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Non-Motor Symptoms in Parkinson’s
Disease are Reduced by Nabilone
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Group Innsbruck†

Objective: The objective of this study was to assess the efficacy and safety of nabilone a synthetic tetrahydrocannabi-
nol analogue, as a treatment for non-motor symptoms (NMS) in Parkinson’s disease (PD).
Methods: This was a phase II placebo-controlled, double-blind, parallel-group, enriched enrollment randomized with-
drawal trial conducted at the Medical University Innsbruck. A random sample of 47 patients with PD with stable motor
disease and disturbing NMS defined by a score of ≥4 points on the Movement Disorder Society - Unified PD Rating
Scale-I (MDS-UPDRS-I) underwent open-label nabilone titration (0.25 mg once daily to 1 mg twice daily, phase I).
Responders were randomized 1:1 to continue with nabilone or switch to placebo for 4 weeks (phase II). The primary
efficacy criterion was the change of the MDS-UPDRS-I between randomization and week 4. Safety was analyzed in all
patients who received at least one nabilone dose.
Results: Between October 2017 and July 2019, 19 patients received either nabilone (median dose = 0.75 mg) or pla-
cebo. At week 4, mean change of the MDS-UPDRS-I was 2.63 (95% confidence interval [CI] 1.53 to 3.74, p = 0.002, effect
size = 1.15) in the placebo versus 1.00 (95% CI −0.16 to 2.16, p = 0.280, effect size = 0.42) in the nabilone-group (differ-
ence: 1.63, 95% CI 0.09 to 3.18, p = 0.030, effect size = 0.66). Seventy-seven percent of patients had adverse events
(AEs) during open-label titration, most of them were transient. In the double-blind phase, similar proportions of patients
in each group had AEs (42% in the placebo group and 32% in the nabilone group). There were no serious AEs.
Interpretation: Our results highlight the potential efficacy of nabilone for patients with PD with disturbing NMS, which
appears to be driven by positive effects on anxious mood and night-time sleep problems.
Trial registry: ClinicalTrials.gov (NCT03769896) and EudraCT (2017-000192-86).
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Non-motor symptoms (NMS) in Parkinson’s disease
(PD)1 include autonomic nervous system dysfunction

(orthostatic hypotension and obstipation), olfactory loss,
disorders of mood and cognition, as well as sleep problems,
such as insomnia, daytime sleepiness, or rapid-eye-
movement (REM) sleep behavior disorder. Many of these
may antedate the typical motor symptoms of PD by years or
even decades,1,2 but the burden of NMS generally increases
during the disease course. NMS are a major determinant of
quality of life, progressive disability, and dependence in
patients with PD1 but there is a paucity of controlled clini-
cal trial data concerning their treatment.3 Available treat-
ment options are limited and outcomes often unsatisfactory.
The potential therapeutic effect of cannabinoids on motor
and NMS in PD is a prominent topic and commonly raised
by patients in the consulting room,4 but there is limited evi-
dence supporting their use in PD because available trials
were either small-sized5–7 or uncontrolled.7–13 The endo-
cannabinoid system (ECS) plays a significant role in many
physiological body functions,7,14 although the exact details
of the neural circuitry through which it modulates these
functions remain uncertain. In this study, we aimed to
investigate the effect of nabilone for the treatment of NMS
in PD in a controlled fashion. Nabilone is a synthetic ana-
logue of tetrahydrocannabinol, the psychoactive component
of cannabis, with similar pharmacological properties. It acts
as a partial agonist on both cannabinoid 1 and cannabinoid
2 receptors in humans, thus mimicking the effects of tetra-
hydrocannabinol with the advantage of more predictable
side effects and less euphoria.15,16 Given the data and possi-
ble modes of action of the ECS, we hypothesized that
nabilone may improve NMS in patients with PD and have
a favorable safety profile.

The outcome of this trial may contribute to a better
understanding of the value of cannabinoids for treating
NMS in patients with PD.

Methods
This single-center, phase II, placebo-controlled, double-
blind, parallel-group study used an enriched enrollment
randomized withdrawal (EERW) design to assess the effi-
cacy and safety of nabilone for NMS in patients with
PD. The PD diagnosis was based on standard criteria and
NMS severity was assessed by the non-motor section (part
I) of the Movement Disorders Society - Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS). For eli-
gibility, male and female patients with PD had to be older
than 30 years of age and have a score of ≥ 4 points on the
MDS-UPDRS-I with ≥ 2 points in the item for anxiety
(1.4) or pain (1.9). Stable motor disease with steady medi-
cation for > 30 days prior to screening was required. All

participants had to abstain from recreational use of canna-
binoids. Exclusion criteria included evidence of secondary
or atypical parkinsonism, a Hoehn and Yahr stage > 3,
disturbing motor fluctuations or dyskinesia (ie, a score ≥ 2
on one of the items of the MDS-UPDRS part IV), neuro-
surgical intervention for PD, and evidence of disturbing
impulse control disorders as defined by cut-off values of
the Questionnaire for Impulsive-Compulsive Disorders in
PD-Rating Scale (QUIP-RS, Gambling: 3, Sex: 5, Buying:
5, Eating: 4, Punding: 3, Hobbyism: 4, and PD Medica-
tion Use: 3 points17). Patients with PD with symptomatic
orthostatic hypotension, sinus tachycardia, and major psy-
chiatric disorders were not allowed to participate in this
study as they are more vulnerable to possible hazardous
adverse reactions that may occur during nabilone intake.
Patients with at least moderately impaired liver function
and/or chronic alcohol or drug abuse were excluded (see
related publication for full list of inclusion and exclusion
criteria18). The study was approved by the local ethics
committee and the Austrian national regulatory authori-
ties. All individuals gave written informed consent before
participation. No participant received a stipend. All proce-
dures were performed in accordance with the 1964 Decla-
ration of Helsinki and its later amendments. Details of the
study design have been previously published.18

Procedures, Randomization, and Masking
Phase I of the trial was open-label and nabilone was given
orally daily starting with a dose of 0.25 milligrams (mg,
1 capsule) in the evening after the baseline visit and con-
cluded with a twice daily dosing. Nabilone was titrated in
0.25 mg-increments every 1-to 4-days after consultation
with the study team during regular telephone calls. Dose
adjustments were performed until patients met the
responder criterion defined as a patient-based rating of their
NMS as “much improved” or “very much improved” on
the 7-point Clinical Global Impression of Improvement
Scale (CGI-I). Patients failing to meet this criterion at the
maximum daily dose of 2 mg or patients with intolerable
side effects related to the study drug were discontinued.

In phase II of the study, responders were randomly
assigned (1:1) to either their optimal nabilone dose as
established during phase I or placebo (corn starch) of
matching color and shape and supplied in identical pack-
aging. Randomization was performed with a computer-
generated schedule provided by the Department of Medi-
cal Statistics of the Medical University of Innsbruck.
Respective medication boxes with either nabilone or pla-
cebo were labeled consecutively (1–48) according to the
randomization list to ensure concealment. Neither a mem-
ber of the study team nor the participants were informed
about treatment assignment.18 The 4-week, double-blind,
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withdrawal phase ended with a termination visit from
which the amount of the drug was tapered. A safety
follow-up visit was performed after 2 weeks of discontinu-
ation from the study drug (Fig 1). Assessments included

the MDS-UPDRS, NMS-Scale (NMSS), Hospital Anxiety
and Depression Scale (HADS), PD-Questionnaire-39
(PDQ-39), Montreal Cognitive Assessment (MoCA),
Epworth Sleepiness Scale (ESS), Fatigue Severity Scale

FIGURE 1: Schedule of trial activities. All patients received nabilone during phase I of the trial. The mean durations of phase I
(including the open-label titration phase and open-label phase with stable nabilone dosage) and phase II (ie, double-blind
withdrawal phase) were 39.90 days ± 12.10 (median 37.00 days) and 28.37 days ± 3.23 (median 28.00 days), respectively. OL,
open-label; SFU, safety follow-up.

TABLE 1. Demographics and Results at Baseline

Total (n = 47) Placebo group (n = 19) Nabilone group (n = 19)

Age, yr 65.05 � 8.12 (66.83) 63.95 � 8.04 (65.92) 65.38 � 7.94 (66.83)

Women 19 (40%) 5 (26%) 9 (47%)

Disease duration, yr 7.86 � 5.17 (7.00) 7.39 � 5.14 (5.75) 7.83 � 5.47 (7.25)

Daily nabilone dose, mga at randomization 0.86 � 0.40 (0.75) 0.80 � 0.41 (0.75) 0.91 � 0.40 (1.00)

Charlson Comorbidity Index 0.43 � 0.77 (0.00) 0.47 � 0.84 (0.00) 0.32 � 0.75 (0.00)

Education, yr 12.85 � 2.71 (12.00) 13.08 � 3.19 (12.00) 12.87 � 2.78 (12.00)

H&Y scale 1.89 � 0.43 (2.00)
(95% CI 1.77; 2.02)

1.95 � 0.41 (2.00)
(95% CI 1.75; 2.14)

1.84 � 0.50 (2.00)
(95% CI 1.60; 2.08)

MDS-UPDRS-I 12.36 � 4.92 (12.00) 12.26 � 5.85 (12.00) 13.53 � 4.39 (15.0)

MDS-UPDRS-II 9.83 � 5.12 (9.00) 10.47 � 4.50 (10.00) 10.37 � 6.24 (9.00)

MDS-UPDRS-III 26.70 � 11.22 (26.0) 27.90 � 9.98 (27.00) 26.00 � 13.25 (25.00)

MDS-UPDRS-IV 1.68 � 2.13 (0.00) 1.42 � 1.92 (0.00) 2.16 � 2.34 (2.00)

MDS-UPDRS Total Score 51.81 � 18.88 (50.00) 52.05 � 14.75 (53.00) 52.05 � 22.97 (49.00)

MDS-UPDRS Motor Score 36.53 � 14.79 (37.00) 38.37 � 11.93 (39.00) 36.37 � 18.64 (37.00)

MoCA 27.94 � 1.81 (28.0) 27.95 � 1.47 (28.00) 28.11 � 1.27 (28.00)

PDQ-39 SI 22.97 � 15.41 (20.94) 25.18 � 16.38 (21.25) 21.11 � 11.69 (21.04)

Data are given for all patients who have ever taken nabilone in this trial (full dataset). Data are presented as mean � standard deviation (median) for
continuous variables and number (percent) for categorical variables. For the H&Y scale, the 95% CI is also given. Higher Score values indicate worse
outcome in all scales and questionnaires but in the MoCA.
aData on nabilone dose refers to the 38 randomized patients.
CI = confidence interval; H&Y = Hoehn and Yahr; MDS-UPDRS = Movement Disorders Society - Unified Parkinson’s Disease Rating Scale; MoCA
= Montreal Cognitive Assessment; PDQ-39 = Parkinson’s Disease Questionnaire-39; SI = Summary Index.
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(FSS), visual analogue scale (VAS) of pain, King’s PD Pain
Scale (KPPS), QUIP-RS, and CGI-I.

Safety parameters were monitored throughout the
study via telephone calls and at on-site visits. Blood pres-
sure was measured with the patient in supine position
(after having been in this position for 10 minutes) and
after 3 minutes in standing position after postural change.
Blinded assessment of safety was performed during trial
conduction via the safety data monitoring board (H.G.K.,
K.S., and M.P.).

Outcomes
The primary end point of the study was the change of the
MDS-UPDRS-I score from randomization to the

termination visit 4 weeks thereafter (0–52 points with
higher scores indicating greater symptom severity). Second-
ary efficacy outcomes were changes from randomization to
the termination visit in all other clinical scales and question-
naires. CGI-I ratings were evaluated at week 4. As explor-
atory analyses, we also assessed treatment effects on the
single items of the MDS-UPDRS-I and the NMSS
domains, as well as changes of scales and questionnaires in
the open-label trial phase. Safety and tolerability were evalu-
ated with reference to the number of subjects (%) who dis-
continued the study due to an adverse event (AE) or other
reasons, AEs, clinical and laboratory measurements, urinaly-
sis, electrocardiogram results, vital signs including ortho-
static hypotension, Columbia-Suicide Severity Rating Scale

FIGURE 2: Flow chart (adapted from CONSORT 2010). n, number.
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(C-SSRS), and the hallucination, orthostatic hypotension,
and day time sleepiness items of the MDS-UPDRS-I.

Statistical Analyses
We aimed to enroll 48 patients to account for dropouts
and include 19 patients per treatment group in the ran-
domized trial phase, which was considered sufficient to
detect a treatment difference of 2.5 points in the primary
end point (standard deviation 2.4) with 80% power and a
2-sided α-level of 0.05 (Mann–Whitney U test; nQuery
Advisor version 7).18 A descriptive analysis (χ2 test for cat-
egorical variables, Mann-Whitney U test for continuous
variables) of demographic and clinical data at baseline was
performed using the full dataset of all patients that have
ever taken nabilone in this trial (n = 47). Analyses of the
efficacy end points included all randomized subjects with
scoring of MDS-UPDRS-I at randomization and termina-
tion visit. Safety and tolerability summaries were based on
the safety set, which includes patients receiving at least

1 dose of study medication during both trial phases. The
changes of all outcome variables during phase I of the trial
were assessed using a Wilcoxon matched-pairs test for
within-group comparison. The primary, secondary, and
exploratory end points of phase II were analyzed separately
for the nabilone and placebo groups using a Wilcoxon
matched-pairs test for within-group comparison (correc-
tion for multiple comparisons with a factor of 2) and a
Mann–Whitney U test for between-group comparisons.
For all analyses, statistical significance was set at a 2-sided
5% α-level. Secondary and exploratory outcome analyses
were not adjusted for multiple comparisons and used 5%
as the nominal significance level. For CGI analysis, distri-
butions of dichotomized ratings (deterioration vs no dete-
rioration) in both groups at the termination visit were
compared. Effect sizes for the different end points were
calculated according to Cohen’s D,19 except for single
MDS-UPDRS-I items and the CGI where rcontrast and φ
coefficient20,21 were used. Cohen’s D of 0.2, 0.5, and 0.8

TABLE 2. Change in End Point Scores During Open-label Administration of Nabilone, Patients n = 38

Baseline Randomization
Mean change (95% CI)
from BL to R p valuea

MDS-UPDRS-I 12.90 � 5.14 9.11 � 5.54 −3.79 (−4.97; −2.61) <0.001

NMSS Total Score 49.82 � 31.03 39.79 � 27.48 −10.03 (−16.65; −3.40) 0.002

MDS-UPDRS-II 10.42 � 5.37 10.03 � 5.09 −0.40 (−1.42; 0.63) 0.406

MDS-UPDRS-III 26.95 � 11.61 24.71 � 10.36 −2.24 (−4.90; 0.42) 0.058

MDS-UPDRS Motor Score 37.37 � 15.47 34.74 � 13.95 −2.63 (−5.72; 0.45) 0.085

ESS 8.00 � 3.95 8.47 � 4.16 0.47 (−0.29; 1.24) 0.308

FSS 34.08 � 13.73 34.08 � 11.05 0.00 (−3.22; 3.22) 0.941

HADS-A 5.39 � 3.58 5.50 � 3.53 0.26 (−0.48; 1.01) 0.793

HADS-D 5.05 � 3.21 5.32 � 3.47 0.11 (−0.70; 0.91) 0.500

MoCA 28.03 � 1.37 28.08 � 2.11 0.05 (−0.48; 0.59) 0.646

PDQ-39 SI 23.14 � 14.18 23.16 � 14.02 0.02 (−2.42; 2.45) 0.521

KPPS Total Score 21.24 � 14.61 17.47 � 13.65 −3.76 (−7.33; −0.20) 0.022

QUIP-RS Total Score 0.71 � 1.29 0.95 � 2.04 0.24 (−0.38; 0.86) 0.482

VAS of pain, mm 47.16 � 21.92 35.05 � 24.44 −12.11 (−18.68; −5.53) 0.001

Data of continuous variables are presented as mean � standard deviation (end point scores at baseline and randomization) or mean (95% CI; change
of end point scores). Higher Score values indicate worse outcome in all scales and questionnaires but in the MoCA.
aWithin-group comparison. For all p values, significance level was set at p ≤ 0.05.
BL = baseline; CGI-I = Clinical Global Impression – Improvement Scale; CI = confidence interval; ESS = Epworth Sleepiness Scale; FSS = Fatigue
Severity Scale; HADS-A/D = Hospital Anxiety and Depression Scale - Anxiety/Depression; KPPS = King’s Parkinson’s Disease Pain Scale; MDS-
UPDRS = Movement Disorder Society - Unified Parkinson’s Disease Rating Scale; MoCA = Montreal Cognitive Assessment; NMSS = Non-Motor
Symptoms Scale; PDQ-39 = Parkinson’s Disease Questionnaire-39; QUIP-RS = Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s
Disease - Rating Scale; R = randomization; SI = Summary Index; VAS = Visual Analogue Scale.

716 Volume 88, No. 4

ANNALS of Neurology



as well as rcontrast and φ coefficient of 0.1, 0.3, and 0.5
were considered “small,” “medium,” and “large” effect
sizes. Spearman’s rank-order correlation (rs) was used to test
for any relationship of nabilone dosage with number of
AEs in the open-label phase of the trial. To test for any
dose–response relationship, we performed a linear regres-
sion analysis with change of MDS-UPDRS-I during the
open-label phase of the trial as dependent variable and
nabilone dosage as well as MDS-UPDRS-I at baseline as
independent predictors. As a sensitivity analysis, we fitted a
repeated-measures mixed model with MDS-UPDRS-I score
as dependent variable and a factorial interaction between
group assignment and time as an independent variable. We
applied an unstructured within-subject covariance matrix
assuming that each timepoint and each pair of timepoints
have their own variance and covariance, respectively. SPSS
version 25.0 for Windows (SPSS, IBM Corporation, and
other(s) 1989, 2017, Chicago, IL) was used to analyze data.
This trial is registered with ClinicalTrials.gov
(NCT03769896) and EudraCT (2017-000192-86).

Results
Between October 17, 2017, and July 15, 2019 (last
patient last visit), 48 participants were screened. Demo-
graphic and clinical characteristics were balanced between
treatment groups (Table 1). All patients were white. There
was one screening failure due to the use of prohibited con-
comitant medication. During open-label titration (phase
I), 9 patients were either nonresponders as defined per
protocol (n = 5, 10.42%) or discontinued (n = 4, 8.33%,
1 drop-out, 3 due to AEs; Fig 2). Median daily dose of
nabilone was 0.75 mg at randomization (range 0.25 to
1.75 mg; see Table 1). Table S1 summarizes the distribu-
tion of total daily doses at randomization. In phase I, both
the MDS-UPDRS-I and NMSS decreased significantly in
all patients (Table 2, Table S2). There was no relationship
between nabilone dosage and MDS-UPDRS-I change dur-
ing phase I (ß-coefficient − 0.42, 95% confidence interval
[CI] −3.47 to 2.64, p = 0.783).

Primary Outcome
Thirty-eight patients entered phase II and were randomized
to the nabilone or placebo arm (n = 19 each). No patient
discontinued phase II and all patients were included in the
final analysis (see Fig 2). Mean change of the MDS-
UPDRS-I score during the randomized double-blind phase
was 2.63 points (95% CI 1.53 to 3.74, p = 0.002, effect
size = 1.15) in the placebo versus 1.00 points (95% CI
−0.16 to 2.16, p = 0.280, effect size = 0.42) in the
nabilone group (difference between groups: 1.63, 95% CI
0.09 to 3.18, p = 0.030, effect size = 0.66; Fig 3A). The
change of the MDS-UPDRS-I score was not significant in

the nabilone group, which is reflected by the small effect
size. The placebo group deteriorated significantly with a
large effect size. There was a significant between-group dif-
ference for the MDS-UPDRS-I with a medium effect size
to the disadvantage of the placebo arm (Table S6). The
sensitivity analyses (mixed model, as described above)
showed a significant partial interaction between treatment
and time (from randomization to the termination visit).

Secondary and Exploratory Outcomes
Mean change of the NMSS at the termination visit was
11.00 points (95% CI 4.68 to 17.32, p = 0.004, effect
size = 0.84) in the placebo versus 4.05 points (95% CI
−0.65 to 8.75, p = 0.096, effect size = 0.42) in the
nabilone group (difference between groups: 6.95, 95% CI
−0.66 to 14.55, p = 0.147, effect size = 0.58). The change
of the NMSS during the randomized double-blind phase

FIGURE 3: Data representing the change of MDS-UPDRS-I
during the study and CGI-I during double-blind treatment.
(A) Change of MDS-UPDRS-I during the study; (B) Change of
CGI-I during double-blind treatment. CGI-I, Clinical Global
Impression – Improvement Scale; MDS-UPDRS, Movement
Disorder Society - Unified Parkinson’s Disease Rating Scale;
SE, standard error.
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was not significant in the nabilone group. The placebo
group, however, worsened significantly with a large effect
size. Of note, the between-group effect size of deteriora-
tion was also medium to the disadvantage of the placebo
arm for the NMSS (see Table S6). In line with this, there
was a significant deterioration with a medium effect size
for the CGI-I to the disadvantage of the placebo arm
(between-group difference: 0.53, 95% CI 0.09 to 0.96,
p = 0.019). Fourteen patients in the placebo group
(73.68%) rated themselves as worsened during the
double-blind period, compared with only 7 patients in the
nabilone group (36.84%, p = 0.049; see Fig 3B), revealing
a φ coefficient of 0.37 (medium effect size; see Table S6).

The MDS-UPDRS-III and the motor sum score
worsened in the placebo arm, whereas the between-group
differences were not significant with medium effect size of
0.39 and 0.44 (see Table S6). None of the further second-
ary outcome measures showed significant within-group or
between-group differences and no effect size exceeded 0.5.
Although pain-related end points (KPPS and VAS of pain)
improved significantly during the open-label trial phase
(see Table 2), the change during the randomized phase
was not significant (see Table S6). The exploratory ana-
lyses of the single MDS-UPDRS-I items revealed signifi-
cant between-group changes for items 1.4 (ie, anxious
mood: 0.37, 95% CI −0.07 to 0.80, p = 0.044, rcontrast

TABLE 3. Safety Analysis

Most common AEs (n > 1) during the open-label phase

AE total (n) Severity of AE (n)

Milda Moderatea

Fatigue 17 15 (4/6/5/0) 2 (1/0/1/0)

Dizziness 9 8 (5/1/1/1) 1 (0/1/0/0)

Daytime sleepiness 5 4 (0/3/1/0) 1 (0/1/0/0)

Upper respiratory tract infection 5 4 (0/0/0/4) 1 (0/0/0/1)

Dry mouth 4 4 (0/3/1/0) 0

Confusion and disorientation 3 1 (0/1/0/0)b 2 (0/2/0/0)c

Gastroesophageal reflux 2 2 (0/0/0/2) 0

Fall 2 2 (0/0/0/2) 0

Headache 2 1 (0/0/0/1) 1 (0/0/0/1)d

Most common AEs (n > 1) during the double-blind phase

AE Total (n) Nabilone (n) Placebo (n)

Mild/Moderate Mild/Moderate

Insomnia 4 2/0 0/2

Upper respiratory tract infection 3 0/0 3/0

Pain (including worsening) 3 0/1 1/1

Fall (including recurrent falls) 2 1/0 1/0

Syncope 2 0/0 0/2

No severe AE or SAEs were reported during both phases of the trial. AEs during the double-blind phase of the trial listed in the table were rated as
unrelated to treatment.
aDefinitely related to treatment/ probably related/ possibly related/ not related.
bResolved after down-titration from nabilone 0.25 mg b.i.d. to 0.25 mg q.d.
cConfusion leading to study discontinuation of one patient (resolved after discontinuation), the other patient was a non-responder suffering from con-
fusion (resolved after discontinuation).
dMigraine leading to study discontinuation of one patient.
AE = adverse event; SAE = serious adverse event.
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= 0.33, medium effect size) and 1.7 (ie, night-time
sleeping problems: 1.74, 95% CI 0.95 to 2.53, p < 0.001,
rcontrast = 0.61, large effect size) to the advantage of the
nabilone group. The deterioration of these 2 items in the
placebo arm was significant only for item 1.7 (Table S7).
In line with this, there was a worsening of the NMSS
domain 2 (ie, Sleep/Fatigue) in the placebo group with a
significant between-group difference (7.53, 95% CI 1.86
to 13.19, p = 0.023, effect size = 0.81, large effect size; see
Table S7). On the other hand, although there was a sig-
nificant group-effect for MDS-UPDRS item 1.4 (ie, anx-
ious mood), there was none for the NMSS domain 3 (ie,
Mood/Apathy), most probably because this NMSS
domain not only addresses anxiety but also includes items
covering depressive mood and apathy.

Safety Analyses
During the open-label phase of the trial, 1 patient
declined further participation (2.08% of all 48 patients)
and 3 patients (6.25% of all 48 patients) discontinued
due to AEs (gonarthrosis leading to knee-replacement sur-
gery, migraine after intake of the first nabilone dose, and
confusion). The latter 2 were of moderate severity. Only
confusion was rated “possibly related” to the intake of
study drug by the investigators. Common AEs (> 1
patient) are given in Table 3. There was no significant
correlation between daily nabilone dose at randomization
and number of AEs in the open-label study phase (rs =
−0.19, p = 0.264). During the open-label phase, the most
common treatment-related AEs were fatigue, dizziness,
dry mouth, and sleepiness. All but 2 treatment-related
AEs were transient during the open-label titration phase,
dry mouth in 2 patients persisted only upon completion
of nabilone administration. During the randomized phase,
the overall incidences of all-cause AEs were similar
between groups. There was only one possible treatment-
related AE of occurrence of a transient panic attack in the
nabilone arm during the randomized controlled phase of
the trial (see Table S4). MDS-UPDRS items considered
as safety parameters did not change during the random-
ized trial phase (see Table S7). There was, however, a
medium effect size of 0.51 for the NMSS domain 1 (ie,
Cardiovascular) to the disadvantage of the nabilone arm,
although the difference was not significant. No severe AE
(SAE), suspected unexpected serious adverse reaction, or
suicidality (C-SSRS) occurred in any patient during the
study and follow-up period. We did not record any clini-
cally relevant changes in laboratory measures, blood pres-
sure readings, or electrocardiogram recordings. There were
neither significant within-group nor between-group differ-
ences in the postural changes of systolic and diastolic

blood pressure readings after 3 minutes in the standing
position (Table S3).

Discussion
In this randomized placebo-controlled, double-blind,
parallel-group, EERW trial, we examined the efficacy and
safety of the synthetic cannabinoid nabilone in patients
with PD with troublesome NMS. The primary end point
of the study, assessing differences in the change of NMS
between the 2 treatment arms using part I of the MDS-
UPDRS, was met. NMS scores of the MDS-UPDRS-I
deteriorated significantly less in the nabilone group com-
pared with those switched to placebo with a medium
effect size. Positive treatment effects of nabilone were also
reflected in patient’s self-rating, as assessed with the
CGI-I. In line with this, there was also a deterioration of
the NMSS with a medium effect to the disadvantage
of the placebo compared with the nabilone arm, although
the between-group difference was not significant. Differ-
ences in the construct of the MDS-UPDRS-I and the
NMSS22 may explain that the between-group difference
was not significant for the NMSS, although it was for the
MDS-UPDRS-I. Nevertheless, positive treatment effects
of nabilone were reflected in medium effect sizes as
assessed by both scales, most probably because a strong
convergent validity between the MDS-UPDRS-I and
NMSS has been reported.22

Noteworthy, most patients with PD responded to a
dose up to 1 mg of nabilone per day, indicating a benefit
from even a small dose of cannabinoids. Observational
studies assessing the use of non-prescribed cannabis in
patients with PD reported lower levels of disability and
positive effects on mood, fatigue, sleep, and pain.8,10,23,24

In line with this, we observed beneficial effects of nabilone
on anxious mood and night-time sleep problems in the
double-blind phase of the trial. On the other hand, pos-
tural dizziness was reported commonly as an AE and
symptoms of postural dizziness worsened moderately on
nabilone, as assessed with the NMSS, which is not surpris-
ing because orthostatic hypotension is a well-known side
effect of treatment with cannabinoids.25 However, the
assessment of active orthostatism was mostly
unremarkable. Patients with PD with symptomatic ortho-
static hypotension might possibly not be good candidates
for the use of nabilone.

Overall, nabilone treatment was well tolerated. Dur-
ing the open-label phase, the most common treatment-
related AEs were transient mild fatigue, postural dizziness,
dry mouth, and somnolence, which is in line with infor-
mation from the summary of product characteristics
(SmPCs) and other controlled trials using nabilone.5,6 In
the randomized phase of the trial, no difference in AEs or
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tolerability issues was found between the 2 study arms.
Most AEs were of mild severity and unrelated to the
intake of the study drug. Two of the oldest patients with
PD reported confusion and delusions during the titration
phase of the trial. The first patient (aged 71.7 years) was
maintained in the study after down-titration to a single
dose of nabilone 0.25 mg in the evening resolved the
AE. The other patient (aged 74.5 years) was discontinued
from further study participation and confusion resolved
after 3 weeks. Some observational studies reported of con-
fusion and hallucination after smoking cannabinoids in
patients with PD.8 Although extensive use of cannabis was
reported to impair verbal and working memory as well as
cognitive processing,13,26,27 no worsening of cognitive
function was observed subjectively or objectively (assessed
with the MoCA) in our patients.

In this pilot trial, we also found a worsening of
motor symptoms (MDS-UPDRS-III and the total motor
score [parts II and III]) in the placebo group. Ameliora-
tion of tremor, bradykinesia, and rigidity in patients with
PD has been described after smoking cannabis in a few
small-sized studies.10 Trials in PD mainly focused on the
effect of cannabinoids on levodopa-induced dyskinesia
(LID) given their interaction with the glutamatergic sys-
tem.28,29 As disturbing motor complications were an
exclusion criterion in this study, we are not able to report
about effects of nabilone on LID.

The ECS plays a significant part in motor control and
the regulation of various non-motor functions, including
mood, attention and concentration, eating habits, sleep, and
pain.7,14 In animal models, a high amount of cannabinoid
1 receptors is found in presynaptic nerve terminals of
gamma-Aminobutyric acid-ergic synapses and in cortical
and limbic serotoninergic, noradrenergic, and dopaminergic
neurons, as well as neurons with μ-opioid receptors. More-
over, structures of the ECS co-localize with nociceptive
pathways in the spinal cord. Consequently, cannabinoids
are believed to modulate monoaminergic, gamma-
Aminobutyric acid-ergic, glutamatergic, and opioid
signaling.30–32 Data from animal and human positron emis-
sion tomography (PET) studies reveal a high density of can-
nabinoid receptors in the basal ganglia where the ECS is
believed to function as a regulator of dopamine release and
uptake.33–36 Following the loss of dopamine, the ECS is
overactive in the striatum of patients with PD with
upregulation of its neurotransmitter and receptor levels pos-
sibly reflecting a compensational mechanism.7,34,37 With
respect to these findings, a positive effect of nabilone on
NMS in patients with PD is not surprising. The few studies
assessing the ECS and sleep showed that exogenous cannabi-
noids promote sleep, increase REM sleep, and the stability

of non-REM sleep.38 In patients with PD, an influence of
cholinergic neurons in brain areas involved in the regulation
of sleep and sleep–wake cycle has been proposed as a
possible underlying mechanism.9 Besides symptomatic treat-
ment, preclinical research revealing neuroprotective proper-
ties of cannabinoids gains interest in clinicians dealing with
patients with movement disorders.39–41

Our study has several strengths and limitations. All of
our consecutively screened patients met the inclusion criteria
of presence of significant anxiety and pain, indicating that
these are common problems in patients with PD of a tertiary
care center and that our criteria captured a representative
sample. The study’s withdrawal design is inevitably associ-
ated with a negative expectation related to receiving placebo.
Indeed, the nonsignificant deterioration of single NMS with
small effect sizes, as measured with the MDS-UPDRS part I
and the NMSS in the nabilone group, might be impacted
by negative expectations related to receiving placebo (ie, “les-
sebo effect”42). Selection of open-label responders can raise
concerns about generalizability of the results and thus affect
external validity. In this study, most patients enrolled in the
open-label phase were responders, therefore, selection bias
can be considered small. Inclusion of responders only can
lead to overestimation of the effect of a novel treatment.
However, restriction to responders reflects clinical practice
by limiting long-term treatment to patients who might ben-
efit from it, in line with a personalized medicine approach.
The enrichment design has been suggested to be sensitive
and efficient for proof-of-concept studies of new treatment
strategies in humans.43 With our trial design, total exposure
to placebo is reduced compared with a standard randomized
controlled trial. The open-label phase grants the assessment
of a dose–response effect and provides a range of doses to be
considered when planning a confirmatory study. Heteroge-
neity of response during the open-label phase of the trial
reflects individual treatment response, as seen in daily clini-
cal routine.

Conclusions
To the best of our knowledge, this is the first study to
evaluate the efficacy and safety of cannabinoids for the
treatment of NMS in patients with PD, making this a
unique pilot trial. Our findings show an improvement of
overall NMS burden with nabilone, especially reflected by
amelioration of anxiety and sleeping problems. The treat-
ment was well tolerated. This study adds to the limited
evidence of safety and efficacy of cannabinoid-based treat-
ment in patients with PD with troublesome NMS. Fur-
ther and larger controlled trials assessing the effects of
cannabinoids on PD symptoms are clearly needed.
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