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Abstract
Background  Approximately one-third of patients with epilepsy presents seizures despite adequate treatment. Hence, there is 
the need to search for new therapeutic options. Cannabidiol (CBD) is a major chemical component of the resin of Cannabis 
sativa plant, most commonly known as marijuana. The anti-seizure properties of CBD do not relate to the direct action on 
cannabinoid receptors, but are mediated by a multitude of mechanisms that include the agonist and antagonist effects on ionic 
channels, neurotransmitter transporters, and multiple 7-transmembrane receptors. In contrast to tetra-hydrocannabinol, CBD 
lacks psychoactive properties, does not produce euphoric or intrusive side effects, and is largely devoid of abuse liability.
Objective  The aim of the study was to estimate the efficacy and safety of CBD as adjunctive treatment in patients with 
epilepsy using meta-analytical techniques.
Methods  Randomized, placebo-controlled, single- or double-blinded add-on trials of oral CBD in patients with uncontrolled 
epilepsy were identified. Main outcomes included the percentage change and the proportion of patients with ≥ 50% reduction 
in monthly seizure frequency during the treatment period and the incidence of treatment withdrawal and adverse events (AEs).
Results  Four trials involving 550 patients with Lennox–Gastaut syndrome (LGS) and Dravet syndrome (DS) were included. 
The pooled average difference in change in seizure frequency during the treatment period resulted 19.5 [95% confidence 
interval (CI) 8.1–31.0; p = 0.001] percentage points between the CBD 10 mg and placebo groups and 19.9 (95% CI 11.8–28.1; 
p < 0.001) percentage points between the CBD 20 mg and placebo arms, in favor of CBD. The reduction in all-types seizure 
frequency by at least 50% occurred in 37.2% of the patients in the CBD 20 mg group and 21.2% of the placebo-treated 
participants [risk ratio (RR) 1.76, 95% CI 1.07–2.88; p = 0.025]. Across the trials, drug withdrawal for any reason occurred 
in 11.1% and 2.6% of participants receiving CBD and placebo, respectively (RR 3.54, 95% CI 1.55–8.12; p = 0.003) [Chi 
squared = 2.53, degrees of freedom (df) = 3, p = 0.506; I2 = 0.0%]. The RRs to discontinue treatment were 1.45 (95% CI 
0.28–7.41; p = 0.657) and 4.20 (95% CI 1.82–9.68; p = 0.001) for CBD at the doses of 10 and 20 mg/kg/day, respectively, in 
comparison to placebo. Treatment was discontinued due to AEs in 8.9% and 1.8% of patients in the active and control arms, 
respectively (RR 5.59, 95% CI 1.87–16.73; p = 0.002). The corresponding RRs for CBD at the doses of 10 and 20 mg/kg/
day were 1.66 (95% CI 0.22–12.86; p = 0.626) and 6.89 (95% CI 2.28–20.80; p = 0.001). AEs occurred in 87.9% and 72.2% 
of patients treated with CBD and placebo (RR 1.22, 95% CI 1.11–1.33; p < 0.001). AEs significantly associated with CBD 
were somnolence, decreased appetite, diarrhea, and increased serum aminotransferases.
Conclusions  Adjunctive CBD in patients with LGS or DS experiencing seizures uncontrolled by concomitant anti-epileptic 
treatment regimens is associated with a greater reduction in seizure frequency and a higher rate of AEs than placebo.

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s4026​5-018-0992-5) contains 
supplementary material, which is available to authorized users.
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Key points 

Cannabidiol (CBD) has anti-seizure properties and lacks 
psychoactive effects.

Adjunctive CBD is effective to reduce seizure frequency 
in patients with Lennox–Gastaut syndrome and Dravet 
syndrome.

The most common adverse events are somnolence, 
decreased appetite, and increased serum aminotrans-
ferases.

1  Introduction

Epilepsy is one of the most common chronic disorders of the 
brain. It affects around 65 million people worldwide, has an 
annual incidence of about 80 cases per 100,000 people and a 
point prevalence between four and ten cases per 1000 people 
[1, 2]. The majority of patients with epilepsy can reach sus-
tained remission, while approximately one-third continues to 
present seizures despite adequate treatment [3–5]. Although 
the number of available therapies, including pharmacologi-
cal, neuro-modulatory, surgical, and dietary interventions, 
has dramatically increased, the burden of treatment-resist-
ant epilepsy has remained fairly stable over the years [6–8]. 
Hence, there is still the need to search for new therapeutic 
options.

The anti-epileptic activity of cannabinoids has attracted 
much attention in the last decade. Cannabidiol (CBD) is a 
major chemical component of the resin of Cannabis sativa 
plant, most commonly known as marijuana. In contrast to 
tetra-hydrocannabinol, CBD lacks psychoactive properties, 
does not produce euphoric or intrusive side effects, and is 
largely devoid of abuse liability [9]. The anti-seizure proper-
ties of CBD do not relate to the direct action on cannabinoid 
receptors, but are mediated by a multitude of mechanisms 
that include the agonist and antagonist effects on ionic chan-
nels, neurotransmitter transporters, and multiple 7-trans-
membrane receptors [10].

CBD was approved in June 2018 by the US Food and 
Drug Administration (FDA) as add-on anti-epileptic drug 
(AED) in patients 2 years of age and older with Dravet syn-
drome (DS; previously known as severe myoclonic epilepsy 
of infancy) and Lennox–Gastaut syndrome (LGS). Cur-
rently, the drug is under regulatory review with the European 
Medicines Agency and a decision is expected in the first 
quarter of 2019 [11].

The aim of our study was to systematically evaluate 
the efficacy and safety of CBD as adjunctive treatment in 
patients with epilepsy uncontrolled by concomitant therapy. 

This could also allow differences in seizure control across 
the epileptic syndromes to be appreciated and assessment 
of the tolerability profile on the basis of a larger population 
dataset.

2 � Materials and Methods

2.1 � Search Strategy

The results of this systematic review and meta-analysis were 
reported according to the recommendations of the preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA) statement [12]. We systematically searched 
MEDLINE (accessed by PubMed), the Cochrane Central 
Register of Controlled Trials (CENTRAL), and the US 
National Institutes of Health Clinical Trials Registry (http://
www.clini​caltr​ials.gov); the searches were run in week 4 of 
June 2018 (search strategies are outlined in the Electronic 
Supplementary Material). There were no date limitations or 
language restrictions. The reference lists of retrieved stud-
ies 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 cri-
teria: randomized, double- or single-blinded, placebo-con-
trolled, parallel-group add-on studies with active and control 
arms receiving oral CBD and matched placebo, respectively, 
in addition to an existing AED regimen at stable dose at the 
time of randomization. Participants had to meet the follow-
ing criteria: any sex, any ethnicity, pediatric and/or adult 
age, diagnosis of epilepsy, and seizures uncontrolled by 
concomitant AEDs.

2.3 � Outcome Measures

The efficacy outcomes were the percentage change and the 
proportion of patients with ≥ 50% reduction in monthly fre-
quency of all types, convulsive (tonic, clonic, tonic–clonic, 
or atonic) and non-convulsive (myoclonic, focal, or absence) 
seizures from the pre-randomization baseline during the 
treatment period. The safety and tolerability outcomes 
included the proportions of participants who withdrew 
from treatment for any reason and for adverse events (AEs) 
and who experienced any AE, any treatment-related AE, 
any serious AE (SAE), and any treatment-related SAE. We 
also assessed the occurrence of the following AEs: som-
nolence, decreased appetite, diarrhea, fatigue, and increase 
in serum aminotransferase concentrations by three-fold or 
greater than the upper limit of the normal range (chosen 
by the review authors as found to be commonly related to 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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CBD in the open-label Expanded Access Program [13]), and 
the five most frequent AEs in either trial group, if differ-
ent from those listed already. Changes from baseline to the 
end of treatment in measures of global functioning, includ-
ing Patient or Caregiver Global Impression of Change (P/
CGIC), sleep disruption, daytime sleepiness, quality of life, 
and behavioral adaptation, as assessed by validated scales, 
were also reviewed.

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

Two review authors (SL and CC) independently assessed 
trials for inclusion and extracted the following information 
from included studies: main study author and age of publica-
tion, methodology and trial design (methods of randomiza-
tion, allocation concealment and blinding, duration of base-
line and treatment periods, dose(s) of CBD tested), number 
and demographics of participants (age, sex, ethnicity, num-
ber of previous and background AEDs, seizure frequency 
during the baseline period), change in baseline frequency 
of all/convulsive/non-convulsive seizures during treatment, 
and number of participants experiencing each outcome per 
randomized group. Any disagreement was resolved by dis-
cussion with a third review author (FB). The risk of bias of 
the identified studies was assessed in accordance with the 
recommendations of the Cochrane Collaboration [14].

2.5 � Statistical Analysis

Dichotomous data were pooled through the inverse variance 
method and risk estimates synthesized by the risk ratios 
(RRs). Continuous outcome measures were analyzed by the 
generic inverse variance model as the overall estimates of 
effect from each study rather than summary data for each 
intervention group were available [14]. Differences in per-
centage changes in seizure frequencies between treatments 
were provided in original papers as medians [95% confi-
dence intervals (CIs)], and approximation to normality was 
assumed due to the comparability between given values and 
estimated means. We assessed heterogeneity among the tri-
als by using the Chi squared (χ2) test and the I2 statistics for 
heterogeneity [15, 16]. Provided no substantial heterogene-
ity was present (p > 0.10), results were synthesized using 
a fixed effect model; if the probability value was ≤ 0.10, 
heterogeneity determined the choice of a fixed- or random 
effects model for I2 < 40% or ≥ 40%, respectively [17–22]. 
We presented heterogeneity statistics for all analyses unless 
only one trial contributed data and heterogeneity was not 
applicable. The intent-to-treat (ITT) population data were 
used for the analyses. Results were presented according to 
CBD daily doses, where sufficient data were available. Data 

analysis was performed using STATA​®/IC 13.1 (StataCorp 
LP, College Station, TX, USA).

3 � Results

3.1 � Results of the Search and Characteristics 
of Included Studies

One hundred and sixty-four records were identified by data-
base and trial registers searching (Fig. 1). A total of four tri-
als were eventually included in the review and meta-analysis. 
One study aimed to investigate the dose-ranging safety of 
add-on CBD in patients with DS and contributed only to 
safety outcomes [23]; three trials assessed either efficacy 
or safety of adjunctive CBD and contributed to both effi-
cacy and safety analyses [24–26]. Details of the studies are 
provided in Table 1. In all trials, the active treatment was a 
plant-derived pharmaceutical formulation of purified CBD 
oral solution (100 mg/mL) (Epidiolex®, GW Pharmaceuti-
cals), which was added twice daily to the pre-existing anti-
epileptic regimen. The studies included 550 participants 
according to the ITT: 323 for CBD and 227 for placebo 
groups. Characteristics of the participants are summarized in 
Table 2. Patients with LGS were older, had a higher number 
of background AEDs, and higher total seizure frequency at 
baseline than patients with DS.

All trials used adequate methods of sequence generation 
and allocation concealment. We rated all included 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 there 
was no suspicion of selective outcome reporting. All trials 
were sponsored by the CBD manufacturer.

3.2 � Change in Baseline Seizure Frequency

The pooled average difference in change in seizure fre-
quency during the treatment period resulted 19.5 (95% CI 
8.1–31.0; p = 0.001) percentage points between the CBD 
10 mg and placebo groups and 19.9 (95% CI 11.8–28.1; 
p < 0.001) percentage points between the CBD 20 mg and 
placebo arms, in favor of CBD (Fig. 2a). Adjunctive CBD 
either at 10 or 20 mg/kg/day was associated with a signifi-
cantly greater decrease in baseline frequency of convulsive 
seizures than the inactive treatment (Fig. 2b). There was 
no significant difference in the reduction of non-convul-
sive seizures frequency between the CBD 10 mg and pla-
cebo groups. High-dose CBD was overall more effective 
to reduce non-convulsive seizures frequency than placebo, 
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but the effect did not reach statistically significance among 
patients with DS (Fig. 2c).

The reduction in all-types seizure frequency by at 
least 50% occurred in 37.2% of the patients in the CBD 
20 mg group and 21.2% of the placebo-treated participants 
(RR 1.76, 95% CI 1.07–2.88; p = 0.025). The estimated 
RRs to achieve a 50% or greater reduction in frequency 
of convulsive and non-convulsive seizures for the CBD 
20 mg group in comparison to placebo were 1.75 (95% 
CI 1.23–2.48; p = 0.002) [χ2 = 0.32, degrees of freedom 
(df) = 1, p = 0.575; I2 = 0.0%] and 1.42 (95% CI 0.95–2.11; 
p = 0.086), respectively (Table  3). Data on seizure 
response were not available for the CBD 10 mg daily dose 
and seizures other than convulsive in patients with DS.

3.3 � Treatment Withdrawal

Across the trials, drug withdrawal for any reason occurred 
in 11.1% and 2.6% of participants receiving CBD and pla-
cebo, respectively (RR 3.54, 95% CI 1.55–8.12; p = 0.003) 
(χ2 = 2.53, df = 3, p = 0.506; I2 = 0.0%). The RRs to discon-
tinue treatment were 1.45 (95% CI 0.28–7.41; p = 0.657) 
and 4.20 (95% CI 1.82–9.68; p = 0.001) for CBD at the 
doses of 10 and 20 mg/kg/day, respectively, in compari-
son to placebo. Treatment was discontinued due to AEs in 
8.9% and 1.8% of patients in the active and control arms, 
respectively (RR 5.59, 95% CI 1.87–16.73; p = 0.002). 
The corresponding RRs for CBD at the doses of 10 and 
20 mg/kg/day were 1.66 (95% CI 0.22–12.86; p = 0.626) 

Fig. 1   Flow diagram of study 
selection process. CENTRAL 
Cochrane Central Register of 
Controlled Trials
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and 6.89 (95% CI 2.28–20.80; p = 0.001) (Table 4). In the 
GWPCARE3 trial [25], six patients in the CBD 10 mg 
group temporarily received a dose that was above the tar-
get and were included in the CBD 20 mg group for the 
safety analysis.

3.4 � Adverse Events

AEs were reported in 87.9% and 72.2% of the patients dur-
ing treatment with CBD and placebo, respectively (RR 1.22, 
95% CI 1.11–1.33; p < 0.001) (χ2 = 3.39, df = 3, p = 0.336; 

Fig. 2   Percentage change in 
baseline seizure frequency: a 
all-types seizures; b convulsive 
seizures; and c non-convulsive 
seizures. Asterisk estimated 
median differences between 
cannabidiol and placebo groups 
in percentage changes from 
baseline in seizure frequency 
during the treatment period 
were pooled by the generic 
inverse variance model. CBD 
cannabidiol, CI confidence 
interval, df degrees of freedom
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Fig. 2   (continued)

Table 3   Fifty percent or greater seizure frequency reduction for adjunctive cannabidiol 20 mg/kg/day versus placebo

CBD cannabidiol, CI confidence interval

Outcome or subgroup Number of studies 
[Reference]

Number of pooled events/ 
participants

I2 (%) Risk ratio (95% CI) p value

CBD Placebo

All seizures 1 [26] 32/86 18/85 1.76 (1.07–2.88) 0.025
Convulsive seizures 2 [24, 26] 61/147 34/144 0.0 1.75 (1.23–2.48) 0.002
Non-convulsive seizures 1 [26] 34/67 24/67 1.42 (0.95–2.11) 0.086

Table 4   Treatment withdrawal for adjunctive cannabidiol versus placebo according to treatment dose

AE adverse event, CBD cannabidiol, CI confidence interval

Outcome or subgroup Number of studies 
[Reference]

Number of pooled events/ 
participants

I2 (%) Risk ratio (95% CI) p value

CBD Placebo

Withdrawal for any reason
 CBD 5 mg/kg/day 1 [23] 0/10 0/7
 CBD 10 mg/kg/day 2 [23, 25] 3/75 2/83 0.0 1.45 (0.28–7.41) 0.657
 CBD 20 mg/kg/day 4 [23–26] 33/238 6/227 0.0 4.20 (1.82–9.68) 0.001

Withdrawal due to AEs
 CBD 5 mg/kg/day 1 [23] 0/10 0/7
 CBD 10 mg/kg/day 2 [23, 25] 2/75 1/83 0.0 1.66 (0.22–12.86) 0.626
 CBD 20 mg/kg/day 4 [23–26] 27/238 3/227 0.0 6.89 (2.28–20.80) 0.001
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I2 = 11.5%). The treatment with CBD was associated with 
a higher incidence of treatment-related AEs (55.7% vs. 
26.9%), SAEs (18.6% vs. 6.7%), and treatment-related SAEs 
(7.7% vs. 0.4%) in comparison to placebo (Table 5). One 
death unrelated to treatment occurred in the CBD 20 mg/kg 
group due to respiratory failure [26]; there were no deaths 
among the placebo-treated patients.

The incidence rates of selected AEs in the CBD- versus 
placebo-treated participants were as follows: somnolence 
24.5% versus 8.4%, decreased appetite 20.1% versus 4.8%, 
diarrhea 18.2% versus 8.6%, fatigue 7.5% versus 4.0%, 
increased alanine or aspartate aminotransferases more than 
three times the upper normal limit 16.1% versus 0.9%, upper 
respiratory tract infection 10.5% versus 10.0%, pyrexia 
13.0% versus 10.6%, vomiting 10.8% versus 11.5%, and 
sedation 9.7% versus 1.1%. The AEs significantly associ-
ated with CBD in the overall analysis were somnolence, 
decreased appetite, diarrhea, and increased transaminases 
levels (Table 5). The results by daily dosages are reported 
in Table 6.

3.5 � Global Functioning Measures

The improvement (slightly, much, or very much improved) 
in baseline status according to the P/CGIC at the last visit 
was reported in 177 of 292 (60.3%) and 82 of 218 (38.8%) 
patients in the CBD and placebo arms, respectively (RR 
1.57, 95% CI 1.30–1.91; p < 0.001) (χ2 = 1.27, df = 2, 
p = 0.531; I2 = 0.0%). Compared with placebo, the RRs 
for P/CGIC improvement were 1.49 (95% CI 1.10–2.03; 
p = 0.010) and 1.55 (95% CI 1.26–1.90; p < 0.001] (χ2 = 1.90, 

df = 2, p = 0.386; I2 = 0.0%) for CBD at the daily dosages of 
10 and 20 mg/kg/day, respectively. There were no significant 
differences between the treatments in changes from baseline 
to the end of treatment in scores evaluating sleep disruption, 
daytime sleepiness, quality of life, and behavioral adaption 
(Table 7).

4 � Discussion

4.1 � Summary of Main Results

Three randomized controlled trials provided substantial evi-
dence of the effectiveness of the pharmaceutical formulation 
of purified oral CBD to treat seizures when added to other 
anti-epileptic therapies in patients with LGS or DS [24–26].

Adjunctive CBD showed a broad-spectrum anti-epilep-
tic profile and improved the control of either convulsive or 
non-convulsive seizures in patients with LGS. In patients 
with DS, the treatment with CBD was not associated with a 
greater reduction of non-convulsive seizures than placebo. 
These findings suggest that the anti-seizure activity of CBD 
may be specific to convulsive seizures in DS or the trial 
was underpowered to detect a difference between arms in 
the change in non-convulsive seizures frequency, which was 
a secondary endpoint and not part of the primary efficacy 
assessment [23]. It is also to be noted that non-convulsive 
seizures could not reliably be counted by caregivers in devel-
opmentally delayed children.

The global impression of change is an endpoint used 
in epilepsy studies to provide information on the clinical 

Table 5   Adverse events for adjunctive cannabidiol versus placebo

AE adverse event, CBD cannabidiol, CI confidence interval, SAE serious adverse event
a Increase of serum alanine or aspartate aminotransferases concentrations by threefold or greater than the upper limit of the normal range

Outcome Number of studies 
[Reference]

Number of pooled events/ 
participants

I2 (%) Risk ratio (95% CI) p value

CBD Placebo

Any AE 4 [23–26] 284/323 164/227 11.5 1.22 (1.11–1.33) < 0.001
Treatment-related AEs 4 [23–26] 180/323 61/227 0.0 2.16 (1.71–2.73) < 0.001
Any SAE 4 [23–26] 60/323 15/227 0.6 2.61 (1.52–4.47) < 0.001
Treatment-related SAEs 4 [23–26] 25/323 1/227 0.0 6.93 (1.92–24.92) 0.003
Somnolence 4 [23–26] 79/323 19/227 23.2 2.75 (1.69–4.48) < 0.001
Decreased appetite 4 [23–26] 65/323 11/227 0.0 3.69 (2.02–6.72) < 0.001
Diarrhea 3 [24–26] 54/296 19/220 0.0 2.25 (1.38–3.68) 0.001
Fatigue 3 [23, 24, 26] 18/174 6/151 74.3 1.45 (0.20–10.57) 0.714
Increased aminotransferasesa 4 [23–26] 52/323 2/227 0.0 11.88 (3.77–37.44) < 0.001
Upper respiratory infection 3 [24–26] 31/296 22/220 8.8 0.96 (0.56–1.64) 0.875
Pyrexia 4 [23–26] 42/323 24/227 23.1 1.11 (0.69–1.78) 0.681
Vomiting 4 [23–26] 35/323 26/227 33.2 0.92 (0.56–1.51) 0.729
Sedation 2 [23, 26] 11/113 1/92 0.0 4.88 (0.92–25.93) 0.063
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relevance of decline in seizure frequency [24]. Findings 
from the P/CGIC questionnaire showed that a significantly 
higher proportion of patients and caregivers in the CBD than 
placebo group perceived the patients’ condition as improved. 
The high rate of enrollment into the open-label extension 

phase of the blinded trials (GWPCARE5 trial; ClinicalTri-
als.gov identifier NCT02224573) further supported the over-
all positive effect of the treatment with CBD.

Clinically meaningful and statistically significant 
improvements were observed in a very difficult-to-treat 

Table 6   Adverse events for adjunctive cannabidiol versus placebo according to treatment dose

AE adverse event, CBD cannabidiol, CI confidence interval, SAE serious adverse event
a Increase of serum alanine or aspartate aminotransferases concentrations by threefold or greater than the upper limit of the normal range

Outcome or subgroup Number of studies 
[Reference]

Number of pooled events/
participants

I2 (%) Risk ratio (95% CI) p value

CBD Placebo

Cannabidiol 5 mg/kg
 Any AE 1 [23] 8/10 6/7 0.93 (0.61–1.44) 0.755
 Treatment-related AEs 1 [23] 6/10 1/7 4.2 (0.64–27.63) 0.135
 Any SAE 1 [23] 1/10 1/7 0.70 (0.05–9.41) 0.788
 Treatment-related SAEs 1 [23] 1/10 0/7 2.18 (0.10–46.92) 0.618
 Somnolence 1 [23] 2/10 1/7 1.40 (0.16–12.60) 0.764
 Decreased appetite 1 [23] 0/10 0/7
 Fatigue 1 [23] 0/10 2/7 0.15 (0.01–2.63) 0.192
 Pyrexia 1 [23] 3/10 0/7 5.09 (0.30–85.39) 0.258
 Vomiting 1 [23] 1/10 0/7 2.18 (0.10–46.92) 0.618
 Sedation 1 [23] 2/10 0/7 3.64 (0.20–65.86)

Cannabidiol 10 mg/kg
 Any AE 2 [23, 25] 61/75 61/83 49.5 1.12 (0.94–1.32) 0.201
 Treatment-related AEs 2 [23, 25] 26/75 16/83 0.0 1.58 (0.90–2.76) 0.111
 Any SAE 2 [23, 25] 15/75 8/83 0.0 2.06 (0.93–4.57) 0.077
 Treatment-related SAEs 2 [23, 25] 3/75 0/83 0.0 3.90 (0.46–33.43) 0.214
 Somnolence 2 [23, 25] 17/75 5/83 0.0 3.63 (1.42–9.30) 0.007
 Decreased appetite 2 [23, 25] 12/75 6/83 0.0 2.13 (0.87–5.21) 0.100
 Diarrhea 1 [25] 7/67 6/76 1.32 (0.47–3.74) 0.597
 Fatigue 1 [23] 0/8 2/7 0.18 (0.01–3.18) 0.240
 Increased aminotransferasesa 1 [25] 3/67 0/76 7.93 (0.42–150.72) 0.168
 Upper respiratory infection 1 [25] 11/67 11/76 1.13 (0.53–2.45) 0.748
 Pyrexia 2 [23, 25] 9/75 12/83 60.4 0.72 (0.30–1.72) 0.457
 Vomiting 2 [23, 25] 5/75 9/83 0.4 0.62 (0.21–1.78) 0.371
 Sedation 1 [23] 0/8 0/7

Cannabidiol 20 mg/kg
 Any AE 4 [23–26] 215/238 164/227 0.0 1.25 (1.14–1.37) < 0.001
 Treatment-related AEs 4 [23–26] 151/238 61/227 24.1 2.29 (1.81–2.90) < 0.001
 Any SAE 4 [23–26] 44/238 15/227 9.5 2.61 (1.48–4.62) 0.001
 Treatment-related SAEs 4 [23–26] 19/238 1/227 0.0 9.63 (2.28–40.72) 0.002
 Somnolence 4 [23–26] 60/238 19/227 52.4 2.80 (1.70–4.61) < 0.001
 Decreased appetite 4 [23–26] 53/238 11/227 0.0 4.24 (2.31–7.80) < 0.001
 Diarrhea 3 [24–26] 47/229 19/220 0.0 2.37 (1.44–3.92) 0.001
 Fatigue 3 [23, 24, 26] 18/156 6/151 50.8 2.51 (0.95–6.62) 0.062
 Increased aminotransferasesa 4 [23–26] 47/238 2/227 0.0 14.14 (4.48–44.60) < 0.001
 Upper respiratory infection 3 [24–26] 20/229 22/220 5.4 0.90 (0.50–1.61) 0.712
 Pyrexia 4 [23–26] 30/238 24/227 2.0 1.18 (0.71–1.97) 0.522
 Vomiting 4 [23–26] 29/238 26/227 31.3 1.02 (0.61–1.70) 0.946
 Sedation 2 [23, 26] 9/95 1/92 0.0 5.74 (1.07–30.97) 0.042



1801Efficacy and Safety of Cannabidiol in Epilepsy

population. Both LGS and DS are severe forms of epilepsy, 
and the inclusion criteria ensured the recruitment of highly 
treatment-resistant patients: at baseline, they were taking an 
average of three concomitant AEDs, had a history of expo-
sure to four or more anti-epileptic treatments, and presented 
a high seizure frequency. Patients with better disease con-
trol were enrolled only in the GWPCARE1-part A trial to 
avoid the need to change dosages of concomitant AEDs and, 
hence, monitor the dose-ranging safety rather than efficacy 
of CBD [23]. In this context of difficult-to-treat epilepsy, it is 
worth noting that 5.5% of all patients with LGS randomized 
to CBD were reported to be free from drop seizures during 
the maintenance period in comparison with 0.6% in the pla-
cebo group [27], and 5% of the participants with DS treated 
with CBD attained complete freedom from convulsive sei-
zures versus none in the inactive-treatment arm [24]. Genetic 
variations may explain the remarkable response observed in 
a minority of patients despite their very refractory status and 
should deserve further exploration.

Although there were no sufficient data to undertake a 
regression analysis, the positive dose–response correla-
tion may be suggested by the greater reduction observed 
in non-convulsive seizure frequency with CBD at the daily 
dose of 20 mg/kg rather than 10 mg/kg. Furthermore, in 
the pooled analysis of the GWPCARE3 and GWPCARE4 
trials there was evidence of a significant increase in the 
responder rate for drop seizures with increasing exposure 
of either CBD or its active metabolite 7-hydroxy-CBD, and 
the predicted probability of response resulted in the order 
of 80% for the highest values of the area under the plasma 

drug concentration–time curve [28]. Therefore, in patients 
who are tolerating CBD at 10 mg/kg/day and require further 
reduction of seizures, titration up to the maximum recom-
mended maintenance dose of 20 mg/kg can be considered. 
Dose is advised to be increased through weekly increments 
of 2.5 mg/kg twice daily and no more frequently than every 
other day for patients needing a more rapid up-titration [29].

The overall rates of patients withdrawing CBD for any 
reason and AEs were similar or lower than those associated 
with other AEDs in LGS or DS [30–32], and a meaningful 
difference with placebo emerged when CBD was admin-
istered at the higher daily dosage. The most common AEs 
associated with CBD were somnolence, decreased appetite, 
and diarrhea. They were mostly mild to moderate in severity, 
dosage related, and consistent with the tolerability profile 
emerged during the open-label administration of CBD in 
severe refractory epilepsies [13]. There were no AEs related 
to the so-called stoned-like effects and no discernible influ-
ences on sleep and behavioral domains such as language, 
socialization, self-care, and motor skills.

CBD was causally associated with increases of serum 
transaminases and a signal for hepatic toxicity was identified. 
Most transaminases elevations occurred in the first 30 days, 
almost all in the first 90 days of treatment, and only a few 
after 100 days; the risk window was wider for patients taking 
concomitant valproate [33]. All cases resolved either sponta-
neously during the treatment period or open-label extension 
trial, or after the dose of a concomitant AED was reduced, 
or after CBD was tapered or discontinued. Transaminases 
elevations represented the most frequent SAE and accounted 

Table 7   Global functioning measures for adjunctive cannabidiol versus placebo

Scores on the Sleep Disruption Numerical Rating Scale range from 0 to 10, with higher scores indicating greater disruption. Scores on the 
Epworth Sleepiness Scale range from 0 to 24, with higher scores indicating greater daytime sleepiness. Scores on the Quality of Life in Child-
hood Epilepsy questionnaire range from 0 to 100, with higher scores indicating better function. Age-standardized scores on the Vineland Adap-
tive Behavior Scales, second edition (Vineland  II–Adaptive Behavior Composite), range from 20 to 160, with higher scores indicating better 
behavioural adaptation
CBD cannabidiol, CI confidence interval
a Adjusted mean differences between CBD and placebo groups in score changes from baseline to the end of the treatment were pooled by the 
generic inverse variance model

Outcome or subgroup Number of studies 
[Reference]

CBD vs. placebo pooled treatment 
differencea (95% CI)

I2 (%) p value

CBD 10 mg/kg/day
 Sleep Disruption Numerical Rating Scale score 1 [25] − 0.80 (− 1.70 to 0.10) 0.081
 Epworth Sleepiness Scale score 1 [25] 0.09 (− 1.38 to 1.560) 0.904
 Quality of Life in Childhood Epilepsy score 1 [25] 1.60 (− 4.55 to 7.75) 0.610
 Vineland II–Adaptive Behavior Composite score 1 [25] 0.50 (− 1.30 to 2.30) 0.586

CBD 20 mg/kg/day
 Sleep Disruption Numerical Rating Scale score 3 [24–26] − 0.29 (− 0.84 to 0.26) 0.0 0.306
 Epworth Sleepiness Scale score 3 [24–26] 0.64 (− 0.24 to 1.53) 0.0 0.155
 Quality of Life in Childhood Epilepsy score 3 [24–26] 0.01 (− 3.50 to 3.51) 48.7 0.998
 Vineland II–Adaptive Behavior Composite score 3 [24–26] 0.15 (− 0.84 to 1.15) 0.0 0.767
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for half of the drug discontinuations across the phase III tri-
als. However, no events suggested lasting liver damage and 
no patients met the criteria for severe drug-induced liver 
injury as coincidentally substantial rises of serum bilirubin 
did not occur (Hy’s law) [34]. Close monitoring of liver 
enzyme levels and signs or symptoms suggestive of hepatic 
dysfunction, above all during the initial stages of treatment, 
is highly recommended to appropriately manage the risk of 
liver toxicity.

4.2 � Pharmacological Interactions

Pharmacological interactions can explain some effects asso-
ciated with CBD and have relevant implications in clini-
cal practice. Somnolence, which was the most frequent AE 
observed during CBD treatment, had a higher incidence 
among patients concomitantly taking clobazam and reduc-
tion of clobazam dosage occurred more frequently in CBD- 
than placebo-treated participants. Notably, CBD can inhibit 
the catalytic activity of the cytochrome P450 (CYP) 2C19 
and determine a three-fold increase in plasma concentrations 
of N-desmethylclobazam (N-CLB), the biologically active 
metabolite of clobazam [23, 35]. In parallel, clobazam can 
raise the exposure to 7-hydroxy-CBD through the inhibi-
tion of CYP2D6. Therefore, it would be advisable to strictly 
observe patients on concomitant clobazam and adjust doses 
as necessary to manage AEs. The elevation in N-CLB lev-
els did not occur in patients taking stiripentol, which is a 
potent CYP2C19 inhibitor, suggesting prior saturation of 
the cytochrome isoenzyme [23].

Given the pharmacokinetics of CBD and clobazam, the 
influence of clobazam co-administration on CBD efficacy 
might be also hypothesized. In this respect, the pooled post 
hoc analysis of the GWPCARE3 and GWPCARE4 trials 
revealed significant reductions in drop seizures frequency 
with add-on CBD versus add-on placebo, regardless of con-
comitant use of clobazam. Despite the limits inherent to the 
re-assessment of non-randomized subgroups differing in 
baseline characteristics, these data provided further support 
for an intrinsic anti-seizure effect independent of baseline 
medication [36].

Concomitant valproate emerged as the most common risk 
factor for hepatic injury during CBD treatment. More than 
two-thirds of the patients presenting transaminases eleva-
tions were co-medicated with valproate, and some cases 
resolved while on CBD after the decrease in dose of con-
comitant valproate. Therefore, in addition to the hepatotoxic 
profile of CBD alone, there can be an additive toxic effect 
when the AEDs are combined. The interaction between 
these two drugs has been shown at the level of hepatic mito-
chondria in vitro [33], and it could represent the mecha-
nism underlying the clinical observations. The combined 
effects of CBD and valproate on liver injury signaling pose 

an important clinical challenge and further investigations 
may be required with regard to agent-specific sequencing of 
dose adjustment, drug discontinuation, and patient observa-
tion when monitoring indicates acute hepatotoxicity. The 
co-administration of CBD with clobazam or felbamate has 
been also associated with slightly increased incidence of 
transaminases elevations, which, however, appeared to be 
driven by concomitant valproate.

4.3 � Strengths and Limitations

This meta-analysis is the most comprehensive and updated 
quantitative synthesis of the efficacy and safety of CBD in 
patients with epilepsy published so far. In comparison to 
studies that previously addressed the same question [37, 
38], this analysis pooled a larger population, assessed 
drug efficacy according to seizure subtypes and daily dos-
ages, and also evaluated global functioning endpoints. The 
included studies had similar design characteristics and the 
low between-trial heterogeneity strengthened the accuracy 
of estimates [39]. Nonetheless, shortcomings should be 
considered when interpreting the findings. Only four tri-
als met the eligibility criteria, and a single pharmaceutical 
company funded all of them. The ethnic diversity of the 
trials’ population was low, with more than 90% of patients 
being Caucasian, efficacy of CBD administered at 10 mg/
kg/day was explored in one study [25], and seizure response 
rates were available only for the higher drug dose. Due to 
the limited treatment periods of the trials, conclusions on 
long-term therapy cannot be drawn. In this respect, sus-
tained reductions in seizure frequency and improvements 
in overall condition up to 60 weeks have been observed in 
pre-specified interim analyses of the open-label extension 
of the randomized studies [40, 41]; add-on CBD continued 
to be generally well-tolerated and the reduction in seizure 
frequency remained stable through 96 weeks among patients 
with treatment-resistant epilepsies enrolled in the Expanded 
Access Program [42]. Additional data from post-marketing 
surveillance will, however, be needed to evaluate the inci-
dence of rare AEs and the long-term effects of continuous 
CBD exposure on growth, childbearing potential, brain 
development, and learning. Likewise, this meta-analysis 
cannot provide information on the effectiveness of CBD in 
comparison with other AEDs, as monotherapy, and in epi-
lepsies other than LGS and DS.

4.4 � Conclusions

The approval of CBD represents a milestone in the history 
of medical use of cannabinoids to treat seizure disorders. 
CBD is the first FDA-authorized product made directly from 
the cannabis plant rather than created synthetically, and the 
first in a new class of AEDs. Randomized clinical trials are 
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ongoing to evaluate CBD in orphan seizure disorders such 
as tuberous sclerosis complex and infantile spasms, and con-
trolled studies in other types of epilepsy, including refrac-
tory focal epilepsy, may be warranted to fully determine its 
therapeutic potentialities.
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