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A B S T R A C T

Agitation is a prevalent and difficult-to-treat symptom in patients with moderate-to-severe Alzheimer's disease
(AD). Though there are nonpharmacological and pharmacological interventions recommended for the treatment
of agitation, the efficacy of these are modest and not always consistent. Furthermore, the safety profiles of
currently prescribed medications are questionable. Nabilone, a synthetic cannabinoid, has a distinct pharma-
cological profile that may provide a safer and more effective treatment for agitation, while potentially having
benefits for weight and pain. Additionally, emerging evidence suggests nabilone may have neuroprotective ef-
fects. We describe a clinical trial investigating the safety and efficacy of nabilone for the treatment of agitation in
patients with moderate-to-severe AD. This will be a double-blind, randomized cross-over study comparing 6
weeks of nabilone (0.5–2mg) and placebo, with a 1-week washout preceding each phase. Study outcomes will be
measured at baseline and end of treatment for each treatment phase. The primary outcome measure will be
agitation as assessed by the Cohen-Mansfield Agitation Inventory. The secondary outcomes include safety, be-
haviour (Neuropsychiatric Inventory), cognition (standardized Mini Mental Status Exam and either Severe
Impairment Battery or Alzheimer's disease Assessment Scale-Cognitive subscale) and global impression
(Clinician's Global Impression of Change). Exploratory outcomes include pain (Pain Assessment in Advanced
AD), nutritional status (Mini-Nutritional Assessment-Short Form), caregiver distress (NPI caregiver distress), and
blood-based biomarkers. A safe and efficacious pharmacological intervention for agitation, with effects on pain
and weight loss in patients with moderate-to-severe AD could increase quality-of-life, reduce caregiver stress and
avoid unnecessary institutionalization and related increases in health care costs.
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1. Introduction

Agitation is one of the most challenging neuropsychiatric symptoms
(NPS) to treat in Alzheimer's disease (AD), and has an increased like-
lihood of occurrence in the advanced stages of AD [1,2]. In community-
dwelling AD patients, the prevalence of agitation is 20%, with rates
increasing to 50% in AD patients residing in long-term care facilities
(LTC) [3–7]. This is a particular problem in LTC, as 90% of residents
have a diagnosis of moderate-to-severe AD [2,8,9]. Furthermore, agi-
tation is associated with mortality, decreased quality of life, and in-
creased caregiver burden and rates of institutionalization [10–13].
Though there has previously been a lack of consensus on the definition
of agitation, the Food and Drug Administration (FDA) has accepted the
provisional definition and criteria set out by the International Psycho-
geriatric Association (IPA). The IPA criteria define patients as having
clinically significant agitation when they have symptoms accompanied
by distress that fall into one or more of the following categories, for at
least two weeks: 1) physical nonaggression, 2) physical aggression, and
3) verbal aggression [14].

Weight loss occurs in approximately one third of patients with AD
[15], and the risk of weight loss increases as the disease progresses
[16]. Weight loss has also been associated with a greater likelihood of
rapid cognitive decline in AD patients [17]. Environmental and edu-
cational interventions have shown some effectiveness, however benefits
were modest [18] and not investigated in a controlled environment
[19]. Oral supplementation was shown to increase weight in AD pa-
tients at risk of malnutrition [20]; however, there seemed to be a large
placebo effect, given that approximately 42% of patients on placebo
also gained weight. Therefore, while studies have shown some effec-
tiveness in improving weight in AD patients, none of the interventions
have given reliable results, and weight loss in AD is still an important
issue that needs to be addressed. Pain is another common symptom in
AD patients, which is difficult to identify, associated with increased
agitation and may be under-treated [21]. Approximately 50% of AD
patients experience pain [22], with the prevalence increasing to
60–80% in institutionalized AD patients [23]. In the majority of these
patients, pain is persistent [24], and has been associated with a reduced
quality of life and increased NPS [23]. Furthermore, increased pain has
been associated with appetite disturbances and poorer nutritional status
[25,26]. As such, weight loss and pain in moderate-to-severe AD pa-
tients are important issues that need to be addressed.

Cannabinoids (CB) such as tetrahydrocannabinol (THC), which are
agonists at CB receptors 1 and 2 (CB1/2), have psychotropic effects that
may benefit AD patients with agitation. Though two double-blind
randomized controlled trials (RCTs) with THC in AD patients, reported
no significant improvements in NPS compared to placebo [27,28],
studies with synthetic CB, such as dronabinol and nabilone [29–33]
have demonstrated efficacy. CB have also been associated with appetite
stimulating effects in patients with eating disorders and AIDS [34],
while also demonstrating analgesic benefits in patients with neuro-
pathic pain, rhematoid arthritis and cancer pain [35]. Therefore, CB
may benefit AD patients with agitation while also having therpeutic
benefits for nutritional status and pain.

2. Methods

2.1. Study aims

2.1.1. Primary
To investigate the effect 6 weeks of nabilone treatment on symp-

toms of agitation, as assessed by the Cohen Mansfield Agitation
Inventory (CMAI), compared to placebo.

The CMAI was chosen as the primary outcome measure because it
has been shown to be reliable and sensitive to change in nursing home
residents [36]. In a previous cross-over trial with AD patients, differ-
ences on CMAI scores were observed following 6 weeks with

dronabinol, compared to placebo [29]. Additionally, a 9-week double-
blind cross-over RCT with sertraline in AD patients with agitation/ag-
gression demonstrated responsiveness of the CMAI to drug treatment
[37]. Changes in CMAI scores were also observed in other clinical trials
with AD patients [38,39].

2.1.2. Secondary

1) To investigate whether nabilone treatment is associated with im-
provements in NPS as assessed by the Neuropsychiatric Inventory-
Nursing Home version (NPI-NH), compared to placebo.

2) To investigate whether nabilone treatment is associated with im-
provements in caregiver distress as assessed by the NPI-NH total
caregiver distress score.

3) To investigate whether nabilone treatment is associated with im-
provements in cognition as assessed by the standardized Mini
Mental Status Examination (sMMSE) and Severe Impairment Battery
(SIB) or Alzheimer's disease Assessment Scale – Cognitive Subscale
(ADAS-Cog), compared to placebo.

4) To investigate whether nabilone treatment is associated with im-
provements on the Clinician's Global Impression of Change (CGI-C),
compared to placebo.

5) To investigate whether nabilone treatment and placebo have com-
parable tolerability and safety.

2.1.3. Exploratory

1) To investigate whether nabilone treatment is associated with im-
provements in pain (Pain Assessment in Advanced AD (PAIN-AD)),
weight, and nutritional status (Mini-Nutritional Assessment-Short
Form (MNA-SF)), compared to placebo.

2) To investigate whether blood-based biomarkers of interest are as-
sociated with agitation severity, and whether they can predict
treatment response to nabilone.

3) To determine whether patients met IPA criteria for agitation/ag-
gression.

2.2. Study design

This is a randomized, double-blind, placebo-controlled crossover
design study (Fig. 1), to determine the safety and efficacy of nabilone
with the potential for a larger phase 3, multicenter trial. Following a 1-
week placebo run-in, eligible patients will be randomized to receive
either nabilone or placebo (1:1 assignment ratio) for 6 weeks each, with
a 1-week placebo washout between phases. A 1-week washout was
justified as this length of time was equivalent to 4.5 half-lives of na-
bilone's active metabolites.

2.3. Setting

This trial will recruit inpatients from Sunnybrook's Veterans' LTC
Facility (Toronto, ON), and outpatients the Greater Toronto Area's
outpatient psychiatry clinics. As all study visits will be completed at
Sunnybrook Health Sciences Centre (Sunnybrook), this will be a single-
site study.

2.4. Study participants

Patients who meet the current DSM-5 criteria for Major
Neurocognitive Disorder due to AD, or both Major Neurocognitive
Disorder due to AD and Major Vascular Neurocognitive Disorder (i.e.,
mixed AD and cerebrovascular disease), and who have clinically sig-
nificant agitation will be considered for inclusion (Table 1). In this trial,
“clinically significant agitation” will be defined as that for which a
physician has determined that a medication is appropriate, and is rated
as 1) occurring at least ‘frequently’ or 2) occurring ‘often’ with
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‘moderate’ or ‘marked’ severity as assessed by the agitation/aggression
subscale items of the NPI-NH.

2.5. Study intervention

Eligible and consented participants will begin with one week of
placebo run-in (week −1). During baseline (week 0), 1 capsule
(0.25 mg or placebo) will be given before bedtime for the first three
nights, then tapered up to 1 capsule BID (0.5 mg/day total or placebo)
for the next four days. Participants will then take 1 capsule (0.5 mg or
placebo) daily during week 1. The study dose will be increased to 1
capsule BID (1mg/day total or placebo) during week 2. Throughout
weeks 3 and 4, the dose can be increased to a maximum of 2 capsules
BID (2mg/day total or placebo) or decreased based on tolerability. This
dose will be maintained until down-titration in week 6. Following the
first three maintenance days of week 6, there will be a taper phase for
the remaining four days (days four-five will reduce to 1mg/day total,
and days six-seven will decrease to 0.5mg/day total) in order to reduce
the risk of potential withdrawal effects of active treatment. For patients
receiving a maintenance dose lower than 2 capsules BID, they will
maintain that dose during the titration until the next step in the titra-
tion would decrease their dose. This will ensure that all participants will
end titration at the same time and with the same dose.

2.6. Study assessments

The following assessments will be carried out by a trained member
of the research team at Sunnybrook. For those that require caregiver
input, the primary nurse will complete the forms with the research team
for inpatients, and a family caregiver who has regular contact with the

patient will complete the forms with the research team for outpatients.

2.6.1. Primary outcome measure
CMAI [40]: A 29-point scale that measures agitation in two di-

mensions, verbal and physical, each of which having two poles, ag-
gressive and non-aggressive.

2.6.2. Secondary outcome measures
NPI-NH [41]: An assessment of behavioural disturbances in de-

mentia, including: apathy, agitation, delusions, hallucinations, depres-
sion, euphoria, aberrant motor behaviour, irritability, disinhibition,
anxiety, sleeping, and eating. The frequency and severity of these
symptoms are judged on a 4-point and 3-point scale, respectively. A 5-
point scale is used to evaluate caregiver distress.

sMMSE [42]: A measure of global cognition, which includes as-
sessments of orientation to time and place, immediate recall, short-term
verbal memory, calculation, language, and construct ability. Scored out
of 30, the sMMSE is used to describe severity of cognitive impairment.

SIB [43]: The SIB is directed towards individuals who are too im-
paired to complete standard neuropsychological tests. This test allows
for non-verbal and partially correct responses, as well as for simpler
response modes such as matching. The SIB is scored out of 100, with
lower scores indicating greater severity. In the proposed study, this test
will be administered to patients who have an sMMSE≤15.

ADAS-Cog [44]: The ADAS-Cog is a validated assessment of cogni-
tive performance in mild to moderate AD patients [44]. This instrument
is the most widely used primary outcome measure of treatment efficacy
in clinical trials of AD [45–47]. The ADAS-Cog is scored out of 70, with
greater scores indicating greater impairment. In the proposed study,
this test will be administered to patients who have an sMMSE>15.

Fig. 1. Treatment schedule. Blue boxes correspond to scheduled assessments. (For interpretation of the references to colour in this figure legend, the reader is referred
to the Web version of this article.)

Table 1
Inclusion/Exclusion criteria.

Inclusion Exclusion

• Males or females ≥55 years of age

• DSM-5(72) criteria for Major Neurocognitive Disorder due to AD. Patients with both
Major Neurocognitive Disorder due to AD and Major Vascular Neurocognitive
Disorder (i.e., mixed AD and cerebrovascular disease) will also be included.

• sMMSE ≤24

• Presence of clinically significant agitation (Neuropsychiatric Inventory-agitation
subscale ≥3)

• If treated with cognitive-enhancing medications (cholinesterase inhibitors (ChEIs)
and/or memantine), dosage must be stable for at least 3 months. If the ChEI and/or
memantine has been discontinued, they may enroll after 1 month.

• Change in psychotropic medications less than 1 month prior to study
randomization (e.g., concomitant antidepressants)

• Contraindications to nabilone (history of hypersensitivity to any cannabinoid)

• Current significant cardiovascular disease (e.g. uncontrolled hypertension, clinically
significant ischemic heart disease, clinically significant arrhythmia or severe heart
failure)

• Presence or history of other psychiatric disorders or neurological conditions (e.g.
psychotic disorders, schizophrenia, epilepsy), previous or current abuse of/
dependence on marijuana

• Clinically significant delusions and/or hallucinations (NPI-NH-delusions/
hallucinations subscale ≥4)
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CGI-C [48]: The CGI-C is a clinician's rated scale of global dete-
rioration to assess clinically significant change. This scale uses a 7-point
Likert scale to rate each participant along a continuum from
(1=marked improvement, 2=moderate improvement, 3=minimal
improvement, 4-no change, 5=minimal worsening, 6=moderate
worsening and 7=marked worsening).

2.6.3. Exploratory outcome measures
PAINAD [49]: The PAINAD is a 5-item observer-rated scale con-

ducted after a 5-min observation. The scale examines breathing, voca-
lizations, facial expression, body language, and consolability. This scale
is already extensively used in the LTC facility at the hospital in which
this study will be conducted.

MNA-SF [50]: The MNA-SF is a structured interview consisting of 6
items that categorizes patients as malnourished, at risk of malnutrition,
or of normal nutritional status. This scale is considered to be the most
suitable scale to use in a LTC facility as it contains items which have
been shown to reflect characteristics associated with nursing home fa-
cilities that other scales do not [51].

2.7. Study schedule

Assessments will be conducted on the following weeks: −1
(screening; placebo run-in), 0 (baseline, start of treatment 1), 2, 4, 6
(end of treatment 1; start of placebo washout), 8 (start of treatment 2),
10, 12, 14 (end of treatment 2; final assessment) and 15 (safety follow-
up). All assessment will be conducted within a three-day window of the
visit date. Demographic data, as well as cognitive and behavioural
measures will be collected during screening. Measures of behaviour,
nutrition, vital signs and adverse events (AEs) will be conducted at all
study visit days. Comprehensive cognitive and behavioural assessments,
as well as serum samples for biomarkers of interest will additionally be
collected from each patient at the beginning and end of each treatment
phase (weeks 0, 6, 8, and 14) (Table 2).

2.8. Randomization and masking

A block randomization code will be independently computer-gen-
erated by the Pharmacy Department at Sunnybrook. All study personnel
will remain blind to the randomization code, block size and treatment
allocation until the final patient has completed his/her follow-up check
and the database is “locked”. The randomization code will remain
locked in a secure location in the Pharmacy Department at Sunnybrook.
Unblinding will not be allowed unless there exists exceptional clinical
circumstances that justify it (i.e., necessary for acute medical man-
agement of serious adverse events (SAE)) and only after approval by the
principal and/or qualified investigator (PI or QI).

2.9. Compliance

Administration of the study medication will be supervised by a
caregiver. For inpatients, the caregiver will be the primary nurse and
capsules administered will be entered in the Medication Administration
Record (MAR) binder and narcotics log. For outpatients, caregivers will
be instructed to enter administration into a capsule diary, and return
unused medications at each visit. Adherence to the study medication
will be measured by information from the MAR/narcotics log/capsule
diary and capsule counts.

2.10. Biomarker analyses

Serum samples for biomarkers of interest will be collected from
serum at four time points; the start and end of each treatment phase,
and will be frozen (−80 °C) immediately and batched for analysis.

2.11. Safety monitoring plan

All emerging AEs that are clinically significant based on QI or de-
signated qualified physician's assessment will be noted and followed-up
until resolution. All SAEs will be reviewed by Drs Lanctôt and
Herrmann, and will be reported to the research ethics board as per their
reporting criteria. Dr. Herrmann will be reviewing all serious adverse
events. Any patient who has greater than minimal deterioration on the
CGI-C, or shows a clinically significant increase in behavioural symp-
toms (NPI total increases by≥ 50% [52,53]) at any point during the
trial will be considered for discontinuation from the study medication.
This will be the decision of the double-blinded investigator. Further-
more, if the attending physician has any concern about the patient
throughout the trial, the patient will be flagged for possible removal
from the study. At the end of the treatment period, the attending
physician will be unblinded and will have the choice to continue na-
bilone off-study. Subjects will be withdrawn from the study if consent is
withdrawn, and will be considered for study withdrawal for any of the
following reasons: significant non-compliance or protocol deviation,
SAEs, clinically significant global deterioration, or lack of efficacy of
study drug.

2.12. Data collection, retention and management

Data will be collected on printed source documents/case report
forms (CRFs). Source documents/CRFs include physical, cognitive,
nursing/caregiver and clinician assessments. Source documents, CRFs,
and other records pertaining to the conduct of this study will be re-
tained for 25 years, as per Health Canada regulations.

Anonymised data will be entered into a central database, with data
entry in agreement with the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use standards
for good clinical practice. Database lock, unblinding and subsequent
data analysis will be conducted only once recruitment and patient
follow-up data entry and data verification are completed.

2.13. Statistical analyses

Analyses will be performed according to intention-to-treat proce-
dures. Outcomes will be summarized using mean ± standard deviation
and tests will be two-tailed with a significance level of 0.05. For con-
tinuous outcomes, linear mixed models will be used. For dichotomous
outcomes, McNemar's test will be used. These results can inform the
design of a larger trial using additional analyses as appropriate.
Treatment order and carry over effects will be examined using paired t-
tests. Treatment order effects would occur when the order of receiving
nabilone or placebo may affect the outcome. Carry-over effects would
occur when receiving nabilone from phase 1 would affect the response
in phase 2. Exploratory analyses will be performed to determine pre-
dictors of response including demographics, biomarkers and com-
pliance, using logistic regression.

2.14. Sample calculation

Sample size calculations were determined using SPSS SamplePower
(IBM Corp., Armonk, NY, USA), which uses Cohen's calculations [54]. A
paired t-test with a total of 30 subjects and an alpha of 0.05 is powered
(0.89) to detect medium to large effect sizes for CMAI change scores
between treatment and placebo. In the earlier placebo-controlled cross-
over trial [29]], improvements in CMAI scores favoured cannabinoid
treatment in 15 patients. In order to account for likely attrition rates
(5% [37], 14% [55] and 27% [56] in our previous trials), we will
randomize 40 subjects (10 drop-outs= 25% attrition). As a pilot study,
the data collected will be used to confirm the feasibility of testing and
refine sample size calculations for larger, future grants.
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3. Discussion

There are both advantages and disadvantages involved in the design
of a cross-over RCT. One advantage is that each cross-over patient
serves as their own control, limiting the influence of confounding
covariates. Secondly, fewer patients are required compared to parallel
group designs, which is advantageous in an advanced AD psychiatric
population that may be difficult to recruit. Finally, in a cross-over trial,
randomized patients receive all treatment allocations. This may be
advantageous for recruitment purposes as this guarantees that all pa-
tients will have some exposure to the experimental medication.
Limitations that may arise due to the design of a cross-over RCT include
the potential for treatment-order and carry-over effects. However, in
order to diminish the impact of a carry-over effect, we have included a
1-week washout period. Furthermore, as indicated in the statistical
analysis plan, treatment order and carry-over effects will be examined
using paired t-tests. Finally, a strong placebo effect can complicate the
interpretation of placebo-controlled trials of agitation in AD [57]. In
this trial, a 1-week, single blind placebo run-in before the baseline
measurements will be made to mitigate this anticipated effect.

One of the major operational difficulties encountered included
passing the regulatory requirements necessary to run this trial. As with
all clinical studies, this trial required approval from our institution's
Regulatory Ethics Board. However, since this trial aims to investigate
the efficacy and safety of nabilone for a purpose different from its
current indication as an antiemetic, we also required a No Objection
Letter from Health Canada. Finally, as nabilone is registered as a
Schedule II drug due to its potential for abuse, this study required ap-
proval from the Office of Controlled Substances. Though seeking reg-
ulatory approval from multiple governing bodies delayed our timeline
for recruitment and study completion, Sunnybrook's Quality Assurance

and Education team and the PI/QI worked closely with study staff to
ensure that we met regulatory standards.

To date, there have been five trials with dronabinol, a synthetic
THC, which have reported efficacy data on agitation/aggression in AD
[27–29,31,32] A six-week cross-over RCT investigated the efficacy of
dronabinol on food-intake in patients with AD [29]. As an exploratory
outcome, that group also investigated agitation, as assessed by the
CMAI, and reported that dronabinol treatment significantly reduced
agitation over time. However, that may be due to a carry-over effect as
there was no placebo washout period included in this study. Another
cross-over RCT with dronabinol in 2 patients with AD reported a re-
duction in night-time agitation during the active treatment phase.
However, that effect was not long-lasting as it did not persist for longer
than 2–3 weeks [32]. A two-week placebo-controlled RCT reported that
dronabinol reduced nocturnal motor activity in 24 agitated patients
with AD [30]. An open-label study with dronabinol in agitated patients
with AD reported a relative reduction in nocturnal motor activity
during the first two days of treatment only [31]. A retrospective study
with dronabinol reported clinically significant reductions in aberrant
vocalization, motor agitation, aggressiveness, and resistance to care in
patients with dementia and NPS [33]. There has been only one study
(case report in one AD patient) with nabilone, a synthetic THC ana-
logue. Though there was a significant reduction in the severity of agi-
tation when treated with nabilone, that study involved a single patient
and open label administration, and thus efficacy cannot be confirmed
[58].

As agonism at CB1 has been associated with increased feeding be-
haviour, food craving, and energy deposition of fat into adipose tissue,
nabilone may improve nutritional status in AD patients with agitation.
Furthermore, as weight loss has been recognized as a common occur-
rence and is associated with rapid cognitive decline in AD, identifying

Table 2
Schedule of assessments.

Screening Baseline Week 2 Week 4 Week 6 Week 8 Week 10 Week 12 Week 14a Week 15

Demographics
DSM-V criteria for dementia X
Age X
Gender X
Height X
Concomitant medication X X X X X X X X X
Date of diagnosis X
Outcomes
CMAI (primary) X X X X X X X X X
NPI X X X X X
sMMSE X X X X X
SIB (if sMMSE≤ 15) X X X X
ADAS-Cog (if sMMSE > 15) X X X X
CGI/CGI-Cb X X X X X X X X
PAINAD X X X X X X X X X
MNA-SF X X X X X X X X
Weight X X X X X X X X X
BMI X X X X X X X X
Blood biomarkers X X X X
Safety outcomes
Physical Examination, Vitals X X X X X X X X X X
Adverse events X X X X X X X X X
Blood panel reviewc X X
ECGd X
Other
Blindness check X

CMAI=Cohen-Mansfield Agitation Inventory; NPI-NH=Neuropsychiatric Inventory - Nursing Home; BMI=Body Mass Index; MNA-SF=Mini Nutritional
Assessment - Short Form; sMMSE= standardized Mini-mental State Examination; SIB = Severe Impairment Battery; ADAS-Cog=Alzheimer's Disease Assessment
Scale of Cognition; PAINAD=Pain Assessment in Advanced Dementia; CGI=Clinician's Global Impression; CGI-C=Clinician's Global Impression of Change.

a This visit will also take place if patient withdraws from study, or will need to end the study early.
b The CGI and CGI-C are two components of one scale. The CGI will be completed at baseline. The CGI-C will be completed at weeks 2, 4, 6, 8, 10, 12 and 14.
c Blood panel will be reviewed if it has been completed 3 months prior to the screening visit. If this is not available, the QI will order a blood panel for review.

During the study, the QI will order blood work should they feel that it is clinically necessary.
d An ECG will be ordered when the QI feels that it is necessary to rule out cardiac conditions.
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an intervention that demonstrates efficacy in improving nutritional
status and weight is of clinical importance.

Pain is also a common symptom in AD patients with agitation, and
has been associated with poorer nutritional status, reduced quality of
life and function, and increased NPS. Current pharmacological treat-
ments for pain management, such as acetaminophen, non-selective non-
steroidal anti-inflammatory drugs, opioids, and morphine, have been
associated with limited to modest efficacy and an increased risk of side-
effects in patients with AD [59]. Preclinical and clinical evidence sug-
gests that targeting the ECS may offer benefits for pain through in-
flammatory processes. Therefore, nabilone may also offer benefits for
pain in AD.

Compared to the synthetic CBs, THC has a shorter time to maximum
concentration, and a faster absorption period. Furthermore, the THC
maximal concentration is 2–5 times smaller than that of dronabinol
[60]. Given the positive preliminary data and potentially better phar-
macological profile of synthetic CBs, this may provide rationale for why
THC has not demonstrated efficacy in the treatment of persistent NPS in
AD, such as agitation/aggression. While dronabinol and nabilone both
act on CB1/2 receptors, the former is a full agonist and the latter a
partial agonist. Dronabinol (synthetic THC) has a fast onset of action
(approximately 30min), and strongly binds to CB1/2 receptors, but is a
weak agonist at CB2. Additionally, dronabinol has a half maximal ef-
fective concentration (EC50) of 17 nM at CB1, and 1.5 nM at CB2. Na-
bilone (synthetic THC analogue) is a partial agonist at CB1/2 receptors
and has a lower EC50 at CB1 (4 nM) and a greater EC50 at CB2 (16 nM).
In addition to having better bioavailability [61]], and being a stronger
agonist at CB1 and CB2 [62]], nabilone has a longer duration of action
(approximately 8–12 h), and half-life (approximately 35 h for active
metabolites) compared to dronabinol (duration of action: approxi-
mately 4–6 h, half-life: approximately 4 h). For these reasons, nabilone
may be preferred over dronabinol in this patient population.

This is one of the first studies to examine the effects of cannabinoids
in the AD population. Agitation is frequently observed in in-
stitutionalized patients with AD and is associated with increased care-
giver burden, decreased quality of life, more rapid disease progression
and increased weight loss. Clinical trials with atypical antipsychotics,
antidepressants, anticonvulsants, benzodiazepines and cognitive en-
hancers have demonstrated little to modest efficacy in AD patients with
agitation, and have also been associated with harmful side effects.
However, due to a lack of efficacious alternatives, clinicians are limited
in their options to treat patients with pharmacological agents that are
both safe and effective. Cannabinoids have a distinct pharmacologic
profile that may offer an alternative approach to pharmacotherapy of
agitation, as well as having benefits for weight and pain. Though trials
with THC have not demonstrated any significant benefits for agitation,
trials with synthetic cannabinoids have reported some benefits with
comparable safety between drug and placebo. However, those trials had
small sample sizes and short trial durations, and as such, need to be
validated. The proposed study will provide an initial signal for efficacy
and information regarding the feasibility of a larger, multicentre trial of
the synthetic cannabinoid nabilone. A safe and efficacious treatment for
agitation in AD could increase quality-of-life, reduce caregiver burden,
and avoid the negative impact of untreated agitation on health care
costs.

Funding sources

This work was supported by the Alzheimer's Drug Discovery
Foundation (Grant 20140503) and the Alzheimer Society of Canada
(Grant 15-17). Neither ASC nor ADDF had influence on data assessment
or the writing of the manuscript.

Declaration of conflicting interests

KLL has received research grants from the National Institute on

Aging (award number R01AG046543), Alzheimer's Drug Discovery
Foundation (Grant 20140503), the Alzheimer Society of Canada (Grant
15–17), Alzheimer’s Association, Canadian Institutes of Health
Research, AbbVie, Lundbeck, Pfizer, Janssen-Ortho Inc., Roche and
Wyeth; honoraria from AbbVie, Abide Therapeutics and Lundbeck.

MR is funded by a CIHR Doctoral Research Award.
NH has received research grants from the Alzheimer's Drug

Discovery Foundation, the Alzheimer Society of Canada, the National
Institute of Health, Canadian Institutes of Health Research, Lundbeck,
and Roche; consultation fees from Lilly, Merck, and Astellas.

NPLGV has received research grants from the Alzheimer Society of
Canada, the Alzheimer's Association and the Scottish Rite Charitable
Foundation of Canada.

SEB has contract grants to the institution from GE Healthcare, Eli
Lilly, Biogen Idec, Novartis, Genentech, and Optina; as well as grants
from: Canadian Institutes of Health Research, Leducq Foundation,
Alzheimer's Drug Discovery Foundation, CQDM and Ontario Brain
Institute, Heart and Stroke Foundation, W. Garfield Weston Foundation,
Networks of Centres of Excellence of Canada, Alzheimer's Association,
National Institutes of Health, National Institute on Aging, ALS Society
of Canada, CHRP Collaborative Health Research Projects, and Brain
Canada.

The remaining authors have no conflicting interests to declare.

Authors’ contributions

KL and NH designed the study. KL, NH and MR contributed to the
protocol development. The Neuropsychopharmacology Research
Group, co-directed by KL and NH, will be responsible for recruitment,
assessments, data management, analysis interpretation of data, and
publication of results. All authors read and approved the final manu-
script.

Acknowledgements

The authors would like to thank the patients, families and medical
staff at Sunnybrook Health Sciences Centre for the participation in this
trial. We would also like to thank the Canadian Consortium of
Neurodegeneration in Aging for their support.

References

[1] L.B. Zahodne, K. Ornstein, S. Cosentino, D.P. Devanand, Y. Stern, Longitudinal re-
lationships between Alzheimer disease progression and psychosis, depressed mood,
and agitation/aggression, Am. J. Geriatr. Psychiatry : Off. J. Am. Assoc. Geriatr.
Psychiatry 23 (2) (2015) 130–140.

[2] N. Herrmann, S. Gauthier, Diagnosis and treatment of dementia: 6. Management of
severe Alzheimer disease, CMAJ (Can. Med. Assoc. J.) 179 (12) (2008) 1279–1287.

[3] C.G. Lyketsos, O. Lopez, B. Jones, A.L. Fitzpatrick, J. Breitner, S. DeKosky,
Prevalence of neuropsychiatric symptoms in dementia and mild cognitive impair-
ment: results from the cardiovascular health study, J. Am. Med. Assoc. 288 (12)
(2002) 1475–1483.

[4] I. McKeith, J. Cummings, Behavioural changes and psychological symptoms in
dementia disorders, Lancet Neurol. 4 (11) (2005) 735–742.

[5] M. Margallo-Lana, A. Swann, J. O'Brien, A. Fairbairn, K. Reichelt, D. Potkins,
P. Mynt, C. Ballard, Prevalence and pharmacological management of behavioural
and psychological symptoms amongst dementia sufferers living in care environ-
ments, Int. J. Geriatr. Psychiatry 16 (1) (2001) 39–44.

[6] K.H. Pitkala, J.V. Laurila, T.E. Strandberg, R.S. Tilvis, Behavioral symptoms and the
administration of psychotropic drugs to aged patients with dementia in nursing
homes and in acute geriatric wards, Int. Psychogeriatr. 16 (1) (2004) 61–74.

[7] S.U. Zuidema, J.F. de Jonghe, F.R. Verhey, R.T. Koopmans, Agitation in Dutch in-
stitutionalized patients with dementia: factor analysis of the Dutch version of the
Cohen-Mansfield agitation inventory, Dement. Geriatr. Cognit. Disord. 23 (1)
(2007) 35–41.

[8] M. Prince, R. Bryce, E. Albanese, A. Wimo, W. Ribeiro, C.P. Ferri, The global pre-
valence of dementia: a systematic review and metaanalysis, Alzheimer's & de-
mentia: J. Alzheimer's Assoc. 9 (1) (2013) 63–75 e2.

[9] Canadian study of health and aging: study methods and prevalence of dementia,
CMAJ (Can. Med. Assoc. J.) 150 (6) (1994) 899–913.

[10] I.S. Shin, M. Carter, D. Masterman, L. Fairbanks, J.L. Cummings, Neuropsychiatric
symptoms and quality of life in Alzheimer disease, Am. J. Geriatr. Psychiatry : Off.
J. Am. Assoc. Geriatr. Psychiatry 13 (6) (2005) 469–474.

M.T. Ruthirakuhan, et al. Contemporary Clinical Trials Communications 15 (2019) 100385

6

http://refhub.elsevier.com/S2451-8654(18)30178-9/sref1
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref1
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref1
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref1
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref2
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref2
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref3
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref3
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref3
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref3
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref4
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref4
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref5
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref5
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref5
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref5
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref6
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref6
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref6
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref7
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref7
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref7
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref7
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref8
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref8
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref8
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref9
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref9
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref10
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref10
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref10


[11] E.A. Miller, L.S. Schneider, R.A. Rosenheck, Predictors of nursing home admission
among Alzheimer's disease patients with psychosis and/or agitation, Int.
Psychogeriatr. 23 (1) (2011) 44–53.

[12] S. Mohamed, R. Rosenheck, C.G. Lyketsos, L.S. Schneider, Caregiver burden in
Alzheimer disease: cross-sectional and longitudinal patient correlates, Am. J.
Geriatr. Psychiatry : Off. J. Am. Assoc. Geriatr. Psychiatry 18 (10) (2010) 917–927.

[13] J. Wancata, J. Windhaber, M. Krautgartner, R. Alexandrowicz, The consequences of
non-cognitive symptoms of dementia in medical hospital departments, Int. J.
Psychiatry Med. 33 (3) (2003) 257–271.

[14] J. Cummings, J. Mintzer, H. Brodaty, M. Sano, S. Banerjee, D.P. Devanand,
S. Gauthier, R. Howard, K. Lanctot, C.G. Lyketsos, E. Peskind, A.P. Porsteinsson,
E. Reich, C. Sampaio, D. Steffens, M. Wortmann, K. Zhong, A. International
Psychogeriatric, Agitation in cognitive disorders: International Psychogeriatric
Association provisional consensus clinical and research definition, Int.
Psychogeriatr. 27 (1) (2015) 7–17.

[15] S. Gillette-Guyonnet, F. Nourhashemi, S. Andrieu, I. de Glisezinski, P.J. Ousset,
D. Riviere, J.L. Albarede, B. Vellas, Weight loss in Alzheimer disease, Am. J. Clin.
Nutr. 71 (2) (2000) 637S–642S.

[16] H. White, C. Pieper, K. Schmader, The association of weight change in Alzheimer's
disease with severity of disease and mortality: a longitudinal analysis, J. Am.
Geriatr. Soc. 46 (10) (1998) 1223–1227.

[17] M.E. Soto, M. Secher, S. Gillette-Guyonnet, G. Abellan van Kan, S. Andrieu,
F. Nourhashemi, Y. Rolland, B. Vellas, Weight loss and rapid cognitive decline in
community-dwelling patients with Alzheimer's disease, J. Alzheimer's Dis. 28 (3)
(2012) 647–654.

[18] A. Salva, S. Andrieu, E. Fernandez, E.J. Schiffrin, J. Moulin, B. Decarli, X. Rojano-i-
Luque, Y. Guigoz, B. Vellas, g. NutriAlz, Health and nutrition promotion program
for patients with dementia (NutriAlz): cluster randomized trial, J. Nutr. Health
Aging 15 (10) (2011) 822–830.

[19] A. Wong, S. Burford, C.L. Wyles, H. Mundy, R. Sainsbury, Evaluation of strategies to
improve nutrition in people with dementia in an assessment unit, J. Nutr. Health
Aging 12 (5) (2008) 309–312.

[20] S. Lauque, F. Arnaud-Battandier, S. Gillette, J.M. Plaze, S. Andrieu, C. Cantet,
B. Vellas, Improvement of weight and fat-free mass with oral nutritional supple-
mentation in patients with Alzheimer's disease at risk of malnutrition: a prospective
randomized study, J. Am. Geriatr. Soc. 52 (10) (2004) 1702–1707.

[21] G. Pickering, A. Eschalier, C. Dubray, Pain and Alzheimer's disease, Gerontology 46
(5) (2000) 235–241.

[22] W.P. Achterberg, M.J. Pieper, A.H. van Dalen-Kok, M.W. de Waal, B.S. Husebo,
S. Lautenbacher, M. Kunz, E.J. Scherder, A. Corbett, Pain management in patients
with dementia, Clin. Interv. Aging 8 (2013) 1471–1482.

[23] A. Corbett, B. Husebo, M. Malcangio, A. Staniland, J. Cohen-Mansfield, D. Aarsland,
C. Ballard, Assessment and treatment of pain in people with dementia, Nat. Rev.
Neurol. 8 (5) (2012) 264–274.

[24] J. Miro, S. Paredes, M. Rull, R. Queral, R. Miralles, R. Nieto, A. Huguet, J. Baos, Pain
in older adults: a prevalence study in the Mediterranean region of Catalonia, Eur. J.
Pain 11 (1) (2007) 83–92.

[25] D. Foley, S. Ancoli-Israel, P. Britz, J. Walsh, Sleep disturbances and chronic disease
in older adults: results of the 2003 national sleep foundation sleep in America
survey, J. Psychosom. Res. 56 (5) (2004) 497–502.

[26] B.N. Bosley, D.K. Weiner, T.E. Rudy, E. Granieri, Is chronic nonmalignant pain
associated with decreased appetite in older adults? Preliminary evidence, J. Am.
Geriatr. Soc. 52 (2) (2004) 247–251.

[27] G.A. van den Elsen, A.I. Ahmed, R.J. Verkes, C. Kramers, T. Feuth, P.B. Rosenberg,
M.A. van der Marck, M.G. Olde Rikkert, Tetrahydrocannabinol for neuropsychiatric
symptoms in dementia: a randomized controlled trial, Neurology 84 (23) (2015)
2338–2346.

[28] G.A.H. van den Elsen, A.I.A. Ahmed, R.J. Verkes, T. Feuth, M.A. van der Marck,
M.G.M. Olde Rikkert, Tetrahydrocannabinol in behavioral disturbances in de-
mentia: a crossover randomized controlled trial, Am. J. Geriatr. Psychiatry : Off. J.
Am. Assoc. Geriatr. Psychiatry 23 (12) (2015) 1214–1224.

[29] L. Volicer, M. Stelly, J. Morris, J. McLaughlin, B.J. Volicer, Effects of dronabinol on
anorexia and disturbed behavior in patients with Alzheimer's disease, Int. J. Geriatr.
Psychiatry 12 (9) (1997) 913–919.

[30] R. Mahlberg, S. Walther, Actigraphy in agitated patients with dementia. Monitoring
treatment outcomes, Z. Gerontol. Geriatr. 40 (3) (2007) 178–184.

[31] S. Walther, B. Schupbach, E. Seifritz, P. Homan, W. Strik, Randomized, controlled
crossover trial of dronabinol, 2.5 mg, for agitation in 2 patients with dementia, J.
Clin. Psychopharmacol. 31 (2) (2011) 256–258.

[32] S. Walther, R. Mahlberg, U. Eichmann, D. Kunz, Delta-9-tetrahydrocannabinol for
nighttime agitation in severe dementia, Psychopharmacology (Berlin) 185 (4)
(2006) 524–528.

[33] M.R. Woodward, D.G. Harper, A. Stolyar, B.P. Forester, J.M. Ellison, Dronabinol for
the treatment of agitation and aggressive behavior in acutely hospitalized severely
demented patients with noncognitive behavioral symptoms, Am. J. Geriatr.
Psychiatry : Off. J. Am. Assoc. Geriatr. Psychiatry 22 (4) (2014) 415–419.

[34] E.M. Marco, S.Y. Romero-Zerbo, M.P. Viveros, F.J. Bermudez-Silva, The role of the
endocannabinoid system in eating disorders: pharmacological implications, Behav.
Pharmacol. 23 (5–6) (2012) 526–536.

[35] E.B. Russo, Cannabinoids in the management of difficult to treat pain, Therapeut.
Clin. Risk Manag. 4 (1) (2008) 245–259.

[36] S.U. Zuidema, A.L. Buursema, M.G. Gerritsen, K.C. Oosterwal, M.M. Smits,
R.T. Koopmans, J.F. de Jonghe, Assessing neuropsychiatric symptoms in nursing

home patients with dementia: reliability and reliable change Index of the neu-
ropsychiatric inventory and the cohen-mansfield agitation inventory, Int. J. Geriatr.
Psychiatry 26 (2) (2011) 127–134.

[37] K.L. Lanctot, N. Herrmann, R. van Reekum, G. Eryavec, C.A. Naranjo, Gender, ag-
gression and serotonergic function are associated with response to sertraline for
behavioral disturbances in Alzheimer's disease, Int. J. Geriatr. Psychiatry 17 (6)
(2002) 531–541.

[38] B.S. Husebo, C. Ballard, R. Sandvik, O.B. Nilsen, D. Aarsland, Efficacy of treating
pain to reduce behavioural disturbances in residents of nursing homes with de-
mentia: cluster randomised clinical trial, BMJ 343 (2011) d4065.

[39] J.E. Streim, A.P. Porsteinsson, C.D. Breder, R. Swanink, R. Marcus, R. McQuade,
W.H. Carson, A randomized, double-blind, placebo-controlled study of aripiprazole
for the treatment of psychosis in nursing home patients with Alzheimer disease, Am.
J. Geriatr. Psychiatry : Off. J. Am. Assoc. Geriatr. Psychiatry 16 (7) (2008) 537–550.

[40] J. Cohen-Mansfield, Agitation in the elderly, Adv. Psychosom. Med. 19 (1989)
101–113.

[41] J.L. Cummings, M. Mega, K. Gray, S. Rosenberg-Thompson, D.A. Carusi,
J. Gornbein, The Neuropsychiatric Inventory: comprehensive assessment of psy-
chopathology in dementia, Neurology 44 (12) (1994) 2308–2314.

[42] D.W. Molloy, T.I. Standish, A guide to the standardized mini-mental state ex-
amination, Int. Psychogeriatr. 9 (Suppl 1) (1997) 87–94 discussion 143-50.

[43] M. Panisset, M. Roudier, J. Saxton, F. Boiler, Severe impairment Battery: a neu-
ropsychological test for severely demented patients, Arch. Neurol. 51 (1) (1994)
41–45.

[44] G. Weyer, H. Erzigkeit, S. Kanowski, R. Ihl, D. Hadler, Alzheimer's Disease
Assessment Scale: reliability and validity in a multicenter clinical trial, Int.
Psychogeriatr. 9 (2) (1997) 123–138.

[45] R.D. Harry, K.K. Zakzanis, A comparison of donepezil and galantamine in the
treatment of cognitive symptoms of Alzheimer's disease: a meta-analysis, Hum.
Psychopharmacol. 20 (3) (2005) 183–187.

[46] K.L. Lanctot, N. Herrmann, K.K. Yau, L.R. Khan, B.A. Liu, M.M. LouLou,
T.R. Einarson, Efficacy and safety of cholinesterase inhibitors in Alzheimer's dis-
ease: a meta-analysis, CMAJ (Can. Med. Assoc. J.) 169 (6) (2003) 557–564.

[47] N. Herrmann, S.A. Chau, I. Kircanski, K.L. Lanctot, Current and emerging drug
treatment options for Alzheimer's disease: a systematic review, Drugs 71 (15)
(2011) 2031–2065.

[48] W. Guy, Clinical Global Impressions (CGI). ECDEU Assessment Manual
Psychopharmacology. US Department of Health and Human Services, Public Health
Service Alcohol Drug Abuse and Mental Health Administration, NIMH
Psychopharmacology Research branch, 1976 218-212.

[49] V. Warden, A.C. Hurley, L. Volicer, Development and psychometric evaluation of
the pain assessment in advanced dementia (PAINAD) scale, J. Am. Med. Dir. Assoc.
4 (1) (2003) 9–15.

[50] L.Z. Rubenstein, J.O. Harker, A. Salva, Y. Guigoz, B. Vellas, Screening for under-
nutrition in geriatric practice: developing the short-form mini-nutritional assess-
ment (MNA-SF), J. Gerontol. A Biol. Sci. Med. Sci. 56 (6) (2001) M366–M372.

[51] R. Diekmann, K. Winning, W. Uter, M.J. Kaiser, C.C. Sieber, D. Volkert, J.M. Bauer,
Screening for malnutrition among nursing home residents - a comparative analysis
of the mini nutritional assessment, the nutritional risk screening, and the mal-
nutrition universal screening tool, J. Nutr. Health Aging 17 (4) (2013) 326–331.

[52] D.I. Kaufer, J.L. Cummings, D. Christine, Effect of tacrine on behavioral symptoms
in Alzheimer's disease: an open-label study, J. Geriatr. Psychiatry Neurol. 9 (1)
(1996) 1–6.

[53] G.L. Iverson, G.A. Hopp, K. DeWolfe, K. Solomons, Measuring change in psychiatric
symptoms using the Neuropsychiatric Inventory: nursing Home version, Int. J.
Geriatr. Psychiatry 17 (5) (2002) 438–443.

[54] J. Cohen, Statistical Power Analysis for the Behavioral Sciences, second ed.,
Lawrence Erlbaum Associates, New Jersey, USA, 1988.

[55] N. Herrmann, K.L. Lanctôt, L.S. Rothenburg, G. Eryavec, A placebo-controlled trial
of valproate for agitation and aggression in Alzheimer's disease, Dement. Geriatr.
Cognit. Disord. 23 (2) (2007) 116–119.

[56] N. Herrmann, K.L. Lanctôt, G. Eryavec, L.R. Khan, Noradrenergic activity is asso-
ciated with response to pindolol in aggressive Alzheimer's disease patients, J.
Psychopharmacol. 18 (2) (2004) 215–220.

[57] K. Ito, B. Corrigan, K. Romero, R. Anziano, J. Neville, D. Stephenson, R. Lalonde,
Understanding placebo responses in Alzheimer's disease clinical trials from the
literature meta-data and CAMD database, J. Alzheimer's Dis. 37 (1) (2013)
173–183.

[58] M.J. Passmore, The cannabinoid receptor agonist nabilone for the treatment of
dementia-related agitation, Int. J. Geriatr. Psychiatry 23 (1) (2008) 116–117.

[59] B.S. Husebo, W. Achterberg, E. Flo, Identifying and managing pain in people with
alzheimer's disease and other types of dementia: a systematic review, CNS Drugs 30
(6) (2016) 481–497.

[60] L.E. Klumpers, T.L. Beumer, J.G. van Hasselt, A. Lipplaa, L.B. Karger,
H.D. Kleinloog, J.I. Freijer, M.L. de Kam, J.M. van Gerven, Novel Delta(9) -tetra-
hydrocannabinol formulation Namisol(R) has beneficial pharmacokinetics and
promising pharmacodynamic effects, Br. J. Clin. Pharmacol. 74 (1) (2012) 42–53.

[61] G. Bedi, Z.D. Cooper, M. Haney, Subjective, cognitive and cardiovascular dose-ef-
fect profile of nabilone and dronabinol in marijuana smokers, Addict. Biol. 18 (5)
(2013) 872–881.

[62] R.G. Pertwee, The diverse CB1 and CB2 receptor pharmacology of three plant
cannabinoids: delta9-tetrahydrocannabinol, cannabidiol and delta9-tetra-
hydrocannabivarin, Br. J. Pharmacol. 153 (2) (2008) 199–215.

M.T. Ruthirakuhan, et al. Contemporary Clinical Trials Communications 15 (2019) 100385

7

http://refhub.elsevier.com/S2451-8654(18)30178-9/sref11
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref11
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref11
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref12
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref12
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref12
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref13
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref13
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref13
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref14
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref14
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref14
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref14
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref14
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref14
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref15
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref15
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref15
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref16
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref16
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref16
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref17
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref17
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref17
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref17
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref18
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref18
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref18
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref18
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref19
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref19
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref19
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref20
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref20
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref20
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref20
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref21
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref21
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref22
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref22
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref22
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref23
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref23
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref23
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref24
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref24
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref24
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref25
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref25
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref25
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref26
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref26
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref26
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref27
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref27
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref27
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref27
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref28
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref28
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref28
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref28
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref29
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref29
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref29
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref30
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref30
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref31
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref31
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref31
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref32
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref32
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref32
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref33
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref33
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref33
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref33
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref34
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref34
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref34
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref35
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref35
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref36
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref36
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref36
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref36
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref36
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref37
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref37
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref37
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref37
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref38
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref38
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref38
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref39
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref39
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref39
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref39
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref40
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref40
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref41
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref41
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref41
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref42
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref42
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref43
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref43
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref43
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref44
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref44
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref44
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref45
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref45
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref45
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref46
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref46
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref46
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref47
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref47
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref47
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref48
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref48
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref48
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref48
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref49
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref49
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref49
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref50
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref50
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref50
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref51
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref51
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref51
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref51
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref52
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref52
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref52
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref53
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref53
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref53
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref54
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref54
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref55
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref55
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref55
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref56
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref56
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref56
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref57
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref57
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref57
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref57
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref58
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref58
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref59
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref59
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref59
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref60
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref60
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref60
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref60
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref61
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref61
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref61
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref62
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref62
http://refhub.elsevier.com/S2451-8654(18)30178-9/sref62

	Investigating the safety and efficacy of nabilone for the treatment of agitation in patients with moderate-to-severe Alzheimer's disease: Study protocol for a cross-over randomized controlled trial
	Introduction
	Methods
	Study aims
	Primary
	Secondary
	Exploratory

	Study design
	Setting
	Study participants
	Study intervention
	Study assessments
	Primary outcome measure
	Secondary outcome measures
	Exploratory outcome measures

	Study schedule
	Randomization and masking
	Compliance
	Biomarker analyses
	Safety monitoring plan
	Data collection, retention and management
	Statistical analyses
	Sample calculation

	Discussion
	Funding sources
	Declaration of conflicting interests
	Authors’ contributions
	Acknowledgements
	References




