Aran et al. Molecular Autism (2021) 12:6

https:/doi.org/10.1186/513229-021-00420-2 Molecular Autism

RESEARCH Open Access

o . ®
Cannabinoid treatment for autism: et

a proof-of-concept randomized trial

Adi Aran""®, Moria Harel', Hanoch Cassuto', Lola Polyansky', Aviad Schnapp', Nadia Wattad', Dorit Shmueli?,
Daphna Golan® and F. Xavier Castellanos®

Abstract

Background: Endocannabinoid dysfunction in animal models of autism spectrum disorder (ASD) and accumulating,
albeit anecdotal, evidence for efficacy in humans motivated this placebo-controlled double-blind comparison of two
oral cannabinoid solutions in 150 participants (age 5-21 years) with ASD.

Methods: We tested (1) BOL-DP-O-01-W, a whole-plant cannabis extract containing cannabidiol and
A9-tetrahydrocannabinol at a 20:1 ratio and (2) BOL-DP-O-01, purified cannabidiol and A9-tetrahydrocannabinol at
the same ratio. Participants (N=150) received either placebo or cannabinoids for 12-weeks (testing efficacy) followed
by a 4-week washout and predetermined cross-over for another 12 weeks to further assess tolerability.

Registered primary efficacy outcome measures were improvement in behavioral problems (differences between
whole-plant extract and placebo) on the Home Situation Questionnaire-ASD (HSQ-ASD) and the Clinical Global
Impression-Improvement scale with disruptive behavior anchor points (CGI-l). Secondary measures were Social
Responsiveness Scale (SRS-2) and Autism Parenting Stress Index (APSI).

Results: Changes in Total Scores of HSQ-ASD (primary-outcome) and APSI (secondary-outcome) did not differ
among groups. Disruptive behavior on the CGl-l (co-primary outcome) was either much or very much improved in
49% on whole-plant extract (n =45) versus 21% on placebo (n=47; p=0.005). Median SRS Total Score (secondary-
outcome) improved by 14.9 on whole-plant extract (n = 34) versus 3.6 points after placebo (n=36);, p=0.009). There
were no treatment-related serious adverse events. Common adverse events included somnolence and decreased
appetite, reported for 28% and 25% on whole-plant extract, respectively (n =95); 23% and 21% on pure-cannabinoids
(n=93), and 8% and 15% on placebo (n=94).

Limitations

Lack of pharmacokinetic data and a wide range of ages and functional levels among participants warrant caution
when interpreting the results.

Conclusions: This interventional study provides evidence that BOL-DP-O-01-W and BOL-DP-O-01, administrated for
3 months, are well tolerated. Evidence for efficacy of these interventions are mixed and insufficient. Further testing of
cannabinoids in ASD is recommended.
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Background

There is no established pharmacological treatment for
the core symptoms of autism spectrum disorder (ASD),
persistent deficits in social communication, and repeti-
tive, restrictive patterns of behavior [1]; the efficacy and
tolerability of pharmacotherapies addressing comorbid
disruptive behaviors are relatively low [2].

Consumption of cannabis is reported to enhance
interpersonal communication [3] and decrease hostile
feelings [4]. The main components of the cannabis plant
(phytocannabinoids) are  A9-tetrahydrocannabinol
(THC) and cannabidiol (CBD). THC activates the
type-1 cannabinoid receptor (CB;R) in the brain; it is
psychoactive and can lead to anxiety and psychosis
[5]. CBD, on the other hand, is an allosteric modu-
lator of the CB;R and might decrease the effects of
CB|R agonists such as THC. It is not psychoactive
and has a relatively high toxicity threshold [5]. While
THC consumption, especially at a young age, can lead
to addiction, cognitive decline, motivational loss, and
psychosis, co-consumption of CBD might reduce these
risks [6].

CBD also appears to have anxiolytic, antipsychotic,
antiepileptic, and neuroprotective properties that
may be mediated through receptors such as serotonin
5-HT,,, glycine a3 and al, TRPV1, GPR55, GABA,,
and PPARYy, and by inhibiting adenosine reuptake [7-
11]. A single oral administration of 600 mg CBD to 34
men (17 neurotypicals and 17 with ASD) increased pre-
frontal GABA activity in neurotypicals and decreased
GABA activity in those with ASD [12].

Epidiolex is a cannabis-derived pure CBD compound
which was approved by the U.S. FDA in 2018 for the
treatment of two severe forms of epilepsy [13]. This
may be relevant for patients with ASD, as 10-30% also
have epilepsy, and several pathophysiological pathways
are implicated in both disorders [11, 14].

The endocannabinoid system is a cell-signaling sys-
tem composed of the cannabinoid receptors, their
endogenous ligands (endocannabinoids, mainly anan-
damide and 2-AG), transporters, and enzymes which
produce and degrade the endocannabinoids [15].

Studies in animal models suggest a reduced endo-
cannabinoid tone in ASD [16-19]. Stimulation of the
endocannabinoid system [16—19] and administration of
CBD [17] have improved social deficits in some mod-
els. Additionally, children with ASD have been found to
have lower peripheral endocannabinoid levels [20, 21].

These preclinical data and case-series, reporting treat-
ment with artisanal CBD-rich, cannabis strains [22-26]
have triggered widespread use of various cannabis strains
in children with ASD, despite a lack of controlled stud-
ies. Furthermore, the cannabis plant contains a wide
range of minor cannabinoids, terpenes, and flavonoids
which differ by strain. These components have also been
reported to impact human behaviour [27, 28]. Various
combinations of these components have been proposed
to have a synergistic pharmacological effect (the entou-
rage effect’) [29]. Whether presumed effects of cannabis
in ASD should be attributed to CBD or THC, or whether
minor cannabinoids, terpenes, and flavonoids also con-
tribute therapeutically remains unclear. Accordingly, we
performed a proof-of-concept, placebo-controlled trial
of whole-plant extract and pure cannabinoids in chil-
dren and adolescents with ASD. We hypothesized that
whole-plant extract, per the entourage effect, would be
more effective than placebo for disruptive behaviors;
assessing this hypothesis was our primary objective. A
secondary objective was to assess the efficacy of pure
cannabinoids which are more standardized and repeat-
able than whole-plant extracts and hence more suitable
for pharmacotherapy.

Methods

Standard protocol approvals, registrations, and patient
consents

NCT02956226 was approved by the Institutional Review
Board at Shaare Zedek Medical Center and the Israeli
Ministry of Health prior to participant enrollment. Par-
ticipants’ parents provided written informed consent
and written assent was obtained from participants when
appropriate.

Study design

This proof-of-concept, randomized, double-blind, pla-
cebo-controlled trial was conducted in a single refer-
ral center—Shaare Zedek Medical Center, Jerusalem,
Israel. Eligible participants were children and adoles-
cents (5-21 years old) with an ASD diagnosis per DSM-5
criteria, confirmed by Autism Diagnostic Observation
Schedule (ADOS-2), and moderate or greater behavioral
problems (rating>4) on the Clinical Global Impression
(CGI)-Severity scale (Table 1). Anchoring instructions
(provided in the Additional file 1) were used so that the
CGI-S would quantify behavioral difficulties rather than
overall ASD severity.
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Table 1 Inclusion and exclusion criteria for study participation

Inclusion criteria 1. Male or female outpatients aged 5-21 years old®

2. Diagnosis of ASD according to Diagnostic and Statistical Manual of Mental Disorders [Fifth Edition; DSM-5]

3. Moderate orbgreater behavioral problems as measured by a Clinical Global Impression Scale—Severity (CGI-S) score of 4 or higher
at screening

4. Involvement of a parent or caregiver able to consistently complete assessments throughout the study

Exclusion criteria 1. Lifetime history of psychotic disorder

2. Current or former treatment with cannabinoids

3. A medical condition (such as heart, liver, renal or hematological disorder) that impacts the subject’s ability to participate in the
study or makes the subject predisposed to severe adverse events

4. Subjects who have had changes in pharmacological, educational, or behavioral treatments for 4 weeks prior to randomization or

planned changes in existing interventions for the duration of the trial

2 In Israel, special education programs for individuals with ASD and neuropediatric clinics continue to follow patients with ASD until they are 21 years old

b To assign CGI-S scores, structured criteria were used to rate behavioral difficulties on the CGI-S, rather than overall ASD severity

Participants were randomly assigned (1:1:1 ratio) to 1
of 3 treatments for 12-weeks. Treatments were: (1) oral
placebo, (2) whole-plant cannabis extract containing
CBD and THC at a 20:1 ratio, and (3) pure CBD and pure
THC at the same ratio and concentration. Randomiza-
tion and blinding processes are described in the Addi-
tional file 1.

The primary objective was to evaluate whether
whole-plant cannabis extract would induce a significant
improvement in behavioral assessments compared to pla-
cebo. We used the same CBD: THC ratio as in previous
open-label case series [22-24]. We did not use a ‘CBD
only’ arm in this initial study, as we hypothesized that
the CBD-THC combination would be more efficacious

because of direct effects of THC on the endocannabinoid
system.

For ethical reasons, we used a crossover design in
which all participants would receive cannabinoids at
least once: after 12-weeks of treatment (‘Period-1’) and
a 4-week washout period, participants crossed-over to
a predetermined second 12-week treatment (‘Period-2’;
Fig. 1). The cross-over design was intended to allow
within-participant analyses, comparing the two treat-
ments that each participant received. As we had noted a
substantial improvement in our open observational study
with whole-plant extract [22], we ordered treatments a
priori to minimize the likelihood of substantial improve-
ment of severe disruptive behaviors in the first period

Placebo (n=50)

Pure cannabinoids (n=50)

Whole plant extract (n=50)

ent period 1 (12 Weeks)

o -
® ® ® ®
*A A A XA
n u n u

O Baseline evaluations

Fig. 1 Study design

Primary outcome measures

ADOS-2 @ Clinical Global Impression-
Vineland-I| Improvement
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e
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A Adverse events
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and deterioration in the second period. As we hypoth-
esized that whole-plant extract would be more effective
than pure cannabinoids, we excluded the sequence of
whole-plant extract followed by placebo.

Preliminary analyses revealed a treatment order effect:
change from baseline was greater in the first period than
in the second, suggesting a greater initial placebo effect.
As a treatment order effect impairs the validity of within-
participant analyses, we decided to evaluate between-
group efficacy only during the first period. Data from
both periods were examined for safety and tolerability.
For transparency, we present within-participant analyses
and between-participant analyses of period-2 (Additional
file 1).

Intervention

Cannabis plants (Topaz strain; BOL Pharma, Israel)
were subjected to CO, extraction. The extract was either
immediately dissolved in olive oil (BOL-DP-O-01-W)
or underwent further purification to 99% pure CBD
and then was dissolved in olive oil (BOL-DP-O-01). The
final concentrations of CBD and THC in both solutions
were 167 mg/ml CBD and 8.35 mg/ml THC. Flavorings
were added to all three solutions to make taste and scent
uniform.

In each treatment period, starting dose was 1 mg/kg/d
CBD (and 0.05 mg/kg/d THC). The dose was increased by
1 mg/kg/d CBD (and 0.05 mg/kg/d THC) every other day
up to 10 mg/kg body weight per day CBD (and 0.5 mg/
kg/d THC) for children weighing 20-40 kg or 7.5 mg/
kg/d CBD (and 0.375 mg/kg/d THC) for weight>40 kg
(to a maximum of 420 mg CBD and 21 mg THC per
day) divided into 3 daily doses. Treatments were given
orally (sublingual whenever possible) as an add-on to any
ongoing stable medication. At the end of each treatment
period, the study treatment was gradually decreased over
2 weeks.

Baseline evaluations

Baseline assessments included: ADOS-2 [30], a standard-
ized assessment of communication, social interaction,
play, and imaginary use of materials; Vineland Adap-
tive Behavior Scales (VABS) [31], a caregiver interview
assessing Communication, Socialization, and Daily Liv-
ing Skills; and Childhood Autism Rating Scale-Second
edition (CARS2-ST) [32], a quantitative measure of
direct behavior observation.

Outcomes

Primary outcomes: We designated two co-primary
outcome measures to assess ASD associated disrup-
tive behaviors: Home Situations Questionnaire-ASD
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(HSQ-ASD) and CGI-Improvement (CGI-I) targeting
behavioral problems.

HSQ-ASD [33] is a 24-item parent-rated measure of
noncompliant behavior in children with ASD. The scale
yields per-item mean scores of 0 to 9 (higher is worse)
[33].

CGI-I [34] was used to measure improvement in
disruptive behaviors from baseline by incorporating
anchoring instructions related to behavioral difficulties
(Anchors appear in the Additional file 1). As in the stand-
ard CGI-], scores ranged from 1 (very much improved)
through 4 (unchanged) to 7 (very much worse). Scores
of 1 or 2 (much improved) were defined as a positive
response; all others indicated a negative response [34].
CGI-I was assessed at the end of each treatment period.
The same clinician (AA) assessed and rated the CGI-S
and CGI-I of all participants.

Secondary outcomes included the Social Responsive-
ness Scale-2nd edition (SRS-2), the Autism Parenting
Stress Index (APSI), and adverse events.

SRS-2: [35] this 65-item, caregiver questionnaire quan-
tifies autism symptom severity (total scores range from 0
to 195; higher is worse).

APSI: [36] this 13-item parent-rated measure assesses
parenting stress in three categories: core social disability,
difficult-to-manage behavior, and physical issues.

Adverse events were assessed using a modified Liv-
erpool Adverse Events Profile (LAEP) including the 19
original LAEP [37] items plus 15 items covering all signif-
icant adverse effects of CBD and THC reported in prior
pediatric studies.

Statistical analyses
The primary aim of this study was to test the superiority
of whole-plant-extract over placebo in treating ASD asso-
ciated behavioral problems, using the HSQ-ASD and the
CGI-I for disruptive behaviors. The comparison between
pure-cannabinoids and placebo was registered as a sec-
ondary outcome. Sample size calculation was based on an
effect size of f=0.67 (in total HSQ-ASD score) [38] and
standard deviation of 3 points in the within-participant
difference between placebo and whole-plant extract con-
ditions. To achieve 80% power with 2.5% alpha (adjusted
for two co-primary endpoints) requires a sample of 43
patients per group. To account for attrition, an additional
15% were enrolled. A total of 50 participants per arm was
set to test primary study endpoints. Analyses were per-
formed using JMP version 14 (SAS Institute, Cary, NC,
USA). All P values were two-sided. Specific statistical
tests used and corrections applied for multiple compari-
sons are indicated in figure/table legends.

For details on the cannabinoid preparations, rand-
omization process, important changes to methods after



Aran et al. Molecular Autism (2021) 12:6

trial commencement, anchoring instructions for rating
the CGI-S and CGI-1, and the CONSORT checKklist, see
Additional file 2.

Results

Between 11 January 2017 and 12 April 2018, 150 chil-
dren and adolescents (mean age 11.8+4.1 years, median
11.25, range 5.1-20.8; 80% boys) entered the trial. ASD
symptoms were ‘severe’ in 78.7% per ADOS-2 (Com-
parison Score=8-10) [30] and adaptive level was ‘low’
(Standard Score<70) in 88% per Vineland Behavior
Scales [31].

Screening, randomization and attrition are shown
in Fig. 2 and participant characteristics are provided in
Table 2. Fifty participants were randomly assigned to
each of the 3 treatments in Period-1 and 44 per group
completed the study (12% overall attrition).

Safety and tolerability of cannabinoid treatment

with BOL-DP-0-01-W (whole-plant extract)

and BOL-DP-0-01 (pure cannabinoids)

Adverse events (AEs) were reported whenever they
occurred, and caregivers were proactively asked about
them at each study visit, and every 4 weeks using a struc-
tured questionnaire. AEs were documented whether
considered related to study treatments or not. Reports of
new adverse events or worsening of previously reported
events were rated mild (present, but not problematic),
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moderate (problematic and leading to study drug dose
decrease), or severe (posing a problem requiring medical
intervention). Serious AEs were possibly life-threatening
events or any requiring hospitalization. Overall, 95 par-
ticipants received a whole-plant extract, 93 received pure
cannabinoids, and 94 received a placebo.

There were no treatment-related severe or serious AEs.
Six participants had an unrelated serious event (Addi-
tional file 1: Table S1). Overall, mild AEs were not signifi-
cantly more frequent during cannabinoid treatment (mild
AEs were reported 383, 388, and 353 times, in 89, 79,
and 78 participants during treatment with whole-plant
extract, pure cannabinoids, and placebo, respectively).
Moderate AEs were reported 80, 78, and 57 times, in 44,
45, and 26 participants during treatment with whole-
plant extract, pure cannabinoids, and placebo, respec-
tively. AEs that were more common during cannabinoid
treatment are presented in Table 3. The full list of adverse
events and correlations with age, sex, treatment dose, and
concomitant medications appears in Additional file 1:
Table S2.

Impact of cannabinoid treatment with BOL-DP-O-01-W
(whole-plant extract) and BOL-DP-O-01 (pure
cannabinoids) on behavior

The impact of cannabinoid treatment on behavioral
problems was assessed using the HSQ-ASD [33], and the
CGI-I [34] (co-primary outcome measures). The APSI

| 150 Underwent randomization |<—| 233 Patients were screened |

'

\i

50 received whole plant
(CBD:THC = 20:1)

50 Received pure cannabinoids
(CBD:THC = 20:1)

50 Received placebo

5 Quit
2 Received license #
1 Due to ineffectiveness
1 Hospitalized
(treatment unrelated)
1 Before treatment onset

5 Quit

1 Received license #
1 Had adverse events
1 Due to ineffectiveness

3 Quit

2 Before treatment onset

\/

1 Died (treatment unrelated)
2 Received license #

\ \/

45 Completed 1st period |

| 45 Completed 1st period

47 Completed 1st period

| 1 Received license # |<—

4

1 Quit- sheltered
living decision

\

45 received pure
cannabinoids in 2" period

44 received placebo
in 2" period

46 received whole
plant in 2"d period

1 Was withdrawn due

-
to adverse events

4

2 Quit
1 sheltered living decision
1 Had adverse events

-

\

44 completed the 2" period

44 completed the 2" period

44 completed the 2" period

Fig. 2 Trial profile: screening, randomization and treatment periods
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Table 2 Participant characteristics
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All Placebo in 1st period; Pure cannabinoids in 1st Whole-plantin 1st period; P-value®
whole- plantin the 2nd period; placebo in the 2nd pure cannabinoids in 2nd
Age: mean=£SD 11.8+4.1 11.7+£38 11.6+43 121143 0.79
[median, range] [11.3,5.1-20.8] [10.7,5.8-20] [10.3,5.1-204] [12.6,5.1-20.8]
Sex (% girls) 20% 16% 16% 28% 0.22
ADQOS-2 Total Score 21.8£6.0 22.1+£6.5 225458 209+58 041
mean = SD [median, range] [23,7-32] [23.5,7-32] [24,11-32] [21,9-30]
VABS Standard Score 523+£145 520+£15.0 524+£152 5234136 0.27
mean = SD [median, range] [51,20-102] [49, 26-102] [54, 25-89] [52,20-78]
CARS Total Score 454+84 46.0+85 455489 446+78 0.55
mean = SD [median, range] [47.5,29.5-59] [47.5,30.5-59] [48.5,29.5-57.5] [46.5,31-56.5]
CGI-S maladaptive behavior ~ 5640.7 55407 56407 56407 0.78
mean = SD [median, range] [6,4-7] [6,4-7] [6,4-7] [6,4-7]
HSQ Total Score (baseline) 35+£17 37+£15 32415 3.74£21 0.33
mean % SD [median, range] [3.3,0.3-8.5] [3.7,0.7-6.0] [3.1,0.7-6.6] [3.6,0.3-8.5]
SRS-2 Total Score (baseline) 119427 122423 118431 1M7+27 0.37
mean % SD [median, range] [121,53-180] [124,53-159] [118,64-178] [117,66-180]
APSI Total Score (baseline) 27.14£104 2834103 2584104 2744107 0.67
mean % SD [median, range] [26, 7-54] [27,11-50] [25,8-54] [25, 7-48]
BMI (baseline) 208+5.7 205452 2054+6.0 213+£6.1 0.67
mean =+ SD [median, range]  [19.0,12.3-39.6] [19.1,12.8-34] [19.1,12.3-39.6] [19.0,13.9-39.6]
Epilepsy 9% 8% 8% 10% 0.92
Concomitant medications
Any medication 72% 72% 68% 76% 0.67
Antipsychotics 54% 58% 44% 60% 0.22
SSRIs 15% 12% 16% 16% 0.80
Antiepileptics (also givenas ~ 12% 12% 12% 12% 1.0
mood stabilizers)
Stimulants 12% 8% 22% 6% 0.033
Benzodiazepines 7% 2% 8% 10% 0.19
Alpha-2 agonists 4% 4% 2% 6% 0.58

ADOS-2 Autism Diagnostic Observation Schedule-2nd edition, (Modules 1, 2 and 3 were used for 55%, 17%, and 28% of the participants, respectively, without
significant differences among the 3 study arms); VABS Vineland Adaptive Behavior Scales; CARS Childhood Autism Rating Scale; CGI-S Clinical Global Impression—
Severity [5=markedly ill, 6 =severely ill, 7=among the most extremely ill patients; all referencing disruptive behaviors]; HSQ Home Situations Questionnaire; SRS-2
Social Responsiveness Scale-2nd edition; APS/ Autism Parenting Stress Index; SSRIs Selective serotonin reuptake inhibitors

@ Categorical parameters (sex, epilepsy and medications) were compared using likelihood ratio chi-square tests. Continuous parameters were compared using the
Kruskal-Wallis test if data distribution was non-normal but similar across groups (BMI) and using median tests if data distribution was non-normal and different across

groups (age, assessment scores)

[36] (secondary outcome measure) also reflects the child’s
behavior. HSQ-ASD total scores and APSI total scores
did not differ significantly between participants who
received cannabinoids and participants who received pla-
cebo (Table 4). On the CGI-I, 49% of 45 participants who
received whole-plant cannabinoids responded (either
much or very much improved) [34] compared with 21%
of 47 on placebo (p=0.005, Fig. 3). Of the 45 participants
who received pure cannabinoids, 38% responded, which
was not significantly higher than placebo (p=0.08).
None of these 3 measures (HSQ-ASD, CGI-I and APSI)
differed significantly between participants who received
whole-plant extract versus pure cannabinoids (Table 4).
Second treatment period results are presented in Addi-
tional file 1: Table S3 and Additional file 1: Figure S2 for

transparency but not further discussed because of a sig-

nificant order effect.

Impact of BOL-DP-O-01-W (whole-plant extract)

and BOL-DP-0-01 (pure cannabinoids) on Social
Responsiveness Scale scores

ASD symptoms (secondary outcome) were assessed with
the SRS-2 [35]. Improvement in SRS-2 total score was
significantly higher following treatment with whole-plant
extract compared with placebo (Table 4). Median total
score improved by 3.6 points after placebo (n=36) versus
14.9 on whole-plant extract (n =34; p=0.009) and 8.2 on
pure cannabinoids (n=28; p =0.80). Results of the sec-
ond treatment period are presented in Additional file 1:
Table S3 and Additional file 1: Figure S3 for transparency.
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Table 3 Common adverse events reported during either 12-week treatment period

Whole-plant extract Pure cannabinoids Placebo P value (placebo
CBD 5.5 mg/kg/d; n=95 (%) CBD 5.5 mg/kg/d; n=93 (%) n=94 (%) vs cannabinoids)

Somnolence 27 24 7.5 <0.001
Mild 20 18.5 7.5

Moderate 7 55 0

Severe 0 0 0

Decreased appetite 24 22 15 0.157
Mild 21 16.5 13

Moderate 3 55 2

Severe 0 0 0

Weight loss 12 13 4 0.053
Mild 9 12 3

Moderate 3 1 1

Severe 0 0 0

Tiredness 25 34 19 0.077
Mild 21 285 18

Moderate 4 55 1

Severe 0 0 0

Euphoria 20 19 13 0.201
Mild 15 16 12

Moderate 5 3 1

Severe 0 0 0

Anxiety 20 27 14 0.084
Mild 17 25 Il

Moderate 3 2 3

CBD: cannabidiol (CBD:THC ratio was 20:1 for both cannabinoids tested; the average daily dose per kg was lower than the target dose as many participants weighted

over 42 kg and reached the maximal daily dose)
Bold: sum of mild + moderate + severe for each adverse event

Table 4 Impact of cannabinoid treatment, as reflected by change from baseline to end of treatment period 1 in total

scores of HSQ-ASD, SRS-2, and APSI

Median (range) [n] Pairwise P
Assessment  Whole-plant extract Pure cannabinoids Placebo Whole-plant Pure C. Whole-plant
versus placebo  versus placebo  versus pure
HSQ-ASD —1.1(—3.8t0 1.6) [40] —0.7 (—44103.38) [42] —05(=37t025)[39] 0575 0915 0.508
SRS-2 —149(—451015)[34]  —8.2(—691045) [28] —36(=631t035)[36]  0.009 0.801 0.202
APSI —54(—391t013) [38] —49(—191022) [42] —1.5(=261020) [42] 0.502 0513 0.991

HSQ Home Situations Questionnaire-ASD; SRS-2 Social Responsiveness Scale-2nd edition; APS/ Autism Parenting Stress Index

Median tests were used, as distributions were non-normal

P-values are based on Mood’s Median Test of each pairwise comparison

Exploratory analyses: impact of BOL-DP-O-01-W
(whole-plant extract) and BOL-DP-O-01 (pure
cannabinoids) treatment on Body Mass Index (BMI)
Baseline BMIs were equivalent across treatment groups
(Table 2). The BMI of participants who received can-
nabinoids decreased during active treatment [Median
{25%, 75%}] by —0.45 {—1.15, 0.18} in Period-1 (n=44)

and—0.12 {—0.77, 0.18} in Period-2 (n=40)] follow-
ing treatment with whole-plant extract; BMI decreased
by—0.36 {—1.09, 0.24} in Period-1 (#=44) and—0.01
{—0.61, 0.48} in Period-2 (n=43) following treatment
with pure cannabinoids. Changes in BMI following can-
nabinoid treatment (either whole-plant extract or pure
cannabinoids) were—0.36 {—1.14, 0.2} in Period-1
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Fig. 3 Participants (%) whose behavioral problems either much
improved or very much improved on the CGl-I scale following
treatment. Response to 12-week treatment using the Clinical Global
Impression-Improvement (CGI-l). Positive response in this scale is
defined as a rating of ' much improved'or 'very much improved'[34].
Outcome was analyzed using Likelihood ratio chi-square test. P value
is unadjusted. *Remains significant after Bonferroni-correction for
multiple comparisons

(n=88) and—0.01 {—0.7, 0.38} in Period-2 (n=83).
During treatment with placebo, changes in BMI were
0.16 {—0.25, 0.56} in Period-1 (n=43; p<0.0001 versus
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cannabinoids) and 0.30, {0, 0.96} in Period-2 (n=43;
p=0.002 versus cannabinoids).

Notably, participants with higher BMI at baseline had a
more prominent decrease in BMI following cannabinoid
treatment [The decrease in BMI was positively correlated
with baseline BMI (F=4.3, p=0.042 in Period-1, F=8.6,
p=0.005 in Period-2)]. Change in BMI following pla-
cebo was not significantly correlated with baseline BMI
(Fig. 4).

Exploratory analyses: possible moderators of treatment
effects

Additional file 1: Table S4 presents possible moderators
of treatment response. Severity of ASD core symptoms
at baseline (as assessed by ADOS-2) and concomitant
use of medications were not significantly associated with
response to either pure cannabinoids or whole-plant
extract, on any assessment.

Males were more likely to improve on the HSQ-ASD
and SRS-2. Younger children were more likely to improve
on the CGI-I and APSI. Participants who had somno-
lence during cannabinoid treatment were more likely
to respond per the CGI-I assessment. However, treat-
ment with the whole-plant extract remained significantly

Cannabinoids,

Change in BMI

BMI at baseline,  First period BMI at baseline,  First period

Correlations were analyzed using linear regression

a . Whole plant extract b EI Placebo Cc First perion Second period
06 Pure Cannabinoids Cannabinoids 1 4
g *P<0.0001 -
@ 04 _ S . ]
§ E x| H
€ 02 022 0 T e B
| c ﬂ 2
= n=44 n=44 n=40 n=43 P [ n=8s = &l . =
1] PC n=43 o , RE 4
- -0.15 £ . i
£ 92 g - ]J
¢é7 PC @® o . e
S 04 048 -0.50)
o 5
-0.6 1
. . N . . . Cannabinoids Placebo C P Cannabinoids Placebo C
First period Second period First period Second period n=88 n=43 p n=83 n=43
d e
F=4.28, p=0.042 Placebo, F=1.15, p=0.29

Fig. 4 Impact of cannabinoid treatment on BMI. Change in BMI during 12-week treatment with either cannabinoids or placebo. a Whole-plant
extract versus pure cannabinoids; b Cannabinoid treatment (either whole-plant extract or pure cannabinoids) versus placebo; ¢ Distribution of
data, bars represent 10%, 25%, Median, 75% and 90%, differences between placebo and cannabinoids were analyzed using median test; d, e
Change in BMI as function of baseline level, stratified by treatment (cannabinoids or placebo) and treatment period (d first period, e second period).

Cannabinoids, F=8.55, p=0.005 Placebo, F=1.25, p=0.27

is ko bs 5 b oo 15 0 s 5 55

BMI at baseline, Second period BMI at baseline, Second period
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associated with improvement on the CGI-I and SRS-2
after controlling for somnolence and for concomitant use
of medications during treatment [Odds Ratio {95% con-
fidence interval} of 6.08 {1.91, 21.82} (p=0.003) and 3.56
{1.31, 10.28} (»=0.015), respectively].

Correlations between treatment dose (per Kg of body
weight) and treatment response are presented in Addi-
tional file 1: Table S5. The average treatment dose dur-
ing the first period was 5.7+ 2.6 mg/kg/d of CBD in the
whole-plant extract arm and 5.9+2.7 mg/kg/d of CBD
in the pure cannabinoids arm. A higher dose of whole-
plant extract correlated with higher behavioral improve-
ment on the CGI-I (r,=-—0.29, n=45, p=0.050).
Cannabinoid dose did not correlate significantly with any
other endpoints for either whole-plant extract or pure
cannabinoids.

Concomitant medications
Study treatments were added to ongoing behavioral or
pharmacological treatments. Planned changes in such
treatments or a change in the 4 weeks prior to randomi-
zation were exclusionary.

Concomitant medications were taken by 72% of par-
ticipants (Table 2). Adverse events or response were not
significantly associated with concomitant medication use
(Additional file 1: Table S2 and S3), except for somno-
lence which was higher in those on chronic medications
(p=0.001).

Discussion

Currently, there are no established medications for the
core autistic symptoms. Risperidone and aripiprazole
have been approved by the U.S. Food and Drug Admin-
istration (FDA) to treat comorbid irritability [2] but these
medications often cause obesity and metabolic syndrome
[2, 39].

In this study, we have demonstrated for the first time in
a placebo-controlled trial that cannabinoid treatment has
the potential to decrease disruptive behaviors associated
with ASD, with acceptable tolerability. This is specifi-
cally important for the many individuals with ASD who
are overweight, as cannabinoid treatment was associated
with net weight-loss (Fig. 4) in contrast to the substantial
weight gain usually produced by antipsychotics.

Two co-primary outcomes were designated to assess
improvement in disruptive behaviors following cannabi-
noid treatment: a parent questionnaire (HSQ-ASD) and
an interview-based clinician assessment (CGI-I).

HSQ-ASD scores did not differ significantly between
participants who received cannabinoids and participants
who received placebo. However, as our cohort included
children and adolescents with a wide range of function
levels, many participants had 4 or more items which were
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not applicable on the HSQ-ASD, limiting sample size on
this scale (Table 4).

The clinician assessment was based on a detailed
description of the most bothersome behavioral problems
at baseline and an extensive interview at the end of each
treatment period focused on those problems. Using this
patient- and family-centered tool customized for each
participant, we found that 49% of participants receiving
the whole-plant extract treatment responded versus 21%
on placebo (p =0.005).

Intriguingly, one of our secondary outcomes, the SRS-
2, provided preliminary evidence that cannabinoid treat-
ment might improve core symptoms of ASD (Table 4).
This finding could be of high importance if confirmed
in future studies, as studies exploring pharmacological
interventions for the ASD core symptoms are scarce.

Although not reportable as evidence of efficacy due
to crossover effects, Additional file 1: Figures S2 and S3
show that results in the second treatment period were
similar to those in the first.

Other possible implications of this preliminary study
for future studies and selected clinical use include feasi-
bility of sublingual administration in children with low
adaptive level, and feasibility of a starting dose of 1 mg/
kg/d of CBD and a gradual increase over 2—3 weeks to a
target of 5—10 mg/kg/d divided into 2—3 daily doses.

The study explored two cannabinoid compounds, dif-
fering by the absence of terpenes, flavonoids, and minor
cannabinoids in the pure-cannabinoid compound. While
additive and even synergistic therapeutic effects of these
additional components have been suggested (‘entourage’
effect) [28, 29], we did not find clear advantages for the
whole-plant extract over pure cannabinoids, suggesting
that attempts to search for the optimal entourage’ effect
across cannabis strains with the same CBD:THC ratio are
likely to be challenging. As previously reported in stud-
ies of children with refractory epilepsy [40, 41], we also
found relatively high placebo effects, emphasizing the
importance of placebo in studies of medical cannabis.

Similar to these studies we also found somnolence to
be the most prevalent adverse event but importantly,
cannabinoid treatment remained significantly associated
with a positive response on the CGI-I and SRS-2 assess-
ments after controlling for somnolence during treatment
[Odds ratio of 6.08, p=0.003].

Cannabinoids might affect behavior and communica-
tion through several mechanisms. THC activates CB;R
and has been associated with enhanced social behav-
jor in multiple studies [42, 43]. CBD is a 5-HT,, recep-
tor agonist, which might facilitate anxiolytic effects. Its
presumed antipsychotic effect is attributed to partial
agonism at dopamine D2 receptors, similar to the antip-
sychotic action of aripiprazole [44].
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Limitations

Our study had several limitations. Although it was
designed as a cross-over study, preliminary analyses
revealed a treatment order effect which prevented the
use of data from the second treatment period and lim-
ited sample size. As this was the first clinical study in the
ASD field, we included a wide range of levels of function.
Unfortunately, the standardized questionnaires contained
many items that were inapplicable for some low-func-
tioning participants, resulting in numerous invalid scores
and decreased statistical power on those measures. We
did not perform genetic or intelligence quotient evalu-
ations and could not assess the effects of genetic back-
ground or cognitive level on treatment response. We did
collect data on concomitant medications but were not
powered to detect effects on treatment response or on
adverse events. We did not obtain data on pharmacoki-
netics of the interventions and concomitant medications
nor tests of liver enzymes and complete blood count,
although we detected no clinical evidence of hepatic or
hematologic dysfunction.

Conclusions

Novel pharmacological treatments for the core and
comorbid symptoms of ASD are urgently needed. Pre-
clinical studies implicate the endocannabinoid system
in the pathophysiology of ASD. In a controlled study
of 150 participants, we found that BOL-DP-O-01-W, a
whole-plant extract which contains CBD and THC in a
20:1 ratio, improved disruptive behaviors on one of two
primary outcome measures and on a secondary outcome,
an index of ASD core symptoms, with acceptable adverse
events. These data suggest that cannabinoids should be
further investigated in ASD.

Future studies should consider recruiting participants
within narrower ranges of age and functional levels,
assess the long-term tolerability and safety of cannabi-
noid treatments, and identify target populations within
the autism spectrum that might benefit most from these
treatments.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513229-021-00420-2.

Additional file 1. Data Supplement.
Additional file 2. CONSORT checklist.

Abbreviations

APSI: Autism Parenting Stress Index; ASD: Autism spectrum disorder; CB;R:
Type-1 cannabinoid receptor; CBD: Cannabidiol; CGI-S/CGI-: Clinical Global
Impression-Severity/Improvement; HSQ: Home Situations Questionnaire; SRS:
Social Responsiveness Scale; THC: Tetrahydrocannabinol.

Page 10 of 11

Acknowledgements

The statistical analysis was conducted by: Elliot Sprecher, PhD, Technion
Faculty of Medicine, Haifa, Israel and Yishai Friedlander, M.PH, Public Heath,
Ben-Gurion University, Israel. Anchoring instructions for rating the CGI-S and
CGl-I were developed in consultation with Dr. Elizabeth Berry-Kravis.

Authors’ contributions

Dr. Aran conceptualized and designed the study, recruited participants,
carried out the initial analyses, drafted the initial manuscript, and reviewed
and revised the manuscript. Ms. Harel collected data, carried out the initial
analyses, and reviewed and revised the manuscript. Drs. Cassuto, Schnapp,
Watted, Shmueli and Golan recruited participants, collected data, and
reviewed and revised the manuscript. Ms. Polyansky designed the data collec-
tion instruments, collected data, carried out the initial analyses, and reviewed
and revised the manuscrip. Dr. Castellanos interpreted data, drafted the initial
manuscript, and critically reviewed the manuscript for important intellectual
content. All authors approved the final manuscript as submitted and agree to
be accountable for all aspects of the work. All authors read and approved the
final manuscript.

Funding

The study was funded by BOL Pharma, Revadim, Israel and the National
Institute for Psychobiology in Israel (#203-17-18). The funding bodies were not
involved in any way in the study design, collection, analysis and interpretation
of data or in the writing of the manuscript.

Availability of data and materials

The authors declare that the data supporting study findings are available
within the paper and its Additional file. The remaining data are available from
the corresponding author upon reasonable request.

Ethics approval and consent to participate

All research procedures were approved by the Shaare Zedek Medical Center
Review Board and Israeli Ministry of Health prior to participant enrollment.
Participants’ parents provided written consent prior to initiation of any experi-
mental procedures, and written assent was obtained from participants when
appropriate.

Consent for publication
Not applicable.

Competing interests

Adi Aran and F. Xavier Castellanos report receiving personal fees and stock
options for advisory roles at BOL Pharma. The remaining authors have no
conflicts of interest to disclose.

Author details

! Neuropediatric Unit, Shaare Zedek Medical Center, 12 Bayit Street,

91031 Jerusalem, Israel.  Child Development Centers, Clalit Health Services, Tel
Aviv-Yafo, Israel. 3 Child Development Centers, Maccabi Health Services, Jeru-
salem, Israel. * Department of Child and Adolescent Psychiatry, NYU Grossman
School of Medicine, New York, NY, USA.

Received: 8 September 2020 Accepted: 27 January 2021
Published online: 03 February 2021

References

1. Lord C, Elsabbagh M, Baird G, Veenstra-Vanderweele J. Autism spectrum
disorder. Lancet. 2018;392(10146):508-20.

2. Goel R, Hong JS, Findling RL, Ji NY. An update on pharmacotherapy of
autism spectrum disorder in children and adolescents. Int Rev Psychiatry.
2018;30(1):78-95.

3. Salzman C, Kochansky GE, Van Der Kolk BA, Shader RI. The effect of mari-
juana on small group process. Am J Drug Alcohol Abuse. 1977;4(2):251-5.

4. Salzman CVDKB, Shader RI. Marijuana and hostility in a small-group set-
ting. Am J Psychiatry. 1976;133(9):1029-33.

5. Szkudlarek HJ, Desai SJ, Renard J, Pereira B, Norris C, Jobson CEL, et al.
Delta-9-Tetrahydrocannabinol and Cannabidiol produce dissociable


https://doi.org/10.1186/s13229-021-00420-2
https://doi.org/10.1186/s13229-021-00420-2

Aran et al. Molecular Autism

20.

21

22.

23.

24.

(2021) 12:6

effects on prefrontal cortical executive function and regulation of affec-
tive behaviors. Neuropsychopharmacology. 2019;44(4):817-25.

Boggs DL, Nguyen JD, Morgenson D, Taffe MA, Ranganathan M.

Clinical and preclinical evidence for functional interactions of can-
nabidiol and A(9)-tetrahydrocannabinol. Neuropsychopharmacology.
2018;43(1):142-54.

Campos AC, Fogaca MV, Scarante FF, Joca SRL, Sales AJ, Gomes FV,

et al. Plastic and neuroprotective mechanisms involved in the thera-
peutic effects of cannabidiol in psychiatric disorders. Front Pharmacol.
2017,8:269.

McGuire P, Robson P, Cubala WJ, Vasile D, Morrison PD, Barron R, et al. Can-
nabidiol (CBD) as an adjunctive therapy in schizophrenia: a multicenter
randomized controlled trial. Am J Psychiatry. 2018;175(3):225-31.
Devinsky O, Cilio MR, Cross H, Fernandez-Ruiz J, French J, Hill C, et al. Can-
nabidiol: pharmacology and potential therapeutic role in epilepsy and
other neuropsychiatric disorders. Epilepsia. 2014;55(6):791-802.

lannotti FA, Hill CL, Leo A, Alhusaini A, Soubrane C, Mazzarella E, et al.
Nonpsychotropic plant cannabinoids, cannabidivarin (CBDV) and can-
nabidiol (CBD), activate and desensitize transient receptor potential vanil-
loid 1 (TRPV1) channels in vitro: potential for the treatment of neuronal
hyperexcitability. ACS Chem Neurosci. 2014;5(11):1131-41.

. Cifelli P, Ruffolo G, De Felice E, Alfano V, van Vliet EA, Aronica E, et al. Phy-

tocannabinoids in neurological diseases: could they restore a physiologi-
cal GABAergic transmission? Int J Mol Sci. 2020;21(3):723.

Pretzsch CM, Freyberg J, Voinescu B, Lythgoe D, Horder J, Mendez MA,

et al. Effects of cannabidiol on brain excitation and inhibition systems;

a randomised placebo-controlled single dose trial during magnetic
resonance spectroscopy in adults with and without autism spectrum
disorder. Neuropsychopharmacol Off Publ Am Coll Neuropsychopharma-
col. 2019;44:1398-405.
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/
ucme611046.htm.

Keller R, Basta R, Salerno L, Elia M. Autism, epilepsy, and synaptopathies: a
not rare association. Neurol Sci. 2017,38(8):1353-61.

Guerrero-Alba R, Barragan-Iglesias P, Gonzalez-Hernandez A, Valdez-
Morales EE, Granados-Soto V, Condes-Lara M, et al. Some prospective
alternatives for treating pain: the endocannabinoid system and its puta-
tive receptors GPR18 and GPR55. Front Pharmacol. 2018;9:1496.
Melancia F, Schiavi S, Servadio M, Cartocci V, Campolongo P, Palmery

M, et al. Sex-specific autistic endophenotypes induced by prenatal
exposure to valproic acid involve anandamide signalling. Br J Pharmacol.
2018;175(18):3699-712.

Zamberletti E, Gabaglio M, Parolaro D. The endocannabinoid system and
autism spectrum disorders: insights from animal models. Int J Mol Sci.
2017;18(9):1916.

Wang W, Cox BM, Jia Y, Le AA, Cox CD, Jung KM, et al. Treating a novel
plasticity defect rescues episodic memory in Fragile X model mice. Mol
Psychiatry. 2018;23(8):1798-806.

Hosie S, Malone DT, Liu S, Glass M, Adlard PA, Hannan AJ, et al. Altered
amygdala excitation and CB1 receptor modulation of aggressive behavior
in the neuroligin-3(R451C) mouse model of autism. Front Cell Neurosci.
2018;12:234.

Karhson DS, Krasinska KM, Dallaire JA, Libove RA, Phillips JM, Chien AS,

et al. Plasma anandamide concentrations are lower in children with
autism spectrum disorder. Mol Autism. 2018;9:18.

Aran A, Eylon M, Harel M, Polianski L, Nemirovski A, Tepper S, et al. Lower
circulating endocannabinoid levels in children with autism spectrum
disorder. Mol Autism. 2019;10:2.

Aran A, Cassuto H, Lubotzky A, Wattad N, Hazan E. Brief Report:
Cannabidiol-rich cannabis in children with autism spectrum disorder and
severe behavioral problems-a retrospective feasibility study. J Autism Dev
Disord. 2019;49(3):1284-8.

Barchel D, Stolar O, De-Haan T, Ziv-Baran T, Saban N, Fuchs DO, et al.

Oral cannabidiol use in children with autism spectrum disorder to treat
related symptoms and co-morbidities. Front Pharmacol. 2018;9:1521.
Bar-Lev Schleider L, Mechoulam R, Saban N, Meiri G, Novack V. Real life
experience of medical cannabis treatment in autism: analysis of safety
and efficacy. Sci Rep. 2019;9(1):200.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 11 of 11

Fleury-Teixeira P, Caixeta FV, Ramires da Silva LC, Brasil-Neto JP, Malcher-
Lopes R. Effects of CBD-enriched cannabis sativa extract on autism
spectrum disorder symptoms: an observational study of 18 participants
undergoing compassionate use. Front Neurol. 2019;10:1145.

Fusar-Poli L, Cavone V, Tinacci S, Concas |, Petralia A, Signorelli MS, et al.
Cannabinoids for people with ASD: a systematic review of published and
ongoing studies. Brain Sci. 2020;10(9):572.

Kamal BS, Kamal F, Lantela DE. Cannabis and the anxiety of fragmenta-
tion-a systems approach for finding an anxiolytic cannabis chemotype.
Front Neurosci. 2018;12:730.

Ferber SG, Namdar D, Hen-Shoval D, Eger G, Koltai H, Shoval G, et al. The
“entourage effect”: terpenes coupled with cannabinoids for the treat-
ment of mood disorders and anxiety disorders. Curr Neuropharmacol.
2020;18(2):87-96.

Russo EB. The case for the entourage effect and conventional breeding of
clinical cannabis: no “strain,"no gain. Front Plant Sci. 2018;9:1969.

Lord C, Risi S, Lambrecht L, Cook EH Jr, Leventhal BL, DiLavore PC, et al.
The autism diagnostic observation schedule-generic: a standard measure
of social and communication deficits associated with the spectrum of
autism. J Autism Dev Disord. 2000;30(3):205-23.

Sparrow SS, Balla DA, Cicchetti DV. Vineland adaptive behavior scales:
survey form manual. Circle Pines: American Guidance Service; 1984.
Schopler E, Reichler RJ, DeVellis RF, Daly K. Toward objective classification
of childhood autism: Childhood Autism Rating Scale (CARS). J Autism Dev
Disord. 1980;10(1):91-103.

Chowdhury M, Aman MG, Lecavalier L, Smith T, Johnson C, Swiezy N,

et al. Factor structure and psychometric properties of the revised Home
Situations Questionnaire for autism spectrum disorder: The Home Situa-
tions Questionnaire-Autism Spectrum Disorder. Autism. 2015.
McCracken JT, McGough J, Shah B, Cronin P, Hong D, Aman MG, et al.
Risperidone in children with autism and serious behavioral problems. N
EnglJ Med. 2002;347(5):314-21.

Constantino JN, Gruber CP. The social responsiveness scale (SRS)
(Manual). Los Angeles: Western Psychological Services; 2005.

Silva LM, Schalock M. Autism Parenting Stress Index: initial psychometric
evidence. J Autism Dev Disord. 2012;42(4):566-74.

Panelli RJ, Kilpatrick C, Moore SM, Matkovic Z, D'Souza WJ, O'Brien TJ. The
Liverpool Adverse Events Profile: relation to AED use and mood. Epilepsia.
2007;48(3):456-63.

Bearss K, Johnson C, Smith T, Lecavalier L, Swiezy N, Aman M, et al.

Effect of parent training vs parent education on behavioral problems in
children with autism spectrum disorder: a randomized clinical trial. JAMA.
2015;313(15):1524-33.

Scahill L, Jeon S, Boorin SJ, McDougle CJ, Aman MG, Dziura J, et al. Weight
gain and metabolic consequences of risperidone in young children

with autism spectrum disorder. J Am Acad Child Adolesc Psychiatry.
2016;55(5):415-23.

Devinsky O, Cross JH, Laux L, Marsh E, Miller I, Nabbout R, et al. Trial of
cannabidiol for drug-resistant seizures in the dravet syndrome. N Engl J
Med. 2017;376(21):2011-20.

Devinsky O, Patel AD, Cross JH, Villanueva V, Wirrell EC, Privitera M, et al.
Effect of cannabidiol on drop seizures in the lennox-gastaut syndrome. N
Engl J Med. 2018;378(20):1888-97.

Wei D, Allsop S, Tye K, Piomelli D. Endocannabinoid signaling in the
control of social behavior. Trends Neurosci. 2017,40(7):385-96.
Gunduz-Cinar O, MacPherson KP, Cinar R, Gamble-George J, Sugden K,
Williams B, et al. Convergent translational evidence of a role for anan-
damide in amygdala-mediated fear extinction, threat processing and
stress-reactivity. Mol Psychiatry. 2013;18(7):813-23.

Seeman P. Cannabidiol is a partial agonist at dopamine D2High
receptors, predicting its antipsychotic clinical dose. Trans! Psychiatry.
2016;6(10):920.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm611046.htm
https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm611046.htm

	Cannabinoid treatment for autism: a proof-of-concept randomized trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Standard protocol approvals, registrations, and patient consents
	Study design
	Intervention
	Baseline evaluations
	Outcomes
	Statistical analyses

	Results
	Safety and tolerability of cannabinoid treatment with BOL-DP-O-01-W (whole-plant extract) and BOL-DP-O-01 (pure cannabinoids)
	Impact of cannabinoid treatment with BOL-DP-O-01-W (whole-plant extract) and BOL-DP-O-01 (pure cannabinoids) on behavior
	Impact of BOL-DP-O-01-W (whole-plant extract) and BOL-DP-O-01 (pure cannabinoids) on Social Responsiveness Scale scores
	Exploratory analyses: impact of BOL-DP-O-01-W (whole-plant extract) and BOL-DP-O-01 (pure cannabinoids) treatment on Body Mass Index (BMI)
	Exploratory analyses: possible moderators of treatment effects
	Concomitant medications
	Discussion
	Limitations
	Conclusions

	Acknowledgements
	References


