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High CBD Cannabis Oil as Treatment of Behavioral Disturbances in Dementia Patients: double blind, placebo-controlled, clinical trial of safety and efficacy.
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Background: Dementia is characterized by widespread progressive decline in cognitive and functional abilities and a wide range of challenging behavioral symptoms that occur throughout the disease progression, is one of the major causes of disability and dependency among older people. Our objective in this trial was to evaluate cannabidiol rich cannabis oil in the treatment of subjects suffering from agitation and behavioral disturbances related to dementia. Methods: In this randomized double-blind placebo-controlled trial, 60 male and female patients were randomly assigned to receive either Avidekel cannabis oil (30% CBD and 1% THC) or placebo oil. The primary efficacy endpoint was the proportion of subjects achieving a Cohen-Mansfield Agitation Inventory (CMAI) score decrease of 4 points or more at week 16 compared to baseline. Results: Sixty patients began treatment, 52 patients (86.7%) completed the protocol. There was a statistically significant difference in proportion of subjects who had a CMAI reduction of ≥ 4 points at week 16 between Avidekel oil (68.8%) and placebo oil (30.0%) (χ2=7.43, p<.006). In the NPI-NH score there was a statistically significant difference between baseline and week 16 scores between the Avidekel oil treatment group and the placebo oil (mean difference=2.44, s.d=0.47 t(51)=5.23, p<.001). There was a significant reduction in anti-hypertensive medications over time in the Avidekel group but not in the placebo group; Out of the 60 patients, there were 2 deaths. Both deaths occurred in the Avidekel group. There were 57 other adverse events reported in 27 patients (18 in the Avidekel group and 9 in the placebo group; 45% of the patients in each group) including falls, shaking, itching, vomiting, constipation, rectal bleeding, edema in the lower extremities, urinary tract infection (UTI) and hip joint pain. Conclusion: Avidekel oil is seemingly a safe and effective treatment option for patients suffering from behavioral disorder related to dementia, with favorable effects in the treatment of hypertension, enabling the geriatrician to reduce antihypertensive medications, when required. (Funded by Tikun-Olam Pharmaceuticals; ClinicalTrials.gov number, NCT03328676).
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1. Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Dementia is expected to affect approximately 42.3 million people worldwide by the end of 2020 [1]. Dementia, characterized by widespread progressive decline in cognitive and functional abilities and a wide range of challenging behavioral symptoms that occur throughout the disease process [2], is one of the major causes of disability and dependency among older people [3,4]. Alzheimer’s disease (AD) is the most prevalent form of dementia accounting for 60–80% of dementia cases [3, 5].
Neuropsychiatric symptoms (NPS) are behaviors and noncognitive symptoms that occur in up to 90% of dementia patients [6-8]. These symptoms and behaviors present a challenging manifestation of dementia, includes mood disorders (e.g., depression, apathy, and euphoria), sleep disorders (e.g., insomnia, hypersomnia, and night-day reversal), psychotic symptoms (i.e., delusions and hallucinations), and agitation (e.g., pacing, wandering, sexual disinhibition, and aggression) [8]. 
 NPS are associated with a reduced quality of life (QoL) for both patient and caregiver(s) [4, 9, 10, 14] and may lead to caregiver burnout and a decrease in empathy [10]. Agitation in dementia is associated with increased rate of cognitive and functional decline [11], rapid disease progression [12, 13], and earlier death [14] compared with dementia patients without agitation. Patients with dementia and agitation, often require more medications and are more likely to be admitted to institutions (i.e., care facility, general hospital inpatient, or mental health admission) for long-term care than patients with dementia without agitation, increasing overall costs of dementia care to patients, caregivers, and the healthcare system [8, 9, 15, 16, 17, 18].
In Aigbogun database analysis, patients with behavioral disturbances had significantly greater use of comedications, including antidementia medications, antipsychotics (e.g., quetiapine and risperidone), and antidepressants, compared with patients without behavioral disturbances [19].
American, British and Canadian guidelines recommend non-pharmacological intervention as first-line treatment to decrease agitation, but although a range of behavioral techniques are available [20] they have a limited evidence base. At present, no pharmacological treatment for agitation in dementia has been FDA-approved in the US [21]. Antipsychotics and antidepressants are typically used off-label to treat NPS in dementia [22]. The 2016 American Psychiatric Association (APA) Practice Guidelines recommend the use of antipsychotics for the treatment of agitation and other NPS in patients with dementia only when symptoms are severe, dangerous or cause significant patient distress [21]. Antipsychotics are associated with significant side effects and an increased risk of stroke and death in older adults with psychosis and dementia; therefore, the decision to use an antipsychotic drug should be considered with great caution [22, 23]. 
Some clinical data supports the beneficial therapeutic effect of cannabinoids on behavioral symptoms in patients with dementia [24]. In a placebo-controlled crossover trial, Volicer et al [25] were the first to demonstrate an amelioration in behavioral disturbance in AD patients following treatment with dronabinol (THC analogue) (n=12, P<0.05) [26]. In a retrospective systematic review, Woodward and co-authors [27] demonstrated a significant reduction in agitation among dementia patients associated with dronabinol intervention (n=40, P< 0.001) [28]. A similar beneficial effect of dronabinol on nocturnal agitation was reported in an open-label pilot study (n=6, P < 0.05) [27]. However, in Ruthirakuhan’s meta-analysis, no significant benefit of cannabinoids over placebo was demonstrated for reducing NPS. Yet, post hoc analysis showed that patients with greater AD severity demonstrated improvement in agitation when treated with cannabinoids [29]. Overall, evidence for the management of dementia-related neuropsychiatric symptoms with medical cannabis in AD was found to be equivocal [30].
Since dementia patients are a highly sensitive population that already suffers from confusion and disorientation, we looked for the accurate product with calm and soothing effect but without the psychoactive effect to avoid chemical tying of the patients. Our objective in this trial was to evaluate the safety and efficacy of cannabidiol rich cannabis oil for the treatment of patients suffering from agitation and behavioral disturbances related to dementia in a randomized placebo-controlled, double-blind trial. 

2. Methods
Patient Population and Trial Design 
This was a single center, randomized (2:1), placebo-controlled, double-blind trial conducted in Israel. Patient recruited from all over the country by the principal investigator (VH), who gave all participants a detailed description of the trial. If the patients or their families found interest in participation, their eligibility was determined using a predetermined screening form, and a written informed consent provided from the participant's legally authorized representative.
Eligibility criteria included the following: males and females ages 60 years or older with documented diagnosis of dementia according to the DSM-V criteria, a score of 26 or below in the MMSE, a questionnaire that is used to measure cognitive impairment - any score of 24 or more (out of 30) indicates a normal cognition; below this, scores can indicate severe (≤9 points), moderate (10–18 points) or mild (19–23 points) cognitive impairment [31] and clinical relevant BPSD, defined as NPI-NH [32] sub-score of agitation ≥ 3 (this questionnaire includes an assessment of the following behavioral disturbances: delusions, hallucinations, apathy, depression, agitation, euphoria, aberrant motor behavior, irritability, disinhibition, anxiety, sleeping, and eating; the greater the NPI-NH score, the more severe and frequent the behavioral disturbances). Patients enrolled in the trial had to have a stable medication regimen for at least two weeks prior to the screening and baseline visit. Subjects resided in either an institutionalized setting (e.g., dementia unit, nursing home, assisted living facility, or other residential care facility) or in a non-institutionalized setting where receiving 24-hour supervision via home health care or a family member. Ineligibility criteria: Patients who were receiving the following medications: Astemizole, Cisapride, Pimozide or Tefanide, as well as patients who suffered from severe heart disease, epilepsy, active mental disorder, anxiety disorder, psychotic condition in the past or psychosis, schizophrenia or family history of schizophrenia or other mental disorders were excluded. In addition, patients suffering from alcohol and/or substance abuse, patients who had gone through surgery in the past 30 days or scheduled for surgery during the trial period were also excluded. 
Participants were told that they will be followed for 16 weeks of the trial, but they could terminate their participation whenever they wished to do so. Upon meeting all eligibility criteria, the participants were randomly assigned to receive in a 2:1 ratio Avidekel cannabis oil or placebo, respectively by a computerized random number generator system. The ratio was determined intentionally to improve the recruitment prospects. The randomization list was set before trial initiation, according to it the IP were prepared. The randomization list was kept in a closed envelope, in a locked closet in the manufacturing company, in-order to insure blinding of patients and hospital employees. Patient's randomization number was three letters of the hospital name, one letter of the investigated indication and a Serial number of three digits LND-D-001-064. Each recruited patient received the following randomization number available according to his recruitment date. 
The following questionnaires were also administered by trained study staff at every study visit: The CMAI, a 29-item scale that measures the types and frequencies of agitated behaviors, each rated on a 7-point scale of frequency, when higher scores indicate greater agitation severity; the Pain Assessment in Advanced Dementia Scale (PAINAD), a pain scale that its total score ranges from 0 (no pain) to 10 (severe pain) points; the Geriatric Depression Scale (GDS), a 30-item self-report assessment used to identify depression in the elderly; and the Clinical Global Impression for Agitation and Aggression (CGI-S-A/A), a 10-point Likert-like scale for overall severity of symptoms of agitation and aggression and global functioning based on the investigator’s general clinical experience with a similar patient population that ranged from 0 (excellent) to 10 (very severe).
The trial took place at the Geriatric wing of Laniado medical center, Netanya, from December 2017 to September 2019.
Investigational product 
Subjects received the IP as drops applied under the tongue three times a day. The IP was titrated to reach the patient's target dose. Patients in the control group received placebo oil drops under the tongue three times a day.
The participants in the trial received extract of Avidekel strain cannabis flowers dissolved in olive oil. The IP contained 45% olive oil, 30% CBD, 1.5% CBC, 1.1% THC, 0.5% CBDV, and 0.5% CBG and other unidentified cannabinoids represent up to 1.1% of the IP, the remaining ingredients include terpenes, flavonoids, waxes, and chlorophyll. The main terpenes identified in the strain are: myrcene, α-eudesmol, guaiol, 10-epi-γ-eudesmol, bulnesol, α-pinene, β-caryophyllene and d-limonene. One drop is equivalent to approximately 0.05 ml and contains approximately 15 mg CBD and 0.5 mg Δ9-THC. Patients in the control group received placebo oil containing olive oil and chlorophyll. 
The IP and placebo were in oil form and identical in appearance. They were prepacked in bottles and consecutively numbered for each patient according to the randomization schedule. Each patient was assigned an order number and received the oil in the corresponding prepacked bottles.
The appropriate dose for each patient was determined in accordance with the patient’s other medications, overall condition, weight, energy levels, symptoms, and their severity. In order to reach the optimal dose for each participant, a titration period was required. The number of oil drops taken by each subject and the timing varied from one participant to another. The stage at which each patient attempted to find his/her ideal dose lasted up to 6 weeks and during this time the impact of the treatment on the disease's symptoms was not be as good as when the dose is balanced between maximum impact on the symptoms and minimal side effects. The initial dose was one drop of oil under the tongue three times a day (morning, noon and evening), for three days and then two drops, three times a day, for three more days, and so forth. The dose was increased gradually for each patient depending on the effect of the Avidekel cannabis oil and the tolerability to it. The subjects continued titration until an adverse reaction was experienced or to a maximum dosage of 21 drops per administration (315 mg of CBD and12.6 mg of Δ9-THC). If an adverse reaction occurred, the patients were tapered down one level to a pre-adverse reaction dose. 
The average dose in the Avidekel group was 14.9 drops in single treatment (s.d 6.89), range 1-21, equivalent to 224 mg CBD and 9 mg THC per administration. In the placebo group the average daily dose was 17.9 drops in single treatment (s.d 4.93), range 4-21. Patients received the IP three times a day.
Safety Assessments
For safety evaluation, data on clinical and laboratory results was collected in all trial visits, as well as data on adverse and serious adverse events. The latter was recorded by the medical team (VH and another geriatrician) who were blinded to the patients’ treatment assignment and classified the events as defined by the Israeli Ministry of Health (death, events that might cause death, hospitalization, debilitation, or immobility). The clinical data included vital signs and physical examination findings in all trial visits, as well as blood chemistry and hematology in every second visit. 
Trial outcomes
The primary efficacy endpoint was the proportion of subjects achieving 4 points decrease or more in the CMAI at week 16 compared to baseline.
The secondary efficacy endpoints were the following main behavioral outcomes: 1. the proportion of subjects achieving a CMAI ≥ 4-point decrease during the treatment period at each time point, 2. the time to 4-point reduction in CMAI, 3. the mean change from baseline to 16 weeks in the CMAI and the NPI-NH scores. 4. the changes in the PAINAD scores. The GDS and the CGI-S-A/A were evaluated as well. The reduction in the number of antipsychotic medications used by participants was also evaluated.
Oversight
All participants or their legal representatives gave their informed consent for inclusion prior to participation. The trial was conducted in accordance with the declaration of Helsinki, the protocol was approved by the ethics committee of clinical trials department at the Israeli ministry of health, (project 20173138) as well as by the institutional review board at Laniado medical center in Netanya, Israel (project LND 0111-16), for whom all reports on serious adverse side effects occurring during the trial were sent. The ClinicalTrials.gov number assigned to the trial was NCT03328676. 
Statistical analysis
Sample size estimation: The trial is powered at the 80% level for two-sided alpha = 0.05 to detect a ≥ 4 unit reduction in CMAI score in treatment (40 patients) vs. control (20 patients) at week 16. A 4-point change corresponds to the mean effect size considered clinically significant including a 10% dropout rate.
Efficacy and safety analyses were performed on data from all patients who underwent randomization, received at least one dose of the trial regimen, and had at least one follow-up visit with efficacy and safety assessment after baseline. The trial flow, presenting this strategy of modified intention-to-treat population is presented in Figure 1.
Demographic characteristics of the two trial groups at enrollment were compared by χ2 or Fisher exact tests where appropriate for categorical variables and by t-test or Mann Whitney test in the case of non-normally distributed data for continuous variables. Similarly, comparisons between the two groups trial variables baseline scores were tested by t-tests. Repeated measures analysis (using General linear models procedure) was performed on trial outcome raw data (collected over the 16 weeks) and change from baseline, to test main effects of treatment and time and the interaction between them, among all participants who completed the trial. Bonferroni post hoc testing was performed to evaluate significant time main effects and treatment by time interactions. These analyses were then repeated via Mixed models in order to include data of the patients who dropped out of the trial. In order to test categorical outcomes such as the proportion of subjects achieving a CMAI ≥ 4-point decrease at week 16, χ2 tests were performed. Sensitivity analysis was then conducted assuming all participants who did not complete the trial was a failure. McNemar test was performed to evaluate changes in categorical data between week 16 and baseline. Significance was set at p <0.05. Analysis was performed using SPSS version 21 (IBM).
3. Results
Trial Population
A total of 67 patients were assessed for enrollment; of these, 3 were ineligible to participate (1 failed MMSE requirement, 1 failed both the MMSE and agitation criteria and 1 had condition that would prevent completion). Of the 64 eligible patients that were randomized between December 2017, and March 2019, four opt not to participate before receiving the IP (2 in each trial group). Sixty patients began a 16 weeks treatment, however only 52 patients (86.7%) completed the protocol (Figure 1).

[image: ] 
Figure 1. Trial flow: Enrollment, Randomization, and Trial Completion.












The trial participants’ characteristics at enrollment are presented in table 1.
Table 1. Baseline characteristics of the patient population.
Data is mean and SD [95%CI] for continuous variables and N (%) for categorical variables.
	
	
	
	

	Characteristic
	Avidekel oil
(N=40)
	Placebo oil
(N=20)
	t/χ2
	P

	Age - yr.

	78.8±9.3
 [75.7-82.0]
	80.5±9.6
 [76.0-85.0]
	-0.66
	.51

	Sex
Females
Males
	
22 (55.0)
18 (45.0)
	
14 (70.0)
6 (30.0)
	1.25
	.26

	Country of birth
Israel
Other
	(N=35)
12 (34.3)
23 (65.7)
	(N=19)
6 (31.6)
13 (68.4)
	0.04

	.84 

	Living arrangement
Hospital
Home
	N=39
6 (15.5)
33 (84.6)
	
2 (10.0)
18 (90.0)
	0.33
	.57

	Years since diagnosis

	4.3±2.9 (N=33)
 [3.2-5.3]
	3.3±2.4 (N=15)
 [1.9-4.6]
	1.16
	.25

	Other disabilities
	11 (29.7) (N=37)
	7 (35.0) 
	0.17
	.68

	MMSE1
95% CI
	12.8±7.5
 [10.3-15.2]
	13.0±7.4
[9.5-16.5]
	-0.05
	.96

	MMSE group
≤18 (severe)
19-26
	
28 (70.0)
12 (30.0)
	
15 (75.0)
5 (25.0)
	0.16
	.68

	Comorbidities 
	N=39
	N=18
	
	

	Diabetes-type 2
	10 (25.6)
	5 (27.8)
	0.03
	>.99

	Hypertension
	17 (43.6)
	8 (44.4)
	0.00
	>.99

	Other CVS
	20 (51.3)
	9 (50.0)
	0.21
	.65

	Neurologic
	10 (25.6)
	8 (44.4)
	2.01
	.16

	Other
	16 (41.0)
	9 (50.0)
	0.12
	.72

	Number of Medications
	
	
	
	

	Total
	6.4±2.9
 [5.5-7.3]
	6.5±3.3
[5.0-8.0]
	-0.12
	.90

	Relaxing 
	0.4±0.5
 [0.2-0.6]
	0.6±0.7
 [0.3-0.9]
	-1.39
	.17

	Antidepressant
	0.6±0.5
 [0.4-0.8]
	0.4±0.7
 [0.1-0.7]
	1.23
	.22

	Antipsychotic
	0.5±0.6
 [0.3-0.7]
	0.4±0.6
 [0.2-0.7]
	0.15
	.88

	Hypertension 
	1.1±1.1
 [0.7-1.4]
	1.2±1.3
 [0.5-1.8]
	-0.23
	.82

	Other
	3.9±2.2
 [3.2-4.6]
	3.9±2.4
 [2.8-5.0]
	-0.40
	.97

	Blood chemistry
	
	
	
	

	WBC (per ml)

	7.14±2.03
 [6.46-7.82]
	6.94±2.02
 [5.99-7.88]
	0.56
	.58

	Creatinine (mg%)
	1.220±1.245
 [0.811-1.561]
	0.936±0.233
 [0.827-1.0449]
	Z=0.96
	.34

	AST (mg%)
	19.90±12.18
 [15.84-23.96]
	23.83±15.22
 [16.70-30.95]
	Z=-2.27
	.02

	Glucose (mg%)
	123.5±51.1
 [106.5-140.6]
	104.1±22.8
 [93.4-114.8]
	1.50
	.14

	Blood pressure
	
	
	
	

	Systolic (mmHg)
	132.6±20.7
 [125.7-139.3]
	132.3±21.0
 [122.4-142.2]
	.02
	.99

	Diastolic (mmHg)
	72.8±15.7
[67.5-78.0]
	71.4±15.1
 [64.4-78.5]
	.35
	.73

	Unsatisfactory blood pressure2

	22 (55.0)
	15 (75.0)
	2.26
	.13

	Complete treatments
Yes
No
	
32 (80.0)
8(20.0)
	
20 (100.0)
0 (0.0)
	4.62
	.04



1 Mini Mental State Examination.
2 Systolic >160mmHg or Systolic <90mmHg. Diastolic >100mmHg or Diastolic <50mmHg.

There were no differences in enrollment characteristics except for AST levels. All 8 dropouts came from the Avidekel oil treatment group (probability of occurrence 3%). The reasons for not completing the trial participation were mostly due to personal and caregiver difficulties. Adverse effects were not reported as a dropout reason. There were no statistically significant differences in any of the baseline characteristics between the 8 dropouts and the 52 who completed the trial (data not shown).
Outcomes
Change in agitated behaviors (CMAI): There was no statistically significant difference in CMAI score at baseline between the two groups. Repeated measures analysis of CMAI raw score at weeks 0 to 16 revealed no statistically significant treatment effect (F(1,50)=1.57, p>.22) although there was a statistically significant main effect of time (F(8,400)= 6.62, p<.001), with baseline score statistically significantly higher than all other weeks and an interaction between treatment and time (F(8,400)=3.18, p<.002). Post hoc testing of the interaction revealed a statistically significant main effect of time for Avidekel oil (F(8, 248)= 13.04, p<.001) and none for the placebo oil (F(8, 152)=1.36, p>.22). Data on the CMAI scores along the trial visits for the 52 of patients who completed the trial are presented in table 2. In the Avidekel oil treatment group, it took a mean of 8.3 weeks to reach the primary end point vs about 13 weeks in the placebo group.
In a data analysis that included all 60 trial participants (including the 8 who stopped the treatment), there was still a significant difference in the CMAI score in the Avidekel group between the baseline visit and the last visit (p<0.05), but not in the placebo group.
Mixed models of the percentage of subjects achieving a CMAI ≥ 4-point decrease over time revealed a statistically significant treatment effect (F(1.15)=6.61, p<.02) and no time (F(6, 398)=1.92, p>.08) or time by treatment interaction (F(6, 358)=0.56, p>.76). If we consider all non-completers as failures, then the percentage of subjects achieving a CMAI ≥ 4-point decrease during the treatment period at week 16 would be 55.0% (22/40) for Avidekel oil vs. 30.0% (6/20) for placebo oil which is borderline statistically significant (χ2=3.29, p<.07). However, if we consider the last visit as reflective of the patients’ status on following visits or consider that 30% of the dropouts would have had a drop of 4 or more points (this is reflective of the control group at week 16) then the results we saw among the completers remained. 
Table 2. Primary endpoint of ≥ 4-point decrease from baseline in each trial group.
CMAI raw score, Number (%) with≥ 4-point decrease and mean % change from baseline of the patients across time: patients who completed the trial (N=52).
Data is mean and SD (median; range) for continuous variables and N (%) for categorical variables.
	
	Raw Score
	Number (%) with
≥ 4-point decrease from baseline
	Mean % change from baseline
[95% CI]

	 Week
	Avidekel
(N=32)
	Placebo
(N=20)
	t
	p
	Avidekel
N (%)
	Placebo
N (%)
	χ2
	P
	Avidekel 
	Placebo
	t
	p

	0
	57.7±17.8
(58.0; 32-99)
	58.6±22.2
(56.0; 33-125)
	-0.17
	.86
	 ---
	 ---
	---
	---
	N/A
	N/A
	
	---

	2
	50.6±15.3
(49.5; 31-85)
	52.6±20.4
(46.0; 33-125)
	-0.40
	.69
	 17
 (53.1)
	7 (35.0) 
	1.63
	.20
	-10.9±12.7
(-7.7; -50.0-0.0)
[-15.5 - -6.3]
	-7.7±19.1
(0.0; -56.0-32.0)
[-16.6- 1.2]
	-0.72
	.47

	4
	48.8±14.5
(47.0; 29-85)
	52.8±20.7
(47.0;33-124)
	-0.83
	.41
	 21
 (65.6)
	8 (40.0) 
	3.28
	.07
	-14.1±12.2
(-13.6;-50.0-2.7)
[-18.5- -9.7]
	-8.3±14.7
(-1.7; -54.0-4.4)
[-15.2- -1.5]
	-1.53
	.13

	6
	48.1±15.0
(44.5; 29-84)
	51.8±21.7
(45.5; 33-125)
	-0.73
	.47
	 23 
(71.9)
	9 (45.0) 
	3.76
	.053
	-15.4±12.9
(-13.9; -39.4-20.0)
[-20.0- -10.7]
	-10.4±16.6
(-2.0; -51.5-6.5)
[-18.2 - -2.6]
	-1.27
	.23

	8
	46.3±13.2
(44.5; 29-81)
	52.9±20.5
(48.0; 29-119)
	-1.41
	.16
	 21 
(65.6)
	8 (40.0) 
	3.28
	.07
	-17.6±15.2
(-17.5; -55.9-15.7)
[-23.1- -12.1)
	-7.8±18.2
(-3.3; -53.1-16.0)
[-16.3- 0.7]
	-2.10
	.04

	 10
	47.2±13.8
(49.5; 29-81)
	52.3±22.1
(45.0; 29-121)
	-1.02
	.31
	 22 (68.8)
	 7 (35.0)
	5.68
	.02
	-15.2±21.1
(-14.0; -55.8-50.0)
[-22.9- -7.6]
	-9.6±18.6
(-3.3; -53.1-12.1)
[-18.3- -0.9]
	-0.98
	.33

	 12
	45.5±13.8
(42.0; 29-81)
	52.9±22.2
(48.0; 29-126)
	-1.49
	.14
	 22 (68.8)
	 7 (35.0)
	5.68
	.02
	-18.3±20.4
(-21.4;-55.9-40.0)
[-25.7- -10.9]
	-8.5±19.0
(-4.0;-52.0-24.0)
[-17.5-0.4]
	-1.72
	.09

	 14
	44.9±13.4
(43.0; 29-80)
	56.0±25.5
(49.5;29-126)
	-2.06
	.08
	 21 (65.6)
	6 (30.0)
	6.26
	.01
	-19.6±18.4
(-18.5;-51.5-20.0)
[-26.2- -12.9]
	-5.3±15.4
(-2.9;-43.9-14.3)
[-12.5-1.9]
	-2.89
	.006

	 16
	44.1±13.2
(42.5; 29-85)
	56.2±25.5
(50.5; 29-126)
	-2.25
	.06
	22 (68.8)
	6 (30.0)
	7.44
	.006
	-20.4±19.8
(-19.5;-64.6-22.5)
[-27.6- -13.28]
	-5.0±15.6
(-2.9;-43.9-16.0)
[-12.3-2.2]
	-2.94
	.005




As shown in table 2 and Figure 2, the percent change from baseline in CMAI scores along the 16 weeks of the trial differed markedly between the two groups, showing better results for the Avidekel treated patients.

[image: ]Figure 2. Means of percent change in CMAI scores from baseline.
Change in behavioral disturbances (NPI-NH): There was no statistically significant difference in the agitation/aggression score between the two groups at baseline but there was a statistically significant difference between baseline and week 16 scores (mean difference=2.44, s.d=0.47 t(51)=5.23, p<.001). Mixed models analysis revealed that there was a statistically significant treatment effect (F(1, 52)=4.81, p<.03) with placebo oil having a statistically significantly higher Agitation/Aggression score as compared to Avidekel oil (5.08 vs. 3.73). See figure 3. In the NPI sensitivity analysis of all 60 patients the significance remained.
Table 3 presents the distribution of the different behavioral disturbances at baseline and at the end of the trial in each group. In the Avidekel treatment group, there was a substantial improvement in agitation, delusion, hallucinations, sleep and appetite disorders (p<.01).

[image: ]Figure 3. Estimated marginal means NPI-NH Agitation/Aggression score % change from baseline.

Table 3. Distribution of the behavioral disturbances (absolute numbers and percepts) along the trial according to the NPI-NH1 tool at baseline and at the end of the trial in each trial group.

	Condition
	Avidekel (N=32)
	Placebo (N=20)

	
	Baseline N (%)
	Went away    N (%)2
	Developed N (%)3
	Chi-square
	McNemar Test p
	Baseline N (%)
	Went away
N (%)1
	Developed N (%)2
	Chi-square
	McNemar Test p

	
	
	
	
	
	
	
	
	
	
	

	Delusions
	15 (46.88)
	10 (66.67)
	1 (5.88)
	5.82
	0.02
	9 (45.00)
	3 (33.33)
	0 (0.00)
	1.33
	0.25

	Hallucinations
	12 (37.50)
	6 (50.00)
	0 (0.00)
	4.17
	0.04
	6 (30.00)
	2 (33.33)
	1 (7.14)
	0.00
	>.99

	Agitation/Aggression
	32 (100)
	11 (34.38)
	0 (0.00)
	9.09
	0.003
	20 (100)
	1 (5.00)
	0 (0.00)
	0.00
	>.99

	Depression/Dysphoria
	25 (78.13)
	10 (40.00)
	3 (42.86)
	2.77
	0.10
	15 (75.00)
	6 (40.00)
	0 (0.00)
	4.17
	0.04

	Anxiety
	21 (65.63)
	11 (52.38)
	4 (36.36)
	2.40
	0.12
	14 (70.00)
	3 (21.43)
	0 (0.00)
	1.33
	0.25

	Elation/Euphoria
	2 (6.25)
	2 (100.00)
	2 (6.67)
	0.25
	0.62
	7 (35.00)
	5 (71.43)
	0 (0.00)
	3.20
	0.07

	Apathy/Indifference
	25 (78.13)
	7 (28.00)
	3 (42.86)
	0.90
	0.34
	14 (70.00)
	3 (21.43)
	3 (50.00)
	0.17
	0.68

	Disinhibition
	12 (37.50)
	7 (58.33)
	4 (20.00)
	0.36
	0.55
	12 (60.00)
	3 (25.00)
	2 (25.00)
	0.00
	>.99

	Irritability/Lability
	24 (75.00)
	8 (33.33)
	5 (62.50)
	0.31
	0.58
	15 (75.00)
	3 (20.00)
	1 (20.00)
	0.25
	0.62

	Aberrant Motor Behavior
	20 (62.50)
	8 (40.00)
	7 (58.33)
	0.00
	>.99
	11 (55.00)
	3 (27.27)
	0 (0.00)
	1.33
	0.25

	Sleep Disturbance
	22 (68.75)
	18 (81.82)
	5 (50.00)
	6.26
	0.01
	15 (75.00)
	4 (26.67)
	1 (20.00)
	0.80
	0.37

	Appetite and Eating Disorders
	18 (56.25)
	16 (88.89)
	7 (50.00)
	4.76
	0.02
	10 (50.00)
	4 (40.00)
	2 (20.00)
	0.17
	0.68


1 Neuropsychiatric Inventory Changes in Agitation/Aggression
2 % of those who had the condition at baseline.
3 % of those who did not have the condition at baseline.
Change in agitation and aggression (CGI-S-A/A): Repeated measures analysis of CGI-S-A/A score at weeks 0 to 16 revealed no statistically significant treatment effect (F(1,50)=0.99, p>.32) or interaction between treatment and time (F(8,400)=1.60, p>.12). The average CGI-S-A/A score in the Avidekel group was 2.8 at baseline (s.d 3.51), and 1.3 at week 16 (s.d 2.42). In the placebo group, the average CGI-S-A/A score was 2.9 at baseline (s.d 3.32), and 2.0 at week 16 (s.d 2.87).
Change in Pain (PAINAD): Only 4 patients suffered from mild pain and no analysis could be carried out. 
Change in depression (GDS): Of the 60 patients, 48 (80.0%) had GDS score at baseline. Of these 30 (62.5) were non depressed, 12 (25.0%) had mild depression, 5 (10.40%) had moderate depression and the remaining 1 (2.1%) had severe depression. There was no change in depression from baseline within the Avidekel oil or within the placebo oil group at any week (data not shown).
[bookmark: _Hlk48575030]Change in level of cognitive impairment (MMSE): Repeated measures analysis of the percent change in MMSE score from baseline over time revealed a statistically significant treatment effect (F(1,50)=4.48, p<.04). Consequence in change between the Avidekel treatment group, were 25 patients (80.6%) designated as moderate or severe (MMSE score of less than 18) at trial initiation were no longer moderate or severe at week 16, while in the placebo oil group 14 (73.6%) were no longer moderate or severe. However, there was no statistically significant difference in improvement of the scores over the trial visits (χ2=0.32, p>.57). 
Change in concomitant medications: Patients took a mean 6.8 (95% CI: 6.0-7.6) total number of medications at baseline. There was no statistically significant treatment (F(1, 51)=0.07, p>.79) or time (F(8, 408)=0.36, p>.94) effect or interaction between treatment and time (F(8, 408)=1.55, p>.14). However, there were statistically significant differences in number of anti-depressant medications and anti-hypertension medications over time (F(8, 408)=4.01, p<.001, F(8, 408)=3.80, p<.001, respectively) and interactions between treatment and time (F(8, 408)=2.32, p<.02, F(8, 408)=2.12, p<.03, respectively). Post hoc testing of the interaction revealed that there was a decrease in the number of anti-depressants in the placebo oil group (F(8, 160)=4.07, p<.001) but not in the Avidekel oil group (F(8, 248)=1.72, p<.10). On the other hand, there was a statistically significant decrease in the number of anti-hypertension medications in the Avidekel oil group (F(8, 248)=4.95, p<.001) but not in the placebo group (F(8, 160)=1.45, p>.18). There was a 13% reduction in the number of hypertension medications in the Avidekel oil group and a 4% increase in the placebo group. There was no statistically significant difference in the number of relaxing and antipsychotic medications between the two groups (F(1, 49)=0.58, p>.45). 
Adverse events
Deaths: Out of the 60 patients, there were 2 deaths (7 and 52 days after entry baseline). Both deaths occurred in the Avidekel group. Causes of death were breathing difficulties, refusal to eat and dehydration requiring hospitalization. The death rate in the Avidekel oil was not statistically significant different from the placebo group (Avidekel oil group 6.25% vs. placebo group 0.0%, χ2=1.28, p>.52). 
Hospitalizations: There was no statistically significant difference in the hospitalization rate between the 2 groups. There were 7 hospitalizations (mean 52 days from baseline, range 8-110; median 48.5 days) with 4 in the Avidekel oil (12.5%) and 3 in the placebo oil group (15.0%, χ2=0.065, p>.80). Three of these hospitalizations were for concurrent illness (2 in the Avidekel group and 1 in the placebo). The reasons for hospitalization were for general assessment, deterioration in the state of consciousness, loss of consciousness, dizziness, black stools, chronic diarrhea and a fall that resulted in head injury. 
Other adverse events: There were 57 other adverse events reported in 27 patients (18 in the Avidekel group and 9 in the placebo group; 45% of the patients in each group) between baseline visit and week 16. The difference in adverse events prevalence between the two groups was not statistically significant. Of the 57 adverse events, 7 (12.2%) occurred at unknown time. Other adverse events included falls, shaking, itching, vomiting, constipation, rectal bleeding, edema in the lower extremities, UTI and hip joint pain. All those events were of mild severity and relatively easy to cope with.
4. Discussion
To the best of our knowledge, our trial is the largest clinical trial conducted so far presenting cannabidiol rich Avidekel cannabis oil efficacy and safety data, pointing out to its being efficacious and safe for the treatment of behavioral disturbances in patients suffering from dementia. 
We found that 68.8% reached the primary end point of 4 points decrease in the CMAI score in the Avidekel cannabis oil treatment group as compared to only 30% in the placebo group. A decrease of 4 points and above means a substantial improvement in at least one behavioral disturbance. A mean reduction of 13.3 points achieved in the Avidekel treatment group means a recovery or a significant improvement in approximately four behavioral disturbances, while in the placebo group a mean reduction of 2.3 points corresponds to an insignificant clinical improvement. Furthermore, as detailed in Table 3, using the NPI-NH instrument we demonstrated that the patients in the Avidekel treatment group had significantly greater improvements in many behavioral conditions including agitation, delusions and hallucinations, as well as sleep and appetite disorders. These behavioral disturbances cause great distress and impair the QoL of the patients and their families. This is in line with the generally accepted notion that BPSD are a major cause of nursing home placement for people with dementia. Toot's et al review and meta-analyses on the causes of nursing home placement in patients suffering from dementia confirm the significant role played by this diverse group of symptoms. Among the more specific symptoms found to increase the risk of institutionalization were physical aggression, psychosis, anxiety, hallucinations, and depression [33]. Signe et al study suggested that severe dementia was a significant predictor of nursing home placement [34]. Improvement in behavioral disturbances, such as those observed in our trial, could help keep dementia patients at home. One male participant, sufferers from severe aggressiveness toward his wife, but after treatment with Avidekel oil calmed down and relaxed enough for his wife to change her mind and to allow him to continue stay at home and not to transfer him to an institution.
Patients treated in this trial showed behavioral improvement, we expected to find a significant decrease in the antipsychotic and relaxing medications used in the Avidekel oil group. However, this was not the case as there was no statistically significant difference between the two trial groups in the number of relaxing drugs used, nor in the number of antipsychotic medications. Further exploration of this issue should be studied in future, larger scale trials.
As most patients who suffered from severe behavioral disturbances needed several medications to control them, as well as medications to control their other health problems, such as depression and hypertension, a few comments deserve attention: 
1. As reported, patients took on average 6.8 different medications at baseline, with no statistically significant treatment or time effect thereafter. However, there were statistically significant differences in the number of specific medications consumed over time (anti-depressants and anti-hypertension medications). 
2. Most of the patients did not suffer from depression. Only 2.1% had severe depression. There was no change in depression from baseline within the Avidekel cannabis oil or within the placebo oil group at any week. In the placebo group, as opposed to the Avidekel cannabis oil group, there was a significant decrease in the number of antidepressant medications. Along the trial, patients in the placebo group suffered from severe behavioral disturbances with no significant improvement. As antidepressant medications could aggravate behavioral disturbances, especially when the patient was suffering from dementia without depression, one of the clinical options to help relieve their behavioral disturbances, including agitation, was to decrease medications that could increase agitation, like antidepressants. In the Avidekel treatment group, however, a notable behavioral improvement was seen, with less need to change the drug regimen.
3. As for hypertension, there was a statistically significant decrease in the number of anti-hypertension medications in the Avidekel cannabis oil group (13% decrease) but not in the placebo group (4% increase). Blood pressure did not change significantly following treatment in both the Avidekel cannabis group, and the placebo group. The average systolic blood pressure in the Avidekel cannabis group was 131.0 at baseline (s.d 17.10), and 130.7 at week 16 (s.d 15.97) and the average diastolic blood pressure was 67.9 at baseline (s.d 11.95), and 67.5 at week 16 (s.d 9.59). In the placebo group, the average systolic blood pressure was 132.8 at baseline (s.d 18.88), and 128.7 at week 16 (s.d 17.09) and the average diastolic blood pressure was 69.45 at baseline (s.d 13.52), and 64.5 at week 16 (s.d 10.96). It has been suggested that cannabidiol has anti-hypertensive potency. Our finding is consistent with Baranowska – Kuscko and co-authors, who showed in their in-vivo study that cannabidiol has a strong vasorelaxant effect and CBD based drugs could be helpful in cardiovascular disorders [35].
Two patients treated with Avidekel cannabis oil died during the trial; however, in both cases the mortality determined by the trial’s clinicians was due to unrelated causes: severe malnutrition, heart failure and anemia. No serious adverse events were reported.

Limitations: The trial has three main limitations. The first, sixty patients recruited to the trial, but only 52 completed it. The eight patients who dropped out from the trial prior to week 16 were all from the cannabis treatment group. However, no demographic or medical differences noted at enrollment between completers and non-completers (data not shown). The reasons given by family members for trial non-completion were mostly “personal and caregivers’ difficulties”. The trial participants had to comply with follow-up visits every two weeks, a requirement that imposed a lot of burden on the patients’ families and caregivers, especially as patients recruited to the trial resided in distant places all over the country, forcing a wasted workdays for many of the participants’ caregivers. Moreover, no adverse effects were reported as a cause for trial dropout. 
The second limitation relates to our sample size. As described, a sample of 60 participants considered a 10% dropout rate (that is 6 of the 60) and we had 8 dropouts. Thus, we are slightly underpowered. For the main outcome (percent of patients reaching >=4 points), the medium to large effect size (.40) power is acceptable (73.3%). However, for difference in percent change we had a medium to large effect size (partial eta sq=.148) which has a post hoc power of 60.8% only, given the standard deviation (19.8, 15.6) we found in the cannabis and placebo group respectively.
The third limitation, also due to sample size, is the inability to analyze our data by dementia sub-type, and therefore, although our findings are generalizable to patients suffering from behavioral disturbances related to dementia, we could not present sub-types specific outcomes.
In conclusion, Avidekel oil has been shown in this phase two randomized, double blind placebo-controlled trial, to be a safe and effective treatment for behavioral disturbances in dementia patients. This type of therapy may assist in resolving up to four types of behavioral disturbances with no significant adverse effects. In addition, Avidekel oil was found to have favorable effects in the treatment of hypertension, enabling the geriatrician to reduce antihypertensive medications, when required. We strongly recommend conducting a larger scale trial to evaluate the efficacy and side effects of cannabidiol in behavioral disturbances related to dementia and to compere clinical sub-types.
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