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a diagnosis of ASD.3 These behaviours, except
for hyperactivity, have been observed as persisting
into adulthood.?> ASD is also associated with a
higher incidence of physical comorbidities and
sleep disturbance in adults.>”’ Consequently,
ASD has been associated with reduced quality of
life for both adult and paediatric patients.*8

Management of the core symptoms of ASD is
predominantly via a psychological approach.®
However, there is paucity of high-quality research
to delineate the effectiveness of different psycho-
logical approaches.* At present, there are no
established pharmacological treatments for the
core symptoms of ASD. Medications, such as
monoamine reuptake inhibitors, have been used
in the treatment of comorbid psychiatric illnesses,
although the efficacy in people with ASD com-
pared with the general population is not well-
known.* Atypical neuroleptics, such as risperidone
and aripiprazole, have demonstrated efficacy in
treating irritability and aggression in children and
adolescents.!® However, these medications are
poorly tolerated due to their side effect profile,!°
and their efficacy in an adult population with
ASD is again unknown. Consequently, there is an
unmet clinical need to identify novel therapeutics
for the core symptoms of ASD, other associated
symptoms or comorbid diagnoses.

The endocannabinoid system has been impli-
cated in the pathophysiology of ASD, as well as is
a potential pharmaceutical target. Cannabinoid
type 1 receptors (CB1Rs) are predominantly
located in the central nervous system and at
increased density within the basal ganglia, hip-
pocampus and cerebellum.!! Moreover, CB1Rs
are principally expressed at pre-synaptic termi-
nals of y-aminobutyric acid (GABA)ergic and
glutaminergic neurons.!? Endogenous agonists of
CBI1Rs, such as anandamide, cause inhibition of
either GABA or glutamate synaptic release.!?
Subsequently, the endocannabinoid system has
been implicated in the regulation of anxiety,
mood, motor coordination and social behav-
iour.!!-13 Children with ASD have been found to
have lower circulating levels of anandamide com-
pared with the general population.!4

Cannabidiol (CBD), a major phytocannabinoid, is
an inhibitor of anandamide reuptake and break-
down, a negative allosteric modulator of CB1Rs
and is an agonist of 5-HT 1a serotonin receptors.!?
(—)-trans-A°-tetrahydrocannabinol (A°-THC),
another active pharmaceutical ingredient of the

cannabis plant, is an agonist of CB1Rs.!2 Cannabis-
based medicinal products (CBMPs), containing
these phytocannabinoids, have therefore been
highlighted as a potential class of medications for
utilisation across the broad potential symptom
profile of ASD. In the United Kingdom, CBMPs
may be considered for these symptoms if licensed
treatments have failed to produce a sufficient clini-
cal response or are not tolerated.!’®> In 2019,
Schleider ez al.'® published a series of outcomes
from 188 children and adolescents treated with
CBMPs. In this study they demonstrated an
improvement in quality of life, mood, sleep and
challenging behaviours. However, they did not uti-
lise any validated measures to assess for symptom
prevalence and change over time.l'® At present,
there is a paucity of randomised controlled trials
and other high-quality evidence on the efficacy and
safety of CBMPs in the treatment of ASD-
associated symptoms. Importantly, there are no
published clinical studies of the outcomes of adult
patients treated with CBMPs. Herein, the primary
aim of this study is to report the general health-
related quality of life outcomes and adverse event
incidence of patients prescribed CBMPs for ASD
enrolled on the UK Medical Cannabis Registry.

Methods

Study design and database

Extraction of an uncontrolled case series of
patients from the UK Medical Cannabis Registry
of patients treated with CBMPs for ASD was per-
formed. The UK Medical Cannabis Registry is a
bespoke prospective registry, which has collected
outcomes on patients prescribed CBMPs in the
United Kingdom and Channel Islands since
2019.17 It is the largest registry of its kind in the
United Kingdom, with data on more than 3500
pseudonymised patients treated with CBMPs.
Participants are recruited from Sapphire Medical
Clinics, a specialist private clinic. All patients
completed formal, written consent prior to enrol-
ment in the registry.

The study was reported in line with the STROBE
(Strengthening the Reporting of Observational
Studies in Epidemiology) statement for reporting
observational studies.!®

Patient and data selection
Inclusion criteria for this study were patients who
were receiving treatment with CBMPs where
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ASD was the primary condition for which treat-
ment was commenced. Patients treated for other
conditions, where ASD was not the primary indi-
cation, were excluded. Participants who had not
completed baseline patient-reported outcome
measures (PROMs) or who had received treat-
ment for less than 1 month were also excluded
from analysis.

The clinicopathological characteristics of study
participants were recorded by clinicians and
extracted at baseline, including age, gender, body
mass index (BMI) and comorbidities. The
Charlson Comorbidity Index was calculated to
allow comparison of comorbidity against other
epidemiological studies.!® This is calculated
using baseline age, and the presence or absence
of the following comorbidities: myocardial infarc-
tion, congestive heart failure, peripheral vascular
disease, cerebrovascular accident/transient
ischaemic attack, dementia, chronic obstructive
pulmonary disease, connective tissue disease,
peptic ulcer disease, liver disease, diabetes melli-
tus, hemiplegia, chronic kidney disease, solid
tumour, leukaemia, lymphoma and acquired
immune deficiency syndrome.!® A higher index
score is associated with an increased incidence of
mortality at 1 and 10years.!°

Drug and alcohol data were collated in line with
previously published research from our group.20-22
Concurrent medications taken at baseline by a
patient and any changes to medications were
self-recorded by patients via a remote data col-
lection platform or by clinicians during routine
follow-up. These were mapped to SNOMED
CT codes to improve the accuracy of reporting
and identification.

CBMPs were recorded throughout treatment. All
prescriptions were for CBMPs that adhered to
Good Manufacturing Practice. Patients could be
prescribed sublingual/oral or vapourised prepara-
tions according to clinical requirements. In accord-
ance with UK guidance, CBMPs were only initiated
by consultant physicians in their clinical area of
interest.!> The doses of major cannabinoids, CBD
and A°-THGC, prescribed at the time of data extrac-
tion in milligrams (mg) per day were extracted, in
addition to specific CBMP prescribed.

The primary outcomes were changes in the
Generalised Anxiety Disorder Scale (GAD-7),
5-level version of the EQ-5D (EQ-5D-5L) index
value and Sleep Quality Scale (SQS) from

baseline to 1, 3 and 6 months. These were assessed
in line with previously described methodology
from our group.!720:21 The GAD-7 is a validated
scale to assess the severity of generalised anxiety
symptoms. Scores of =5, =10 and =15 represent
mild, moderate and severe anxiety levels, respec-
tively.2?> The EQ-5D-5L index value is a measure
of health-related quality of life where a score of 1
represents an ideal health state, while a score less
than O is equivalent to being worse than death.2*
The SQS is a single-item scale from 0 to 10 of
sleep quality whereby 0 is ‘terrible’ sleep quality
and 10 is ‘excellent’.?> The Patient Global
Impression of Change (PGIC) was also reported
at 1, 3 and 6months. The PGIC is a 7-point
numerical rating scale where participants self-rate
the change in activity limitations, symptoms,
emotions and overall quality of life since starting
treatment. A score of 1 represents ‘no change’,
while a score of 7 represents ‘a considerable
improvement’.20

Secondary outcome measures were the incidence
of adverse events recorded utilising the Common
Terminology Criteria for Adverse Events v4.0.27
Adverse events were self-reported by patients
when completing PROMs or completed by clini-
cians during routine follow-up.

Statistical analysis

Data about patient clinicopathological character-
istics, drug and alcohol consumption, CBMP pre-
scriptions and adverse events were analysed using
descriptive statistics. The Shapiro—Wilk test was
used to assess the distribution of studied data.
Unless otherwise stated, parametric data were
presented as mean * standard deviation (SD),
while non-parametric data were presented as
median [interquartile range (IQR)]. Frequencies
were presented as # (%). Analysis of PROMs was
performed using a paired z-test for parametric data
or the Wilcoxon signed-rank test for non-para-
metric data. Due to the number of analyses per-
formed on the PROMs, a Benjamini—-Hochberg
procedure was performed to control for the false
discovery rate. Statistical significance was defined
as p-value <0.050. All analyses were performed in
Statistical Package for Social Sciences (SPSS)
(IBM Statistics version 27.0.0.0 SPSS Inc).

Results
Seventy-four patients were included in the analy-
sis. The median follow-up was 204.0 (range:
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Table 1. Clinicopathological characteristics of study participants at

baseline.

Baseline characteristics

n (%) / Mean = SD / Median [IQR]

Gender
Female
Male

Age

Body mass index (kg/m?)

Occupation
Unemployed
Undisclosed

Professional

Service and sales workers
Elementary occupations
Other occupations

Clerical support workers

Managers

Technicians and associate

professionals

Charlson Comorbidity Index

Anxiety/depression

Arthritis

Endocrine dysfunction

Epilepsy

Hypertension

Venous thromboembolism

21 (28.4%)
53 (71.6%])
32.7£11.6

263*6.4

46 (62.2%)
8(10.8%)
7 (9.5%)
5 (6.8%)
3 (4.1%)
2(2.7%)
1(1.4%)
1(1.4%)
1(1.4%)

0.0 [0.0-0.0]
51 (68.9%)
0 (0.0%)

2 (2.7%)

3 (4.1%)

1(1.4%)
0(0.0%)

IQR, interquartile range.

34.0-557.0) days. Completion of PROMs varied
at 1 (n=60; 81.1%), 3 (n=49; 66.2%) and 6
(n=31; 41.9%) months. The mean age of the
participants was 32.7 (£11.6) years. Fifty-three
(71.6%) participants were male. The mean BMI
was 26.3 (£6.4) kg/m?. Table 1 details the full
clinicopathological characteristics of study par-
ticipants at baseline.

The majority of patients were regular cannabis
consumers at baseline (#z=50; 67.6%) (Table 2).

The median lifetime exposure to cannabis was
8.0 [IQR: 2.0-20.0] gram years. The median
weekly alcohol consumption of the cohort was 0.0
[IQR: 0.0-1.5] units.

Cannabis-based medicinal product dosing
Thirty-six (48.6%) participants were prescribed
dried flower CBMPs only, 16 (21.6%) partici-
pants were prescribed oral/sublingual prepara-
tions and 22 (29.7%) were prescribed both
CBMPs. The median prescribed CBD dose per
day at the date of extraction was 10.0 [IQR: 4.0—
100.0] mg, while the median A>~-THC dose was
112.5 [IQR: 91.3-202.5] mg per day.

Patient-reported outcome measures

Table 3 outlines in full paired baseline and fol-
low-up results of PROMs up to 6 months. There
were significant improvements in general health-
related quality of life and sleep, as assessed by the
EQ-5D-5L and SQS, respectively, at 1, 3 and
6 months (»p<<0.010). There were reductions in
anxiety severity, as measured by the GAD-7 scale,
at 1 and 3months (p<<0.001). However, there
was no change at 6months (p=0.102). The
median PGIC value was 6.0 at 1, 3 and 6 months.

Co-administered medications

The most commonly co-administered class of
medications were antidepressants (z=45; 60.8%),
antiepileptics (n=7; 9.5%), benzodiazepines
(n=12; 16.2%), neuroleptics (n=12; 16.2%) and
stimulants (z=6; 8.1%) (Table 4). In all, 33.3%
(n=4) and 25.0% (n=3) of patients stopped tak-
ing benzodiazepines and neuroleptics, respec-
tively, during treatment with CBMPs (Table 4).

Adverse events

Fourteen (18.9%) participants reported 180
(243.2%) total adverse events. If present, adverse
events were commonly mild (r=58; 78.4%) or
moderate (n=81; 109.5%), rather than severe
(n=41; 55.4%). There were no (0.0%) life-
threatening or disabling adverse events in this
group (Table 5).

Discussion

The results of this study are the first published
observational data of CBMP therapy focused on
adult participants with ASD. They demonstrate
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an associated improvement in general health-
related quality of life, sleep and anxiety in patients
with ASD after commencement of therapy with
CBMPs. There was also a 33.3% and 25.0%
reduction in the concomitant prescribing of ben-
zodiazepines and neuroleptics, respectively,
within this cohort. Adverse events were experi-
enced by 18.9% of the cohort with a total adverse
event incidence of 243.2%. However, the find-
ings must be interpreted cautiously due to the
limitations of study design.

Improvements in health-related quality of life are
supported by previous evaluations of CBMPs in
the setting of ASD. A systematic review by Fusar-
Poli er al.?® identified that the majority of studies
have found improvements in problem behaviours,
hyperactivity, parental stress and other studied
outcomes. However, the present study is the first
to report these findings in an adult population.
Previous studies have only reported outcomes for
patients aged up to 22years, while the mean age
of the present case series was 32.7 years. However,
adult patients with ASD have reported using
medical cannabis and illicitly obtained cannabis
for mental health symptoms or challenging behav-
iours.?%3° The finding of improved health-related
quality of life is, however, supported by findings
from other studies of UK patients treated with
CBMPs. A study of 312 patients with all condi-
tions from the UK Medical Cannabis Registry
published by our group, similarly, demonstrated
improved health-related quality of life as meas-
ured by the EQ-5D-5L index value.?2 Moreover,
similar results were published in a cohort of
patients with generalised anxiety disorder.3!

Adults with ASD have a higher prevalence of
comorbid sleep disorders.> The present study
found an associated improvement in self-reported
sleep quality among participants at up to
6 months. The effect of CBMPs on sleep is dis-
puted; however, the endocannabinoid system has
been implicated in the regulation of the sleep—
wake cycle.32 A recent randomised controlled trial
of a CBMP containing CBD, A°>~THC and can-
nabigerol found improvements in reducing sleep-
onset latency and waking after sleep onset.?3
However, this study only lasted 2 weeks and was
limited to a small sample size. Other studies have
raised concerns with respect to developing toler-
ance to the sleep-promoting effects of CBMPs
with longitudinal use.3* In addition, insomnia was
the most frequently reported adverse event in this

Table 2. Tobacco, alcohol and cannabis exposure of patients at baseline.

Tobacco, alcohol and cannabis status

n (%)/ median [1QR]

Cannabis status

Cannabis naive 14 (19.9%)

Ex-user 10 (13.5%)

Current user 50 (67.6%)
Cannabis use, gram years 8.0 [2.0-20.0]
Tobacco status

Non-smoker 26 (35.1%)

Ex-smoker 24 (32.4%)

Current smoker 24 (32.4%)
Tobacco pack years 5.0 [2.0-15.0]
Weekly alcohol consumption, units 0.0 [0.0-1.5]

IQR, interquartile range.

study, highlighting that the benefits of CBMPs on
sleep may also be negative in certain patients. A
long-term pharmacovigilance strategy, such as
the UK Medical Cannabis Registry, shall be nec-
essary for continued evaluation of the benefits
and risks of long-term prescribing of CBMPs.

The present study demonstrated statistically sig-
nificant improvements in generalised anxiety
symptoms at 1 and 3 months; however, the same
findings were not present at 6 months. This diver-
gence at 6 months appears to be secondary to a
limitation in study design, whereby there is a
reduction in the number of patients followed up
to 6 months. Therefore, there is a reduction in
sample size, such that despite a trend towards
improved generalised anxiety symptoms at
6 months, the finding is not significant. In addi-
tion, the baseline values indicate a lower severity
of anxiety. The reason for incomplete follow-up is
not recorded in the UK Medical Cannabis
Registry; however, this may be secondary to those
patients with the most severe anxiety symptoms
at baseline not continuing treatment up to
6 months due to being unable to tolerate therapy,
insufficient clinical response or a non-clinical rea-
son such as cost of treatment. Previous evalua-
tions of the children and young adult patients
with ASD have similarly found associated
improvements in anxiety outcomes.28
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Table 3. Paired baseline and follow-up patient-reported outcome measures.
n Baseline score Follow-up score p-value

GAD-7

1 month 59 15.0 [8.0-18.0] 7.0 [5.0-12.8] <0.001

3months 48 13.0 [6.8-18.0] 6.0 [4.0-12.5] <0.001

6 months 30 11.5 [5.0-18.0] 7.0 [5.0-13.0] 0.102
SQs

1 month 59 3.0 [2.0-6.0] 6.0 [3.0-8.0] <0.001

3months 48 4.0 [2.0-6.0] 6.0 [4.0-8.0] <0.001

6months 30 4.0 [1.8-7.0] 5.5 [3.8-8.0] 0.005
EQ-5D-5L Mobility

1 month 60 1.0 [1.0-2.8] 1.0 [1.0-2.0] 0.581

3months 49 1.0 [1.0-3.0] 1.0 [1.0-2.0] 0.027

6months 31 1.0 [1.0-3.0] 1.0 [1.0-2.0] 0.183
EQ-5D-5L Self-Care

1 month 60 2.0[1.0-3.0] 1.5 [1.0-2.8] 0.131

3months 49 2.0[1.0-3.0] 1.0 [1.0-2.5] 0.125

6months 31 1.0 [1.0-2.0] 1.0 [1.0-2.0] 0.441
EQ-5D-5L Usual Activities

1 month 60 3.0 [2.0-4.0] 2.0 [1.0-3.0] 0.002

3months 49 3.0[2.0-4.0] 2.0 [1.0-3.0] 0.002

6months 31 3.0 [2.0-3.0] 2.0[1.0-3.0] 0.029
EQ-5D-5L Pain and Discomfort

1 month 60 2.0[1.0-3.0] 2.0[1.0-3.0] 0.005

3months 49 2.0[1.0-3.0] 2.0 [1.0-3.0] 0.003

6 months 31 2.0[1.0-3.0] 2.0 [1.0-3.0] 0.124
EQ-5D-5L Anxiety and Depression

1 month 60 3.5 [2.0-4.0] 3.0 [2.0-4.0] <0.001

3months 49 3.0 [2.0-4.0] 3.0 [2.0-3.0] 0.003

6months 31 3.0 [2.0-4.0] 3.0 [2.0-3.0] 0.425
EQ-5D-5L Index Value

1 month 60 0.44 x£0.31 0.59+0.29 <0.001

3months 49 0.49+0.30 0.66 +0.24 <0.001

(Continued)]
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Table 3. (Continued)

n Baseline score Follow-up score p-value
6months 31 0.54 +0.26 0.63+0.23 0.008
PGIC
1 month 60 - 6.0 [5.0-6.0] -
3months 46 - 6.0 [5.0-7.0] -
6months 30 - 6.0 [5.0-6.0] -

GAD-7, Generalised Anxiety Disorder Scale; PGIC, Patient Global Impression of Change; SQS, Sleep Quality Scale.

Table 4. Changes in co-administered medications throughout treatment with cannabis-based medicinal products to end of follow-up.

Medication Total Stopped taking Reduced dose  No change Increased dose New medication
Antidepressants, n (%) 45 5(11.1) 0 (0.0} 37 (82.2) 0(0.0] 31(6.7)
Antiepileptics, n (%) 7 1(14.3) 0(0.0) 6 (85.7) 0(0.0) 0(0.0)
Benzodiazepines, n (%) 12 4 (33.3) 0(0.0) 8 (66.7) 0(0.0) 0(0.0)
Neuroleptics, n (%) 12 3(25.0) 0(0.0) 9 (75.0) 0(0.0) 0(0.0)
Stimulants, n (%) 6 0(0.0) 0(0.0) 6 (100.0) 0(0.0) 0(0.0)

Table 5. Adverse events reported by participants.

Adverse event Mild Moderate Severe Total
Abdominal pain (upper) 1 1 1 3 (4.1%])
Agitation - 1 2 3 (4.1%)
Amnesia 1 3 1 5 (6.8%)
Anorexia - 3 3 6 (8.1%)
Anxiety - - 1 1(1.4%)
Ataxia 3 1 1 5 (6.8%)
Blurred vision 1 3 2 6 (8.1%)
Cognitive disturbance 1 2 2 5 (6.8%)
Concentration impairment 5 4 1 10 (13.5%)
Confusion - - 2 2(2.7%)
Constipation - 1 - 1(1.4%)
Delirium 1 - 1 2 (2.7%)
Depression - - 4 4 (5.4%)
Diarrhoea - 1 - 1(1.4%)
(Continued)]
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Table 5. (Continued)

Adverse event Mild Moderate Severe Total
Dizziness 2 2 1 5 (6.8%)
Dry mouth 10 1 - 11 (14.9%)
Dysgeusia 1 1 2 4 (5.4%)
Dyspepsia 4 2 - 6 (8.1%)
Fall - 2 - 2 (2.7%)
Fatigue 8 8 4 10 (13.5%)
Fasciculations - 1 - 1(1.4%)
Generalised muscle weakness 2 2 1 5 (6.8%)
Headache - 7 1 8(10.8%)
Increased seizure frequency - 1 2 3(4.1%)
Insomnia 2 7 4 13 (17.6%)
Lethargy 3 7 1 11 (14.9%)
Nausea 4 2 - 6 (8.1%)
Pharyngitis - 3 - 3 (4.1%)
Pyrexia - 1 - 1(1.4%)
Rash 2 - - 2 (2.7%)
Somnolence - 9 - 9 (12.2%)
Spasticity 2 3 1 6 (8.1%)
Tremor 5 - 2 7 (9.5%)
Vertigo 2 1 1 4 (5.4%)
Vomiting 2 - - 2(2.7%)
Weight loss 1 3 - 4 (5.4%)
Upper respiratory tract infection - 3 - 3 (4.1%)
Total 58 (78.4%) 81 (109.5%) 41 (55.4%) 180 (243.2%)

There was a reduction in concomitant medication
use during treatment. Benzodiazepines are not
recommended for the long-term treatment of
aggression or irritability in ASD as they can induce
tolerance and are associated with a high incidence
of adverse events.® In all, 33.3% of participants
stopped taking benzodiazepines during treatment.
Atypical neuroleptics risperidone and aripiprazole
are licensed for the treatment of irritability associ-
ated with ASD.35 However, long-term use is asso-
ciated with metabolic syndrome. In this study,

there were reductions in neuroleptic (25.0%) pre-
scribing. Observational studies in children have
also shown that administration of CBMPs can
lead to a reduction in other medications.?® The
long-term efficacy and safety of this approach,
however, need evaluation in long-term observa-
tional series and randomised controlled trials.

Adverse events were reported by 18.9% of partici-
pants, with a total incidence of 243.2%. This inci-
dence is higher than reported in previous
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observational series.30-38 The reason for this is
likely due to the methodology for collecting
adverse events. First, patients are prompted to
report adverse events remotely alongside PROMs
at 1, 3 and 6 months. In addition, they may report
adverse events during a clinical encounter. This
methodology therefore represents one of the most
sophisticated pharmacovigilance strategies for
CBMPs globally at present. Similar to other stud-
ies, CBMPs were well tolerated by most patients
as 81.1% of patients did not experience any
adverse events.30-3%8 Moreover, there were no life-
threatening or disabling adverse events, while
most adverse events were mild (78.4%) or mod-
erate (109.5%).

Despite being the first published experience of clin-
ical outcomes for adult patients with ASD pre-
scribed CBMPs, there are limitations to the present
study design. There is no control group for com-
parison, and therefore, it is not possible to deter-
mine whether the associated changes are caused by
CBMPs and not due to another cause, such as
regression to the mean. The study participants are
all recruited from a private medical clinic and there-
fore may not be representative of the general popu-
lation. However, 62.2% of participants were
unemployed, indicating that the cost of treatment
was not wholly prohibitive to starting treatment.
Moreover, paying for treatment may enhance the
placebo effect, which is already enhanced in
CBMPs due to the associated aroma, and psycho-
active and vasoactive effects.?° Finally, attrition bias
is likely due to loss to follow-up, which subse-
quently reduces the internal validity of the study.
To ensure that changes in individuals were meas-
ured accurately, changes were compared with base-
line rather than previous follow-up period.

Conclusion

In this first published experience of clinical out-
comes in adult patients with ASD treated with
CBMPs, there were associated improvements in
general health-related quality of life, in addition to
sleep- and anxiety-specific outcomes. Moreover,
there was a reduction in the administration of con-
comitant medications, some of which are associ-
ated with serious adverse events with long-term
use. CBMPs were well tolerated by the majority
(81.1%) of patients. These results must be inter-
preted within the context of the limitations of
study design, and causation cannot be deter-
mined. However, it provides scientific justification
for further evaluation within the context of

randomised controlled trials while also providing
guidance for clinical practice in the interim.
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