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CARE-PWS Questionnaires and Baseline Values

The following contains mean responses and standard deviations for the questionnaires used in
the phase 3 CARE-PWS study.
1.1

Hyperphagia Questionnaire for Clinical Trials (HQ-CT)

Evaluating food-related problem behaviors is an important part of this study. Please take your time to
think carefully and in some detail about the last 2 weeks of hyperphagic (intense, incessant sensation of
hunger) and food-related behaviors shown by the person with PWS in your care. Be sure to consider the
full 2-week period including nights and weekends, seeking input from other caregivers as necessary.
Please be as accurate and as honest as you can, without minimizing or over-inflating the person's
behaviors

Instructions:
The following items refer to the person in your care and assessment of his/her food-related behavior
during the past 2 weeks.

(1) During the past 2 weeks, how upset did the person generally become when denied a desired food?
□ Not at all upset
□ A little upset
□ Moderately upset
□ Very upset
□ Extremely upset

(2) During the past 2 weeks, how often did the person try to bargain or manipulate to get more food at
meals?
□ Never
□ Up to 2 times a week
□ 3 to 6 times a week
□ Every day
□ Several times a day
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(3) During the past 2 weeks, how often did the person forage through trash for food?
□ Never
□ 1 time
□ 2 times
□ 3 times
□ 4 or more times

(4) During the past 2 weeks, how often did the person get up at night to food seek?
□ Never
□ 1 time
□ 2 times
□ 3 times
□ 4 or more times

(5) During the past 2 weeks, how persistent was the person in asking or looking for food after being told
“no” or “no more”?
□ Not at all persistent
□ A little persistent
□ Moderately persistent
□ Very persistent
□ Extremely persistent

(6) During the past 2 weeks, outside of normal meal times, how much time did the person generally spend
asking or talking about food?
□ Less than 5 minutes a day
□ 5 to 15 minutes a day
□ 15 to 30 minutes a day
□ 30 minutes to 1 hour a day
□ More than 1 hour a day
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(7) During the past 2 weeks, how often did the person try to sneak or steal food (that you are aware of)?
□ Never
□ 1 time
□ 2 times
□ 3 times
□ 4 or more times

(8) During the past 2 weeks, when others tried to stop the person from asking about food, how distressed
did he or she generally appear?
□ Not at all distressed
□ A little distressed
□ Moderately distressed
□ Very distressed
□ Extremely distressed

(9) During the past 2 weeks, how often did food-related behavior interfere with the person’s normal daily
activities, such as self-care, recreation, school, or work?
□ Never
□ Up to 2 times a week
□ 3 to 6 times a week
□ Every day
□ Several times a day

LV-101 (carbetocin) Nasal Spray
Appendices to the PDAC Briefing Document

1.2

Levo Therapeutics, Inc.
Page 12

Children’s Yale-Brown Obsessive Compulsive Scale (CY-BOCS)
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Food Safe Zone (FSZ)

Food Safe Zone
Age of child_______

Todays Date__________________

In the last month, rate the following things that you, your family, or others may do to ensure a Food Safe Zone for your
child with PWS.
None of the time

0

rarely/seldom

1

some of the time most of the time

2

all of the time

3

4

1. Lock up pantry/cabinets where food is kept
0
1
2. Lock up refrigerator/freezer
0
1
3. Ensure there is no food left out in areas of access
0
1
4. Keep money/credit cards from child
0
1
5. Supervise “eyes on” at home
0
1
6. Aware of where they are in the home at all times
0
1
7. Make sure my child is busy at home
0
1
8. Make sure that meals are planned and on time
0
1
9. Avoid taking child to restaurant
0
1
10.Avoid taking child to grocery store
0
1
11.With food supervision allow child at social activities with food
0
1
12.Make sure they are supervised while away from home
0
1
13.Alert others of child’s food issues (to ensure they don’t give food)
0
1
14.Who do you alert? Extended family members, peers, school staff/child care providers, supervisors/coworkers or other
15. Check their person (pockets, pat down, shoes for food, wrappers or money)
0
1
16.Check their belongings/bedroom for food/wrappers/money
0
1
17.Check on child while in bathroom to ensure not eating food
0
1
18.Allow child to travel (e.g .take bus) to events, school, work without food supervision
0
1
19.Allow my child to spend time at peer’s home without primary caregiver present
0
1
20.Lock up trash/compost/recycling bins
0
1

21.Use security features (alarm/camera) in home to monitor food access
22.Weigh my child at least weekly
23.Allow my child to visit relatives without primary caregiver present
24.Make sure my child has no access to other people’s food at school/camp/work
25.Make sure adults involved with child are aware of his/her food issues
26.Make a food plan prior to attending events/outings for child with PWS
27.Allow my child to buy lunch at school (versus packed lunch from home)
28.Allow my child to prepare his/her own plate of food
29.Avoid eating in front of child (unless they are also eating or outside of normal meal times)
30.Rigid routines (same time/amount/kind of food given) around meals/snacks
31.Allow child to attend social event (where food is expected) without food supervision

0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3

2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4

2
2
2
2
2
2

3
3
3
3
3
3

4
4
4
4
4
4

4
4
4
4
4
4
4
4
4
4
4

What did we miss? Are there other things you do for food security?___________________________________
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Summary of Clinical Safety

This Summary of Clinical Safety Appendix provides additional details regarding the safety and
tolerability of LV-101 (carbetocin nasal spray) based on the detection and estimation of safety
signals from phase 1 studies in normal healthy volunteers and phase 2 and phase 3 studies in
subjects with PWS. These data include exposure at a range of doses, including chronic use at the
proposed 3.2 mg LV-101 dose, as well as chronic use at three-fold the proposed LV-101 dose
(i.e., 9.6 mg). In sum, the clinical data with intranasal carbetocin have shown that LV-101 is
safe and generally well-tolerated.
The clinical development program provides a large safety database for a rare disease, with
substantial overall patient exposure. Clinical studies included 147 individuals with PWS who
were administered at least 3.2 mg/dose, comprising more than 185 patient-years of exposure
including over 100 patients on chronic treatment for at least a year. TEAEs possibly related to
study drug and most frequently observed in a greater proportion of subjects receiving LV-101 vs.
those receiving placebo were mild flushing (17.2% vs. 0%), mild-to-moderate headache (12.6%
vs. 7.0%), and mild-to-moderate epistaxis (8.0% vs. 2.3%).
There were no serious adverse events in the placebo-controlled period of the phase 3
CARE-PWS study or in the phase 2 Study 114. In the long-term follow-up (LTFU) period of
CARE-PWS, including data after patients switched to 3.2 mg/dose carbetocin, a total of 16
subjects (12.5%) had at least one treatment-emergent SAE, including 8 subjects (7.4%) in the All
3.2 mg group and 8 subjects (12.5%) in the All 9.6 mg group. The only treatment-emergent
SAEs reported by more than one subject each during the LTFU and extension periods were
scoliosis surgery and pneumonia (4 subjects [3.2%] and 2 subjects [1.6%], respectively.
There were no adverse events associated with use of the spray pump, no unexpected serious
adverse events, and no deaths in the clinical development program.
Levo’s phase 3 study demonstrated that the lower 3.2 mg dose provided statistically significant
improvement in hyperphagia as well as anxiousness and distress without any overt toxicity.
Thus, the 3.2 mg dose represents the lowest effective dose studied and was selected as the
proposed commercial product based on a favorable benefit-risk evaluation.
2.1

Overall Safety Evaluation Plan and Safety Studies

2.1.1

Safety Considerations in Prader-Willi Syndrome

PWS patients can suffer from a wide range of organ system issues, and many pose a significant
morbidity and mortality risk. These organ system issues span across the neuropsychiatric,
pulmonary, cardiovascular, gastrointestinal, endocrine, and musculoskeletal systems. Pulmonary
issues include sleep disruption and sleep-disordered breathing, which leads to secondary
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consequences, such as worsening neurocognitive function, excessive daytime sleepiness, and
irritability (Angulo et al. 2015). PWS patients also have significant abnormalities in ventilatory
control, which are compounded by pulmonary mechanic issues, such as hypotonia and
respiratory muscle weakness, scoliosis, and obesity, leading to an overall inefficiency in
respiration (Arens et al. 1994). PWS patients also suffer from significant pharyngeal and
gastrointestinal dysmotility, including disordered pharyngeal and esophageal swallowing with
disturbances in timing, clearance, and coordination of swallowing. This contributes to elevated
risks of events such as gastric obstruction as well as choking/aspiration and pulmonary infection
in children and adults with PWS (Gross et al, 2017).
From a cardiovascular perspective, a survey of long-term health outcomes of patients with PWS
found an increased relative risk of myocardial infarction in patients with PWS, as well as
increased risk for thromboembolic disease (Hedgeman et al. 2017). Patients with PWS also
experience various gastrointestinal problems, such as delayed gastric emptying with the potential
for bacterial overgrowth (Choe et al. 2005). Thus, these individuals are known to be prone to
bezoar formation, which can result in gastric outlet obstruction (Nawaz et al. 2019). A
substantial portion of PWS patients also experience chronic constipation (Kuhlmann et al. 2014),
are prone to choking (Stevenson et al. 2007), and manifest a high prevalence of severe gastroesophageal reflux (Saeves et al. 2018). The endocrine disruptions in PWS patients are well
known since PWS affects overall hypothalamic function. As a result, PWS patients can manifest
many different endocrine system disorders, including growth hormone deficiency, obesity, type 2
diabetes, hypothyroidism, hypogonadism, and delayed pubertal progression and development
(Bekx et al. 2003, Deal et al. 2013, Diene et al. 2010, Muscogiuri et al. 2019). The underlying
cause is understood for some, but not all, of these concomitant issues, and in some cases it is not
clear whether the increased risk of these issues is due to PWS itself or to other complications
associated with PWS. For example, several of the significant issues, such as a propensity toward
coronary artery disease and type 2 diabetes, may result from the obesity often seen in PWS
patients, while another subset of issues is likely a result of PWS and general hypothalamic
dysfunction, such as hypogonadism and growth hormone deficiency (Butler et al. 2019).
The above factors were considered when designing the phase 3 study, LV-101-3-01 (referred to
as the CARbetocin Efficacy and Safety Study in PWS, or the CARE-PWS study), as the
inclusion and exclusion criteria for this study were designed to enroll an inclusive population for
PWS while also being cognizant of the potential serious sequelae of the disease; thus, adequate
safety measures and assessments were also included.
2.1.2

LV-101 Clinical Development Program for PWS

A summary of the IN clinical studies contributing to the safety of LV-101 is provided in Table 1.
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The clinical development program supporting the primary safety of LV-101 as treatment for
PWS includes the following two studies in subjects with PWS:
•
•

One completed double-blind, randomized, placebo-controlled, parallel-group, multicenter
phase 2 study (Study 000114 by Ferring, referred to as Study 114) (Section 2.1.2.1.2).
One double-blind, randomized, placebo-controlled, parallel-group, multicenter phase 3
study for which the 8-week placebo-controlled period of the study and the 56-week longterm follow-up (LTFU) periods of the study are ongoing (the CARE-PWS study by
Levo) (Section 2.1.2.1.1). The extension period of the study is still ongoing.

Detailed descriptions of the study designs and safety results for the phase 2 and phase 3 studies,
Study 114 and the CARE-PWS study, are included in this Safety Appendix.
The safety of LV-101 is also supported by the following studies:
•

•

Studies with IN route of administration:
o Two completed phase 1 studies of IN LV-101 in healthy volunteers
(Study 000040 by Ferring and Study, referred to as Study 040, and LV-101-1-02
by Levo)
Studies with intravenous (IV) or intramuscular (IM) route of administration:
o Two completed phase 1 studies of IV carbetocin in healthy volunteers
(Study CS-001 and CLN 6.3.1 by Ferring)
o One completed phase 1 study of IV carbetocin in subjects with Cushing’s disease
(Study CLN 6.3.2 by Ferring)
o One completed phase 1 study of IM carbetocin in healthy lactating women
(Study CLN 6.3.7 by Ferring)

For the phase 1 supportive safety studies, the study designs and summaries of the safety results
are provided in Section 2.7.1.1 for IN LV-101 studies and Section 2.7.1.2 for IV and/or IM
carbetocin studies.
The clinical program for LV-101 has been conducted in compliance with the International
Council for Harmonisation Good Clinical Practice guidelines and also in accordance with local
and regional regulations and guidance.
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Summary of Clinical Studies Contributing to LV-101 (Carbetocin) Nasal Spray Safety

Study
Identifier/ Primary Objective of the
Sponsor
Study
Primary IN Safety in Subjects With PWS
LV-101-301
(CAREPWS)/
Levo

000114/
Ferring

Levo Therapeutics, Inc.
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To assess the efficacy of IN
carbetocin (LV-101) three
times per day vs. placebo on
PWS behavioral symptoms

To assess the efficacy of IN
carbetocin (LV-101) on
hyperphagia behavioral
symptoms in subjects with
PWS

Supportive IN Safety in Healthy Subjects

Study Design and
Type of Control

Test Product;
Dosage Regimen;
Route of
Administration

Randomized,
double-blind,
placebo-controlled

LV-101: 3.2 or
9.6 mg IN three times
per day before meals

Number of
Subjects

130

Part 1:

Double-blind,
randomized,
placebo-controlled,
parallel-group
multicenter

Placebo to match IN
LV-101 (all LV-101
excipients without
active pharmaceutical
ingredient)

LV-101:
87

LV-101: 9.6 mg IN
three times per day
before meals

LV-101:
17

Placebo: IN

Healthy Subjects
or Diagnosis of
Subjects

Male or female,
7-18 years of age,
with genetically
confirmed
diagnosis of PWS

Placebo:
43

Placebo:
20

Male or female,
10-18 years of
age, with
genetically
confirmed
diagnosis of PWS

Duration of
Treatment

Study
Status

Part 1:
8 weeks

Part 1
Completed

Long-term
follow-up:
56 weeks

Long-term
follow-up:
Completed

Extension
period: until
LV-101 is
available in
an expanded
access or
market access
program,
commercially
available, or
termination
by the
Sponsor

Extension
period:
ongoing

14 days

Completed
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Study
Identifier/
Sponsor
000040/
Ferring

LV-101-102/Levo

Primary Objective of the
Study
To assess the safety and
tolerability of single ascending
and multiple IN doses of
carbetocin (LV-101) and PK
of IV carbetocin

To evaluate the relative PK of
a revised formulation of
carbetocin following IN
administration
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Study Design and
Type of Control
Double-blind,
randomized,
placebo-controlled,
crossover

Test Product;
Dosage Regimen;
Route of
Administration
LV-101: 0.2, 0.4,
0.8, 1.6, 3.2, 6.4, and
9.6 mg IN
Repeated doses given
three times per day
100 µg/mL slow IV
carbetocin injection

Double-blind,
single-dose,
crossover

Number of
Subjects
Part 1:
LV-101:
48
Placebo:
16

Healthy Subjects
or Diagnosis of
Subjects
Healthy male and
female subjects
18-45 years of age

Duration of
Treatment
Part 1: IN,
single dose

Part 2:
LV-101:
18
Placebo: 6

Part 2: IN
repeated
dose, 2 days

Placebo

Part 3:
LV-101/
carbetocin:
6

Part 3: IN
and IV single
dose
crossover

LV-101: 3.2 or
9.6 mg (reference and
revised) IN
three times per day
before meals

LV-101:
24

Placebo to match IN
LV-101 (all LV-101
excipients without
active pharmaceutical
ingredient)

IN = intranasal; IV = intravenous; PK = pharmacokinetics; PWS = Prader-Willi Syndrome

Placebo:
24

All subjects
received
LV-101
and
placebo in
different
sequences

Healthy male and
female subjects
18-55 years of age

Three single
doses; 24-hr
washout
between each
dose

Study
Status
Completed

Completed
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2.1.2.1

Description of Primary Clinical Safety Studies in Subjects with PWS

2.1.2.1.1

CARE-PWS (Phase 3)

The largest safety data set for IN carbetocin comprises the CARE-PWS study, a phase 3,
randomized, double-blind, placebo-controlled, 8-week clinical study conducted by Levo to
assess the efficacy, safety, and tolerability of LV-101 in subjects with PWS with long-term
follow-up (LTFU) and extension treatment periods. In addition to other eligibility criteria,
subjects were between the ages of 7 to 18 years at screening, had a genetically confirmed
diagnosis of PWS, and were in PWS nutritional phase 3. LV-101 was administered intranasally
three times a day with meals at a dose of 3.2 or 9.6 mg in an 8-week placebo-controlled period
and subsequent 56-week LTFU and extension periods. The safety objectives of the study were to
assess the safety and tolerability of LV-101 by evaluating the frequency, severity, and
seriousness of adverse events (AEs) during the study, and by evaluating clinically significant
changes during the study in laboratory assessments, electrocardiograms (ECGs), vital signs, and
physical examinations, including nasal assessments. Upon completion of the Week 64 visit,
subjects could elect to remain in the study on their current dose. Following unblinding and
review of the available data upon completion of the 8-week placebo-controlled period of the
study, Levo selected the 3.2 mg dose, the lowest effective dose, as the proposed commercial
dose.
The Coronavirus Disease 2019 (COVID-19) pandemic began during the conduct of this study in
March 2020. Due to the pandemic, enrollment was ultimately halted, at which time 130 subjects
had been randomized instead of the 175 planned. As a result of the COVID-19 pandemic,
changes to the CARE-PWS safety monitoring plan were updated to allow for remote visits after
March 12, 2020, in order to continue to collect both safety and efficacy data. In the case of a
remote visit, if after review of all relevant available information, including the subject’s medical
history, AEs, medications, treatments/procedures, examination findings, and prior laboratory
results, the Investigator determined that it was in the best interest of the subject to have an inperson visit, this was discussed with the caregiver and a follow-up visit was arranged.
If the Investigator determined that an on-site visit would not be appropriate due to potential risks
to the subject, the Investigator developed an appropriate plan for care of the subject and
discussed this with the caregiver. Similarly, if the Investigator believed that conducting certain
in-person study procedures (e.g., physical examinations/vital signs, laboratory draws, and ECGs)
would create an undue safety risk for the subject and currently were not clinically warranted for
the subject’s medical care, these procedures could be deferred until they were once again safe
and medically appropriate to conduct in the judgment of the Investigator.
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If the Investigator determined that the subject’s medical history or any apparent potential risks to
the subject warranted additional follow up, the Investigator developed and implemented an
appropriate follow-up plan.
In accordance with Guidance for Industry, Investigators, and Institutional Review Boards:
Conduct of Clinical Trials of Medical Products During the COVID-19 Public Health Emergency
(March 2020), the clinical study report for CARE-PWS captures study visits that occurred
remotely and confirms which assessments were performed remotely (i.e., the entire visit or
questionnaires only).
Primary safety data presented in this Safety Appendix for the ongoing CARE-PWS are through a
June 18, 2021 cutoff date; as of this date, all subjects continuing in the study have completed
their Week 64 visit and entered the extension period. All subject data through the Week 64 visit
are locked; the last subject completed the Week 64 visit on May 26, 2021. Data from the
extension period are ongoing, and beginning in October 2020, all subjects were transitioned to an
open-label 3.2 mg dose for the extension period of the study. The June 18, 2021 cutoff date also
represents the data used for the NDA 120-day safety update.
Data tables for CARE-PWS included in this Safety Appendix describe three different
populations:
•
•
•

All subjects through the Week 8 visit (N=130).
All subjects in LTFU and extension periods post-Week 8 (N=128), up to each subject’s
transition to the 3.2 mg dose group.
All subjects in LTFU and extension periods post-Week 8 (N=128), including data
collected after each subject transitioned to the 3.2 mg dose group. These tables account
for the longest duration of data collection. For these tables, any reported treatmentemergent adverse events (TEAEs) represent TEAEs that started while a subject was on an
assigned dose. In other words, TEAEs represented in the All 9.6 column include TEAEs
that started while a subject was on the 9.6 mg dose. TEAEs represented in the All 3.2
column include TEAEs that started while a subject was taking the 3.2 mg dose, including
44 subjects that were previously assigned to the 9.6 mg/dose prior to the switch to openlabel product.

A summary of current subject disposition for CARE-PWS is provided in provided in Table 2.
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CARE-PWS Subject Disposition

Disposition
Randomized into the Study
Received IP
On Study
Completed Week 8 Visit
Completed Week 64
Visit
Entered Extension
Period
Discontinued IP
Discontinued IP At or
Before Week 8 Visit
Discontinued IP After
Week 8 Visit but Before
Week 64 Visit
Discontinued IP During
Extension Period
Primary reasons for
discontinuation
Withdrawal of consent
Adverse Event

PBO-3.2
(N=21)
(n=%)
21 (100.0)
21 (100.0)
14 (66.7)
21 (100.0)

PBO-9.6
(N=22)
(n=%)
22 (100.0)
22 (100.0)
12 (54.5)
22 (100.0)

3.2-3.2
(N=43)
(n=%)
43 (100.0)
43 (100.0)
38 (88.4)
43 (100.0)

9.6-9.6
(N=44)
(n=%)
44 (100.0)
44 (100.0)
25 (56.8)
42 (95.5)

All 3.2
(N=64)
(n=%)
64 (100.0)
64 (100.0)
52 (81.3)
64 (100.0)

All 9.6
(N=66)
(n=%)
66 (100.0)
66 (100.0)
37 (56.1)
64 (97.0)

LV-101
(N=130)
(n=%)
130 (100.0)
130 (100.0)
89 (68.5)
128 (98.5)

16 (76.2)

17 (77.3)

40 (93.0)

30 (68.2)

56 (87.5)

47 (71.2)

103 (79.2)

15 (71.4)

15 (68.2)

38 (88.4)

26 (59.1)

53 (82.8)

41 (62.1)

94 (72.3)

6 ( 28.6)

8 ( 36.4)

3 ( 7.0)

15 (34.1)

9 ( 14.1)

23 (34.8)

32 (24.6)

0

0

0

2 ( 4.5)

0

2 ( 3.0)

2 ( 1.5)

5 ( 23.8)

5 ( 22.7)

3 ( 7.0)

12 (27.3)

8 ( 12.5)

17 (25.8)

25 (19.2)

1 ( 4.8)

3 ( 13.6)

0

1 ( 2.3)

1 ( 1.6)

4 ( 6.1)

5 ( 3.8)

4 ( 66.7)
1 ( 16.7)

4 ( 50.0)
2 ( 25.0)

1 ( 33.3)
2 ( 66.7)

5 ( 33.3)
6 ( 40.0)

5 ( 55.6)
3 ( 33.3)

9 ( 39.1)
8 ( 34.8)

14 (43.8)
11 (34.4)
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Study 114 (Phase 2)

Study 114 was a prospective, randomized, double-blind, placebo-controlled study conducted by
Ferring to evaluate the safety and effectiveness of LV-101 in subjects with PWS. LV-101 was
administered intranasally at a dose of 9.6 mg for 14 days. The primary objective was to assess
the effect of LV-101 on hyperphagia behavioral symptoms in subjects with PWS. A secondary
objective was to assess the safety and tolerability of LV-101 in subjects with PWS. Safety was
assessed by AEs, laboratory assessments, urinalysis, and vital signs.
In addition to other eligibility criteria, subjects were between the ages of 10 to 18 years, had a
genetically confirmed diagnosis of PWS, and were in PWS nutritional phase 3. The study
included a screening period, a 14-day treatment period, and a follow-up period. Overall,
38 subjects were randomized to receive study drug in one of two treatment groups (9.6 mg or
placebo). The study drug was administered by parents/caregivers three times per day with meals
in the morning, midday, and evening during specified times.
Subject disposition for the completed Study 114 is provided in provided in Table 3.
Table 3.

Study114 Summary Subject Disposition

Disposition
Randomized Subjectsa
Subjects who Completed the Trial
Subjects who Discontinued from the Trial
Primary Reason for Subject Discontinuation
Adverse Event

a

Carbetocin
N=18
(n=%)
18 (100)
17 (94.4)
0

Placebo
N = 20
(n=%)
20 (100)
19 (95.0)
1 (5.0)

Overall
N=38
(n=%)
38 (100)
36 (94.7)
1 (2.6)

0
1 (5.0)
1 (2.6)
Subject 102-001 was randomized in error to carbetocin, was not exposed to trial drug, and did not satisfy entry
into the trial due to exclusion criterion 5.

2.1.3

Demographics and Other Characteristics of Study Population

Demographic, study population, and safety data from the CARE-PWS study are presented in this
Safety Appendix for the Full Analysis Set, which was defined as all subjects who were
randomized and dosed; these subjects were the same as those in the Safety Analysis Set (SAS),
which was defined as all subjects who received at least one dose of study drug. Subjects were
analyzed according to the arm to which they were randomized. Safety data are summarized by
treatment group (LV-101 [3.2 or 9.6 mg/dose, as applicable] or placebo) and overall.
Demographic, study population, and safety data from Study 114 are presented in this Safety
Appendix for the SAS, which was also defined as subjects who received at least one dose of
study drug. Analyses for the safety population were conducted according to the actual treatment
received.
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Demographics

Overall, the median age of subjects was 12.0 years in the CARE-PWS study and 14.0 years in
Study 114. The majority of subjects in the CARE-PWS study and Study 114 were White (111
subjects [85.4%] and 36 subjects [97.3%, respectively) and not Hispanic or Latino (117 subjects
[90.0%] and 36 subjects [97.3%], respectively). The mean weight and BMI were 58.09 kg and
25.96 kg/m2, respectively, in the CARE-PWS study, and 63.89 kg and 25.69 kg/m2, respectively,
in Study 114. Deletions (of Type 1, 2, or unknown types combined) were the most common
genetic subtypes of PWS in both the CARE-PWS study and Study 114 and occurred in 77 of 130
subjects (59.2%) and 24 of 37 subjects (64.9%), respectively.
All subjects in the CARE-PWS study and Study 114 had genetically confirmed PWS and were
assessed as being in nutritional phase 3 as required per protocol. In both CARE-PWS and Study
114, the most common medical history entries overall were growth hormone deficiency,
scoliosis, and anxiety. Across the LV-101 and placebo groups in the CARE-PWS study and
Study 114, there were generally no apparent trends or groupings of preferred terms (PTs)
suggestive of any medically significant differences in the medical histories of subjects. In the
CARE-PWS study, there was a slightly higher prevalence of PTs in the system organ class
(SOCs) for psychiatric disorders, musculoskeletal and connective tissue disorders, and endocrine
disorders reported in the 9.6 mg/dose arm relative to the 3.2 mg/dose arm, which may be due to
differences in whether these were recorded as separate medical history terms or severity versus
being assessed as part of the typical presentation of PWS for individual subjects.
Given the potential relationship or overlap with the efficacy parameters assessed in Study 114
and CARE-PWS, it is notable that the 9.6 mg/dose arm in CARE-PWS had a higher percentage
of subjects with a medical history of anxiety: 61.4% of subjects compared with 46.5 % of
subjects in the 3.2 mg dose arm, or 41.2% of subjects in the carbetocin arm of Study 114.
A summary of demographic and baseline characteristics for the 8-week placebo-controlled
period for the CARE-PWS study and the 2-week Study 114 is presented in Table 4.
In the LTFU and extension periods of the CARE-PWS study, demographic and baseline
characteristics of subjects were generally similar to those in the placebo-controlled period. There
was a higher proportion of females in the pooled 3.2 mg/dose arm (42 subjects [65.6%]) and a
lower proportion of females in the pooled 9.6 mg/dose arm (30 subjects [45.5%]).
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Demographic and Baseline Characteristics–Placebo-controlled Period of CARE-PWS study and Study 114
(Study LV-101-3-01 SAS and Study 114 SAS)
CARE-PWS

Study 114

LV-101
3.2 mg/dose
(N = 43)

LV-101
9.6 mg/dose
(N = 44)

Total
(N = 130)

LV-101
9.6 mg/dose
(N = 17)

All Active
(N = 87)

Placebo
(N = 43)

Placebo
(N = 20)

Total
(N = 37)

12.3 (3.08)

11.7 (3.55)

12.0 (3.32)

12.0 (3.49)

12.0 (3.36)

13.9 (2.45)

13.6 (2.52)

13.7 (2.46)

Median

12.0

11.5

12.0

13.0

12.0

14.0

14.0

14.0

Min, max

7, 17

7, 19

7, 19

7, 17

7, 19

10, 18

10, 18

10, 18

Female

27 (62.8)

21 (47.7)

48 (55.2)

24 (55.8)

72 (55.4)

11 (64.7)

12 (60.0)

23 (62.2)

Male

16 (37.2)

23 (52.3)

39 (44.8)

19 (44.2)

58 (44.6)

6 (35.3)

8 (40.0)

14 (37.8)

0

1 (2.3)

1 (1.1)

0

1 (0.8)

0

0

0

Asian

2 (4.7)

2 (4.5)

4 (4.6)

1 (2.3)

5 (3.8)

0

0

0

Black/African American

2 (4.7)

1 (2.3)

3 (3.4)

1 (2.3)

4 (3.1)

0

1 (5.0)

1 (2.7)

White

37 (86.0)

37 (84.1)

74 (85.1)

37 (86.0)

111 (85.4)

17 (100.0)

19 (95.0)

36 (97.3)

Other

2 (4.7)

3 (6.8)

5 (5.7)

4 (9.3)

9 (6.9)

0

0

0

Hispanic or Latino

5 (11.6)

4 (9.1)

9 (10.3)

4 (9.3)

13 (10.0)

0

1 (5.0)

1 (2.7)

Not Hispanic or Latino

38 (88.4)

40 (90.9)

78 (89.7)

39 (90.7)

117 (90.0)

17 (100.0%)

19 (95.0)

36 (97.3)

58.03
(24.341)

59.93
(32.310)

58.99
(28.500)

56.27
(26.549)

58.09
(27.796)

66.32
(17.191)

61.82
(20.746)

63.89
(19.070)

53.30

51.90

52.90

48.70

52.35

71.00

62.45

69.70

16.6, 125.6

23.4, 160.8

16.6, 160.8

19.7, 110.3

16.6, 160.8

38.4, 91.6

31.4, 97.1

31.4, 97.1

Age (years)a
Mean (SD)

Gender, n (%)

Race, n (%)
American Indian/Alaska Native

Ethnicity, n (%)

Baseline weight (kg)
Mean (SD)
Median
Min, max
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CARE-PWS

Study 114

LV-101
3.2 mg/dose
(N = 43)

LV-101
9.6 mg/dose
(N = 44)

Total
(N = 130)

LV-101
9.6 mg/dose
(N = 17)

All Active
(N = 87)

Placebo
(N = 43)

Placebo
(N = 20)

Total
(N = 37)

26.30
(8.520)

26.01
(9.324)

26.15
(8.885)

25.58
(9.742)

25.96
(9.143)

25.72
(5.947)

25.66
(7.537)

25.69
(6.760)

24.20

24.10

24.20

20.70

23.45

25.50

24.15

25.10

16.0, 54.4

15.6, 64.0

15.6, 64.0

14.9, 51.8

14.9, 64.0

15.8, 35.3

15.9, 40.0

15.8, 40.0

Deletion Type 1

5 (11.6)

3 (6.8)

8 (9.2)

3 (7.0)

11 (8.5)

0

5 (25.0)

5 (13.5)

Deletion Type 2

3 (7.0)

6 (13.6)

9 (10.3)

5 (11.6)

14 (10.8)

1 (5.9)

1 (5.0)

2 (5.4)

Deletion Type Unknown

18 (41.9)

19 (43.2)

37 (42.5)

15 (34.9)

52 (40.0)

9 (52.9)

8 (40.0)

17 (45.9)

UPD

10 (23.3)

9 (20.5)

19 (21.8)

10 (23.3)

29 (22.3)

7 (41.2)

6 (30.0)

13 (35.1)

1 (2.3)

1 (2.3)

2 (2.3)

3 (7.0)

5 (3.8)

0

0

0

Baseline BMI (kg/m2)b
Mean (SD)
Median
Min, max
Genetic subtype of PWS

ID

Unknown
6 (14.0)
6 (13.6)
12 (13.8)
7 (16.3)
19 (14.6)
0
0
0
BMI = body mass index; ID = imprinting defect; PWS = Prader-Willi Syndrome; SAS = Safety Analysis Set; SD = standard deviation; UPD = uniparental
disomy.
Note: For each categorical parameter, percentages are based on the number of subjects who had that parameter assessed.
a
In Study LV-101-3-01, age = (((informed consent year)*12 + informed consent month)–(birth year)*12 + birth month)/12. In Study 114, age = (date of
informed consent–date of birth)/365.25, rounded down to the nearest integer.
b
BMI = weight (kg)/(height (m))². BMI is calculated using the Baseline weight and Screening height.
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2.1.3.2

Baseline Disease Characteristics

2.1.3.2.1

CARE-PWS (Phase 3)

A summary of medical histories reported by ≥ 25% of subjects in any arm in the CARE-PWS
study is presented for the placebo-controlled period in Table 5.
Table 5.

Medical Histories Reported by ≥ 25% of Subjects in Any Treatment Arm
by SOC and PT–Placebo-controlled Period (Study LV-101-3-01 SAS)
LV-101
3.2 mg/dose
(N = 43)
(n=%)
43 (100.0)

LV-101
9.6 mg/dose
(N = 44)
(n=%)
44 (100.0)

All Active
(N = 87)
(n=%)
87 (100.0)

Placebo
(N = 43)
(n=%)
43 (100.0)

Total
(N = 130)
(n=%)
130 (100.0)

30 (69.8)

38 (86.4)

68 (78.2)

39 (90.7)

107 (82.3)

24 (55.8)

34 (77.3)

58 (66.7)

33 (76.7)

91 (70.0)

22 (51.2)

26 (59.1)

48 (55.2)

23 (53.5)

71 (54.6)

13 (30.2)

18 (40.9)

31 (35.6)

13 (30.2)

44 (33.8)

23 (53.5)

32 (72.7)

55 (63.2)

24 (55.8)

79 (60.8)

19 (44.2)

26 (59.1)

45 (51.7)

21 (48.8)

66 (50.8)

25 (58.1)

23 (52.3)

48 (55.2)

23 (53.5)

71 (54.6)

10 (23.3)

9 (20.5)

19 (21.8)

12 (27.9)

31 (23.8)

32 (74.4)

39 (88.6)

71 (81.6)

34 (79.1)

105 (80.8)

Anxiety

20 (46.5)

27 (61.4)

47 (54.0)

20 (46.5)

67 (51.5)

Attention deficit hyperactivity disorder

8 (18.6)

12 (27.3)

20 (23.0)

9 (20.9)

29 (22.3)

Dermatillomania

21 (48.8)

13 (29.5)

34 (39.1)

20 (46.5)

54 (41.5)

27 (62.8)

26 (59.1)

53 (60.9)

23 (53.5)

76 (58.5)

20 (46.5)

19 (43.2)

39 (44.8)

20 (46.5)

59 (45.4)

32 (74.4)

29 (65.9)

61 (70.1)

31 (72.1)

92 (70.8)

Adenoidectomy

15 (34.9)

6 (13.6)

21 (24.1)

9 (20.9)

30 (23.1)

Orchidopexy

7 (16.3)

12 (27.3)

19 (21.8)

10 (23.3)

29 (22.3)

SOC
PT
Subjects with a medical history event
Endocrine disorders
Growth hormone deficiency
Gastrointestinal disorders
Constipation
Musculoskeletal and connective tissue
disorders
Scoliosis
Nervous system disorders
Hypotonia
Psychiatric disorders

Respiratory, thoracic, and mediastinal
disorders
Sleep apnoea syndrome
Surgical and medical procedures

Tonsillectomy
13 (30.2)
6 (13.6)
19 (21.8)
7 (16.3)
26 (20.0)
MedDRA = Medical Dictionary for Regulatory Activities; PT = preferred term; SAS = Safety Analysis Set; SOC =
system organ class
Note: At each level of summarization, subjects who reported one or more medical history events within that level
are only counted once for that level.
Note: Medical history was coded using MedDRA version 23.1.
Source: Study LV-101-3-01 CSR Table 14.1A.7.2

Overall, the most common medical history entries were growth hormone deficiency (91 subjects
[70.0%]), scoliosis (66 subjects [50.8%]), and anxiety (67 subjects [51.5%]). There was a
slightly higher prevalence of PTs in the SOCs for psychiatric disorders, musculoskeletal and
connective tissue disorders, and endocrine disorders reported in the 9.6 mg/dose arm relative to
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the 3.2 mg/dose arm. As noted above, because problems in each of these categories are
commonly encountered to varying degrees as part of the clinical presentation of PWS, this may
potentially reflect differences in whether these were recorded as separate medical history items
or degree of severity vs. being assessed as part of the typical clinical presentation of PWS for
individual subjects. Across all arms, there were no other apparent trends or groupings of PTs
suggestive of any medically significant differences in the medical histories of subjects.
In the LTFU and extension periods, medical history was generally similar to that in the
placebo-controlled period.
2.1.3.2.2

Study 114 (Phase 2)

Per study eligibility criteria, all subjects had genetically confirmed PWS. In addition,
all 37 subjects were assessed as being in nutritional phase 3 as required by the protocol. Across
the LV-101 and placebo groups, there were no apparent trends or groupings of PTs suggestive of
any medically significant differences in the medical histories of subjects between groups.
Overall, the most common medical history entries were growth hormone deficiency (21 subjects
[56.8%]), scoliosis (16 subjects [43.2%]), and anxiety (13 subjects [35.1%]).
All serum sodium levels in both the LV-101 and placebo group were ≥ 135.0 mmol/L at
Baseline, with a mean of 138.4 mmol/L in both groups, and a range of 136 to 142 mmol/L and
135 to 143 mmol/L, respectively.
2.1.3.3

Prior and Concomitant Medications/Therapies

Given the multiple symptoms and sequelae associated with PWS, a large number of concomitant
medications is not unexpected in this patient population.
The proportions of subjects taking concomitant medications were generally similar across
treatments in the CARE-PWS study and Study 114; however, subjects in the 3.2 mg dose arm at
entry had the lowest usage of psychoanaleptic or psycholeptic concomitant medications. In
CARE-PWS, use of psychoanaleptics was reported for 32.6% of subjects in the 3.2 mg dose arm
compared with 50% in the 9.6 mg dose arm and 46.5% in the placebo arm. Psycholeptic use was
reported for 25.6% of subjects in the 3.2 mg arm, 36.4% of subjects in the 9.6 mg arm, and
23.3% of subjects in the placebo arm (Table 6). In Study 114, use of psychoanaleptics and
psycholeptics were reported in 70.6% of subjects and 17.6% of subjects receiving carbetocin
compared with 55.5% and 20.0% of subject receiving placebo, respectively (Table 8).
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CARE-PWS (Phase 3)

In the placebo-controlled period of the CARE-PWS study, pre-treatment medications (stop date
prior to first administration of study drug) were taken by 20 subjects (15.4%) in the SAS; of
these, only one treatment (somatropin) was a pre-treatment medication taken by more than two
subjects. Somatropin was a pre-treatment medication for 5 subjects (3.8%), all of whom were
assigned to the LV-101 arms (four subjects in the 3.2 mg/dose arm and one subject in the
9.6 mg/dose arm).
A summary of concomitant medications (start date prior to or following first administration of
study drug and either no stop date or stop date after first administration of study drug) reported
by ≥ 10% of subjects in any treatment arm by drug category in the CARE-PWS study is
presented for the placebo-controlled period in Table 6.
Table 6.

Concomitant Medications by Drug Category Reported by ≥ 10% of
Subjects in Any Treatment Arm–Placebo-controlled Period
(Study LV-101-3-01 SAS)
LV-101
3.2 mg/dose
(N = 43)
(n=%)

LV-101
9.6 mg/dose
(N = 44)
(n=%)

All Active
(N = 87)
(n=%)

Placebo
(N = 43)
(n=%)

Total
(N = 130)
(n=%)

42 (97.7)

42 (95.5)

84 (96.6)

42 (97.7)

126 (96.9)

Analgesics

4 (9.3)

6 (13.6)

10 (11.5)

4 (9.3)

14 (10.8)

Antianemic preparations

4 (9.3)

4 (9.1)

8 (9.2)

5 (11.6)

13 (10.0)

Antibacterials for systemic use

7 (16.3)

1 (2.3)

8 (9.2)

3 (7.0)

11 (8.5)

Antihistamines for systemic
use

5 (11.6)

6 (13.6)

11 (12.6)

6 (14.0)

17 (13.1)

Anti-inflammatory and
antirheumatic products

7 (16.3)

3 (6.8)

10 (11.5)

5 (11.6)

15 (11.5)

Drugs for acid related disorder

4 (9.3)

1 (2.3)

5 (5.7)

5 (11.6)

10 (7.7)

Drugs for constipation

11 (25.6)

12 (27.3)

23 (26.4)

9 (20.9)

32 (24.6)

Drugs for obstructive airway
disease

5 (11.6)

5 (11.4)

10 (11.5)

3 (7.0)

13 (10.0)

Drugs used in diabetes

1 (2.3)

7 (15.9)

8 (9.2)

7 (16.3)

15 (11.5)

Lipid modifying agents

6 (14.0)

10 (22.7)

16 (18.4)

10 (23.3)

26 (20.0)

Mineral supplements

4 (9.3)

6 (13.6)

10 (11.5)

3 (7.0)

13 (10.0)

Other alimentary tract and
metabolism products

9 (20.9)

8 (18.2)

17 (19.5)

12 (27.9)

29 (22.3)

Pituitary and hypothalamic
hormones and analogues

32 (74.4)

39 (88.6)

71 (81.6)

37 (86.0)

108 (83.1)

Psychoanaleptics

14 (32.6)

22 (50.0)

36 (41.4)

20 (46.5)

56 (43.1)

Psycholeptics

11 (25.6)

16 (36.4)

27 (31.0)

10 (23.3)

37 (28.5)

ATC text level 2
Subjects with a concomitant
medication
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LV-101
3.2 mg/dose
(N = 43)
(n=%)

LV-101
9.6 mg/dose
(N = 44)
(n=%)

All Active
(N = 87)
(n=%)

Placebo
(N = 43)
(n=%)

Total
(N = 130)
(n=%)

Sex hormones and modulators
of the genital system

4 (9.1)

7 (16.3)

11 (12.6)

4 (9.3)

15 (11.5)

Thyroid therapy

6 (14.0)

9 (20.5)

15 (17.2)

10 (23.3)

25 (19.2)

Vitamins

23 (53.5)

20 (45.5)

43 (49.4)

22 (51.2)

65 (50.0)

ATC text level 2

All other therapeutic products
6 (14.0)
5 (11.4)
11 (12.6)
6 (14.0)
17 (13.1)
ATC = Anatomical Therapeutic Chemical; PT = preferred term; SAS = Safety Analysis Set
Note: Concomitant medications were those medications which were stopped or started after the initial IP
administration, including ongoing medications.
Note: At each level of summarization, subjects who reported one or more concomitant medication within that level
are only counted once for that level.
Note: Medications were mapped based on the WHODrug Global version September 1, 2020.

In the placebo-controlled period of the CARE-PWS study, concomitant medications (were taken
by 126 subjects (96.9%) (Table 6). Most subjects (108 [83.1%]) were taking pituitary and
hypothalamic hormones and analogues, of which somatropin (108 subjects [83.1%]) was the
most common. Psychoanaleptics and psycholeptics were also commonly used in this patient
population, with the most common drugs in these categories being modafinil (13 [10.0%]) and
risperidone (9 [6.9%]), respectively.
In the LTFU and extension periods of the CARE-PWS study, concomitant medications taken
were generally similar to that in the placebo-controlled period. The categories of Pituitary and
hypothalamic hormones and analogues, psychoanaleptics, and psycholeptics remained the most
common types of concomitant medications across the treatment arms.
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Concomitant Medications Drug Category Reported by ≥ 10% of Subjects in Any Treatment Arm in the
LTFU and Extension Period (Study LV-101-3-01 SAS)

ATC Text Level 2
Patients with a Concomitant
Medication
Analgesics
Anesthetics
Antianemic preparations
Antibacterials for systemic use
Antihistamines for systemic use
Antiinflammatory and antirheumatic
products
Blood substitutes and perfusion
solutions
Cardiac therapy
Corticosteroids for systemic use
Cough and cold preparations
Drugs for acid related disorders
Drugs for constipation
Drugs for obstructive airway
diseases
Drugs used in diabetes
Lipid modifying agents
Mineral supplements
Other alimentary tract and
metabolism products
Pituitary and hypothalamic
hormones and analogues
Psychoanaleptics
Psycholeptics
Sex hormones and modulators of the
genital system
Thyroid therapy
Vitamins
All other therapeutic products

PBO-3.2
(N=21)
(n=%)

PBO-9.6
(N=22)
(n=%)

3.2-3.2
(N=43)
(n=%)

9.6-9.6
(N=42)
(n=%)

All 3.2
(N=64)
(n=%)

All 9.6
(N=64)
(n=%)

LV-101
(N=128)
(n=%)

20 ( 95.2)
3 ( 14.3)
2 (9.5)
3 ( 14.3)
2 (9.5)
5 ( 23.8)

22 (100.0)
3 ( 13.6)
0
3 ( 13.6)
3 ( 13.6)
6 ( 27.3)

43 (100.0)
11 ( 25.6)
6 (14.0)
5 ( 11.6)
15 ( 34.9)
8 ( 18.6)

41 ( 97.6)
10 ( 23.8)
3 (7.1)
5 ( 11.9)
14 ( 33.3)
7 ( 16.7)

63 ( 98.4)
14 ( 21.9)
8 ( 12.5)
8 ( 12.5)
17 ( 26.6)
13 ( 20.3)

63 ( 98.4)
13 ( 20.3)
3 (4.7)
8 ( 12.5)
17 ( 26.6)
13 ( 20.3)

126 ( 98.4)
27 ( 21.1)
11 (8.6)
16 ( 12.5)
34 (26.6)
26 ( 20.3)

4 ( 19.0)

3 ( 13.6)

11 ( 25.6)

9 ( 21.4)

15 ( 23.4)

12 ( 18.8)

27 ( 21.1)

0 ( 0.0)
1 ( 4.8)
1 (4.8)
0 ( 0.0)
3 ( 14.3)
6 ( 28.6)

0 ( 0.0)
3 ( 13.6)
0
3 ( 13.6)
3 ( 13.6)
5 ( 22.7)

5 ( 11.6)
4 ( 9.3)
7 ( 16.3)
0 ( 0.0)
6 ( 14.0)
15 ( 34.9)

0 ( 0.0)
4 ( 9.5)
6 ( 14.3)
1 ( 2.4)
2 (4.8)
13 ( 31.0)

5 ( 7.8)
5 ( 7.8)
8 ( 12.5)
0 ( 0.0)
9 ( 14.1)
21 ( 32.8)

0 ( 0.0)
7 ( 10.9)
6 (9.4)
4 ( 6.3)
5 (7.8)
18 ( 28.1)

5 ( 3.9)
12 ( 9.4)
14 ( 10.9)
4 ( 3.1)
14 ( 10.9)
39 ( 30.5)

3 ( 14.3)
3 ( 14.3)
3 ( 14.3)
2 (9.5)

2 (9.1)
3 ( 13.6)
7 ( 31.8)
1 (4.5)

5 ( 11.6)
2 (4.7)
7 ( 16.3)
6 ( 14.0)

6 ( 14.3)
7 ( 16.7)
10 ( 23.8)
6 ( 14.3)

8 ( 12.5)
5 (7.8)
10 ( 15.6)
8 ( 12.5)

8 ( 12.5)
10 ( 15.6)
17 ( 26.6)
7 ( 10.9)

16 ( 12.5)
15 ( 11.7)
27 ( 21.1)
15 ( 11.7)

6 ( 28.6)

5 ( 22.7)

9 ( 20.9)

7 ( 16.7)

15 ( 23.4)

12 ( 18.8)

27 ( 21.1)

16 ( 76.2)
6 ( 28.6)
2 (9.5)

18 ( 81.8)
15 ( 68.2)
9 ( 40.9)

35 ( 81.4)
18 ( 41.9)
15 ( 34.9)

35 ( 83.3)
21 ( 50.0)
20 ( 47.6)

51 ( 79.7)
24 ( 37.5)
17 ( 26.6)

53 ( 82.8)
36 ( 56.3)
29 ( 45.3)

104 ( 81.3)
60 ( 46.9)
46 ( 35.9)

2 (9.5)
7 ( 33.3)
11 ( 52.4)
0

3 ( 13.6)
3 ( 13.6)
14 ( 63.6)
5 ( 22.7)

9 ( 20.9)
6 ( 14.0)
25 ( 58.1)
9 ( 20.9)

5 ( 11.9)
9 ( 21.4)
23 ( 54.8)
7 ( 16.7)

11 ( 17.2)
13 ( 20.3)
36 ( 56.3)
9 ( 14.1)

8 ( 12.5)
12 ( 18.8)
37 ( 57.8)
12 ( 18.8)

19 ( 14.8)
25 ( 19.5)
73 ( 57.0)
21 ( 16.4)
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Note: Concomitant medications are those medications which were stopped or started after the initial Week 8 IP administration, including ongoing medications.
Note: At each level of summarization, patients who reported one or more medication within that level are only counted once for that level.
Note: Medications were mapped based on the WHODrug Global version September 1, 2020.
Note: Summarized results exclude data collected after each subject switched to open-label 3.2mg dosing per Sponsor decision.
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Study 114 (Phase 2)

Across the treatment and placebo groups, the types of concomitant medications used and the
percentages of subjects using each type of medication were similar, except that 2 subjects
(11.8%) in the LV-101 group and no subjects (0.0%) in the placebo group received an
anti-anemic preparation.
Table 8.

Concomitant Medication Used by ≥10% of Subjects in Any Treatment
Group – Study 114 SAS
Carbetocin
(n=17)

Safety Analysis Set
Any Concomitant Medication
ALIMENTARY TRACT AND
METABOLISM
Drugs for Constipation
Drugs used in Diabetes
Other Alimentary Tract and Metabolism
Products
Vitamins
BLOOD AND BLOOD FORMING
ORGANS
Antianemic Preparations
CARDIOVASCULAR SYSTEM
Lipid Modifying Agents
MUSCULO-SKELETAL SYSTEM
Anti-inflammatory and Antirheumatic
Products
NERVOUS SYSTEM
Analgesics
Antiepileptics
Psychoanaleptics
Psycholeptics
RESPIRATORY SYSTEM
Antihistamines for Systemic Use
Drugs for Obstructive Airway Diseases
SYSTEMIC HORMONAL PREP,
EXCLUDING SEX HORMONES AND
INSULIN
Pituitary and Hypothalamic Hormones and
Analogues
Thyroid Therapy
VARIOUS
All other therapeutic products
General nutrients

Placebo
(n=20)

Overall
(n=37)

N

%

N

%

N

%

17

100.0%

18

90.0%

35

94.6%

8

47.1%

10

50.0%

18

48.6%

3
4

17.6%
23.5%

2
4

10.0%
20.0%

5
8

13.5%
21.6%

1

5.9%

4

20.0%

5

13.5%

5

29.4%

5

25.0%

10

27.0%

2

11.8%

0

0.0%

2

5.4%

2
3
2
2

11.8%
17.6%
11.8%
11.8%

0
3
2
3

0.0%
15.0%
10.0%
15.0%

2
6
4
5

5.4%
16.2%
10.8%
13.5%

2

11.8%

3

15.0%

5

13.5%

14
4
0
12
3
2
2
2

82.4%
23.5%
0.0%
70.6%
17.6%
11.8%
11.8%
11.8%

12
1
2
11
4
2
1
2

60.0%
5.0%
10.0%
55.0%
20.0%
10.0%
5.0%
10.0%

26
5
2
23
7
4
3
4

70.3%
13.5%
5.4%
62.2%
18.9%
10.8%
8.1%
10.8%

11

64.7%

15

75.0%

26

70.3

11

64.7%

14

70.0%

25

67.6%

3
4
2
2

17.6%
23.5%
11.8%
11.8%

4
6
6
0

20.0%
30.0%
30.0%
0.0%

7
10
8
2

18.9%
27.0%
21.6%
5.4%
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Overall Extent of Exposure

Throughout the clinical development program for LV-101, 243 subjects have been exposed to
one or more doses: 96 healthy subjects and 147 subjects with PWS. Normal healthy volunteer
studies included individuals aged 18-55 years; studies in subjects with PWS included individuals
aged 7-18 years (at study entry).
For IN studies, the dose range evaluated was 0.2-9.6 mg/dose. Only Study 000040 in normal
healthy volunteers studied doses less than 3.2 mg; in this study, 30 participants received doses
lower than 3.2 mg. All other doses across the IN carbetocin studies were at doses of 3.2 mg or
higher, meaning that subjects with PWS only received doses of either 32 mg or 9.6 mg.
Table 9 provides a summary of exposure by total dose and duration.
Table 9.

LV-101 Exposure by Mean Daily Dose and Duration as of June 18, 2021
Mean Daily Dose

Treatment Duration (weeks)
Number of subjects
Single dose or ≤ 2 days
≤ 14 days
≥ 60 days
≥ 90 days
≥ 120 days
≥ 180 days
≥ 270 days
≥ 365 days

LV-101
Any Dose

LV-101
≥ 3.2 mg

243
146
127
124
116
110
105
102

213
146
127
124
116
110
105
102

LV-101
Any Dose
CARE-PWS
130
129
127
124
116
110
105
102

PWS = Prader-Willi syndrome
Note: Only subjects with PWS participated in studies with a total exposure of 2 days or more.

All of the 17 subjects in Study 114 in the active treatment arm received 9.6 mg/dose. For the
placebo-controlled period of the CARE-PWS study, 44 subjects were randomized to receive
9.6 mg/dose and 43 subjects were randomized to receive 3.2 mg/dose. In the LTFU and
extension periods, an additional 22 subjects originally on placebo received 9.6 mg/dose, and
21 subjects originally on placebo received 3.2 mg/dose.
As of June 18, 2021, Levo has accumulated approximately 188 subject-years of exposure
(including an anticipated 110 subjects with 6 months of exposure and 102 subjects with 1 year of
exposure) from the CARE-PWS study.
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The following definitions were used in the CARE-PWS study and Study 114:
•

An AE was considered any untoward medical occurrence in a subject who participated in
the study. Pre-existing conditions were not considered AEs, but became AEs if
worsening occurred after study drug administration during the study. Pre-existing
clinically significant conditions diagnosed or observed as a result of the screening
procedures were recorded as medical history.

•

A treatment-emergent AE (TEAE) was any AE that began or worsened after the first
administration of study drug.
o A TEAE was also noted as occurring during the Treatment Period in Study 114.
The Treatment Period was defined as the period during which a subject received
study drug (including the day after last administration). More specifically, for
subjects who completed all doses as planned on Day 14, the Treatment Period was
Day 1 to Day 15. For subjects who discontinued study drug, the Treatment Period
was Day 1 to the dose date +1.

•

An unexpected AE was an AE not identified in nature, severity, or frequency in the
Sponsor’s current Investigator’s Brochure (or is otherwise expected in the patient
population).

•

An adverse drug reaction (ADR) was defined only in Study 114 and was considered an
AE evaluated by the Investigator as being probably or possibly causally related to
treatment with the study drug. A serious ADR was considered a SAE evaluated by the
Investigator and/or by the Sponsor as having a reasonable possibility of causal
association with the study drug.

•

Serious AEs were defined as any AE that at any dose resulted in death, was
life-threatening, required in-patient hospitalization or prolongation of existing
hospitalization, resulted in persistent or significant disability/incapacity, was a congenital
anomaly/birth defect, or was an important medical event (which included any suspected
transmission of an infectious agent via a medicinal product).

In the CARE-PWS study, AEs were collected from the Baseline Visit until 30 days after the last
dose of study drug; SAEs were collected from the signing of the informed consent until 30 days
after the last dose of study drug. For Study 114, AEs were collected throughout the study from
the time informed consent was obtained until the follow-up phone call.
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Adverse events were recorded in the electronic case report form and included the AE, date and
time (Study 114 only) of onset, intensity (mild, moderate, or severe), causal relationship to study
drug (possibly related or not related in the CARE-PWS study and reasonable possibility or no
reasonable possibility in Study 114), action taken with study drug (no change, interrupted or
temporarily held, discontinued or withdrawn, and dose reduced or increased [Study 114 only]),
other action taken, date and time (Study 114 only) of outcome, outcome (recovered, recovered
with sequelae, recovering [Study 114 only], not yet recovered, or fatal), and seriousness.
Prior and concomitant medications were coded using the World Health Organization (WHO)
Drug Dictionary (WHODrug) (version dated Sep 1, 2018 (2020-07-31 data cut) and Sep 1, 2020
(2021-06-18 data cut) for the CARE-PWS study and version dated Sep 1, 2013 for Study 114).
All AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA)
(version 23.0 (2020-07-31 data cut) and version 23.1 (2021-06-18 data cut) for the CARE-PWS
study and version 16.1 for Study 114).
Updates in WHODrug and MedDRA version for coding across the two data cuts for CARE-PWS
did not result in any changes.
Treatment-emergent AEs were analyzed as follows:
•
•

TEAEs
TEAEs by intensity

•

TEAEs by causality (related/not related)

•

Deaths

•
•

Serious TEAEs
TEAEs leading to study discontinuation

•

ADRs (Study 114 only)

•

TEAEs evaluated for abuse potential and/or suicidal ideation and behavior (CARE-PWS
study only)

2.3.2

Evaluation of Adverse Events

Intranasal carbetocin (LV-101) at the proposed 3.2 mg dose, as well as at the three-fold higher
9.6 mg dose, was generally well tolerated compared to placebo across the clinical development
program, including during the LTFU and extension periods of the CARE-PWS study, where
subjects have been chronically receiving LV-101 three times a day. Overall, there were no
differences in safety profile in dosing duration (acute vs. chronic), or in any special groups or
subpopulations. There were no adverse events associated with use of the spray pump, no
unexpected serious adverse events, and no deaths in the clinical development program. The
safety profile is consistent with the known effects of oxytocin receptor agonists, the global
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clinical experience of IV carbetocin, and the nonclinical data supporting development of
carbetocin.
Only the two primary safety studies (the phase 2 and phase 3 IN studies) are discussed in this
section. Safety for the phase 1 IN studies and different routes of administration are provided in
Section 2.7.
2.3.2.1

CARE-PWS (Phase 3)

2.3.2.1.1

Overview of Adverse Events in CARE-PWS

An overall summary of subjects with TEAEs in the CARE-PWS study is presented for the Safety
Analysis Set during the placebo-controlled period and the LTFU and extension periods up to
each subject’s transition to open-label in Table 10.
In the placebo-controlled period of the CARE-PWS study, 63.2% of subjects who received any
dose of LV-101 including 60.5% of subjects in the 3.2 mg/dose arm and 65.9% of subjects in the
9.6 mg/dose arm, reported at least one TEAE, compared with 55.8% of subjects in the placebo
arm (Table 10).
Most TEAEs were mild to moderate in intensity in the placebo-controlled period and were
similar across the dose arms. Only one severe TEAE of sinus pain was reported during the
placebo-controlled period by a subject in the 9.6 mg/dose arm. The event occurred during the
landing of an airplane flight while the subject had a sinus infection. The sinus pain had a
duration of one day, was not serious, did not lead to study drug interruption or discontinuation,
and subsequently resolved with antibiotics.
In the LTFU and extension periods of the CARE-PWS study, 78.1% of all subjects reported at
least one TEAE, including 79.7% of subjects in the All 3.2 mg arm and 76.6% of subjects in the
All 9.6 mg arm (Table 10).
The incidence of mild to moderate TEAEs in the LTFU and extension periods was similar across
the dose groups, with a slightly higher percentage of moderate severity TEAEs compared with
the placebo-controlled period. Six subjects (9.4%) in the All 3.2 mg group and 3 subjects (4.7%)
in the All 9.6 mg group reported severe TEAEs. With the exception of three subjects reporting
severe TEAEs of scoliosis surgery, all other severe TEAEs in the LTFU and extension periods
were reported by one subject each and included ischaemic stroke, abdominal pain, decreased
appetite, gastric obstruction, syncope, pneumonia, gastroenteritis norovirus, and suicidal
ideation. Only the event of ischaemic stroke, judged as not related to study drug by the
investigator, resulted in a study discontinuation. All events resolved.
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Summary of TEAEs during the Placebo-Controlled Period and LTFU and Extension Periods up to Each
Subject’s Transition to Open-Label (Study LV-101-3-01 SAS)
Placebo-controlled Period
LV-101
3.2
9.6
All
All
mg/dose mg/dose
Active
Placebo
(N = 43) (N = 44) (N = 87) (N = 43)

Variable
At least 1 TEAE

26
(60.5)
[84]

LTFU and Extension Periods
Placebo to LV-101
LV-101
3.2
9.6
3.2–3.2
9.6–9.6
All 3.2
mg/dose mg/dose
mg/dose
mg/dose
mg/dose
(N = 21) (N = 22)
(N = 43)
(N = 42)
(N = 64)
n (%) [Events]

All 9.6
mg/dose
(N = 64)

All
Active
(N = 128)

29
(65.9)
[73]

55
(63.2)
[157]

24
(55.8)
[49]

15
(71.4)
[60]

15
(68.2)
[52]

36
(83.7)
[175]

34
(81.0)
[153]

51
(79.7)
[235]

49
(76.6)
[205]

100
(78.1)
[440]

TEAEs by maximum severitya
Mild

21
(48.8)

24
(54.5)

45
(51.7)

19
(44.2)

12
(57.1)

11
(50.0)

21
(48.8)

16
(38.1)

33
(51.6)

27
(42.2)

60
(46.9)

Moderate

5
(11.6)

4
(9.1)

9
(10.3)

5
(11.6)

3
(14.3)

4
(18.2)

9
(20.9)

15
(35.7)

12
(18.8)

19
(29.7)

31
(24.2)

Severe

0
(0.0)

1
(2.3)

1
(1.1)

0
(0.0)

0
(0.0)

0
(0.0)

6
(14.0)

3
(7.1)

6
(9.4)

3
(4.7)

9
(7.0)

TEAEs by greatest degree of relationship to IPb
Possibly related

19
(44.2)
[38]

21
(47.7)
[50]

40
(46.0)
[88]

8
(18.6)
[11]

10
(47.6)
[21]

8
(36.4)
[16]

19
(44.2)
[53]

17
(40.5)
[49]

29
(45.3)
[74]

25
(39.1)
[65]

54
(42.2)
[139]

Not related

7
(16.3)

8
(18.2)

15
(17.2)

16
(37.2)

5
(23.8)

7
(31.8)

17
(39.5)

17
(40.5)

22
(34.4)

24
(37.5)

46
(35.9)

Treatment-emergent
SAEsc

0
(0.0)
[0]

0
(0.0)
[0]

0
(0.0)
[0]

0
(0.0)
[0]

0
(0.0)
[0]

0
(0.0)
[0]

6
(14.0)
[7]

8
(19.0)
[8]

6
(9.4)
[7]

8
(12.5)
[8]

14
(10.9)
[15]
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Placebo-controlled Period
LV-101
3.2
9.6
All
All
mg/dose mg/dose
Active
Placebo
(N = 43) (N = 44) (N = 87) (N = 43)

LTFU and Extension Periods
Placebo to LV-101
LV-101
3.2
9.6
3.2–3.2
9.6–9.6
All 3.2
mg/dose mg/dose
mg/dose
mg/dose
mg/dose
(N = 21) (N = 22)
(N = 43)
(N = 42)
(N = 64)
n (%) [Events]

All 9.6
mg/dose
(N = 64)

All
Active
(N = 128)

Variable
TEAEs leading to
study drug
interruptiond

1
(2.3)

4
(9.1)

5
(5.7)

0
(0.0)

3
(14.3)

0
(0.0)

9
(20.9)

7
(16.7)

12
(18.8)

7
(10.9)

19
(14.8)

TEAEs leading to
study drug
discontinuation

0
(0.0)

3
(6.8)

3
(3.4)

0
(0.0)

1
(4.8)

2
(9.1)

2
(4.7)

3
(7.1)

3
(4.7)

5
(7.8)

8
(6.3)

Deaths

0
0
0
0
0
0
0
0
0
0
0
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
AE = adverse event; IP = investigational product; LTFU = long-term follow-up; SAE = serious adverse event; SAS = Safety Analysis Set;
TEAE = treatment-emergent AE
Note: A TEAE is defined as an AE occurring after the initial dose of IP.
Note: The first treatment arm listed in the column header represents the treatment the subject received during the placebo-controlled period (placebo or LV-101).
The second treatment arm listed in the column header represents the LV-101 dose the subject received during the LTFU and extension periods.
a
Each subject with a TEAE is counted only once by the TEAE of greatest severity. Adverse events with missing severity are counted as “severe.”
b
Each subject with a TEAE is counted only once by the TEAE of greatest relationship to IP. Adverse events with missing relatedness to IP are considered
“possibly related.”
c
AEs with missing seriousness are counted as “serious.”
d
Study drug interruption is defined as study drug being temporarily withheld.
Note: Summarized results exclude data collected after each subject switched to open-label 3.2mg dosing per Sponsor decision.
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The incidence of TEAEs during the placebo-controlled period considered possibly related to
study drug by the Investigator was greater in the LV-101 all active arm compared with the
placebo arm (46.0% and 18.6%, respectively) and was similar between the 3.2 and 9.6 mg/dose
arms (44.2% and 47.7%, respectively). The events considered possibly related to study drug that
occurred in ≥5% of subjects in any active treatment arm were headache, epistaxis, nasal
discomfort, and flushing (Table 11).
Table 11.

PT
Any TEAE
Headache
Epistaxis
Nasal discomfort
Flushing

TEAEs Possibly Related to Study Drug by ≥ 5% of Subjects in Any
Treatment by PT – Placebo-controlled Period (Study LV-101-3-01 SAS)
3.2 mg/dose
(N = 43)
(n=%)
19 (44.2)
6 (14)
1 (2.3)
3 (7.0)
6 (14)

9.6 mg/dose
(N = 44)
(n=%)
21 (47.7)
3 (6.8)
5 (11.4)
1 (2.3)
9 (20.5)

All Active
(N = 87)
(n=%)
40 (46.0)
9 (10.3)
6 (6.9)
4 (4.6)
15 (17.2)

All Placebo
(N = 43)
(n=%)
8 (18.6)
2 (4.7)
1 (2.3)
1 (2.3)
0

Table 14.3A.1.6 (2020-07-31)

The incidence of TEAEs considered possibly related to study drug by the Investigator during the
LTFU and extension periods in the All LV-101 group was 42.27%, including 45.3% of subjects
in the All 3.2 mg group and 39.1% of subjects in the All 9.6 mg group. Only three related
TEAEs were reported by ≥ 5% of subjects in either the All 3.2 mg or All 9.6 mg groups:
headache, gynecomastia, and flushing (Table 12).
Table 12.

PT
Any TEAE
Headache
Gynaecomastia
Flushing

TEAEs Possibly Related to Study Drug by ≥ 5% of Subjects in the All
3.2 mg or All 9.6 mg groups in the LTFU and Extension Periods up to
Each Subject’s Transition to Open-Label (Study LV-101-3-01 SAS)
All 3.2 mg
(N = 64)
(n=%)
29 (45.3)
5 (7.8)
4 (6.3)
4 (6.3)

All 9.6 mg
(N = 64)
(n=%)
25 (39.1)
3 (4.7)
3 (4.7)
1 (1.6)

All Active
(N = 128)
(n=%)
54 (42.2)
8 ( 6.3)
7 (5.5)
5 (3.9)

No TEAEs associated with the use of the device were reported by any subject during the
placebo-controlled period or in the LTFU and extension periods.
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Common Adverse Events in CARE-PWS

A summary of the most frequently reported TEAEs (i.e., occurring in ≥ 5% of subjects in any
treatment) in the CARE-PWS study is presented by SOC and PT for the placebo-controlled
period in Table 13 and for all available data post Week 8 for the LTFU and extension periods in
Table 14.
Table 13.

TEAEs Reported during the Placebo-Controlled Period by ≥ 5% of
Subjects in Any Active Treatment by SOC and PT (Study LV-101-3-01
SAS)

MedDRA SOC Preferred Term

Patients with Any TEAE
Number of TEAEs
Gastrointestinal Disorders
Diarrhoea
General Disorders and Administration
Site Conditions
Fatigue
Pyrexia
Infections and Infestations
Upper respiratory tract infection
Nervous System Disorders
Headache
Respiratory, Thoracic, and
Mediastinal Disorders
Epistaxis
Nasal discomfort
Vascular Disorders
Flushing

3.2 mg/dose
(N=43)
(n=%)
26 (60.5)
84
9 (20.9)
4 ( 9.3)
8 (18.6)

9.6 mg/dose
(N=44)
(n=%)
29 (65.9)
73
3 ( 6.8)
2 ( 4.5)
4 ( 9.1)

All Active
(N=87)
(n=%)
55 (63.2)
157
12 (13.8)
6 ( 6.9)
12 (13.8)

All Placebo
(N=43)
(n=%)
24 (55.8)
49
6 (14.0)
1 ( 2.3)
1 ( 2.3)

3 ( 7.0)
3 ( 7.0)
6 (14.0)
3 ( 7.0)
11 (25.6)
7 (16.3)
8 (18.6)

1 ( 2.3)
0
4 ( 9.1)
2 ( 4.5)
7 (15.9)
4 ( 9.1)
9 (20.5)

4 ( 4.6)
3 ( 3.4)
10 (11.5)
5 ( 5.7)
18 (20.7)
11 (12.6)
17 (19.5)

0
0
10 (23.3)
2 ( 4.7)
5 (11.6)
3 ( 7.0)
2 ( 4.7)

1 ( 2.3)
3 ( 7.0)
6 (14.0)
6 (14.0)

6 (13.6)
2 ( 4.5)
9 (20.5)
9 (20.5)

7 ( 8.0)
5 ( 5.7)
15 (17.2)
15 (17.2)

1 ( 2.3)
1 ( 2.3)
0
0

*Patients were switched to open-label 3.2 mg dosing starting in October 2020. TEAEs represented in the All 9.6 column include
TEAEs that started while a patient was on the 9.6 mg dose. TEAEs represented in the All 3.2 column include TEAEs that started
while a patient was taking the 3.2 mg dose, including 44 patients that were previously assigned to the 9.6 mg/dose prior to the
switch to open label product.
Note: A treatment-emergent adverse event (TEAE) is defined as an AE occurring after the initial dose of IP.
1Each patient with a TEAE is counted only once by the TEAE of greatest severity. AEs with missing severity are counted as
‘severe’.
2
Each patient with a TEAE is counted only once by the TEAE of greatest relationship to IP. AEs with missing relatedness to IP
are considered ‘possibly related’.
3AEs with missing seriousness are counted as ‘serious’.
4Study drug interruption is defined as study drug being temporarily withheld.
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TEAEs Reported During the LTFU and Extension Periods for All
Available Data Post Week 8 by ≥ 5% of Subjects in Any Treatment by
SOC and PT (LV-101-3-01 SAS)

MedDRA SOC Preferred Term

Patients with Any TEAE
Number of TEAEs
Gastrointestinal Disorders
Constipation
Diarrhoea
General Disorders and
Administration Site Conditions
Pyrexia
Infections and Infestations
Nasopharyngitis
Pharyngitis streptococcal
Upper respiratory tract infection
Metabolism and nutrition disorders
Hyperphagia
Nervous System Disorders
Headache
Psychiatric Disorders
Anxiety
Dermatillomania
Reproductive System and Breast
Disorders
Gynaecomastia
Respiratory, Thoracic, and
Mediastinal Disorders
Epistaxis

All 3.2*
(N=108)
(n=%)
78 (72.2)
343
24 (22.2)
6 ( 5.6)
8 ( 7.4)

All 9.6*
(N=64)
(n=%)
49 (76.6)
205
11 (17.2)
1 ( 1.6)
3 ( 4.7)

LV-101
(N=128)
(n=%)
108 (84.4)
548
34 (26.6)
6 ( 4.7)
11 ( 8.6)

13 (12.0)

7 (10.9)

20 (15.6)

9 ( 8.3)
37 (34.3)
8 ( 7.4)
4 ( 3.7)
4 ( 3.7)
8 ( 7.4)
4 ( 3.7)
17 (15.7)
14 (13.0)
24 (22.2)
6 ( 5.6)
5 ( 4.6)

4 ( 6.3)
28 (43.8)
8 (12.5)
3 ( 4.7)
3 ( 4.7)
6 ( 9.4)
3 ( 4.7)
9 (14.1)
5 ( 7.8)
18 (28.1)
4 ( 6.3)
3 ( 4.7)

13 (10.2)
63 (49.2)
15 (11.7)
7 ( 5.5)
7 ( 5.5)
14 (10.9)
7 ( 5.5)
25 (19.5)
19 (14.8)
41 (32.0)
10 ( 7.8)
8 ( 6.3)

6 ( 5.6)

6 ( 9.4)

12 ( 9.4)

4 ( 3.7)

3 ( 4.7)

7 ( 5.5)

23 (21.3)

15 (23.4)

36 (28.1)

9 ( 8.3)

7 (10.9)

15 (11.7)

Note: A treatment-emergent adverse event (TEAE) is defined as an AE occurring after the initial dose of IP.
Note: Patients may have more than one TEAE per SOC and/or PT. At each level of patient summarization (SOC and PT), patients
who experienced one or more AE within that level are only counted once for that level.
Note: Adverse event mapping was based on the MedDRA version 23.1 thesaurus.
Note: Summarized results exclude data collected after each subject switched to open-label 3.2mg dosing per Sponsor decision.

The most frequently reported TEAE by PT during the placebo-controlled period in subjects in
the LV-101 all active arm was flushing (17.2%) (Table 13). The incidence of flushing was lower
in subjects in the 3.2 mg/dose arm (14.0%) compared with the 9.6 mg/dose arm (20.5%), and no
subjects in the placebo arm reported a TEAE of flushing. Flushing was also the most frequently
reported TEAE considered to be possibly related to study drug by the Investigator during the
placebo-controlled period for subjects in the LV-101 all active arm. The frequent occurrence of
flushing in the LV-101 arms is not unexpected considering that flushing is typically the result of
dilation of the blood vessels beneath the skin surface, and oxytocin is known to cause transient
vasodilation (Petersson 2002). With extended exposure in the LTFU and extension periods, the
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incidence of flushing TEAEs was 3.9% of all LV-101, including 6.3% and 1.6% of subjects in
the All 3.2 mg/dose arm and All 9.6 mg/dose arm, respectively.
By PT, the most frequently reported TEAEs during the LTFU and extension periods in the all
LV-101 group were headache (14.8%), pyrexia (10.2%), nasopharyngitis (11.7%), and epistaxis
(11.7%).
Treatment-emergent AEs reported during any period of the CARE-PWS study (initial dose
through the open-label transition to 3.2 mg/dose) through the data cut off June 18, 2021 for ≥ 5%
of subjects in any LV-101 treatment are summarized in Table 15. Across the entire study, the
most commonly reported TEAEs were headache (19.2%), epistaxis (14.6%) and flushing
(14.6%), with the majority of the flushing occurring during the 8-week placebo-controlled
portion of the study.
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Treatment-Emergent Adverse Events Reported During Any Period of the
Study by ≥ 5% of Subjects in Any LV-101 Treatment Arm in
LV-101-3-01 (SAS)

System organ class
Preferred Term
Any TEAE during active LV-101 exposure
Gastrointestinal Disorders
Constipation
Diarrhoea
General Disorders and Administration Site
Conditions
Pyrexia
Infections and Infestations
Nasopharyngitis
Pharyngitis streptococcal
Sinusitis
Upper respiratory tract infection
Injury, Poisoning and Procedural Complications
Fall
Skin abrasion
Metabolism and Nutrition Disorders
Hyperphagia
Nervous System Disorders
Dizziness
Headache
Psychiatric Disorders
Anxiety
Dermatillomania
Reproductive System and Breast Disorders
Gynaecomastia
Respiratory, Thoracic, and Mediastinal Disorders
Epistaxis
Nasal discomfort
Vascular Disorders
Flushing

All 3.2*
(N =108)
(n=%)
80 (74.1)
30 (27.8)
8 (7.4)
11(10.2)

All 9.6*
(N = 66)
(n=%)
54 (81.8)
13 (19.7)
2 (3.0)
5 (7.6)

All Active
(N = 130)
(n=%)
114 (87.7)
42 (32.3)
9 (6.9)
16 (12.3)

16 (14.8)

10 (15.2)

26 (20.0)

11(10.2)
40 (37.0)
8 (7.4)
4 (3.7)
4 (3.7)
6 (5.6)
19 (17.6)
5 (4.6)
6 (5.6)
8 (7.4)
4 (3.7)
24 (22.2)
4 (3.7)
18 (16.7)
27 (25.0)
6 (5.6)
6 (5.6)
7 ( 6.5)
4 ( 3.7)
26 (24.1)
9 (8.3)
5 (4.6)
10 (9.3)
10 (9.3)

4 (6.1)
31 (47.0)
9 (13.6)
3 (4.5)
3 (4.5)
5 (7.6)
10 (15.2)
2 (3.0)
2 (3.0)
8 (12.1)
5 (7.6)
15 (22.7)
4 (6.1)
8 (12.1)
24 (36.4)
6 (9.1)
4 (6.1)
7 (10.6)
3 ( 4.5)
20 (30.3)
11 (16.7)
4 (6.1)
9 (13.6)
9 (13.6)

15 (11.5)
69 (53.1)
16 (12.3)
7 (5.4)
7 (5.4)
11 (8.5)
28 (21.5)
7 (5.4)
8 (6.2)
16 (12.3)
9 (6.9)
37 (28.5)
8 (6.2)
25 (19.2)
50 (38.5)
12 (9.2)
10 (7.7)
14 (10.8)
7 ( 5.4)
44 (33.8)
19 (14.6)
9 (6.9)
19 (14.6)
19 (14.6)

AE = adverse event; PWS = Prader-Willi syndrome; MedDRA = Medical Dictionary for Regulatory Activities;
TEAE = treatment-emergent AE
* Subjects were switched to open-label 3.2 mg dosing starting in October 2020. TEAEs represented in the All 9.6 column include
TEAEs that started while a subject was on the 9.6 mg dose. TEAEs represented in the All 3.2 column include TEAEs that
started while a subject was taking the 3.2 mg dose, including 44 subjects that were previously assigned to the 9.6 mg/dose prior
to the switch to open label product.
Note: A TEAE is defined as an active AE occurring after the initial dose of study drug.
Note: This table includes only TEAEs which occurred on or after the initial dose of active study drug.
Note: Subjects may have more than one TEAE per system organ class and/or preferred term. At each level of subject
summarization (system organ class and preferred term), subjects who experienced one or more AE within that level are only
counted once for that level.
Note: Adverse event mapping was based on the MedDRA version 23.1 thesaurus.
Note: The preferred terms included are only those reported by ≥ 5% subjects in any LV-101 treatment. The numbers in the
system organ class and/or preferred term rows do not equal the number in the at least one TEAE row.
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Deaths in CARE-PWS

There were no deaths reported during the placebo-controlled period or the LTFU and extension
periods in the CARE-PWS study.
2.3.2.1.4

Other Serious Adverse Events in CARE-PWS

There were no treatment-emergent SAEs reported during the placebo-controlled period in the
CARE-PWS study.
A summary of treatment-emergent SAEs reported during the LTFU and extension periods in the
CARE-PWS study is presented for the SAS by PT in Table 16.
Table 16.

Treatment-emergent SAEs during the LTFU and Extension Periods
Including Through Each Subject’s Transition to Open-Label by SOC and
PT (Study LV-101-3-01 SAS)

MedDRA SOC Preferred Term

Patients with Any TreatmentEmergent SAE
Number of Treatment-Emergent
SAEs
Gastrointestinal disorders
Bezoar
Obstruction gastric
Infections and Infestations
Gastroenteritis
Pneumonia
Nervous System Disorders
Ischaemic stroke
Syncope
Psychiatric Disorders
Hallucination, auditory
Major depression
Suicidal ideation
Respiratory, Thoracic and
Mediastinal Disorders
Tonsillar hypertrophy
Surgical and Medical Procedures
Femoral derotation osteotomy
Scoliosis surgery
Umbilical hernia repair

All 3.2*
(N=108)
(n=%)

All 9.6*
(N=64)
(n=%)

LV-101
(N=128)
(n=%)

8 ( 7.4)

8 (12.5)

16 (12.5)

9

8

17

1 ( 0.9)
0
1 ( 0.9)
0
0
0
2 ( 3.1)
1 ( 0.9)
1 ( 0.9)
0
0
0
0

1 ( 1.6)
1 ( 1.6)
0
3 ( 4.7)
1 ( 1.6)
2 ( 3.1)
0
0
0
3 ( 4.7)
1 ( 1.6)
1 ( 1.6)
1 ( 1.6)

2 ( 1.6)
1 ( 0.8)
1 ( 0.8)
3 ( 2.3)
1 ( 0.8)
2 ( 1.6)
2 ( 1.6)
1 ( 0.8)
1 ( 0.8)
3 ( 2.3)
1 ( 0.8)
1 ( 0.8)
1 ( 0.8)

1 ( 0.9)

0

1 ( 0.8)

1 ( 0.9)
5 ( 4.6)
1 ( 0.9)
3 ( 2.8)
1 ( 0.9)

0
1 ( 1.6)
0
1 ( 1.6)
0

1 ( 0.8)
6 ( 4.7)
1 ( 0.8)
4 ( 3.1)
1 ( 0.8)

*Patients were switched to open-label 3.2 mg dosing starting in October 2020. TEAEs represented in the All 9.6 column include
TEAEs that started while a patient was on the 9.6 mg dose. TEAEs represented in the All 3.2 column include TEAEs that started
while a patient was taking the 3.2 mg dose, including 44 patients that were previously assigned to the 9.6 mg/dose prior to the
switch to open label product.
Note: A treatment-emergent adverse event (TEAE) is defined as an AE occurring after the initial dose of IP.
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1Each

patient with a TEAE is counted only once by the TEAE of greatest severity. AEs with missing severity are counted as
‘severe’.
2Each patient with a TEAE is counted only once by the TEAE of greatest relationship to IP. AEs with missing relatedness to IP
are considered ‘possibly related’.
3AEs with missing seriousness are counted as ‘serious’.
4Study drug interruption is defined as study drug being temporarily withheld.

A total of 16 subjects (12.5%) had at least one treatment-emergent SAE during the LTFU and
extension periods in the CARE-PWS study, including 8 subjects (7.4%) in the All 3.2 mg group
and 8 subjects (12.5%) in the All 9.6 mg group.
The only treatment-emergent SAEs reported by more than one subject each during the LTFU and
extension periods were scoliosis surgery and pneumonia (4 subjects [3.1%] and 2 subjects
[1.6%], respectively. Scoliosis surgery was reported by three subjects while receiving the 3.2 mg
dose, and one subject while receiving the 9.6 mg dose. Both cases of pneumonia occurred while
subjects were receiving the 9.6 mg group. All other treatment-emergent SAEs during the LTFU
and extension periods were reported in one subject each across the LV-101 doses.
The occurrence of scoliosis surgery in children and adolescents with PWS is not surprising, as
children and adolescents with PWS will often develop scoliosis, kyphosis, or kyphoscoliosis,
though there is a wide range of estimates of the prevalence (15 to 86%) (Van Bosse and Butler
2020). Generally, studies that rely upon radiographs find a higher prevalence than studies that
rely upon caretaker knowledge, and all studies suggest a bimodal pattern of occurrence, with the
first set occurring before age 4 years and the second in early adolescence. The lifetime risk of
scoliosis in PWS is estimated to be 70% (Van Bosse and Butler 2020).
The etiology of scoliosis in PWS is likely multi-factorial due to a combination of poor muscle
tone, decreased lean body mass, and obesity (Odent et al. 2008).
Three of the 12 treatment-emergent SAEs reported during the LTFU and extension periods were
considered possibly related to study drug by the Investigator. The serious TEAEs considered
possibly related to study drug by the Investigator were gastric obstruction, which was reported
by one subject in the pooled 3.2 mg/dose arm, and major depression and suicidal ideation, which
were reported by one subject each in the pooled 9.6 mg/dose arm. Thus, the only psychiatric or
behavioral treatment-emergent SAEs considered possibly related to study drug were observed
when subject were receiving the higher 9.6 mg dose.
No treatment-emergent SAEs met the requirements of an expedited report.
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2.3.2.1.5

Other Significant Adverse Events in CARE-PWS

2.3.2.1.5.1

Adverse Events Leading to Discontinuation

A summary of TEAEs leading to study drug discontinuation in the CARE-PWS study is
presented for the SAS by PT in Table 17 for the placebo-controlled period (all TEAEs) and
Table 18 for the LTFU and extension periods up to each subject’s transition to open-label.
Table 17.

TEAEs Leading to Study Drug Discontinuation during the
Placebo-Controlled Period by PT (Study LV-101-3-01 SAS)

PT
At least 1 TEAE leading to study
drug discontinuation
Hypersexuality
Impulsive behaviour
Tachycardia

LV-101
3.2 mg/dose
(N = 43)
(n=%)

LV-101
9.6 mg/dose
(N = 44)
(n=%)

All Active
(N = 87)
(n=%)

All Placebo
(N = 43)
(n=%)

0

3 (6.8)

3 (3.4)

0

0
0
0

1 (2.3)
1 (2.3)
1 (2.3)

1 (1.1)
1 (1.1)
1 (1.1)

0
0
0

AE = adverse event; IP = investigational product; LTFU = long-term follow-up; MedDRA = Medical Dictionary for
Regulatory Activities; PT = preferred term; SAS = Safety Analysis Set; SOC = system organ class;
TEAE = treatment-emergent AE
Note: A TEAE is defined as an AE occurring after the initial dose of IP.
Note: Subjects may have more than one TEAE per SOC and/or PT. At each level of subject summarization (SOC
and PT), subjects who experienced one or more AEs within that level are only counted once for that level.
Note: AE mapping was based on the MedDRA version 23.1 thesaurus.
Note: This table includes a TEAE with study drug discontinuation taking place during the LTFU period because the
TEAE began during the placebo-controlled period

No subjects receiving either the 3.2 mg dose or placebo arm during the placebo-controlled period
had a TEAE that led to study drug discontinuation. The three TEAEs leading to study drug
discontinuation were reported by one subject each in the 9.6 mg/dose arm and included
tachycardia, hypersexuality, and impulsive behavior. None of these TEAEs were severe in
intensity or serious. The TEAEs of tachycardia and impulsive behavior were both reported and
led to study drug discontinuation during the placebo-controlled period. In contrast, the TEAE of
hypersexuality began during the placebo-controlled period but led to study drug discontinuation
during the LTFU period.

LV-101 (carbetocin) Nasal Spray
Appendices to the PDAC Briefing Document

Table 18.

Levo Therapeutics, Inc.
Page 59

TEAEs Leading to Study Drug Discontinuation Reported during the
LTFU and Extension Periods by SOC and PT (Study LV-101-3-01 SAS)
PBO-3.2
(N=21)
(n=%)

PBO-9.6
(N=22)
(n=%)

3.2-3.2
(N=43)
(n=%)

9.6-9.6
(N=42)
(n=%)

All 3.2
(N=64)
(n=%)

All 9.6
(N=64)
(n=%)

LV-101
(N=128)
(n=%)

PT
Patients with Any
TEAE Leading to
Study Drug
Discontinuation
1 ( 4.8)
2 ( 9.1)
2 ( 4.7)
3 ( 7.1)
3 ( 4.7)
5 ( 7.8)
8 ( 6.3)
Endocrine Disorders
0
1 ( 4.5)
0
0
0
1 ( 1.6)
1 ( 0.8)
Precocious puberty
0
1 ( 4.5)
0
0
0
1 ( 1.6)
1 ( 0.8)
General Disorders and
Administration Site
Conditions
0
0
0
1 ( 2.4)
0
1 ( 1.6)
1 ( 0.8)
Fatigue
0
0
0
1 ( 2.4)
0
1 ( 1.6)
1 ( 0.8)
Nervous System
Disorders
0
0
1 ( 2.3)
0
1 ( 1.6)
0
1 ( 0.8)
Ischaemic stroke
0
0
1 ( 2.3)
0
1 ( 1.6)
0
1 ( 0.8)
Psychiatric Disorders
1 ( 4.8)
1 ( 4.5)
1 ( 2.3)
3 ( 7.1)
2 ( 3.1)
4 ( 6.3)
6 ( 4.7)
Aggression
0
0
0
1 ( 2.4)
0
1 ( 1.6)
1 ( 0.8)
Agitation
0
0
1 ( 2.3)
0
1 ( 1.6)
0
1 ( 0.8)
Behaviour disorder
1 ( 4.8)
0
0
0
1 ( 1.6)
0
1 ( 0.8)
Emotional disorder
0
1 ( 4.5)
0
1 ( 2.4)
0
2 ( 3.1)
2 ( 1.6)
Obsessive thoughts
0
0
0
1 ( 2.4)
0
1 ( 1.6)
1 ( 0.8)
Separation anxiety
disorder
0
0
0
1 ( 2.4)
0
1 ( 1.6)
1 ( 0.8)
Note: A treatment-emergent adverse event (TEAE) is defined as an AE occurring after the initial dose of IP. Note:
Patients may have more than one TEAE per SOC and/or PT. At each level of patient summarization (SOC and PT),
patients who experienced one or more AE within that level are only counted once for that level. Note: Adverse event
mapping was based on the MedDRA version 23.1 thesaurus. Note: Summarized results exclude data collected after
each subject switched to open-label 3.2mg dosing per Sponsor decision.
Source: Table 14.3B.1.4 (2021-06-18)

The only TEAE that led to study drug discontinuation reported during the LTFU and extension
periods by more than one subject was emotional disorder, which was reported by 2 subjects
(1.5%) while receiving the 9.6 mg dose. Neither of the emotional disorder TEAEs were severe
in intensity or considered serious. All other TEAEs that led to study drug discontinuation during
the LTFU and extension periods were reported in one subject each. With the exception of the
single event of ischaemic stroke, all of the events were considered mild or moderate, possibly
related to study drug, and not serious.
No new TEAEs leading to study discontinuation have been reported in all available subject data
post-Week 8.
Due to the relatively low total number of total discontinuations due to AEs, in general there were
no clearly apparent differences in individual AEs leading to discontinuation between groups
given the small sample size for this comparison. However, the higher overall rate of
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discontinuations in the 9.6 mg/dose arm relative to the 3.2 mg/dose arm (more than twice as
many discontinuations among subjects taking 9.6 mg/dose than those taking 3.2 mg/dose) could
be consistent with more favorable overall tolerability of the 3.2 mg dose level, as well as
potentially consistent with a more favorable perceived efficacy profile of this dose. Overall, only
three subjects receiving the 3.2 mg dose discontinued from the study due to an adverse event, of
which the single serious event was not related to study drug.
2.3.2.1.5.2

Potential for Drug Abuse

Nonclinical and clinical findings indicate that carbetocin has no abuse or dependence potential, is
not expected to be subject to abuse, misuse, or diversion in the community, and will not result in
harm to public health due to abuse, misuse, or dependence.
The nonclinical evaluation of the abuse potential of carbetocin includes receptor binding,
functional studies, and animal behavioral studies, which demonstrate the following:
•

In assays to determine the functional properties of carbetocin and oxytocin, carbetocin
was potent and fully efficacious on human oxytocin receptors and less potent and
efficacious on human vasopressin V1a, V1b, and V2 receptors.

•

In receptor binding studies, carbetocin did not bind to any receptors associated with abuse
potential, even at free drug concentrations substantially exceeding those anticipated
clinically.

•

In nonclinical pharmacology and toxicology studies, minimal behavioral signs of central
nervous system (CNS) activity were noted following administration of single doses up to
10 mg/kg IV. No signs of CNS activity were reported in repeat-dose studies, in which up
to 8 mg/kg IN LV-101 was administered daily for up to 26 weeks (resulting in systemic
exposures that were up to 5-fold higher [area under the drug concentration vs. time curve
from 0 to 24 hours] than those observed at the highest therapeutic dose administered in
PWS subjects). These findings suggest that carbetocin has very low risk of central
toxicity in humans.

•

In the self-administration study, carbetocin was found to be at most a weak positive
reinforcer in heroin-maintained rats. A drug discrimination study in rats published in the
scientific literature suggested no relevant generalization of carbetocin to
3,4-methylenedioxymethamphetamine at doses up to 20 mg/kg intraperitoneal using a
three-lever task (Broadbear et al. 2011).

•

A physical dependence study conducted in rats did not show any of the characteristic
physiological signs or symptoms commonly observed upon abrupt withdrawal.
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Clinical studies with carbetocin further support that carbetocin has minimal potential for abuse,
or dependence, based on the following:
•

Across a wide range of doses and routes of administration (IV, IM, and IN), few abuserelated AEs of potential interest were observed following administration of carbetocin.
The majority of potential abuse-related AEs were reported following IV administration of
carbetocin (anxiety and dizziness), and these were reported in at most one or two subjects
per dose level (20 µg to 800 µg IV). These AEs were observed in the absence of other
effects of interest, such as euphoria or stimulation, and so are not likely to be directly
associated with abuse or dependence potential.

•

A published human abuse potential study with IN oxytocin suggested that IN oxytocin is
not associated with abuse-related subjective effects (Dolan et al. 2019). A human abuse
potential study has not been conducted with IN carbetocin; however, due to the
homologous pharmacological action of carbetocin and oxytocin, carbetocin is similarly
not expected to be associated with abuse-related subjective effects.

•

Levo does not have data on the physical dependence potential of carbetocin in humans;
however, there was a very low incidence of AEs occurring after abrupt discontinuation of
carbetocin treatment (off-treatment AEs) in the CARE-PWS study in subjects with PWS,
and there were no patterns of AEs indicative of physical dependence or a withdrawal
syndrome following carbetocin discontinuation. Intranasal carbetocin does not appear to
be associated with significant physical dependence potential or development of
withdrawal signs/syndrome after discontinuation.

Additionally, medical adherence (subject compliance) in CARE-PWS was high, as assessed by
the return of empty study drug vials. No potential diversion was noted or observed.
As discussed with the Division and the Controlled Substances Staff in a Type C meeting,
subjects in the CARE-PWS study were monitored for events that may indicate a potential for
product abuse or dependence. Specifically, throughout the conduct of the study, Levo monitored
for any AEs falling under the 66 MedDRA terms discussed during the Type C meeting
(including the recommended additions of “elevated mood” and “euphoria”) that were consistent
with potential concern for product abuse (Table 19). MedDRA queries of the study database
were conducted on a weekly basis.
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MedDRA PTs, HLTs, and HLGTs Potentially Associated with Abuse

Category

MedDRA PT, HLT or HLGT

Euphoria-related

Euphoric mood
Elevated mood
Feeling abnormal
Feeling drunk
Feeling of relaxation
Dizziness
Thinking abnormal
Hallucination
Inappropriate affect

Impaired attention, cognition, and mood

Somnolence
Affective disorder
Mood disorders and disturbances a

Dissociative/psychotic terms

Psychotic disorder
Aggression
Confusional state
Disorientation
Confusion and disorientation b

Related terms not captured elsewhere

Drug tolerance
Habituation
Drug withdrawal syndrome
Substance-related disorders b
HLGT = high-level group term; HLT = high-level term; MedDRA = Medical Dictionary for Regulatory Activities;
SAP = statistical analysis plan
a
MedDRA HLGT
b
MedDRA HLT

When AEs with abuse potential were identified, Levo’s medical monitor communicated with the
appropriate Investigator to obtain further information on potential product abuse for that study
subject and obtain further evaluation and follow-up if indicated. To enable systematic collection
and assessment, information was collected from Investigators using a standardized narrative
form based on recent guidance for information on misuse, abuse, and related events in clinical
research (Smith et al. 2017), including the Investigator’s assessment of whether or not the event
was consistent with product abuse.
With respect to potential symptoms of withdrawal, all study subjects who discontinued use of
LV-101 and completed an Early Termination visit were assessed for any AEs that may have
occurred following their final dose of study drug.
A summary of TEAEs evaluated for abuse potential in the CARE-PWS study is presented for the
SAS by PT and descending frequency in the LV-101 active arm in Table 20 for the
placebo-controlled period and Table 21 for the LTFU and extension periods.
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TEAEs Evaluated for Potential Product Abuse during the
Placebo-Controlled Period by PT (Study LV-101-3-01 SAS)

PT
At least 1 TEAE evaluated for
potential for product abuse
Dizziness
Aggression
Anger
Emotional disorder
Irritability a
Affect lability

LV-101
3.2 mg/dose
(N = 43)
(n=%)

LV-101
9.6 mg/dose
(N = 44)
(n=%)

All Active
(N = 87)
(n=%)

All
Placebo (N
= 43)
(n=%)

3 (7.0)

4 (9.1)

7 (8.0)

4 (9.3)

2 (4.7)
0
1 (2.3)
0
1 (2.3)
0

2 (4.5)
1 (2.3)
0
1 (2.3)
0
0

4 (4.6)
1 (1.1)
1 (1.1)
1 (1.1)
1 (1.1)
0

1 (2.3)
0
0
2 (4.7)
0
1 (2.3)

AE = adverse event; IP = investigational product; MedDRA = Medical Dictionary for Regulatory Activities;
PT = preferred term; SAS = Safety Analysis Set; SOC = system organ class; TEAE = treatment-emergent AE
Note: A TEAE is defined as an AE occurring after the initial dose of IP.
Note: Subjects may have more than one TEAE per PT. Subjects who experienced one or more AEs within a PT are
only counted once for that PT.
Note: For the number of subjects with at least one TEAE evaluated for potential for product abuse, the number of
events was equal to the number of subjects.
Note: AE mapping was based on the MedDRA version 23.1 thesaurus.
a
TEAE was evaluated by the Investigator for both potential product abuse and potential suicidal ideation and
behavior, and the assessment form was completed. However, the TEAE was not marked in the case report form as
being assessed for potential product abuse, as this category was deemed inapplicable by the Investigator. Thus,
this TEAE is included as a PT but is not included in the “at least 1 TEAE evaluated for potential for product
abuse” row.

With the exception of dizziness and emotional disorder, all PTs evaluated for abuse potential
during the placebo-controlled period were reported by one subject each. Dizziness was reported
by 2 subjects in the 3.2 mg/dose arm, 2 subjects in the 9.6 mg/dose arm, and 1 subject in the
placebo arm. Emotional disorder was reported by 1 subject in the 9.6 mg/dose arm and
2 subjects (4.7%) in the placebo arm.
Table 21.

TEAEs Evaluated for Potential Product Abuse during the LTFU and
Extension Periods by PT (Study LV-101-3-01 SAS)

MedDRA SOC Preferred Term

Patients with Any TEAE Further Evaluated
for Potential Product Abuse
Feeling abnormal
Dizziness
Somnolence
Affect lability
Aggression
Emotional disorder
Irritability

All 3.2*
(N=108)
(n=%)

All 9.6*
(N=64)
(n=%)

LV-101
(N=128)
(n=%)

9 ( 8.3)

9 (14.1)

17 (13.3)

1 ( 0.9)
2 ( 1.9)
2 ( 1.9)
1 ( 0.9)
3 ( 2.8)
0
2 ( 1.9)

0
2 ( 3.1)
1 ( 1.6)
2 ( 3.1)
3 ( 4.7)
3 ( 4.7)
0

1 ( 0.8)
4 ( 3.1)
3 ( 2.3)
3 ( 2.3)
6 ( 4.7)
3 ( 2.3)
2 ( 1.6)
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In the LTFU and extension periods of the CARE-PWS study, 17 subjects in the All LV-101
group had TEAEs evaluated for abuse potential per the plan discussed above. With the
exception of one subject with the PT of feeling abnormal, all other TEAEs evaluated for abuse
potential during the LTFU and extension periods were reported by more than one subject. The
most common TEAEs evaluated for abuse potential was aggression, which was reported by 3
subjects each while receiving either the 3.2 mg or the 9.6 mg dose. The incidence of TEAEs
evaluated for abuse potential during the LTFU and extension periods was generally similar
across the active treatment arms.
Investigators determined that sufficient information existed to conclude that none of the TEAEs
assessed for potential product abuse in the placebo-controlled period or the LTFU period of the
CARE-PWS study were related to product abuse, product tampering, product withdrawal,
potential signs of addictive behavior, product diversion, or product overdose.
2.3.2.1.5.3

Potential for Suicidal Ideation and Behavior

Consistent with Food and Drug Administration (FDA) guidance, subjects in the CARE-PWS
study were monitored for suicidal ideation and behavior. As discussed by email with the
Division in December 2018 and January 2019, considering the problematic nature of
administering structured clinical interview instruments such as the Columbia-Suicide Severity
Rating Scale in this developmentally disabled population, the Division agreed that detailed
clinical interviews are not appropriate for this subject population. Therefore, with the Division’s
concurrence, Levo implemented a monitoring plan for suicidal ideation and behaviors and
pursued further evaluation and follow-up when clinically appropriate. Specifically, throughout
the conduct of the study, Levo monitored for any AEs falling under the following MedDRA
high-level group terms consistent with potential concern for suicidal ideation and behavior using
MedDRA queries of the study database on a regular basis:
Adjustment disorders (including subtypes)
Depressed mood disorders and disturbances
Manic and bipolar mood disorders and disturbances
Mood disorders and disturbances NEC
Suicidal and self-injurious behavior
In addition, the Children’s Yale-Brown Obsessive-Compulsive Scale (CY-BOCS) questionnaire,
which was used by study clinicians at each study visit, included prompts regarding potential
fears that the subject would harm his or herself. Data management routinely generated a report
that highlighted new positive post-Baseline responses on the CY-BOCS questionnaires for
obsessions and compulsions related to aggression, specifically “fear might harm self” or “selfmutilating behavior.”
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When endorsed, Levo’s medical monitor communicated with the appropriate Investigator to
obtain further information on potential suicidal ideation and behavior for that study subject and
to ascertain whether additional evaluation and follow-up was indicated in the clinical judgment
of the Investigator. To enable systematic collection and assessment, information was collected
from Investigators using a standardized narrative form based on recent guidelines for information
on misuse, abuse, and related events in clinical research (Smith et al. 2017), including the
Investigator’s assessment of whether or not the event was consistent with a suicide-related event
(defined as self-injurious or potentially self-injurious behavior associated with at least some
intent to die or that resulted in death).
For further information on background rates of suicidal ideation and behavior in the PWS
population, available data on history of suicidal ideation and attempted suicide in patients with
PWS were requested from the PWS Global Registry. A recent analysis of data from
750 caregivers showed that 58% of individuals with PWS exhibited self-injurious behavior, with
an overall prevalence of suicidal ideation of 12.5% and of attempted suicide of 3.3% (Peleggi et
al.).
Summaries of TEAEs evaluated for potential for suicidal ideation and behavior in the
CARE-PWS study are presented for the SAS by PT and descending frequency in the LV-101
active arm in Table 22 for the placebo-controlled period and Table 23 for the LTFU and
extension periods. Available data on prevalence and incidence in the PWS population indicate a
relatively high prevalence of reported suicidal ideation or behavior, consistent with a high overall
burden of neuropsychiatric and behavioral symptoms in PWS patients.
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TEAEs Evaluated for Suicidal Ideation and Behavior during the
Placebo-Controlled Period by PT (Study LV-101-3-01 SAS)

PT
At least 1 TEAE evaluated for
potential for suicidal ideation and
behavior
Anger
Emotional disorder
Irritability a
Affect lability

LV-101
3.2 mg/dose
(N = 43)
(n=%)

LV-101
9.6 mg/dose
(N = 44)
(n=%)

All Active
(N = 87)
(n=%)

All Placebo
(N = 43)
(n=%)

2 (4.7)

1 (2.3)

3 (4.3)

3 (7.0)

1 (2.3)
0
1 (2.3)
0

0
1 (2.3)
0
0

1 (1.1)
1 (1.1)
1 (1.1)
0

0
2 (4.7)
0
1 (2.3)

AE = adverse event; IP = investigational product; MedDRA = Medical Dictionary for Regulatory Activities;
PT = preferred term; SAS = Safety Analysis Set; SOC = system organ class; TEAE = treatment-emergent AE
Note: A TEAE is defined as an AE occurring after the initial dose of IP.
Note: Subjects may have more than one TEAE per SOC and/or PT. At each level of subject summarization (SOC
and PT), subjects who experienced one or more AEs within that level are only counted once for that level.
Note: For the number of subjects with at least one TEAE evaluated for potential for product abuse, the number of
events was equal to the number of subjects.
Note: AE mapping was based on the MedDRA version 23.1 thesaurus.
a
TEAE was evaluated by the Investigator for both potential product abuse and potential suicidal ideation and
behavior, and the assessment form was completed. However, the TEAE was not marked in the case report form as
being assessed for potential product abuse, as this category was deemed inapplicable by the Investigator. Thus,
this TEAE is included as a PT but is not included in the “at least 1 TEAE evaluated for potential for product
abuse” row.

In the placebo-controlled period, 4.3% of subjects receiving LV-101 and 7.0% of subjects in the
placebo arm had TEAEs that, per the plan described above, were further evaluated for potential
for suicidal ideation and behavior. The only TEAE further evaluated for potential for suicidal
ideation and behavior during the placebo-controlled period reported by more than one subject
was emotional disorder, which was reported by 1 subject in the 9.6 mg/dose arm and 2 subjects
in the placebo arm.
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TEAEs Evaluated for Suicidal Ideation and Behavior during the LTFU
and Extension Periods (Study LV-101-3-01 SAS)
PBO-3.2
mg/dose
(N = 21)
(n=%)

PBO-9.6
mg/dose
(N = 22)
(n=%)

3.2–3.2
mg/dose
(N = 43)
(n=%)

9.6–9.6
mg/dose
(N = 44)
(n=%)

All 3.2
mg/dose
(N = 64)
(n=%)

All 9.6
mg/dose
(N = 66)
(n=%)

All Active
(N = 130)
(n=%)

PT
At least 1 TEAE
evaluated for
1 (4.8)
2 (9.1)
1 (2.3)
5 (11.9)
2 (3.1)
7 (10.9)
9 (7.0)
potential for
[1]
[2]
[1]
[7]
[2]
[9]
[11]
suicidal ideation
and behavior
Affect lability
1 (4.8)
1 (4.5)
0
1 (2.4)
1 (1.6)
2 (3.1)
3 (2.3)
Emotional
0
1 (4.5)
0
2 (4.8)
0
3 (4.7)
3 (2.3)
disorder
Intentional self0
0
0
1 (2.4)
0
1 (1.6)
1 (0.8)
injury
Irritability
0
0
1 (2.3)
0
1 (1.6)
0
1 (0.8)
Major depression
0
0
0
1 (2.4)
0
1 (1.6)
1 (0.8)
Suicidal
0
0
0
1 (2.4)
0
1 (1.6)
1 (0.8)
behaviour
Suicidal ideation
0
0
0
1 (2.4)
0
1 (1.6)
1 (0.8)
AE = adverse event; IP = investigational product; LTFU = long-term follow up; MedDRA = Medical Dictionary for
Regulatory Activities; PBO = placebo; PT = preferred term; SAS = Safety Analysis Set; SOC = system organ
class; TEAE = treatment-emergent AE
Note: A TEAE is defined as an AE occurring after the initial dose of IP.
Note: Subjects may have more than one TEAE per SOC and/or PT. At each level of subject summarization (SOC
and PT), subjects who experienced one or more AEs within that level are only counted once for that level.
Note: The number of AEs for the at least one TEAE evaluated for potential for suicidal ideation and behavior row is
provided in the source table.
Note: AE mapping was based on the MedDRA version 23.1 thesaurus.
Note: The first treatment arm listed in the column header represents the treatment the subject received during the
placebo-controlled period (placebo or LV-101). The second treatment arm listed in the column header represents
the LV-101 dose the subject received during the LTFU and extension periods.

In the LTFU and extension periods, 7.0% of all subjects reported TEAEs that were further
evaluated for potential for suicidal ideation and behavior; 2 subjects experienced 2 events in the
3.2 mg dose group compared with 7 subjects and 9 events in the 9.6 mg dose group. Affect
lability and emotional disorder were both reported by 3 subject each, all other TEAEs were
reported by one subject.
Of all the TEAEs further evaluated for potential for suicidal ideation, a total of two events in the
9.6 mg dose group (one event of suicidal behavior and one event of suicidal ideation) were
assessed by Investigators to be consistent with a suicide-related event, and all other events were
assessed as not consistent with a suicide-related event.
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Analysis of Adverse Events by Organ System or Syndrome in CARE-PWS

System organ classes with an incidence of ≥ 10% TEAEs reported for any subject treated with
LV-101 across the CARE-PWS study are summarized in Table 24.
Table 24.

SOCs with TEAEs Reported by ≥ 10% of Subjects in any Arm Treated
with LV-101 in the CARE-PWS Study (Study LV-101-3-01 SAS)

MedDRA SOC

All 3.2*
(N=109)
(n=%)

All 9.6*
(N=66)
(n=%)

LV-101
(N=130)
(n=%)

Gastrointestinal disorders
General disorders and administration site conditions
Infections and infestations
Injury, poisoning and procedural complications
Investigations
Metabolism and nutrition disorders
Musculoskeletal and connective tissue disorders
Nervous system disorders
Psychiatric disorders
Reproductive system and breast disorders
Respiratory, thoracic and mediastinal disorders
Skin and subcutaneous tissue disorders
Vascular disorders

30 (27.8)
16 (14.8)
40 (37.0)
19 (17.6)
9 ( 8.3)
8 ( 7.4)
13 (12.0)
24 (22.2)
27 (25.0)
7 ( 6.5)
26 (24.1)
13 (12.0)
10 ( 9.3)

13 (19.7)
10 (15.2)
31 (47.0)
10 (15.2)
6 ( 9.1)
8 (12.1)
4 ( 6.1)
15 (22.7)
24 (36.4)
7 (10.6)
20 (30.3)
11 (16.7)
9 (13.6)

42 (32.3)
26 (20.0)
69 (53.1)
28 (21.5)
15 (11.5)
16 (12.3)
17 (13.1)
37 (28.5)
50 (38.5)
14 (10.8)
44 (33.8)
24 (18.5)
19 (14.6)

Because of the wide spectrum of PWS manifestations and associated sequelae, TEAEs in various
SOCs were not unexpected.
For example, a wide array of TEAE PTs for psychiatric disorders were anticipated given the
wide variation in neuropsychiatric and behavioral symptoms in PWS, as well as a wide variation
in neurocognitive and intellectual function in individuals with PWS. In CARE-PWS, PTs of
Psychiatric disorders that occurred in more than one subject (in the All LV-101 group) include
affect lability, aggression, agitation, anxiety, dermatillomania, emotional disorder, enuresis,
auditory hallucination, impulsive behavior, irritability, obsessive-compulsive disorder, and
trichotillomania. Of these, the most commonly reported in the All LV-101 group was anxiety
(12 subjects [9.2%]), followed by dermatillomania (10 subjects [7.7%]) and aggression (6
subjects [4.6%]). No other PT was reported by more than 3 subjects in the All LV-101 group.
Some of this is due to the underlying genetic defect of PWS, with evidence that the degree and
type of intellectual impairment will vary by genetic subtype (Roof et al. 2000). However, there
may be some contribution from sleep deficits, including obstructive sleep apnea, which is often
found in PWS patients (Angulo et al. 2015).
Behaviorally, PWS patients can exhibit a range of symptoms, including high levels of anxiety,
repetitive thinking and questioning, obsessive and compulsive symptoms, skin picking, and
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temper outbursts – all of which can be both food and non-food related. These symptoms are
intimately intertwined with hyperphagia, but they also extend beyond to other distinct areas of
the patients’ lives. Furthermore, there is a high prevalence (estimated lifetime prevalence of
60 to 100%) of psychotic illness in the PWS population with uniparental disomy; though the rate
of psychosis in the deletion subtype is similar to individuals with intellectual disabilities
(Holland et al. 2019).
It is also common for individuals with PWS to exhibit ritualistic and repetitive behaviors (both
food and non-food related). These compulsive behaviors have been well-characterized
throughout the lifespan of PWS patients, ranging from preschool through adolescence and
adulthood (Dimitropoulos and Schultz 2007). The types of compulsive behaviors seen in PWS
(e.g., hoarding, insistence on routines, ordering and arranging objects, and repeating rituals)
often differ from those classically observed in obsessive-compulsive disorder (OCD), but the
number exhibited and severity can be quite similar to OCD (Dykens et al. 1996). Researchers
have noted that these behaviors in PWS often resemble the types of obsessive and compulsive
behaviors observed in autism. Also like autism, these compulsive behaviors are often seen as
manifestations of anxiety.
Temper outbursts, which can be rapid and characterized by physical aggression, have been
linked to inflexibility and deficits in executive function and are often triggered by changes or
refusals of specific requests (Holland et al. 2019). Compounding this issue is that PWS patients
have been shown to have impaired ability to recognize emotion and to perceive social cues
(Dykens et al. 2019). A survey of primary caregivers found that temper outbursts became less
frequent but lasted longer with greater age in patients with PWS from childhood to adolescence.
Intensity of outbursts did not change with age, and provocation usually arose from changes in
routine or expectations. While crying and screaming were the most common behaviors
observed, physical violence was more common in adolescents and adults, and included
punching, head banging, and throwing objects (Rice 2018).
Skin picking is another characteristic symptom seen in PWS patients and has been attributed to
self-harm or obsessive-compulsive behavior. As PWS patients often have decreased pain
thresholds, there are reduced negative consequences of this behavior, which can lead to scarring
and severe excoriations (Holland et al. 2019).
A caregiver survey conducted by the PWS-Clinical Trial Consortium suggested that anxiety had
the “biggest negative impact on the person.” Among the 260 respondents, anxiety was chosen
most often – even more than food seeking (192 vs. 141, respectively) (PWS Global Survey
2017). Temper tantrums (148) were also selected with a frequency slightly exceeding food
seeking behavior. While hyperphagia is undoubtedly a critical unmet need in PWS, behaviors
related to anxiety and distress are equally troubling for and expected in this patient population.
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When reviewing other SOCs with an incidence of ≥ 10% TEAEs reported for any subject treated,
the cardiac disorders SOC notably did not meet this criteria. A survey of long-term health
outcomes of patients with PWS in Denmark found a relative risk of 7.2 times that of general
population controls for myocardial infarction (Hedgeman et al. 2017). However, there is no
evidence to suggest that higher rates of coronary artery disease in the PWS population are either
due to PWS itself or to consequences of PWS-associated obesity, such as increased risk of
hypercholesterolemia or diabetes mellitus.
The same Danish survey also found relative risks of 9.4 (95% CI 3.7-23.5) for venous
thromboembolism, 9.1 (95% CI 3.2-25.2) for deep venous thrombosis, and
11.0 (95% CI 1.4-86.9) for pulmonary embolism compared with general population controls
(Hedgeman et al. 2017). A recent analysis of insurance health claims data from 2004 to 2014
also found a higher overall frequency of thrombosis events in a PWS patient cohort compared
with age and sex-matched controls (Butler et al. 2020). A survey of PWS patients found that
38 of 1067 respondents had a history of blood clots, with obesity (76%), edema (59%),
hypertension (24%), vasculitis (33%), and family history of blood clots (33%) being more likely
in PWS patients with blood clots compared with those without (Manzardo et al. 2019). Similar
to coronary artery disease, it is difficult to surmise whether the propensity for thromboembolic
disease in PWS patients is primarily due to PWS itself or to the secondary consequences of PWS
disease, such as decreased mobility due to obesity or reduced muscle tone. Nevertheless,
because of the higher underlying risk of thromboembolic disease in the PWS population that
became better characterized in the years following Study 114, CARE-PWS included d-dimer
testing into its schedule of clinical laboratory assessments, as d-dimer can be a good predictor of
acute thrombosis (Weitz et al. 2017).
In addition to the d-dimer testing, ECG data were collected to evaluate the effect of carbetocin
on QT prolongation (Section 2.5.2). Specifically in Study LV-101-1-02, time-matched ECGs
were collected at therapeutic and supratherapeutic dosing to evaluate ΔΔQTcF, and to explore
the effect of LV-101 on ECG parameters in healthy subjects. Results showed that LV-101 did
not cause clinically meaningful QT prolongation at clinically relevant concentration ranges.
Specifically, at the 3.2 mg mean Cmax values determined by population PK modeling of the
clinical data from subjects with PWS (2.81 ng/mL), the predicted mean placebo corrected
ΔQTcF (ΔΔQTcF) was 3.29 msec (90% CI: 1.85, 4.73). ECGs from CARE-PWS consistently
conclude that carbetocin does not cause clinically meaningful QT prolongation at clinically
relevant concentration ranges, even at the three-fold higher dose (9.6 mg). In addition, the PK
profile of LV-101 further supports the conclusion that the drug has a low pro-arrhythmic
potential.
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2.3.2.2

Study 114 (Phase 2)

2.3.2.2.1

Overview of Adverse Events in Study 114

An overall summary of subjects with TEAEs in Study 114 is presented for the SAS in Table 25.
Overall, the frequencies of TEAEs and related TEAEs in Study 114 were similar between the
LV-101 and placebo groups. There were no serious or severe TEAEs, and there were no deaths
in either the LV-101 or placebo groups (Table 25). No subjects in the LV-101 group and one
subject in the placebo group experienced TEAEs that led to early discontinuation of study drug
prior to Day 14.
Table 25.

Overall Summary of TEAEs (Study 114 SAS)
LV-101
9.6 mg/dose
n (%)/E*
(N = 17)
7 (41.2)/26
0/0

Placebo
n (%)/E*
(N = 20)
8 (40.0)/29
0/0

Overall
n (%)/E*
(N = 37)
15 (40.5)/55
0/0

Category
All TEAEs
Serious TEAEs
TEAEs by intensitya
Mild
6 (35.3)/25
7 (35.0)/25
13 (35.1)/50
Moderate
1 (5.9)/1
1 (5.0)/4
2 (5.4)/5
Severe
0/0
0/0
0/0
TEAEs related to study drug administrationb
6 (35.3)/23
6 (30.0)/20
12 (32.4)/43
TEAEs leading to withdrawal
0/0
1 (5.0)/4
1 (2.7)/4
Death
0/0
0/0
0/0
AE = adverse event; E = event; SAS = Safety Analysis Set; TEAE = treatment-emergent AE
Note: A TEAE was any AE that began during the treatment period or worsening of a pre-existing medical
condition.
Note: Subjects reporting more than one event in a catefory were counted only once for that category.
Note: *N(%) is the number and percent of subjects with AEs and E is the number of AEs reported.
a
Subjects reporting more than one event were counted only once at the highest intensity reported. If a subject
had an AE with unknown intensity, then the subject was counted in the category as “severe.”
b
Related: Reasonable Possibility. If a subject had an AE with unknown relationship to study drug, then the
event was considered related to study drug.

2.3.2.2.2

Common Adverse Events in Study 114

A summary of the most frequently reported TEAEs (i.e., occurring in ≥ 5% of subjects in any
treatment group) in Study 114 is presented for the SAS by SOC and PT in Table 26.
Considering the small sample size in Study 114, any TEAE reported by a single subject in either
the LV-101 or placebo groups met the ≥ 5% criterion, and thus Table 26 includes all TEAEs
reported by subjects in the study.
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TEAEs Reported by ≥ 5% of Subjects in Any Treatment by SOC and
PT (Study 114 SAS)

SOC
PT
All TEAEs
Gastrointestinal disorders
Abdominal pain upper
Diarrhea
Infections and infestations
Conjunctivitis infective
Sinusitis
Injury, poisoning and procedural
complications
Medication error
Procedural pain
Ulna fracture
Investigations
Urine analysis abnormal
Metabolism and nutrition disorders
Hyperphagia
Nervous system disorders
Headache
Dysgeusia
Psychiatric disorders
Aggression
Agitation
Sleep Disorder
Respiratory, thoracic and mediastinal
disorders
Cough
Sneezing
Throat irritation
Vascular disorders
Flushing

LV-101
9.6 mg/dose
(N = 17)
(n=%)
7 (41.2)
2 (11.8)
1 (5.9)
1 (5.9)
1 (5.9)
1 (5.9)
0
1 (5.9)

Placebo
(N = 20)
(n=%)
8 (40.0)
1 (5.0)
1 (5.0)
0
1 (5.0)
0
1 (5.0)
4 (20.0)

Overall
(N = 37)
(n=%)
15 (40.5)
3 (8.1)
2 (5.4)
1 (2.7)
2 (5.4)
1 (2.7)
1 (2.7)
5 (13.5)

1 (5.9)
0
0
0
0
0
0
5 (29.2)
5 (29.4)
1 (5.9)
1 (5.9)
0
0
1 (5.9)
2 (11.8)

2 (10.0)
1 (5.0)
1 (5.0)
1 (5.0)
1 (5.0)
1 (5.0)
1 (5.0)
6 (30.0)
6 (30.0)
0
1 (5.0)
1 (5.0)
1 (5.0)
0
1 (5.0)

3 (8.1)
1 (2.7)
1 (2.7)
1 (2.7)
1 (2.7)
1 (2.7)
1 (2.7)
11 (29.7)
11 (29.7)
1 (2.7)
2 (5.4)
1 (2.7)
1 (2.7)
1 (2.7)
3 (8.1)

0
1 (5.9)
1 (5.9)
1 (5.9)
1 (5.9)

1 (5.0)
0
0
0
0

1 (2.7)
1 (2.7)
1 (2.7)
1 (2.7)
1 (2.7)

AE = adverse event; PT = preferred term; SAS = Safety Analysis Set; SOC = system organ class;
TEAE = treatment-emergent AE
Note: Subjects reporting more than one event in a category were counted only once for that category.
Note: N(%) is the number and percentage of subjects with AEs.
Note: A TEAE was defined as any AE that began during the treatment period or worsening of a pre-existing
medical condition.
Note: AE mapping was based on the MedDRA version 16.1 thesaurus.

Overall, 15 subjects (40.5%) reported TEAEs during Study 114. In general, there were no
apparent trends in the type and frequency of individual TEAEs between the LV-101 and placebo
groups (Table 26).
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The most frequently reported TEAE in both groups was headache, which had a similar incidence
in the LV-101 group (29.4%) and the placebo group (30.0%).
The overall incidence of TEAEs considered related to study drug was similar between the
LV-101 group (35.3%) and the placebo group (30.0%). The most frequently reported study
drug-related TEAE was headache, which occurred with a similar frequency in the LV-101 and
placebo groups (29.4% and 25.0%, respectively).
2.3.2.2.3

Deaths in Study 114

There were no deaths reported in Study 114.
2.3.2.2.4

Other Serious Adverse Events in Study 114

No subjects reported a serious TEAE in Study 114. One subject randomized to the LV-101
group, but never administered study drug, experienced a SAE of wound (reported term:
traumatic injury to right buttock) that was considered unlikely related to study drug. Because the
event occurred prior to treatment, the event is not reflected in the overview of TEAEs discussion
in Section 2.3.2.2.1.
2.3.2.2.5

Other Significant Adverse Events in Study 114

2.3.2.2.5.1

Adverse Events Leading to Discontinuation

One subject withdrew from Study 114 due to TEAEs; this subject was in the placebo group and
withdrew due to four TEAEs (agitation, aggression, hyperphagia, and ulna fracture), which were
all classified as moderate intensity. With the exception of hyperphagia, which was considered
possibly related to study drug by the Investigator, the TEAEs leading to discontinuation were
considered unlikely related. No other TEAEs leading to discontinuation were reported in the
study.
2.3.2.2.5.2

Potential for Drug Abuse

A formal evaluation of TEAEs indicative of the LV-101 potential for abuse was not completed
prospectively for Study 114. However, since this evaluation was completed for the CARE-PWS
study, and to comply with the FDA Guidance for Industry (2017) requiring an assessment of
abuse potential for drug substances that have CNS activity, a review of the TEAEs reported in
Study 114 was completed retrospectively to determine if there were any TEAEs reported that
could be associated with abuse potential (defined in Table 19).
In Study 114, one TEAE related to abuse potential, aggression, was reported by one subject in
the placebo group (5.0%); this TEAE was not serious. The TEAE of aggression led to study
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discontinuation, along with three additional TEAEs reported by the subject at the same time that
also led to study discontinuation; these TEAEs were agitation, increased hyperphagia, and
broken distal ulna. As noted in Section 2.3.2.1.6, temper outbursts are not uncommon in PWS
patients and can be rapid and characterized by physical aggression (Holland et al. 2019). The
Investigator’s progress notes indicated that the child had been restrained at school for behavioral
issues, and when the child came home, he had an ulnar fracture. The subject was taken to the
medical provider’s office and splinted. There was no hospitalization. All four TEAEs were
classified as moderate, considered unlikely related to study drug by the Investigator, and ongoing
at the end of the study.
2.3.2.2.5.3

Potential for Suicidal Ideation and Behavior

A formal evaluation of TEAEs indicative of the potential for suicidal ideation and behavior was
not completed prospectively for Study 114. However, since this evaluation was completed for
the CARE-PWS study, and in consideration of the FDA Guidance for Industry (2012) for an
assessment of suicidal behavior and ideation in drugs for psychiatric indications, a review of the
TEAEs reported in Study 114 was completed retrospectively to determine if there were any
TEAEs that could be associated with suicidal ideation and behavior.
No TEAE associated with suicidal ideation and behavior was reported in Study 114.
2.3.2.2.6

Analysis of Adverse Events by Organ System or Syndrome in Study 114

System organ classes with an incidence of ≥ 10% TEAEs reported for any subject treated with
LV-101 in Study 114 are summarized in Table 27.
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SOCs with TEAEs Reported by ≥ 10% of Subjects in Any Arm Treated
with LV-101 in Study 114 (SAS)
Study 114

SOC
Gastrointestinal disorders

LV-101
9.6 mg/dose
(N = 17)
(n=%)
2 (11.8)

Placebo
(N = 20)
(n=%)
1 (5.0)

Total
(N = 37)
(n=%)
3 (8.1)

Nervous system disorders

5 (29.4)

6 (30.0)

11 (29.7)

Injury, poisoning and procedural
complications

1 (5.9)

4 (20.0)

5 (13.5)

Nervous system disorders

5 (29.4)

6 (30.0)

11 (29.7)

Respiratory, thoracic and mediastinal
2 (11.8)
1 (5.0)
3 (8.1)
disorders
AE = adverse event, IP = investigational product, MedDRA = Medical Dictionary for Regulatory Activities,
PT = preferred term, SAS = Safety Analysis Set; SOC = system organ class; TEAE = treatment-emergent AE
Note: In the CARE-PWS study, a TEAE is defined as an AE occurring after the initial dose of IP. In Study 114, a
TEAE was defined as any AE that began during the treatment period or worsening of a pre-existing medical
condition.
Note: Subjects may have more than one TEAE per SOC; subjects who experienced one or more AEs within a SOC
are only counted once for that SOC.
Note: AE mapping was based on the MedDRA version 16.1 thesaurus for Study 114 and MedDRA version 23.1
thesaurus for the CARE-PWS study.

As discussed for the CARE-PWS study, PWS is a complex condition that results in TEAEs
across multiple SOCs. The common SOCs in Study 114 are not unexpected, and not different
from those seen in CARE-PWS.
2.3.2.3

Summary of AEs

The AE results of CARE-PWS and Study 114 demonstrate that LV-101 was well tolerated
compared to placebo when administered three times a day to subjects with PWS for up to 8
weeks. LV-101 remained well tolerated when administered for an additional 56 weeks during
the LTFU period and with continued treatment in the extension period of CARE-PWS, providing
additional evidence regarding the long-term safety of LV-101. These observations apply to the
proposed 3.2 mg dose, as well as the three-fold higher 9.6 mg dose.
In both the CARE-PWS study and Study 114, the overall incidence of TEAEs during the
placebo-controlled period was generally similar following LV-101 and placebo treatment (63.2%
compared to 55.8%, respectively, and 41.2% compared to 40.0%, respectively). The overall
incidence of TEAEs remained generally similar with extended LV-101 exposure during the
LTFU and extension periods in the CARE-PWS study (78.1% in the pooled LV-101 all active
arm), with the types of TEAEs being generally representative of what one would expect to see in
the PWS population studied – with the primary exception of flushing.
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Specifically, in the CARE-PWS study, the most frequently reported TEAE by PT during the
placebo-controlled period in subjects in the LV-101 all active arm was flushing (17.2%)
(Table 13). The incidence of flushing was lower in subjects in the 3.2 mg/dose arm (14.0%)
compared with the 9.6 mg/dose arm (20.5%), and no subjects in the placebo arm reported a
TEAE of flushing. The frequent occurrence of flushing in the LV-101 arms is not unexpected
considering that flushing is typically the result of dilation of the blood vessels beneath the skin
surface, and oxytocin is known to cause vasodilation (Petersson 2002). With extended exposure
in the LTFU and extension periods, the incidence of flushing TEAEs was 3.8% in subjects in the
pooled LV-101 all active arm, including 6.3 and 1.6% of subjects in the pooled 3.2 mg/dose arm
and the pooled 9.6 mg/dose arm, respectively.
The small number of subjects in Study 114 makes it difficult to compare the incidence of specific
TEAEs by PT. However, in general, there were no apparent trends in the type and frequency of
individual TEAEs between the LV-101 and placebo groups (Table 26). The most frequently
reported TEAE in both the LV-101 and placebo groups was headache, which had a similar
incidence in the LV-101 group (5 subjects [29.4%]) and the placebo group (6 subjects [30.0%]).
In the CARE-PWS study, most TEAEs were mild or moderate in intensity, and in Study 114, all
TEAEs were mild or moderate in intensity. No deaths were reported during either study. No
SAEs were reported in the placebo-controlled period of the CARE-PWS study or Study 114, and
the incidence was low following extended LV-101 exposure in the LTFU period in the
CARE-PWS study (12.5% in the pooled LV-101 all active arm) and in line with what one would
generally expect in this patient population.
More than twice as many subjects receiving the 9.6 mg dose compared with the 3.2 mg dose
withdrew from the study. Of the 31 subjects who discontinued from the study as of October 31,
2020 (when participants were still blinded to treatment dose), 22 (71%) of those subjects
discontinued while taking 9.6 mg/dose and 9 (29%) discontinued while taking 3.2 mg/dose.
Only two of these subjects discontinued during the placebo-controlled period, and they were both
in the 9.6 mg dose arm. While the rates of AEs are generally similar between drug doses,
discontinuations due to behavior-related AEs among subjects taking 9.6 mg/dose are three times
higher than those taking 3.2 mg/dose (n=6 vs. 2, respectively) and all reported TEAEs of
aggression in both the placebo-controlled period and long-term follow-up period were in patients
in the 9.6 mg dose arm (n=1 and 3, respectively).
Overall, data from clinical studies show that chronic use of LV-101 as a replacement for the
known functional oxytocin deficiency in PWS presents minimal risk. The AE profile observed
in phase 1, phase 2, and phase 3 studies demonstrate that LV-101 is generally safe and welltolerated. The clinical safety profile is consistent with nonclinical data that also showed no
significant safety findings.
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Clinical Laboratory Evaluation

Urine and blood samples for assessment of safety laboratory values (hematology, coagulation,
clinical chemistry, and urinalysis) were collected at Screening, Baseline, the Week 2 Visit, and
the Week 8 Visit in the placebo-controlled period and at every visit in the LTFU period of the
CARE-PWS study; if remote visits were conducted due to COVID-19, these assessments could
be deferred. Urine and blood samples for assessment of safety laboratory values were not
collected during the extension period. In Study 114, these samples were collected at Screening,
Visit 3 (Day 2), and the End-of-Treatment Visit (Day 15)/Early Termination Visit.
Study 114 utilized the site’s local laboratories and CARE-PWS utilized central laboratories. The
Investigator reviewed laboratory results for abnormalities and clinical significance. The medical
monitor performed an ongoing review of critical values for laboratory parameters for study
subjects.
Laboratory measurements outside the normal range were assessed by the Investigator as
“abnormal, not clinically significant” or “abnormal, clinically significant.” Abnormal, clinically
significant laboratory values were required to be reported as AEs in Study 114 and could have
been reported as AEs in the CARE-PWS study.
Clinical laboratory assessments in the CARE-PWS study and Study 114 are presented in
Table 28. The primary difference between studies was the inclusion of d-dimer during the
placebo-controlled period of the CARE-PWS study and not Study 114.
Table 28.

Clinical Laboratory Assessments

Hematology

Platelet count, red blood cell count, hemoglobin, hematocrit, white blood
cell count with differential (neutrophils, lymphocytes, monocytes,
eosinophils, and basophils)

Coagulation

Prothrombin time, activated partial thromboplastin time, thrombin time,
fibrinogen, d-dimer a

Chemistry

Calcium, chloride, sodium, potassium, glucose, AST, ALT,
gamma-glutamyl transferase b, total and direct a bilirubin (reflex to direct),
creatinine, blood urea nitrogen, total protein, alkaline phosphatase,
albumin

Urinalysis

Specific gravity, pH, glucose, protein, blood, urobilinogen by dipstick,
and microscopic examination (if blood or protein is abnormal)

ALT = alanine aminotransferase; AST = aspartate aminotransferase; CARE-PWS = CARbetocin Efficacy and
Safety Study in PWS
a
Assessed in the CARE-PWS study, but not Study 114
b
Assessed in Study 114, but not the CARE-PWS study

LV-101 (carbetocin) Nasal Spray
Appendices to the PDAC Briefing Document

Levo Therapeutics, Inc.
Page 78

Laboratory data were presented using summary statistics for observed values at each visit and
shift tables. Shift tables show frequencies and percentages of subjects who shift from one
out-of-range category at Baseline to another out-of-range category at subsequent visits. Physical
examination findings in the CARE-PWS study were summarized by observed status
(e.g., abnormal, abnormal-not clinically significant, abnormal-clinically significant, not done) for
each body system by visit; in Study 114, abnormal physical examination findings were
identified. In the CARE-PWS study, ECGs observed values and changes from Baseline in ECG
findings by visit were summarized; in Study 114, ECG findings were identified. Vital signs
observed values and changes from Baseline were summarized in the CARE-PWS study; in
Study 114, vital signs and their mean changes and percent change from Screening were
presented for each variable.
There were no clinically relevant changes in hematology, coagulation, clinical chemistry, or
urinalysis laboratory values in CARE-PWS or Study 114.
2.4.1

Hematology

2.4.1.1

CARE-PWS (Phase 3)

No clinically meaningful trends were observed in hematology parameters during the placebocontrolled period or the LTFU period in the CARE-PWS study. In general, the mean changes
from Baseline for hematology parameters were small and generally similar across the LV-101
doses and the placebo arm.
There were also no clinically meaningful differences in the percentage of shifts (to low and/or to
high) in the assessment of hematology parameters during the placebo-controlled period or the
LTFU period. The number of subjects with post-Baseline shifts in hematology parameters was
low and generally similar across the LV-101 doses and the placebo arm.
There was one TEAE of oxygen saturation decreased reported during the placebo-controlled
period by a subject in the placebo arm; this TEAE was considered not related to study drug by
the Investigator, was moderate in intensity, not serious, resolved, and did not lead to study drug
interruption or discontinuation.
In the LTFU and extension periods, one subject each reported a hematology-related TEAE of
glycosylated hemoglobin increased (pooled 3.2 mg/dose arm), blood iron decreased (pooled
9.6 mg/dose arm), and oxygen saturation decreased (pooled 9.6 mg/dose arm). All of these
TEAEs were considered not related to study drug by the Investigator, none were severe in
intensity, none were serious, and none led to study drug interruption or discontinuation. The
events of blood iron decreased and glycosylated hemoglobin increased were ongoing at the end
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of the subject’s participation in the study while the event of oxygen saturation decreased was
resolved.
2.4.1.2

Study 114 (Phase 2)

Generally, there were no notable mean changes from Baseline in hematology values in
Study 114 for the LV-101 or placebo groups either for the entire study or by visit in the SAS.
The mean change from Baseline (Visit 2) to End-of-Treatment (Visit 4) for hematocrit (%)
was -2.10 for LV-101 and -0.63 for placebo.
The hematocrit (%) had a shift from high/normal to low from Baseline to post-Baseline in
2 subjects (11.8%) in the LV-101 group and 2 subjects (10.0%) in the placebo group.
Hematocrit (%) was markedly abnormal (≤ 30) for 0 subjects (0.0%) in the LV-101 group and
1 subject (5.3%) in the placebo group.
2.4.2

Coagulation

2.4.2.1

CARE-PWS (Phase 3)

No clinically meaningful trends were observed in coagulation parameters during the placebocontrolled period or the LTFU period in the CARE-PWS study. In general, the mean changes
from Baseline for coagulation parameters were small and generally similar across the LV-101
doses and the placebo arm.
In general, there were also no clinically meaningful differences in the percentage of shifts (to low
and/or to high) in the assessment of coagulation parameters during the placebo-controlled period
or the LTFU period. The number of subjects with post-Baseline shifts in coagulation parameters
was low and generally similar across the LV-101 doses and the placebo arm.
In the placebo-controlled period, the only parameter with a difference of ≥ 10% of subjects
experiencing a shift between the LV-101 all active and placebo arm was a shift in thrombin time
from high/normal–low, which occurred in 11 subjects (12.6%) in the LV-101 all active arm and
1 subject (2.3%) in the placebo arm. Further review of the aggregate data for the placebocontrolled period by treatment arm showed no apparent trends or meaningful differences
between treatment arms: mean change from Baseline to Week 8 was -0.04 seconds for the
3.2 mg/dose arm, +0.08 seconds for the 9.6 mg/dose arm, and -0.18 seconds for the placebo arm.
In the LTFU period, shifts in thrombin time from high/normal–low occurred in 8 subjects (6.3%)
in the pooled LV-101 all active arm when evaluating from Baseline to the end of the study.
Review of the aggregate data for the LTFU period also showed no apparent trend for a decrease
in thrombin time or for meaningful differences between doses: mean change from Baseline to
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end-of-study was +0.48 seconds for the pooled 3.2mg/dose arm and +0.29 seconds for the pooled
9.6 mg/dose arm.
No coagulation-related TEAEs were reported during the placebo-controlled period.
During the LTFU and extension periods, one coagulation-related TEAE, thrombin time
prolonged, was reported by one subject in the 3.2 mg/dose arm. This TEAE was not considered
related to study drug by the Investigator, was not severe in intensity, was not serious, did not lead
to study drug interruption or discontinuation, and was resolved.
2.4.2.2

Study 114 (Phase 2)

Generally, there were no notable mean changes from Baseline in hemostasis values for the
LV-101 or placebo groups either for the entire Study 114 or by visit in the SAS. The mean
change from Baseline (Visit 2) to End of Treatment (Visit 4) for prothrombin time was
+0.33 seconds for the LV-101 group and +0.06 seconds for the placebo group.
The prothrombin time (sec) had a shift from low/normal to high from Baseline to post-Baseline
in 3 subjects (18.8%) in the LV-101 group and 0 subjects (0.0%) in the placebo group.
There were no markedly abnormal hemostasis laboratory values.
2.4.3

Clinical Chemistry

2.4.3.1

CARE-PWS (Phase 3)

No clinically meaningful trends were observed in clinical chemistry parameters during the
placebo-controlled period or the LTFU period in the CARE-PWS study. In general, the mean
changes from Baseline for clinical chemistry parameters were small and generally similar across
the LV-101 doses and the placebo arm.
A small number of subjects had low sodium during the study. Of the subjects who had low
sodium during the study, all but one had a single measurement of low sodium; one subject had
two unscheduled visits with low sodium. A review of the aggregate data showed no apparent
trends or meaningful difference in serum sodium levels across treatments in either the placebocontrolled or LTFU periods. In the placebo-controlled period, the mean serum sodium level at
Baseline was 138.5 mmol/L in the LV-101 all active arm (138.8 mmol/L in the 3.2 mg/dose arm
and 138.3 mmol/L in the 9.6 mg/dose arm) and 138.1 mmol/L in the placebo arm. The mean
serum sodium levels remained stable at Week 2 and Week 8 for subjects in the LV-101 all active
arm (138.1 and 138.5 mmol/L, respectively) and placebo arm (138.0 and 138.4 mmol/L,
respectively). During the LTFU period, the mean serum sodium levels in the pooled LV-101 all
active arm, 3.2 mg/dose arm, and 9.6 mg/dose arm also remained stable over time (Table 29).
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Mean Serum Sodium Levels Over Time During the LTFU Period
(Study LV-101-3-01 SAS)

Visit
Baseline
n
Mean (mmol/L) (SD)
Week 8
n
Mean (mmol/L) (SD)
Week 10
n
Mean (mmol/L) (SD)
Week 16
n
Mean (mmol/L) (SD)
Week 28
n
Mean (mmol/L) (SD)
Week 40
n
Mean (mmol/L) (SD)
Week 52
n
Mean (mmol/L) (SD)
Week 64
n
Mean (mmol/L) (SD)
End of Study
n
Mean (mmol/L) (SD)

3.2 mg/dose
(N = 64)

LV-101
9.6 mg/dose
(N = 66)

All Active
(N = 128)

64
138.6 (1.97)

64
138.1 (2.51)

128
138.4 (2.26)

63
138.3 (1.93)

63
138.4 (2.13)

126
138.3 (2.03)

50
138.0 (2.05)

49
138.4 (1.90)

99
138.2 (1.97)

51
138.3 (1.72)

42
137.8 (2.87)

93
138.1 (2.31)

38
138.8 (1.74)

33
138.4 (2.09)

71
138.6 (1.91)

28
138.7 (1.96)

21
138.5 (2.20)

49
138.6 (2.05)

15
138.2 (1.70)

12
137.3 (4.46)

27
137.8 (3.19)

9
138.2 (1.79)

5
139.0 (1.58)

14
138.5 (1.70)

61
138.2 (1.88)

57
138.0 (3.18)

118
138.1 (2.58)

LTFU = long-term follow-up; SAS = Safety Analysis Set; SD = standard deviation
Note: Baseline is the last non-missing value observed before the first dose of study drug.
Note: Week 8 is the last non-missing value observed before the Week 8 dose of study drug.
Note: The End-of-Study (EoS) value is the last non-missing post-Baseline value
Note: Summarized results exclude data collected after each subject switched to open-label 3.2 mg dosing per
Sponsor decision

There were no clinically meaningful differences in the percentage of shifts (to low and/or to
high) in the assessment of clinical chemistry parameters during the placebo-controlled period or
the LTFU period. The number of subjects with post-Baseline shifts in clinical chemistry
parameters was low.
In the placebo-controlled period, the parameters with a difference of ≥ 5% of subjects
experiencing a shift between the LV-101 all active and placebo arm was a shift in alanine
aminotransferase (ALT) from low/normal–high (5 subjects [5.7%] in the LV-101 all active arm
and 0 [0.0%] subjects in the placebo arm) and a shift in creatinine from high/normal–low
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(10 subjects [11.5%] in the LV-101 all active arm and 0 subjects [0.0%] in the placebo arm).
None of these shifts were accompanied by a TEAE.
Shifts in these parameters from Baseline to end of study during the LTFU period in subjects in
the pooled LV-101 all active arm included 9 subjects (7.0%) shifting from low/normal–high
ALT and 9 subjects (7.0%) shifting from high/normal-low creatinine. Three of the subjects in
the pooled LV-101 all active arm also reported TEAEs of ALT increased and two of those
subjects also reported and increase in aspartate aminotransferase [AST] increased, as described
below.
There was one clinical chemistry-related TEAE of ALT increased reported during the
placebo-controlled period in a subject in the placebo arm; this TEAE was reported on Day 15,
considered not related to study drug by the Investigator, was mild in intensity, not serious,
resolved by Day 36, and did not lead to study drug interruption or discontinuation. Of note, this
subject ( (b) (6) ; 3.2 mg dose group) was a then 15-year-old male with morbid obesity (BMI 45.9
kg/m2, 99.8% for age), type 2 diabetes (on insulin and metformin), hypothyroidism (on
Synthroid), and depression (on escitalopram) who had high ALT levels at Baseline (attributed to
non-alcoholic fatty liver disease) that remained high throughout the duration of the study. After
evaluation of the subject’s samples at Baseline, historical records, additional workup, and
consultation with a hepatologist, the hepatologist concluded that the subject’s liver function tests
were consistent with pre-existing nonalcoholic fatty liver disease secondary to his morbid obesity
and diabetes.
In the long-term follow up and extension periods, clinical chemistry-related TEAEs were
reported by three subjects in the pooled 3.2 mg/dose arm; three subjects reported ALT increased
and two of those three subjects also reported a TEAE of AST increased. The TEAEs of ALT
increased and AST increased were considered possibly related to study drug by the Investigator,
mild or moderate in intensity, not serious, and resolved. In two subjects, the study drug dose was
not changed while in the other subject the study drug was interrupted. The subjects who reported
these TEAEs had normal ALT and AST values at Baseline. The subject who interrupted study
drug, subject (b) (6) (3.2 mg dose group), had ALT and AST elevations of 137 U/L and
210 U/L, respectively, at the Week 8 visit (with normal bilirubin and alkaline phosphatase, and
with no associated clinical symptoms or examination findings per the Investigator). The next
dose of study drug was held, and a repeat comprehensive metabolic panel was performed four
days following the Week 8 visit. The results of this analysis showed that ALT and AST had
normalized to 30 U/L and 18 U/L, respectively, which were within one point of the subject’s
Baseline visit values. The Investigator obtained additional history and learned that the subject
had recently been administered acetaminophen for upper respiratory symptoms. The subject’s
other concomitant medications and herbal supplements included ibuprofen, guanfacine, growth
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hormone, estradiol, NAC (1g), CoQ10, 5-HTP, hemp extract, lemon balm, and valerian root
extract. After discussion with the Investigator, the study drug was resumed, and ALT and AST
subsequently remained stable and within normal limits for the duration of the study.
Additional clinical chemistry-related TEAEs during the LTFU and extension periods were
hypoglycemia (one TEAE considered not related to study drug by the Investigator) and
hyponatremia (two TEAEs considered possibly related to study drug by the Investigator); all of
these TEAEs occurred in subjects in the pooled 9.6 mg/dose arm, none were severe in intensity
or serious, and none led to study drug interruption or discontinuation. One event each of
hypoglycemia and hyponatremia were resolved and one event of hyponatremia was ongoing.
2.4.3.2

Study 114 (Phase 2)

There were no notable mean changes from Baseline in chemistry values for the LV-101 or
placebo groups either for the entire Study 114 or by visit in the SAS. The exceptions were serum
glucose and blood urea nitrogen. The mean change from Baseline (Visit 2) to End-of-Treatment
(Visit 4) for serum glucose (mmol/L) was 0.3494 for the LV-101 group and -0.0956 for the
placebo group. The serum glucose (mmol/L) had a shift from low/normal to high from Baseline
to post-Baseline in 41.2% of subjects in the LV-101 group and 15% of subjects in the placebo
group.
All serum sodium levels in both the LV-101 and placebo groups were ≥ 135.0 mmol/L at
Baseline, with a mean of 138.4 mmol/L in both groups, and a range of 136 to 142 mmol/L and
135 to 143 mmol/L, respectively. By Visit 3, the mean serum sodium levels for subjects in the
LV-101 and placebo groups were 136.3 and 138.1 mmol/L, respectively, with a range of 131 to
140 mmol/L and 135 to 140 mmol/L, respectively, and by End-of-Treatment (Visit 4), the mean
serum sodium levels were 137.9 and 138.7 mmol/L, respectively, with a range of 131 to
141 mmol/L and 136 to 141 mmol/L, respectively.
Four subjects in the LV-101 group and no subjects in the placebo group had a serum sodium
< 135 mmol/L at Visit 3, and no serum sodium values were measured at or below 130 mmol/L at
any study visit. By End-of-Treatment (Visit 4), three of the four LV-101 subjects’ serum sodium
levels returned to normal, and one LV-101 subject’s serum sodium was 131 mmol/L.
The serum sodium levels were high/normal at Baseline and shifted to low for 6 subjects (35.3%)
in the LV-101 group and 5 subjects (25.0%) in the placebo group (Study 000114
CSR Table 14.3-3.1.2). No subjects in either group had serum sodium levels that were
considered markedly abnormal, pre-defined as serum sodium < 130 mmol/L or > 150mmol/L.
The mean change from Baseline (Visit 2) to End-of-Treatment (Visit 4) for blood urea nitrogen
(BUN mmol/L) was 0.5880 for the LV-101 group and -0.0595 for the placebo group. The serum
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BUN (mmol/L) had a shift from low/normal to high in 0 subjects (0.0%) in the LV-101 group
and 3 subjects (15.0%) in the placebo group, and a shift from high/normal to low in 0 subjects
(0.0%) in the LV-101 group and 1 subject (5.0%) in the placebo group (Study 000114 CSR
Table 14.3-3.1.2). BUN was markedly abnormal (≥ 8.0 mmol/L) for 0 subjects (0.0%) in the
LV-101 group and 2 subjects (10.0%) in the placebo group.
2.4.4

Urinalysis

2.4.4.1

CARE-PWS (Phase 3)

No clinically meaningful trends were observed in urinalysis parameters during the placebocontrolled period or the LTFU period. In general, the mean changes from Baseline for urinalysis
parameters were small and generally similar across the LV-101 doses and the placebo arm.
There were no urinalysis-related TEAEs reported during the placebo-controlled period or the
LTFU and extension periods.
2.4.4.2

Study 114 (Phase 2)

Generally, there were no notable mean changes from Baseline in urinalysis values for
the LV-101 or placebo groups either for the entire Study 114 or by visit in the SAS. The mean
change from Baseline to End-of-Treatment (Visit 4) for specific gravity was 0.0021 for the
LV-101 group and -0.0027 for the placebo group. The specific gravity had a shift
from low/normal to high from Baseline (Visit 2) to post-Baseline in 1 subject (5.9%) in the
LV-101 group and 0 subjects (0.0%) in the placebo group and a shift form high/normal to low in
3 subjects (17.6%) in the LV-101 group and 6 subjects (31.6%) in the placebo group.
2.5

Vital Signs, ECGs, Physical Findings, and Other Observations Related to
Safety

There were no clinically relevant changes in vital signs, ECGs, or physical findings, including
Tanner Stage, during the CARE-PWS study or Study 114. Most nasal examinations at Baseline
and throughout the course of the CARE-PWS study and Study 114 were Grade 0 (no abnormal
findings) or Grade 1A (focal nasal mucosal inflammation, erythema, or hyperemia). There were
no nasal spray pump incidents.
2.5.1

Vital Signs

Vital signs were measured at Screening (Visit 1), Baseline (Visit 2), Visit 3, and the
End-of-treatment (Visit 4)/Early Termination Visit in Study 114, and at Screening, Baseline, the
Week 2 Visit, and the Week 8 Visit in the placebo-controlled period and all visits in the LTFU
period in the CARE-PWS study; if remote visits were conducted in the CARE-PWS study due to
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COVID-19, these assessments could be deferred. Vital signs were not collected during the
extension period.
In Study 114, vital sign measurements outside the normal ranges were assessed as ‘abnormal, not
clinically significant’ or ‘abnormal, clinically significant’ by the Investigator. Abnormal,
clinically significant vital sign measurements were reported as AEs after screening (Visit 1).
2.5.1.1

CARE-PWS (Phase 3)

No clinically meaningful trends were observed in vital signs (e.g., heart rate, systolic blood
pressure, or diastolic blood pressure) during the placebo-controlled period or the LTFU period in
the CARE-PWS study. In general, the mean changes from Baseline for vital signs were small
and generally similar across the LV-101doses and the placebo arm.
There was one vital sign-related TEAE reported during the placebo-controlled period: one
subject in the 9.6 mg/dose arm reported a TEAE of tachycardia (verbatim term: tachycardia with
dose administration) on Day 1 of study drug administration. The TEAE was transient,
considered possibly related to study drug by the Investigator, mild in intensity, not serious,
resolved, and led to study drug discontinuation. Per the subject narrative, on auscultating the
subject’s chest, the Investigator reported the impression that the subject was mildly tachycardic;
however, when the subject’s vital signs were subsequently assessed, they were found to be
stable, with blood pressure 119/81 mmHg, pulse 90 beats/min, respiratory rate 16 breaths/min,
and temperature 37C. TEAEs that occurred concurrently were feeling hot, dizziness, headache,
and flushing, all of which were also transient, considered possibly related to study drug by the
Investigator, mild in intensity, not serious, and resolved.
In the long-term follow up and extension periods, there was one ECG-related TEAE of
tachycardia (verbatim term: mild tachycardia) in a subject in the pooled 3.2 mg/dose arm. This
TEAE was transient, considered possibly related to study drug by the Investigator, mild in
intensity, not serious, resolved, and did not lead to study drug interruption or discontinuation.
The subject’s vital signs at the same visit were found to be stable, with blood pressure 117/71
mmHg, pulse 104 beats/min, respiratory rate 21 breaths/min, and temperature 36.9C.
2.5.1.2

Study 114 (Phase 2)

There were no apparent differences in vital signs values across the LV-101 and placebo groups,
either for the entire Study 114 or by visit in the SAS.
There were no apparent differences or trends in markedly abnormal laboratory values across the
LV-101 and placebo groups; however, there was a great deal of variability in the data,
contributed by small sample size per category.
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Electrocardiograms

A 12-lead ECG was performed at Screening, Baseline, and the Week 8 Visit in the
placebo-controlled period and Week 16, Week 64, and the Early Termination Visit (if
required) in the LTFU period in the CARE-PWS study; if remote visits were conducted in
CARE-PWS due to COVID-19, these assessments could be deferred. In Study 114, ECGs were
performed at Screening (Visit 1), within 1 hour after the morning dose at Baseline (Visit 2),
Visit 3, and at the End of Treatment (Visit 4) for all subjects. The Investigator evaluated the
clinical significance of the ECG; if needed, a cardiologist was also available at most sites to
review abnormal ECGs.
2.5.2.1

CARE-PWS (Phase 3)

No clinically meaningful trends were observed in ECGs during the placebo-controlled period or
the LTFU period in the CARE-PWS study. There were no clinically meaningful differences in
the percentage of shifts (from normal to abnormal) in the assessment of ECGs during the
placebo-controlled period or the LTFU period. The number of subjects with post-Baseline shifts
to abnormal ECG results was low and generally similar across the LV-101 doses and the placebo
arm. In the placebo-controlled period, 3 subjects (6.8%) in the 9.6 mg group, 3 subjects (7.0%)
in the 3.2 mg group, and 4 subjects (9.3%) in the placebo group had ECGs which shifted from
normal to abnormal-not clinically significant ECGs; in the LTFU period, Baseline to End of
Study shifts from normal to abnormal-not clinically significant occurred in 4 subjects (6.3%) in
the all 9.6 mg group and 8 subjects (12.5%) in the 3.2 mg group. There were no abnormal
clinically significant ECG results during the study.
There was one ECG-related TEAE reported during the placebo-controlled period: one subject in
the 3.2 mg/dose arm reported a TEAE of sinus bradycardia (verbatim term: sinus bradycardia
[heart rate 50’s]) that was considered possibly related to study drug by the Investigator, mild in
intensity, not serious, resolved, and did not lead to study drug discontinuation. The subject’s
vital signs at the same visit were found to be stable with blood pressure 114/67 mmHg, pulse 58
beats/min, respiratory rate 16 breaths/min, and temperature 36.9C, and, with the exception of a
single abnormal not clinically significant measurement at Week 64, the subject had normal ECGs
throughout the duration of the study.
2.5.2.2

Study 114 (Phase 2)

There were no apparent differences in ECG values across the LV-101 and placebo groups, either
for the entire Study 114 or by visit in the SAS.
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There were no clinically significant abnormal ECG values in either the LV-101 or placebo
groups. There was a great deal of variability in not clinically significant abnormal ECG
values across treatment groups and visits, contributed by small sample size per category.
12-Lead ECG Readings (Study 114 – SAS)

Table 30.
Visit

Normal
Abnormal, CS
Abnormal NCS
Normal
Abnormal, CS
Abnormal NCS
Normal
Abnormal, CS
Abnormal NCS
Normal
Abnormal, CS

Carbetocin
N=17
(n=%)
14 (82.4)
0
3 (17.6)
11 (68.8)
0
5 (31.3)
12 (70.6)
0
5 (29.4)
13 (76.5)
0

Placebo
N=20
(n=%)
13 (65.0)
0
7 (35.0)
15 (78.9)
0
4 (21.1)
15 (75.0)
0
5 (25)
15 (75)
0

Overall
N=37
(n=%)
27 (73.0)
0
10 (27.0)
26 (74.3)
0
9 (25.7)
27 (73.0)
0
10 (27)
28 (75.7)
0

Abnormal NCS

4 (23.5)

5 (25.0)

9 (24.3)

ECG Reading

Screening (Visit 1)
/ Baseline (Visit 2)
Baseline (Visit 2),
Day 1
Visit 3, Day 2
End-of-Treatment
(Visit 4), / Early
Termination Day
15

CS = clinically significant; NCS = not clinically significant

2.5.3

Physical Examinations

Physical examinations were conducted at Screening, Baseline, the Week 2 Visit, and the
Week 8 Visit in the placebo-controlled period and all visits in the LTFU period in the
CARE-PWS study; if remote visits were conducted due to COVID-19, these assessments
could be deferred. In Study 114, physical examinations were conducted at Screening (Visit 1)
and the End of Treatment (Visit 4). Potential changes were evaluated.
In case of changes in physical examination findings, these were evaluated as normal, abnormal
not clinically significant, or abnormal clinically significant. Any abnormal, clinically significant
changes in physical examination measurements found from Baseline in the CARE-PWS study or
screening in Study 114 were reported as AEs. Additional physical examination measurements
included in the CARE-PWS study were a thorough examination of the lower extremities for
potential signs of deep venous thrombosis with each physical examination and recording of
Tanner staging at screening and at the Week 64 or Early Termination Visit.
2.5.3.1

CARE-PWS (Phase 3)

There were no clinically meaningful changes in the physical examination findings in either the
placebo-controlled or LTFU period in the CARE-PWS study.
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The observed status at Tanner staging for the pubic hair, female breast development, and male
external genitalia was evaluated at Screening, Week 64, and Early Termination. While most
subjects were evaluated at Screening, evaluations at Week 64 and Early Termination were
limited, particularly due to the COVID-19 pandemic and preponderance of remote visits. At
Screening, there were small differences between the LV-101 dose arms that were not considered
clinically meaningful.
2.5.3.2

Study 114 (Phase 2)

There were no apparent differences in physical examination findings across the LV-101 and
placebo groups, either for the entire Study 114 or by visit in the SAS.
There were no clinically significant abnormal physical examination findings in the LV-101
group. One subject in the placebo group had a clinically significant abnormal physical
examination finding in the musculoskeletal body system, which was a splint left wrist at Visit 4.
There was a great deal of variability in not clinically significant abnormal physical examination
findings across treatment groups and visits, contributed by small sample size per category.
2.5.4

Nasal Assessments

Nasal assessments were performed and graded at Screening, Baseline, the Week 2 Visit, and
the Week 8 Visit in the placebo-controlled period and at all visits in the LTFU period in the
CARE-PWS study; if remote visits were conducted due to COVID-19, these assessments could
be deferred. In Study 114, nasal assessments were performed and graded at Screening (Visit 1),
within 1 hour prior to each dose at Baseline (Visit 2) and Visit 3, and anytime at the End of
Treatment (Visit 4).
Grading for nasal assessments was conducted according to the following scale:
Grade 0

= no abnormal findings

Grade 1A

= focal nasal mucosal inflammation, erythema, or hyperemia

Grade 1B

= superficial nasal mucosal erosion

Grade 2

= moderate nasal mucosal erosion

Grade 3

= nasal mucosal ulceration

Grade 4

= nasal septum perforation

After randomization, Grades 3 and 4 were to be documented as an AE.
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CARE-PWS (Phase 3)

Most nasal examinations at Baseline and throughout the course of the CARE-PWS study and
Study 114 were Grade 0 (no abnormal findings) or Grade 1A (focal nasal mucosal inflammation,
erythema, or hyperemia). A total of 8 subjects who received 3.2 mg/dose and 14 subjects who
received 9.6 mg/dose during the LTFU period had a post-Baseline nasal examination rated as
Grade 1B (superficial nasal mucosal erosion). In all subjects in the 3.2 mg/dose arm and twelve
subjects in the 9.6 mg/dose arm, this was a one-time post-Baseline occurrence, and their nasal
examinations were rated as Grade 0, Grade 1A, or not done for all other time points. There was
no consistent time point during the study at which these subjects had a Grade 1B examination
recorded, as the time of occurrence ranged from Week 2 to Week 64. One subject had a nasal
examination rated as Grade 3 (nasal mucosal ulceration); this subject had Grade 0 nasal
assessments throughout the duration of the study until the Grade 3 assessment was reported at
the Week 52 visit. The Principal Investigator noted that this subject had a history of similar
findings in the past attributed to seasonal allergies and that his findings during the study were
consistent with that history. No subjects had a nasal examination rated as Grade 2 (moderate
nasal mucosal erosion) or Grade 4 (nasal septum perforation) at any time during the study.
There were no nasal spray pump incidents (measured in CARE-PWS only).
2.5.4.2

Study 114 (Phase 2)

At Baseline in Study 114, all the nasal examination findings were generally Grade 0 (no
abnormal findings) or Grade 1A (focal nasal mucosal inflammation, erythema, or hyperemia).
During the course of the study, nasal examinations were rated as 1B (superficial nasal mucosal
irritation) for the following subjects in the LV-101 group: two subjects prior to the midday dose
at Visit 3 and one subject prior to the evening dose at Visit 3. For subjects in the placebo group,
nasal examinations were rated as Grade 1B for three subjects at Baseline, three subjects prior to
both the midday and evening doses at Visit 2, one subject prior to the evening dose at Visit 3,
and one subject at Visit 4 (End-of-Treatment). No subjects in either the LV-101 or placebo
group at any time during the study had a nasal examination rated as Grade 2 (moderate nasal
mucosal erosion), Grade 3 (nasal mucosal ulceration), or Grade 4 (nasal septum perforation).
A shift analysis of nasal examinations demonstrated that by the End-of-Treatment (Visit 4), all
subjects’ nasal examinations in the LV-101 and placebo groups were rated as Grade 0 or
Grade 1A, except for one subject in the placebo group who was rated as Grade 1B. There were
no instances of progressive nasal mucosal erosion or ulceration.
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Intranasal Spray Pump Incidents and Malfunctions

Intranasal spray pump incidents, including malfunctions, were evaluated in the CARE-PWS
study only. To fulfill regulatory reporting obligations worldwide, the Investigator was
responsible for the detection and documentation of events meeting the definitions of incident or
malfunction with the spray pumps that occurred during the study. A medical device incident was
defined as any malfunction or deterioration in the characteristics and/or performance of a device,
as well as any inadequacy in the labeling or the instructions for use which, directly or indirectly,
might lead to or might have led to the death of a subject/user/other person or to a serious
deterioration in his/her state of health.
Incidents fulfilling the definition of an AE/SAE were to follow the protocol-specified processes
for reporting those events. This included all subjects, including those who had discontinued
study intervention.
Medical device incidents or malfunctions of the device that resulted in an incident were to be
detected, documented, and reported during all periods of the study in which the medical device
was used. If the Investigator learned of any incident at any time after a subject had left the study,
and such incident was considered reasonably related to a medical device provided for the study,
the Investigator was to promptly notify the Sponsor.
The Investigator was responsible for ensuring that follow-up included any supplemental
investigations as indicated to elucidate the nature and/or causality of the incident. New or
updated information was to be provided by the Investigator.
Intranasal spray pump incidents and malfunctions were not evaluated for Study 114. There were
no spray pump incidents (including malfunctions) reported during CARE-PWS.
2.6

Safety in Special Groups and Situations

2.6.1

Drug Interactions

Drug interaction studies conducted in animals demonstrated that carbetocin over the
concentration range of 0.109 to 1,000 ng/mL did not significantly inhibit human CYP450
isozymes 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, and 3A4 when tested in human liver microsomes and
carbetocin at concentrations of 5, 50, and 1000 ng/mL did not induce human CYPs 1A2, 2B6,
and 3A4.
Dedicated clinical interaction studies have not been conducted with carbetocin/LV-101.
However, since it has been found that prostaglandins potentiate the effect of oxytocin, it is
expected that this may also occur with carbetocin. Therefore, it is not recommended that
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prostaglandins and carbetocin be used together. If they are concomitantly administered, the
patient should be carefully monitored.
2.6.2

Use in Pregnancy and Lactation

2.6.2.1

Pregnancy

2.6.2.1.1

LV-101 Clinical and Nonclinical Studies

Because of the young age of study subjects and the nature of PWS, it was considered likely that
the majority of study subjects would not be sexually active. In addition, the endocrine disruption
in PWS results in significantly restricted reproductive capacity. Nevertheless, urine pregnancy
tests were performed on females of childbearing potential (as assessed by the Investigator in the
CARE-PWS study) at Screening in both the CARE-PWS study and Study 114. Urine pregnancy
tests were performed during the placebo-controlled period and at every visit in the LTFU period
of the CARE PWS study; if remote visits were conducted due to COVID-19, these assessments
could be deferred. In Study 114, these tests were performed at Screening and End of Treatment
(Visit 4). Negative results were required for study admission and/or study drug administration.
Use of LV-101 was to be stopped immediately if a pregnancy occurred and the Sponsor was to
be informed. The Investigator was also instructed to attempt to collect pregnancy information on
any male subject’s female partner who became pregnant while the male subject was in the study.
No pregnancies were reported in clinical studies of LV-101; furthermore, pregnancy in
individuals with PWS is extremely rare and not anticipated in this patient population.
LV-101 is minimally absorbed following intranasal administration, as systemic bioavailability of
the nasal formulation of carbetocin is approximately 2.2–2.5%. Studies with LV-101 in pregnant
women have not been conducted. Based on carbetocin’s mechanism of action and potent
uterotonic effect on the uterus during pregnancy, LV-101 is contraindicated during pregnancy
prior to the delivery of the infant for any reason, including elective or medical induction of labor.
Carbetocin induces uterine contraction and may cause premature or hypertonic labor. In pivotal
animal reproductive development studies, no embryo-fetal abnormalities were observed with
subcutaneous administration of carbetocin three times per day to rats and rabbits during
organogenesis at doses much higher (1.2 – 26-fold) than the maximum recommended human
dosage. Due to the known effects of carbetocin on pregnancy, a traditional pre- and post-natal
development study in animals was not performed.
An assessment was conducted to evaluate the risk of potential harm from the health effects of
carbetocin to a caregiver from dermal contact to carbetocin during daily nasal spray pump
priming. Potential exposure to carbetocin by the dermal route was approximately 167-fold less
than the therapeutic dose of carbetocin given IV to induce uterine contractions in women in late
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pregnancy, the most sensitive population. Potential exposure to carbetocin by inhalation was
approximately 10-fold below the occupational acceptable daily exposure limit, a limit that is
considered safe and protective of pregnant women in the workplace (SafeBridge Memorandum
08 Feb 2021).
2.6.2.1.2

Published Literature

The results of two PubMed searches for published literature on carbetocin since Jan 1, 2010,
including in the peripartum setting, are described in Section 2.7.2.
Several randomized clinical studies have been conducted comparing carbetocin to oxytocin as
both a post-caesarian section and a post-vaginal delivery uterotonic agent to prevent post-partum
hemorrhage. The largest of these clinical studies, which compared carbetocin to oxytocin for the
prevention of hemorrhage after vaginal birth, randomized 29,645 women in a double-blind
fashion (Widmer et al. 2018). The 14,823 women assigned to the carbetocin group received
carbetocin 100 µg IM immediately after birth.
Widmer et al (2018) found no difference between carbetocin and oxytocin for the primary
efficacy measure of peripartum blood loss. There was no difference in the percentages of AEs
(4.9% in the carbetocin group vs. 4.7% in the oxytocin group) or SAEs (0.7% in the carbetocin
group and 0.6% in the oxytocin group). The frequency of expected side effects did not
significantly differ between the two groups (chest pain: carbetocin 0.09% vs. oxytocin 0.04%,
flushing: carbetocin 0.03% vs. oxytocin 0.03%, abdominal pain: carbetocin 0.43% vs. oxytocin
0.38%, vomiting: carbetocin 0.22% vs. oxytocin 0.18%).
Given the long and widespread use of carbetocin in the postpartum setting, there is a significant
amount of published literature discussing its use, including a recent Cochrane Review metaanalysis (Gallos et al. 2018) on uterotonic agents for preventing postpartum hemorrhage. This
review included a search of the Cochrane Pregnancy and Childbirth’s Trials Register (1 June
2015), ClinicalTrials.gov, and the World Health Organization (WHO) International Clinical
Trials Registry Platform (ICTRP) for unpublished trial reports (30 June 2015) and reference lists
of retrieved studies. A total of 140 randomized trials with data from approximately 89,000
women were identified and described the most common uterotonic drugs of oxytocin,
ergometrine, misoprostol, and carbetocin. The risk of PPH along with the side effect (e.g.,
nausea, vomiting, high blood pressure, headache, fever) profiles were analyzed. Carbetocin was
found to be as effective or more effective than oxytocin in reducing PPH and had a similar safety
profile.
A smaller, but more recent review of articles of PPH on PubMed from June 2014 to April 2019
yielded 186 original studies (Feduniw et al. 2020). Studies selected for inclusion in the systemic
review included those where early postpartum hemorrhage was uniformly defined, the study
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included at least 250 subjects, and the manuscript was available in English; 52 studies were
selected for inclusion. A review of the selected articles also suggested carbetocin has higher
efficacy than oxytocin in the prevention and treatment of PPH. The most significant adverse
effect after either carbetocin or oxytocin administration was hypotension, with no difference
between those two drugs; pruritus was identified as the only symptom which was more often
experienced in the carbetocin-treated group.
Intravenously administered carbetocin is approved in over 90 countries for uterine atony and
excessive bleeding during caesarian section; approximately 11 million patients have been
exposed to IV carbetocin. Carbetocin is listed on the WHO list of Essential Medicines and, as
such, is deemed among the most safe and efficacious medicines available.
2.6.2.2

Lactation

Small amounts of carbetocin have been shown to cross over from plasma into the breast milk of
nursing women who were given a 70 µg dose IM, between 7 and 14 weeks postpartum. The
mean peak concentration in breast milk was approximately 50 times lower than in plasma, and
the ratio of the milk to plasma area under the concentration vs. time curves was only 2-3%. The
small amount of carbetocin transferred into breast milk or colostrum after a single injection, and
subsequently ingested by a breast feeding infant, would not be expected to present a significant
safety concern as carbetocin would be rapidly degraded by peptidases in the infant
gastrointestinal tract. The developmental and health benefits of breastfeeding should be
considered along with the mother’s clinical need for LV-101 and any potential adverse effects on
the breastfed infant from the drug.
There are no animal data on the excretion of LV-101 in milk. An exploratory post-natal
development study in lactating rats administered IV carbetocin immediately after parturition for
21 days demonstrated a reduced pup weight gain at all dose levels with marked reductions at the
highest dose (1.0 mg/kg/day). There was an increase in maternal body weight gain. These
results are considered related to an overload of oxytocin agonism on the milk-ejecting activity
leading to lower milk-let-down (an expected pharmacological effect).
2.6.3

Overdose

No reactions due to overdose have been observed. Given the short half-life of carbetocin,
saturation of nasal passages due to the volume of dosing, and the safety profile of the 9.6 mg
dose, no adverse reactions due to overdose with 3.2 mg LV-101 are expected. LV-101 is not
orally bioavailable.
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Withdrawal and Rebound

No formal studies have been conducted to assess withdrawal or rebound effects of LV-101.
However, an evaluation of LV-101’s potential withdrawal and rebound effects was included in
the assessment of drug abuse potential for the CARE-PWS study and included an analysis of
post-treatment AEs. No TEAEs in the CARE-PWS study were assessed by Investigators as
consistent with product dependence or withdrawal. See Section 2.3.2.1.5.2 for additional
information.
2.7

Supportive Safety Data

2.7.1

Supportive Safety Studies in Healthy Subjects

2.7.1.1

Phase 1 Studies of IN LV-101

2.7.1.1.1

Study 040

Study 040 was single-center, three-part (single ascending, multiple dose, and crossover) study to
evaluate the safety, tolerability, and pharmacokinetics (PK) of LV-101 in healthy male and
female subjects 18 to 45 years of age. The primary objective of this study was to assess the
safety and tolerability of single ascending and multiple IN doses of LV-101. Safety was assessed
by AEs, vital signs, ECGs, physical examinations, nasal cavity and throat examination,
pulmonary function tests, and laboratory tests.
The study was conducted in three separate parts:
Part 1 of the study was double-blind, randomized, and placebo-controlled. LV-101 was
administered as a single IN dose given in both nostrils. There were seven ascending dose panels
(0.2, 0.4, 0.8, 1.6, 3.2, 6.4, and 9.6 mg) with eight healthy subjects in each dose panel (six active,
two placebo). 9.6 mg represented the maximum feasible dose for IN administration given
technical challenges. The maximum tolerated dose (MTD) was determined by the Safety
Review Committee (SRC) when at least three subjects experienced a dose limiting toxicity
(DLT). The SRC reviewed the safety data to determine if DLT had occurred based on Common
Terminology Criteria for Adverse Events specific criteria. The SRC recommended whether
further dose escalation should occur. In Part 1, 48 subjects were randomized and received
LV-101 and 16 subjects were randomized and received placebo. All 64 subjects completed the
study, and no DLTs were observed, setting the MTD at the highest dose tested (9.6 mg). The
most common TEAE was headache (20.8% LV-101 [one or two subjects per dose group], 0.0%
placebo). All subjects who experienced a TEAE had at least one TEAE considered
treatment-related by the Investigator.
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Part 2 of the study was double-blind, randomized, and placebo-controlled. Three dose levels
were investigated, with eight healthy subjects in each dose panel (six active, two placebo).
LV-101 (0.8, 3.2, and 9.6 mg) was administered as repeated IN doses, with each dose given in
both nostrils. Based on results from Part 1, a low dose, intermediate dose, and the MTD (or
9.6 mg) of LV-101 were administered three times per day for two days. Pharmacokinetic and
safety assessments were performed at specified time points throughout the study. In Part 2,
18 subjects were randomized and received LV-101 (six subjects each in the 0.8 mg, 3.2 mg, and
9.6 mg treatment groups) and six subjects were randomized and received placebo. All
24 subjects completed the study. The most common TEAEs were headache (27.8% LV-101,
16.7% placebo) and dysgeusia (16.7% LV-101, 16.7% placebo) (Table 31). Other TEAEs that
occurred in at least two LV-101 or placebo subjects were oropharyngeal pain
(two LV-101 subjects, zero placebo subjects), hot flush (two LV-101 subjects, zero
placebo subjects), and breast tenderness (two LV-101 subjects, zero placebo subjects). In
general, no apparent relationship between TEAE incidence and dose of LV-101 was observed.
However, among LV-101 subjects, dysgeusia and breast tenderness occurred only in the 9.6 mg
treatment group (Table 31).
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Part 2 TEAEs Following IN LV-101 Administration (Study 000040)

IN LV-101
Total
(n=%)
(n=%)
SOC
0.8 mg
3.2 mg
9.6 mg
LV-101
Placebo
PT
(N = 6)
(N = 6)
(N = 6)
(N = 18)
(N = 6)
Any TEAEs
4 (66.7) 2 (33.3) 5 (83.3)
11 (61.1)
2 (33.3)
Nervous system disorders
2 (33.3) 1 (16.7) 4 (66.7)
7 (38.9)
2 (33.3)
Headache
2 (33.3) 1 (16.7) 2 (33.3)
5 (27.8)
1 (16.7)
Dysgeusia
0
0
3 (50.0)
3 (16.7)
1 (16.7)
Somnolence
0
0
0
0
1 (16.7)
Respiratory, thoracic and mediastinal disorders
2 (33.3)
0
1 (16.7)
3 (16.7)
0
Oropharyngeal pain
1 (16.7)
0
1 (16.7)
2 (11.1)
0
Nasal discomfort
1 (16.7)
0
0
1 (5.6)
0
Sneezing
1 (16.7)
0
0
1 (5.6)
0
Gastrointestinal disorders
1 (16.7) 1 (16.7)
0
2 (11.1)
1 (16.7)
Abdominal pain upper
0
1 (16.7)
0
1 (5.6)
0
Dry mouth
1 (16.7)
0
0
1 (5.6)
0
Nausea
0
0
0
0
1 (16.7)
Vascular disorders
1 (16.7)
0
1 (16.7)
2 (11.1)
0
Hot flush
1 (16.7)
0
1 (16.7)
2 (11.1)
0
Reproductive system and breast disorders
0
0
2 (33.3)
2 (11.1)
0
Breast tenderness
0
0
2 (33.3)
2 (11.1)
0
Cardiac disorders
0
0
0
0
1 (16.7)
Supraventricular extrasystoles
0
0
0
0
1 (16.7)
Eye disorders
1 (16.7)
0
0
1 (5.6)
0
Conjunctival haemorrhage
1 (16.7)
0
0
1 (5.6)
0
General disorders and administration site conditions
1 (16.7)
0
0
1 (5.6)
0
Asthenia
1 (16.7)
0
0
1 (5.6)
0
Renal and urinary disorders
1 (16.7)
0
0
1 (5.6)
0
Dysuria
1 (16.7)
0
0
1 (5.6)
0
IN = intranasal; PT = preferred term; SOC = system organ class; TEAE = treatment-emergent AE

Part 3 of the study was open-label, in which six healthy subjects received a single slow IV
injection of carbetocin (0.1 mg) over a minute and single IN administration of LV-101 (3.2 mg)
in a crossover design. The washout period between doses was 24 hours. In Part 3, six subjects
were enrolled and all completed the study. The most common TEAE was hot flush, experienced
by all subjects after IV carbetocin and 2 subjects (33.3%) after IN carbetocin (Table 32). All
TEAEs of hot flush, headache, and piloerection were considered treatment-related by the
Investigator; the nasal congestion was considered not related to carbetocin by the Investigator
(Table 32).
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Part 3 TEAEs (Study 000040)

SOC
PT
Any TEAEs
Vascular disorders
Hot flush
Nervous system disorders
Headache
Respiratory, thoracic and mediastinal disorders
Nasal congestion
Skin and subcutaneous tissue disorders

IV Carbetocin (0.1 mg)
(N = 6)
(n=%)
6 (100.0)

IN LV-101 (3.2 mg)
(N = 6)
(n=%)
3 (50.0)

6 (100.0)

2 (33.3)

6 (100.0)

2 (33.3)

1 (16.7)

1 (16.7)

1 (16.7)

1 (16.7)

1 (16.7)

0

1 (16.7)

0

1 (16.7)

0

Piloerection
1 (16.7)
0
IN = intranasal; IV = intravenous; PT = preferred term; SOC = system organ class; TEAE = treatment-emergent AE

In Part 1, Part 2, and Part 3, there were no severe TEAEs, SAEs, or TEAEs leading to
withdrawal. Overall, no clinically concerning findings in laboratory, vital sign, or nasal cavity
and throat examination results were observed. No abnormal clinically significant ECG results
were observed after subjects received IV or IN carbetocin in any part of the study. All subjects
had normal pulmonary function test results at Baseline and the last visit in Parts 1, 2, and 3.
2.7.1.1.2

Study LV-101-1-02

Study LV-101-1-02 was a randomized, single-dose, crossover study to evaluate the PK of two
formulations of LV-101 following IN administration in healthy subjects. The primary objective
of this study was to evaluate the relative PK of a revised formulation of LV-101 following IN
administration, given as single doses to healthy subjects. Safety was assessed by AEs, laboratory
assessments, vital signs, physical examinations, weight, and ECGs.
Subjects received one of three study treatments in a random sequence over three 24-hour
treatment periods, which were separated by 24-hour washout periods; a follow-up visit was
conducted within 24 to 26 hours after the last dose. The three treatments were as follows:
•
•

A single IN dose of LV-101 (9.6 mg) using the reference Ferring formulation (n = 8)
A single IN dose of LV-101 (9.6 mg) using the revised Levo formulation (n = 8)

•

A single IN dose of LV-101 (3.2 mg) using the revised Levo formulation (n = 6) or
IN placebo (n = 2)
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In total, 24 subjects were enrolled into this study, all of whom received at least one dose of study
drug. There were no discontinuations in this study; all 24 subjects completed the study and were
included in the safety analysis.
In addition, the data from this study were used to evaluate the QT interval corrected (QTc)
prolongation potential of LV-101 (at therapeutic and supratherapeutic dosing) on
placebo-corrected change from Baseline in rate-corrected QT interval using Fridericia’s
correction (ΔΔQTcF), and to explore the effect of LV-101 on ECG parameters in healthy
subjects.
Overall, there were 7 subjects (29.2%) that reported at least one TEAE in this study. A greater
number of subjects had TEAEs recorded following administration of 9.6 mg revised formulation
(5 subjects [20.8%]) than following administration of 9.6 mg reference formulation (1 subject
[4.2%]), 3.2 mg revised formulation (1 subject [5.6%]), or placebo (0 subjects [0.0%]). All
reported TEAEs were mild in severity and resolved.
The TEAE with the highest incidence was nasal mucosal disorder, which was reported for
2 subjects (8.3%) following administration of 9.6 mg revised formulation, 1 subject (5.6%)
following administration of 3.2 mg revised formulation, 0 (0.0%) subjects following
administration of 9.6 mg reference formulation, and 0 (0.0%) subjects following administration
of placebo (Table 33). Other than nasal mucosal disorder, the only TEAE reported for at least
5% of subjects in any treatment group was feeling hot, which occurred in 1 subject (4.2%)
following administration of 9.6 mg revised formulation, 1 subject (5.6%) following
administration of 3.2 mg revised formulation, 0 (0.0%) subjects following administration of LV101 9.6 mg reference formulation, and 0 (0.0%) subjects following administration of placebo.
All other TEAEs occurred in one subject each (Table 33).
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TEAEs by SOC and PT (Study LV-101-1-02, SAS)
Reference
IN LV-101
Formulation
9.6 mg
(N = 24)
(n=%)
1 (4.2)
0
0
0
0
0
0
1 (4.2)

Revised IN LV-101
Formulation
9.6 mg
3.2 mg
(N = 24)
(N = 18)
(n=%)
(n=%)
5 (20.8)
1 (5.6)
1 (4.2)
0
1 (4.2)
0
2 (8.3)
0
1 (4.2)
0
1 (4.2)
0
1 (4.2)
0
1 (4.2)
1 (5.6)

Placebo
(N = 6)
(n=%)
0
0
0
0
0
0
0
0

All
subjects
(N = 24)
(n=%)
7 (29.2)
1 (4.2)
1 (4.2)
2 (8.3)
1 (4.2)
1 (4.2)
1 (4.2)
3 (12.5)

SOC
PT
Any TEAE
Ear and labyrinth disorders
Ear pruritus
Gastrointestinal disorders
Abdominal pain
Lip dry
Oral discomfort
General disorders and
administration site conditions
Feeling hot
0
1 (4.2)
1 (5.6)
0
2 (8.3)
Vessel puncture site
1 (4.2)
0
0
0
1 (4.2)
haemorrhage
Vessel puncture site
1 (4.2)
0
0
0
1 (4.2)
swelling
Injury, poisoning, and
0
1 (4.2)
0
0
1 (4.2)
procedural complications
Nasal injury
0
1 (4.2)
0
0
1 (4.2)
Nervous system disorders
0
1 (4.2)
0
0
1 (4.2)
Burning sensation
0
1 (4.2)
0
0
1 (4.2)
Sinus headache
0
1 (4.2)
0
0
1 (4.2)
Respiratory, thoracic and
0
2 (8.3)
1 (5.6)
0
3 (12.5)
mediastinal disorders
Nasal mucosal disorder
0
2 (8.3)
1 (5.6)
0
3 (12.5)
Skin and subcutaneous tissue
0
1 (4.2)
0
0
1 (4.2)
disorders
Pruritus
0
1 (4.2)
0
0
1 (4.2)
AE = adverse event; IN = intranasal; MedDRA = Medical Dictionary for Regulatory Activities; PT = preferred
term; SAS = Safety Analysis Set; SOC = system organ class; TEAE = treatment-emergent AE
Note: A TEAE was defined as any AE with onset after the administration of the first dose of any study drug
through the end of the study or any event that was present at Baseline but worsened in intensity through the end
of the study.
Note: Subjects may have more than 1 TEAE per SOC and/or PT. At each level of subject summarization (SOC
and PT), subjects who experienced 1 or more AEs within that level are only counted once for that level.
Note: AE mapping was based on the MedDRA version 21.0 thesaurus.

The incidence of drug-related AEs was low. Adverse events considered “definitely related” to
study drug occurred in 2 subjects (8.3%) in the 9.6 mg revised formulation group, 1 subject
(5.6%) in the 3.2 mg revised formulation group, and 0 subjects (0.0%) in the 9.6 mg reference
formulation group.
There were no SAEs reported, and no subjects were discontinued from treatment due to TEAEs.
No deaths were reported in this study.
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Phase 1 Studies of IV and/or IM Carbetocin

Four phase 1 studies evaluated IV and/or IM administration of carbetocin: Study CS 001,
Study CLN 6.3.1, Study CLN 6.3.2, and Study CLN 6.3.7. As these studies included a different
route of administration (IV and/or IM) and were conducted for different indications than that
planned for LV-101 (IN), a high-level overview of the study designs and key safety results of
these studies is provided in Table 34. No serious AEs (SAEs) were reported in any of these
studies, all AEs were categorized as mild or moderate intensity, and all AEs were transient.
Across these studies, only one subject discontinued for a safety reason; this was a subject in
Study CS 001 (800 μg/4 minutes IV group, mild tachycardia during dosing).
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Study
Number
Type of Study
Sponsor
CLN 6.3.1

PK,
Safety
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Primary
Objective of the
Study
To determine the
safety of
ascending doses
of carbetocin in
healthy,
nonpregnant
women

Ferring

Study Design
Open-label,
nonrandomized,
ascending
single-dose;
crossover at
two highest
doses

Duration of
Treatment

Number of
Subjects

Test Product;
Dosage Regimen;
Route of
Administration

Healthy
Subjects or
Diagnosis of
Subjects

Single-dose

N = 25

Carbetocin:
20, 100, 200, 400,
800 µg IV bolus
400, 800 µg IM

Healthy,
nonpregnant
women 18-36
years of age

Key Safety Findings
• All but one subject reported a feeling of warmth. The next
most frequent AEs overall were a transient frontal headache
(59.5%) and a metallic taste (48.6%). Mild injection site
reactions, including erythema, swelling, or bruising, were
present in 45.9% of cases, and pain or tenderness at the
site was reported in seven cases (18.9%).
• No relevant effects of carbetocin were observed on
hematology, blood or urine chemistry, or systolic blood
pressure, respiratory rate, or ECGs.

• A mild and transient increase in heart rate (significant after the
IM 400 and 800 μg doses) with decrease in diastolic blood
pressure (significant after the IM 800 μg dose) was noted at
5 minutes after carbetocin administration.

• No relevant effects on heart rate and diastolic blood pressure
were observed afterwards.
CS 001

PK,
Safety

Ferring

To evaluate the
safety and
tolerability of
carbetocin as a
single IV infusion
to healthy male
volunteers at three
different dose
levels

Randomized,
double-blind,
ascending
single-dose,
sequentialgroup

Single-dose

N = 27

Carbetocin IV:
200 µg/4 minutes
800 µg/4 minutes
800 µg/8 minutes
Placebo

Healthy men
18-50 years of
age with
normal sexual
function

• A total of 21 subjects (77.8%) reported 71 AEs.
• The three most frequently reported AEs overall were
temperature changed sensation (14 subjects), headache
(11 subjects), and tachycardia (9 subjects).

• The severity of tachycardia was mild in eight subjects and
moderate in one subject (800 µg/8 min).

• There were no clinically significant laboratory changes in
any subject for any parameter.
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Study
Number
Type of Study
Sponsor
CLN 6.3.2

PD (singledose effect on
ACTH and
cortisol levels),
Safety

Primary
Objective of the
Study
To determine if a
single dose of IV
carbetocin could
decrease plasma
concentrations of
ACTH and
cortisol in
Cushing’s disease

Study Design
Randomized,
double-blind,
placebocontrolled,
crossover
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Duration of
Treatment

Number of
Subjects

Test Product;
Dosage Regimen;
Route of
Administration

Healthy
Subjects or
Diagnosis of
Subjects

Single-dose

N=6

• The most frequent AEs occurring after IV carbetocin were
feeling of warmth (100.0%), flushing (83.3%), metallic taste
(83.3%), headache (66.7%), and palpitations (50.0%).

2 men and 4
women with
Cushing’s
disease

• A transient increase in heart rate (100-108 bpm) was measured

Carbetocin:
800 µg IV over 1
to 5 minutes

Metabolism
(transfer to
breast milk),
Safety

5 minutes after carbetocin in four subjects. A similar increase
in heart rate (104 bpm) was observed in one subject 5 minutes
after placebo administration.

• No effect was observed on systolic blood pressure, diastolic
blood pressure, or respiration rate.

Ferring
CLN 6.3.7

Key Safety Findings

To determine the
milk-to-plasma
area under the
curve per 5
minute segment of
a single IM dose
of carbetocin in
plasma and breast
milk

Open label,
nonrandomized

Single-dose
Carbetocin:
70 µg IM

N=5

• Two subjects reported a headache, one subject reported facial
flushing, and one subject reported discomfort at the site of the
IV line (before carbetocin was administered).

Healthy,
lactating
women 6.6 to
13.9 weeks
postpartum

• No clinically relevant changes were observed on systolic blood
pressure, diastolic blood pressure, or heart rate after carbetocin
administration.

Ferring
ACTH = adrenocorticotropic hormone; AE = adverse event; ECG = electrocardiogram; IM = intramuscular; IN = intranasal; IV = intravenous;
PD = pharmacodynamic; PK = pharmacokinetics
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Supportive Safety from Clinical Literature Review

A systematic review of the clinical literature was conducted to identify any additional safety
signals that are not either expected based on the pharmacology of carbetocin or are expected but
not to the same degree of severity.
A PubMed search was first conducted on May 15, 2020 for published literature on carbetocin
since Jan 1, 2010 ("carbetocin"[Supplementary Concept] OR "carbetocin"[All Fields]) AND
("2010/01/01"[PDAT] : "3000/12/31"[PDAT]) yielded 161 articles, of which 133 were about the
use of carbetocin in the context of labor, caesarian section, or postpartum hemorrhage. Of the
remaining 28 articles, there were two clinical studies in humans, one on the use of IN
carbetocin in PWS (Dykens et al. 2018) and one on the effect of carbetocin on transmural
dispersion of myocardial repolarization in parturients undergoing elective caesarian section
(Clunies-Ross et al. 2021). There were also individual case reports of bronchospasm and
bradycardia after carbetocin administration in the peripartum setting (Perez-Nieto et al. 2017),
chest pain due to anomalous right coronary artery during elective caesarian section
(Salinas et al. 2017), and QT prolongation following carbetocin administration to prevent
post-caesarian delivery hemorrhage (Bruyere et al. 2013).
An updated search conducted on June 18, 2021 with search terms "carbetocin"[All Fields] AND
("2020/05/15"[Date - Publication] : "3000"[Date - Publication]) yielded an additional 23 results.
A manual review of the search results showed that 17 of these articles were about the use of
carbetocin during pregnancy or specifically in the peripartum setting in humans; one report
address carbetocin as a uterotonic in piglets. Of these publications, Clunies-Ross et al. (2020)
evaluated the effect of 50 µg and 100 µg IV carbetocin on transmural dispersion of myocardial
repolarization (TDR), a predictor or torsade de pointes, in 41 healthy women scheduled for
elective cesarean delivery under spinal anesthesia. Clunies-Ross et al. concluded that IV
carbetocin can increase TDR, but the changes are small and likely not clinically relevant.
Additionally, physiological changes in pregnancy are expected to modulate both Tp-e and QTc,
so these changes are not unexpected. The minimal increases seen in both TDR and QTc after
administration of carbetocin are less than reported for oxytocin.
A comparable PubMed search for published literature on oxytocin and PWS was also conducted
on June 18, 2021 (("oxytocin"[MeSH Terms] OR "oxytocin"[All Fields]) AND ("prader-willi
syndrome"[MeSH Terms] OR ("prader-willi"[All Fields] AND "syndrome"[All Fields]) OR
"prader-willi syndrome"[All Fields] OR ("prader"[All Fields] AND "willi"[All Fields] AND
"syndrome"[All Fields]) OR "prader willi syndrome"[All Fields])) AND ("2010/01/01"[PDAT] :
"3000/12/31"[PDAT]); this search yielded 43 results, of which six were classified as clinical
studies. Overall, IN oxytocin has demonstrated excellent safety and tolerability in individuals
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with PWS in six clinical studies (Einfeld et al. 2014, Kuppens et al. 2016, Miller et al. 2017,
Tauber et al. 2011, Tauber et al. 2017 and Hollander et al 2021).
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Statistical Evaluations

Brief summaries of the statistical analyses related to efficacy measures are presented for
Study 114 in Section 3.1 and for CARE-PWS in Section 3.2.
3.1

Study 114

The statistical methodology presented in the protocol and the SAP for Study 114 is summarized
below. The FAS was the primary analysis set for efficacy evaluation. The FAS population
included all subjects who received any amount of study medication and who had the primary
efficacy endpoint measured (Baseline [Visit 2] and Phone Call [Day 8 ±1] or Day 15). Analyses
for the FAS were conducted according to the randomized treatment.
All statistical tests were performed using a one-sided test at a 10% significance level. Baseline
values for all efficacy analyses were the values obtained at the last assessment prior to the first
dose of study medication.
3.1.1

Primary Efficacy Analysis in Study 114

The primary efficacy variable in Study 114 was change in HPWSQ-R (total score) from Baseline
(Day 1) to End-of-Treatment (Day 15). Data were analyzed in the FAS population using an
analysis of covariance (ANCOVA) model with treatment and site as fixed effects and HPWSQ-R
total score at Baseline as a covariate. The treatment arm difference in total score between
placebo and LV-101 was calculated by subtracting the mean change from Baseline in placebo
from that in the LV-101 arm. A borderline statistically significant difference at the 10%
significance level was achieved if the upper limit of the 90% one-sided confidence interval (CI)
for the treatment difference was less than zero. The corresponding p-value was reported as well.
3.1.2

Secondary Efficacy Analyses in Study 114

Similar to the primary efficacy analyses, statistical tests for the secondary efficacy analyses in
Study 114 were performed using a one-sided test at a 10% significance level.
The CGI-I scores at Day 15 were analyzed using an ANCOVA model with treatment and site as
fixed effects and CGI-S score as a covariate.
Change in the HPWSQ-R (domain scores) and HPWSQ-R-C (total and domain scores) from
Baseline to Day 15 were analyzed using an ANCOVA model with treatment and site as fixed
effects and the corresponding Baseline HPWSQ-R (domain score) or HPWSQ-R-C (total and
domain scores) as a covariate.
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Change in CY-BOCS (total score) from Screening (Days -7 to 0) to Day 15 were analyzed using
an ANCOVA model with treatment and site as fixed effects and CY-BOCS (total score) at
Screening as a covariate.
Total score of the Food Domain of the Reiss Profile was defined as the sum of all individual item
scores. Data were analyzed using an ANCOVA model with treatment and site as fixed effects
and the total score of the Food Domain of the Reiss Profile at Baseline as a covariate.
3.1.3

Additional Analyses in Study 114

A pre-specified exploratory endpoint in Study 114 was to determine the relationship between the
primary endpoint and the secondary endpoints by visit for the FAS using Pearson correlation
coefficients.
The simultaneous analysis of multiple outcome variables provides insights and assessments of
consistency of effect. One way to do this is to use the multivariate rank test first discussed by
O’Brien (1984). To evaluate the overall effect of LV-101 across measurements in the phase 2
study, a post-hoc O’Brien multivariate rank test was performed using each primary and
secondary measurement specified in the SAP. For each assessment included in the rank analysis,
individual outcomes were ordered and assigned a rank value. Each subject was then assigned an
“O’Brien Score”, which is the sum of the ranks for each assessment. Differences between
treatment groups were assessed by comparing the differences in the O’Brien Scores of subjects
among each given arm. The p-value outcome of the one-way ANOVA using the O’Brien Scores
assessed whether one treatment arm consistently outperformed the other. Because it does not
assess the effectiveness of a drug vs. placebo, no level of “statistical significance” was used.
3.1.4

Handling of Missing Scores from the Questionnaire in Study 114

A subscore or domain score of the HPWSQ-R questionnaire was defined as the sum of all item
scores in the domain (hyperphagia behavior, drive, or severity). The average value of completed
items in a domain was used as an estimate of missing items. If more than 50% of the items from
a domain were missing, the corresponding domain score was set to missing. Total score was the
sum of the three domain subscores. The total score was missing if any subscore was missing.
The last observation carried forward (LOCF) method was used to carry forward non-missing
values of HPWSQ-R total score during the Phone Call on Day 8 (±1) to impute missing values of
HPWSQ-R total score at Day 15. Any assessments not within the window between the Phone
Call on Day 8 (±1) and prior to Day 15 were not used for LOCF imputation. For subjects who
discontinued study medication prior to Day 12, if they had HPWSQ-R assessments on Day 15,
then the assessments were considered invalid for primary endpoint analysis. The LOCF values
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at Day 15 were to be populated with non-missing values of HPWSQ-R total score collected
during the Phone Call (Day 8 ±1).
The HPWSQ-R-C was handled in the same way as the HPWSQ-R. The analysis of the
HPWSQ-R and HPWSQ-R-C were conducted based on the LOCF values unless otherwise
specified.
No imputation was applied to the domain score of HPWSQ-R and HPWSQ-R-C and other
questionnaires (Clinical Global Impression, CY-BOCS, and Food Domain of the Reiss Profile).
3.2

CARE-PWS

The statistical methodology presented in the SAP for CARE-PWS is summarized below.
The following analysis sets are relevant for the efficacy analyses in this study:
•

Full Analysis Set (FAS): All subjects who were both randomized and dosed. Subjects
were analyzed according to the arm to which they were randomized.

•

Primary Analysis Set (PAS): A subset of the FAS that included all subjects with at least
one post-Baseline visit (i.e., Week 2 or Week 8) completed prior to March 1, 2020 and
excluded all efficacy data collected on or after March 1, 2020. Subjects who withdrew
from the study prior to March 1, 2020 were included even if no post-Baseline visits were
recorded. Subjects were analyzed according to the arm to which they were randomized.
The PAS was used as the definitive analysis set for all alpha-controlled analyses
(analyses associated with primary and secondary objectives).

3.2.1

Primary Efficacy Analyses in CARE-PWS

The two primary efficacy endpoints assessed in CARE-PWS were the HQ-CT total score change
from Baseline to Week 8 and the CY-BOCS total score change from Baseline to Week 8 for
9.6 mg/dose LV-101 versus placebo. The 9.6 mg dose was selected as the basis for the primary
endpoints given that it was tested previously in Study 114. At the time of Levo’s End-of-Phase 2
meeting, the Division recommended that an assessment of dose response also be included in the
phase 3 study design. Because of the required volume of administration and the potential for offtarget effects of carbetocin on the vasopressin system, a lower 3.2 mg dose (i.e., one-third of the
9.6 mg dose) was subsequently added to CARE-PWS. This dose was evaluated as the basis for
the first secondary efficacy evaluation (repeating HQ-CT and CY-BOCS, as discussed in
Section 3.2.2.
The overall Type I error probability was specified to be two-sided 0.05 (overall two-sided alpha).
Protection for the overall two-sided alpha against multiplicity across the two primary outcomes
was implemented using the Hochberg multi-step, step-up procedure (Hochberg 1988, Huang and
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assumed that the mean Baseline values for all treatment arms were equal and specifically equal
to the overall mean Baseline value.
3.2.2

Secondary Efficacy Analyses in CARE-PWS

The first secondary efficacy evaluation in CARE-PWS repeated the primary efficacy Hochberg
procedure, using the 3.2 mg dose (instead of the 9.6 mg dose) versus placebo. This was an
analysis of the primary outcomes of HQ-CT total score change from Baseline to Week 8 and the
CY-BOCS total score change from Baseline to Week 8. This first secondary efficacy assessment
acted as a gatekeeper to subsequent secondary evaluations.
Analysis of other secondary endpoints followed a fixed-sequence test procedure performed to
assess the following additional efficacy endpoints in the order specified (hierarchical alpha
protection):
•

PADQ total score change from Baseline to Week 8

•

CGI-C score at Week 8

•

HQ-CT total score for Questions 1, 2, 5, 6, 8, and 9 change from Baseline to Week 8

•

HQ-CT score for Question 9 change from Baseline to Week 8

The previously described cLDA model continued to be used for these analyses, with the
comparison of 9.6 mg LV-101 versus placebo tested first for these endpoints sequentially,
followed by 3.2 mg LV-101 versus placebo. For the analysis of CGI-C, however, the secondary
MMRM model was used instead of the cLDA model, with the Baseline CGI-S as the covariate.
3.2.3

Placebo-crossover Analysis in CARE-PWS

The CARE-PWS study design provided an opportunity to evaluate subjects as they transitioned
from placebo to LV-101 starting at Week 8. These subjects were randomized (1:1) at Baseline to
receive placebo during the first 8 weeks and then to receive one of the two LV-101 doses in the
LTFU period. To this end, cLDA and MMRM analyses of the Week 8 to Week 16 treatment
effects for placebo subjects transitioning to either 9.6 mg/dose or 3.2 mg/dose were compared to
themselves from Baseline to Week 8 for HQ-CT. This pre-specified placebo-crossover analysis
enabled a comparison that eliminated inter-subject variability by comparing the same subjects’
experience while on placebo to that of their experience on active drug.
Critical to the placebo-crossover analysis is that neither study sites (i.e., Investigators) nor study
subjects can be aware of the treatment assignment before or after the point at which placebocrossover subjects would be switched from placebo to active drug. This is the case for CAREPWS; no study site staff, caregivers, or subjects were aware of their treatment assignment at the
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start of the study, nor were they aware of what dose they were assigned to receive during the
LTFU period.
3.2.4

Delayed Start Analysis in CARE-PWS

A post-hoc approach to evaluating the effect of LV-101 in CARE-PWS was to analyze study
groups as a delayed start design. In the Early Alzheimer’s Disease: Developing Drugs for
Treatment Guidance (2018), FDA has acknowledged the utility of delayed start trial designs.
Such designs evaluate the long-term changes from baseline values in subjects who either are
administered active drug throughout the study or who first receive placebo for a period of time
and later are given active drug.
When considering treatments for diseases which exhibit irreversible progression over the
treatment period, a persistent treatment effect on disease course can be shown when patients in
the trial who were initially on placebo and then assigned to active treatment fail to catch up to
patients who received active treatment for the entire duration of the trial.
However, if either (1) the disease studied is not irreversibly progressive, or (2) the progression of
disease is not expected to be of significance during the study period, a treatment can similarly
demonstrate efficacy if the delayed-start participants catch up to the sustained improvements
experienced by those originally assigned to active treatment.
Symptoms associated with Prader-Willi syndrome (PWS) progress as patients age. For example,
while young children (e.g., 2-4 years of age) have an increased interest in food, what is clinically
described as hyperphagia (i.e., Nutritional Phase 3) does not typically emerge until
approximately 7-8 years of age, with mounting food preoccupation and drive to consume food.
While external events such as start of school or changes in routine may have short-term effects
on the manifestations of hyperphagia, on average, once an individual is hyperphagic, increases
(or decreases) in hyperphagia change over periods of years, not months.
Data from the PATH for PWS longitudinal natural history study, sponsored by the Foundation
for Prader-Willi Research, demonstrate the stability of hyperphagic behaviors over a 6-8 month
period among patients that are similar to those studied in CARE-PWS. Specifically, Table 35
shows HQ-CT data for patients between the ages of 7-18 from the United States, Canada, and
Australia who are not enrolled in an interventional clinical trial.
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Stability in Average HQ-CT Scores Over 6-8 Months
(PATH for PWS)
Change in HQ-CT Total Score

Country

Mean
Standard Deviation
United States
-0.54
5.54
Canada
0.73
4.29
Australia
3.33
5.99
Total
-0.33
5.51
N=176; Age = 7-18 years; Not enrolled in an interventional clinical study

While over a shorter period of time (i.e., 2-4 weeks), this stability is also observed in participants
in the CARE-PWS phase 3 study pre-treatment, specifically between Screening and Baseline
study visits (prior to initiation of investigational product). For example, Table 36 shows stability
in HQ-CT total scores for all subjects as well as for all individual treatment groups.
Table 36.

Stability in Average HQ-CT Scores from Screening to Baseline Visits
(CARE-PWS)
N

Screening
(Mean)

Baseline
(Mean)

Mean Change
(Screening to Baseline)

119

22.67

22.65

-0.03

40

22.68

22.43

-0.25

Placebo/3.2 mg

20

23.20

23.10

-0.10

Placebo/9.6 mg

20

22.15

21.75

-0.40

3.2 mg

39

22.21

22.13

-0.08

9.6 mg

40

23.13

23.38

0.25

All
Placebo

Of note, the specific subjects included in the placebo crossover analyses (i.e., the Placebo/3.2 mg
and Placebo/9.6 mg groups) also display similar degrees of stability as the overall study
population.
Taken together, these analyses demonstrate that, on average, individuals with PWS would be
expected to have stable HQ-CT total scores over the 16-week period included in the placebo
crossover and delayed start analyses. Therefore, any changes in average HQ-CT scores in the
CARE-PWS study can be attributed to intervention (i.e., placebo or carbetocin).
This delayed start design analysis compared mean changes from Baseline to Week 16 in HQ-CT
by treatment groups in the first 8 weeks and the second 8 weeks, as follows: placebo to
3.2 mg/dose, placebo to 9.6 mg/dose, 3.2 mg (for all 16 weeks), and 9.6 (for all 16 weeks).
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Long-term Efficacy Evaluations in CARE-PWS

Independent of the placebo-crossover or delayed start analyses, a pre-specified evaluation of the
persistence of efficacy for the PAS and FAS are presented as change from Baseline or change
from Week 8 for all subjects over the course of the 56-week LTFU period. Observed totals of
the individual raw scores, changes from Baseline total scores, and changes from Week 8 total
scores are summarized by treatment arm and overall by visit for HQ-CT, CY-BOCS, and PADQ.
3.2.6

Additional Efficacy Analyses in CARE-PWS

Pre-specified exploratory efficacy analyses were conducted for this study, including the
assessment of the pooled dose arms (9.6 mg/dose and 3.2 mg/dose) versus placebo for each
applicable efficacy parameter. These pooled analyses gained additional importance following
the early closure of the study to further enrollment due to COVID-19, thus truncating the study.
Additional analyses were conducted as described in subsequent sections.
3.2.6.1

O’Brien Multivariate Analysis in CARE-PWS

As described for the phase 2 study in Section 3.1.3, a post-hoc O’Brien multivariate rank test
was also performed in CARE-PWS for each active treatment arm compared to the placebo arm
using all primary and secondary measurements.
3.2.6.2

Questionnaire Item-level Analyses in CARE-PWS

Results for HQ-CT and PADQ in CARE-PWS were summarized for the individual items by
treatment arm as a post-hoc analysis.
3.2.6.3

Responder Analyses in CARE-PWS

To assess the minimum clinically meaningful change in total scores of hyperphagia and anxiety
and distress behaviors, pre-specified responder analyses were conducted. Responder thresholds
were informed by analyses of symptom-specific caregiver impressions of severity and clinical
global impressions of change. Responder analyses used three different approaches:
1. Receiver operator characteristic (ROC) analyses on blinded pooled data. These ROC
analyses considered changes in endpoint scores (e.g., HQ-CT score changes from
Baseline to Week 8) and CGI-C scores, and defined responders as those subjects who
experienced at least a 4-point improvement in HQ-CT total scores and a 6-point
improvement in PADQ total scores from Baseline to Week 8.
2. Average endpoint score changes from Baseline to Week 8 among all subjects who
experienced at least a 1-category improvement in the relevant caregiver impression of
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symptom severity (unless the Baseline severity was rated as “extremely severe,” in which
case a 2-category minimum improvement was required). For example, when considering
the response rate for HQ-CT, the Caregiver Global Impression of Hyperphagia Severity
was used to identify responders. These analyses defined responders as those subjects
who experienced at least a 9-point improvement in HQ-CT total scores and a 13-point
improvement in PADQ total scores from Baseline to Week 8.
3. Psychometric analyses supporting the validity of the HQ-CT identify a 7.7-point
reduction in HQ-CT total scores as representing a clinically meaningful improvement in
hyperphagic symptoms. A separate pre-specified formal psychometric evaluation of
PADQ identified a 10.5-point improvement in PADQ total scores as clinically
meaningful. For the PADQ total score, the mean estimate based on a 1-point
improvement in the primary anchor, the A-CareGI-S, was approximately 10.4 points, and
a very similar 10.6-point estimate was provided by the A-CGI-S analysis.
Because the responder threshold values identified in the psychometric reports supporting the
validity of the two instruments are consistent with the range of values determined via the other
methods using CARE-PWS study data, these specific thresholds (i.e., a 7.7-point improvement in
HQ-CT and a 10.5-point improvement in PADQ total scores) were used to calculate responder
rates.
3.2.7

Handling of Missing Data in CARE-PWS

For the efficacy endpoints in CARE-PWS, no imputation was performed, and, as described
further in Section 3.2.1, the MMRM methodology (cLDA analysis model) used all available data
to estimate the mean treatment effect.

LV-101 (carbetocin) Nasal Spray
Appendices to the PDAC Briefing Document

Appendix 4

Levo Therapeutics, Inc.
Page 114

Literature References for Appendices

Angulo MA, Butler MG, Cataletto ME. Prader-Willi syndrome: A review of clinical, genetic,
and endocrine findings. J Endocrinol Invest. 2015; 38(12):1249-1263.
Arens R, Gozal D, Omlin KJ, et al. Hypoxic and hypercapnic ventilatory responses in
Prader-Willi syndrome. Appl Physiol. 1994; 77(5):2224-2230.
Bekx MT, Carrel AL, Shriver TC, Li Z, Allen DB. Decreased energy expenditure is caused by
abnormal body composition in infants with Prader-Willi syndrome. J Pediatr. 2003;
143(3):372-376.
Broadbear J, Tunstall B, Beringer K. Examining the role of oxytocin in the interoceptive effects
of 3,4-methylenedioxymethamphetamine (MDMA, ‘ecstasy’) using a drug discrimination
paradigm in the rat. Addict Biol. 2011; 16(2):202-214.
Bruyere, M, Ait Hamou N, Benhamou D, Chousterman, B, Boulard, V, Charbit B. QT interval
prolongation following carbetocin in prevention of post-cesarean delivery hemorrhage. Int J
Obstet Anesth. 2013; 23(1):88-89.
Butler MG, Miller JL, Forster JL. Prader-Willi syndrome–clinical genetics, diagnosis and
treatment approaches: An update. J Curr Pediatr Rev. 2019; 15(4):207-244.
Butler MG, Oyetunji A, Manzardo AM. Age distribution, comorbidities and risk factors for
thrombosis in Prader-Willi syndrome. Genes (Basel). 2020; 11(1):67.
Choe YH, Jin DK, Kim SE, et al. Hyperghrelinemia does not accelerate gastric emptying in
Prader-Willi syndrome patients. Clin Endocrinol Metab. 2005; 90(6):3367-3370.
Clunies-Ross N, Roston TM, Taylor J, et al. The effect of carbetocin dose on transmural
dispersion of myocardial repolarization in healthy parturients scheduled for elective cesarean
delivery under spinal anesthesia: A prospective, randomized clinical trial. Anesth Analg. 2021;
132(2):485-492.
Coffman C, Edelman D, Woolson RF. To condition or not condition? Analysing ‘change’ in
longitudinal randomized controlled trials. BMJ Open. 2016; 6:e013096.
Deal CL, Tony M, Hoybye C, Allen DB, Tauber M, Christiansen JS. Growth hormone research
society workshop summary: Consensus guidelines for recombinant human growth hormone
therapy in Prader-Willi syndrome. J Clin Endocrinol Metab. 2013; 98(6):E1072-1087.
Diene G, Mimoun E, Feigerlova E, et al. French Reference Center for PWS. Endocrine disorders
in children with Prader-Willi syndrome–data from 142 children of the French database. Horm
Res Paediatr. 2010; 74(2):121-128.
Dimitropoulos A, Schultz RT. Autistic-like symptomatology in Prader-Willi syndrome: A review
of recent findings. Current Psychiatry Reports. 2007; 9.2: 159-164.
Dolan SB, Berry MS, Johnson PS, Johnson MW. Potential for limited reinforcing and
abuse-related subjective effects of intranasal oxytocin. J Psychopharmacol. 2019; 34(3):336-347.
Dykens, EM, Leckman JF, and Cassidy SB. Obsessions and compulsions in Prader-Willi
syndrome. J Child Psychology Psychiatry. 1996; 37:995-1002.

LV-101 (carbetocin) Nasal Spray
Appendices to the PDAC Briefing Document

Levo Therapeutics, Inc.
Page 115

Dykens EM, Miller J, Angulo M, et al. Intranasal carbetocin reduces hyperphagia in individuals
with Prader-Willi syndrome. JCI Insight. 2018; 3(12):e98333.
Dykens EM, Roof E, Hunt-Hawkins H, Daniell C, Jurgensmeyer S. Profiles and trajectories of
impaired social cognition in people with Prader-Willi syndrome. PLoS One. 2019;
14(10):e0223162.
Einfeld SL, Smith E, McGregor IA, et al. A double-blind randomized controlled trial of
oxytocin nasal spray in Prader Willi syndrome. Am J Med Genet A. 2014; 164A(9):2232-2239.
Feduniw S, Warzecha D, Szymusik I, Wielgos M. Epidemiology, prevention and management
of early postpartum hemorrhage - a systematic review. Ginekol Pol. 2020; 91(1):38-44.
Gallos ID, Williams HM, Price MJ, Merriel A, Gee H, Lissauer D, Moorthy V, Tobias A, Deeks
JJ, Widmer M, Tunçalp Ö, Gülmezoglu AM, Hofmeyr GJ, Coomarasamy A. Uterotonic agents
for preventing postpartum haemorrhage: a network meta-analysis. Cochrane Database Syst Rev.
2018; 4(4).
Gross D, Gisser R, Cherpes G, Hartman K, Maheshwary R. Subclinical dysphagia in persons
with Prader-Willi syndrome. Am J Med Genet A. 2017; 173:385-394.
Hedgeman E, Ulrichsen SP, Carter S, et al. Long-term health outcomes in patients with
Prader-Willi syndrome: A nationwide cohort study in Denmark. Int J Obes (Lond). 2017;
41(10):1531-1538.
Hochberg Y. A sharper Bonferroni procedure for multiple tests of significance. Biometrika,
1988; 75:800-802.
Holland A, Aman LCS, Whittington JE. Defining mental and behavioural disorders in
genetically determined neurodevelopmental syndromes with particular reference to Prader-Willi
syndrome. Genes. 2019; 10:1025.
Hollander E, Levine KG, Ferretti CJ et al. Intranasal oxytocin versus placebo for hyperphagia
and repetitive behaviors in children with Prader-Willi Syndrome: A randomized controlled pilot
study. J Psychiatr Res. 2021; 137:643-651.
Huang Y, Hsu J. Hochberg’s step-up method: Cutting corners off Holm’s step-down method.
Biometrika. 2007; 94(4):965-975.
Kuhlmann L, Joensson IM, Froekjaer JB, Krogh K, Farholt S. A descriptive study of colorectal
function in adults with Prader-Willi syndrome: High prevalence of constipation. BMC
Gastroenterol. 2014; 14:63.
Kuppens RJ, Donze SH, Hokken-Koelega AC. Promising effects of oxytocin on social and foodrelated behaviour in young children with Prader-Willi syndrome: A randomized,
double-blind, controlled crossover trial. Clin Endocrinol. 2016; 85(6):979-987.
Liang K, Zeger S. Longitudinal data analysis of continuous and discrete responses for pre-post
designs. Sankhya: The India Journal of Statistics (Series B). 2000; 62:134-148.
Liu G, Lu K, Mogg R, Mallick M, Mehrotra DV. Should baseline be a covariate or dependent
variable in analyses of change from baseline in clinical trials? Statistics in Medicine. 2009;
28:2509-2530.

LV-101 (carbetocin) Nasal Spray
Appendices to the PDAC Briefing Document

Levo Therapeutics, Inc.
Page 116

Manzardo AM, Heinemann J, McManus B, Loker C, Loker J, Butler MG. Venous
thromboembolism in Prader-Willi syndrome: A questionnaire survey. Genes (Basel). 2019;
10(7):550.
Miller JL, Tamura R, Butler MG, et al. Oxytocin treatment in children with Prader-Willi
syndrome: A double-blind, placebo-controlled, crossover study. Am J Med Genet A. 2017;
173(5):1243-1250.
Muscogiuri G, Formoso G, Pugliese G, et al. Prader-Willi syndrome: An update on endocrine
and metabolic complications. Endocr Metab Disord. 2019; 20(2):239-250.
Nawaz F, Ali N, Ahmed M. PTH-072 Endoscopic management of phytobezoar in patient with
Prader-Willi syndrome. Gut. 2019; 68:A48.
O’Brien PC. Procedures for Comparing Samples with Multiple Endpoints. Biometrics. 1984;
40:1079-1087.
Odent T, Accadbled F, Koureas G, et al. Scoliosis in patients with Prader-Willi syndrome.
Pediatrics. 2008; 122(2):499-503.
Peleggi A, Bohonowych J, Strong T, Schwartz L, Kim S-J. Suicidality in individuals with
Prader-Willi syndrome: a review of registry survey data. Submitted for Publication.
https://www.researchsquare.com/article/rs-647311/v1.
Perez-Nieto OR, Castanon-Gonzalex JA, Lima-Lucero IM, Delsol LAG. Near fatal
bronchospasm and bradycardia after carbetocin administration. Med Intensiva. 2017;
42(5):319-321.
Petersson M. Cardiovascular effects of oxytocin. Prog Brain Res. 2002; 139:281-288.
PWS Global Registry. Foundation for Prader-Willi Research. 2020.
PWS Global Survey. Foundation for Prader-Willi Research. 2017.
Rice LG, Einfeld SL, Hu N, Carter CS. A review of clinical trials of oxytocin in Prader-Willi
syndrome. Curr Opin Psychiatry. 2018; 31(2):123-127.
Roof E, Stone W, MacLean W, Feurer ID, Thompson T, Butler MG. Intellectual characteristics
of Prader-Willi syndrome: Comparison of genetic subtypes. Intellect Disabil Res. 2000;
44(Pt 1):25-30.
Saeves R, Strom F, Sandvik L, Nordgarden H. Gastro-esophageal reflux–an important causative
factor of severe tooth wear in Prader-Willi syndrome. Orphanet J Rare Dis. 2018; 13(1):64
Salinas BT, Camaiora AK, Marcos EA, Gilsanz F. Chest pain during cesarean delivery in
relation to anomalous right coronary artery: A case report. A Case Rep. 2017; 9(4):119-122.
Smith SM, Jones JK, Katz NP, et al. Measures that identify prescription medication misuse,
abuse, and related events in clinical trials: ACTTION critique and recommended
considerations. J Pain. 2017; 18(11):1287–1294.
Stevenson DA, Heinemann J, Angulo, et al. Deaths due to choking in Prader-Willi syndrome.
Am J Med Genet A. 2007; 143A(5):484-487.

LV-101 (carbetocin) Nasal Spray
Appendices to the PDAC Briefing Document

Levo Therapeutics, Inc.
Page 117

Tauber M, Boulanouar K, Diene G, Cabal-Berthoumieu S, Ehlinger V, Fichaux-Bourin P. The
use of oxytocin to improve feeding and social skills in infants with Prader-Willi syndrome.
Pediatrics. 2017; 139(2):e20162976.
Tauber M, Mantoulan C, Copet P, et al. Oxytocin may be useful to increase trust in others and
decrease disruptive behaviours in patients with Prader-Willi syndrome: A randomised placebocontrolled trial in 24 patients. Orphanet J Rare Dis. 2011; 6:47.
Van Bosse HJP, Butler MG. Clinical observations and treatment approaches for scoliosis in
Prader-Willi syndrome. Genes (Basel). 2020; 11(3):260.
Weitz JI, Fredenburgh JC, Eikelboom JW. A test in context: D-dimer. J Am Coll Cardiol.
2017; 70(19):2411-2420.
Widmer M, Piaggio G, Nguyen TMH, et al. Heat-stable carbetocin versus oxytocin to prevent
hemorrhage after vaginal birth. N Engl J Med. 2018; 379(8):743-752.

LV-101 (carbetocin) Nasal Spray
Appendices to the PDAC Briefing Document

Appendix 5

Levo Therapeutics, Inc.
Page 118

Psychometric Evaluation of the Prader-Willi Syndrome Anxiety and Distress
Behaviors Questionnaire (PADQ)

Psychometric Evaluation of the PADQ

TABLE OF CONTENTS
LIST OF TABLES ...................................................................................................... 3
LIST OF FIGURES..................................................................................................... 3
ABBREVIATIONS...................................................................................................... 4
1

INTRODUCTION ................................................................................................ 5

1.1

Background .................................................................................................................... 5

2

METHODS ......................................................................................................... 6

2.1
2.2

Data................................................................................................................................ 6
PADQ AND OTHER OUTCOME MEASURES .............................................................. 7
2.2.1
2.2.2
2.2.3
2.2.4
2.2.5
2.2.6
2.2.7
2.2.8
2.2.9

PWS Anxiety and Distress Behaviors Questionnaire...................................................... 7
Hyperphagia Questionnaire for Clinical Trials ................................................................. 8
Children’s Yale-Brown Obsessive Compulsive Scale ..................................................... 9
Clinical Global Impression of Severity............................................................................. 9
Clinical Global Impression of Change ............................................................................. 9
Clinical Global Impression of Anxiety Severity ................................................................ 9
Clinical Global Impression of Change in Anxiety .......................................................... 10
Caregiver Global Impression of Anxiety Severity .......................................................... 10
Caregiver Global Impression of Change in Anxiety ...................................................... 10

2.3

PLANNED ANALYSIS.................................................................................................. 10

3

RESULTS ........................................................................................................ 15

3.1
3.2
3.3
3.4

Sample Characteristics ................................................................................................ 15
Descriptive Statistics of Supporting Measures ............................................................. 16
Descriptive Statistics of the PADQ Items and Total Scores ......................................... 18
Instrument Structure..................................................................................................... 20
3.4.1
3.4.2

3.5

Reliability ...................................................................................................................... 22
3.5.1

3.6

Test-Retest Reliability ................................................................................................... 22

Construct Validity ......................................................................................................... 24
3.6.1
3.6.2

3.7
3.8

Inter-Item and Item-Total Correlations .......................................................................... 20
Internal Consistency Reliability ..................................................................................... 22

Convergent Validity ....................................................................................................... 24
Known-Groups Validity .................................................................................................. 26

Ability to Detect Change............................................................................................... 27
Interpretation of Meaningful Within-Patient Change .................................................... 31
3.8.1

Graphical Presentation of Anchor-Based Methods ....................................................... 35

3.9

Summary and Recommendations for the PADQ Measure .......................................... 39

4

REFERENCES ................................................................................................. 40

APPENDIX A. RESULTS TABLES ....................................................................... A-1
APPENDIX B. RESULTS FIGURES ..................................................................... B-1

2

Psychometric Evaluation of the PADQ

LIST OF TABLES
Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.
Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.

Schedule of Key Events From CARE-PWS Relevant to the Psychometric
Evaluation ............................................................................................................ 7
PWS Anxiety and Distress Behaviors Questionnaire (PADQ)............................. 8
Overview of PADQ Psychometric Evaluation Methods ..................................... 11
Patient Demographic Characteristics ................................................................ 15
Baseline and Week 8 Key Descriptive Statistics for Supporting Measures ....... 16
Baseline and Week 8 Key Descriptive Statistics for Global Support
Measures ........................................................................................................... 17
Baseline and Week 8 Descriptive Statistics for the PADQ Total Score............. 19
PADQ Inter-Item Correlations at Baseline and Week 8..................................... 21
Internal Consistency Reliability of PADQ Total Scores ..................................... 22
Test-Retest Reliability of PADQ Total Scores (Sum of Items 1-14) Using
Screening and Baseline Time Points................................................................. 23
PADQ Total Score Construct Validity Correlations With Supporting
Measures ........................................................................................................... 24
PADQ Total Score Known-Groups Comparisons for Baseline and Week 8...... 26
Ability to Detect Change for PADQ Total Score: Groups on Four Global
Anxiety Scores .................................................................................................. 29
Responsiveness Correlations of Change in the PADQ Total Score With
Global Ratings of Anxiety and PWS Severity and Change ............................... 31
Anchor-Based Interpretation of Change for PADQ Total Score ........................ 33
Distribution-Based Interpretation of Change for PADQ Total Score.................. 35

LIST OF FIGURES
Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.

Stacked Bar Chart for PADQ Item Responses at Baseline and Week 8 ........... 18
Scatterplot of PADQ Total Scores, Baseline by Screening ............................... 23
Boxplots of PADQ Total Scores at Baseline and Week 8 by A-CareGI-S and
A-CGI-S Known Groups .................................................................................... 27
Box Plots of Baseline to Week 8 PADQ Total Change Scores by Support
Measure Score Change Groups ........................................................................ 30
Empirical CDF Plot of Change From Baseline to Visit 8 in PADQ Total Score
by A-CareGI-S Change Scores .......................................................................... 37
PDF Plot of Change From Baseline to Visit 8 in PADQ Total Score by ACareGI-S Change Scores ................................................................................. 38

3

Psychometric Evaluation of the PADQ

ABBREVIATIONS
A-CareGI-C

Caregiver Global Impression of Change in Anxiety

A-CareGI-S

Caregiver Global Impression of Anxiety Severity

A-CGI-C

Clinical Global Impression of Change in Anxiety

A-CGI-S

Clinical Global Impression of Anxiety Severity

ANOVA

analysis of variance

BL

baseline

CARE-PWS

LV-101-3-01, a phase 3 clinical trial conducted by Levo

CDF

cumulative distribution function

CDISC

Clinical Data Interchange Standards Consortium

CGI-C

Clinical Global Impression of Change

CGI-S

Clinical Global Impression of Severity

CI

confidence interval

CITC

corrected item-total correlation

CY-BOCS

Children’s Yale-Brown Obsessive Compulsive Scale

EDC

electronic data capture

HQ-CT

Hyperphagia Questionnaire for Clinical Trials

ICC

intraclass correlation coefficient

IQR

interquartile range

Max

maximum

Min

minimum

PADQ

PWS Anxiety and Distress Behaviors Questionnaire

PDF

probability density function

PRO

patient-reported outcome

PWS

Prader-Willi syndrome

RTI-HS

RTI Health Solutions

SD

standard deviation

SEM

standard error of measurement

SRM

standardized response mean

4

Psychometric Evaluation of the PADQ

1 INTRODUCTION
1.1

Background

Prader-Willi syndrome (PWS) is caused by a chromosomal abnormality and has an
estimated prevalence of between 1 in 10,000 and 1 in 25,000 live births (Genetic Disease
Foundation, 2010). Characteristics of PWS include a continual feeling of hunger regardless
of food intake (hyperphagia), problems with growth and development, intellectual
disabilities, and maladaptive and compulsive behaviors, which are often believed to stem
from anxiety. Behaviors associated with hyperphagia and anxiety are often very difficult for
caregivers to manage and greatly limit patients’ ability to function outside the home. As
such, the reduction of hyperphagia and anxiety represent key targets for treatment.
Levo Therapeutics (Levo) is developing intranasal carbetocin (LV-101), an orphan-designated
drug, for the treatment of PWS. In preparation for pivotal trials of LV-101 and with support from
RTI Health Solutions (RTI-HS), Levo developed the PWS Anxiety and Distress Behaviors
Questionnaire (PADQ), a caregiver-reported measure addressing anxiety and other types of
psychological distress common among patients with PWS.
In collaboration with Levo, RTI-HS conducted an initial psychometric evaluation of the PADQ
using data collected from the Global PWS Registry of patients with PWS, managed by the
Foundation for Prader-Willi Research. This assessment focused on the cross-sectional
properties of the PADQ. High levels of test-retest reliability were found, and a variety of
analyses clearly demonstrated the construct validity of the PADQ items and total score. Due
to the nature of the data, longitudinal properties, such as responsiveness and defining
thresholds of meaningful within-patient change, could not be assessed.
LV-101-3-01 (CARE-PWS) is a phase 3 clinical trial conducted by Levo to assess the efficacy,
safety, and tolerability of LV-101 in a population 7 to 18 years of age with genetically confirmed
PWS. The Hyperphagia Questionnaire for Clinical Trials (HQ-CT) (Fehnel et al., 2015) and
Children's Yale-Brown Obsessive Compulsive Scale (Goodman et al., 1989) support the
computation of multiple primary endpoints in CARE-PWS; the PADQ was used to support the
computation of a key secondary endpoint in this phase 3 trial. In addition to supporting the
efficacy of LV-101, data from CARE-PWS provided an opportunity to both confirm the
measurement properties of the PADQ evaluated using the registry data and gather new evidence
to support responsiveness and meaningful within-patient change thresholds for the PADQ.
This report provides a comprehensive summary of the analytic results of the PADQ psychometric
evaluation using data from CARE-PWS. The evaluation was planned and implemented in
accordance with the recommendations outlined in the Food and Drug Administration patientreported outcome guidance (FDA, 2009). A complete set of results tables and figures are
presented in Appendix A and Appendix B.
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2 METHODS
This section presents an overview of the data, supportive measures, and methods used in
the psychometric evaluation of the PADQ.

2.1

Data

Data from CARE-PWS, a phase 3 clinical trial of LV-101 conducted by Levo, were used to
evaluate the psychometric properties of the PADQ in patients with PWS (see Protocol
LV-101-3-01, Amendment 4, June 19, 2019). This clinical trial included a 2- to 4-week
screening period, an 8-week treatment period (blinded), and a 56-week follow-up period.
After the screening period, eligible patients (original target of N ~ 175; N = 130 due to
COVID-19 1) were randomized in a 1:1:1 ratio to one of two carbetocin dosages (3.2 or
9.6 mg) or placebo, and they remained on the same dose of study drug throughout the
8-week blinded treatment period. At Week 8, the patients randomized to placebo
transitioned to one of the two dosage levels of active treatment per their baseline
randomization (1:1).
As shown in Table 1, which presents the schedule of events relevant to the psychometric
evaluation, the PADQ was included among the measures completed by caregivers during
planned site visits. Data used in the psychometric evaluation are taken from the screening,
baseline, and Week 8 visits (see Clinical Study Protocol LV-101-3-01, Amendment 4,
June 19, 2019, for a complete schedule of events). To facilitate the analyses, Levo provided
RTI-HS with fully deidentified Windows-format SAS data sets using Clinical Data
Interchange Standards Consortium (CDISC) structure. No patient identifiers (except for a
patient number) or keys were provided to RTI-HS.

1

The primary analysis sample used by Levo for their efficacy analyses (N=119) included only patients who

completed their 8 weeks of treatment by March 1, 2020. The decision to limit this analysis sample was made in
consultation with the FDA to avoid impacts of the COVID-19 pandemic on study results. While impacts of COVID-19
on patient behaviors, such as those related to anxiety and distress, was concerning in relation to the estimation of
treatment efficacy, they were not of concern in the context of evaluating the measurement properties of the PADQ.
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2.2.3

Children’s Yale-Brown Obsessive Compulsive Scale

The Children’s Yale-Brown Obsessive Compulsive Scale (CY-BOCS) is a clinician-rated,
semistructured inventory of specific symptoms and symptom severity in pediatric obsessive
compulsive disorder (Scahill et al., 1997), designed for use with children and adolescents
ages 6 to 17. It is also commonly used in related disorders and performed well in the
phase 2 study of LV-101 in PWS. A subset of the CY-BOCS items comprises two primary
components: severity scores and the symptom checklist. The 10 severity items are summed
to produce an obsessions severity score (5 items), compulsions severity score (5 items),
and total score (sum of all 10 severity items). The symptom checklist contains common
obsessions and compulsions seen in classical obsessive compulsive disorder, but it also
offers flexibility with the “other” write-in fields, enabling the clinician to capture the unique
obsessive and compulsive symptoms seen in PWS, with a reference period of the past week.
Items are scored on a 5-level scale, scored 0 to 4, with responses “None,” “Mild,”
“Moderate,” “Severe,” and “Extreme.” Higher scores indicate higher levels of either
obsession severity (score range 0-20), compulsion severity (score range 0-20), or combined
overall obsession and compulsion severity (score range 0-40). Study LV-101-3-01 required
CY-BOCS total scores of at least 9 as part of the eligibility criteria (to enter screening).

2.2.4

Clinical Global Impression of Severity

The CGI-S is a clinician-rated global measure of PWS severity. The CGI-S asks:



Considering your total clinical experience with Prader-Willi syndrome population; how
ill is this patient at this time? The response scale is seven levels (1-7), including:
“Normal, Not at all ill,” “Borderline ill,” “Mildly ill,” “Moderately ill,” “Markedly ill,”
“Severely ill,” and “Among the most extremely ill patients” (Guy, 1976).

Higher scores on the CGI-S indicate higher levels of PWS severity.

2.2.5

Clinical Global Impression of Change

The CGI-C is a clinician-rated global measure of change in PWS severity with seven levels
(1-7). The CGI-C asks:



Compared to the patient’s condition at baseline visit, this patient’s condition is:
(circle one) “Very much improved since baseline (initiation of treatment),” “Much
improved,” “Minimally improved,” “No change from baseline,” “Minimally worse,”
“Much worse,” and “Very much worse from baseline” (Guy, 1976).

Higher scores on the CGI-C indicate worsening of PWS severity relative to baseline.

2.2.6

Clinical Global Impression of Anxiety Severity

The Clinical Global Impression of Anxiety Severity (A-CGI-S) is a clinician-rated global
measure of anxiety severity with five levels (1-5). The A-CGI-S is worded as follows:
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Considering your total clinical experience with Prader-Willi syndrome population; how
would you rate this patient’s current level of anxiety? (None, Mild, Moderate, Severe,
Extremely severe)

Higher scores on the A-CGI-S indicate higher levels of anxiety.

2.2.7

Clinical Global Impression of Change in Anxiety

The Clinical Global Impression of Change in Anxiety (A-CGI-C) is a clinician-rated global
measure of change in anxiety with seven levels (1-7). The A-CGI-C is worded as follows:



Considering your total clinical experience with Prader-Willi syndrome population;
compared to the beginning of the study, how anxious do you think this patient is
currently? (Much less anxious, Somewhat less anxious, A little less anxious, No
change, A little more anxious, Somewhat more anxious, Much more anxious)

Higher scores on the A-CGI-C indicate worsening of anxiety relative to baseline.

2.2.8

Caregiver Global Impression of Anxiety Severity

The Caregiver Global Impression of Anxiety Severity (A-CareGI-S) is a caregiver-reported
measure of anxiety severity with five levels (1-5). The A-CareGI-S contains one question
worded as follows:



Based on your observations of the person in your care, how would you rate his/her
current level of anxiety? (None, Mild, Moderate, Severe, Extremely severe)

Higher scores on the A-CareGI-S indicate higher levels of anxiety.

2.2.9

Caregiver Global Impression of Change in Anxiety

The Caregiver Global Impression of Change in Anxiety (A-CareGI-C) is a caregiver-reported
measure of change in anxiety with seven levels (1-7). The A-CareGI-C is worded as follows:



Compared to the beginning of the study, how anxious do you think the person is
currently? (Much better, Moderately better, A little better, No change, A little worse,
Moderately worse, Much worse)

Higher scores on the A-CareGI-C indicate worsening of anxiety relative to baseline.

2.3

PLANNED ANALYSIS

Table 3 contains an overview of the analytic methods used in the psychometric evaluation of
the PADQ. For each measurement property assessed, the table presents the purpose of the
evaluation, the evaluation methods, hypotheses where applicable, and the criteria for
successfully meeting the demands for good measurement with the selected methods. (See
the psychometric analysis plan, June 23, 2020, for the detailed analytic plans.)
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3.3

Descriptive Statistics of the PADQ Items and Total Scores

Table A-3a in Appendix A contains detailed PADQ descriptive information, including both
frequency counts and statistics for the individual PADQ items for screening, baseline and
Week 8. Figure 1 contains stacked bar charts for the individual PADQ item responses for
baseline and Week 8. The PADQ items each have a 5-level response scale from “Never” to
“Always or almost always.” Consistent with the requirements of the electronic data capture
(EDC) system, there was no missing item-level PADQ data. Only 3 of the 130 participants
whose caregivers completed the PADQ at baseline were missing data for this questionnaire
at Week 8.

Figure 1.

Stacked Bar Chart for PADQ Item Responses at Baseline and Week 8

The highest response category (Always or almost always), the floor category, was the modal
response for items 1 (Excessive details), 2 (Confirm), 3 (Repeat), 5 (Nervous habits), 9
(Routine changes), 10 (Routine changes distressed), 13 (Food anxious), and 14 (Repeatedly
ask meals). The penultimate category (Often) was the modal response for items 7 (Worried
possessions), 8 (Self-comfort), 11 (Calm down), 12 (Emotional outburst) and 15 (Overall
anxious). The middle response category (Sometimes) was the modal response for item 6
(Separation concern), and the second lowest response category (Rarely) was the modal
response for only item 4 (Agitated movement). Use of the bottom response category
(Never), the ceiling category, at baseline was very minimal. Taken together, these results
suggest ample room for improvement.
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3.4
3.4.1

Instrument Structure
Inter-Item and Item-Total Correlations

Review of the inter-item correlation matrix (Table 8; Appendix A, Table A-4) provides
evidence to support the PADQ structure and an opportunity to identify potential item
redundancy. As a general rule, items assessing similar (or the same) construct should yield
moderate to high correlations (0.30 ≤ r ≤ 0.80) (Arbuckle et al., 2007). The correlation
coefficients at baseline ranged from 0.06 (between item 13 [Food anxious] and item 8 [Selfcomfort]) to 0.94 (between item 1 [Excessive details] and item 2 [Confirm]). The item pairs
flagged as potentially redundant (r > 0.80) were limited to those among the first three
items and items 13 and 14. The first three items each address verbalizations indicative of
anxiety: item 1 (Excessive details), item 2 (Confirm), and item 3 (Repeat). The other pair of
highly correlated items, item 13 (Food anxious) and item 14 (Repeatedly ask meals),
addresses behaviors related to food. Following discussions with the instrument developers,
all five items were retained as each addresses a slightly different behavioral manifestation
of anxiety or distress and varies in applicability across patients.
The item-total correlations found in the far right column of Table 8 show that all of the
items except for items 5 (Nervous habits), 6 (Separation concern) and 8 (Self-comfort)
meet the criterion for a minimum 0.40 item-total correlation. In spite of these lower
correlations, all three items have been retained to maintain content validity. Specifically,
while these concepts may not be relevant to all patients, during the development of the
PADQ, they were regarded as important markers of anxiety and distress by caregivers of
patients who exhibited these behaviors.
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An examination of the construct validity correlations at the two time points provides
confirmation of convergent validity, as detailed in the following results:



As higher scores on the PADQ and each of the support measures indicate increased
symptom frequency/severity/impact, positive correlations were expected between
the PADQ total score and each of these measures.

–

The PADQ total score correlated positively with scores on the CY-BOCS, HQ-CT, ACareGI-S, A-CGI-S, and CGI-S (ranging at baseline from 0.39 to 0.62 and at Week 8
from 0.59 to 0.77). The increase in correlations with total or domain scores over
time is likely due to the increase in variability for the PADQ total score (and perhaps
other support measures) at Week 8, due to treatment impacts, relative to the
variability found at baseline. Most importantly, the correlations between the PADQ
and the other two measures of anxiety, the A-CareGI-S and the A-CGI-S, were
strong at both time points, ranging from 0.59 to 0.77.



It was anticipated that correlation values would be larger, indicative of stronger
relationships, between the PADQ scores and the caregiver-rated vs. clinician-rated
measures of anxiety severity.

–

The correlations between the PADQ and the A-CareGI-S, a caregiver-rated measure
of anxiety, were higher (at both time points) than the correlations between the PADQ
and the A-CGI-S, a clinician-rated measure of anxiety.



It was anticipated that each of the PADQ items would have moderate (|r| > 0.30) to
strong (|r| > 0.50) correlations with the A-CGI-S and A-CareGI-S.

–

At baseline, correlations between 12 of the 15 PADQ items and both of the global
items addressing anxiety severity were at least moderate in magnitude, ranging from
0.32 to 0.75. The three items that produced smaller correlations with at least one of
the global items at baseline included items 6 (Separation concern), 7 (Worried
possessions), and 8 (Self-comfort). Correlations between all 15 of the PADQ items
and both the A-CGI-S and A-CareGI-S were at least moderate in magnitude at
Week 8, ranging from 0.34 to 0.86.



It was anticipated that the food-related PADQ items, item 13 (Food anxious) and 14
(Repeatedly ask meals), would produce moderate to strong correlations with the HQCT total score.

–

Correlations between to PADQ item 13 and HQ-CT total scores were strong at
baseline (0.54) and Week 8 (0.69). Similarly, moderate to strong correlations were
found between PADQ item 14 and HQ-CT total scores at baseline (0.48) and Week 8
(0.57).

Taken together, these results provide strong support for the convergent validity of the PADQ.
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Figure 3.

Boxplots of PADQ Total Scores at Baseline and Week 8 by A-CareGI-S
and A-CGI-S Known Groups

A-CareGI-S = Caregiver Global Impression of Anxiety Severity; A-CGI-S = Clinical Global Impression of Anxiety
Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS = Prader-Willi syndrome.
Notes: The + symbol denotes the mean and the horizontal line inside the box denotes the median.

3.7

Ability to Detect Change

The ability of the PADQ total score to detect change (responsiveness) was evaluated by
comparing mean score differences for groups identified by external criteria (e.g., responses
to global items) as having experienced changes in their anxiety behaviors. For these
comparisons, ANOVAs or paired t tests were computed using changes from baseline to Visit
8 in CARE-PWS. In addition to the mean comparisons, boxplots were developed to visually
present the change in PADQ scores by the external change variables and correlation values
between change on the PADQ scores and change scores for supportive measures were
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computed. The complete set of responsiveness results for the PADQ total and item scores
are shown in Table A-9 in Appendix A. Results across all the tests for the total scores are
summarized below.
Patterns of mean changes in the PADQ total scores were compared for groups based on
changes in the A-CareGI-S and A-CGI-S scores, as well as response categories of the ACareGI-C and A-CGI-C. The results of each analysis were consistently aligned with
hypotheses as detailed in the following results. (Note that improvement in the PADQ total
score is signaled by a decrease in score.)





It was anticipated that patients whose caregivers reported reductions in anxiety between
baseline and Week 8, based on global assessments of anxiety severity and change,
would show greater improvements in PADQ scores over the same interval compared with
patients whose caregivers reported no change or worsening on these same measures.
–

PADQ total scores demonstrated greater improvements among patients whose
caregivers reported improvements (reductions) in anxiety on the A-CareGI-S between
baseline and Week 8 (P < 0.0001). Mean changes (SDs) in the “Improved” and “No
change/worsening” groups were −11.75 (8.56) and −0.47 (5.05), respectively.

–

PADQ total scores demonstrated greater improvements among patients whose
caregivers reported improvements (reductions) in anxiety on the A-CareGI-C at
Week 8 (P < 0.0001). Mean changes (SDs) in the “Improved” and “No
change/worsening” groups were −13.27 (8.34) and −0.73 (4.87), respectively.

Similarly, it was anticipated that patients whose clinicians reported reductions in
anxiety between baseline and Week 8, based on global assessments of anxiety
severity and change, would show greater improvements in PADQ scores over the
same interval compared with patients whose clinicians reported no change or
worsening on these same measures.
–

PADQ total scores demonstrated greater improvements among patients whose
clinicians reported improvements (reductions) in anxiety on the A-CGI-S between
baseline and Week 8 (P < 0.0001). Mean changes (SDs) in the “Improved” and
“No change/worsening” groups were −11.40 (9.59) and −1.78 (5.83),
respectively.

–

PADQ total scores demonstrated greater improvements among patients whose
clinicians reported improvements (reductions) in anxiety on the A-CGI-C at
Week 8 (P < 0.0001). Mean changes (SDs) in the “Improved” and “No
change/worsening” groups were −13.59 (8.39) and −1.01 (5.11), respectively.

Not only did the pattern of changes support the hypothesized relationships, but these
differences were large in magnitude, as reflected in the corresponding effect size and
standardized response mean estimates (all greater than 1 in absolute value). Specifically,
the effect sizes ranged from −1.37 to −1.79, and the standardized response mean
estimates ranged from −1.28 to −1.94.
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In addition to the tabled results, boxplots are provided in Figure 4 to visually present the
changes in PADQ total scores by the changes in anxiety severity captured by each of the
global anxiety assessments. Details pertaining to the formation of subgroups based on each
of the global measures are provided in the Table 13 footnotes. The observed pattern in all
four cases is as expected; the distributions of the PADQ total change scores for the
“Improved” groups are predominately in the negative score region centered around −10 or
lower denoting improvement, whereas the “No change/worsening” group distributions are in
the low negative region overlapping 0, denoting no change/worsening. Additional item-level
responsiveness results for the PADQ can be found in Appendix A, Table A-9.

Figure 4.

Box Plots of Baseline to Week 8 PADQ Total Change Scores by
Support Measure Score Change Groups

A-CareGI-C = Caregiver Global Impression of Change in Anxiety; A-CareGI-S = Caregiver Global Impression of
Anxiety Severity; A-CGI-C = Clinical Global Impression of Change in Anxiety; A-CGI-S = Clinical Global Impression
of Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS = Prader-Willi syndrome.
Notes: The + symbol denotes the mean and the horizontal line inside the box denotes the median.
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Further support for each of the anchors is presented in Table 15. Specifically, descriptive
statistics for change in the PADQ total scores for each level of the primary and supportive
anchor measures are appropriately ordered. For example, the largest amount of worsening
aligns with the smallest reduction (or increase) in the PADQ total score. Note that although
categories with fewer than 5 patients are provided for descriptive purposes, the results are
not considered robust for evaluating the pattern of scores given the small sample size.
Because each met the minimum correlation criterion and achieved the expected pattern
descriptively, the primary anchor candidate outlined in the psychometric analysis plan
(change in the A-CareGI-S), as well as all of the supportive anchors (including responses to
the A-CareGI-C, change in the A-CGI-S, and responses to the A-CGI-C), were used to
compute threshold estimates. It should also be noted that data from participants whose
caregivers or clinicians rated them as "Extremely severe" on the A-CareGI-S or A-CGI-S,
respectively, at baseline or Week 8 were excluded from the analysis based on that measure.
These data were excluded to ensure that only patients who demonstrated meaningful
changes in their behavior, which may not include those who moved, for example, from
“very severe” to “severe” were included in the threshold estimation.
Table 15 provides the estimates computed using each of the anchor-based methods. For the
PADQ total score, the mean estimate based on a 1-point improvement in the primary
anchor, the A-CareGI-S, was approximately 10.4 points, and a very similar 10.6-point
estimate was provided by the A-CGI-S analysis. The two estimates based on retrospective
measures of change are higher but similar among themselves: 15.2 points for the
A-CareGI-C and 16 points for the A-CGI-C. Medians in all cases are within a point of the
mean, indicating there is not a great amount of skewness in play here.
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As an example, Figure 5 and Figure 6 provide the empirical CDF and PDF, respectively, for
the PADQ total score using the A-CareGI-S score as the anchor measure. Improvements in
PADQ total scores are depicted as negative changes (reduction of symptoms) in the plots;
deteriorations in PADQ total scores are depicted as positive changes. Curves indicating
improvement (brown, royal blue, and red) should fall to the left of the curves indicating no
change (teal blue) or worsening (tan and hot pink). For both plots, curves for stronger
anchor measures do not overlap except at the extreme values. The median
(50th percentile) value for the 1-point improvement (red) curve shown in Figure 5 visually
supports the range of 9 to 12 as meaningful within-patient improvement (responder
threshold) for change in PADQ total score. These results further support the proposed
11-point threshold for meaningful within-patient improvement as assessed by changes in
the PADQ total score.
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Figure 5.

Empirical CDF Plot of Change From Baseline to Visit 8 in PADQ Total Score by A-CareGI-S Change Scores

A-CareGI-S = Caregiver Global Impression of Anxiety Severity; BL = baseline; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS = Prader-Willi syndrome.
Note: Respondents who use the "Extremely severe" response at either baseline or Week 8 visit for the A-CareGI-S were excluded from the analysis based on that
measure. Similarly, respondents using the "Extremely severe" response at either baseline or Week 8 visit for the A-CGI-S were excluded from the meaningful
change analysis based on that measure. Appendix A, Tables A-16 through A-21 provide additional details for the distribution of change by the anchor levels.
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Although the sample size was adequate for the proposed anchor level (1-point
improvement; n = 37), there were several change groups that did not have large sample
sizes. To provide supportive information, an additional analysis was conducted by combining
adjacent categories with smaller sample sizes. Appendix A includes a table (Table A-18) and
Appendix B includes empirical CDF and PDF figures (Figures B-4b and B-5b) for the ACareGI-S with collapsed categories of change. Appendix A appendix also includes
uncollapsed and collapsed tables (Tables A-17 and A-19) for change groups based on the
A-CareGI-C and Appendix B includes accompanying empirical CDF and PDF figures (Figures
B-4d and B-5d) for the uncollapsed change categories. Finally, Appendix A and Appendix B
also contain tables for change groups based on the A-CGI-S and the A-CGI-C (Tables A-20
and A-21) along with empirical CDF and PDF figures produced with uncollapsed categories
(Figures B-4c, B-4e, B-5c and B-5e, respectively). Results from these tables and figures
provide further support for the proposed threshold.

Figure 6.

PDF Plot of Change From Baseline to Visit 8 in PADQ Total Score by
A-CareGI-S Change Scores

A-CareGI-S = Caregiver Global Impression of Anxiety Severity; BL = baseline; PADQ = PWS Anxiety and Distress
Behaviors Questionnaire; PDF = probability density function; PWS = Prader-Willi syndrome.
Notes: The kernel densities are estimated via normal weight functions with the standardized
bandwidth = 0.79 x IQR x n(−1/5). Solid vertical lines denote means of different curves (specified by legend) and
dashed vertical lines denote the corresponding 95% confidence limits.

38

Psychometric Evaluation of the PADQ

Respondents who use the "Extremely severe" response at either baseline or Week 8 visit for the A-CareGI-S were
excluded from the analysis based on that measure. Similarly, respondents using the "Extremely severe" response
at either baseline or Week 8 visit for the A-CGI-S were excluded from the meaningful change analysis based on
that measure. Appendix A, Tables A-16 through A-21 provide additional details for the distribution of change by the
anchor levels.

3.9

Summary and Recommendations for the PADQ Measure

The data from CARE-PWS provided an opportunity to confirm and extend the evidence
supporting the measurement properties of the PADQ. Within the context of this clinical trial,
a review of the descriptive statistics for the PADQ provided evidence for adequate item
performance with no limiting distributional anomalies or response biases at baseline or at
Week 8. Furthermore, as expected, the total and item scores indicated some improvement
across the 8-week period. A review of the structure of the PADQ, focused on inter-item and
item-total correlations and internal consistency, provided support for the total score.
The PADQ total score consistently demonstrated acceptable reliability and validity in CAREPWS. All internal consistency and test-retest reliability estimates exceeded recommended
thresholds, confirming the reliability of the PADQ in this clinical trial sample. For construct
validity, the patterns of correlations between the PADQ total score and other measures were
as hypothesized, and the strongest correlations were observed with the global measures of
anxiety. Mean PADQ total scores also differed as anticipated and significantly across known
groups based on global ratings of anxiety severity provided by both caregivers and
clinicians, thus providing evidence for the scores discriminating between meaningful groups.
Together, these results confirm the construct validity of the PADQ in this population and the
previous results based on the evaluation using the registry data.
Furthermore, results of this psychometric evaluation provide evidence supporting the ability
of the PADQ total score to detect change. The ANOVA and responsiveness correlation results
between the PADQ total change scores and the changes in supporting measures met
expectations for all comparisons with strong correlations and large effect sizes.
Finally, results from anchor- and distribution-based methods provide evidence that a
reduction of 11 points in PADQ total scores is indicative of meaningful within-person
improvement. As such, this threshold can be applied in responder analyses to further
support the ability of LV-101 to improve behaviors associated with anxiety and distress in
patients with PWS.
In summary, this study has confirmed that the PADQ measures anxiety- and distressrelated behaviors among patients with PWS in a valid and reliable way. The results of this
psychometric evaluation also demonstrated that the PADQ total score is responsiveness to
change and provided a threshold for meaningful within-patient improvement in this score.
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Appendix A. Results Tables

A-1

Levo Psychometric Evaluation of the PADQ
Using Data from a Phase 3 Clinical Trial
Page 3 of 3
Table A-7a. Construct Validity Correlation With CY-BOCS and Global Measures
at Baseline (n = 128 to 130) and Week 8 (n = 127)

* P < 0.01.
A-CareGI-S = Caregiver Global Impression of Anxiety Severity; A-CGI-S = Clinical Global Impression of
Anxiety Severity; CGI-S = Clinical Global Impression of Severity; CY-BOCS = Children’s Yale-Brown
Obsessive Compulsive Scale; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.

A-16

- for change in A-CGI-S (the scale of -4 to 4), ≤ -1 (Improved) versus > -1 (No Change/Worsening)
- for A-CareGI-C (7-point scale), ≤ "3: A little less anxious" (Improved) versus > "3: A little less anxious" (No Change/Worsening)
- for A-CGI-C (7-point scale), ≤ "3: A little less anxious" (Improved) versus > "3: A little less anxious" (No Change/Worsening)

A-28
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Appendix B. Results Figures

B-1

Figure B-1. Horizontal Percent Plot for PWS Anxiety and Distress Behaviors Questionnaire Items at
Baseline and Week 8

B-2

Figure B-2a. Scatter Plot Matrix of the PWS Anxiety and Distress Behaviors Questionnaire Items Between
Screening and Baseline

PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS = Prader-Willi syndrome.
Note: The solid green lines are regression lines. The solid black lines are 45-degree line.

B-3

Figure B-2b. Scatter Plot of the PWS Anxiety and Distress Behaviors Questionnaire Total Score Between
Screening and Baseline

PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS = Prader-Willi syndrome.
Note: The solid green line is a regression lines. The solid black lines are 45-degree line.

B-4

Figure B-3.
Boxplots of PWS Anxiety and Distress Behaviors Questionnaire Total Score at
Baseline and Week 8, by Known-Group Classifications

A-CareGI-S = Caregiver Global Impression of Anxiety Severity; A-CGI-S = Clinical Global Impression of
Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS = Prader-Willi
syndrome.
Notes: The + symbol denotes the mean and the horizontal line inside the box denotes the median.

B-5

Figure B-4a. Empirical Cumulative Distribution Function Plot of Change in PADQ Total Score (Baseline to Week 8), by Change in A-CareGI-S

BL = baseline; A-CareGI-S = Caregiver Global Impression of Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.

B-6

Figure B-4b. Empirical Cumulative Distribution Function Plot of Change in PADQ Total Score (Baseline to Week 8), by Change in A-CareGI-S
(Collapsed Categories)

BL = baseline; A-CareGI-S = Caregiver Global Impression of Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.

B-7

Figure B-4c. Empirical Cumulative Distribution Function Plot of Change in PADQ Total Score (Baseline to Week 8), by Change in A-CGI-S

BL = baseline; A-CGI-S = Clinical Global Impression of Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.

B-8

Figure B-4d. Empirical Cumulative Distribution Function Plot of Change in PADQ Total Score (Baseline to Week 8), by A-CareGI-C

BL = baseline; A-CareGI-C = Caregiver Global Impression of Change in Anxiety; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.

B-9

Figure B-4e. Empirical Cumulative Distribution Function Plot of Change in PADQ Total Score (Baseline to Week 8), by A-CGI-C

BL = baseline; A-CGI-C = Clinical Global Impression of Change in Anxiety; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.

B-10

Figure B-5a.

Probability Density Function of Change in PADQ Total Score (Baseline to Week 8), by Change in A-CareGI-S

BL = baseline; A-CareGI-S = Caregiver Global Impression of Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.
Note: The kernel densities are estimated via normal weight functions with the standardized bandwidth = 0.79*IQR*n-1/5. Solid vertical lines denote
means of different curves (specified by legend) and dashed vertical lines denote the corresponding 95% confidence limits.

B-11

Figure B-5b.
Categories)

Probability Density Function of Change in PADQ Total Score (Baseline to Week 8), by Change in A-CareGI-S (Collapsed

BL = baseline; A-CareGI-S = Caregiver Global Impression of Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.
Note: The kernel densities are estimated via normal weight functions with the standardized bandwidth = 0.79*IQR*n-1/5. Solid vertical lines denote
means of different curves (specified by legend) and dashed vertical lines denote the corresponding 95% confidence limits.

B-12

Figure B-5c.

Probability Density Function of Change in PADQ Total Score (Baseline to Week 8), by Change in A-CGI-S

BL = baseline; A-CGI-S = Clinical Global Impression of Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.
Note: The kernel densities are estimated via normal weight functions with the standardized bandwidth = 0.79*IQR*n-1/5. Solid vertical lines denote
means of different curves (specified by legend) and dashed vertical lines denote the corresponding 95% confidence limits.

B-13

Figure B-5d.

Probability Density Function of Change in PADQ Total Score (Baseline to Week 8), by A-CareGI-C

BL = baseline; A-CareGI-C = Caregiver Global Impression of Change in Anxiety; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.
Note: The kernel densities are estimated via normal weight functions with the standardized bandwidth = 0.79*IQR*n-1/5. Solid vertical lines denote
means of different curves (specified by legend) and dashed vertical lines denote the corresponding 95% confidence limits.

B-14

Figure B-5e.

Probability Density Function of Change in PADQ Total Score (Baseline to Week 8), by A-CGI-C

BL = baseline; A-CGI-C = Clinical Global Impression of Change in Anxiety; PADQ = PWS Anxiety and Distress Behaviors Questionnaire; PWS =
Prader-Willi syndrome.
Note: The kernel densities are estimated via normal weight functions with the standardized bandwidth = 0.79*IQR*n-1/5. Solid vertical lines denote
means of different curves (specified by legend) and dashed vertical lines denote the corresponding 95% confidence limits.

B-15

Figure B-6.
Boxplots of Change in PWS Anxiety and Distress Behaviors Questionnaire Total
Score from Baseline to Week 8, by External Change Categories

A-CareGI-C = Caregiver Global Impression of Change in Anxiety; A-CareGI-S = Caregiver Global
Impression of Anxiety Severity; A-CGI-C = Clinical Global Impression of Change in Anxiety; A-CGI-S =
Clinical Global Impression of Anxiety Severity; PADQ = PWS Anxiety and Distress Behaviors
Questionnaire; PWS = Prader-Willi syndrome.
Notes: The + symbol denotes the mean and the horizontal line inside the box denotes the median.

B-16

