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in children: the New South Wales experience
Kerrie-Anne Chen1, Michelle Farrar1,2, Michael Cardamone1,2, Deepak Gill3, Robert Smith4,5, Christopher T Cowell6,
Linda Truong7, John A Lawson1,2
Abstract

Objective: To evaluate the tolerability and safety of cannabidiol
for treating drug-resistant epilepsy in children, and to describe
The known Cannabidiol is a non-psychoactive component of
the cannabis plant that has anticonvulsant effects in patients
adverse events associated with such treatment.

Study design: Prospective, open label cohort study.

Setting: Three tertiary NSW referral centres with paediatric
neurology services.

Participants: First 40 children enrolled in the NSW
Compassionate Access Scheme for children with drug-resistant
epilepsy and uncountable daily seizures.

Intervention: Children received cannabidiol as an adjunct
anti-epileptic drug, titrated to a maximum of 25 mg/kg/day, for
up to 12 weeks.

Outcome measures: Adverse events, withdrawals, and
caregiver and physician Global Impression of Change
assessments were recorded at 4, 8 and 12 weeks. Seizure
with Dravet and LennoxeGastaut syndromes.

The new Children with drug-resistant epilepsy experienced
mild to moderate adverse effects during treatment with
cannabidiol; sedation and gastrointestinal effects were the
most frequent. Two of 40 participants had abnormal liver
function test results.

The implications Cannabidiol is safe in the short term
treatment of children with severe, drug-resistant epilepsy.
Controlled studies of its therapeutic efficacy are required.

s many as one-third of adults and about 10% of children
with epilepsy do not respond adequately to anti-epileptic
frequency could not be reliably recorded because of disease
severity.

Results: Thirty-nine patients reported at least one adverse
event; many were deemed unrelated to cannabidiol treatment.
The most frequent treatment-related adverse event was
somnolence (15 participants), which resolved spontaneously in
ten patients; it was particularly frequent in patients taking higher
clobazam doses. Gastrointestinal effects (nausea, vomiting,
diarrhoea) were each reported by seven to nine participants.
Four children were withdrawn from treatment, including one with
elevated transaminase levels. The caregivers of 12 children felt
the overall health of their children had much or very much
improved; clinicians assessed seven children as being much or
very much improved.

Conclusion: Cannabidiol as an adjunct treatment had some
subjective benefit for overall health, with a manageable adverse
event profile. Monitoring changes in liver function and awareness
of potential drug interactions is essential. Whether the reported
benefit is attributable to cannabidiol cannot be established
in an open label study of participants with severe intractable
epilepsy.

M
JA

2
0
9

(5
)

j
3
S
e
p
te
m
b
e
r
2
0
18
A drugs (AEDs); these patients typically have a variety of
comorbid conditions and higher mortality than the general popu-
lation.1-4 Investigation of cannabinoids as AEDs was stagnant for
decades, but has reviveddramatically in the past fewyears, in large
part because of public demand for access tomedicinal cannabis for
patients with epilepsy refractory to other treatments. In particular,
the potential benefit of medicinal cannabis for children with drug-
resistant epilepsy has been highlighted.5

Cannabidiol, the second most abundant cannabinoid in
Cannabis sativa, has attracted interest as an anticonvulsant
because of its efficacy in animal models of acute seizure and
because it lacks the psychotropic effects of tetrahydrocannab-
inol.6 However, clinical evidence for its efficacy is limited.
Earlier studies had methodological inconsistencies and flaws,
particularly the use of non-pharmaceutical grade products.
Two recent randomised controlled trials — one in 120 children
and young adults (2e18 years) with Dravet syndrome and
another in 171 patients (2e55 years) with LennoxeGastaut
syndrome — respectively found significant improvements in
convulsive seizure frequency and a drop in seizure frequency
during treatment with cannabidiol.7,8

In the United States, an expanded access, multicentre program for
providing the pharmaceutical grade cannabidiol oral solution
Epidiolex (> 98% purity; 100 mg/mL; GW Pharmaceuticals) to
patients with drug-resistant epilepsy was initiated following
public demand, despite limited published clinical data. The results
of anopen label cohort trial inwhich 162patientswere treated for at
least 12 weeks indicated that cannabidiol was well tolerated and
may reduce seizure frequency.9

Following an agreement between the New South Wales govern-
ment and GW Pharmaceuticals, access to Epidiolex was provided
for 40 children with drug-resistant epilepsy under the NSW
Compassionate Access Scheme (CAS). In this article we describe
early Australian experience of the safety and tolerability of
1 Sydney Children’s Hospital Randwick, Sydney, NSW. 2UNSW Sydney, Sydney, NSW. 3Ch
Newcastle, NSW. 5University of Newcastle, Newcastle, NSW. 6Kids Research Institute, Sy
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cannabidiol as adjunct therapy for treating drug-resistant epilepsy
in children.
Methods

Study design
Since August 2016, CAS has provided access to cannabidiol for a
maximum of 40 eligible participants at any one time under the
Authorised Prescriber Scheme of the Therapeutic Goods
Administration.10 Paediatric neurologists with appointments at
three sites (Sydney Children’s Hospital, Randwick; Children’s
Hospital at Westmead; John Hunter Children’s Hospital,
ildren’s Hospital at Westmead, Sydney, NSW. 4 John Hunter Children’s Hospital,
dney Children’s Hospitals Network, Sydney, NSW. 7Clinical Trials Unit, Sydney Children’s
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Newcastle) were invited to participate. GW Pharmaceuticals pro-
vided Epidiolex at no cost. The CAS remains operational,
continuing to enrol patients for treatment with Epidiolex.
Study protocol
Patients whomet the eligibility criteria (Box 1) were nominated by
their treating paediatric neurologist. Patients were triaged ac-
cording to epilepsy severity, number of hospital admissions, and
age (younger patients preferred). Demographic and disease-
related data for the first 40 eligible patients were recorded during
the baseline visit, and supplemented by medical records data,
including information on severity of disease: aetiology, age of
onset, intellectual disability, modified Rankin Scale for Neurolog-
icalDisability score (range: 0, no symptoms, to 6, death11), previous
and current AEDs, non-pharmacological treatment for epilepsy,
number of intensive care unit admissions for seizures, and hospital
admissions and emergency department presentations during the
preceding 12 months. Blood parameters (full blood count,
biochemistry, liver function tests, coagulation) were also assessed
and electrocardiography undertaken at the baseline visit. The total
numbers of emergency rescue medication episodes, episodes of
status epilepticus, presentations to emergency departments, and
hospital admissions were recorded at baseline (4-week historical
control) and throughout treatment. All caregivers were provided
with written information about the CAS trial and gave written
informed consent.

Enrolled participants were prescribed cannabidiol, but continued
their usual AED regime. The initial dose was 5 mg/kg/day in two
divided doses, and was increased by 5 mg/kg/day at weekly or
longer intervals until the target dose of 25 mg/kg/day was
reached. The target dose and dose titration could be altered for
clinical reasons, as could the doses of the concomitant AEDs. Par-
ticipants could continue to receive cannabidiol beyond the
12 weeks of the study if clinically indicated.
1 Eligibility and exclusion criteria for participation in trial of cann

Eligibility criteria

� Clinical diagnosis of severe, intractable childhood epilepsy with uncounta

� Under 18 years of age at the time of consent

� Seizures at least daily during past 6 months

� At least one non-elective epilepsy-related hospital admission during 201

� Failure of clinical trials of at least five anti-epileptic drugs, including one tri
surgery, deep brain stimulation, and ketogenic diet were considered equi

� Attempted but did not respond to an appropriate anti-epileptic drug spe

� Dominant seizure type is uncountable; eg, atypical absence, non-convuls

� Administered one to four baseline anti-epileptic drugs at stable doses for
diet do not count toward this limit

� Written informed consent from the participant or their parent or guardian

� Parental/guardian compliance with Compassionate Access Scheme mo

Exclusion criteria

� Use of any cannabis-related product in month prior to consent

� Clinically significant electrocardiographic abnormalities

� Girls/women who are pregnant

� A terminal illness, with life expectancy no longer than 3 months

� Unable to take Epidiolex by the oral, nasogastric or gastrostomic routes, i
administration

� Known allergy to cannabidiol, another cannabinoid, or any component o

� Pre-existing and clinically significant abnormalities of complete blood co
Patients attended the clinic formonitoring at 4, 8 and 12weeks. The
current doses of cannabidiol and other drugs, adverse events
(including notifiable serious adverse events), and physician and
caregiver Global Impression of Change assessments12 were recor-
ded. Quantitative assessment of seizure numbers was not possible
because of the severity of disease in our cohort (with uncountable
seizures an entry criterion), precluding a standard clinical trial.
Instead, caregivers were asked to report their impression of any
change from baseline seizure frequency for each seizure type.
Blood parameters and levels of other AED drugs were also
assessed during the monitoring visits.

Data analysis
Data on clinical features were summarised as numbers or medians
(with ranges); means (with ranges) were calculated for the number
of status epilepticus episodes, use of midazolam as rescue medi-
cation, and presentations to emergency departments or hospital
admissions during the 4-week historical baseline and the 3-month
trial period, and compared in Student paired t tests. P < 0.05 was
deemed statistically significant.

Ethics approval
Theprotocol for this studywas approved by the SydneyChildren’s
Hospital Network Human Research Ethics Committee (reference,
LNR/16/SCHN/226).

Results

Demographic characteristics
Twenty-two boys and 18 girls were enrolled; their mean age was
8.4 years (median, 8.5 years; range, 1.6e16.6 years). Theirmean age
at diagnosis of epilepsy was 2.5 years (median, 1.1 years; range,
0e12years). Epileptic encephalopathy (not otherwise specified; ten
abidiol for treating drug-resistant epilepsy in children

ble seizures

5

al of a combination of two drugs. Vagal nerve stimulation, epilepsy-related
valent to trials of anti-epileptic drugs

cifically indicated for genetic epilepsy syndromes

ive status, multiple tonic seizure clusters, large number of daily seizures

at least 4 weeks prior to enrolment; vagal nerve stimulation and ketogenic

nitoring requirements

ncluding patients requiring exclusively direct jejunal feeding or intravenous

f Epidiolex

unt, electrolyte, coagulation, hepatic function, or enzyme levels



2 Demographic characteristics at baseline and diagnoses for
the 40 participants

Characteristic

Age (years), median (range) 8.5 (1.6e16.6)

Sex (boys) 22

Previously trialled medications, median (range) 9 (3e14)

Syndrome

Focal/multifocal epilepsy 10

Epileptic encephalopathy (not otherwise
specified)

10

LennoxeGastaut syndrome 8

Dravet syndrome 6

Doose syndrome 4

Generalised epilepsy 2

Aetiology

Genetic

SCN1A mutation 6

MECP2 mutation 2

Other confirmed genetic basis 1

Presumed genetic basis 19

Structural

Malformations of cortical development 6

Neurodegenerative 1

Post-encephalitic epilepsy 1

Hypoxiceischaemic encephalopathy 1

Tuberous sclerosis 2

Other neurocutaneous type 1

Research
patients) and focal/multifocal epilepsy (ten patients) were the
most frequent syndrome diagnoses (Box 2). Intellectual disability,
determined by the treating clinician or by formal developmental
assessment,was severe in 17,moderate in 10,mild in 11, andabsent
in two patients. Functional impairment was assessed with a
modifiedRankin scale; 22 patientswere scored 4e5, indicating that
most had moderate to severe disability.11

In the 12months prior to cannabidiol therapy, themean number of
emergency department presentations or admissions to hospital
was 0.29 (range, 0e1.25) per patient per month. The mean lifetime
3 Adverse events most frequently reported by 40 children during
epilepsy

Adverse event

Number of participants with event

Total Cannabidiol therapy-related Me

Benign viral illness 24 0

Increased seizures 16 2

Somnolence 15 13

Diarrhoea 9 4

Anorexia 7 4

Vomiting 7 1

Rash 4 1
number of admissions to the paediatric intensive care unit for
status epilepticus or other complications of seizureswas 1.1 (range,
0e7) per patient. Patients had trialled a median of nine AEDs
(range, 3e14) before starting cannabidiol therapy, and were
currently using a median of three concurrent AEDs (range, 1e5),
the fivemost frequent being clobazam (21 patients), valproate (20),
levetiracetam (12), topiramate (10), and lamotrigine (10). Twenty-
six patients had undergone non-pharmacological treatments for
epilepsy, including 19 patients who had been or were currently on
a ketogenic diet, four who had had surgical resections, and
three who had had corpus callosotomies, as well as twowith vagal
nerve stimulators. Four patients had previously trialled artisanal
cannabinoids for epilepsy; no information was available on their
effect.
Withdrawals
By 12 weeks, there had been four withdrawals (duration of treat-
ment, 2 days to 11.1 weeks). Two withdrew because seizure fre-
quency increased (one withdrawing after 2 days), one because of
significant somnolence that resulted in poor feeding and respira-
tory depression, and one because their transaminase levels were
elevated. All other participants continued to receive cannabidiol
after conclusion of the study.
Adverse events
Thirty-nine patients reported at least one adverse event, but many
were deemed unrelated to cannabidiol treatment; those reported
by at least ten participants are listed in Box 3. Intercurrent illness
was themost commonadverse event (24 patients), andwas usually
mild and unrelated to cannabidiol treatment. Sixteen participants
reported increases in seizure frequency or duration, or episodes of
status epilepticus; in two cases, clinicians regarded a relationship
with cannabidiol treatment as plausible. Gastrointestinal symp-
toms (diarrhoea, vomiting, anorexia) were each experienced by
seven to nine patients, but were generally mild; diarrhoea and
anorexia were attributed to cannabidiol therapy in only four cases.

Fifteen patients reported sedation after a median two weeks’
treatment with cannabidiol (range, one day to 11.5 weeks) and a
median dose of 15 mg/kg/day (range, 5e25 mg/kg/day). Ten
participants recovered without intervention; the cannabidiol dose
was reduced or titration interrupted for four, and for one patient
the interventionwasunknown. Sevenof these 15patientswere also
taking clobazam (median dose, 0.86 mg/kg/day; range,
0.40e1.56 mg/kg/day); the median clobazam dose for 14 patients
who did not experience sedation was lower (0.44 mg/kg/day;
first 12 weeks of treatment with cannabidiol for drug-resistant

Cannabidiol therapy: median (range)

dian severity of event Dose (mg/kg/day) Duration (weeks)

Mild 20 (5e25) 3.1 (0.1e11)

Moderate 25 (5e25) 7.8 (0.3e15)

Mild 15 (5e25) 2.0 (0.1e11)

Mild 20 (5e25) 3.4 (0.1e7.9)

Mild 15 (5e25) 2.0 (0.1e8.9)

Mild 25 (5e25) 5.7 (0.1e11)

Mild 15 (5e25) 2.3 (0.7e5.9)
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4 Caregiver and physician Global Impression of Change
assessments for 40 children with drug-resistant epilepsy
after 12 weeks’ treatment with cannabidiol*

* Responses for the patient who was withdrawn at 11.4 weeks are included, but not
those for the three patients who withdrew earlier; one further caregiver did not
provide a rating. u
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range, 0.09e2.6 mg/kg/day). Blood levels of clobazam and
N-desmethylclobazam (norclobazam) could not be assessed.

Twopatients had elevated transaminase levels; onewithdrew from
the trial and the other required temporary interruption of canna-
bidiol and valproate therapies. Eachwas receiving 28e35 mg/kg/
day valproate.

Serious adverse events
There were 23 serious adverse events in 15 patients that resulted
in hospital admission or prolongation of admission, or were
deemed important medical events, of which eight events in
six patients were considered treatment-related by the treating
physician. The most frequent serious adverse events were
increased seizure number in eight patients (treatment-related in
one patient) and intercurrent illness in five (none treatment-
related). Further treatment-related serious adverse events
included liver function derangement (resulting in withdrawal)
and hyperlipidaemia, each in one patient. One patient had severe
somnolence with anorexia and respiratory depression after two
weeks of treatment, resulting in prolongation of hospital admis-
sion and eventual withdrawal. Supra-therapeutic phenytoin
levels with signs of clinical toxicity in two participants were
considered to be related to cannabidiol treatment by both treating
physicians, and occurred at cannabidiol doses of 10 mg/kg/day
(at 4 weeks) and 25 mg/kg/day (at 11.7 weeks) The phenytoin
level of one participant had been 19 mg/mL (at the upper end of
the therapeutic range, 10e20 mg/mL) prior to commencing
cannabidiol therapy.

Other outcomes
Throughout the 12 weeks, 17 patients were admitted to hospital or
presented to the emergency department (mean, 0.39 admissions/
patient/month; range, 0e2), not significantly different from the
rate for the preceding 12 months (P ¼ 0.28). There was no signifi-
cant change in the number of rescue medication episodes (4-week
historical baseline: mean, 0.52 uses/patient/month; range, 0e11;
treatment period: mean, 0.58 midazolam uses/patient/month;
range, 0e3.7; P ¼ 0.88) or episodes of status epilepticus (4-week
historical baseline: mean, 0.25 episodes/patient/month; range,
0e4; treatment period: mean, 0.27 episodes/patient/month;
range, 0e2; P ¼ 0.91). No participants reported complete freedom
from seizures.

Subgroup analyses
Twelve children were rated much improved or very much
improved by their caregiver in Global Impression of Change
assessment at 12 weeks; their mean age was 6.3 years (range,
1.9e15.4 years), younger than the other 28 participants (mean, 9.2
years; range, 1.6e15.6 years). The most common syndrome di-
agnoses in this group were multifocal/focal epilepsy or Dravet
syndrome (four children each). The most frequent concomitant
AEDs were clobazam (nine children), valproate (seven) and
oxcarbazepine (three); 12 of the other 28 children were taking clo-
bazam. According to physician Global Impression of Change as-
sessments, seven participants were much or very much improved,
and five were slightly improved (Box 4).

Six children had diagnoses of Dravet syndrome. As rated by their
caregivers, one was very much improved, three improved, one
slightly improved, and one unchanged after 12 weeks’ cannabi-
diol treatment; physicians rated none as being very much
improved, two as improved, three as slightly improved and
one unchanged. All children with Dravet syndrome were
taking clobazam (median dose, 0.35 mg/kg/day; range,
0.19e0.71 mg/kg/day).
Discussion

Of 40 children with severe refractory epilepsy who commenced
cannabidiol treatment, 36 completed 12 weeks’ therapy with only
mild to moderate treatment-related adverse effects, despite mul-
tiple comorbid conditions andpolypharmacy.Most of the reported
adverse events were unrelated to cannabidiol treatment or tem-
porary. The withdrawal rate of 10%was comparable with those of
previous trials (13e14%).7,8 Somnolence was the most frequent
adverse event that could plausibly be attributed to cannabidiol; it
was experienced by nearly 40% of participants, comparable with
rates of 14e36% reported by other investigators.7-9 Cannabidiol
inhibits the catabolism of an active clobazam metabolite,
N-desmethylclobazam, and this may explain why patients taking
both drugs are more likely to experience sedation.13 The partici-
pants in our cohort who reported somnolencewere taking a higher
median dose of clobazam than those who did not. Elevated
transaminase levels have previously been reported for 1e23% of
children receiving cannabidiol, particularly in children taking
valproate;7-9,13 our rate of 5% is consistent with these reports. It is
important that the liver function of any patient commencing can-
nabidiol treatment be monitored at regular intervals, especially if
they are also taking valproate.

Our study had no objective outcome measure of efficacy, as the
strict eligibility criteria (including uncountable seizures) for
participation meant that changes in seizure frequency could
not be quantified. The mean number of emergency department
presentations and hospital admissions increased while taking
cannabidiol, as did the numbers of episodes of status epi-
lepticus and the use of rescue medications, but the differences
were not statistically significant. Twelve of 36 caregivers re-
ported substantial improvement of their child’s condition in
their Global Impression of Change assessments of overall
improvement in health,11 as did the clinicians for seven of 37
children. Of the participants rated by caregivers as much or
very much improved, nine were taking clobazam, compared
with 12 of the other 28 children.
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In the expanded access program in the United States, multiple
logistic regression analysis found that clobazam use was the only
independent factor that predicted a greater than 50% reduction in
motor seizure frequency during cannabidiol treatment.9 In the
recent Cannabidiol in Dravet Syndrome Study randomised
controlled trial, the reduction in median monthly convulsive
seizure frequency was significantly greater in the cannabidiol-
treated group than in the placebo group (38.9% v 13.3%),
achieving a median 22.8% difference (P ¼ 0.01) in convulsive
seizure frequency between the two groups.7 As 65% of the partic-
ipants in the trial were taking clobazam, it has been conjectured
that some of the anticonvulsant effect of cannabidiol is related to
increased levels of long-acting clobazam metabolites.7,9,14 In the
LennoxeGastaut syndrome study (GWPCARE4), reducing the
clobazam dose was necessary for 27% of patients taking cannabi-
diol.8 It has recently been reported that topiramate and rufinamide
levels are also increasedduring co-administration of cannabidiol.13

As drug interactions are still being elucidated, drug levels of
concomitant AEDs and clinical responses should be carefully
monitored when initiating cannabidiol treatment.

In our study, caregivers frequently commented on small im-
provements in cognitive function and in the interaction of their
children with their environment; this was not formally assessed
and contrasts with almost 40% of participants reporting somno-
lence. In two small observational studies, improved behaviour or
alertness in 25e39%, improved language and motor skills in
8e11%, and improved sleep in 7% of children taking artisanal
cannabis extracts were reported by parents.15,16 However, these
effects would be difficult to measure objectively; further, a placebo
effect is often observedwhenparents are asked to grade efficacy, as
perhaps indicated by the different subjective assessments by
physicians and caregivers in our study. This interpretation is
supported by the report that patients who moved to Colorado to
accessmedicinal cannabis weremore likely to report a benefit than
those who already lived there.16
Limitations
Themajor limitationwas the open label design and lack of objective
endpoints for assessing participants selected for compassionate
access because of the severity of their disease; subjective assess-
ment is liable to bias. Participants who reported a benefit could
continue receiving cannabidiol, and this may have influenced self-
reported improvement. Additionally, the cohort included children
with a heterogeneous group of aetiologies. Finally, the treating
clinician could change the doses of cannabidiol and other concur-
rent AEDs throughout the trial; it is therefore not possible to
attribute any benefit to cannabidiol alone.

Conclusion

Drug-resistant epilepsy is an area of significant unmet clinical
need, and patients and families are desperate for new treat-
ment options. Randomised controlled trials can help control for
the biases that affected our study, and provide data for
informing further medical decisions about the patient popula-
tion suitable for cannabidiol therapy, safety monitoring, and
efficacy.
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