:' frontiers Frontiers in Neurology

@ Check for updates

OPEN ACCESS

EDITED BY
Vincenzo Belcastro,
Lodi Hospital, Italy

REVIEWED BY
Jahan Marcu,

University of the Sciences, United States
Yunfei Liu,

Ludwig Maximilian University of Munich,
Germany

*CORRESPONDENCE

Zhiyi He
hezhiyi0301l@sina.com

Wenxu Zheng
13942600445@126.com

These authors have contributed equally to
this work

RECEIVED 21 June 2023
ACCEPTED 20 May 2024
PUBLISHED 27 June 2024

CITATION

Wang X, Zhu H, Liu T, Guo Z, Zhao C,

He Z and Zheng W (2024) Comparison of
various doses of oral cannabidiol for treating
refractory epilepsy indications: a network
meta-analysis.

Front. Neurol. 15:1243597.

doi: 10.3389/fneur.2024.1243597

COPYRIGHT

© 2024 Wang, Zhu, Liu, Guo, Zhao, He and
Zheng. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neurology

TYPE Systematic Review
PUBLISHED 27 June 2024
pol 10.3389/fneur.2024.1243597

Comparison of various doses of
oral cannabidiol for treating
refractory epilepsy indications: a
network meta-analysis

Xin Wang?, Haiyan Zhu'!, Tao Liu®, Zhi Guo!, Chenyang Zhao,
Zhiyi He™and Wenxu Zheng?3*

The First Affiliated Hospital of China Medical University, Shenyang, China, 2Department of
Neurosurgery, Tianjin Medical University General Hospital, Tianjin, China, *Geriatric Department of
Dalian Friendship Hospital, Dalian, China

Aim: To evaluate the comparative efficacy and safety of various doses of oral
cannabidiol (CBD) in treating refractory epilepsy indications, thus providing
more informative evidence for clinical decision-making.

Methods: A literature search of PubMed, Embase, the Cochrane library, and Web
of Science (WoS) was performed to retrieve relevant randomized controlled trials
(RCTs) that compared different doses of oral CBD with placebo or each other in
refractory epilepsy indications. The search was limited from the inception of each
database to January 3, 2023. Relative risk [RR] with a 95% confidence interval [Cl]
was used to express results. STATA/SE 14 was employed for network meta-analysis.

Results: Six RCTs involving 972 patients were included in the final data analysis.
Network meta-analysis showed that, CBD10 (10 mg/kg/day) (RR: 1.77, 95%Cl:
1.28 to 2.44), CBD20 (20 mg/kg/day) (RR: 1.91, 95%Cl: 149 to 2.46), CBD25
(25mg/kg/day) (RR: 1.61, 95%Cl: 0.96 to 2.70), and CBD50 (50 mg/kg/day)
(RR: 1.78, 95%ClI: 1.07 to 2.94) were associated with higher antiseizure efficacy
although the pooled result for CBD25 was only close to significant. In addition, in
terms of the risk of treatment-emergent adverse events (TEAEs), the difference
between different doses is not significant. However, CBD20 ranked first in terms
of antiseizure efficacy, followed by CBD50, CBD10, and CBD25. For TEAEs,
CBD25 ranked first, followed by CBD10, CBD50, CBD5, and CBD20.
Conclusion: For refractory indications, CBD20 may be optimal option for
antiseizure efficacy; however, CBD25 may be best for TEAEs. Therefore, an
appropriate dose of oral CBD should be selected based on the actual situation.
Due to the limitations of eligible studies and the limited sample size, more
studies are needed in the future to validate our findings.
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Introduction

Epilepsy is one of the most frequently happening neurological disorders (1), which has
complex pathological causes, such as structural, metabolic, genetic, infectious, and immune
factors (2). In addition, the etiologies causing seizures remain unclear in approximately 50%
of cases (3). Among patients with epilepsy, there is about 30% occurrence rate of
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drug-refractory seizures, which cannot be treated with the current
anti-epileptic drugs (AEDs) (4). Refractory epilepsy is developed from
epilepsy and refers to the use of two or more antiepileptic drugs
(monotherapy or combination therapy) for treatment, but the seizure
cannot be controlled (5). Therefore, it is also known as drug-resistant
epilepsy or refractory epilepsy. According to the International League
Against Epilepsy, drug-refractory epilepsy refers to “failure of >2
appropriate and tolerated AEDs to achieve the sustained freedom of
seizures” (6). Failure in seizure control will bring a higher risk of brain
damage, injury, and death (7, 8), and the risk is extraordinarily high
for patients with refractory epileptic syndromes such as Dravet
syndrome (DS), tuberous sclerosis complex (TSC), and Lennox-
Gastaut syndrome (LGS) (9). DS and LGS are severe, treatment-
resistant developmental epileptic encephalopathies (DEEs), in which
seizure activity is associated with general cerebral dysfunction (9).
TSC is a genetic neurocutaneous disorder with epilepsy as a common
and early presenting symptom (10).

Current treatments for epileptic seizures generally aim to increase
inhibition or decrease hyperexcitation in the neurotransmission
pathways related to seizure pathogenesis (11, 12). However, many
AEDs, such as Clobazam, do not show adequate effect in many
patients (13). These AEDs could not work as an intervention to
control refractory seizures by targeting different intercellular pathways
(14). Scientists found that Cannabis (CNB) is effective to enhance
seizure control for patients with epilepsy that cannot be treated with
existing AEDs. They have investigated substitutive treatments with
CNB derivative compounds for refractory epilepsy (15, 16). Two
major ingredients in CNB is A9-tetrahydrocanabidiol (THC) for
psychotropic functions (17), and cannabidiol (CBD) for medical
effects in epilepsy (18, 19). Both CNB extracts with THC and CBD are
effective in treating refractory epilepsy indications (20). Compared to
THC, CBD lacks psychoactive properties and does not lead to
dependence or abuse (21).

Cannabinol has anti-epileptic properties, and its anti-epileptic
mechanism is mainly manifested in the following aspects. First, it may
be related to genetic changes in ion channels. Cannabidiol may
selectively inhibit sodium current reflux, reduce neuronal excitability,
and exert anticonvulsant effects by altering the expression of epilepsy
related Nav1.6 mutated sodium channels (22, 23). Second, CBD can
act as allosteric modulators on CBR1, altering the ortho signal of G
protein coupled receptors, thereby inhibiting synaptic plasticity (24).
Third, CBD is an antagonist of cannabinoid receptor GPR55, and
when combined, it can increase GABA signaling and reduce excitatory
neuronal discharge (25). At last, CBD may also be related to the
agonist and antagonist effects of some receptors (22). In 2018, the FDA
officially approved CBD as an additional antiepileptic drug, mainly for
patients aged 2 years and above with Ds and LGS (26).

Although CBDs effects on the brain have not been fully understood
(21, 27), the therapeutic effect of CBD in refractory epilepsy indications
has been evaluated in some clinical studies (28-30). In addition, many
meta-analyses (14, 31-35) have also established the therapeutic
potential of oral CBD in the treatment of refractory epilepsy indications
(e.g., LGS, DS, and CST). At present, various recommended doses of
oral CBD were available in clinical practice. A recent meta-analysis
showed 10, 20, and 50 mg/kg/day were all effective for treating refractory
epilepsy indications (14), indicating that the effect and tolerance of oral
CBD may be not dose-dependent. However, other studies found that 5

Frontiers in Neurology

10.3389/fneur.2024.1243597

and 25mg/kg/day had significant antiseizure efficacy, and thought
25-mg/kg/day dosage had a better safety profile than the 50-mg/kg/day
dosage (36, 37). Hence, this network meta-analysis aimed to determine
the optimal dose of oral CBD for the treatment of refractory epilepsy
indications. In addition, we must need to know that several factors such
as the type of epilepsy, age, and other concomitant molecules were not
considered adequately by previous meta-analysis. As a result, findings
of the previous meta-analyses did not actually inform practitioners
which dose of oral CBD may be preferred for treating refractory epilepsy
(14, 31-35). Therefore, this network meta-analysis fully considered the
impact of some influencing factors (e.g., type of epilepsy, age, and other
concomitant molecules) on the therapeutic efficacy and safety.

Materials and methods
Study design

The current network meta-analysis strictly followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) for network meta-analysis (PRISMA-NMA) (38). Due to
the nature of the data extracted from published studies in this network
meta-analysis, it was unnecessary to involve ethics approval or
informed consent. However, we must point out that the protocol of
this network meta-analysis was not registered on any public platforms.

Inclusion and exclusion criteria

Studies that met the following criteria were included: (a) studies
included patients who were diagnosed with refractory epilepsy; (b)
comparison had been made among different doses of oral CBD or
between different doses of oral CBD and placebo; (c) therapeutic
efficacy and safety were reported; (d) randomized controlled trials
(RCTs) were published in English.

We excluded studies: (a) used ineligible study designs, such as case
reports, conference abstracts, retrospective studies, or observational
studies; (b) focused on other neurological disorders; (c) recruited
fewer than 10 participants; (d) had insufficient data to allow for
evaluation of efficacy and safety; (e) were comprised of partially
overlapping patient populations.

Data search

Two independent authors (Xin Wang and Haiyan Zhu) performed
a systematic literature search in PubMed, Embase, the Cochrane
library, and Web of Science (WoS) databases to retrieve potentially
eligible randomized controlled trials (RCTs) from their inception to
January 3rd, 2023. We constructed a search strategy by combining the
following search terms and their analogs: “drug resistant epilepsy,”
“seizures,” “epilepsy,
Epilepsies,” “Tuberous Sclerosis,”

» o«

Lennox Gastaut Syndrome,” “Myoclonic
cannabidiol,” and “cannabis.” The
search strategies for all target databases are documented in
Supplementary Table S1. In addition, we have also manually checked
the reference lists of previous meta-analyses and eligible studies to

find additional studies missed from the electronic search.
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Study selection

Study selection was performed by two independent authors (Tao Liu
and Zhi Guo) based on the inclusion and exclusion criteria. All records
from electronic databases were first imported into EndNote software
(version X9) to develop a literature database, and the software
automatically eliminated duplicate records. Then, two authors (Chenyang
Zhao and Zhiyi He) screened the titles and abstracts of each study for the
initial eligibility assessment, and they excluded the ineligible studies.
We further assessed the full texts of the remaining studies to determine
which studies may be eligible for selection criteria. The consensus
principle based on the discussion was employed to resolve disagreements
between these two authors (Haiyan Zhu and Wenxu Zheng).

Data extraction

Two independent authors (Xin Wang and Tao Liu) extracted the
following information from each eligible study using a standardized data
extraction form: the name of the first author, publication time, country,
sample size, the percentage of male patients, average age, indications, the
number of the patients who taken concomitant AEDs and clobazam, the
details of orally taking CBD, study duration, and outcomes of interest. In
addition, detailed information on the risk of bias in each study was also
extracted at this stage. For those results that were reported as median and
standardized error or interquartile range (IQR), we transformed it to the
required data by using the recognized formulas (39).

Definitions of outcomes

Based on the previous traditional pair-wise meta-analysis (14),
this network meta-analysis designed two outcomes to evaluate the
efficacy and safety of oral CBD for refractory epilepsy indications.
Specifically, the therapeutic efficacy was evaluated by using at least
50% reduction in seizure frequency relative to the baseline seizures
reported. For this outcome, the intention-to-treat (ITT) data were
used for statistical analysis. In addition, the safety of oral CBD was
defined based on the treatment-emergent adverse events (TEAEs)
observed and reported in the trials.

Evidence plot

We constructed some evidence plots to show the evidence
structure of all outcomes evaluated in this network meta-analysis.
Two essential elements were involved in each evidence plot,
including a solid circle and line. A solid circle represents an oral
dose of CBD, and a solid line represents a direct comparison
between the two doses of CBD. In addition, the accumulated
number of patients for each dose was employed to weigh the size
of the circle, and the accumulated number of direct comparisons
between the two doses was used to weigh the width of the solid line.

Risk of bias assessment

Two independent authors (Zhi Guo and Chenyang Zhao) used the
revised Risk of Bias Assessment Tool (ROB2) (40) to assess the risk of
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bias in each eligible study. Specifically, the risk of bias assessment was
performed according to the following six bias domains: randomization
process; deviations from intended intervention; missing outcome data;
measurement of the outcome; and selection of the reported result. The
overall risk of bias in each study was determined based on the result
of each domain, and each study was labeled with a “low;” “high,” or
“some concerns” risk. Ultimately, the overall results of the risk of bias
assessment were graphically presented using an online application,
namely ‘robvis’ (41).

Statistical analysis

All outcomes in this network meta-analysis were dichotomous
variables, therefore, we used the relative risk (RR) with the corresponding
95% confidence interval (CI) to express the effect size. Statistical
heterogeneity was evaluated using the Cochrane Q statistic and Higgins’
inconsistency factor (%), and significant statistical heterogeneity exist if
p<0.1and I >50% (42). However, we did not directly compare different
doses with placebo because a recent pair-wise meta-analysis including
the same studies has evaluated the relative efficacy and safety of various
doses of oral CBD compared to placebo, indicating an insignificant
statistical heterogeneity for available comparisons (14).

We assessed the transitivity assumption by comparing the
distribution of five clinical and methodological variables (43), including
the percentage of males, mean age, the number of concomitant AEDs,
the percentage of patients who orally take clobazam, and treatment
duration. After confirming the transitivity assumption, we performed
random effects network meta-analysis (White).

We first tested the global inconsistency by comparing the result
from the command “network meta i” with the result from the
command “network meta ¢” (44). In addition, we also tested the local
inconsistency by using the node-splitting strategy (45). We selected an
appropriate network meta-analysis model according to inconsistency
examination results.

Furthermore, we calculated the SUCRA value to rank all doses of
oral CBD, and the larger SUCRA value means a higher probability of
becoming the preferred option (46). When there was a closed loop for
the outcome, we also used the node-splitting strategy to assess the
loop inconsistency which means whether direct effect was equal to
indirect effect in a closed loop, thereby assessing the reliability of
pooled results (47, 48). Although the number of eligible studies did
not exceed 10, we still drew comparison-adjusted funnel plots to test
the risk of the small-study effect (49). Finally, we generated a cluster
plot to help determining which oral dose may be the optimal option
comprehensively. We used STATA/SE 14.0 (StataCorp, Texas, USA) to
perform all statistical analyses in this network meta-analysis.

Results
Literature selection

In total, 652 records were identified in PubMed (n=105),
EMBASE (n=269), Cochrane library (n=130), and WoS (n=148),
and 278 duplicate records and 19 registry records were removed by
using EndNote software. After abstract screening, 337 records were
further excluded. Thus, the remaining 18 articles were initially judged
as potentially relevant. Among them, we further excluded 12 studies
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due to ineligible interventions (n=3), conference abstract (n=1),
ineligible topic (n=1), duplicated report (n=1), and extended open-
label studies (1 =6). Finally, 6 RCTs (28-30, 36, 37, 50) were included
in the current network meta-analysis. The flow chart for eligible
studies screening is presented in Figure 1.

Study characteristics

The basic characteristics of 6 eligible studies are summarized in
Table 1. All eligible studies were published between 2017 and 2021.
Three studies (28, 36, 50) assessed pediatric and adolescent patients,
but the other three studies (29, 30, 37) also involved adult patients
under the age of 57years. In total, 972 patients with refractory
epileptic syndromes were accumulated finally, with 368 patients in the
placebo group, 10 patients in the CBD5 group, 151 patients in the
CBD10 group, 307 patients in the CBD20 group, 75 patients in the
CBD25 group, and 73 patients in the CBD50 group. The average age
of patients analyzed in all eligible studies was 11.1 years. Of these six
studies, five (28-30, 37, 50) reported therapeutic efficacy; however, all

10.3389/fneur.2024.1243597

six studies (28-30, 36, 37, 50) reported the data on therapeutic safety.
Regarding CBD5, CBD25 and CBD50, only one study assessed the
therapeutic efficacy, respectively, and most patients were male.
Regarding CBD25, three studies were involved, and the proportion of
male were 38.0, 55.0, and 41.0%, respectively. In terms of CBD20, five
studies were involved, and most participants were male. As shown in
Supplementary Table S2, the transitivity assumption was basically
confirmed in most available comparisons except for the comparisons
of CBD20 with CBD25 and CBD50.

Risk of bias assessment

We assessed the risk of bias of the six eligible RCTs, and the
detailed results are depicted in Supplementary Figure S1. All studies
were judged as having low risk in the randomization process,
deviations from intended interventions, missing outcome data, and
selection of the reported result. But all studies had some concerns in
the measurement of the outcome due to the lack of detailed
information on whether the outcome assessor were blinded or not.

[ Identification of studies via databases and previous meta-analyses ]

Records removed before
screening (n=297):
Duplicate records removed

(n=278)
Records marked as ineligible
by automation tools (n=19)

Records excluded (n=337)

Reports not retrieved (n = 0)

Reports excluded (n=12):
Ineligible interventions (n=3)
Conference abstract (n=1)

()
g Records identified from
= (n=652):
e PubMed (n=105), EMBASE
= (n=269), Cochrane library
o (n=130), and Web of Science
= (n=148)
—
Records screened (n=355)
Reports sought for retrieval
=0 (n=18)
g
(]
(3]
3
(2]
Reports assessed for eligibility
(n=18)
= Studies included in review
(%)
2| | m=6)
g Reports of included studies
B (n=6)
FIGURE 1
PRISMA flow chart for the selection of eligible studies.

Ineligible topic (n=1)
Duplicated report (n=1)
Extended open-label studies
(n=6)
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The overall risk of bias in each eligible study was rated as “low;”
because outcomes that we were interested in had not been significantly
affected by the outcome assessors.

Network meta-analysis

Therapeutic efficacy

Of 6 eligible studies, five (11, 17, 18, 22, 32) reported the data on
therapeutic efficacy involving four doses of oral CBD, including CBD10,
CBD20, CBD25, and CBD50. As shown in Figures 2A, 6 two-by-two
direct comparisons were available for this outcome. As shown in
Supplementary Figure S2a, global inconsistency for the therapeutic
efficacy was not detected (p=0.399), and local inconsistency was also not
found (as shown in Supplementary Figure S3a). Therefore, the
consistency model was employed for the network meta-analysis of
therapeutic efficacy. As shown in Figure 3A, compared to placebo,
CBD10 (RR: 1.77, 95%ClI: 1.28-2.44), CBD20 (RR: 1.91, 95%CI: 1.49-
2.46), CBD25 (RR: 1.61, 95%CI: 0.96-2.70), and CBD50 (RR: 1.78,
95%CI: 1.07-2.94) were associated with higher antiseizure efficacy
although the pooled result for CBD25 was only close to significant.
However, there was no significant difference between these four oral
doses of CBD based on the currently available data.

Short-term therapeutic safety

All six eligible RCTs (11, 17, 18, 22, 32, 51)reported the TEAEs
to reflect the short-term therapeutic safety, involving five doses of
oral CBD, including CBD5, CBD10, CBD20, CBD25, and CBD50.
As shown in Figure 2B, 8 two-by-two direct comparisons were
available for this outcome. Inconsistency tests did not detect
global (p=0.486) and local inconsistency (as shown in
Supplementary Figure S3b). So, we employed the consistency
model for the network meta-analysis of TEAEs. As shown in
Figure 3B, all available doses of oral CBD did not significantly
increase the risk of TEAEs as compared with placebo, and there was

10.3389/fneur.2024.1243597

no significant difference in the risk of TEAEs between all
available doses.

Probability ranking

According to the results of SUCRA values, CBD20 had the highest
probability of becoming the optimal option (76.0%) for the therapeutic
efficacy, followed by CBD50 (64.2%), CBD10 (60.0%), and CBD25
(48.5%). However, regarding short-term safety (TEAEs), CBD25
ranked first, with the highest probability of 59.2%, followed by CBD10
(57.4%), CBD50 (53.8%), CBD5 (43.2%), and CBD20 (21.9%). As
shown in Figure 4, the cluster plot combining the ranking probability
for therapeutic efficacy and TEAEs showed the overall distribution of
the optimal dose.

Loop inconsistency

As shown in Figure 5, one closed loop (Placebo-CBD10-CBD20)
was available in therapeutic efficacy, and three closed loops (Placebo-
CBD10-CBD20, Placebo-CBD5-CBD20, Placebo-CBD5-CBD10,)
were available in TEAEs. The results of the loop inconsistency test for
these two outcomes showed that the lower limits of all 95% CIs were
zero, thus suggesting no inconsistency for all available loops in these
two outcomes.

Publication bias

The comparison-adjusted funnel plots of the therapeutic efficacy
(a) and TEAEs (b) are shown in Supplementary Figure S4. According
to the visual inspection of these two funnel plots, we speculate that
publication bias might negatively impact the reliability and robustness
of these two outcomes.

A
CBD20
(n=290)
Placebo
(n=361)
CBD25
(n=75)
therapeutic efficacy
FIGURE 2

Evidence plots of therapeutic efficacy (A) and TEAEs (B). CBD, cannabidiol; TEAEs, treatment-emergent adverse events.

B
CBD50 CBDS
(n=73) (n=10)

Placebo
(n=368)

TEAEs
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CBD25 vs CBDS —— e 0.81(0.22,3.05) 75vs 10

CBD25 vs CBD10 —_——— 0.91 (0.50,1.67) 75 vs 139 CBD50 vs CBDS ————————————————0.87 (0.23,3.27) 73vs 10

CEDSUNSERDTH 1,01 (055.1.83) e 50 CBD20 vs CBD10 ————  137(0.78241) 307 vs 151
CBD25 vs CBD10 — e 0.94(0.31,2.86) 75 vs 151

CBD25 vs CBD20 —— 0.84 (0.47,1.49) 75 vs 290 CBD50 vs CBD10 ———4———— 1.00(0.33,3.06) 73 vs 151

CBDS0 vs CBD20 ——— 093 (0.53,1.63) 73vs290 CBD257S CBD20 068(024139)  75EA0P
CBDS0 vs CBD20 ——————— 073(0.252.12) 73vs 307

CBDS0 vs CBD25 e 1.10 (0.73,1.67) 73vs 75 CBDS0 vs CBD25 — e 107(041280) 73vs 75

T T — T T T T
25 81 23 2 4 1 16 313
a. therapeutic efficacy b. TEAEs

FIGURE 3

relative risk; Cl, confidence interval.

The results of network meta-analysis of therapeutic efficacy (A) and TEAEs (B). CBD, cannabidiol; TEAEs, treatment-emergent adverse events; RR,
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60

®CBD5

(data on therapeutic efficacy was not available for it)

TEAEs

40

30
1

20

®CBD25
®CBD10

@ CBD50

CBD20
[ ]

FIGURE 4

Efficacy

Cluster plot of combining the SUCRA values for therapeutic efficacy and TEAEs. CBD, cannabidiol; TEAEs, treatment-emergent adverse events.

40 60 80

Discussion

To our best knowledge, this is the first study to determine the
optimal dose of oral CBD for treating refractory epilepsy indications
by employing the network meta-analytic technique. Finally,
we included 6 eligible RCTs in the final data analysis, involving a
total of 972 patients. According to the pooled results, we find that,
compared to placebo, CBD5, CBD10, CBD20, CBD25 were
associated with higher antiseizure efficacy although the pooled result
for CBD25 was only close to significant. This was because only one
study (37) assessed the antiseizure efficacy of CBD 25. Furthermore,
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our results reported that various doses of oral CBD did not differ in
the risk of TEAEs. The results of SUCRA showed that CBD20 may
be the optimal option for the therapeutic efficacy but worst option
for safety. However, regarding TEAEs, CBD25 may be the best option.

The current network meta-analysis considered the impact of sex
differences on the antiseizure efficacy because previous studies (51-53)
have shown that epileptic seizures and antiseizure response to some
AEDs are sex-specific. Specifically, men are usually more susceptible to
excitability episodes and occurrence of epileptic seizures than women,
but women are more often diagnosed with idiopathic systematic
epilepsy than men. However, the most recently meta-analysis (14)
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Loop inconsistency test for therapeutic efficacy and TEAEs. CBD, cannabidiol; TEAEs, treatment-emergent adverse events; Cl, confidence interval.

reported that the currently available evidence only provided little insight
about the age-specific differences of CBD in anti-seizure response. In the
current network meta-analysis, transitivity assessment showed that the
distribution of gender ratio (males/females) did not significantly differ
between various dosage strategies of CBD, indicating that our findings
will not be negatively influenced by sex differences. Nevertheless, our
network meta-analysis could not also determine the sex-specific anti-
epileptic effect and safety of CBD because the gender ratio is evenly
distributed. Therefore, more studies should be performed to investigate
sex-specific differences of CBD in anti-epileptic response and safety.

The prevalence of active epilepsy varies with age and shows a
bimodal distribution, peaking in children aged 5-9 and the elderly
aged over 80 (2019). Therefore, apart from sex differences, age is also
considered to have an impact on anti-epileptic response and safety. It
is worth noting that the current network meta-analysis showed that
the mean age of patients evenly distributed between different dosage
strategies, indicating that our results will not be negatively affected by
this factor. However, it should not be ignored that some eligible studies
evaluated patients in a wider age range. Therefore, it is necessary to
recruit comparable patients to further investigate age-specific effect of
CBD on refractory epilepsy indications.

To date, several meta-analyses (14, 31-35) have evaluated oral
CBD’s therapeutic potential in treating patients with refractory
epilepsy indications, and all showed that oral CBD was associated
with significantly higher antiseizure efficacy. Furthermore, the
meta-analysis performed by Talwar et al.(14) evaluated the
therapeutic efficacy of various doses of oral CBD on refractory
epilepsy indications by using subgroup analysis, showed that,
except for 25mg/kg/day, 10, 20, and 50 mg/kg/day were all
associated with significantly higher antiseizure efficacy. Compared
with previous meta-analyses, the current study employed network
meta-analysis to compare doses of oral CBD, therefore determined
the possible best dose of oral CBD for the treatment of refractory
epilepsy indications. In addition, the current network meta-
analysis combined direct and indirect evidence simultaneously to
generate more accurate estimation of the efficacy of each dose on
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refractory epilepsy. However, the pooled result for CBD25 in our
network meta-analysis was only close to significant, which was
consistent with the finding of the previous meta-analysis performed
by Talwar and colleagues (14). According to a cohort study (54),
CBD25 was effective for treating children with refractory epilepsy.
We need to point out that, in this network meta-analysis, only 75
patients were accumulated in the CBD25 group, therefore
insufficient sample size may explain why the pooled result was just
close to significant.

Our network meta-analysis also consistently showed that 10, 20,
25, and 50 mg/kg/day benefited refractory epilepsy although the
benefit of CBD25 to refractory epilepsy was close to statistically
significant; however, the difference between these available doses of
oral CBD did not achieve a significant level. The recent meta-analysis
(14) suggested that, due to very limited understanding of
pharmacodynamics and mechanism of action, therefore it is
extremely difficult to explain why different doses of oral CBD did not
differ in efficacy. However, due to the fact that patients with refractory
epilepsy typically receive multiple drugs for treatment, it is speculated
that the adjunct effects with other AEDs and complex drug
interactions can lead to different antiseizure efficacies (8), which is
why the interaction of CBD and clobazam is especially emphasized
(55-57). In fact, in this network meta-analysis, we detected that the
percentage of patients who orally took clobazam in the CBD20 group
was significantly more than that in the CBD25 and CBD50 groups.
Therefore, we speculate that the concomitant use of more clobazam
may contribute to the higher antiseizure efficacy but lower safety in
the CBD20 group. In addition, we also found no significant difference
in the percentage of patients who orally took clobazam between
CBD10 and CBD20. However, the SUCRA values showed that the
ranking probability of CBD20 was higher than CBD10 in therapeutic
efficacy but lower in safety, thereby providing promising evidence to
support that higher dose is associated with greater seizure control but
also with higher AEs (58).

We must emphasize that this network meta-analysis generates
some valuable findings for decision-making due to the involvement of
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several methodological strengths. First, our network meta-analysis
included only RCTs in the final analysis to enhance the power of the
evidence. Second, both direct and indirect data were incorporated to
estimate the relative difference between various oral doses of CBD
more accurately. Third, we employed the results of SUCRA to perform
a probability ranking of all available doses of oral CBD, which provides
more informative evidence for determining the preferred dose.

We also need to acknowledge several limitations in this network
meta-analysis. First and foremost, only six studies were included in the
final analysis. So, it is extremely difficult to generate robust and reliable
results due to the limited eligible studies and sample size, thereby noting
us to cautiously interpret findings. Second, although the available dose
of oral CBD ranged from 5 to 50 mg/kg/day, the therapeutic efficacy of
5mg/kg/day was not evaluated in the included RCTs due to the data on
this outcome was not available in the eligible studies, which inevitably
compromised our findings’ applicability. Third, although the percentage
of patients who orally took clobazam did not evenly distribute between
some of the available doses, which may influence the therapeutic effects
and safety, subgroup analysis has not been performed to further evaluate
the impact on the pooled results due to limited eligible studies. Fourth,
visual inspection for comparison-adjusted funnel plots detected
publication bias, which may negatively influence the reliability of our
findings (59). However, we need to point out that the number of studies
included in this network meta-analysis does not meet the lowest criteria
of performing a publication bias examination, so it is impossible to
eliminate the negative impact of inadequate eligible studies on the test.
Fifth, we only evaluated the short-term therapeutic safety. Thus, future
studies should be performed to evaluate the long-term safety of various
doses. Sixth, among the 6 included RCTS, three studies were performed
by Devinsky et al. (28, 29, 36), and two studies were performed by Thiele
etal. (30, 37), which may introduce bias to impact the reliability of the
pooled results. Therefore, more studies are needed to further verify our
findings. Finally, we did not publicly register the formal protocol for the
current network meta-analysis, although we strictly followed the
PRISMA-NMA statement the absence of formal protocol will inevitably
compromise the transparency of our network meta-analysis.

Based on the currently available evidence, our findings
indicated that CBD5, CBD10, CBD20, CBD25 were associated with
higher antiseizure efficacy although the pooled result for CBD25
was only close to significant. Various doses of oral CBD did not
differ in the risk of TEAEs. Furthermore, for refractory indications,
CBD20 may be optimal option for antiseizure efficacy; however,
CBD25 may be best for TEAEs. Therefore, an appropriate dose of
oral CBD should be selected based on the actual situation. Due to
the limitations of study quantity and sample size, future RCTs with
larger sample sizes and high quality is warranted for the further
validation of our findings.
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