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TherapeuTic advances in 
neurological disorders

Long-term efficacy and adverse effects  
of cannabidiol in adjuvant treatment of  
drug-resistant epilepsy: a systematic  
review and meta-analysis
Shengyi Liu , Zihua He and Jinmei Li

Abstract
Background: Epilepsy is one of the most common chronic brain diseases. Almost one-third 
of patients have drug-resistant epilepsy (DRE). Cannabidiol is being considered as a potential 
novel drug for treating DRE.
Objectives: To investigate long-term efficacy and safety of cannabidiol in treatment of DRE and 
the differences in cannabidiol treatment among patients with different characteristics.
Design: Systematic review and meta-analysis.
Data sources and methods: Medline, Embase, and CENTRAL were searched for literature. 
RevMan5.4 was used for meta-analysis. The Intention-to-treat set and the random effect 
were used as the main analysis. Subgroup analyses were performed according to age, dose, 
concomitant antiseizure medications (ASMs), epilepsy syndromes, and study designs.
Results: Fifty studies were included in this systematic review. A total of 4791 participants were 
collected. The responder rates (seizure frequency reduced at least 50%) at 12-, 24-, 48-, 72-, 
96-, and 144-week were 0.40 [0.36, 0.45], 0.39 [0.34, 0.44], 0.37 [0.30, 0.44], 0.27 [0.17, 0.37], 
0.22 [0.14, 0.30], and 0.38 [0.23, 0.53]. Seizure-free rates were 0.04 [0.03, 0.06], 0.04 [0.03, 
0.05], 0.03 [0.02, 0.05], 0.03 [0.02, 0.03], 0.02 [0.01, 0.03], and 0.04 [0.01, 0.06]. Proportion of 
adverse events were 0.72 [0.61, 0.83], 0.62 [0.42, 0.81], 0.60 [0.41, 0.79], 0.35 [0.14, 0.56], 0.83 
[0.75, 0.90], and 0.96 [0.94, 0.99]. The pooled 12-, 24-, 48-, 96-, and 144-week proportion of 
serious adverse events were 0.15 [0.09, 0.21], 0.23 [0.14, 0.31], 0.10 [0.06, 0.15], 0.31 [0.24, 
0.38], and 0.40 [0.35, 0.45]. Subgroup analyses showed that there was no significant difference 
on efficacy and safety among age subgroups and epilepsy syndromes subgroups. For most 
periods, there were no significant difference on efficacy among subgroups of dose and 
concomitant ASMs. However, higher doses and more concomitant ASMs were associated with 
higher proportion of adverse events.
Conclusion: Cannabidiol treatment of DRE has stable efficacy and fewer adverse events in 
early period. Long-term use may have decreased efficacy and increased adverse events. 
Dose escalation may not increase efficacy, but may increase adverse events. Furthermore, 
cannabidiol use may reduce dosage of other ASMs without reducing efficacy, thereby reducing 
adverse effects. Cannabidiol may have similar effects in various epilepsy syndromes.

Trial registration: PROSPERO (CRD42022351250).
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Introduction
Epilepsy is one of the most common chronic 
brain diseases, affecting nearly every age group. 
Epilepsy is the third most common neurological 
disorder in the global burden of disease, affect-
ing an estimated 65 million people worldwide 
with a prevalence of approximately 6 cases per 
1000 people and an annual incidence of approxi-
mately 68 cases per 100,000 people.1 Currently, 
the treatment of epilepsy is primarily based on 
pharmacotherapy, and most people have a good 
prognosis. Antiseizure medications (ASMs) have 
been used successfully to treat about 65% of 
patients.1,2 Despite the discovery of many new 
ASMs in recent years, almost a third of patients 
still show resistance to multiple anticonvulsant 
therapies, which are referred to as drug-resistant 
epilepsy (DRE).1,3,4 Based on the consensus pro-
posed by the International League Against 
Epilepsy, DRE is defined as ‘the failure of two 
tolerable and appropriately selected and used 
tolerable ASMs regimens, either as monotherapy 
or in combination therapy, to achieve sustained 
seizures freedom’.5 DRE is associated with an 
increased risk of injury and death, increased 
medication burden and adverse events, increased 
psychiatric and neurocognitive comorbidities, 
socioeconomic disadvantage, and a reduction in 
the quality of life.1,3,4 This is despite the growing 
number of treatments available for DRE, includ-
ing neuromodulation, surgery, and dietary inter-
ventions.1,3 Epilepsy surgery in particular can 
provide seizure-free outcomes in up to 80% of 
patients with DRE.4 Surgical treatment, how-
ever, depends on the nature and location of  
the epileptogenic zone and is not appropriate  
for every patient. Other alternatives include 
ketogenic diets, neuromodulation, or biofeed-
back, but these regimens are not superior to fur-
ther ASMs treatment.1,4 As a result, the search 
for novel ASMs remains one of the research hot-
spots in the treatment of DRE.

Recently, there has been strong interest in the use 
of cannabis for DRE. Cannabidiol (CBD) is being 
considered as a potential novel drug for treating 
DRE. The effectiveness of CBD derivatives in the 
treatment of epilepsy has been documented since 
antiquity, and the major active ingredients in the 
treatment of epilepsy are tetrahydrocannabinol 
(THC) and CBD.6 Although the mechanism of 
the anticonvulsant action of CBD is not completely 
understood, in animal models of epilepsy, CBD 
has been shown to be capable of inhibiting seizures 

and has anti-inflammatory, neuroprotective, and 
antioxidant properties.6–8 CBD is unlike THC in 
that it is not psychoactive.6–8 Epidiolex is the first 
CBD medication approved by the US Food and 
Drug Administration (FDA) for the treatment of 
Dravet syndrome (DS) and Lennox-Gastaut syn-
drome (LGS).6 Overall, there are multiple rand-
omized controlled trials (RCTs) and prospective 
open-label trials providing data on the efficacy and 
safety of CBD in DRE. However, unanswered 
questions remain, such as whether CBD mono-
therapy might be effective and whether doses lower 
than 10 mg/kg daily might induce similar reduc-
tions in seizures with even fewer adverse events.9 
The broader controversy over the use of cannabis-
based therapies in epilepsy also remains to be 
resolved. And there is a lack of high-level evidence 
to support the long-term efficacy and safety of 
CBD in the treatment of DRE.10–12

The aim of this systematic review and meta-anal-
ysis will be to assess the efficacy and safety of 
long-term use of CBD in the treatment of DRE, 
including exploration of whether differences exist 
in different age groups, different doses, different 
combinations of ASMs, epilepsy syndromes, and 
study designs.

The systematic review and meta-analysis has been 
registered with PROSPERO on 19 October 2022 
(CRD42022351250).13

Methods

Eligibility criteria
Studies will be included and excluded according 
to the following criteria.

Study designs. We will include all intervention 
studies including RCTs, non-RCTs, cohort stud-
ies, and single-arm trials. We will exclude cross-
sectional studies and case reports.

Participants. Studies examining patients with 
DRE will be included. There is no demographic 
restriction such as age, sex, or race. And there is 
no restriction on etiology and seizure type.

Interventions. We will include studies on CBD, 
whether or not in combination with other ASMs. 
There is no restriction on administration route 
and dose. Both Epidiolex and other types of CBD 
were included in the study. There were no 
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restrictions on concomitant ASMs or other con-
comitant treatments.

Comparators. There is no restriction on the com-
parators whether or not the control was set.

Outcomes. Efficacy indicators include seizure-
free rates and responder rates (responder:  seizure 
frequency reduced at least 50% from baseline). 
Adverse effects indicators include proportion of 
adverse events and proportion of serious adverse 
events. Proportion of adverse events are the num-
ber of patients experiencing adverse events during 
the observation period divided by the number of 
observations. Proportion of serious adverse events 
are the number of patients experiencing serious 
adverse events during the observation period 
divided by the number of observations. There was 
no restriction on the definition of serious adverse 
events, and data were extracted as reported in 
individual studies.

Duration of follow-up. The duration of treatment 
in most of RCTs on CBD was about 3 months. To 
explore the long-term effect of CBD, that is, the 
efficacy of CBD use for more than 1 or even 2 
years. Based on the duration of treatment in the 
original studies, the date was concomitant by the 
week closest to 12, 24, 48, 72, 96, and 144 weeks. 
We equate 1 month to 4 weeks.

Search strategy
We conducted a literature search combining sub-
ject headings and free-text words. We have 
searched Medline (via PubMed), Embase (via 
Ovid), and Cochrane Central Register of 
Controlled Trials (via Cochran Library). Searches 
were completed on 14 January 2023. The search 
formula is given in Supplemental Appendix 1. 
Only original articles published in English were 
included in this study.

Studies screening
After determining the retrieval scheme, two 
researchers screened the records separately accord-
ing to the titles and abstracts. And the union of the 
two was used as the initial screening result. After 
removing duplicate records, the full texts of those 
that appeared eligible were examined indepen-
dently by two researchers. Discrepancies or disa-
greements were resolved through discussion with 
the research team.

Quality and risk of bias in individual studies
Single-group rates were the outcomes of interest. 
Hence, we regarded all studies as single-arm trials 
and used the Methodological Index for Non-
randomized Studies (MINORS)14 to assess the 
quality. In our study, we selected only the non-
control portion of MINORS with no considera-
tion of whether to estimate sample size and thus 
the total score was 14. Consistent with our aim of 
the systematic review, we have conducted an 
assessment of high risk, uncertain risk, and low 
risk from five aspects of selection bias, interven-
tion bias, measurement bias, follow-up bias, and 
reporting bias. Studies were evaluated indepen-
dently by two researchers. When disagreements 
arose, we resolved them through discussion and 
expert consultation.

Data extraction
Data were extracted independently by two 
researchers, and a comparison was ultimately per-
formed. Data extraction included basic informa-
tion about studies. When RevMan5.4 (The 
Cochrane Collaboration, 2020) merges rates 
across studies, rates of 0% or 100% will be inva-
lid. Hence, if a rate is 0, the number of events has 
been added 0.5 and if a rate is 100%, the number 
of events has been minus 0.5.

According to the follow-up time of studies, the 
date was concomitant by the week closest to 12, 
24, 48, 72, 96, and 144 weeks. We equate 1 month 
to 4 weeks. Studies labeled as OLE were open-
label expanding trials after the completion of 
RCTs. Because there were 12 weeks of the RCTs 
data before the onset of OLE, OLE data were 
extracted beginning at week 24.

Data synthesis and analysis
Main analysis and sensitivity analysis. Meta-anal-
ysis was performed using RevMan5.4.15 The 
inverse variance was chosen as the statistical 
method. The random effect (RE) model was 
selected for pooling to make the results more 
robust. As a sensitivity analysis, we also used the 
fixed effect (FE) model. The intention-to-treat 
(ITT) set was used as the main analysis set, and 
the per-protocol (PP) set was used as the sensitiv-
ity analysis set. The PP set was not set for adverse 
effects, because the analyses of adverse effects in 
most studies were ITT sets. The main analysis 
included all types of study designs; however, after 
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excluding non-prospective studies, the results 
were synthesized as a sensitivity analysis. In addi-
tion, the main analysis included all types of CBD; 
however, only studies using Epidiolex were 
included for a sensitivity analysis. We calculated 
the I2 statistic to assess heterogeneity among stud-
ies. Funnel plots were used to assess publication 
bias. A test level of α = 0.05 was set. All tests in 
this study were two-sided.

Subgroup analysis and sensitivity analysis. We 
performed subgroup analyses. Subgroup vari-
ables included age, CBD dose, concomitant 
ASMs, epilepsy syndromes, and study designs. All 
studies that met the inclusion and exclusion crite-
ria were included in the main analysis. However, 
studies that lacked a basis for subgroup analysis 
(e.g. a study that did not report the constituent 
ratio of epilepsy syndromes) were excluded from 
the subgroup analysis.

Considering the differences in age demarcation 
between pediatric and adult departments in dif-
ferent countries, as well as the differences in the 
onset of adolescence among different individuals, 
we used two cut-off values separately. One was 14 
years old, referring to the United Nations defini-
tion of youth16 that is, 14 years old and below are 
children group, and over 14 years old are adoles-
cent and adult group. In addition, a sensitivity 
analysis was performed with the cut-off value of 
18 years. According to CBD dose, studies were 
divided into three subgroups: high dose (>20 mg/
kg/day), medium dose (10–20 mg/kg/day), and 
low dose (⩽10 mg/kg/day). According to the pro-
portion of patients who had used a certain con-
comitant ASM, studies were divided into three 
groups: <1/3, 1/3–2/3, and >2/3. In this system-
atic review, we selected the three most frequently 
used ASMs including clobazam (CLB), valproic 
acid (VPA), and levetiracetam (LEV) for sub-
group analyses separately. According to the con-
stituent ratio of epilepsy syndromes in the original 
studies, studies were divided into two groups: 
dominated by LGS and DS (LGS and DS 
accounted for more than 50%), and dominated 
by other syndromes (other syndromes accounted 
for more than 50%). In addition, subgroups were 
grouped according to the majority (95% or more) 
of LGS and DS and the majority (95% or more) 
of other syndromes as a sensitivity analysis. 
According to the designs of the original studies, 
studies were divided into three groups: OLE, 
RCT, and retrospective study. Because the 

duration of treatment in the RCTs was less than 
3 months (12 weeks), subgroup analysis accord-
ing to designs only pooled results at 12 weeks.

Confidence in cumulative evidence
We have used the Grading of Recommendations 
Assessment, Development and Evaluation 
(GRADE) working group methodology17 to 
assess the quality of the evidence for outcomes.

Results

Included studies
A total of 748 records were identified through the 
initial electronic database search strategy. Finally, 
50 studies were included in this systematic review.18–67 
A total of 40 prospective studies (including 5 
RCTS and 1 non-RCT) and 10 retrospective 
studies were included. Reasons for excluding full-
text articles are presented in the PRISMA flow 
diagram (Figure 1). A total of 4791 participants 
(ITT set) were collected. The characteristics of 
each study are presented in Table 1.

The MINORS scores and risk of bias are pre-
sented in Supplemental eFigure 1. The evalua-
tion of the evidence can be found in Supplemental 
eTable 1. Overall, about half of the studies had no 
selection bias, and about half of the studies had 
uncertain selection bias. Most of the studies had 
no intervention bias, measurement bias, and 
reporting bias. Most studies were subject to fol-
low-up bias. Despite high follow-up bias with 
responder rates and seizure-free rates, because an 
ITT analysis was used, the effect of bias may have 
been an underestimation of the results (negative 
bias). Efficacy outcomes may therefore be more 
conservative.

Efficacy
Responder rates. Overall, the pooled responder 
rates at 12-, 24-, 48-, 72-, 96-, and 144-week 
(ITT and RE) were 0.40 [0.36, 0.45], 0.39 [0.34, 
0.44], 0.37 [0.30, 0.44], 0.27 [0.17, 0.37], 0.22 
[0.14, 0.30], and 0.38 [0.23, 0.53] respectively 
[Figure 2(a) and Supplemental eFigure 2]. There 
were differences among periods (χ2 = 19.77, ν = 5, 
p = 0.001). For pairwise comparisons, we used the 
maximum responder rate (i.e. 12-week responder 
rate) as the reference (adjusted α value after multi-
ple testing was 0.010). Responder rates at 24-week 
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(χ2 = 0.27, ν = 1, p = 0.60), 48-week (χ2 = 0.77, ν = 1, 
p = 0.38), and 144-week (χ2 = 0.10, ν = 1, p = 0.75) 
were not different from 12-week, while 72-week 
(χ2 = 5.91, ν = 1, p = 0.02) and 96-week (χ2 = 15.37, 
ν = 1, p < 0.001) were different from 12-week. 
Overall, the responder rates seem to have stabilized 
at around 40% until 48 weeks and then have tended 
to decline. The results of sensitivity analyses of the 
main analysis are shown in Supplemental eFigure 
3A. There was a tendency to increase with time in 
PP set, which was contrary to the main analysis. 
Responder rates of FE model, excluding retrospec-
tive studies set, and Epidiolex set were broadly 
consistent with the main analysis.

In addition, subgroup analyses according to age, 
dose, concomitant ASMs, epilepsy syndromes, 
and study designs are shown in Figure 2(b) to (f).

There was no difference between two subgroups 
of age [Figure 2(b)] at 12-week (χ2 = 0.56, ν = 1, 
p = 0.45), 24-week (χ2 = 0.02, ν = 1, p = 0.89), 
48-week (χ2 = 0.26, ν = 1, p = 0.61), 72-week 
(χ2 = 3.74, ν = 1, p > 0.05), 96-week (χ2 = 0.41, 
ν = 1, p = 0.52), and 144-week (χ2 = 0.12, ν = 1, 
p = 0.73). The responder rates were not statisti-
cally different between the two subgroups at all 
periods. But overall, it appears that the responder 
rates of the adult and adolescent group 
(>14 years) were stable longer than the child 
group (⩽14 years), with little tendency to 
decrease with duration of CBD usage. However, 
the results of sensitivity analysis (Supplemental 
eFigure 4A) appear to be somewhat different. 
After adjusting the cut-off value from 14 to 
18 years, there were no statistically significant 
differences in responder rates between the 

Figure 1. The PRISMA flow chart.
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children group (⩽18 years) and adults (>18 years) 
group except for 48 weeks. But it appears that 
responder rates of the adult group declined faster 
and earlier with duration of CBD usage, which is 
contrary to the main analysis.

There was no difference among different doses 
[Figure 2(c)] at 12-week (χ2 = 0.32, ν = 2, p = 0.85), 
24-week (χ2 = 2.08, ν = 2, p = 0.35), and 48-week 
(χ2 = 0.53, ν = 2, p = 0.77), but there were differ-
ences at 72-week (χ2 = 31.09, ν = 2, p < 0.001) and 
96-week (χ2 = 22.41, ν = 1, p < 0.001). There was 
only one group at 144-week.

There was no difference among different propor-
tions of CLB [Figure 2(d)] at 12-week (χ2 = 0.60, 
ν = 2, p = 0.74), 24-week (χ2 = 0.22, ν = 2, p = 0.89), 
48-week (χ2 = 0.22, ν = 2, p = 0.89), 72-week 
(χ2 = 0.22, ν = 2, p = 0.89), and 96-week (χ2 = 1.68, 
ν = 1, p = 0.19), but there was a difference at 144-
week (χ2 = 5.02, ν = 1, p = 0.03). There was no dif-
ference among different proportions of VPA 
[Figure 2(d)] at 12-week (χ2 = 1.74, ν = 2, 
p = 0.42), 24-week (χ2 = 3.04, ν = 2, p = 0.22), 
48-week (χ2 = 0.71, ν = 2, p = 0.70), and 72-week 
(χ2 = 3.36, ν = 2, p = 0.19), but there were differ-
ences at 96-week (χ2 = 30.54, ν = 2, p < 0.001) and 
144-week (χ2 = 40.79, ν = 2, p < 0.001). There was 
no difference among different proportions of LEV 
[Figure 2(d)] at 12-week (χ2 = 0.20, ν = 1, 
p = 0.66), 24-week (χ2 = 0.64, ν = 1, p = 0.42), 
48-week (χ2 = 0.21, ν = 1, p = 0.64), 72-week 
(χ2 = 1.47, ν = 1, p = 0.23), and 96-week (χ2 = 0.83, 
ν = 1, p = 0.36), but there was a difference at 144-
week (χ2 = 5.02, ν = 1, p = 0.03).

There was no difference between two subgroups 
of epilepsy syndromes [Figure 2(e)] at 12-week 
(χ2 = 1.74, ν = 1, p = 0.19), 24-week (χ2 = 0.57, 
ν = 1, p = 0.45), 48-week (χ2 = 0.63, ν = 1, 
p = 0.43), 96-week (χ2 = 0.84, ν = 1, p = 0.36), and 
144-week (χ2 = 2.28, ν = 1, p = 0.13), but there 
was a difference at 72-week (χ2 = 6.39, ν = 1, 
p = 0.01). Consistent with the main subgroup 
analysis, the results of the sensitivity analysis of 
the subgroup analysis of epilepsy syndromes 
(Supplemental eFigure 5A) show that the LGS 
and DS group was statistically different from the 
other syndromes group only at 72 weeks. Overall, 
responder rates were not statistically different 
between the two groups for most periods.
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Figure 2. (a–e) Responder rates. (a) Overall, (b) age subgroups, (c) CBD dose subgroups, (d) concomitant 
ASMs subgroups, (e) epilepsy syndromes subgroups, and (f) pooled outcomes at 12 weeks across study 
designs.
ASM, antiseizure medication; CBD, cannabidiol.

There was no difference among three subgroups 
of study designs [Figure 2(f)] at 12-week 
(χ2 = 4.03, ν = 2, p = 0.13).

The funnel plot is shown in Supplemental eFigure 
6A. There may be little publication bias at 12-week 
and 24-week. Publication bias may exist at 48-, 
72-, and 96-week. It is possible that studies with 
large sample sizes and high responder rates are 
more likely to be published. There are too few 
studies to assess publication bias at 144-week.

Seizure-free rates. The overall pooled 12-, 24-, 
48-, 72-, 96-, and 144-week seizure-free rates 
(ITT and RE) were 0.04 [0.03, 0.06], 0.04 [0.03, 
0.05], 0.03 [0.02, 0.05], 0.03 [0.02, 0.03], 0.02 
[0.01, 0.03], and 0.04 [0.01, 0.06], respectively 
[Figure 3(a) and Supplemental eFigure 7]. There 

was no difference among periods (χ2 = 7.90, ν = 5, 
p = 0.16). In general, the seizure-free rates 
remained stable at about 4% in all periods. The 
results of sensitivity analyses are shown in Sup-
plemental eFigure 3B. Similar to responder rates, 
there was a tendency to increase with time in PP 
set, which was contrary to the main analysis.  
Seizure-free rates of FE model, excluding retro-
spective studies set, and Epidiolex set were gener-
ally consistent with the main analysis.

In addition, subgroup analyses according to age, 
dose, the concomitant ASMs, epilepsy syn-
dromes, and study designs are shown in Figures 
2(f) and 3(b) to (e).

There was no difference between two subgroups 
of age [Figure 3(b)] at 24-week (χ2 = 2.50, ν = 1, 
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p = 0.11), 72-week (χ2 < 0.01, ν = 1, p = 0.98), 
96-week (χ2 < 0.01, ν = 1, p = 0.95), and 144-
week (χ2 = 0.91, ν = 1, p = 0.34), but there were 
differences at 12-week (χ2 = 5.72, ν = 1, p = 0.02) 
and 48-week (χ2 = 5.41, ν = 1, p = 0.02). Similar 
to the main subgroup analysis, sensitivity analysis 
(Supplemental eFigure 4B) found no statistically 
significant differences in seizure-free rates 
between the adult group and the child group 

except at 12 weeks. Overall, the seizure-free rates 
did not differ significantly between adults and 
children.

There was no difference among different doses 
[Figure 3(c)] at 12-week (χ2 = 5.78, ν = 2, 
p = 0.06), 24-week (χ2 = 3.60, ν = 2, p = 0.16), and 
48-week (χ2 = 0.21, ν = 1, p = 0.65), but there was 
a difference at 72-week (χ2 = 6.55, ν = 2, p = 0.04). 

Figure 3. Seizure-free rates: (a) overall, (b) age subgroups, (c) CBD dose subgroups, (d). concomitant ASMs 
subgroups, and (e) epilepsy syndromes subgroups.
ASM, antiseizure medication; CBD, cannabidiol.
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There was only one group at 96-week and 
144-week.

There was no difference among different propor-
tions of CLB [Figure 3(d)] at 12-week (χ2 = 0.89, 
ν = 2, p = 0.64), 24-week (χ2 = 2.20, ν = 2, p = 0.33), 
48-week (χ2 = 0.09, ν = 2, p = 0.96), 72-week 
(χ2 = 0.85, ν = 2, p = 0.66), 96-week (χ2 = 0.33, 
ν = 1, p = 0.57), and 144-week (χ2 = 0.35, ν = 1, 
p = 0.55). There was no difference among differ-
ent proportions of VPA [Figure 3(d)] at 24-week 
(χ2 = 2.90, ν = 2, p = 0.23), 48-week (χ2 = 1.15, 
ν = 2, p = 0.56), 72-week (χ2 = 0.18, ν = 2, p = 0.91), 
96-week (χ2 = 0.01, ν = 2, p = 0.99), and 144-week 
(χ2 = 0.35, ν = 1, p = 0.55), but there was a differ-
ence at 12-week (χ2 = 8.17, ν = 2, p = 0.02). There 
was no difference among different proportions of 
LEV [Figure 3(d)] at 12-week (χ2 = 2.92, ν = 1, 
p = 0.09), 24-week (χ2 = 1.22, ν = 1, p = 0.27), 
48-week (χ2 = 0.08, ν = 1, p = 0.78), 72-week 
(χ2 = 0.56, ν = 1, p = 0.45), 96-week (χ2 = 0.80, 
ν = 1, p = 0.37), and 144-week (χ2 = 0.35, ν = 1, 
p = 0.55).

There was no difference between two subgroups 
of epilepsy syndromes [Figure 3(e)] at 12-week 
(χ2 = 1.24, ν = 1, p = 0.27), 24-week (χ2 = 1.69, 
ν = 1, p = 0.19), 48-week (χ2 = 1.87, ν = 1, 
p = 0.17), 96-week (χ2 = 0.14, ν = 1, p = 0.71), and 
72-week (χ2 = 0.19, ν = 1, p = 0.66), but there was 
a difference at 144-week (χ2 = 4.58, ν = 1, 
p = 0.03). Consistent with the main subgroup 
analysis, sensitivity analysis (Supplemental eFig-
ure 5B) found no statistically significant differ-
ences in the seizure-free rates between the LGS 
and DS group and the other syndromes group 
from 12 to 96 weeks. Overall, the seizure-free 
rates did not differ significantly between sub-
groups of epilepsy syndromes.

There was a difference among three subgroups of 
study designs [Figure 2(f)] at 12-week (χ2 = 17.98, 
ν = 2, p < 0.001). The pairwise comparison 
(adjusted α value after multiple testing was 0.017) 
found that the seizure-free rates of the retrospec-
tive study group differ from both the RCT group 
(χ2 = 14.14, ν = 1, p < 0.001) and the OLE group 
(χ2 = 9.68, ν = 1, p = 0.002).

The funnel plot is shown in Supplemental eFig-
ure 6B. There may be little publication bias at 
72-week. Publication bias may exist at 12-, 24-, 
48-, and 96-week. It is possible that studies with 
large sample sizes and high seizure-free rates are 

more likely to be published. There are too few 
studies to assess publication bias at 144-week.

Adverse effects
Proportion of adverse events. The overall pooled 
12-, 24-, 48-, 72-, 96-, and 144-week proportion 
of adverse events (RE) were 0.72 [0.61, 0.83], 
0.62 [0.42, 0.81], 0.60 [0.41, 0.79], 0.35 [0.14, 
0.56], 0.83 [0.75, 0.90], and 0.96 [0.94, 0.99], 
respectively [Figure 4(a) and Supplemental eFig-
ure 8]. There were differences among periods 
(χ2 = 82.65, ν = 5, p < 0.001). The maximum 
adverse events rate (i.e. 144-week adverse events 
rate) was used as reference for pairwise compari-
sons (adjusted α value after multiple testing was 
0.010). Twelve-week (χ2 = 18.33, ν = 1, p < 0.001), 
24-week (χ2 = 12.05, ν = 1, p < 0.001), 48-week 
(χ2 = 13.53, ν = 1, p < 0.001), 72-week (χ2 = 32.82, 
ν = 1, p < 0.001), and 96-week (χ2 = 13.04, ν = 1, 
p < 0.001) were different from 144-week. The 
results of sensitivity analyses are provided in Sup-
plemental eFigure 3C. Proportion of adverse 
events of FE model, excluding retrospective stud-
ies set, and Epidiolex set were generally consistent 
with the main analysis.

In addition, subgroup analyses according to age, 
dose, the concomitant ASMs, epilepsy syn-
dromes, and study designs are shown in Figures 
2(f) and 4(b) to (e).

There was no difference between two subgroups 
of age [Figure 4(b)] at 12-week (χ2 = 0.62, ν = 1, 
p = 0.43), 24-week (χ2 = 1.81, ν = 1, p = 0.18), 
48-week (χ2 = 0.01, ν = 1, p = 0.94), and 144-week 
(χ2 = 0.01, ν = 1, p = 0.91), but there was a differ-
ence at 72-week (χ2 = 4.86, ν = 1, p = 0.03). There 
was only one group at 96-week. Sensitivity analy-
sis was similar to the main subgroup analysis 
(Supplemental eFigure 4C).

There was no difference among different doses 
[Figure 4(c)] at 96-week (χ2 = 1.05, ν = 1, 
p = 0.31), but there were differences at 12-week 
(χ2 = 6.39, ν = 2, p = 0.04), 24-week (χ2 = 113.56, 
ν = 2, p < 0.001), 48-week (χ2 = 6.74, ν = 2, 
p = 0.03), and 72-week (χ2 = 4.86, ν = 1, p = 0.03). 
There was only one group at 144-week.

There was no difference among different propor-
tions of CLB [Figure 4(d)] at 12-week (χ2 = 4.84, 
ν = 2, p = 0.09) and 144-week (χ2 = 0.83, ν = 1, 
p = 0.36), but there were differences at 24-week 
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(χ2 = 5.15, ν = 1, p = 0.02) and 48-week 
(χ2 = 10.26, ν = 2, p = 0.006). There was only one 
group at 72-week and 96-week. There was no dif-
ference among different proportions of VPA 
[Figure 4(d)] at 12-week (χ2 = 1.13, ν = 1, 
p = 0.29), 24-week (χ2 = 2.70, ν = 2, p = 0.26), 
48-week (χ2 < 0.01, ν = 1, p = 0.99), 96-week 
(χ2 = 2.72, ν = 1, p = 0.10), and 144-week 
(χ2 = 2.61, ν = 2, p = 0.27), but there was a differ-
ence at 72-week (χ2 = 4.86, ν = 1, p = 0.03). There 
was no difference among different proportions of 
LEV [Figure 4(d)] at 24-week (χ2 = 2.96, ν = 1, 

p = 0.09), 48-week (χ2 < 0.01, ν = 1, p > 0.99), 
96-week (χ2 = 2.72, ν = 1, p = 0.10), and 144-week 
(χ2 = 0.37, ν = 1, p = 0.54), but there was a differ-
ence at 12-week (χ2 = 103.98, ν = 1, p < 0.001). 
There was only one group at 72-week.

There was no difference between two subgroups 
of epilepsy syndromes [Figure 4(e)] at 24-week 
(χ2 = 0.01, ν = 1, p = 0.90) and 48-week (χ2 = 0.22, 
ν = 1, p = 0.64), but there was a difference at 
12-week (χ2 = 7.60, ν = 1, p < 0.001). There was 
only one group at 96-week and 144-week. 

Figure 4. Proportion of adverse events: (a) overall, (b) age subgroups, (c) CBD dose subgroups, (d) 
concomitant ASMs subgroups, and (e) epilepsy syndromes subgroups.
ASM, antiseizure medication; CBD, cannabidiol.
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Sensitivity analysis was similar to the main sub-
group analysis (Supplemental eFigure 5C).

There was a difference among three subgroups of 
study designs [Figure 2(f)] at 12-week 
(χ2 = 106.81, ν = 2, p < 0.001). The pairwise com-
parison (adjusted α value after multiple testing 
was 0.017) found that the proportion of adverse 
events of the retrospective study group differ from 
both the RCT group (χ2 = 14.18, ν = 1, p < 0.001) 
and the OLE group (χ2 = 106.51, ν = 1, p < 0.001).

The funnel plot is shown in Supplemental eFig-
ure 6C. There may be little publication bias at 
12-, 24-, and 48-week. It is possible that studies 
with large sample sizes are more likely to be pub-
lished. There are too few studies to assess publi-
cation bias at 72-, 96-, and 144-week.

Proportion of serious adverse events. The overall 
pooled 12-, 24-, 48-, 96-, and 144-week proportion 
of serious adverse events (RE) were 0.15 [0.09, 
0.21], 0.23 [0.14, 0.31], 0.10 [0.06, 0.15], 0.31 
[0.24, 0.38], and 0.40 [0.35, 0.45], respectively 
[Figure 5(a) and Supplemental eFigure 9]. There 
were differences among periods (χ2 = 85.72, ν = 4, 
p < 0.001). The maximum serious adverse events 
rate (i.e. 144-week serious adverse events rate) was 
used as reference for pairwise comparisons 
(adjusted α value after multiple testing was 0.013). 
Proportion of serious adverse events at 12-week 
(χ2 = 36.94, ν = 1, p < 0.001), 24-week (χ2 = 12.10, 
ν = 1, p < 0.001), and 48-week (χ2 = 73.91, ν = 1, 
p < 0.001) were different from 144-week. But 
96-week (χ2 = 3.81, ν = 1, p = 0.05) was not different 
from 144-week. The results of sensitivity analyses 
are provided in Supplemental eFigure 3D. Propor-
tion of serious adverse events of FE model, exclud-
ing retrospective studies set, and Epidiolex set were 
generally consistent with the main analysis.

In addition, subgroup analyses according to age, 
dose, the concomitant ASMs, epilepsy syn-
dromes, and study designs are shown in Figures 
2(f) and 5(b) to (e).

There was no difference between two subgroups of 
age [Figure 5(b)] at 12-week (χ2 = 0.39, ν = 1, 
p = 0.53), 24-week (χ2 = 0.05, ν = 1, p = 0.82), 
48-week (χ2 = 3.62, ν = 1, p = 0.06), and 144-week 
(χ2 = 0.87, ν = 1, p = 0.35). There was only one 
group at 96-week. Sensitivity analysis was similar 
to the main subgroup analysis (Supplemental 
eFigure 4D).

There was no difference among different doses 
[Figure 5(c)] at 24-week (χ2 = 0.19, ν = 2, p = 0.91) 
and 48-week (χ2 = 0.20, ν = 1, p = 0.66), but there 
was a difference at 12-week (χ2 = 10.18, ν = 2, 
p = 0.006). There was only one group at 96-week 
and 144-week.

There was no difference among different propor-
tions of CLB [Figure 5(d)] at 12-week (χ2 = 2.75, 
ν = 1, p = 0.10), 48-week (χ2 = 0.13, ν = 1, 
p = 0.72), and 144-week (χ2 = 0.60, ν = 1, 
p = 0.44). There was only one group at 24-week 
and 96-week. There was no difference among dif-
ferent proportions of VPA [Figure 5(d)] at 
24-week (χ2 = 0.19, ν = 1, p = 0.67), but there 
were differences at 12-week (χ2 = 5.27, ν = 1, 
p = 0.02) and 144-week (χ2 = 6.21, ν = 2, p = 0.04). 
There was only one group at 48-week and 
96-week. There was no difference among differ-
ent proportions of LEV [Figure 5(d)] at 24-week 
(χ2 = 0.08, ν = 1, p = 0.78), 48-week (χ2 = 0.19, 
ν = 1, p = 0.66), 96-week (χ2 = 2.72, ν = 1, 
p = 0.10), and 144-week (χ2 = 0.62, ν = 1, 
p = 0.43). There was only one group at 12-week 
and 72-week.

There was no difference between two subgroups 
of epilepsy syndromes [Figure 5(e)] at 12-week 
(χ2 = 1.26, ν = 1, p = 0.26), 24-week (χ2 = 0.08, 
ν = 1, p = 0.78), and 48-week (χ2 = 0.13, ν = 1, 
p = 0.72). There was only one group at 96-week 
and 144-week. In contrast to the main subgroup 
analysis, a sensitivity analysis (Supplemental 
eFigure 5D) found a statistically significant dif-
ference in the serious adverse events rate between 
the two groups at 12 weeks.

There was a difference among three subgroups of 
study designs [Figure 2(f)] at 12-week (χ2 = 11.18, 
ν = 2, p = 0.004). The pairwise comparison 
(adjusted α value after multiple testing was 0.017) 
found that the proportion of serious adverse 
events of the retrospective study group differ from 
the RCT group (χ2 = 8.63, ν = 1, p = 0.003).

The funnel plot is shown in Supplemental eFig-
ure 6D. There may be little publication bias at 
12-week. There are too few studies to assess pub-
lication bias at 24-, 48-, 96-, and 144-week.

Discussion
DRE has a tremendous impact on the cognitive 
and behavioral function and quality of life of 
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patients, and its treatment is both a challenge 
and a rare opportunity. CBD is the main non-
psychotropic compound in cannabis, and CBD 
has received considerable attention over the 
past decade. Basic research provides strong evi-
dence for the safety and anticonvulsant proper-
ties of CBD. A growing number of clinical 
studies have also emerged. However, the major 
limitation of most clinical studies is that they are 
open-label, observational studies. The follow-
up period was short and there was no control 
group. Many questions remain, not least the 

long-term effects of CBD on the brain and the 
extent of benefit after full consideration of drug 
interactions. Although CBD does not have psy-
chotropic properties and appears to be safe for 
short-term use, safety data on long-term use are 
scarce. This systematic review is the first meta-
analysis of CBD for DRE with rate as the out-
come measure rather than ratio and with 
subgroup analyses according to duration of use, 
age, dose, concomitant ASMs, epilepsy syn-
dromes, and study designs. The results may 
provide evidence on the long-term efficacy of 

Figure 5. Proportion of serious adverse events: (a) overall, (b) age subgroups, (c) CBD dose subgroups, (d) 
concomitant ASMs subgroups, and (e) epilepsy syndromes subgroups.
ASM, antiseizure medication; CBD, cannabidiol.
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CBD in the treatment of DRE and provide ideas 
for future studies.

Period
In summary, the meta-analysis found that 
responder rates remained stable up to 48-week, 
but trended downward after 48-week. In contrast, 
responder rates of PP set trended upward. The 
results of some long-term open-label studies also 
show a growing trend with time.18,48,49,55,58 This 
finding also differs from that of another study in 
which efficacy decreased rapidly over the first 
6 months.53 Seizure-free rates remained at 
approximately 4% across all periods. Similar to 
responder rates, PP set and some long-term open-
label studies showed an increasing trend over 
time. Patient retention decreased with the dura-
tion of CBD usage, particularly as the loss to fol-
low-up was due to poor efficacy. Hence, there 
may be selection bias in PP set, that is, patients 
with more CBD sensitivity than in ITT set. 
Therefore, the results of meta-analysis using ITT 
set may be more robust and conservative. 
Proportion of adverse events and proportion of 
serious adverse events tended to increase with 
increasing duration of CBD usage, while the 
meta-analysis showed that the adverse effect rate 
at 72-week appeared to be the lowest. However, 
the result at 72-week was pooled from only two 
studies, and the sample size was small, which may 
exhibit publication bias.

The pooled results of the main analysis were 
obtained from all the original studies that met the 
inclusion and exclusion criteria, that is, the study 
population was not limited by epilepsy syndrome 
type, age, etc. That is, the results of this study 
may be more generalizable. Therefore, this con-
servative pooled result may more confirm the 
potential of CBD in the adjuvant treatment of 
DRE.

Age
A longitudinal observational study found that 
CBD may be more effective at younger ages 
(<10 years).33 In contrast, a long-term open-label 
study found no difference in efficacy between 
adults and children.31 The results of meta-analy-
sis showed that there was no difference in either 
responder rates or seizure-free rates between the 
two age subgroups. It is possible that the results 
of these studies differ due to differences in cut-off 

values for age groups, or because children are 
more likely to be lost to follow-up, and efficacy 
seems to be better with the use of PP set analysis 
for children. In addition, a sensitivity analysis 
with a cut-off value of 18 years compared with a 
main subgroup analysis with a cut-off value of 
14 years, the responder rates appeared to be 
higher and more stable in the adult group than in 
the child group after the cut-off value was raised. 
This suggests that adolescents aged 14–18 years 
may have a higher responder rate. In addition, 
studies on the treatment of elderly DRE patients 
with CBD are currently lacking.

Dosage
A longitudinal observational study found that 
higher doses were associated with better effi-
cacy.33 In contrast, several other studies have 
found no relationship between dose and effective-
ness.23,35 Similarly, a RCT also found no differ-
ence in efficacy between the 25 and 50 mg dose 
groups.59 The meta-analysis found that responder 
rates were similar and not statistically different 
across three groups of dosage. It has even been 
shown that lower doses may have higher free sei-
zure rates. This suggests that treatment of DRE 
may be more effective with lower doses of CBD. 
However, the greater effect of the lower dose 
could be due to potential survivor bias, especially 
at later stages. Patients who are more responsive 
to CBD treatment may be more likely to reduce 
the dose, whereas patients who respond poorly to 
CBD treatment may try to increase the dose.

During the initial period of CBD use (before 24 
or 48 weeks), adverse effects increased as doses 
were increased. But after approximately 24 or 
48 weeks, there was no difference between dos-
ages. It is possible that the adverse effects caused 
by long-term CBD use masked the adverse effects 
caused by dose increase. Or the patient is gradu-
ally tolerating CBD after long-term use.

Previous studies have found that the common 
adverse reactions of CBD in the treatment of epi-
lepsy include rash, diarrhea, nausea, decreased 
appetite, insomnia, and elevated transaminase. 
Most adverse effects were dose-dependent and 
resolved spontaneously or with dose reduction or 
discontinuation.11,12 A systematic review and 
meta-analysis of the adverse effects of CBD in the 
treatment of epilepsy found that CBD resulted in 
two times as many adverse events as placebo. 
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Compared with placebo, CBD was more likely to 
cause diarrhea, insomnia, rash, decreased appe-
tite, and elevated aminotransferase levels 
(p < 0.05).68

Concomitant ASMs
A retrospective study found that the combination 
of CLB and CBD may have superior efficacy.67 In 
contrast, another retrospective study and some 
prospective studies did not find a difference in 
efficacy with or without the combination of 
CLB.24,32,35,54 Some studies also found that CBD 
use can reduce the dose of concomitant ASMs.41,49 
A study of CBD interactions with other ASMs 
found no difference in seizure severity or fre-
quency between patients taking any of the poten-
tially interacting ASMs compared with those not 
taking them.69 However, the results of the meta-
analysis found that regardless of the proportion of 
the population treated with concomitant ASMs 
(CLB, VPA, or LEV), the responder rates and 
seizure-free rates were not significantly different 
across most periods. Thus, the efficacy of CBD 
may be independent of other ASMs. This is con-
sistent with the results of a previous study explor-
ing whether the efficacy of CBD is affected by 
concomitant ASM drugs.69

Two prospective studies found that adverse 
effects increased as the dose of concomitant CLB 
increased.24,32 The results of the meta-analysis 
found that proportion of adverse events increased 
with the proportion of patients using ASMs 
increasing. However, there was no difference in 
proportion of serious adverse events. Most pro-
spective studies of drug combination are CBD 
concomitant with CLB, and studies of other 
ASMs like LEV and VPA are lacking. The results 
of the meta-analysis were based on the proportion 
of patients treated with ASMs, and the specific 
doses of ASMs were not available, so the extrapo-
lation of findings is limited.

CBD metabolism occurs primarily through the 
cytochrome (CY) P450 enzyme, which is known 
to be a substrate for CYP3A4 and CYP2C19. A 
previous study found that the increase in plasma 
N-desmethylclobazam (N-CLB) in patients using 
CBD was significantly higher than that in the pla-
cebo group.70 N-CLB is the active metabolite of 
CLB, presumably because of CYP2C19 inhibi-
tion, which inactivates N-CLB. The dose of CLB 
is reduced in DRE patients after using CBD, 

which may be related to the increase of active 
components of CLB caused by the interaction 
between CLB and CBD, so that smaller doses 
can have the same efficacy. At the same time, this 
may also lead to an increase in adverse effects 
such as sleepiness.11 Previous studies have found 
that the interaction between VPA and CBD may 
induce the elevation of transaminase levels. 
Somnolence and transaminase elevation were the 
only two clinically significant adverse effects pos-
sibly caused by drug interactions reported in all 
pivotal clinical trials, in combination with CLB 
and VPA, respectively.11,25 The results of this sys-
tematic review and meta-analysis also support 
these findings.

Epilepsy syndromes
Although the FDA currently approved CBD for 
patients ⩾2 years of age with LGS or DS, off-
label use of CBD is emerging, increasingly for 
DRE that do not meet the diagnostic criteria for 
LGS or DS, including genetic epilepsy syndromes 
(i.e. CDKL5 deficiency, Aicardi syndrome, 
Dup15q syndrome, and Doose syndrome), and 
febrile infection-related epilepsy syndrome.71,72 
Moreover, the efficacy and safety of CBD in the 
treatment of these four syndromes (CDKL5 defi-
ciency, Aicardi syndrome, Dup15q syndrome, 
and Doose syndrome) are similar.71 This system-
atic review and meta-analysis found that the effi-
cacy of LGS and DS group was basically similar 
to those of other syndromes group in the main 
subgroup analyses and sensitivity analyses in most 
periods. This may suggest that CBD has similar 
effects on all types of epilepsy syndromes. It is 
possible to expand the range of indications for 
CBD in the future.

Study designs
In general, the results of both efficacy and adverse 
effects are not exactly the same among the three 
study designs, especially the retrospective study 
group was different from the other two. 
Retrospective studies appear to have better effi-
cacy and lower adverse effects than the other two. 
This may be related to the higher selectivity bias 
of retrospective studies, that is, retrospective 
studies may include fewer patients who discontin-
ued the drug because of poor efficacy and/or large 
adverse effects. However, the results of sensitivity 
analyses that excluded retrospective studies were 
generally consistent with those of the main 
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analyses, which suggests that the results of this 
systematic review and meta-analysis were less 
influenced by retrospective studies.

Precise treatment of CBD in DRE
It is possible that the benefit for the population at 
the initial (before 48 weeks) use of CBD for DRE 
is broad and stable, while the responder rate 
appears to gradually decrease with increasing 
duration of CBD use. However, after 2 years 
(96 weeks), more than 20% of patients still 
responded to CBD treatment. In addition, the 
seizure-free rate was stable at around 4% in the 
long term. This seems to suggest that there may 
be a subset of ‘special’ DRE patients who are sen-
sitive to and respond long-term to CBD treat-
ment. Identifying such ‘special’ patients may lead 
to greater benefits of CBD use. A pharmacoge-
netic study of CBD treatment of DRE found an 
influence of genetic variants on seizure reduction 
and susceptibility to adverse effects in DRE 
patients treated with CBD. The metabolic process 
of CBD is complex,  and there may be genetic het-
erogeneity in tolerance and response to CBD in 
different patients.73 The involvement of steroid 
hormone-related pathways found in the study sug-
gests that CBD responses may be gender- and 
age-dependent.73 The subgroup analysis and sen-
sitivity analysis of this systematic review and meta-
analysis suggest that adolescents aged 14–18 years 
may have a higher response rate, which may be 
due to the hormonal changes in adolescents affect-
ing the pathway related to CBD metabolism, or 
because some genes of the adolescent-associated 
epilepsy syndromes are associated with the effi-
cacy of CBD. In addition, these pathways identi-
fied by the pharmacogenetic study are also related 
to other neurodegenerative diseases, and the path-
ways involved (such as cholesterol metabolism 
and glutathione binding) suggest a possible inter-
action between CBD and commonly used drugs 
(such as statins, acetaminophen, etc.).73 This sug-
gests that comorbidity of epilepsy and its medica-
tion may also affect the efficacy of CBD in the 
treatment of DRE. Future studies may explore the 
influence of comorbidity of epilepsy and its medi-
cations on the treatment of DRE with CBD.

Summary
In conclusion, CBD treatment of DRE has stable 
efficacy and fewer adverse events in the early 
period (before 48 weeks). Long-term use may 

have decreased efficacy and increased adverse 
events. The best therapeutic dose may be a low 
dose (less than 10 mg/kg/day). Dose escalation 
may not only not increase efficacy, but may also 
increase the adverse events. Furthermore, CBD 
use may reduce the dosage of other ASMs with-
out reducing efficacy, thereby reducing adverse 
effects. In addition, CBD seems to have similar 
efficacy for epilepsy syndromes other than LGS 
and DS approved by the FDA, and it is possible 
to expand the range of CBD indications in the 
future.

However, because the studies included in this sys-
tematic review are mainly single-arm studies, the 
greatest limitation is the lack of control, which 
makes direct comparison with placebo or other 
ASMs impossible. There was also substantial fol-
low-up bias, although the results may have been 
more biased toward the null by using ITT set. In 
addition, this study did not investigate the effect 
of seizure subtype and comorbidity of epilepsy on 
the treatment of DRE with CBD. In the future, 
more real-world studies or RCTs may be needed 
to explore the long-term effects of CBD, espe-
cially its interactions with other ASMs and to 
explore the characteristics of the population with 
good efficacy of CBD, especially the 4% of long-
term stable seizure-free population, including 
related genes and comorbidities, so as to provide 
reference for precise treatment.
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