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Abstract

Background Dravet syndrome (DS) is one of the most severe forms of drug-resistant epilepsy and available interventions
fail to control seizures in most patients. Cannabidiol (CBD) is the first in a new class of antiepileptic drugs with a distinctive
chemical structure and mechanism of action.

Objective The aim of this systematic review was to evaluate the efficacy and safety of CBD as adjunctive treatment for
seizures in patients with DS using meta-analytical techniques.

Methods We searched for randomized, placebo-controlled, single- or double-blinded trials. Main outcomes included > 50%
reduction in baseline convulsive seizure frequency and the incidence of treatment withdrawal and adverse events (AEs). Risk
ratios (RRs) with 95% confidence intervals (95% Cls) were estimated through the inverse variance method.

Results Three trials were included involving 359 participants, 228 for CBD and 131 for placebo groups. In all trials, the
active treatment was a plant-derived pharmaceutical formulation of purified CBD oral solution. The pooled RR for 50%
response during the treatment was 1.69 (95% CI 1.21-2.36; p=0.002). Across the trials, treatment was discontinued in 20
(9.0%) and 3 (2.3%) cases in the add-on CBD and placebo groups, respectively; the RR for CBD withdrawal was 3.12 (95%
CI 1.07-9.10; p=0.037). The RR to develop any AE during add-on CBD treatment was 1.06 (95% CI1 0.87-1.28; p=0.561).
AE:s significantly associated with adjunctive CBD were somnolence, decreased appetite, diarrhea, and increased serum
aminotransferases.

Conclusions Adjunctive CBD resulted in a greater reduction in convulsive seizure frequency than placebo and a higher rate
of AEs in patients with DS presenting with seizures uncontrolled by concomitant antiepileptic therapy.

Adjunctive cannabidiol (CBD) can reduce convulsive

1 Introduction

Epilepsies are a heterogeneous group of most often severe
brain disorders and treatment is mainly symptomatic [1, 2].

seizure frequency in patients with Dravet syndrome.

The most common adverse events are somnolence,
decreased appetite, diarrhea, and increased serum ami-
notransferases.

Drug—drug interactions can influence the efficacy and
safety profile of CBD.
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The majority of patients can achieve control of their seizures
through antiepileptic therapy, whereas one-third are resist-
ant to treatment [3—5], causing significant morbidity [6],
increased mortality [7, 8], and decreased life expectancy [9].

Dravet syndrome (DS) is one of the most severe forms
of drug-resistant epilepsy. Approximately two-thirds of the
patients with DS carry loss-of-function mutations in the volt-
age-gated sodium channel al subunit gene (SCN1A), and
mutations in other genes have been reported in SCN1A-neg-
ative patients. Most mutations arise de novo, but inheritance
from a mildly affected parent can also occur [10]. The onset
of DS is typically during the first year of life in previously
healthy infants with prolonged convulsive seizures, which are
often triggered by fever and can evolve into status epilepticus
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[11]. Delay in psychomotor development becomes apparent
from the second year onwards and behavioral disturbances
are common. Long-term seizure outcome is poor, with many
patients still having seizures in adulthood, and moderate to
severe intellectual impairment and disabilities characterize
nearly all the affected individuals [12].

Valproic acid (VPA) and clobazam (CLB) are widely
used in DS. VPA is often chosen to prevent the initial recur-
rence of convulsive seizures, and benzodiazepines are fre-
quently co-administered to reduce the duration of long-last-
ing seizures. Second-line and later options typically include
stiripentol (STP), topiramate, levetiracetam, ketogenic diet,
bromides, and vagus nerve stimulation [12].

Antiepileptic polytherapy is common, but it fails to con-
trol seizures in most patients and there remains an unmet
clinical need to identify new effective therapeutic strategies.

Cannabidiol (CBD) is a major chemical component of
the resin of Cannabis sativa plant. In contrast to tetra-hydro-
cannabinol, CBD lacks psychoactive effects and is devoid of
abuse liability [13]. Compared with conventional antiepilep-
tic drugs (AEDs), CBD has a distinctive chemical structure
and mechanism of action. CBD has negligible affinity or
activity at the cannabinoid receptors at clinically meaning-
ful concentrations and its anti-seizure properties are mainly
mediated by the modulation of intracellular Ca®* levels,
through both the inhibition of the G-protein coupled recep-
tor GPRS55 and activation of the transient receptor channel
TRPV1, and the inhibition of adenosine re-uptake [14].

A plant-derived pharmaceutical formulation of purified
CBD oral solution (Epidiolex®) was approved in June 2018
by the US Food and Drug Administration as treatment and
in July 2019 by the European Medicines Agency as adjunc-
tive therapy in conjunction with CLB for seizures associated
with DS or Lennox-Gastaut syndrome (LGS) for patients
aged 2 years and older.

The aim of this systematic review and meta-analysis was
to assess the efficacy and safety of adjunctive CBD for the
treatment of seizures in patients with DS.

2 Methods
2.1 Search Strategy

This systematic review and meta-analysis was reported
according to the recommendations of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [15]. We systematically searched
(October week 3, 2019) MEDLINE (accessed by PubMed),
the Cochrane Central Register of Controlled Trials (CEN-
TRAL) and the US National Institutes of Health Clinical
Trials Registry (http://www.clinicaltrials.gov) (search strat-
egies are outlined in Electronic Supplementary Material).
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Additional data were sought in the Assessment Report and
Drug Approval Package of CBD by the European Medicines
Agency/Committee for Medicinal Products for Human Use
and the US Food and Drug Administration [16, 17]. The
manufacturer of CBD was contacted for information about
any unpublished or ongoing studies. There were no date
limitations or language restrictions. The reference lists of
retrieved studies were reviewed to identify additional reports
of relevant trials. The protocol was not registered previously.

2.2 Eligibility Criteria

Studies were selected when they met the following entry
criteria: randomized, double or single blinded, placebo-
controlled, parallel group studies with active and control
groups receiving CBD and matched placebo, respectively,
in addition to an existing AED treatment. Participants had to
meet the following criteria: any sex, any ethnicity, pediatric
and/or adult age, diagnosis of DS and seizures uncontrolled
by concomitant AEDs.

2.3 Outcome Measures

The primary efficacy outcome was the proportion of patients
who achieved > 50% reduction from baseline in convulsive
seizure frequency during the treatment period. A convulsive
seizure was defined as a tonic, clonic, tonic-clonic, or atonic
seizure. Secondary efficacy outcomes were the percentage
change in convulsive seizure frequency during the treatment
period compared with baseline and the proportion of patients
who achieved 100% reduction in baseline convulsive seizure
frequency.

Safety outcomes were the proportions of patients with-
drawing from the treatment for any reason; withdrawing
from the treatment for adverse events (AEs); experiencing
any AE; experiencing any serious adverse event (SAE);
and experiencing any of the AEs found to be commonly
related to CBD on the basis of previous evidence [18] (i.e.,
somnolence, decreased appetite, diarrhea, pyrexia, vomit-
ing, fatigue, upper respiratory infections, increase of serum
aminotransferases concentrations by threefold or greater the
upper limit of the normal range).

Changes from baseline to the end of treatment in meas-
ures of global functioning, including Patient or Caregiver
Global Impression of Change (P/CGIC), sleep disruption,
daytime sleepiness, quality of life, and behavioral adapta-
tion, as assessed by validated scales, were also reviewed.

2.4 Study Selection, Data Extraction
and Assessment of the Risk of Bias

Two review authors (S. L. and F. B.) independently assessed
trials for inclusion and extracted the following information
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from included studies: main study author and year of publi-
cation, methods of randomization, allocation concealment
and blinding, duration of baseline and treatment periods,
dose/s of CBD tested, number and demographics of partici-
pants, number of participants experiencing each outcome,
and change in baseline convulsive seizure frequency dur-
ing treatment per randomized group. Any disagreement was
resolved by discussion with a third review author (M. S.).
The risk of bias of the identified studies was assessed in
accordance with the recommendations of the Cochrane Col-
laboration [19].

2.5 Statistical Analysis

Heterogeneity among the trials was assessed by the Chi
squared test and the /? statistics for heterogeneity [19,
20]. Provided no significant heterogeneity was present
(p > 0.05), results were synthesized using a fixed-effects
model. If the probability value was <0.05, the hetero-
geneity was interpreted according to the /? statistic: a
fixed-effects model was adopted for I* <40% and a ran-
dom-effects model was adopted for >40% [21-25]. We
presented heterogeneity statistics for all analyses unless
only one trial contributed data and heterogeneity was not
applicable. The risk ratio (RR) and mean difference (MD)
with 95% confidence intervals (CIs) were the measures of
associations between treatment and dichotomous or con-
tinuous outcomes. The intent-to-treat (ITT) population
data were used for the efficacy analyses. The subgroup
analysis of primary efficacy outcome by concomitant use
of CLB (CLB-On for patients taking concomitant CLB
and CLB-Off for patients not taking concomitant CLB)
was planned. Results were presented according to CBD
daily dose, where sufficient data were available. Reported
probability values were two-sided, with significance set
at < 0.05. Data analysis was performed using STATA/IC
13.1 statistical package (StataCorp LP, College Station,
TX, USA).

3 Results
3.1 Results of the Search

Two hundred and fifty-eight records were identified by
database and trial registers searching. Four randomized
controlled trials (RCTs) were retrieved for detailed assess-
ment; one of them was withdrawn by the sponsor before
participants were enrolled (ClinicalTrials.gov number
NCTO02318563). Accordingly, three studies [26-28] were
considered in the review and included in the meta-analysis

(Fig. ).

3.2 Characteristics and Risk of Bias of Included
Studies

The included studies were multicenter, randomized, dou-
ble-blind, placebo-controlled, parallel group trials. They
enrolled 359 participants according to the ITT, 228 for
CBD and 131 for placebo groups, respectively. In all tri-
als, the active treatment was a plant-derived pharmaceuti-
cal formulation of purified CBD oral solution (100 mg/mL)
(Epidiolex®), which was administered as add-on therapy
to the preexisting antiepileptic regimen. One study aimed
to investigate the dose-ranging safety [26] and two trials
assessed both the efficacy and safety [27, 28] of adjunc-
tive CBD in patients with DS. Characteristics of the studies
and participants are summarized in Tables 1 and 2, respec-
tively. In the GWPCARE?2, two patients assigned to CBD
10 mg/kg/day temporarily received a dose above the target
and were included in the CBD 20 mg/kg/day group for the
safety analysis.

All trials used adequate methods of sequence generation
and allocation concealment. We judged the included trials
at low risk of performance and detection bias since blinding
was ensured by matching placebo, and neither the investiga-
tors nor the patients knew the identity of the treatment being
administered. The risks of attrition and selective reporting
bias were rated to be low since all patients lost to follow-up
and withdrawals were documented, and there was no suspi-
cion of selective outcome reporting. All trials were spon-
sored by the manufacturer of CBD (GW Pharmaceuticals).

3.3 Fifty Percent or Greater Reduction in Convulsive
Seizure Frequency

The percentages of patients who had at least 50% reduc-
tion in convulsive seizure frequency during the treatment
period were 45.4% with add-on CBD and 26.6% with
placebo, respectively [27, 28]. The overall pooled RR for
50% response across the trials [27, 28] was 1.69 (95% CI
1.21-2.36; p=0.002) (Chi squared=0.13, df=1, p=0.716;
I’=0.0%) (Fig. 2a). During the treatment period, the esti-
mated RRs for >50% convulsive seizure frequency reduction
were 1.68 (95% CI 1.03-2.75; p =0.038) for adjunctive CBD
at the dose of 10 mg/kg/day [28] (Fig. 2b) and 1.73 (95% CI
1.22-2.45; p=0.002) (Chi squared=0.26, df=1, p=0.611;
I’=0.0%) at the dose of 20 mg/kg/day in comparison with
placebo [27, 28] (Fig. 2¢).

Across the trials [27, 28], the responder rates in convul-
sive seizure frequency were 27.5% in the add-on CBD arm
and 20.0% in the placebo group among patients not taking
CBL and the estimated RR was 1.34 (95% CI 0.65-2.79;
p=0.431) (Chi squared=1.70, df=1, p=0.193; I2=41.1%);
among CBL-On patients, the > 50% reduction in convulsive
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Fig. 1 Flow diagram of study
selection process. CENTRAL
Cochrane Central Register of

Controlled Trials (N=258)

Potentially relevant
records identified

PubMed (147), CENTRAL (101),
www.clinicaltrials.gov (10)

Excluded (n=69):

A4

*Duplicate records

(n=189)

Records screened

Excluded (n=185):
eIrrelevance (reviews, comments, non

v

randomized controlled studies,
unrelated to topic)

(n=a)

Randomized controlled
trials retrieved for
detailed assessment

Excluded trials (n=1):

N

A4

*Withdrawn by the sponsor

(n=3)

Studies included in
the meta-analysis

seizure frequency was achieved by 55.2% and 30.4% in the
adjunctive CBD and placebo groups, respectively, and the
corresponding RR was 1.72 (95% CI 1.19-2.48; p=0.004)
(Chi squared=0.30, df=1, p=0.584; I’=0.0%] (Fig. 3a).
The RRs to achieve >50% convulsive seizure frequency
reduction with add-on CBD treatment at 10 mg/kg/day
were 2.29 (95% CI 0.46-11.24; p=0.309) in CLB-Off
and 1.52 (95% CI 0.94-2.45; p=0.088) in CLB-On sub-
groups of patients [28] (Fig. 3b). The estimated RRs for a
50% or greater reduction in frequency of convulsive sei-
zures for patients assigned to 20 mg/kg/day in compari-
son with placebo were 1.39 (95% CI 0.66-2.90; p=0.383)
(Chi squared =2.18, df=1, p=0.139; 12=54.2%) and 1.80
(95% CI1 1.23-2.64; p=0.002) (Chi squared=0.15, df=1,
p=0.697; I’=0.0%) in CLB-Off and CLB-On subgroups,
respectively [27, 28] (Fig. 3c).

A\ Adis

3.4 Percentage Change and 100% Reduction
in Convulsive Seizure Frequency

The overall MD in convulsive seizure frequency during
the treatment period between adjunctive CBD and placebo
was 20.3 (95% CI1 8.2-32.4; p=0.001) (Chi squared =0.06,
df=1, p=0.808; 12=0.0%) in favor of CBD [28]. The MD
in the reduction of convulsive seizure frequency resulted
in 21.8 (95% CI 4.9-38.7; p=0.012) percentage points
between the 10-mg CBD and placebo groups [28] and 18.8
(95% CI1.5-36.1; p=0.033) percentage points between the
20-mg CBD and placebo arms [28] in favor of add-on CBD.
Freedom from convulsive seizures was achieved by 4.9% of
the patients assigned to adjunctive CBD and none of the par-
ticipants receiving placebo [RR 6.77 (95% CI 0.36—128.38);
p=0.202] [27].
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Table 1 Characteristics of the included studies

Study

Study design

Main inclusion criteria

Treatment arms

GWPCAREI] Part A [26]

GWPCAREI] Part B [27]

GWPCARE2 [28]

Phase I1I

Multicenter (US and UK)

Parallel-group, randomized, placebo-
controlled trial

4-week observational baseline

3-week double-blind treatment period
(starting at 2.5 mg/kg/day and
increasing by 2.5-5.0 mg/kg every
other day to randomized dose)

< 10 days tapering-off

4-week safety follow-up

Phase III

Multicenter (US and UK)

Parallel-group, randomized, placebo-
controlled trial

4-week observational baseline

< 10 days tapering-off

4-week safety follow-up

Phase I1I

Multicenter (US, Europe, Australia,
Israel)

Parallel-group, randomized, placebo-
controlled trial

4-week observational baseline

14-week double-blind treatment period
(2-week titration, 12-week stable dos-
ing maintenance)

< 10 days tapering-off

4-week safety follow-up

Aged 4-10 years

Documented history of Dravet syn-
drome not completely controlled by
current AEDs

< 4 convulsive seizures during the
4-week baseline period

Current treatment with > 1 AEDs at a
stable dose for at least 4 weeks prior
to screening

Aged 2-18 years

Documented history of Dravet syn-
drome not completely controlled by
current AEDs

> 4 convulsive seizures during the
4-week baseline period

Current treatment with > 1 AEDs at a
stable dose for at least 4 weeks prior
to screening

Aged 2-18 years

Documented history of Dravet syn-
drome not completely controlled by
current AEDs

> 4 convulsive seizures during the
4-week baseline period

Current treatment with > 1 AEDs at a
stable dose for at least 4 weeks prior
to screening

Oral placebo, BID
Oral CBD: 5, 10, 20 mg/kg, BID

Oral placebo, BID
Oral CBD: 20 mg/kg, BID

Oral placebo, BID
Oral CBD: 10 and 20 mg/kg, BID

AED antiepileptic drug, BID bis in die (twice daily), CBD cannabidiol

3.5 Treatment Withdrawal and Adverse Events

Across the trials, treatment was discontinued in 20 (9.0%)
and 3 (2.3%) cases in the add-on CBD and placebo groups,
respectively; the overall RR for withdrawal for any reason
was 3.12 (95% CI 1.07-9.10; p=0.037) (Chi squared =0.86,
df=2,p=0.649; P=0.0%) [26-28]. The RRs for treatment
withdrawal were 4.37 (95% CI 0.52-36.36; p=0.173) (Chi
squared =0.19, df=1, p=0.661; I>= 0.0%) for adjunc-
tive CBD at the dose of 10 mg/kg/day [26, 28] and 3.49
(95% CI 1.19-10.25; p=0.023) (Chi squared=0.92, df=2,
p=0.632; I*=0.0%) for CBD at the dose of 20 mg/kg/day
[26-28], in comparison with placebo. Drug discontinua-
tion due to AEs occurred in 15 (6.8%) and 1 (0.8%) par-
ticipants in the active and control groups, respectively [RR
4.68 (95% CI 1.10-19.95); p=0.037] (Chi squared =0.87,
df=2,p=0.647; P=0.0%) [26-28]. The RRs for treatment
discontinuation due to AEs were 2.67 (95% CI 0.13-56.63;
p=0.529) for adjunctive CBD at the 10-mg/kg daily dose
[26, 28] and 6.44 (95% CI 1.49-27.85; p=0.013) (Chi

squared =0.55, df=2, p=0.760; P= 0.0%) for adjunctive
CBD at the 20-mg/kg daily dose [26-28] (Table 3).

AEs were reported by 195 (88.2%) and 108 (82.4%)
patients treated with adjunctive CBD and placebo, respec-
tively [RR 1.06 (95% CI 0.87-1.28); p=0.561] (Chi
squared = 6.59, df=2, p=0.037; I’=69.7%) [26-28];
SAEs were reported by 44 (19.9%) and 14 (10.7%) patients
treated with adjunctive CBD and placebo [RR 1.67 (95% CI
0.96-2.91); p=0.069] (Chi squared =1.45, df=2, p=0.485;
I?=0.0%) [26-28] (Table 4). The incidence rates of the
selected AEs in the add-on CBD-versus placebo-treated par-
ticipants were as follows: somnolence 26.7% versus 12.2%,
decreased appetite 24.0% versus 10.7%, diarrhea 21.7% ver-
sus 11.5%, pyrexia 20.4% versus 12.2%, vomiting 12.2% ver-
sus 5.3%, fatigue 14.9% versus 8.4%, upper respiratory tract
infection 6.8% versus 6.1%, increased alanine or aspartate
aminotransferases more than 3 times the upper normal limit
15.4% versus 0.8% (Table 4). The analysis per daily dose is
summarized in Table 5.
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Table 2 Characteristics of the study participants

Baseline Study
characteristics of
participants GWPCAREI Part A [26] GWPCARE] Part B [27] GWPCARE2 [28]
Treatment arm CBD 5mg/ CBD 10 mg/ CBD 20 mg/ PBO CBD 20 mg/ PBO (n=59) CBD 10 mg/ CBD 20 mg/ PBO
kg (n=10) kg kg (n=7) kg(n=61) kg (n=66) kgm=67) (n=65)
(n=28) n=9)
Male sex, (%) 50.0 37.5 333 71.4 574 45.8 40.9 53.7 47.7
Age, mean (SD) 7.2 (1.9) 7.4 (2.1) 8.7 (1.8) 7.0 (0.9) 9.7 (4.7) 9.8 (4.8) 9.2 (range 9.3 (range 9.6 (range
[years] 2.3-17.7) 2.2-18.9) 2.2-18.1)
Age group (years), (%)
2-5 29.5 28.8 28.8 29.9 27.7
6-12 37.7 40.7 46.7 46.3 43.1
13-18 32.8 30.5 22.7 23.9 29.2
Caucasian, (%) 90.0 50.0 88.9 429 72.1 84.7 86 96 85
Number of prior 3 (0-11) 3.5 (0-5) 4 (2-8) 5(1-5) 4(0-26) 4 (0-14) 4 (0-19) 4 (0-11) 4(0-11)
AEDs, median
(range)
Number of con- 3(1-4) 3(2-3) 3(1-4) 2(1-3) 3(1-5) 3(1-5) 3(1-5) 3(1-4) 3 (1-5)
comitant AEDs,
median (range)
Concomitant AEDs, (%)
Clobazam 60.0 75.0 66.7 71.4 65.6 64.4 68.2 59.7 63.1
Valproate 70.0 62.5 88.9 28.6 60.7 57.6 66.7 70.1 73.8
Levetiracetam 30.0 37.5 333 14.3 26.2 28.8 28.8 31.3 21.5
Stiripentol 10.0 25.0 222 28.6 49.2 35.6 379 32.8 36.9
Topiramate 30.0 37.5 222 28.6 26.2 254 16.7 26.9 26.2
Baseline monthly 12.4 14.9 13.5 9.0 (6.3— 16.6
convulsive sei- (6.2-28.0)  (7.0-36.0) (6.0-31.2) 21.2) (7.0-51.1)

zure frequency,
median (IQR)

AED antiepileptic drug, CBD cannabidiol, /QR interquartile range, PBO placebo, SD standard deviation

3.6 Global Functioning Measures

An improvement from baseline in overall condition (slightly
improved, much improved, or very much improved) accord-
ing to the CGIC at the last visit was reported in 122 out
of 192 patients (63.5%) in the adjunctive CBD group and
in 47 out of 123 patients (38.2%) in the placebo arm [RR
1.64 (95% CI 1.28-2.10); p <0.001] (Chi squared =0.30,
df=1, p=0.586; I=0.0%). The RRs for improvement at
the CGIC were 1.64 (95% CI 1.18-2.29; p=0.003) for CBD
at the dose of 10 mg/kg/day and 1.59 (95% CI 1.22-2.07;
p=0.001) (Chi squared=0.56, df=1, p=0.456; > =0.0%)
for CBD at the dose of 20 mg/kg/day in comparison with
placebo. One trial provided data on changes from baseline
to the end of treatment in scores evaluating sleep disruption,
daytime sleepiness, quality of life, and behavioral adaption
[27]; no significant differences emerged between the treat-
ments (Table 6).
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4 Discussion

Cannabidiol was more effective than placebo in reducing
the frequency of convulsive seizures when added to exist-
ing AEDs at both the daily doses of 10 and 20 mg/kg in
children and adolescents with DS. The higher perception of
improvement from baseline in overall condition held by car-
egivers in the active group than in the placebo arm supported
the favorable effect of therapy with CBD. Remarkably, the
improvement in seizure control was achieved by patients
with severe epilepsy who had previously failed a median of
four AEDs, were taking an average of three anti-epileptic
treatments, and had a high frequency of seizures at baseline.

A larger magnitude of treatment effect was found in
patients taking CLB compared with patients not on CLB,
with the confidence intervals for the CLB-Off subgroups
overlapping unity. This finding may be, at least partly,
ascribed to the bi-directional pharmacokinetic interaction
between CBD and CLB. CBD can inhibit the catalytic
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Fig.2 Fifty percent or greater a Any dose
reduction in monthly seizure Risk Ratio Events  Events Weight
; Study 95% Cl CBD  Placebo (%
convulsive frequency from , (95% C) acebo (%)
baseline during the treatment !
period. Risk ratios from fixed- GWPCARE1B T 1.57 (0.94,2.62) 26/61 16/59 4349
effects model are shown. CBD I
cannabidiol, CI confidence :
. GWPCARE2 — i 1.78(1.14,2.79) 621133 17/65  56.51
interval '
Overall (I-squared=0.0%, p=0.716) 1.69 (1.21,2.36) 88/194 331124 100.00
T T T
05 1 2 5
Favors Placebo Favors CBD
b Cannabidiol 10 mg/kg/day
Stud Risk Ratio  Events Events Weight
v (95% Cl) CBD  Placebo (%)
GWPCARE2 — 1.68(1.03,2.75) 29/66 17/65  100.00
Overall (I-squared=not applicable) 1.68 (1.03,2.75) 29/66 17/65  100.00
T T T
0.5 1 2 5
Favors Placebo Favors CBD
¢ Cannabidiol 20 mg/kg/day
Study Risk Ratio  Events Events Weight
(95% Cl) CBD Placebo (%)
GWPCARE1B T 157 (0.94,262) 26/61 16/59 4652
GWPCARE2 —_— 1.88(1.17,3.03) 33/67 17/65 5348
Overall (I-squared=0.0%, p=0.611) 1.73(1.22,245) 59/128 331124 100.00
T T T
05 1 2 5

Favors Placebo

activity of the cytochrome P450 (CYP) 2C19 and deter-
mine a 2- to 4-fold increase in plasma concentrations of
N-desmethylclobazam (N-CLB), the biologically active
metabolite of CLB [26, 29]. In parallel, CLB leads to an
approximate 1.5-fold increase in 7-hydroxy-CBD, the CBD
active metabolite, likely via inhibition of CYP2D6 and glu-
curonidation [29]. Recently, a pre-clinical study aimed at
addressing the nature of the interaction between CBD and
CLB identified both pharmacodynamic and pharmacoki-
netic mechanisms [30]. Indeed, combined treatment with
CBD and CLB resulted in greater anticonvulsant efficacy in

Favors CBD

a Scnla*’~ mouse model of DS only when an anticonvulsant
dose of CBD was used, whereas a sub-anticonvulsant dose
of CBD did not promote greater antiseizure effects despite
increasing plasma CLB levels [30]. Further, a novel phar-
macodynamic mechanism where CBD and CLB together
enhanced inhibitory GABA , receptor activation was identi-
fied [30]. Heterogeneity in baseline characteristics between
CLB-On and CLB-Off patients might also account for the
differential treatment response; as most of the patients not
taking CLB had previously tried CLB without success, had
failed more AEDs during their lifetime, and had higher

A\ Adis



236

S. Lattanzi et al.

Fig.3 Fifty percent or greater
reduction in monthly seizure
convulsive frequency from
baseline during the treatment
period according to clobazam
status. Risk ratios from fixed-
effects model are shown. CBD
cannabidiol, CI confidence
interval

A\ Adis

a Any dose
Study or Subgroup

Clobazam-Off
GWPCARE1B

GWPCARE2

Subtotal (I-squared=41.1%, p=0.193) <3>

Clobazam-On
GWPCARE2
GWPCARE1B

Subtotal (I-squared=0.0%, p=0.584)

Heterogeneity between groups: p=0.551

Overall (I-squared=0.0%, p=0.502)

Risk Ratio  Events Events Weight
(95% CI) CBD Placebo (%)

1.00(0.43,2.35) 7/21 7121 14.64
3.00(0.73,12.34) 12/48 2/24 535
1.34(0.65,2.79) 19/69 9/45 19.99

1.61(1.03,2.50) 50/85 15/41 55.20
2.01(1.04,3.87) 19/40 9/38 24.80

1.72(1.19,2.48) 69/125 24/79  80.01

1.64(1.18,2.27) 88/194 33/124  100.00

T
0.5

Favors Placebo

b Cannabidiol 10 mg/kg/day
Study or Subgroup

Clobazam-Off

Favors CBD

GWPCARE2

Clobazam-On
GWPCARE2

Subtotal (I-squared=not applicable

Heterogeneity between groups: p=0.630

Overall (l-squared=0.0%, p=0.630)

i
I
i
I
I
|
;
I
Subtotal (I-squared=not applicable) <©
T

Risk Ratio  Events Events Weight
(95% CI) CBD  Placebo (%)

2.29(0.46, 11.24) 4/21 224 8.33

229 (0.46, 11.24) 4/21 2124 8.33

1.52(0.94,2.45) 25/45 15/41 9167

1.52(0.94,2.45) 25/45 15/41 9167

1.57(0.99,2.49) 29/66 17/65  100.00

T
0.5

Favors Placebo

¢ Cannabidiol 20 mg/kg/day
Study or Subgroup

Clobazam-Off
GWPCARE1B

GWPCARE2

Subtotal (I-squared=54.2%, p=0.139) <

Clobazam-On
GWPCARE2
GWPCARE1B

Subtotal (I-squared=0.0%, p=0.697)

Heterogeneity between groups: p=0.536

Overall (I-squared=0.0%, p=0.437)

Favors CBD

Risk Ratio  Events Events Weight
(95% CI) CBD Placebo (%)

1.00(0.43,2.35) 7/21 7121 15.70
3.56 (0.84, 15.14) 8/27 224 547
1.39(0.66,2.90) 15/48 9/45 21.18

1.71(1.07,2.73)  25/40 15/41 52.22
2.01(1.04,3.87) 19/40 9/38 26.60

1.80(1.23,2.64) 44/80 24/79  78.82

1.71(1.22,2.39) 59/128 33/124  100.00

T
0.5
Favors Placebo

Favors CBD



Cannabidiol in Dravet Syndrome 237
Table 3 Treatment withdrawal of adjunctive cannabidiol versus placebo
Outcome or subgroup Number of studies Number of events/participants P Risk ratio (95% CI) p value
[references]
CBD Placebo

Treatment withdrawal

Any dose 3 [26-28] 20/221 3/131 0.0% 3.12 (1.07-9.10) 0.037

CBD 5 mg/kg/day 1 [26] 0/10 0/7

CBD 10 mg/kg/day 2 [26, 28] 4/74 0/72 0.0% 4.37 (0.52-36.36) 0.173

CBD 20 mg/kg/day 3 [26-28] 16/137 3/131 0.0% 3.49 (1.19-10.25) 0.023
Treatment withdrawal due to AEs

Any dose 3 [26-28] 15/221 1/131 0.0% 4.68 (1.10-19.95) 0.037

CBD 5 mg/kg/day 1 [26] 0/10 0/7

CBD 10 mg/kg/day 2 [26, 28] 1/74 0/72 2.67 (0.13-56.63) 0.529

CBD 20 mg/kg/day 3 [26-28] 14/137 1/131 0.0% 6.44 (1.49-27.85) 0.013
Risk ratios from fixed-effects model are reported
CBD cannabidiol, CI confidence interval
Table 4 Adverse events of adjunctive cannabidiol versus placebo
Outcome Number of studies Number of events/participants 1> (%) Risk ratio (95% CI) p value

[references]
CBD Placebo

Any AE 3 [26-28] 195/221 108/131 72.4 1.06 (0.87-1.28)* 0.561
Any SAE 3 [26-28] 44/221 14/131 0.0 1.67 (0.96-2.91) 0.069
Somnolence 3 [26-28] 59/221 16/131 12.5 2.23 (1.34-3.70) 0.002
Decreased appetite 3 [26-28] 53/221 14/131 53.3 1.90 (1.11-3.25) 0.020
Diarrhea 3 [26-28] 48/221 15/131 58.2 2.03 (1.18-3.49) 0.010
Pyrexia 3 [26-28] 45/221 16/131 0.0 1.48 (0.88-2.50) 0.142
Vomiting 3 [26-28] 27/221 7/131 0.0 2.20 (1.01-4.81) 0.047
Fatigue 3 [26-28] 33/221 11/131 74.7 1.26 (0.25-6.47)* 0.782
Upper respiratory infection 3 [26-28] 15/221 8/131 0.0 1.23 (0.55-2.77) 0.617
Increased aminotransferases” 3 [26-28] 34/221 1/131 0.0 9.42 (2.31-38.40) 0.002

Risk ratios from fixed-effects model are reported, unless otherwise specified

AE adverse event, CBD cannabidiol, CI confidence interval, SAE serious adverse event

Risk ratio estimated by random-effects model

®Increase of serum alanine or aspartate aminotransferases concentrations by > 3-fold the upper limit of the normal range

seizure frequency at baseline, they may be considered a
group more difficult to treat [16].

The limited sample size did not allow us to draw defini-
tive conclusions about the therapeutic effect of CBD in
patients not taking CLB. with regard to this critical con-
cern, patients enrolled in the pivotal GWPCARE]1 Part B
trial who were taking CLB and STP at baseline did not show
a further increase in N-CLB concentrations following the
initiation of CBD, but they had improved seizure control
[17]. As STP is a strong CYP2C19 inhibitor like CBD, it
can be assumed that CLB and N-CLB levels were already
maximally increased by STP-induced metabolic inhibition
and CBD did not cause additional inhibition. In this subset

of patients, reduction in seizures occurred in 80% and 50%
of the cases assigned to CBD and placebo, respectively [17].
This observation may suggest that the rise in N-CLB levels
is not sufficient to explain the antiseizure activity of CBD,
but does not exclude the possibility of a meaningful synergic
pharmacodynamic interaction between CBD and CLB. The
pooled analyses of treatment estimates of primary seizure
count and responders for CLB-Off patients with DS and
LGS who participated in four completed RCTs also sup-
ports the presence of a CLB-independent effect of CBD [16].
The combination of data inherent to two different epileptic
conditions and types of seizures may represent one limit of
this approach.
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Table 5 Adverse events of adjunctive cannabidiol versus placebo according to treatment dose

Outcome or subgroup Number of studies Number of events/participants /> Risk ratio (95% CI) p value
[references]
CBD Placebo

CBD 5 mg/kg/day
Any AE 1 [26] 8/10 6/7 0.93 (0.61-1.44) 0.755
Any SAE 1 [26] 1/10 1/7 0.70 (0.05-9.41) 0.788
Somnolence 1[26] 2/10 1/7 1.40 (0.16-12.60) 0.764
Decreased appetite 1[26] 0/10 077
Diarrhea 1 [26] 0/10 1/7 0.24 (0.01-5.21) 0.365
Pyrexia 1[26] 3/10 0/7 5.09 (0.30-85.39) 0.258
Vomiting 1 [26] 1/10 0/7 2.18 (0.10-46.92) 0.618
Fatigue 1[26] 0/10 2/7 0.15 (0.01-2.63) 0.192
Upper respiratory infection 1 [26] 1/10 0/7 2.18 (0.10-46.92) 0.618

CBD 10 mg/kg/day
Any AE 2 [26, 28] 61/72 64/72 0.0% 0.97 (0.86-1.10) 0.617
Any SAE 2 [26, 28] 15/72 11/72 0.0% 1.36 (0.67-2.76) 0.394
Somnolence 2 [26, 28] 19/72 10/72 0.0% 1.89 (0.94-3.78) 0.073
Decreased appetite 2 [26, 28] 12/72 11/72 0.0% 1.08 (0.51-2.25) 0.849
Diarrhea 2 [26, 28] 11/72 9172 0.0% 1.25 (0.56-2.82) 0.588
Pyrexia 2 [26, 28] 18/72 11/72 3.6% 1.51 (0.77-2.97) 0.232
Vomiting 2 [26, 28] 5/72 4/72 0.0% 1.19 (0.35-4.06) 0.784
Fatigue 2 [26, 28] 5172 9172 0.0% 0.61 (0.22-1.69) 0.340
Upper respiratory infection 2 [26, 28] 3/72 3/72 1.02 (0.21-4.85) 0.984
Increased aminotransferases™ 1[28] 3/64 0/65 7.11 (0.38-134.90) 0.192

CBD 20 mg/kg/day
Any AE 3 [26-28] 126/139 108/131 61.0% 1.08 (0.98-1.18) 0.122
Any SAE 3 [26-28] 28/139 14/131 0.0% 1.81 (1.00-3.29) 0.051
Somnolence 3 [26-28] 38/139 16/131 44.7% 2.19(1.27-3.77) 0.005
Decreased appetite 3 [26-28] 41/139 14/131 43.3% 2.36 (1.35-4.13) 0.003
Diarrhea 3 [26-28] 37/139 15/131 16.2% 2.32(1.33-4.05) 0.003
Pyrexia 3 [26-28] 24/139 16/131 0.0% 1.41 (0.79-2.52) 0.242
Vomiting 3 [26-28] 21/139 7/131 0.0% 2.70 (1.22-5.98) 0.015
Fatigue 3 [26-28] 28/139 11/131 51.9% 2.17 (1.10-4.31) 0.026
Upper respiratory infection 3 [26-28] 11/139 8/131 0.0% 1.32 (0.55-3.16) 0.535
Increased aminotransferases™ 3 [26-28] 29/139 1/131 0.0% 12.51 (3.06-51.04) < 0.001

Risk ratios from fixed-effects model are reported

AE adverse event, CBD cannabidiol, CI confidence interval, SAE serious adverse event

*Increase of serum alanine or aspartate aminotransferase concentrations by > 3-fold the upper limit of the normal range

Across the phase III trials, there were more treatment
withdrawals for any reason and for AEs in the add-on CBD
group than in the placebo arm. The overall rates of CBD
discontinuation were similar to those associated with other
AEDs in DS [31], and a statistically meaningful difference
with placebo was observed with the highest CBD daily dose.

The most frequently reported AEs were somnolence,
decreased appetite, diarrhea, and elevation in transaminases.
They were mostly mild to moderate in severity, dose-related,
and substantially overlapped the tolerability profile reported
in patients with LGS enrolled in RCTs and in patients with
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severe refractory epilepsies who were administered CBD in
an open-label program [32, 33]. Somnolence was the most
common AE encountered with CBD and it was more likely
to occur when CBD was co-administered with CLB, sug-
gesting the need to strictly monitor CLB-On patients and
adjust doses as necessary.

An increase in serum alanine or aspartate aminotrans-
ferase concentrations by > 3-fold the upper limit of the nor-
mal range was reported in approximately 15% of the patients
randomized to CBD and represented the main reason for
treatment withdrawal [26-28]. The risk of hepatotoxicity
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Table 6 Variations in global functioning for adjunctive cannabidiol versus placebo
Outcome or subgroup Number of studies Number of partici- Treatment difference (95% CI)* p value

[references] pants

CBD Placebo

Sleep Disruption Numerical Rating Scale Score 1[27] 59 59 -04(-15t00.7) 0.45
Epworth Sleepiness Scale Score 1[27] 61 58 1.5(=0.2t03.2) 0.08
Quality of Life in Childhood Epilepsy Score 1[27] 47 44 1.5(—3.8t06.8) 0.58
Vineland II-Adaptive Behavior Composite Score 11[27] 12 15 —2.6(—6.81t01.6) 0.21

For the Sleep Disruption Numerical Rating Score, Epworth Sleepiness Scale score, and Vineland II score, negative values are numerically in
favor of CBD, and positive values are numerically in favor of placebo. For the Quality of Life in Childhood Epilepsy score, positive values indi-
cate a difference in favor of CBD, and negative values indicate a difference in favor of placebo

CBD cannabidiol, CI confidence interval

*Adjusted mean difference in change from baseline to the end of treatment between adjunctive CBD at the dosage of 20 mg/kg/day and placebo

calculated with the use of an analysis of covariance

was increased by concomitant treatment with VPA and
elevated transaminases at baseline [26—28]. Although most
transaminase elevations occurred within the first 30 days
of use, there were also cases commencing as late as after
6 months; notably, the risk window was longer for patients
taking concomitant VPA [16]. In all cases, laboratory abnor-
malities reversed either spontaneously during the treatment
period or open-label extension trial, or after the dose of a
concomitant AED—mainly VPA or CLB—was reduced, or
after CBD was tapered or discontinued [26-28]. Slow up-
titration and close monitoring of serum transaminases and
signs suggestive of hepatic toxicity, above all during the ini-
tial phases of treatment and in patients concomitantly taking
VPA, are recommended. Besides the hepatotoxic profile of
CBD alone, additive toxicity can develop when CBD and
VPA are combined. As CBD has no meaningful effects on
VPA concentrations [26, 34], the nature of this interaction
is thought to be mostly pharmacodynamic rather than phar-
macokinetic: the interaction observed in vitro at the level of
hepatic mitochondria could be the mechanism at the basis
of the clinical findings [35]. The co-administration of CBD
with CLB or felbamate has also been associated with slightly
increased risk of transaminase elevations, which may be
driven by concomitant VPA [35].

The overall better tolerability of CBD when administered
at 10 mg/kg/day jointly with the efficacy profile supports the
recommended starting daily dose of 5 mg/kg, the up-titration
to a target maintenance dose of 10 mg/kg/day after 1 week,
and the increase up to a maximum maintenance daily dosage
of 20 mg/kg, in weekly increments of 2.5 mg/kg twice daily,
in patients who tolerate the 10 mg/kg/day dose but require
further seizure reduction.

This systematic review with meta-analysis represents a
comprehensive qualitative and quantitative synthesis of all
the currently available RCTs on the use of adjunctive CBD in
patients with DS and provides an updated analysis of efficacy,

safety, and global functioning endpoints according to drug
daily dosages. Nonetheless, some shortcomings need to be
considered. Only three trials met the eligibility criteria and all
of them were funded by one single pharmaceutical company.
The ethnic heterogeneity across the trials was low and likely
to mirror the demographics on the site of recruiting centers,
with more than two-thirds of the patients being Caucasian.
Due to the short double-blind treatment phase of the studies,
this meta-analysis cannot inform about the long-term efficacy
and safety of CBD. In this respect, the interim analysis of the
open-label extension of the RCTs (GWPCARES; ClinicalTri-
als.gov number NCT02224573) showed that CBD in patients
with treatment-resistant DS had an acceptable safety profile,
which was consistent with that which emerged in the piv-
otal trials, and led to sustained clinically meaningful reduc-
tions in seizure frequency and improvement in the patients’
overall condition for up to 48 weeks [36]. Findings from the
Expanded Access Program, which included 58 patients with
DS out of 607 participants with treatment-resistant epilep-
sies, provided further evidence in support of the therapeutic
potential of add-on CBD; the treatment was generally well
tolerated and was associated with a reduction in convulsive
seizure frequency of around 50% at 3 months that remained
stable for 96 weeks [37]. However, additional real-world data
and post-marketing surveillance will be needed to estimate
the incidence of rare AEs, evaluate the occurrence of habit-
uation and tolerance phenomena, and assess the effects of
continuous CBD exposure on growth, childbearing potential,
brain development, and learning.

5 Conclusion
CBD belongs to a new class of AEDs and represents the first

product made directly from the cannabis plant to receive
marketing authorization. Overall, adjunctive CBD was
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shown to be efficacious in reducing the burden of convul-
sive seizures in patients with DS and was associated with a
higher rate of AEs than placebo, with most events being mild
to moderate in intensity. Importantly, interactions with other
antiseizure drugs, mainly CLB and VPA, can significantly
influence the efficacy and safety profiles of CBD and should
be carefully considered in everyday clinical practice. Future
efforts are warranted to clarify the effect size and clinical rel-
evance of CBD treatment independent from CLB, estimate
the effectiveness of CBD in comparison with other AEDs
licensed for DS, and explore whether genetic background
can influence the response to therapy.
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