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Abstract

Background Lennox—Gastaut syndrome (LGS) is a severe developmental epileptic encephalopathy, and available interven-
tions fail to control seizures in most patients. Cannabidiol (CBD) is a major chemical of marijuana, which has anti-seizure
properties and different mechanisms of action compared with other approved antiepileptic drugs (AEDs).

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

Methods Randomized, placebo-controlled, single- or double-blinded trials were identified. Main outcomes included
the > 50% reduction in baseline drop and non-drop seizure frequency, and the incidence of treatment withdrawal and adverse
events (AEs). Risk ratios (RRs) with 95% confidence intervals (CIs) were estimated through the inverse variance method.
Results Two trials were included involving 396 participants. Patients presenting > 50% reduction in drop seizure frequency
during the treatment were 40.0% with CBD and 19.3% with placebo [RR 2.12 (95% CI 1.48-3.03); p <0.001]. The rate of
non-drop seizure frequency was reduced by 50% or more in 49.4% of patients in the CBD and 30.4% in the placebo arms
[RR 1.62 (95% CI 1.09-2.43); p=0.018]. The RR for CBD withdrawal was 4.93 (95% CI 1.50-16.22; p=0.009). The RR
to develop any AE during CBD treatment was 1.24 (95% CI 1.11-1.38; p <0.001). AEs significantly associated with CBD
were somnolence, decreased appetite, diarrhea and increased serum aminotransferases.

Conclusions Adjunctive CBD resulted in a greater reduction in seizure frequency and a higher rate of AEs than placebo in
patients with LGS presenting seizures uncontrolled by concomitant AEDs.
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patients have a favorable prognosis and achieve a long-term
remission, almost one-third continue to experience seizures
despite adequate treatment [3-5].

Lennox—Gastaut syndrome (LGS) is a severe drug-
resistant developmental epileptic encephalopathy with
various causes [6]. The syndrome is clinically character-
ized by the occurrence of multiple seizures types, slow
spike-wave activity on the electroencephalogram, and
moderate to severe cognitive impairment [6]. Seizures
usually begin in early childhood and have a peak age of
onset between 3 and 5 years. They persist into adulthood
in more than 90% of patients, are usually hard to control
and need life-long treatment [7]. Drop seizures due to the
increase (tonic) or loss (atonic) of motor tone are char-
acteristic of this syndrome and are very upsetting given
the potential for body injuries following sudden falls [8].

The antiepileptic drugs (AEDs) licensed for LGS in
the USA and Europe include felbamate, lamotrigine,
topiramate, rufinamide, clobazam, and clonazepam [9].
The use of valproate is also common on the basis of
clinical experience and study data [10]. Non-pharma-
cological strategies, like vagus nerve stimulation [11],
ketogenic diet [12], and corpus callosotomy [13], have
further shown to be beneficial in some cases [14, 15]. All
currently available interventions, however, fail to con-
trol seizures in most patients. LGS presents great chal-
lenges to both patients and their caregivers, and there
still remains the need to identify new effective therapeu-
tic strategies.

The interest in cannabis-based therapies for epilepsy
dates back more than a millennium and has skyrock-
eted in the recent years [16]. Cannabidiol (CBD) is a
major chemical of marijuana that is devoid of adverse
psychoactive effects and abuse liability [16]. Compared
with approved AEDs, CBD has a distinctive chemical
structure and mechanisms of action [17], which have
not been fully ascertained. The anti-seizure properties
do not relate to the direct effect on cannabinoid recep-
tors, but appeared to be mediated by the agonism or
antagonism of multiple 7-transmembrane receptors,
ionic channels and neurotransmitter transporters [16,
17]. In the preclinical setting, CBD has shown activity
against seizures in both in vitro and in vivo models [18].
The evidence about the anti-seizure potential of CBD
has further increased with the results from an open-
label expanded access program in children and young
adults with drug-resistant epilepsy [19], and placebo-
controlled, randomized trials in patients with difficult-
to-treat epileptic syndromes, including LGS and Dravet
syndrome [20].

The aim of this systematic review and meta-analysis was
to assess the efficacy and safety of CBD for the treatment of
seizures in patients with LGS.
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2 Methods
2.1 Search Strategy

The report of this systematic review and meta-analysis was
made according to the recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement [21]. We systematically searched
(May week 3, 2018) 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 strate-
gies are outlined in the electronic supplementary material).
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 conventional AED treatment. Participants had to
meet the following criteria: any gender, any ethnicity, pedi-
atric and/or adult age, and diagnosis of LGS [22].

2.3 Outcome Measures

The primary efficacy outcomes were the proportions of
patients who achieved >50 and 100% reduction in pre-
randomization baseline monthly frequency of drop sei-
zures during the treatment and maintenance periods. A
drop seizure was defined as an attack or spell (atonic, tonic,
or tonic—clonic) involving the entire body, trunk, or head
that led or could have led to a fall, injury, slumping in a
chair, or hitting the patient’s head on a surface. Secondary
efficacy endpoints were the proportions of patients with
a>50% reduction from baseline in non-drop and all sei-
zures frequencies.

The safety outcomes were the proportions of patients:
withdrawing from the treatment for any reason; withdrawing
from the treatment for adverse events (AEs); experiencing
any AE; experiencing any of the AEs found to be commonly
related to CBD on the basis of previous evidence [19], i.e.,
somnolence, decreased appetite, diarrhea, fatigue, increase
of serum aminotransferases concentrations by threefold or
greater than the upper limit of the normal range; experienc-
ing the five most frequent AEs if different from those listed
above; and experiencing any serious adverse event (SAE).


http://www.clinicaltrials.gov

Adjunctive Cannabidiol in Lennox-Gastaut Syndrome

907

We also reviewed the variations from baseline to the end
of treatment in measures of global functioning, including
patient or caregiver global impression of change, sleep dis-
ruption, daytime sleepiness, quality of life and behavioral
adaptation, as assessed by validated scales.

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

Two review authors (S.L. and C.C.) independently assessed
trials for inclusion and extracted the following information
from included studies: main study author and age of publica-
tion, methods of randomization, allocation concealment and
blinding, duration of baseline and treatment periods, dose(s)
of CBD tested, number and demographics of participants,
and number of participants experiencing each outcome per
randomized group. Any disagreement was resolved by dis-
cussion with a third review author (F.B.). The risk of bias
of the identified studies was assessed in accordance with
the recommendations of the Cochrane Collaboration [23].

2.5 Statistical Analysis

Heterogeneity among the trials was assessed by the Chi
squared test and the I statistics for heterogeneity [23-25].
Provided no significant heterogeneity was present (p > 0.05),
results were synthesized using a fixed-effect model; if the
probability value was <0.05, heterogeneity determined the
choice of a fixed-effect or random-effects model for I < 40%
or>40%, respectively [26-31]. We presented heterogeneity
statistics for all analyses unless only one trial contributed
data and heterogeneity was not applicable. Dichotomous
outcomes were analyzed by the inverse variance method
and risk estimates synthesized by the risk ratio (RR); differ-
ences in means of continuous outcomes were pooled with
the generic inverse variance model. The intent-to-treat (ITT)
population data were used for the analyses. 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

One hundred and twenty-eight records were identified by
database and trial registers searching. Three randomized
controlled trials were retrieved for detailed assessment, of
which one was withdrawn by the sponsor before participants
were enrolled (ClinicalTrials.gov number, NCT02318537).

Accordingly, two studies [32, 33] were considered in the
review, and both were included in the meta-analysis (Fig. 1).

3.2 Characteristics and Risk of Bias of Included
Studies

Both included studies were multicenter, randomized, double-
blind, placebo-controlled, parallel group trials. The stud-
ies included 396 participants according to the ITT: 235 for
CBD and 161 for placebo groups, respectively. In both tri-
als, the active treatment was a plant-derived pharmaceutical
formulation of purified CBD oral solution (100 mg/mL),
which was administered as add-on therapy to the preexisting
antiepileptic regimen. In the GWPCARES3 study, patients
randomized to the active arm received CBD at a daily dose
of either 10 or 20 mg/kg of body weight [32], while in the
GWPCAREA4, they were all assigned the 20 mg/kg dose [33].
Details of the studies and participants are given in Tables 1
and 2, respectively. Both trials used adequate methods of
sequence generation and allocation concealment. We rated
both trials as having low risk of performance and detection
bias since blinding was ensured by matching placebo, and
neither the investigators nor the patients knew the identity of
the study treatment being administered. The risks of attrition
and selective reporting bias were judged low since patients
lost to follow-up and withdrawals were documented, and

Potentially relevant
records identified
(N=128)

PubMed (84), CENTRAL (36),
www.clinicaltrials.gov (8)

Excluded (n=25):
*Duplicate records

Records screened
(n=103)

Excluded (n=100):

*Irrelevance (reviews, comments, non
randomized controlled studies,
unrelated to topic)

Randomized controlled
trials retrieved for
detailed assessment
(n=3)

Excluded trials (n=1):
*Withdrawn by the sponsor

Studies included in
the meta-analysis
(n=2)

Fig.1 Flow diagram of study selection process. CENTRAL Cochrane
Central Register of Controlled Trials
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Table 1 Characteristics of the included studies

Study reference Study design Main inclusion criteria Treatment arms

Devinsky et al., Phase I1I Aged 2-55 years Oral placebo, BID
2018 (GWP- Multicenter (USA, Spain, UK, Clinical diagnosis of Lennox—Gastaut syn- Oral CBD: 10 and 20 mg/kg, BID
CARE3) [32] France) drome (including documented history of slow

Parallel-group, randomized,
24-week, placebo-controlled

[<3.0 Hz] spike-and-wave electroencephalo-
graphic pattern) and evidence of at least 2 types

trial: of generalized seizures, including drop seizures,

4-week observational baseline
14-week double-blind treatment
period (2-week titration, 12-week
stable dosing maintenance)
< 10 days tapering-off
4-week safety follow-up
Thiele et al., 2018  Phase III
(GWPCARE4) Multicenter (USA, Netherlands,
[33] Poland)
Parallel-group, randomized,
24-week, placebo-controlled

for at least 6 months

At least 2 drop seizures each week during the
4-week baseline period

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

Documented failures on at least 2 AEDs

Aged 2 to 55 years

Clinical diagnosis of Lennox—Gastaut syn-
drome (including documented history of slow
[<3.0 Hz] spike-and-wave electroencephalo-
graphic pattern) and evidence of at least 2 types

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

trial: of generalized seizures, including drop seizures,

4-week observational baseline

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

< 10 days tapering-off

4-week safety follow-up

for at least 6 months

At least 2 drop seizures each week during the
4-week baseline period

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

Documented failures on at least 2 AEDs

AED antiepileptic drug, BID twice a day, CBD cannabidiol

there was no suspicion of selective outcome reporting. Both
trials were sponsored by the CBD manufacturer.

3.3 Reduction in Drop, Non-drop and All Seizures
Frequency

The percentages of patients who had at least 50% reduction
in drop seizure frequency during the entire treatment period
were 40.0% with CBD and 19.3% with placebo, respectively.
There were no patients free from drop seizures in either
the CBD group or placebo group. The overall RR for 50%
response across the trials was 2.12 [95% confidence interval
(CI) 1.48-3.03; p<0.001] (Fig. 2a).

During the entire maintenance phase, the rates of patients
who had a>50 and 100% reduction in drop seizure fre-
quency were 45.3 and 5.5% in the CBD group and 23.5 and
0.6% in the placebo arm. The RRs for 50 and 100% respond-
ers were 1.93 (95% CI 1.23-3.02; p=0.004) and 5.69 (95%
CI 1.06-30.38; p=0.042) (Chi squared =0.29, df=1,
p=0.587; P= 0.0%), respectively. In the GWPCARES3 trial,
data on the maintenance period were available only for free-
dom from seizures [32].

The overall rates of >50% reduction of non-drop sei-
zures were 49.4 and 30.4% in the CBD and placebo groups,
respectively [RR 1.62 (95% CI 1.09-2.43); p=0.018]
(Fig. 2b). The rates of > 50% reduction of all seizures were
also higher among patients randomized to the active drug
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rather than placebo [37.2% vs 21.2%; RR 1.76 (95% CI
1.07-2.88); p=0.025] (Fig. 2c¢).

3.4 Reduction in Drop Seizure Frequency by Dose

During the treatment period, the estimated RRs for >50%
drop seizure frequency reduction were 2.46 (95% CI
1.31-4.61; p=0.005) for CBD at the dose of 10 mg/kg/day
and 2.14 (95% CI 1.49-3.08; p <0.001) (Chi squared =0.92,
df=1, p=0.337; *=0.0%) for the 20 mg CBD group in
comparison to placebo.

During the maintenance phase, the RRs to achieve free-
dom from drop seizures were 3.12 (95% CI 0.33-29.35;
p=0.319) in the 10 mg/kg CBD group and 6.57 (95% CI
1.19-36.31; p=0.031) (Chi squared=0.18, df=1, p=0.670;
I>=0.0%) in the 20 mg/kg CBD group. The rates of freedom
from drop seizures were 6.2% with CBD at the daily dose of
20 mg/kg and 0.6% with placebo.

3.5 Treatment Withdrawal

Across the trials, treatment was discontinued in 25 (10.6%)
and three cases (1.9%) in the CBD and placebo groups,
respectively; the overall RR for withdrawal for any rea-
son was 4.93 (95% CI 1.50-16.22; p=0.009) (Fig. 3a).
Drug discontinuation due to AEs occurred in 19 (8.1%)
and two patients (1.2%) in the active and control arms,
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Table 2 Characteristics of the study participants

Characteristic of participants Study

Devinsky et al. (GWPCARE3) [32]

Thiele et al. (GWPCARE4) [33]

Treatment Arm CBD 10 mg/kg CBD 20 mg/kg Placebo CBD 20 mg/kg Placebo
Patients, number 73 76 76 86 85
Male sex, % 55 59 58 52 51
Age, years, mean (SD) 15.4 (9.5) 16.0 (10.8) 15.3(9.3) 15.5 (8.7) 15.3 (9.8)
Age group (years), %
2-5 11 11.8 11.8 12.8 14.1
6-11 329 329 31.6 30.2 31.8
12-17 26 26.3 26.3 22.1 21.2
18-55 30.1 28.9 30.3 349 32.9
Caucasian, % 84.9 88.2 90.8 87 93
Previous AEDs, median (IQR) 6 (0-21) 6 (1-18) 6 (0-22) 6 (1-18) 6 (0-28)
Concomitant AEDs, median (IQR) 3 (1-5) 3(0-5) 3(1-5) 3 (1-5) 3(14)
Concomitant AEDs, %
Clobazam 51 47 49 48 51
Valproate 37 37 39 42 39
Lamotrigine 30 26 33 38 36
Levetiracetam 30 32 30 28 40
Rufinamide 26 34 26 28 26
Other concomitant interventions %
Ketogenic diet 8 8 8 5 12
VNS 21 22 28 30 29

Baseline (4-week) seizure frequency, median (IQR)

86.9 (40.6-190.0)
95.7 (14.0-280.0)
165.0 (81.3-359.0)

Drop seizures
Non-drop seizures

Total seizures

85.5 (38.3-161.5)
93.7 (22.2-278.4)
174.3 (82.7-392.4)

80.3 (47.8-148.0)
78.0 (22.0-216.0)
180.6 (90.4-431.3)

71.4 (27.0-156.0)
94.0 (19.8-311.0)
144.6 (72.0-385.7)

74.7 (47.3-144.0)
85.0 (20.5-220.0)

176.7 (68.6—
359.5)

AED antiepileptic drug; CBD cannabidiol; /QR interquartile range; SD standard deviation; VNS vagus nerve stimulation

respectively (RR 6.62, 95% CI 1.56-28.15; p=0.010)
(Fig. 3b). In both trials, the most common AEs leading
to drug discontinuation comprised increased alanine and
aspartate aminotransferases concentrations.

The RRs for treatment withdrawal were 1.13 (95% CI
0.16-7.83; p=0.898) for CBD at the dosage of 10 mg/
kg/day and 6.41 (95% CI 1.93-21.32; p=0.002) (Chi
squared =0.88, df=1, p=0.348; = 0.0%) for CBD at
the dosage of 20 mg/kg/day, in comparison to placebo.
The RRs for drug withdrawal due to AEs were 1.13 (95%
CI1 0.07-17.78; p=0.928) for CBD at the lower dose and
8.24 (95% CI 1.93-35.22; p=0.004) (Chi squared =0.26,
df=1, p=0.610; I=0.0%) for CBD at the higher dose.

In the GWPCARES trial [32], six patients in the 10-mg
CBD group temporarily received a dose that was above
the target and were therefore included in the 20-mg CBD
group for the safety analysis.

3.6 Adverse Events

AEs were reported by 207 (88.1%) and 114 patients
(70.8%) treated with CBD and placebo, respectively
(RR 1.24, 95% CI 1.11-1.38; p<0.001) (Fig. 3c). The
incidence rates of the selected AEs in the CBD- versus
placebo-treated participants were as follows: somnolence
22.1% versus 7.5%, decreased appetite 18.3% versus 5.0%,
diarrhea 14.9% versus 8.1%, pyrexia 11.5% versus 11.8%,
upper respiratory tract infection 10.2% versus 10.6%, vom-
iting 9.8% versus 14.3%, and increased alanine or aspartate
aminotransferases more than three times the upper normal
limit 14.5% versus 0.6%. The AEs significantly associ-
ated with CBD in the overall analysis were somnolence,
decreased appetite, diarrhea and increased transaminases
levels (Table 3). The analysis per daily dose is summa-
rized in Table 4. Serious AEs were reported by 46 (19.6%)
and 11 patients (6.8%) treated with CBD and placebo,

A\ Adis



910 S. Lattanzi et al.

Risk Ratio Events Events Weight

a
By (95%Cl)  CBD Placebo (%)
GWPCARE4 188(1.20,295) 3886 20185  62.68
GWPCARE3 2.60(1.45,466) 56/149 11/76 37.32
Overall

2.12(1.48,3.03) 94/235 31/161  100.00

Heterogeneity: Chi2=0.74, df=1 (p=0.389); 12=0.0%

Test for overall effect: Z=4.12 (p=<0.001)

N“

T
0.5 1

5
Favors Placebo Favors CBD
b Study Risk Ratio Events Events Weight
(95% ClI) CBD Placebo (%)
i
GWPCARE4 B S— 1.62(1.09,2.43) 38777 24779 100.00
i
Overall 1.62(1.00,243) 3877 2479 100.00
Heterogeneity: Not aplicable ,
Test for overall effect: 2=2.36 (p=0.018) |
T T T
05 1 2 5
Favors Placebo Favors CBD
c Risk Ratio Events Events Weight
Sty (95% Cl) CBD Placebo (%)
GWPCARE4 —_— 1.76 (1.07, 2.88) 32/86 18/85  100.00
S 0 1.76 (1.07,2.88) 32/86 18/85  100.00
Heterogeneity: Not apllicable E
Test for overall effect: Z=2.24 (p=0.025) §
|
T T T
05 1 2 5

Favors Placebo Favors CBD

Fig. 2 Fifty percent or greater reduction in monthly seizure frequency from baseline during the treatment period. CBD cannabidiol, CI confi-
dence interval. a Drop seizures. b Non-drop seizures. ¢ All seizures
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Heterogeneity: Chi2=0.00, df=1 (p=0.965); 12=0.0%

Test for overall effect: Z=3.75 (p=<0.001)

Risk Ratio Events Events Weight

a Sy (95% CI) CBD Placebo (%)

GWPCARE3 B e — 2.81(064,12.34) 111149 276 64.73

GWPCARE4 - 13.84 (1.86, 102.91) 14/86 185 3527

Overall 493(150,1622) 25235 3161  100.00

Heterogeneity: Chi2=1.57, df=1 (p=0.210); 12=36.4%

Test for overall effect: 2=2.62 (p=0.009) E

T T | —
05 1 2 5 10 20
Favors Placebo Favors CBD

Study Risk Ratio Events Events Weight
b (95%Cl)  CBD Placebo (%)

GWPCARE3 E 3.57 (0.45,28.49) 7/149 176 48.56

GWPCARE4 11.86 (1.58, 89.22) 12/86 185  51.44

Overall 6.62(1.56,28.15) 191235 21161  100.00

Heterogeneity: Chi2=0.66, df=1 (p=0.416); 12=0.0% E

Test for overall effect: Z=2.56 (p=0.010) :

T T T T
05 1 2 5 10 20
Favors Placebo Favors CBD
Risk Ratio Events Events Weight

G e (95%Cl)  CBD Placebo (%)

GWPCARE3 — 1.23(1.06,1.43) 133149 5576  54.80

GWPCARE4 — 1.24 (1.05, 1.46) 74/86 50/85  45.20

Overall 1.24 (1.11,1.38) 207/235  114/161 100.00

05
Favors Placebo

Favors CBD

Fig.3 Treatment withdrawal and adverse events of adjunctive cannabidiol versus placebo. CBD cannabidiol, CI confidence interval. a With-
drawal for any reason. b Withdrawal for adverse events. ¢ Any adverse event

respectively (RR 2.70, 95% CI 1.44-5.04; p =0.002) (Chi
squared=2.10, df=1, p=0.147; I’=52.3%). The RR to
have SAEs was 2.11 (95% CI 0.89-4.97; p=0.089) in the

lower dose group and 2.66 (95% CI 1.37-5.16; p=0.004)
(Chi squared =2.36, df=1, p=0.124; = 57.7%) in the
higher CBD dose group when compared with placebo.
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Table 3 Adverse events for add-on cannabidiol versus placebo

Adverse event Number of events/participants Risk ratio (95% CI) P value
CBD Placebo

Any adverse event 207/235 114/161 1.24 (1.11-1.38) <0.001

Somnolence 52/235 12/161 2.56 (1.35-4.83) 0.004

Decreased appetite 43/235 8/161 3.21 (1.56-6.60) 0.002

Diarrhea 35/235 13/161 1.93 (1.05-3.52) 0.034

Increased aminotransferases™® 34/235 1/161 17.98 (3.56-90.95) <0.001

Upper respiratory infection 24/235 17/161 0.86 (0.46-1.59) 0.625

Pyrexia 27/235 19/161 0.93 (0.54-1.61) 0.786

Vomiting 23/235 23/161 0.71 (0.41-1.24) 0.226

Bold values indicate P < 0.05

CBD cannabidiol, CI confidence interval

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

Table 4 Adverse events of add-on cannabidiol versus placebo according to treatment dose

Outcome or subgroup Number of events/participants Risk ratio (95% CI) p value

CBD Placebo

Cannabidiol 10 mg/kg
Any AE 56/67 55/76 1.16 (0.97-1.38) 0.106
Somnolence 14/67 4/76 3.97 (1.37-11.48) 0.011
Decreased appetite 11/67 6/76 2.08 (0.81-5.32) 0.126
Diarrhea 7/67 6/76 1.32 (0.47-3.74) 0.597
“Increased aminotransferases 3/67 0/76 7.93 (0.42-150.72) 0.168
Upper respiratory infection 9/67 11/76 1.13 (0.53-2.45) 0.748
Pyrexia 6/67 12/76 0.57 (0.23-1.43) 0.229
Vomiting 4/67 9/76 0.50 (0.16-1.56) 0.235

Cannabidiol 20 mg/kg
Any AE 151/168 114/161 1.27 (1.14-1.42) <0.001
Somnolence 38/168 12/161 2.69 (1.42-5.11) 0.002
Decreased appetite 32/168 8/161 3.69 (1.76-7.72) 0.001
Diarrhea 28/168 13/161 2.07 (1.11-3.85) 0.022
“Increased aminotransferases ~ 31/168 1/161 20.28 (4.00-102.72) <0.001
Upper respiratory infection 13/168 17/161 0.76 (0.38-1.52) 0.433
Pyrexia 21/168 19/161 1.04 (0.58-1.88) 0.891
Vomiting 19/168 23/161 0.80 (0.45-1.41) 0.431

Bold values indicate P < 0.05

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

AE adverse event; CBD cannabidiol; CI confidence interval

3.7 Global Functioning Measures

An improvement from baseline in overall condition (slightly
improved, much improved, or very much improved) accord-
ing to the Patient or Caregiver Global Impression of Change
(PCGIC) at the last visit was reported in 140 out of 232
patients (60.3%) in the CBD group and in 62 out of 160
patients (38.8%) in the placebo arm [RR 1.51 (95% CI
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1.21-1.89); p <0.001] (Chi squared=0.78, df=1, p=0.378;
I?=0.0%). The RRs for improvement regarding the PCGIC
were 1.49 (95% CI 1.10-2.03; p=0.010) for CBD at the dos-
age of 10 mg/kg/day and 1.48 (95% CI 1.17-1.87; p=0.001)
(Chi squared=1.27, df=1, p=0.260; P= 21.3%) for CBD
at the dosage of 20 mg/kg/day in comparison to placebo.
In both trials, sleep disruption was assessed by the Sleep
Disruption Numerical Rating Scale [range O (slept extremely
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Table 5 Variations in global functioning for add-on cannabidiol versus placebo

Outcome or subgroup Treatment difference” (95% CI) P value
CBD 10 mg/kg
Sleep Disruption Numerical Rating Scale score —0.80 (—1.70 to 0.10) 0.081
Epworth Sleepiness Scale score 0.09 (—1.38 to 1.56) 0.904
Quality of Life in Childhood Epilepsy score 1.60 (—4.55 to 7.75) 0.610
Vineland II-Adaptive Behavior Composite score 0.50 (—1.30 to 2.30) 0.586
CBD 20 mg/kg
Sleep Disruption Numerical Rating Scale score —0.25 (—0.89 to 0.39) 0.441
Epworth Sleepiness Scale score 0.32 (0.72 to 1.36) 0.543
Quality of Life in Childhood Epilepsy score —0.84 (—9.46 t0 7.78) 0.548
Vineland II-Adaptive Behavior Composite score 0.31 (-=0.71 to 1.34) 0.081

For the Sleep Disruption Numerical Rating Scale 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
indicate a difference in favor of CBD and negative values indicate a difference in favor of placebo

CBD cannabidiol, CI confidence interval

“Differences in mean variations from baseline to the end of treatment between CBD and placebo were pooled by the generic inverse variance

mode

well) to 10 (unable to sleep at all)], and the Epworth Sleepi-
ness Scale (range 0-24, with higher scores indicating greater
daytime sleepiness) was used to evaluate daytime sleepiness.
Quality of life and behavioral adaption were scored through
the Quality of Life in Childhood Epilepsy questionnaire
(range 0-100, with higher scores indicating better function)
and the Vineland Adaptive Behavior Scales, second edition
(Vineland-II; range 20160, with higher scores indicating bet-
ter behavioral adaptation). The mean variations from baseline
to the end of treatment in any of these measures did not signif-
icantly differ between the CBD and placebo groups (Table 5).

4 Discussion

CBD was more effective than placebo in reducing the fre-
quency of drop seizures when added to existing AEDs at
the daily dose of either 10 or 20 mg/kg in children and
adults affected by LGS. The 40% of patients who received
the active treatment had a reduction of at least 50% in the
baseline drop seizure frequency in comparison to 19% in
the placebo group. None of the patients were free from drop
seizures throughout the whole 14-week treatment period,
while 5.5% of those undergoing treatment with CBD were
free during the 12-week maintenance period, as compared
with 0.6% of patients in the placebo group. Although there
were insufficient available data to perform a dose-response
regression analysis, the results suggested a greater likelihood
to achieve freedom from drop seizures with CBD treatment
at the daily dose of 20 mg/kg than with 10 mg/kg.

The significant results seen in the control of non-drop
seizures also suggest that CBD can have a broad-spectrum

anti-seizure profile. The higher perception of improvement
held by patients and caregivers at their last clinical visit in
the CBD group versus that in the placebo group, alongside
the high rate of enrollment into the open-label extension
phase of the blinded trials (ClinicalTrials.gov number,
NCT02224573), further reinforced the overall positive effect
of CBD treatment. It is noteworthy that statistically and clin-
ically meaningful improvements in seizure frequency were
observed in highly treatment-resistant patients who, at base-
line, were taking an average of more than three concomitant
antiepileptic treatments, had previously tried a median of
six AEDs, and had a high frequency of drop and non-drop
seizures. Notably, the achievement of freedom seizure by
few patients despite their very refractory status could have
a genetic basis and deserves further investigation.

Across the phase III trials, there were more treatment with-
drawals and AEs in the CBD group, particularly at the 20 mg/
kg daily dosage, than in the placebo arm. The overall propor-
tion of patients who withdrew CBD was similar than those
associated with the use of other AEDs [34, 35]. Most patients
reported mild to moderate AEs, which generally resolved on
treatment and were consistent with the tolerability profile pre-
viously reported during the open-label use of the compound
in severe refractory epilepsy [19]. Somnolence was the most
frequent AE associated with CBD treatment, and it was more
likely to occur in patients who were concomitantly taking
clobazam. Notably, CBD can inhibit the catalytic activity of
the cytochrome P450 2C19 and increase by 500% the con-
centrations of N-desmethylclobazam, the biologically active
metabolite of clobazam [36, 37]. Accordingly, it would be
prudent to strictly observe patients on concomitant clobazam
and adjust doses as necessary to manage AEs.
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The efficacy of CBD might be influenced by the phar-
macokinetic interaction with clobazam. In this regard,
add-on CBD treatment resulted in clinically meaningful
drop-seizure reductions versus add-on placebo, regardless
of concomitant use of clobazam in a post hoc analysis of
the GWPCARE3 and GWPCAREH#4 trials. Although the re-
assessment of non-randomized subgroups could limit the
interpretability and generalizability of the conclusions, these
findings provided useful insights into the independent effect
of CBD in reducing seizures [38].

The increase in serum alanine or aspartate aminotrans-
ferases concentrations was reported by near to 15% of the
patients randomized to CBD, which was the most com-
mon reason for its discontinuation. None of the eleva-
tions, however, suggested lasting liver damage, and no
patient met the criteria for severe drug-induced liver
injury as concomitant increases in bilirubin concentra-
tion were not observed [39]. Noteworthy, more than two-
thirds of the cases occurred in patients on AED regimens
that included valproate. Since CBD has shown to have
no effects on the systemic levels of valproate [36], this
interaction is thought to be mostly pharmacodynamic
rather than pharmacokinetic. Elevations of aminotrans-
ferases tended to appear early during the treatment and
reversed either spontaneously or after the reduction in
concomitant valproate use, tapering or cessation of
CBD, or entry into the open-label extension trial. All
these issues should be considered when adding CBD to
a preexisting drug regimen; slow up-titration and close
monitoring of serum transaminases and signs suggestive
of hepatic toxicity, mostly during the initial phases of the
treatment and in patients concomitantly taking valproate,
are recommended.

This systematic review with meta-analysis represents
a comprehensive quantitative synthesis of the currently
available randomized controlled clinical trials on the use
of CBD in patients with LGS. Compared with the stud-
ies that previously addressed the same question [40, 41],
our meta-analysis provides an updated and more detailed
assessment of efficacy, safety, global functioning and
quality-of-life endpoints according to drug daily dosages.
Different limits should be taken into account when inter-
preting the findings. One main pitfall relates to the lim-
ited literature available. Indeed, only two trials met the
inclusion criteria, and both were sponsored by a pharma-
ceutical company. In this respect, further evidence about
the therapeutic potential of CBD has been shown in the
interim analysis of the Expanded Access Program data, as
94 out of 607 enrolled patients were diagnosed with LGS.
Notably, CBD was associated with a reduction of approx-
imately 50% in the median monthly frequency of total
seizures after 12 weeks of treatment, and response rates
were consistent at each visit window through 96 weeks.
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Overall, CBD was generally well tolerated and treatment-
emergent AEs were consistent with those reported in the
randomized controlled trials, with the most common being
somnolence and diarrhea [42]. The ethnic diversity of trial
populations was low and likely to reflect the demographics
of the study sites, with more than 90% of patients being
Caucasian; furthermore, the evidence for the 10 mg/kg
dose was derived from one trial and a small sample size.
Due to the short, double-blind treatment period of the tri-
als, this meta-analysis does not allow us to draw defini-
tive conclusions about the long-term efficacy and safety
of CBD, including the estimation of rare AEs, the occur-
rence of phenomena such as habituation and tolerance, and
the effects on growth, brain development and learning in
subpopulations potentially at risk as young children and
offspring of pregnant women. All these questions could be
assessed in the ongoing open-label extension of the trials
and using real-world data, once available. Likewise, this
meta-analysis cannot provide information on the effective-
ness of CBD in comparison with other AEDs licensed for
LGS. Finally, the use of individual-participant level data
rather than aggregate results could clarify the independent
effects of CBD and the relationship between the improve-
ment in seizure control and the interaction with concomi-
tant drugs, particularly with clobazam [16].

5 Conclusion

CBD as add-on therapy to an existing antiepileptic regi-
men significantly reduced the frequency of drop, non-drop,
and total seizures in highly treatment-resistant patients
with LGS. Adjunctive CBD was associated with more
AEs than placebo, and most events were mild or moderate.

The last months have signed a tipping point for the use
of cannabis-based treatments in the field of epilepsy. After
the positive results obtained in the treatment of Dravet
syndrome [43], there is also evidence that adjunctive CBD
can represent an effective treatment option in children and
adults with LGS. Future studies should be directed to fur-
ther define the therapeutic potential of CBD by evaluating
its effectiveness in patients with drug-resistant epilepsies
other than those currently investigated.
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