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ABSTRACT: Background: The synthetic tetrahydrocannabinol analogue nabilone improved overall non-motor
symptom (NMS) burden in Parkinson’s disease (PD) patients in comparison to placebo.

Objectives: To characterize the effects of nabilone on different sleep outcomes in PD patients.

Methods: We performed a post-hoc analysis of the controlled, double-blind, enriched enrollment randomized
withdrawal NMS-Nab study to assess the effects of nabilone on sleep outcomes in study participants who
reported clinically-relevant sleep problems (MDS-UPDRS-1.7 > 2 points).

Results: After open-label nabilone administration, 77.4% reported no relevant sleep problem. In the withdrawal
phase of the trial, the MDS-UPDRS-1.7. and the NMS-Scale Domain 2 (i.e., Sleep/Fatigue) significantly worsened
only in PD patients in the placebo group, which was mostly driven by a significant worsening of insomnia
(question 5 of the NMS-Scale Domain 2).

Conclusions: This post-hoc analysis of the NMS-Nab trial suggests that nabilone has beneficial effects on sleep
outcomes in PD patients experiencing sleep problems at baseline.

The original trial was registered with ClinicalTrials.gov (NCT03769896, https://clinicaltrials.gov/ct2/show/
NCT03769896) and EudraCT (2017-000192-86).

Sleep problems are among the most common non-motor symp-
toms (NMS) in Parkinson’s disease (PD) and adversely affect the
patient’s quality of life and daily functioning.'” We have recently
studied the efficacy and safety of the synthetic Delta-
9-tetrahydrocannabinol (THC) analogue nabilone in PD patients
with troublesome NMS in a placebo-controlled, double-blind
(DB), parallel-group, enriched-enrollment-randomized-
withdrawal (EERW) trial (NMS-Nab trial).> We found that
patients who switched to placebo experienced significant wors-
ening of NMS compared to those remaining on nabilone. Posi-
tive treatment effects of nabilone were also reflected in the
patient’s  Clinical-Global-Impression of Improvement Scale,

mainly driven by reduced anxiety and sleep problems.”

Based on these results, this post-hoc analysis was performed to
explore the effects of nabilone on clinically-relevant sleep prob-

lems*® in PD (termed as “symptomatic”) Fig. 1.

Methods

The study was approved by the local ethics committee and the
Austrian  national  regulatory (Clinical Trials.gov
NCT03769896, registration date: December 10, 2018) and
EudraCT (2017-000192-86, registration start date: September
15, 2017). All individuals gave written informed consent before par-

authorities

ticipation. All procedures were performed in accordance with the
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FIG. 1. Schedule of trial activities. All patients received nabilone during phase 1 of the trial. Abbreviations: BL, Baseline;

R Randomization; T, Termination Visit; SFU, Safety Follow-Up.

Helsinki declaration. The study design and results were reported

3.6
elsewhere.”™

Shortly, PD patients with stable motor disease suffering
from disturbing NMS defined as a total score of >4 points on the
MDS-UPDRS-1 and a score of 22 points on either MDS-UPDRS-
1.4 (anxious mood) or 1.9 (pain) were included. Presence of sleep

problems was not an inclusion criterion for the NMS-Nab trial.

Post-hoc Analysis
This post-hoc analysis included 31 of the 38 randomized PD

patients who were symptomatic with clinically-relevant sleep
problems at baseline, defined as a score of >2 points in item 1.7
of the MDS-UPDRS. The MDS-UPDRS-1.7

questionnaire-based patient information and a score of 2 corre-

captures

sponds to “mild” sleep problems which usually cause some diffi-
culties getting a full night of sleep, considered therefore
clinically-relevant in recent studies.*®

The sleep-related outcome measures used for this post-hoc
analyses included MDS-UPDRS items 1.7 (sleep problems, 0—4
points) and 1.8 (daytime sleepiness, 0—4 points), the NMSS
Domain 2 (NMSS-D2, Sleep/Fatigue, 0—48 points), the single
questions (Q) of the NMSS-D2 (each 0-12 points), and the
Epworth Sleepiness Scale (ESS, 0-24 points). Higher score values
indicate worse outcome in all scores. Baseline refers to study
inclusion (i.e., screening), randomization to the start of the DB

phase, and termination visit to the end of it.

Statistical Analyses

A descriptive analysis of demographic and clinical data at baseline
was performed in all patients randomized for the DB EERW
part of the NMS-Nab trial.® We used the Wilcoxon matched-
pairs test for within-group comparison during the open-label
(OL) phase and during the DB phase, the Wilcoxon matched-
pairs test for within-group comparison (correction for multiple
comparisons with a factor of two) and a Mann—Whitney U test
for between-group comparisons. Statistical significance was set at
a two-sided 5% a-level. Effect sizes for the different endpoints
were calculated according to Cohen’s D with Hedges’ g
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correction and Common Language Effect Size (CLES). Cohen’s
D of 0.2-0.5, 0.5-0.8, and >0.8 was considered a “small,”

)

“medium,” and “large” effect size.” In between-group compari-
sons, CLES represents the probability that a randomly sampled
patient from one group will have a higher score than a random
patient from the other group.® As a probability-based metric,
CLES ranges from 0 to 1. We have interpreted CLES values of
0.56-0.64, 0.64-0.71, and >0.71 as “small,” “medium,” and
“large” effects.” SPSS 25.0 for windows (SPSS Inc., IBM Corpo-
ration and other(s) 1989, 2017, Chicago, IL, USA) was used to

analyze data. Effect sizes were calculated as described elsewhere.”

Results

A total of 14/31 patients were randomized to placebo and
17 to nabilone in the DB phase. For clinical characteristics see
Table 1.

Both the MDS-UPDRS-1.7 and the NMSS-D2 improved
significantly during OL treatment with nabilone (P < 0.001,
Table 2). OL administration of nabilone resulted in an ameliora-
tion of at least one point in 30 patients (96.8%) and of at least
two points in 22 patients (71.0%) in the MDS-UPDRS-1.7.
Consequently, 24 patients (77.4%) reported no relevant sleep
problem (i.e., a score of O or 1 on the MDS-UPDRS-1.7) and
13 patients (41.9%) no sleep problems at all (i.e., a score of 0) at
randomization. Scores of the NMSS-D2 questions for difficulty
falling or staying asleep (Q5, P < 0.001) and restless legs (Q6,
P = 0.043) also decreased with OL nabilone (Table 2).

During DB drug withdrawal, MDS-UPDRS-1.7 and NMSS-
D2 scores deteriorated less in the nabilone group compared to pla-
cebo resulting in significant between-group differences (P < 0.001
and P = 0.011; effect sizes: 1.65 and 1.00 (Cohen’s D)). Impor-
tantly, only patients switched to placebo deteriorated significantly
in MDS-UPDRS-1.7 and NMSS-D2 during DB withdrawal
(P = 0.004), while scores of patients on nabilone remained stable
(P = 1.000 and P = 0.800, Table 2). During the DB phase, five
patients (29.4%) on nabilone compared to 12 patients (85.7%) on
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TABLE 1  Characteristics of the study population at baseline

PD patients with clinically-relevant sleep problems

Full data set (n = 38) (MDS-UPDRS-1.7 > 2, n = 31)

Placebo Group
(n = 14)

Nabilone Group

Baseline Baseline n=17) P-value*

64.66 + 7.92, 66.17
14 (36.8%)
7.61 + 5.24, 6.00

64.34 + 8.14,65.92  63.51 + 8.17, 64.54 65.02 & 8.30, 66.83 0.617
12 (38.7%) 3 (21.4%) 9 (52.9%) 0.073
750 +£5.17,6.00 687 454,550  801+£572,725 0550

0.90 £ 0.42,1.00  0.86 + 0.44,0.75  0.94 +0.42,1.00 0.589
(0.25-1.75) (0.25-1.50) (0.25-1.75)

13.84 £5.03,13.00 13.79 £5.81, 12.00 13.88 &£ 4.49, 15.00 0.959
2.87 £ 0.85, 3.00 2.79 £ 0.80, 3.00 2.94 +£0.90, 3.00  0.619
1.16 £ 0.90, 1.00 094 £0.97,1.00 0.135

1532 +£7.72,14.00 1543 £7.87,15.00 15.24 £ 7.83, 14.00 0.946

Age (in years)
Females
Disease duration

0.86 =+ 0.40, 0.75
(0.25-1.75)

Daily nabilone dose (mg)a

MDS-UPDRS-1 12.90 £+ 5.14, 12.00

MDS-UPDRS-1.7 2.50 £ 1.11, 2.00

MDS-UPDRS-1.8 1.08 £ 0.88, 1.00 1.43 £0.76, 1.00

NMSS Domain 2 13.29 £ 8.29, 11.50

ESS 8.00 =+ 3.95, 8.00 8.23 £ 4.09,8.00  7.86+4.04,7.50 853 +4.23, 800 0.656
0-5 points 9 (23.7%) 7 (22.6%) 3 (21.4%) 4 (23.5%) 0.922
6-10 points 21 (55.3%) 17 (54.8%) 8 (57.1%) 9 (52.9%)

11-12 points 3 (7.9%) 2 (6.5%) 1 (7.1%) 1 (5.9%)
13-15 points 4 (10.5%) 4 (12.9%) 2 (14.3%) 2 (11.8%)
16-24 points 1 (2.6%) 1 (3.2%) 0 1 (5.9%)

Data are presented as mean = standard deviation, median for continuous variables and number (percent) for categorical variables. Abbreviations: MDS-UPDRS, Move-
ment Disorder Society — Unified Parkinson’s Disease Rating Scale; NMSS, Non-Motor Symptoms Scale; ESS, Epworth Sleepiness Scale; MDS-UPDRS-1.7: Nighttime
sleep problems, 1.8: Daytime sleepiness; NMSS Domain 2: Sleep/Fatigue.

“Daily nabilone dose at the randomization visit in milligrams, mean = standard deviation; median (minimum — maximum).

*P-value represents the difference between the 31 patients of the placebo and nabilone groups. T-test for continuous variables (all normally distributed), Qui-square test
for categorical variables. Significance level was set at p < 0.05.

MDS-UPDRS-1.7 question: Sleep problems:

Over the past week, have you had trouble going to sleep at night or staying asleep through the night? Consider how rested you felt after waking up in the morning.

0: Normal: No problems. 1: Slight: Sleep problems are present but usually do not cause trouble getting a full night of sleep. 2: Mild: Sleep problems usually cause some
difficulties getting a full night of sleep. 3: Moderate: Sleep problems cause a lot of difficulties getting a full night of sleep, but I still usually sleep for more than half the
night. 4: Severe: I usually do not sleep for most of the night.

MDS-UPDRS-1.8 question: Daytime sleepiness:

Over the past week, have you had trouble staying awake during the daytime?.

0: Normal: No daytime sleepiness. 1: Slight: Daytime sleepiness occurs, but I can resist and I stay awake. 2: Mild: Sometimes I fall asleep when alone and relaxing. For
example, while reading or watching TV. 3: Moderate: I sometimes fall asleep when I should not. For example, while eating or talking with other people.

4: Severe: I often fall asleep when I should not. For example, while eating or talking with other people.

ESS: How likely are you to doze off or fall asleep in the following situations, in contrast to feeling just tired? 0 = would never doze 1 = slight chance of dozing
2 = moderate chance of dozing 3 = high chance of dozing. Situations: Sitting and reading, Watching TV, Sitting, inactive in a public place (e.g. a theater or a meeting),
As a passenger in a car for an hour without a break, Lying down to rest in the afternoon when circumstances permit, Sitting and talking to someone, Sitting quietly after a

lunch without alcohol, In a car, while stopped for a few minutes in the traffic.

placebo worsened by at least one point in the MDS-UPDRS-1.7
(P = 0.002), and one patient (5.9%) on nabilone compared to
11 patients (78.6%) on placebo by at least two points (P < 0.001,
Table 2). Noteworthy, of the 24 patients with no relevant sleep
problem (i.e., MDS-UPDRS-1.7 < 1) at randomization, only two
patients in the nabilone group (16.7%) compared to 11 patients in
the placebo group (91.7%, P < 0.001) deteriorated during the DB
withdrawal and suffered from clinically-relevant sleep problems with
a score of 22 points on MDS-UPDRS-1.7 at the termination visit
(Table 2). The eftects of nabilone on the NMSS-D2 were mainly
reflected by improvements of Q5 of the NMSS (i.e., difficulty falling
or staying asleep), while neither Q3 (i.e., daytime sleepiness), Q4
(i.e., fatigue), nor Q6 (i.c., restless legs) deteriorated without nabilone.
This is supported by results of the analyses of MDS-UPDRS-1.8 and

the ESS (no significant within- or between-group differences,
Table 2). A multivariate regression analysis (including group, differ-
ence in Hoehn and Yahr stage, difference of MDS-UPDRS-1.4,
and difference of MDS-UPDRS-3) revealed group distribution to be
the only significantly and independently associated factor with both
the difference of the MDS-UPDRS-1.7 and NMSS-D2 between

randomization and termination.

Discussion

Sleep problems in PD are multifactorial including primary dys-
function in the regulation of the sleep—wake cycle related to
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neurodegeneration, as well as secondary effects of parkinsonian
motor and NMS on sleep onset and maintenance, effects of PD
medications on sleep and wakefulness, and comorbid conditions
such as restless legs syndrome/ periodic limb movements of sleep

2,10,11 . : . o
The diagnosis of insomnia is

or sleep-disordered breathing.
based on patients’ reporting which often comprises difficulties
falling asleep or maintaining sleep, early morning awakening,
non-restorative sleep and consequently impairment of daily
activities.” Thus, treatment of PD-related sleep problems is usu-
ally complex including improvement of nocturnal motor symp-
toms, reduction of daytime sleepiness, targeting other common
NMS such as nocturia, depression, sleep hygiene, as well as the
addition of sleep promoting drugs.

The potential therapeutic effect of cannabinoids on NMS in
PD is a prominent topic raised by patients'® and has recently
gained increasing interest in the scientific community, although
the mechanism of action are still not fully understood and studies
on the use of cannabinoids for sleep problems in PD patients are
scarce.'>!*

Preclinical and clinical studies on the efficacy of cannabinoids
on sleep yield conflicting results and effects vary according to
dose and duration. However, there is evidence for a decrease in
sleep latency with the short-term use of THC in patients with
insomnia. Moreover, an improvement of total sleep time, qual-
ity, and nightmares in patients with posttraumatic stress disorder
using nabilone was observed.'>!'® Pogsible mechanisms are mod-
ulation of the monoaminergic, GABA-ergic, glutamatergic, and
opioid signaling via the ascending reticular activating sys-
tom, 151721

There are several limitations to consider. The post-hoc selec-
tion using MDS-UPDRS-1.7 may have biased the results. More-
over, the assessment of OL responders in an EERW trial may
reduce generalizability or lead to an overestimation of the study
drug’s efficacy. Still, most of our PD patients were OL
responders in the main trial and treatment of responders only
reflects clinical practice in line with personalized medicine. An
inherent limitation of subgroup analyses is often a small sample
size. In our study, however, most patients of the original trial
population® were considered for the subgroup analysis (31/38
patients (i.e., 81.6%) randomized in the main trial). As post-hoc
evaluations are exploratory in nature, a power calculation was
not performed. The results of post-hoc analysis are observatory
and as such cannot conclusively determine the (statistical) effects
of nabilone on sleep problems in the overall PD population.
Also, our study lacks video-PSG outcome measures to assess
sleep objectively. The outcome measures used are patient-
reported and therefore represent a patient-centered approach.
Nevertheless, it is not possible to disentangle whether sleep prob-
lems result from pure insomnia, nightly motor discomfort, or
other NMS such as pain, nocturia, or neuropsychiatric distur-
bances. However, as assessed with multiple regression analysis,
the effect of nabilone seems independent of anxiety (MDS-
UPDSR-1.4), motor symptoms (MDS-UPDRS-3), and disease
stage (Hoehn and Yahr). Our trial did not include further scales
or questionnaires for the assessment of sleep problems, because

we did not expect this effect of nabilone on sleep a-priori when
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planning the NMS-Nab trial. The outcome measures used in this
post-hoc analysis are known to have moderate to strong correla-
tions with other rating scales commonly used to detect sleep
problems in PD, such as the Pittsburgh Sleep Quality Index
(PSQI) or Parkinson’s Disease Sleep Scale (PDSS).***

Finally, the negative expectation of participants to receive pla-
cebo during the withdrawal phase may lead to an underestima-
tion of the effects of tested drug (i.e., “lessebo effect”®*). This
may be the reason for the non-significant deterioration of various
outcome variables (e.g., single NMS of the MDS-UPDRS-1) in
the nabilone group in phase 2, as shown in the main analysis of
this trial® and this post-hoc analysis (Table 2).

With the study’s EERW design, long-term exposure to the
study drug can be limited by early discontinuation in case of
deterioration thus reducing harm through a possibly ineffective
treatment. Moreover, total exposure to placebo is reduced com-
pared to standard randomized controlled trials, individualized
dosing regimens can be implemented so that the assessment of
dose—response relations is possible, and lastly reduction of sample
size without jeopardizing data quality must be named as an
advantage of the EERW trial design. All these provide an
enhanced benefit—risk relationship for participants.®>>~°

Despite the limitations, we found positive effect of nabilone
on clinically-relevant sleep problems in PD.
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