TEAEs with incidence ≥5% in either treatment group, safety population, n (%)

TEAEs by preferred term Carbetocin (n = 17) Placebo (n = 20) Overall (n = 37)
Any TEAE 7 (41.2) 8 (40.0) 15 (40.5)
Headache 5 (29.4) 6 (30.0) 11 (29.7)
Medication error 1 (5.9) 2 (10.0) 3 (8.1)
Abdominal pain upper 1 (5.9) 1 (5.0) 2 (5.4)
Conjunctivitis infective 1 (5.9) 0 (0) 1 (2.7)
Diarrhea 1 (5.9) 0 (0) 1 (2.7)
Dysgeusia 1 (5.9) 0 (0) 1 (2.7)
Aggression 0 (0) 1 (5.0) 1 (2.7)
Hyperphagia 0 (0) 1 (5.0) 1 (2.7)
Procedural pain 0 (0) 1 (5.0) 1 (2.7)
Sinusitis 0 (0) 1 (5.0) 1 (2.7)
Ulna fracture 0 (0) 1 (5.0) 1 (2.7)
Urine analysis abnormal 0 (0) 1 (5.0) 1 (2.7)

TEAE, treatment-emergent adverse event.
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and 15 for the full analysis population. In the comparison of  CY-BOCS and CGI-I results, 10 patients in 
the carbetocin group had a CGI-I rating of  1 (very much improved) or 2 (much improved), and all had a 
≥35% reduction in CY-BOCS scores. In contrast, only 1 patient in the placebo group had a CGI-I of  1 or 
2 and a ≥35% reduction in CY-BOCS score, demonstrating a statistically significant difference between 
treatment groups (P < 0.001).

Safety assessments. The incidence of  treatment-emergent AEs (TEAEs) occurring in ≥5% of  either treat-
ment group was evenly distributed across the carbetocin and placebo groups (Table 3). In the carbeto-
cin group, 7 patients (41.2%) reported 26 TEAEs, with a majority (96%) categorized as mild; 1 TEAE 
was moderate. In the placebo group, 8 (40%) patients reported 29 TEAEs, with 86% categorized as mild; 
4 TEAEs were moderate. One patient in the placebo group was withdrawn from the study because of  
moderate TEAEs that included agitation, increased aggression, and hyperphagia related to a broken distal 
ulnar. The most common TEAE was headache, reported in 5 patients who received carbetocin and 6 who 
received placebo (overall 29.7%). No severe TEAEs were observed during the study.

No notable changes from baseline were observed in vital sign values, physical examination findings, 
ECG tracings, or laboratory values for patients in the carbetocin or placebo groups. Upon physical exam-
ination, no moderate or clinically significant signs of  nasal irritation were reported during the study. All 
nasal examinations were graded as “no abnormal findings,” “focal nasal mucosal inflammation,” or 
“superficial nasal mucosal erosion.” A total of  4 of  17 patients in the carbetocin group and 3 of  20 patients 
in the placebo group who had “no abnormal findings” at baseline had “focal nasal mucosal inflammation” 
at study end; no changes from baseline were observed in the remaining patients.

Discussion
This is the first randomized, placebo-controlled trial to demonstrate significant improvement in hyperpha-
gia and related behavioral problems during treatment with the therapeutic peptide carbetocin in patients 
with PWS. Compared with placebo, a 14-day regimen of  i.n. carbetocin significantly reduced hyperphagic 
symptoms, food-related behaviors and emotions, and compulsivity, while also improving overall function-
ing. Responses were rapid and consistent with the expected pharmacology of  i.n. carbetocin (unpublished 
data on file). Treatment with i.n. carbetocin demonstrated a favorable safety profile, with no safety issues 
identified during the study. Nasal irritation was mild and infrequent, and the only AE resulting in study 
withdrawal was distress related to a broken lower arm for 1 patient in the placebo group. I.n. carbetocin 
was, thus, well tolerated throughout the 14 days of  treatment. The beneficial effects of  carbetocin identi-
fied in the current study contrast with a previous study of  i.n. oxytocin in patients with PWS published 
by Einfeld and colleagues, which showed no positive effects and demonstrated a worsening of  aggressive 
behavior in response to i.n. oxytocin (21). Such differences may be attributed to the improved oxytocin 
receptor–selectivity profile of  carbetocin.

As studies assessing the efficacy of  pharmacotherapies for hyperphagia in PWS are limited, the 
HPWSQ was benchmarked against 2 widely used outcome measures in clinical trials, the CGI-I and 
CY-BOCS. Changes from baseline in HPWSQ, CGI-I, and CY-BOCS scores were highly correlated, and 
treatment-related improvements in all secondary measures support the clinical meaningfulness of  improve-
ments observed on the primary efficacy endpoint. Such converging evidence suggests that a HPWSQ treat-
ment effect of  this magnitude may be an indicator of  clinically meaningful change in future clinical trials.

The degree of  control over access to food in the patients’ home environments was not collected or 
assessed. The extent to which these commonly instituted controls impact HPWSQ values and sensitivity 
to treatment is unknown. However, if  a family is diligent about locking trash in the home, for example, one 
would expect that the likelihood that they report their child foraging through the trash at any point during 
the study would be reduced. Therefore, it would be difficult to assess changes in this item of  the HPWSQ.

Interestingly, clinicians generally reported more robust improvements in hyperphagic symptoms than 
parents in the current study. There is a renewed research emphasis on patient-reported outcomes, yet less 
guidance exists on how to best interpret data when parents serve as a proxy for offspring with cognitive defi-
cits or limited insight. Parents are uniquely positioned to observe changes in their children with PWS, yet 
because they are “in the trenches” providing daily care and management, they may inadvertently accom-
modate to their child’s symptoms. Family accommodation is significant in treatment studies of  pediatric 
patients with obsessive-compulsive or other anxiety disorders (26, 27). One of  many desirable outcomes of  
a treatment option for PWS would include the ability for families to relax preexisting rigid environmental 
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controls. However, the duration of  treatment required to sufficiently convince caregivers and patients that 
these controls are less necessary is unknown and is likely longer than 2 weeks. Future clinical trials in PWS 
or other developmental disabilities need to carefully consider how to best balance ratings from parents and/
or clinicians as indices of  treatment outcome.

Although this phase 2 safety and efficacy trial used a robust design, it also had some noteworthy lim-
itations. First, power was not sufficient to evaluate possible interactions between genetic subtypes of  PWS 
and treatment response to carbetocin. Importantly, while those with paternal deletions versus maternal 
uniparental disomy may differ in specific psychiatric vulnerabilities, these subgroups show, on average, 
very similar levels of  hyperphagia (7). Second, as this was a proof-of-concept study designed to assess the 
safety and efficacy of  a potentially novel agent in a medically complex developmental disorder, an inherent 
limitation was the treatment period of  14 days. This short trial duration precluded assessments regarding 
the impact of  hyperphagia reduction with carbetocin on social or emotional functioning; such assessments 
would require longer-term treatment. Moreover, although repetitive, compulsive behaviors were assessed 
in the current study, more fine-tuned analyses are necessary to identify possible differential effects of  car-
betocin on specific compulsive symptoms. The short trial duration also limited assessments of  the effects 
of  i.n. carbetocin on weight and BMI in patients with PWS. Interestingly, the overall patient population 
had a mean BMI value of  25.7 kg/m2 at baseline (range, 15.8–40.0 kg/m2), an observation that further 
supports the notion that environmental restrictions routinely set forth by parents/caregivers may help in 
preventing obesity. Importantly, the goal of  the study was not to reduce BMI but instead curb the hyper-
phagic behavior, drive, and severity that contribute to obesity in this population. Indeed, individuals with 
PWS and normal BMI still experience hyperphagic symptoms and other behavioral disturbances and, as 
previously noted, are at high risk for medical complications related to binging (gastric rupture, necrosis) 
or food sneaking (choking). Finally, study patients all received the same dose of  carbetocin, and it is not 
known if  similar treatment effects can be achieved under different dosing regimens. Despite these limita-
tions, to our knowledge, this is the first randomized, placebo-controlled trial to demonstrate significant and 
clinically meaningful improvements in patients with PWS following a limited period of  treatment with i.n. 
carbetocin. The long-term effects of  carbetocin in PWS remain unknown, and findings from this study set 
the stage for larger trials of  longer duration. A full development program to evaluate the safety and efficacy 
of  carbetocin for the treatment of  PWS, sponsored by Levo Therapeutics Inc., is currently underway.

Conclusions. In this study, i.n. carbetocin significantly reduced hyperphagic symptoms compared with 
placebo and exhibited a favorable safety profile in patients with PWS. Treatment with carbetocin over 14 
days reduced compulsivity and improved overall functioning. Larger trials with longer treatment duration 
are needed to further assess the efficacy of  i.n. carbetocin on hyperphagia, compulsivity, and social and 
emotional functioning, as well as to determine if  improvements in behavior complement weight reduction 
in individuals with PWS. As effective treatments for PWS stand to have an enormous impact on families 
and affected individuals, future research should consider how carbetocin or other treatments of  hyperphag-
ic behavior may reduce caregiver stress and burden, improve quality of  life for patients with PWS and their 
families, and allow patients to be more fully engaged with their families, peers, and communities.

Methods

Study participants
Eligible study patients were aged 10–18 years, had genetically confirmed PWS (as reported by caregivers 
who provided written reports of  previous genetic subtype testing), and exhibited hyperphagia, as confirmed 
by being in PWS nutritional phase 3 (hyperphagia) (5) and by having a baseline HPWSQ (7) total score >13 
at screening. Exclusion criteria were a concurrent diagnosis of  autism spectrum disorder, active psychosis, 
major surgery within 6 months and/or nasal or sinus surgery within 1 year, chronic sinusitis (more than 
3 episodes per year), cardiovascular disorders, epilepsy, frequent migraines, severe asthma, or low serum 
sodium levels (<135 mmol/l). Prior or concomitant use of  growth hormone therapy was permitted, as was 
the use of  psychotropic medications or thyroid hormone replacement therapy, as long as the prescribed 
dosage of  medications was stable for ≥6 months. Products containing prostaglandins and i.n. therapies 
(including nasal saline) were prohibited. No information about the food environment where the partici-
pants lived was collected.
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Study design and treatment
This prospective, randomized, double-blind, placebo-controlled parallel trial (ClinicalTrials.gov: 
NCT01968187) was conducted at 3 US sites from January 20, 2014, to July 16, 2014. Patients were ran-
domly assigned (1:1) to receive carbetocin or placebo (sterile sodium chloride 0.9%). An unblinded statis-
tician from H2O Clinical prepared a computer-generated list of  randomization numbers using SAS version 
9.2 or higher (SAS Institute Inc.) with a block size of  4.

Randomization numbers were assigned sequentially in a blinded manner to patients according to their 
chronological entry into the study using an interactive Web response system. An onsite pharmacist was 
provided treatment allocation envelopes that appeared in numeric order, and once a patient’s eligibility was 
confirmed, the pharmacist selected the next randomization number. The randomization list was not avail-
able to any clinical trial personnel, other than an onsite pharmacist, until the trial database was released to 
the statistician.

I.n. doses were administered 3 times daily for 14 days, prior to meals, and according to prespecified 
time intervals (morning dose: 6:00 to 9:00 a.m.; midday dose: 11:00 a.m. to 1:00 p.m.; evening dose: 4:30 
to 6:00 p.m.). A single dose consisted of  3 spray-pump actuations per nostril (each spray pump delivering 
50 μl volume of  solution).

Patients in the active treatment group received 9.6 mg of  carbetocin per dose. The dose and dosing 
regimen were based on results from a previous phase 1 trial (unpublished data on file).

Parents/caregivers and patients visited the investigational site 4 times over the course of  the trial and 
participated in 2 assessments via telephone interview. Screening visit evaluations for eligibility included a 
physical examination, vital signs, height, weight, 12-lead ECG, nasal examination, laboratory assessments, 
and administration of  the HPWSQ (7). Blood samples for clinical laboratory and pharmacokinetic evalu-
ation were performed at selected visits. Study visit 2 (day 1) included administration of  the first treatment 
dose, parent training on i.n. administration procedures, and efficacy assessments. Participants were again 
dosed during study visit 3 (day 2), with clinical supervision of  parent administration of  study medica-
tion. On day 8, parents participated in a phone interview assessment, and on day 15, parents and patients 
returned to the study site for final evaluations (study visit 4). A follow-up phone call was made to patients 
after the study ended (day 19 ± 3).

Study assessments
Primary efficacy endpoint. The primary efficacy endpoint was LS mean change from baseline in the HPWSQ-R 
total score at end of  treatment (study visit 4). The HPWSQ-R is a parent/caregiver-rated measure that iden-
tifies the behavioral and psychological features of  hyperphagia in PWS (7). The HPWSQ-R was adapted 
from the original hyperphagia questionnaire for use in phenotypic studies of  PWS and as a responsiveness 
measure for intervention or treatment trials. Items are rated on a 5-point Likert scale and are summed for a 
total score, with higher scores indexing more hyperphagic symptoms. Previous factor analyses identified 3 
robust domains, accounting for 58.93% of  variance (7), including hyperphagic behavior (e.g., manipulating 
others to obtain food, sneaking food), drive (e.g., ease in redirecting away from food, distress when denied 
food), and severity (e.g., extent that hyperphagia interferes with daily routines, time spent asking or talking 
about food). In the current trial, parents or caregivers completed the HPWSQ-R using a 1-week recall 
period. The baseline Cronbach’s α for HPWSQ-R was 0.85, indicating good internal consistency of  items.

Secondary efficacy endpoints. Analyses of  secondary endpoints included change from baseline to end 
of  treatment (study visit 4) in the 3 domain scores (i.e., behavior, drive, and severity) on the HPWSQ-R, 
and changes in total and domain scores on the HPWSQ-C, which consisted of  the same 11 questions as 
on the HPWSQ-R, based on the same 1-week recall period. The baseline Cronbach’s α for the HPWSQ-C 
was 0.80, which is consistent with the HPWSQ-R and other studies using parents as informants (7). Addi-
tional secondary efficacy measures included change in total scores on the CY-BOCS (28), food domain 
of  the Reiss Profile (29) rated by the parent/caregiver, and CGI-I (30) score at the end of  treatment. The 
CY-BOCS is a clinician-rated, semistructured inventory of  the types and severity of  obsessions and com-
pulsions that characterize pediatric obsessive-compulsive and related disorders; the scale is widely used and 
has robust psychometric properties, including sensitivity to change in treatment studies (28, 31–33). Total 
scores on the CY-BOCS are calculated using a symptom checklist and severity scale. The food domain of  
the Reiss Profile (29) consists of  7 questions that assess food-related behaviors and motivation (e.g., “eating 
is more important [for participant] than for others,” “enjoys eating more than others,” “often asks about 
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the next meal”). Items are rated on a 5-point scale ranging from –2 (“strongly disagree”) to 2 (“strongly 
agree”). The CGI-I is a 7-point clinician-administered instrument (1, very much improved since baseline/
initiation of  treatment; 7, very much worse from baseline) that takes into account the patient’s history, 
psychosocial circumstances, and behavior, as well as the impact of  symptoms on the participant’s overall 
ability to function; this scale is commonly used to assess treatment response (30, 34).

Safety. Safety assessments were based on a review of  all reported AEs, TEAEs, laboratory findings, 
vital signs, ECG tracings, physical exam findings, and nasal mucosal assessments. Nasal examinations 
were performed at baseline, day 8, and day 15 using a prespecified grading system.

Statistics
The primary efficacy analysis was change from baseline to the end of  treatment on day 15 in the HPWSQ-R 
total score. With 30 participants eligible for the primary efficacy analysis, the study had ≥80% power to 
detect a statistically significant difference (at the 1-sided 10% significance level) between the i.n. carbetocin 
and placebo groups, assuming the true treatment group difference was at least –5. At the time of  the trial 
design, the available literature suggested that the HPWSQ-R total score is normally distributed with a stan-
dard deviation of  6 (7). Assuming a dropout rate of  up to 20%, 38 randomized participants were needed to 
ensure that at least 30 participants would be eligible for the primary efficacy analysis.

The primary efficacy analysis included all participants who had an HPWSQ-R assessment at baseline, 
day 8, and/or day 15, and was performed using an analysis of  covariance (ANCOVA) model with treat-
ment group and study site as fixed effects. One-sided P values of  0.01 were specified for continued develop-
ment of  the drug; P < 0.05 were considered statistically significant.

Baseline HPWSQ-R total scores served as a covariate for consistency with European Medicines Agen-
cy guidelines (35). The treatment group difference in HPWSQ-R total score between placebo and carbeto-
cin was calculated by subtracting the LS mean change from baseline in the placebo group from that in the 
carbetocin group. A statistically significant difference at the 10% significance level would be achieved if  the 
upper limit of  the 90% 1-sided CI for the treatment difference was less than zero. All secondary efficacy 
endpoints were analyzed in a similar manner using the same ANCOVA model. Pearson correlations were 
calculated between end-of-treatment change from baseline scores on the HPWSQ-R primary endpoint and 
end-of-treatment change from baseline scores on other secondary endpoints assessed. To further explore 
secondary endpoints, a comparison was made between the CY-BOCS and CGI-I based on results from Far-
ris and colleagues (36). These authors reported that a ≥35% reduction on the Y-BOCS was optimal in pre-
dicting treatment response, defined by CGI-I ranks of  1 (“very much improved”) or 2 (“much improved”). 
All statistical analyses were prespecified prior to unblinding the study data.

Study approval
Prior to enrollment, parents/caregivers and patients with PWS received verbal and written information 
about the trial. An IRB for each study site (Vanderbilt Human Research Protection Program Health Sci-
ences Committee #3, IRB00002125; Western IRB, Puyallup, Washington, USA, IRB00000533; and Win-
throp University Hospital IRB, FWA00000726) reviewed and approved this trial protocol and amendments, 
informed consent forms, and materials provided to subjects. The trial was conducted in accordance with the 
Declaration of  Helsinki and in compliance with the International Conference on Harmonization Guidelines 
for Good Clinical Practice. Consistent with IRB-approved procedures, parents/caregivers provided written 
informed consent, and patients with PWS provided informed assent. Parents were trained on the proper use 
of  the nasal spray device and demonstrated their ability to do so prior to leaving the study site.
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