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Abstract
Background  Dravet syndrome (DS) is a severe developmental and epileptic encephalopathy characterized by drug-resistant, 
lifelong seizures. The management of seizures in DS has changed in recent years with the approval of new antiseizure medi-
cations (ASMs).
Objective  The aim of this study was to estimate the comparative efficacy and tolerability of the ASMs for the treatment of 
seizures associated with DS using a network meta-analysis (NMA).
Methods  Studies were identified by conducting a systematic search (week 4, January 2023) of the MEDLINE (accessed by 
PubMed), EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), and US National Institutes of Health 
Clinical Trials Registry (http://​www.​clini​caltr​ials.​gov) databases. Any randomized, controlled, double- or single-blinded, 
parallel-group study comparing at least one ASM therapy against placebo, another ASM, or a different dose of the same 
ASM in participants with a diagnosis of DS was identified. The efficacy outcomes were the proportions of participants 
with ≥ 50% (seizure response) and 100% reduction (seizure freedom) in baseline convulsive seizure frequency during the 
maintenance period. The tolerability outcomes included the proportions of patients who withdrew from treatment for any 
reason and who experienced at least one adverse event (AE). Effect sizes were estimated by network meta-analyses within 
a frequentist framework.
Results  Eight placebo-controlled trials were included, and the active add-on treatments were stiripentol (n = 2), pharma-
ceutical-grade cannabidiol (n = 3), fenfluramine hydrochloride (n = 2), and soticlestat (n = 1). The studies recruited 680 
participants, of whom 409 were randomized to active treatments (stiripentol = 33, pharmaceutical-grade cannabidiol = 228, 
fenfluramine hydrochloride = 122, and soticlestat = 26) and 271 to placebo. Pharmaceutical-grade cannabidiol was associ-
ated with a lower rate of seizure response than fenfluramine hydrochloride (odds ratio [OR] 0.20, 95% confidence interval 
[CI] 0.07–0.54), and stiripentol was associated with a higher seizure response rate than pharmaceutical-grade cannabidiol 
(OR 14.07, 95% CI 2.57–76.87). No statistically significant differences emerged across the different ASMs for the seizure 
freedom outcome. Stiripentol was associated with a lower probability of drug discontinuation for any reason than pharma-
ceutical-grade cannabidiol (OR 0.45, 95% CI 0.04–5.69), and pharmaceutical-grade cannabidiol was associated with a lower 
proportion of participants experiencing any AE than fenfluramine hydrochloride (OR 0.22, 95% CI 0.06–0.78). Stiripentol 
had a higher risk of AE occurrence than pharmaceutical-grade cannabidiol (OR 75.72, 95% CI 3.59–1598.58). The study 
found high-quality evidence of efficacy and tolerability of the four ASMs in the treatment of convulsive seizures in DS.
Conclusions  There exists first-class evidence that documents the efficacy and tolerability of stiripentol, pharmaceutical-
grade cannabidiol, fenfluramine hydrochloride, and soticlestat for the treatment of seizures associated with DS, and allows 
discussion about the expected outcomes regarding seizure frequency reduction and tolerability profiles.
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Key Points 

Placebo-controlled trials assessed stiripentol, pharma-
ceutical-grade cannabidiol, fenfluramine hydrochloride, 
and soticlestat as treatments for seizures associated with 
Dravet syndrome (DS).

There is high-quality evidence that documents the 
efficacy and tolerability profiles of either stiripentol, can-
nabidiol, fenfluramine, or soticlestat in people with DS.

Cannabidiol was associated with a lower rate of seizure 
response than fenfluramine and stiripentol.

Stiripentol was associated with a lower probability of 
drug discontinuation for any reason than cannabidiol.

Cannabidiol was associated with a lower proportion of 
participants experiencing any adverse event than fenflu-
ramine and stiripentol.

1  Introduction

Dravet syndrome (DS), formerly known as severe myoclonic 
epilepsy of infancy, is a severe developmental and epileptic 
encephalopathy with onset in the first year of life in pre-
viously healthy infants [1]. The syndrome is characterized 
by drug-resistant, lifelong seizures and is associated with 
comorbidities such as intellectual disability, behavior dis-
turbances, sleep disorders, and gait problems that negatively 
impact the quality of life of the patients and their families 
[1]. Pathogenic variants in SCN1A, the gene that encodes the 
α-1 subunit of voltage-gated sodium channel Nav1.1, may 
lead to loss of channel function and are identified in over 
80–90% of the individuals with DS [2]. In the central nerv-
ous system, NaV1.1 is highly expressed in many GABAergic 
inhibitory neurons, and the loss of function of the channel 
leads to hyperexcitability of the neuronal networks [3].

The pharmacological treatment of seizures associated 
with DS remains challenging. Seizures are highly pharma-
coresistant, people usually require polytherapy to achieve 
a reduction in the seizure burden, and some drugs such as 
carbamazepine, oxcarbazepine, lamotrigine, phenytoin, and 
vigabatrin can even exacerbate seizures [4]. The manage-
ment of seizures in DS has changed in recent years with the 
approval of new antiseizure medications (ASMs) for this 
condition, and the therapeutic landscape is still growing with 
treatment options in clinical development.

This study aims to systematically evaluate and summarize 
the available evidence about the efficacy and tolerability of 
the ASMs for managing seizures in DS and to assess their 

comparative efficacy and tolerability by performing a net-
work meta-analysis (NMA) of randomized controlled trials 
(RCTs). Compared with a recent NMA that also assessed 
the efficacy and safety of adjunctive ASMs for DS [5], the 
present study aims to consider additional outcomes and pro-
vide subgroup analyses.

2 � Methods

2.1 � Search Strategy

The results were reported following the recommendations of 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) extension statement for network 
meta-analyses [6]. Studies were identified by a systematic 
search (week 4, January 2023) of the MEDLINE (accessed 
by PubMed), EMBASE, Cochrane Central Register of Con-
trolled Trials (CENTRAL), and the US National Institutes 
of Health Clinical Trials Registry (http://​www.​clini​caltr​ials.​
gov) databases. The search terms included ‘severe myo-
clonic epilepsy in infancy’, ‘Dravet syndrome’, ‘epilepsy’, 
and ‘seizure’; the search strategies are reported in Appendix 
I of the electronic supplementary material (ESM). There 
were no date or language restrictions. We reviewed the refer-
ence lists of retrieved studies to identify additional reports of 
relevant trials. Additional data were sought from the regu-
latory websites (i.e., the US Food and Drug Administra-
tion [FDA] and the European Medicines Agency [EMA]). 
The review protocol has been registered in the International 
Prospective Register of Systematic Reviews (PROSPERO; 
CRD42023404934).

2.2 � Eligibility Criteria

We included any randomized, controlled, double- or single-
blinded, parallel-group studies that compared at least one 
ASM therapy against placebo, another ASM, or a different 
dose of the same ASM. We considered participants with a 
diagnosis of DS regardless of age, sex, and ethnicity.

2.3 � Outcome Measures

Efficacy outcomes were the proportion of individuals who 
achieved ≥ 50% reduction (seizure response) and the propor-
tion of individuals who achieved 100% reduction (seizure 
freedom) from baseline in convulsive seizure frequency dur-
ing the treatment period. Tolerability and safety outcomes 
were the proportions of individuals who withdrew from 
treatment for any reason and any adverse events (AEs), and 
who experienced at least one AE and at least one serious AE. 
Changes from baseline to the end of treatment in clinical 
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global impression rated through the caregiver-reported 
Clinical Global Impression of Change (C-CGIC) were also 
reviewed.

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

Two authors independently screened the records identified 
by the literature search and extracted the following data from 
the included studies: main study author, year of publica-
tion, study design, main inclusion criteria, treatment arms, 
number and demographics of participants, and number of 
participants experiencing each outcome. We solved any disa-
greement through discussion with a third review author. The 
risk of bias in the included studies was evaluated following 
the recommendations of the Cochrane Handbook for Sys-
tematic Reviews of Interventions [7]. The confidence in the 
evidence derived from the NMA was judged through the 
online application CINeMA (http://​cinema.​ispm.​ch/) [8].

2.5 � Statistical Analysis

Pairwise meta-analyses were performed and heterogeneity 
among the trials was evaluated by means the Chi-square test 
and the I2 statistics for heterogeneity [9, 10]. If no substantial 
heterogeneity was present (p > 0.10), results were synthe-
sized through a fixed-effects model; if the probability value 
was ≤ 0.10, a fixed- or random-effects model was adopted 
for I2 < 40% or ≥ 40%, respectively [11–13]. We presented 
heterogeneity statistics unless only one study contributed 
data and heterogeneity was not applicable.

Network meta-analyses within a frequentist framework 
were then performed assuming equal heterogeneity across 
all comparisons [14, 15]. We evaluated the assumption of 
transitivity (distributions of the potential effect modifiers, 
such as study and patient-level covariates, across pairwise 
comparisons) by looking at the similarities of studies in 
each comparison [16]. Local coherence, i.e., the statisti-
cal agreement between direct and indirect evidence for a 
specific comparison (coherence assumption), could not be 
assessed as there were no closed loops [17]. Whenever data 
were available, results were also provided by daily doses, 
with each dose of any ASM representing a separate node in 
the network. Secondary analyses were performed including 
only trials with a maintenance phase of 12 weeks or longer. 
Although there is no consensus about the optimal length of 
the treatment period, the guideline on clinical investigation 
of medicinal products in the treatment of epileptic disorders 
recommends that the maintenance phase should last at least 
12 weeks to establish that efficacy is not short-lasting [18]. 
Effect sizes were estimated as odds ratios (ORs) with their 
95% confidence intervals (CIs). Data analysis was performed 

using STATA​®/IC 13.1 (StataCorp LLC, College Station, 
TX, USA).

2.6 � Compliance with Ethics Guidelines

This manuscript is based on previously performed studies 
and does not contain any new studies with human partici-
pants or animals.

3 � Results

3.1 � Search Results and Characteristics 
of the Included Studies

The literature search identified a total of 652 records, of 
which 8 RCTs were included in the qualitative and quantita-
tive synthesis (Fig. 1) [19–26]. All the included trials were 
placebo-controlled studies, and the active add-on treatments 
were stiripentol (n = 2), pharmaceutical-grade cannabidiol 
(n = 3), fenfluramine hydrochloride (n = 2), and soticles-
tat (n = 1). All trials evaluated both the efficacy and safety 
of the active comparators, except one, which evaluated the 
safety and pharmacokinetics of cannabidiol [21]. The results 
of STICLO-Italy were published only in a preliminary form 
[20], but they have been reported in the FDA [27] and EMA 
[28] clinical review of the drug. Details about the RCTs are 
summarized in Table 1. In the STICLO studies, stiripen-
tol was administered at a dosage of 50 mg/kg/day [19, 20]. 
Participants were randomized to receive pharmaceutical-
grade cannabidiol at dosages of 5, 10, or 20 mg/kg/day in 
the GWPCARE1 Part A study [21], 20 mg/kg/day in the 
GWPCARE1 Part B study [22], and 10 or 20 mg/kg/day 
in the GWPCARE2 study [23]. Fenfluramine hydrochloride 
was administered at dosages of 0.2 mg and 0.8 mg/kg/day 
in the study by Lagae et al. [24], and at a dosage of 0.5 
mg/kg/day in the study by Nabbout et al. [25]. In the study 
by Hahn et al. [26], soticlestat was titrated up to 600 mg/
day for participants weighing ≥ 60 kg, with weight-based 
dosing used for those weighing < 60 kg. Overall, 80.3% of 
participants receiving soticlestat were included in dose level 
3 (weight-adjusted equivalent of adult 300 mg twice daily), 
9.9% in dose level 2 (weight-adjusted equivalent of adult 200 
mg twice daily), and 7.0% in dose level 1 (weight-adjusted 
equivalent of adult 100 mg twice daily); no data regarding 
the study outcomes were provided according to the dose 
levels [26].

The studies recruited 680 participants, of whom 409 were 
randomized to active treatments (stiripentol = 33, pharma-
ceutical-grade cannabidiol = 228, fenfluramine hydrochlo-
ride = 122, and soticlestat = 26) and 271 to placebo. Char-
acteristics of the participants are summarized in Table 2.

http://cinema.ispm.ch/
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All trials were judged to have used adequate methods of 
random sequence generation and allocation concealment. 
We rated six trials at low risk of performance and detection 
bias since blinding was ensured by matching placebo, and 
participants, investigators, and study personnel were masked 
to the assigned treatment; we considered the STICLO stud-
ies at unclear risk of performance and detection bias because 
the trials were defined as ‘double-blind’ but with no further 
information to permit judgment [19, 20]. The risk of attrition 
bias was low as participants lost to follow-up, withdrawals, 
and corresponding reasons were documented, and there was 
no suspicion of selective outcome reporting across the tri-
als. A summary of bias assessment risk is shown in ESM 
Table e-1.

3.2 � Efficacy Outcomes

Data regarding the proportion of participants who achieved 
seizure response and seizure freedom were available for all 
studies. Most studies reported efficacy outcomes over the 
whole treatment period, apart from the STICLO studies, 
which assessed the frequency of seizures during the second 
month of the 8-week double-blind treatment period com-
pared with baseline. The definitions of ‘convulsive seizures’ 
adopted in any of the included trials are summarized in ESM 
Table e-2. The network plots of treatment comparisons for 
the efficacy outcomes are shown in ESM Fig. e-1.

At the pairwise meta-analyses, all ASMs were associated 
with a higher responder rate than placebo, and stiripentol 

Fig. 1   Study flow diagram. CENTRAL Cochrane Central Register of Controlled Trials
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was associated with a higher rate of seizure freedom than 
placebo (ESM Table e-3).

Results of the network meta-analyses of efficacy out-
comes are shown in Figs. 2 and 3. All drugs were associ-
ated with higher efficacy than placebo for the achievement 
of seizure response. Pharmaceutical-grade cannabidiol was 
associated with a lower rate of seizure response than fen-
fluramine hydrochloride (OR 0.20, 95% CI 0.07–0.54) and 
stiripentol was associated with a higher seizure response 
rate than pharmaceutical-grade cannabidiol (OR 14.07, 
95% CI 2.57–76.87) (Fig. 2).

Stiripentol was the only drug associated with a higher 
rate of seizure freedom than placebo (OR 19.86, 95% 
CI 2.40–164.45); no statistically significant differences 
emerged in the comparisons between the different ASMs 
(Fig. 3). Confidence in the evidence for the efficacy out-
comes is summarized in ESM Appendix II.

Results by daily doses are shown in ESM Fig. e-2 and 
ESM Fig. e-3. The rates of seizure response were higher 
with fenfluramine hydrochloride 0.8 mg/kg/day than 0.2 mg/
kg/day (OR 3.32, 95% CI 1.32–8.37), and with stiripentol 
50 mg/kg/day than pharmaceutical-grade cannabidiol 10 
mg/kg/day (OR 15.64, 95% CI 2.69–90.92) and 20 mg/kg/
day (OR 13.47, 95% CI 2.44–74.39). Pharmaceutical-grade 
cannabidiol at dosages of 10 mg/kg/day (OR 0.08, 95% CI 
0.02–0.45) and 20 mg/kg/day (OR 0.10, 95% CI 0.02–0.50) 
was associated with a lower rate of seizure responder than 
fenfluramine hydrochloride 0.5 mg/kg/day; the treatment 
with pharmaceutical-grade cannabidiol at dosages of 10 mg/
kg/day (OR 0.14, 95% CI 0.04–0.53) and 20 mg/kg/day (OR 
0.16, 95% CI 0.05–0.57) was associated with a lower prob-
ability of seizure response than fenfluramine hydrochloride 
0.8 mg/kg/day (ESM Fig. e-2). There were no differences 
between the ASMs in the proportions of participants who 
reached seizure freedom (ESM Fig. e-3).

3.3 � Tolerability Outcomes

All RCTs provided data on the proportions of participants 
who discontinued treatment for any reason and for AEs. Data 
regarding the proportions of participants who experienced 
any AE and any serious AE were available for six and seven 
trials, respectively. ESM Fig. e-1 shows the network plots of 
treatment comparisons for the tolerability outcomes.

At the pairwise meta-analyses, pharmaceutical-grade 
cannabidiol was associated with higher rates of treatment 
discontinuation for any reason and for AEs than placebo. 
Fenfluramine hydrochloride and stiripentol were associated 
with a higher rate of AEs in comparison with placebo (ESM 
Table e-3).

Results of the network meta-analyses of tolerability 
outcomes are shown in Figs. 4, 5, 6, 7. Pharmaceutical-
grade cannabidiol was associated with higher rates of Ta
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treatment discontinuation for any reason (OR 3.49, 95% CI 
1.11–10.95) and for AEs (OR 5.18, 95% CI 1.15–23.23) 
than placebo, and stiripentol was associated with a lower 
probability of drug discontinuation for any reason than phar-
maceutical-grade cannabidiol (OR 0.08, 95% CI 0.01–0.61) 
(Figs. 4 and 5). Fenfluramine hydrochloride (OR 7.37, 
95% CI 2.52–21.59) and stiripentol (OR 121.18, 95% CI 
6.23–2356.89) were associated with a higher risk of experi-
encing AEs than placebo; pharmaceutical-grade cannabid-
iol was associated with a lower proportion of participants 
experiencing any AE than fenfluramine hydrochloride (OR 

0.22, 95% CI 0.06–0.78); and stiripentol had a higher risk of 
AE occurrence than pharmaceutical-grade cannabidiol (OR 
75.72, 95% CI 3.59–1598.58) (Fig. 6). There were no statis-
tically significant differences between the ASMs and placebo 
and across the individual ASMs in the risk of the occurrence 
of serious AEs (Fig. 7). Confidence in the evidence for the 
tolerability outcomes is summarized in ESM Appendix II.

Results by daily doses are shown in ESM Figs. e-4–7. 
Pharmaceutical-grade cannabidiol at a dosage of 20 mg/kg/
day was associated with a higher risk of treatment discontin-
uation than fenfluramine hydrochloride 0.2 mg/kg/day (OR 

Table 2   Characteristics of the study participants

Data are expressed as mean (SD) unless otherwise specified
ASMs antiseizure medications, CBD pharmaceutical-grade cannabidiol, FFA fenfluramine hydrochloride, IQR interquartile range, SD standard 
deviation, STP stiripentol
a The number of patients originally allocated to stiripentol was 22 but one patient was considered not evaluable as they were not compliant
b Median (range)
c Median (IQR)

Study Treatment arm No. of 
partici-
pants

Age, years Male sex, % No. of prior 
ASMs

No. of concomi-
tant ASMs

Baseline monthly 
convulsive seizures 
frequency

STICLO–France
[19]

Placebo 20 9.3 (4.9) 55.0 7.5 (2.9) Valproate and 
clobazam ongo-
ing drugs

18.5 (17.0)

STP: 50 mg/kg 21a 9.4 (4.0) 28.6 6.6 (2.5) Valproate and 
clobazam ongo-
ing drugs

17.9 (17.3)

STICLO–Italy
[20]

Placebo 11 8.7 (4.4) 83.3 – Valproate and 
clobazam ongo-
ing drugs

27.4 (28.6)

STP: 50 mg/kg 12 9.2 (3.6) 66.7 – Valproate and 
clobazam ongo-
ing drugs

33.6 (28.2)

GWPCARE1A 
[21]

Placebo 7 7.0 (0.9) 71.4 5 (1–5)b 2 (1–3)b –
CBD: 5 mg/kg 10 7.2 (1.9) 50.0 3 (0–11)b 3 (1–4)b –
CBD: 10 mg/kg 8 7.4 (2.1) 37.5 3.5 (0–5)b 3 (2–3)b –
CBD: 20 mg/kg 9 8.7 (1.8) 33.3 4 (2–8)b 3 (1–4)b –

GWPCARE1B 
[22]

Placebo 59 9.8 (4.8) 45.8 4 (0–14)b 3 (1–5)b 14.9 (7.0–36.0)c

CBD: 20 mg/kg 61 9.7 (4.7) 57.4 4 (0–26)b 3 (1–5)b 12.4 (6.2–28.0)c

GWPCARE2 [23] Placebo 65 9.6 (range 
2.2–18.1)

47.7 4 (0–11)b 3 (1–5)b 16.6 (7.0–51.1)c

CBD: 10 mg/kg 66 9.2 (range 
2.3–17.7)

40.9 4 (0–19)b 3 (1–5)b 13.5 (6.0–31.2)c

CBD: 20 mg/kg 67 9.3 (range 
2.2–18.9)

53.7 4 (0–11)b 3 (1–4)b 9.0 (6.3–21.2)c

Lagae et al., 2019 
[24]

Placebo 40 9.2 (5.1) 52.5 – 2.5 (0.9) 27.3 (3.3–147.3)c

FFA: 0.2 mg/kg 39 9.0 (4.5) 56.4 – 2.5 (1.1) 17.5 (4.7–623.5)c

FFA: 0.8 mg/kg 40 8.8 (4.4) 52.5 – 2.3 (0.9) 20.7 (4.8–124)c

Nabbout et al., 
2019 [25]

Placebo 44 9.4 (5.1) 61.4 – 3.4 (0.6) 10.7 (3–163)c

FFA: 0.5 mg/kg 43 8.8 (4.6) 53.5 – 3.7 (0.8) 14.0 (3–213)c

ELEKTRA [26] Placebo 25 8.8 (4.5) 56.0 – – 13.2 (23.9)
Soticlestat: ≤ 600 

mg
26 8.7 (3.9) 65.4 – – 13.8 (11.0)
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29.93, 95% CI 1.21–741.84), and stiripentol at a dosage of 
50 mg/kg/day was associated with a lower rate of treatment 
withdrawal than fenfluramine hydrochloride 0.5 mg/kg/day 
(OR 0.10, 95% CI 0.01–0.95) and pharmaceutical-grade 
cannabidiol 20 mg/kg/day (OR 0.07, 95% CI 0.01–0.53). 
The risk of occurrence of AEs was lower with pharmaceu-
tical-grade cannabidiol at a dosage of 10 mg/kg/day than 
with fenfluramine hydrochloride 0.2 mg/kg/day (OR 0.10, 
95% CI 0.02–0.63) and 0.8 mg/kg/day (OR 0.10, 95% CI 
0.02–0.61). Stiripentol administered at a dosage of 50 mg/

kg/day was associated with a higher rate of participants who 
experienced any AEs than fenfluramine hydrochloride 0.5 
mg/kg/day (OR 60.59, 95% CI 1.30–2821.73) and pharma-
ceutical-grade cannabidiol at dosages of 5 mg/kg/day (OR 
66.14, 95% CI 1.94–2252.18), 10 mg/kg/day (OR 118.91, 
95% CI 5.31–2663.41), and 20 mg/kg/day (OR 61.35, 95% 
CI 2.86–1315.81).

Fig. 2   Interval plot for the effi-
cacy outcome: seizure response. 
CBD pharmaceutical-grade 
cannabidiol, CI confidence 
interval, FFA fenfluramine 
hydrochloride, PBO placebo, 
STP stiripentol

Fig. 3   Interval plot for the effi-
cacy outcome: seizure freedom. 
CBD pharmaceutical-grade 
cannabidiol, CI confidence 
interval, FFA fenfluramine 
hydrochloride, PBO placebo, 
STP stiripentol
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3.4 � Global Functioning

Five trials reported data on the proportion of participants who 
had any improvement (slightly improved, much improved, 
or very much improved) from baseline in overall condition 
at the last visit according to C-CGIC (ESM Fig. e-1). At the 
pairwise meta-analyses, pharmaceutical-grade cannabidiol 
and fenfluramine hydrochloride were associated with higher 
rates of improvement at the C-CGIC than placebo (ESM 

Table e-3). The NMA did not identify differences between 
the ASMs (Fig. 8) and the different doses of the ASMs (ESM 
Fig. e-8) for the improvement observed at the C-CGIC. The 
confidence in the evidence for the outcome of global func-
tioning is summarized in ESM Appendix II.

Fig. 4   Interval plot for the toler-
ability outcome: discontinuation 
for any reason. CBD pharma-
ceutical-grade cannabidiol, CI 
confidence interval, FFA fen-
fluramine hydrochloride, PBO 
placebo, STP stiripentol

Fig. 5   Interval plot for the toler-
ability outcome: discontinua-
tion for adverse events. CBD 
pharmaceutical-grade cannabid-
iol, CI confidence interval, FFA 
fenfluramine hydrochloride, 
PBO placebo, STP stiripentol
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3.5 � Study Outcomes in Trials with a Maintenance 
Period of at Least 12 Weeks

Five RCTs had a maintenance period of 12 weeks or longer 
and were included in the secondary analyses [22–26]. Either 
pharmaceutical-grade cannabidiol, fenfluramine hydro-
chloride, or soticlestat were associated with higher rates of 
seizure response than placebo, and pharmaceutical-grade 

cannabidiol was associated with a lower probability of 
achieving the seizure response than fenfluramine hydro-
chloride (OR 0.20, 95% CI 0.07–0.54) [ESM Fig. e-9]. No 
differences were identified between the ASMs regarding the 
outcome of seizure freedom (ESM Fig. e-10).

Pharmaceutical-grade cannabidiol was associated with a 
higher risk of treatment discontinuation for any reason (OR 
3.98, 95% CI 1.17–13.59) [ESM Fig. e-11] and for AEs (OR 
7.51, 95% CI 1.36–41.48) [ESM Fig. e-12] than placebo. 

Fig. 6   Interval plot for the toler-
ability outcome: occurrence of 
adverse events. CBD pharma-
ceutical-grade cannabidiol, CI 
confidence interval, FFA fen-
fluramine hydrochloride, PBO 
placebo, STP stiripentol

Fig. 7   Interval plot for the toler-
ability outcome: occurrence of 
serious adverse events. CBD 
pharmaceutical-grade cannabid-
iol, CI confidence interval, FFA 
fenfluramine hydrochloride, 
PBO placebo, STP stiripentol
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Fenfluramine hydrochloride was associated with a higher 
risk of experiencing AEs than placebo (OR 7.37, 95% CI 
2.52–21.59) and pharmaceutical-grade cannabidiol had a 
lower risk of occurrence of AEs than fenfluramine hydro-
chloride (OR 0.25, 95% CI 0.07–0.91) [ESM Fig. e-13]. 
There were no differences between the interventions in the 
proportions of participants who experienced serious AEs 
(ESM Fig. e-14). Either pharmaceutical-grade cannabidiol 
or fenfluramine hydrochloride were associated with higher 
rates of improvement at the C-CGIC than placebo (ESM 
Fig. e-15).

4 � Discussion

There is high-quality evidence from randomized, placebo-
controlled trials about the efficacy of either stiripentol, 
pharmaceutical-grade cannabidiol, fenfluramine hydro-
chloride, or soticlestat as treatments for convulsive seizures 
associated with DS. Each of these drugs acts by different 
mechanisms of action. The antiseizure activities of canna-
bidiol are mainly due to the inhibition of the reuptake of 
adenosine and modulation of the Ca2+ intracellular levels by 
inhibiting the G-protein-coupled receptor GPR55, desensi-
tizing the transient receptor channel TRPV1 and modulat-
ing the M-current of Kv7.2/7.3 [29, 30]. Fenfluramine has a 
multimodal mechanism of action enhancing serotoninergic 

transmission both directly by acting as an agonist of 5-HT1D, 
5-HT2A, and 5-HT2C, and indirectly by increasing extracel-
lular serotonin, while it also positively modulates σ-1 recep-
tors [31–34]. Stiripentol potentiates the GABAergic trans-
mission by inhibiting the synaptosomal uptake of GABA 
and/or GABA transaminase and by acting as a positive 
allosteric modulator of GABAA receptors at a site that is 
different from benzodiazepines [27] or inhibiting spike-
and-wave discharges by targeting T-type calcium channels 
[35]. Moreover, stiripentol potentiates the efficacy of other 
ASMs such as clobazam, sodium valproate, phenobarbi-
tal, carbamazepine, and phenytoin through the metabolic 
inhibition of several isoenzymes, in particular cytochrome 
P450 (CYP) 2C19 and CYP3A4 [27]. Soticlestat is a selec-
tive inhibitor of cholesterol 24-hydroxylase, which plays a 
role in the homeostasis of cholesterol in the brain [36]. The 
reduction in the levels of 24S-hydroxycholesterol induced by 
soticlestat treatment has been shown to decrease glutamater-
gic signaling via multimodal mechanisms and potentially 
reduce inflammation, which may affect seizure susceptibility 
[36]. The NMA suggested that fenfluramine hydrochloride 
may have greater efficacy than pharmaceutical-grade canna-
bidiol in the reduction of convulsive seizure frequency, and 
fenfluramine hydrochloride at dosages of 0.5 and 0.8 mg/
kg/day was associated with a higher probability of seizure 
response than pharmaceutical-grade cannabidiol at either the 
daily dosages of 10 or 20 mg/kg/day. Interestingly, physi-
cians who participated in the international consensus on the 

Fig. 8   Interval plot for the 
global functioning outcome: 
improvement at caregiver-
reported Clinical Global 
Impression of Change. CBD 
pharmaceutical-grade cannabid-
iol, CI confidence interval, FFA 
fenfluramine hydrochloride, 
PBO placebo
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management of DS perceived fenfluramine hydrochloride 
as the most efficacious maintenance medication for focal or 
generalized convulsive seizures, and 84% of them believed 
it should be used as a first or second line [4].

Differences can be identified in the tolerability profiles 
of the ASMs. The AEs most frequently encountered in 
clinical trials with the use of pharmaceutical-grade canna-
bidiol included somnolence, decreased appetite, and diar-
rhea [21–23, 37]. The rate of somnolence was higher when 
cannabidiol was coadministered with clobazam, likely due 
to the pharmacokinetic interaction that leads to an increase 
in the serum levels of clobazam and its active metabolite. 
Elevation in the concentrations of transaminases by threefold 
or more of the upper limit of the normal range occurred in 
approximately 15% of the participants randomized to phar-
maceutical-grade cannabidiol and was the main cause for 
treatment discontinuation [21–23]. Importantly, in all cases, 
laboratory abnormalities reversed either spontaneously, 
when the dose of a concomitant ASM was decreased, or 
when pharmaceutical-grade cannabidiol was tapered or dis-
continued. The concomitant administration of valproic acid 
and high levels of transaminases at baseline can increase the 
risk of hepatotoxicity, which usually develops during the 
first 30 days and rarely after 100 days of pharmaceutical-
grade cannabidiol use [38].

The non-cardiovascular AEs associated with fenflu-
ramine hydrochloride treatment during the clinical trials 
were decreased appetite, diarrhea, fatigue, and weight loss 
[24, 25, 39]. Fenfluramine was originally developed as an 
anorectic drug, and decreased appetite represented the most 
common AE. Clinically meaningful weight loss, defined as 
a loss above 7% of body weight, occurred in around 5–20% 
of participants randomized to fenfluramine hydrochloride 
and up to 5% of participants randomized to placebo; of note, 
weight loss did not result in treatment withdrawal in any 
case [24, 25, 39]. Regarding the cardiovascular safety of 
fenfluramine hydrochloride, the echocardiographic monitor-
ing during the trials did not identify pathological functional 
changes in cardiac valves and no signs of pulmonary arterial 
hypertension in any participant at any time [24, 25]; how-
ever, it is worth noting the short observation period in RCTs.

The main AEs associated with the addition of stiripentol 
in STICLO trials were somnolence, decreased appetite, and 
decreased weight [19, 27], and in some cases, these AEs 
disappeared after the decrease in the dose of comedications 
as planned by the protocol. During the treatment period, 
an adjustment in sodium valproate and clobazam dose was 
allowed: the sodium valproate dose could be decreased by 
10 mg/kg/day in the event of a severe decrease in appetite or 
weight loss, and clobazam dose could be decreased by 25% 
(and then an additional 25% if the AE persists) in the case of 
drowsiness or hyperexcitability [19, 27]. Hematological AEs 

observed in the STICLO studies included declining neutro-
phil and platelet counts. Furthermore, blood counts should 
be assessed before starting treatment with stiripentol and 
checked every 6 months unless otherwise clinically indicated 
[40]. In the trial of soticlestat included in this NMA, lethargy 
and constipation were the only AEs that occurred, with a dif-
ference of ≥ 5% compared with placebo in the pooled cohort 
of participants with DS and Lennox–Gastaut syndrome; no 
details were available for the AEs that developed in the DS 
population only [26]. In a phase Ib/IIa randomized, double-
blind, placebo-controlled trial of soticlestat in adults with 
developmental and epileptic encephalopathies, the only non-
serious AEs that occurred in more than one participant in the 
soticlestat group were dysarthria, lethargy, upper respiratory 
tract infection, fatigue, and headache. Of these, fatigue and 
headache were each reported in one placebo-treated partici-
pant. Although the trial included one individual with DS, 
no details about the tolerability were provided according to 
the diagnoses of participants [41]. The NMA suggested that 
pharmaceutical-grade cannabidiol could be better tolerated 
than stiripentol, and pharmaceutical-grade cannabidiol at a 
dosage of 10 mg/kg/day was associated with a lower pro-
portion of participants experiencing AEs than fenfluramine 
hydrochloride.

Considerations are required according to known and 
potential drug–drug interactions, which can significantly 
influence the efficacy and tolerability profiles of ASMs. 
Stiripentol is known to inhibit CYP2C19, CYP3A4, 
CYP2D6, and likely other enzymes, leading to an increase 
in the plasma levels of several drugs [40]. The combination 
of stiripentol with clobazam, which leads to increased levels 
of clobazam and its active metabolite N-desmethylclobazam, 
represents a mainstay of DS treatment. Stiripentol also inhib-
its the metabolism of fenfluramine hydrochloride and leads 
to an increase in the plasma concentrations of the latter; 
this interaction has imposed a limitation on the maximum 
fenfluramine hydrochloride dose to be used when combined 
with stiripentol to reduce the risk of adverse effects [42]. 
Of note, the use of fenfluramine hydrochloride at a dosage 
of 0.5 mg/kg/day relied on the use of concomitant stiripen-
tol (plus valproate or clobazam, at a minimum), which is 
known to increase fenfluramine plasma levels, as an entry 
criterion to the trial [25]. Pharmaceutical-grade cannabidiol 
can both induce and inhibit several enzymes involved in the 
metabolism of drugs and cause drug–drug interactions. By 
inhibiting the catalytic activity of CYP2C19, cannabidiol 
determines a two- to fourfold increase in plasma concentra-
tions of N-desmethylclobazam [21, 43, 44]. An interaction 
also exists with fenfluramine hydrochloride, whose levels are 
increased by the concomitant use of cannabidiol; however, 
dose adjustments are unlikely to be required and there are 
no restrictions in the concomitant use of these two drugs 



Pharmacotherapy for Dravet Syndrome

[42]. Of note, the potential impact of the interaction between 
fenfluramine and cannabidiol was not explored in the RCTs 
as people taking cannabidiol were excluded. Fenfluramine 
is reported to induce CYP3A4 and CYP2B6 and minimally 
inhibit CYP2D6, suggesting potential interactions with other 
drugs [42].

This systematic review represents a comprehensive analy-
sis of the currently available evidence from RCTs regarding 
the ASMs for treating convulsive seizures in DS. It performs 
a comparative assessment of the efficacy and tolerability of 
the different drugs and considers additional outcomes and 
subgroup analyses compared with prior work in the literature 
[5]. The results by daily doses may provide clinically useful 
information, and the subgroup analyses of trials with a main-
tenance phase of at least 12 weeks may minimize the risk to 
assess effects that are short-lasting [18]. However, some lim-
its need to be considered in the interpretation of the results. 
Only one single RCT of soticlestat was included and some of 
the estimates were associated with wide CIs. Furthermore, 
data regarding AEs associated with soticlestat were only 
available for the pooled population of participants with DS 
and Lennox–Gastaut syndrome and could not be considered 
in the NMA. In this regard, a global trial testing soticlestat 
as add-on therapy in a larger cohort of people with DS is 
ongoing and is expected to enrol approximately 142 partici-
pants worldwide (ClinicalTrials.gov: NCT04940624). Rand-
omized, controlled trials were available for pharmaceutical-
grade CBD oral solution, and results cannot be translated 
to other cannabis-based or non-purified products. The low 
rates of seizure-free individuals across the trials may have 
hampered the likelihood to reach a statistical power adequate 
to detect differences between the interventions and led to 
extreme results due to the imprecision and uncertainty. None 
of the included trials were rated as having a high risk of bias, 
but pharmaceutical companies sponsored all of them. Some 
differences in the characteristics of studies and populations 
as well as the broad interpretation and different definition of 
‘convulsive seizures’ across the trials need to be acknowl-
edged. The general shortcomings of the clinical trials, such 
as their short duration, may also limit the external validity 
of the findings. A further overall weakness of the RCTs is 
that they have all been conducted in children and did not 
include adults with DS. Real-life and cost-effectiveness data 
will complement the current evidence and better clarify the 
therapeutic potentialities and positioning of these ASMs.

5 � Conclusion

According to the practical guides, valproic acid and 
clobazam represent the first-line drugs for treating DS, 
although no randomized, placebo-controlled studies have 
specifically investigated these medications in people with 

this developmental and epileptic encephalopathy [45]. 
Nowadays, there exists first-class evidence that documents 
the efficacy and tolerability of stiripentol, pharmaceutical-
grade cannabidiol, fenfluramine hydrochloride, and soticles-
tat for the treatment of seizures associated with DS, and 
allows physicians to have reliable data and discuss with the 
caregivers of people with DS about the expected outcomes 
regarding seizure frequency reduction and tolerability pro-
files. Three of these drugs have already been approved by 
regulatory agencies, and the demonstrated efficacy may sup-
port their earlier use in the treatment paradigm [4]. Although 
only head-to-head trials may draw definitive evidence about 
how one drug compares with the others, similar studies are 
unlikely to be conducted. In this scenario, NMAs can offer 
reliable cues to decipher the comparative efficacy and tol-
erability of ASMs and inform evidence-based healthcare 
decision making [46–49]. The indirect comparative analyses 
suggested fenfluramine hydrochloride and stiripentol to be 
more efficacious therapeutic options than pharmaceutical-
grade cannabidiol, and pharmaceutical-grade cannabidiol to 
be overall better tolerated than stiripentol and fenfluramine 
hydrochloride. These data support the recently proposed 
therapeutic algorithm, which considers fenfluramine hydro-
chloride and stiripentol as first- or second-line and phar-
maceutical-grade cannabidiol as third-line maintenance 
therapies for seizures due to DS [4]. Importantly, treatment 
needs to be individualized on a case-by-case basis and the 
selection of the drug for any person with DS should rely on 
an evidence-based framework, integrating the best available 
evidence for efficacy and tolerability, risk of drug interac-
tions, presence of comorbidities, and preferences of the car-
egivers [4, 51].

New options are under development for the treatment 
of DS. Randomized trials to investigate serotonin modula-
tors such as clemizole (ClinicalTrials.gov: NCT04462770), 
lorcaserin (ClinicalTrials.gov: NCT04572243), and LP352 
(ClinicalTrials.gov: NCT05364021) are recruiting par-
ticipants. Furthermore, strategies targeting the underlying 
cause of DS, such as antisense oligonucleotides [50] and 
gene therapy (ClinicalTrials.gov: NCT05419492) are on 
the horizon. Although current treatments focused mainly 
on seizure reduction, non-seizure-related comorbidities 
should also be addressed. Disease-modifying therapies that 
can interfere with the neurobiological process of the disease 
may have favorable impacts on the overall quality of life 
for both people with DS and caregivers. Functional analy-
sis for evaluating the consequences of pathogenic variants 
may also be relevant to tailor the appropriate treatment [52]. 
Finally, the research activity and progress for DS may lead 
to further advances in the treatment of other genetic epilepsy 
syndromes and developmental epileptic encephalopathies.
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