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Abstract

Status epilepticus (SE) is a life-threatening emergency with high morbidity and
mortality. In people with epilepsy, the management of SE is focused on early
medical treatment. Stiripentol is a third-generation antiseizure medication
(ASM) approved for refractory generalized tonic—clonic seizures in Dravet syn-
drome. The aim of this systematic review was to evaluate the effectiveness and
safety of stiripentol in reducing the incidence of SE in patients with Dravet syn-
drome or any epilepsy characterized by recurrent SE. The PubMed and Cochrane
databases were systematically searched, and gray literature was hand-searched.
Search results were screened by title and abstract; studies with data on the effect
of stiripentol on SE outcomes, including the cessation of SE, reduction in num-
ber of SE episodes, or reduction in hospitalizations, were included. Of 66 records
identified, 17 studies were eligible for inclusion, of which 15 were human studies
(n=474; aged 1.1-78years), and two were animal experiments. Results of retro-
spective or prospective observational studies showed that stiripentol as add-on
therapy to ASMs such as clobazam or valproate reduced the incidence of SE in
patients with Dravet syndrome or other developmental and epileptic encepha-
lopathies (DEEs). A mean of 68% of patients (range 41%-100%) had a >50% reduc-
tion in SE episodes from baseline, and 26%-100% of patients (mean 77%) became
SE-free after stiripentol initiation. Moreover, this review found stiripentol, used
as acute treatment, may also be effective for the cessation of super-refractory SE,
but data are limited to three retrospective case series. Stiripentol was generally
well-tolerated. In conclusion, stiripentol reduces the incidence of SE episodes in
patients with Dravet syndrome and potentially other DEEs, and it promotes ces-
sation of super-refractory SE in patients with and without a history of seizures.
Plain Language Summary: Status epilepticus (SE) is a life-threatening, long-
lasting seizure occurring in patients with/without epilepsy. This article analyzed
15 published studies that investigated the effects and safety of the anti-seizure
medication stiripentol for preventing SE in epilepsy patients (prevention) or stop-
ping an SE episode (cessation), and two animal studies that investigated how
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1 | INTRODUCTION

Status epilepticus (SE) is a condition resulting either
from the failure of the mechanisms responsible for sei-
zure termination or from the initiation of mechanisms,
which lead to abnormally prolonged seizures." The
annual incidence of SE in Europe is 9-36 per 100000
adults,” and globally, 1-74 per 100000 adults® and 18-23
per 100000 children.*?

Approximately 40% of patients with SE have a history of
epilepsy.” The incidence of SE is relatively high in individ-
uals with developmental and epileptic encephalopathies
(DEEs) such as Dravet syndrome and Lennox-Gastaut
syndrome."*° Convulsive SE occurs in 47% of patients
overall with genetic DEEs, and in 89% of patients with
Dravet syndrome.® Nearly 50% of children with Dravet
syndrome aged <2years have frequent SE episodes.”!!
While the burden of SE is highest in early childhood, the
risk of SE persists into adulthood."?

SE can be a serious and life-threatening condition,
and mortality may be as high as 30%-39%.>'* In children,
SE can lead to significant motor disability and severe cog-
nitive disability.'>'® In a study of SE in infants and children
(n=339), 11% of patients died, 37% developed permanent
neurologic sequelae, and 48% developed intellectual dis-
ability."* Among patients with Dravet syndrome, SE is the
second most common cause of death,'” with 25%-42% of
deaths attributed to SEIS; the risk of death due to SE is
particularly high in early childhood.'* Moreover, the man-
agement of SE poses a considerable economic burden on
patients and healthcare systems,"*** mainly due to the re-
quirement for multiple antiseizure medications (ASMs),
and frequent hospitalizations and intensive care unit
admissions.”

To reduce mortality and morbidity associated with
SE, therapeutic intervention aims to prevent SE (SE
prevention), and once diagnosed, to rapidly terminate
epileptic activity (SE cessation). For SE cessation, ben-
zodiazepines are used as standard first-line treatment,
but treatment resistance is common (36% of patients
with convulsive SE), requiring the use of additional
ASMs.”** If the seizures continue despite first-line

stiripentol works. In epilepsy patients, stiripentol halved the number of SE epi-
sodes in 41-100% of patients, 26-100% of patients became SE-free, and stiripentol
was considered to be well tolerated. In patients with/without epilepsy, stiripentol
may stop the SE episode after other drugs like anesthetics have not worked.

acute seizures, antiseizure medication, developmental and epileptic encephalopathy, Dravet
syndrome, hospitalization, morbidity

Key points

« Stiripentol prevents status epilepticus (SE) in
patients with Dravet syndrome or other devel-
opmental and epileptic encephalopathies.

« This systematic literature review shows that al-
most 80% of patients suffering from SE become
SE-free after stiripentol initiation.

+ Stiripentol may also be effective for the termi-
nation of active super-refractory SE in patients
with and without a history of seizures.

« Stiripentol is generally well-tolerated when
used for the prevention and cessation of SE.

benzodiazepines and second-line intravenous ASMs
(e.g., levetiracetam or valproic acid), the SE is consid-
ered refractory to treatment and requires management
in the intensive care unit.** Super-refractory SE occurs
when the SE persists for >24h after treatment with
third-line agents (e.g., anesthetic drugs, midazolam,
thiopental, and ketamine) or recurs after withdrawal or
reduction in third-line agents.** Super-refractory SE is
associated with high morbidity and mortality and con-
siderable healthcare resource use and costs,”* and as
such represents an unmet clinical need.

Stiripentol is a third-generation ASM with a
unique molecular structure.”*” Stiripentol is a pos-
itive allosteric modulator of gamma-aminobutyric
acid (GABA)-A receptors® but does not interact with
benzodiazepine binding sites at these receptors be-
cause of different subunit dependence (Figure 1).%
Given the pharmacodynamic profile of stiripentol rel-
ative to benzodiazepines,”®° stiripentol is hypothe-
sized to be effective in the treatment of SE, including
benzodiazepine-refractory SE, and preclinical data sup-
port this hypothesis.*’ Additionally, stiripentol has a
neuroprotective effect against neuronal injury caused
by prolonged SE, which may help reduce the neurologic
consequences of prolonged SE.** Stiripentol is currently
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FIGURE 1 Mechanisms of action and biological properties of stiripentol (STP). (1) STP is a positive allosteric modulation of gamma-

aminobutyric acid (GABA), receptors,”?

targeting both y-containing (synaptic receptors) and 8-containing (extra-synaptic receptors)

receptor subunits; (2) STP inhibits T-type calcium channels: Cav3.1, 3.2 and 3.3%; and (3) STP has a neuroprotective effect by reducing
the neuronal injury due to prolonged status epilepticus (SE).>> AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid; BZDs,

benzodiazepines; R, receptor. Created with BioRender.com.

approved as an add-on therapy in patients with Dravet
syndrome: in combination with clobazam and val-
proate for refractory generalized tonic-clonic seizures
in Europe®’; and in combination with clobazam for the
treatment of seizures in individuals aged >6 months of
age who weigh >7kg in the United States.**

Real-world evidence suggests the effectiveness of
stiripentol in the prevention of SE in patients with
Dravet syndrome® and to terminate SE.* Thus, we aimed
to review preclinical and clinical evidence describing
stiripentol for the cessation of SE (including refractory or
super-refractory SE), and for the prevention of SE in pa-
tients with epilepsy syndromes predominantly associated
with SE, such as Dravet syndrome and other DEE:s.

2 | MATERIALS AND METHODS

The text of this review follows the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines.*®

2.1 | Study selection criteria and search
strategy

Studies were included if they reported data regarding
the efficacy of stiripentol as treatment for the cessation
of SE (including refractory or super-refractory SE), or as
treatment of epilepsy syndromes predominantly associ-
ated with SE; SE-related outcomes had to be reported
(e.g., cessation of the seizure, reduction in the frequency
or duration of SE). The same inclusion/exclusion cri-
teria were applied to human and animal studies alike.
Reviews and commentaries/editorials were excluded
from our data review, but if relevant were used to dis-
cuss our findings.

To identify studies for inclusion, we conducted an elec-
tronic literature search of the Cochrane Library (Wiley)
and MEDLINE (access through PubMed [NLM]), using
the search terms ‘stiripentol’ and ‘status epilepticus’ in
all article fields and the BOOLEAN operator ‘AND’ (i.e.,
“(stiripentol) AND (status epilepticus)”) without restric-
tions on year or language. The last update search was
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conducted on September 14, 2023. Backward citation
searching was also conducted manually by inspecting
the reference list of published articles identified in the
search.

Abstract books (gray literature) of relevant academic
congresses/meetings were hand searched for the term
“stiripentol” and then in the selected abstracts, for “sta-
tus epilepticus.” Only meetings between July 2007 and
September 2023 were included in the search, since
stiripentol was first approved in Europe in 2007.*” The last
search for full publications of any studies identified from
meeting abstracts was conducted on October 25, 2023.

The electronic search results were entered into
EndNote X7 (Thomson Reuters) reference management
software for systematic and manual removal of duplicates
if necessary. For the abstracts, the review for duplicates
was done manually; those with a later publication in a sci-
entific journal were discarded.

Initial screening of titles and abstracts was conducted
to identify potentially relevant records according to the
study inclusion/exclusion criteria, and the full text was
then obtained to re-apply these criteria. Literature search-
ing and filtering were undertaken by two independent re-
viewers, and any disagreement was resolved via one of the
authors, if required.

2.2 | Data extraction

The following data were extracted from studies selected
for inclusion in this review: population, disease, SE
(definition, type, and duration before stiripentol treat-
ment), stiripentol dosage regimen, prior medications,
concomitant medications, efficacy outcomes (SE cessa-
tion when stiripentol was used to induce cessation of SE,
and reduction in frequency/duration of SE episodes when
used to treat epilepsy syndromes), hospitalizations (inci-
dence), and safety (adverse events [AEs] and treatment
modifications).

2.3 | Outcomes and data analysis

The primary outcomes were as follows:

« the efficacy of stiripentol when administered as treat-
ment for the cessation of SE;

« the efficacy of stiripentol when administered as treat-
ment to reduce SE episodes in any epilepsy syndrome
associated with predominant SE;

« the impact of SE treatment on hospitalization rate; and

« the AEs reported during treatment with stiripentol.

An additional exploratory outcome was treatment
modifications.

The heterogeneity of study design and outcomes, the
clinical characteristics of patient populations, and the
reporting of SE outcomes precluded meta-analysis (sep-
arately) of the human and animal data. Thus, studies and
outcomes are described qualitatively below.

3 | RESULTS

Of 66 records identified from electronic database searches,
35 records were excluded after screening of the titles and
abstracts and 31 records were selected for in-depth review
(Figure 2). Sixteen records were excluded after full-text
review because there were no data on SE outcomes after
stiripentol treatment. Twenty-seven abstracts of potential
interest were identified from the proceedings of academic
conferences, of which two were duplicates and nine had
been subsequently published in full (Figure 2). Of the 16
remaining congress abstracts, only two met the study in-
clusion/exclusion criteria, of which one was found to be
fully published during an ad hoc search in October 2023.

Seventeen studies were included in this review: two
were animal studies,**? and 15 were studies in hu-
mans.'*3*"% Results for one human study were available
only as a congress abstract.*’

3.1 | Animal study characteristics and
outcomes

Both studies used rodent models of SE, where SE was
pharmacologically-induced = by  lithium-pilocarpine
(Table 1).*"%

Stiripentol stopped SE when administered at the onset
of behavioral seizures (e.g., twitching, head nodding, re-
petitive chewing, immobility and forelimb clonus with-
out rearing)’! and reduced the incidence and latency of
SE in rodents treated 1h before induction of SE.** The
latter paper also revealed that stiripentol had neuropro-
tective effects against neuronal injury due to prolonged
SE. Stiripentol was more effective in younger than older
animals in both studies.*"** Stiripentol remained effective
during prolonged SE (more than 45min), when seizures
had become resistant to benzodiazepine treatment.*!

3.2 | Human studies

Fifteen studies in humans were included for analysis
(Figure 2). A total of 474 individuals were included in the
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[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
66 records identified (last search at 14 Sep 27 records identified from grey literature
c 2023) AES (n =15)
S PubMed (n = 62)* EEC(n=3)
=]
é Cochrane (n =4) EPNS (n = 4)
E-] IEC (n=2)
o London-Innsbruck Colloquium on Status
- Epilepticus and Acute Seizures (n = 2)
WCN (n=1)
) 1 record excluded
(PubMed e-publication duplicate)
65 records screened
34 records excluded on basis of title and 11 records excluded:
abstract —> Duplicates removed (n =2)
d Reviews (n = 27) Published in full (n = 9)**
'g Editorial (n=1)
[ Consensus guidelines (n = 1)
a Other (n=5)
31 full text records assessed for eligibility 16 records assessed for eligibility
16 records excluded H lr\liccs)rdei:iiit:ciiuadt:ﬁn SE outcomes after
(no specific data on SE outcomes after — P
STP treatment (n = 12)
J STP treatment) )
p— Reviews (n =2)
17 studies included***
® Clinical human studies
3 (n=15)
E Experimental models
L Lw=2
FIGURE 2 PRISMA flow chart. *Three articles found in PubMed were also found in the Cochrane search but are included here only in

the PubMed search result; **One study was originally identified from the gray literature search but the full publication was later identified
(Chiron et al. 2023%); ***Of which 16 were full publications and one was available only as a congress abstract (Chen et al. 2018 presented
at AES 2018%%). One of the full publications (Gil-Nagel et al. 2023**) was originally identified in the hand search of congress abstracts. AES,
American Epilepsy Society; EEC, European Epilepsy Congress; EPNSC, European Pediatric Neurology Society Congress; IEC, International
Epilepsy Congress; SE, status epilepticus; STP, stiripentol; WCN, World Congress of Neurology.

human studies (aged 1.1-78 years). Twelve studies inves-
tigated stiripentol treatment for DEEs (Dravet syndrome
in 11/12 studies): One was a case 1report,38 two were case
series,38’40’50 one was a cross-sectional study,42 Six were
retrospective studies,*>*>**3464° and two were prospec-
tive studies'"* (Table 2). Three studies investigated stirip-
entol for the cessation of super-refractory SE, including a
case report and two case series.*>*"*

Out of the 12 studies, 10 included patients with
Dravet syndrome,11’35’39"42"“"46’49’50 one included pa-
tients with Dravet syndrome and other DEES,43 and one
study (a case series) included patients with SLC13A5-
related DEEs*® (Table 2). Overall, most patients in these
12 studies were pediatric patients at the time stiripentol
treatment was initiated (Table 2; Figure 3). Most study
participants had previously received numerous ASMs
(range 1-15) (Table 2).

In the three studies of patients (n=11) treated with
stiripentol to stop SE (acute treatment), all patients
were adults who had previously received multiple
ASMs (Table 2).*>*"* In the case report from Japan,
seizure history was not reported, although the patient
was diagnosed with anti-N-methyl-D-aspartate recep-
tor (NMDAR) encephalitis.*’ In the two case series of
patients requiring SE cessation, no patients had Dravet

syndrome, four of 10 (40%) patients had a history of
seizures,*** and the clinical diagnoses were encephali-
tis,"** congenital hemimegalencephaly, remote hemor-
rhage or remote ischemia.*

3.3 | Human study outcomes
3.3.1 | Prevention of SE in epilepsy
syndromes with stiripentol

A reduction in SE events after stiripentol initiation was re-
ported in >26% of patients with Dravet syndrome or DEEs
(Table 3),1:3538-4043.449649 34 the percentage of patients
with a >50% reduction in SE from baseline varied between
41% and 100% (Figure 3A).'"*>* Additionally, between
26% and 100% of patients became SE-free after starting
stiripentol treatment (Figure 3B, excluding data from
Inoue et al. 2009 where SE and seizure clustering results
were reported together, and Alhakeem et al. 2018 where
patient age was not reported).

A retrospective study including 82 patients with
Dravet syndrome (Wirrell et al.*’) reported results by
concomitant ASM: The proportion of patients with
SE decreased from 54% in the year prior to stiripentol
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Experimental evidence (pre-clinical data) published regarding the use of stiripentol for status epilepticus (SE) cessation.

TABLE 1

Outcomes

Stiripentol treatment

Population

Experimental model

Reference

« Reduced the incidence of SE at 350 mg/kg

150, 250, or 350 mg/kg, 1 h before

experiments

Wistar rats aged 75days
(‘mature brain’) or 21 days

(‘immature brain’)

Lithium-pilocarpine model

of SE

Auvin et al. (2013)*

only in the immature brain
+ Delayed the occurrence of SE at both ages (at

a dose of 250 mg/kg in the immature brain

and 350 mg/kg in the mature brain)
+ Reduced the level of SE-induced cell injury in

the hippocampus

o SE cessation with median effective dose of

10-1000 mg/kg at the onset of stage 3
behavioral convulsions (brief SE)

Lithium-pilocarpine model Young and adult (15-23 or
of SE

Grosenbaugh & Mott

(2013)*!

100 mg/kg in young animals vs 377 mg/kg in

adult animals
« Effectiveness also observed in SE resistant to

57-63 day-old) male Sprague-

Dawley rats

SPECCHIO ET AL.

DZP (i.e., prolonged SE) with similar effective

doses

Abbreviations: DZP, diazepam; h, hour.

treatment initiation to 3%, 20%, and 10% after receiving
stiripentol plus clobazam, stiripentol plus valproate, or
stiripentol plus clobazam and valproate, respectively.
All patients who received stiripentol as add-on therapy
to ASMs (excluding those who received the drug in com-
bination with clobazam and valproate; a small group
of only six patients) had no further SE after starting
stiripentol.*

The duration of follow-up for assessing the effect of
stiripentol treatment (i.e., stiripentol treatment duration)
varied widely across studies, from 4 to 42 months to up to
18years (Table 3). The effectiveness of stiripentol in re-
ducing SE was seen over the long term, with a possible
association with age at treatment initiation. In a cross-
sectional study, the majority of patients received the triple
combination of stiripentol plus clobazam and valproate
for ~10years (43/53 patients [81%]), and all except 2 of the
52 patients in the overall population experienced seizure
duration of <5min.** In the prospective observational
study by Myers et al., 27 of the 41 patients included in the
study had SE in the 3 months prior to starting stiripentol;
11 of these 27 patients (41%) experienced a reduction from
the time of stiripentol initiation of at least 50% in SE event
frequency over a median treatment duration of 3years
(range 2months to 12years); a reduction of >290% was seen
in 9/27 (33%) patients.11 While the median age at which
stiripentol was initiated in these 27 patients was not re-
ported, the youngest was aged 11 months and the eldest
22years."" Long-term data revealed a sustained reduction
in convulsive SE frequency in the study by Thanh et al.,
especially in those patients starting stiripentol before the
age of 2years.* The greatest reduction was observed in
the youngest patients.*® This age-dependent effect was
also observed in an open-label multicenter study by Inoue
et al., in which the frequency of SE decreased in 5/15 pa-
tients who started stiripentol between the age of 1 and
8years (median 3years) versus 1/8 patients who started
between the age of 13 and 22years (median 19years).** In
one of the largest studies to date (n=131), that collected
data across a 30-year time period from patients treated
with stiripentol, and followed up, for different durations,
but in whom stiripentol treatment was initiated prior to
the age of 2years.* Sixty-one percent of patients experi-
enced a>50% reduction in SE events over the short term
(median of 4months after treatment initiation), and this
benefit improved as treatment continued, with 71% being
responders a median of 2years after treatment initiation
(Table 3).* Notably, this study defined SE as seizures last-
ing >30min.

Two studies reported a reduction in the duration of SE
with stiripentol (Table 3).**’ One of these studies reported
only that the duration of SE was reduced in 2/5 patients.*
In the other (abovementioned Wirrell et al. study*’), the
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The effectiveness of stiripentol (STP) for the treatment of Dravet syndrome (DS) or non-DS developmental and epileptic

encephalopathies by patient age shown as (A) the proportion of patients with a >50% reduction in frequency of status epilepticus (SE) and

(B) the proportion of patients who became SE-free (100% reduction).!»3>3943464950 Age was plotted using log,, median values, except for

the following studies (where log,, mean values were used): Balestrini & Sisodiya 2017,% Chen et al. 2018 (mean age was derived from the

range reported in the original publication),*’ De Liso et al. 2016,*? and Yildiz et al. 2019°° (also see Table 2). Age was recorded at the time

of stiripentol treatment initiation in six studies'!**+!~434°

and at baseline/study entry (unless specified otherwise) in five studies.

35,40,46,50

Age data from Gil-Nagel et al. 2023*® are reported in this figure separately for patients with DS versus those with non-DS developmental

and epileptic encephalopathies (versus in Table 3, where age data are presented for all patients in this study). The first author, year of

publication, and number of patients are shown below the x-axis. Data are only for those patients who had SE prior to STP initiation (i.e., not

necessarily the total number of patients in the study). The mean proportions of (A) 68% and (B) 77% were hand calculated (total number of
patients (A) with >50% SE reduction or (B) SE-free divided by the total number of patients presenting with SE before STP treatment). Data
from Chiron et al. 2018*! are reported for visit 3 (V3) and from Chiron et al. 2023* for the long-term (LT) follow-up time point. Data from

Inoue et al. 2009,* where SE and seizure clustering results were reported together, and from Alhakeem et al. 2018, where patient age was

not reported, are excluded from this figure. In (B), SE-free data from Wirrell et al. 2013*° included in this figure were hand calculated based

on data reported by treatment subgroup in the original publication (see Table 3). *Data are available only as an abstract.*” N.R., not reported.

mean duration of the longest SE event in the year prior
to stiripentol initiation was 186 min, and this was reduced
to 60-105min after stiripentol initiation among patients
also treated with clobazam or valproate.*’ SE duration was
201 min after stiripentol initiation in the group receiving
both clobazam and valproate.*’

Most studies reported that at least some patients no
longer experienced SE after starting stiripentol treatment
(Table 3).1135:38-414344:4649.50 1) three studies, all patients
became SE-free (i.e., 100% of patients): 37/37 patients
at their last follow-up in adulthood in patients who had
started stiripentol in childhood or adolescence,* 6/6 chil-
dren after 6 months’ stiripentol treatment in the subgroup
who received other ASMs (but not valproate or cloba-
zam),49 and 3/3 patients in a case series.*®

Stiripentol was administered in doses from 20 to 50 mg/
kg/day in combination with at least one other ASM, usu-
ally valproate and/or clobazam (Table 3). Treatment with

stiripentol was maintained for long periods of time—usu-
ally more than 2years. The longest duration of treatment
was that reported by Chiron and colleagues,*’ a median
of 18years. Moreover, treatment with stiripentol allowed
for a reduction in the number of ASMs used to control sei-
zures. For example, in the Gil-Nagel et al. study, 16.7% of
patients discontinued at least one ASM, and 9.2% discon-
tinued at least two ASMs.*

Few studies reported stiripentol effectiveness in rela-
tion to emergency department (ED) visits and/or hospital
admission (Table S2).*>**** Two small studies reported
that after starting stiripentol, no patients attended ED
or were admitted to hospital.***° In the two larger stud-
ies,*>* the frequency of ED visits/hospital admissions de-
creased during stiripentol treatment. One of these studies
also reported rescue medication use,49 noting a reduction
in frequency of rescue medication use of between 50% and
100% (Table S2).
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3.3.2 | Acute treatment of SE with
stiripentol

The duration of super-refractory SE before stiripentol was
initiated ranged from 20 to 82 days in the two case series,**
and was not reported in the case report.*’ Not all patients
had a prior history of seizures (where reported), and vari-
ous other clinical diagnoses had been made (e.g., (en-
cephalitis)) in patients experiencing this super-refractory
SE (see “Human studies” section, above). Stiripentol was
administered as add-on therapy to other ASMs, including
lorazepam, valproate, levetiracetam, topiramate, lacosa-
mide, clobazam, perampanel, or lamotrigine (Table 3),
and general anesthetics. Two patients were also treated
with a ketogenic diet: the patient case report from Uchida
and colleagues,*’” and one of the five patients in the case
series from Strzelczyk and colleagues.* Notably, stiripen-
tol was used without concomitant clobazam in patients
with convulsive or non-convulsive SE.*** The patient
treated by Uchida and colleagues had received treatment
with general anesthetics (midazolam, propofol and thia-
mylal) prior to initiating treatment with a ketogenic diet
and stiripentol.”’” Anesthetics were administered, usually
for a duration of >24h, as concomitant therapy to ASMs
in all five patients in the case series reported by Strzelczyk
and colleagues® and the five patients in the case series
reported by Uchida and colleagues,” including propo-
fol, thiopental, midazolam or ketamine or combinations
thereof.

SE cessation, defined as attenuation of status in elec-
troencephalography followed by resolution, was observed
in the single patient case report and 5/5 patients in the
case series from Japan,‘”’48 and in 3/5 patients in the case
series in Germany.*’ In this series, a rapid SE cessation
(2.5-4days) was also reported.*”” The time to SE cessation
was 0.6-2months in the case report and the other case
series.*’*®

3.4 | Safety of stiripentol in SE
prevention and acute treatment

Overall, the most common stiripentol-related AEs re-
ported were loss of appetite, weight loss, anorexia, sleep
disturbance, and irritability/excitability (Table 4). The
percentage of patients with AEs ranged between 17% and
73% (Figure S1). In most cases, AEs resolved after dose
modification of concomitant ASM(s) and/or stiripentol,
but few patients discontinued stiripentol due to an AE
(Table 4).

Only two of the three studies that assessed stiripentol
for SE cessation reported treatment tolerability (Table 4).
There were no serious treatment-related AEs reported in

the German case series,” and no new AEs observed after
the initiation of treatment in the Japanese case series.*®

4 | DISCUSSION

This systematic review collated evidence from experimen-
tal and clinical studies on the effectiveness of stiripentol
for the prevention and cessation of SE. Two settings for
the use of stiripentol were reviewed: first, the use of stirip-
entol administered as a chronic ASM to treat epilepsy
syndromes characterized by SE episodes, and second, as
treatment for the cessation of epileptic activity and resolu-
tion of SE. In animal models of SE, stiripentol was effec-
tive in halting SE, including when seizures were resistant
to benzodiazepines, and reducing the incidence of SE or
delaying SE onset when given before induction of SE. In
human studies, we found that add-on stiripentol treat-
ment reduced the frequency of SE in patients with Dravet
syndrome and in some patients with other DEEs, and that
stiripentol treatment resulted in SE cessation when initi-
ated in adult patients with super-refractory SE. Overall
safety outcomes were favorable, with few patients discon-
tinuing treatment with stiripentol.

The 15 human clinical studies included were heteroge-
neous, with wide variations in methodological processes,
including in study design, interventions, outcome mea-
sures and follow-up duration, and in patient inclusion/
exclusion criteria, clinical characteristics and history. As
such, conclusions drawn should be interpreted with cau-
tion. Nevertheless, given the scarcity of data in this patient
population, and the rigorous approach in developing this
review, the results comprehensively present all evidence
to date on the effectiveness of stiripentol on SE outcomes.

One of the animal studies included in the current re-
view found that stiripentol remained effective during pro-
longed SE, an effect not observed with diazepam.31 This
specific effect can be attributed to at least two pharma-
cological properties of stiripentol: (i) the potentiation by
stiripentol of &-subunit-containing GABA-A receptors,
which are not internalized in the cell during prolonged
SE,** and (ii) stiripentol inhibition of Cav 3.2 and 3.3
calcium channels, expression of which is upregulated
during or after SE in animal models of SE.>***

The majority of studies included in this review that
provided data on SE prevention with add-on stiripentol
treatment enrolled patients with Dravet syndrome, which
is in line with the approved indication of stiripentol, that
is, for treatment-refractory seizures in patients with Dravet
syndrome. When used as a treatment for Dravet syndrome
(or other DEEs), we found that stiripentol (usually in
combination with valproate, clobazam, or both) helped
to prevent SE. There was a reduction in frequency of SE
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TABLE 4 Adverse events (AEs) and discontinuations due to AEs reported with stiripentol (STP) treatment for patients with epilepsy
syndromes or for the cessation of status epilepticus (SE).

Reference

Stiripentol for DS or other DEEs
Alhakeem et al. (2018)*®

Balestrini and Sisodiya
(2017)*

Chen et al. (2018)*
abstract

Chiron et al. (2018)"

Chiron et al. (2023)**

De Liso et al. (2016)*

Gil-Nagel et al. (2023)*%

Inoue et al. (2009)*

Myers et al. (2018)"

Thanh et al. (2002)*

No. of pts

13

40

131

49¢

82

23

41

46

Common AEs/AE profile

NR

Anorexia/weight loss (n =4), unsteadiness
(n=3), and tiredness/somnolence (n=2),
nausea (n=1), abdominal pain (n=1), diarrhea
(n=1), myelodysplasia (thrombocytopenia and
neutropenia) (n=1), behavioral disturbance
(n=1), and increased tremor (n=1)

Nausea, vomiting, anorexia, drowsiness, weary,
ataxia, and excitability (all resolved within 1 mo)*

®V2: STP-related anorexia and bodyweight

loss (1/18 pts) and STP-related asymptomatic
neutropenia (1/18 pts), resolving with STP dose
reduction

V3:16 STP-related events (anorexia/weight loss in
15 cases and myoclonus in 1 case), which resolved
after reducing STP and/or VPA dose

Loss of appetite/weight (21% of pts), somnolence/
sleep disorders (11%), agitation/irritability (7%)
and hypotonia (5%)

Most AEs resolved after dose reduction

Fatigue, somnolence, and moderate anorexia

Drowsiness (21.9% of pts), reduced appetite
(18.3%), irritability (13.4%), gait instability (12.2%)

Early follow-up:® Loss of appetite (n=8),
drowsiness (n =10), hyperactivity/irritability
(n=6), ataxia (n=>5), insomnia (n=2)

AEs disappeared after dose modification in most
cases

Late follow-up:® loss of appetite (n=3), ataxia
(n=1

Anorexia/weight loss (49% of pts), drowsiness/
sedation (34%), behavioral changes (22%),
neutropenia (12%), abdominal pain (10%),
insomnia (10%), ataxia/unsteadiness (7%), drooling
(7%), tremor/myoclonus (7%)

Other AES in <7% of pts: vomiting, absence seizure
increase, gamma-glutamyl transferase elevation,
hypoalbuminemia/edema, nightmares, recurrent
pancreatitis, streptococcus-induced toxic shock
syndrome

Loss of appetite (56% of pts) and weight loss (36%)
AEs more severe in pts over 12years of age (STP
dosage could not be increased to 50 mg/kg/d)

Discontinuation of STP
due to AE

NR
3/13 pts (23%)

NR

NR

3/131 pts (9.7%)

No pts needed to stop triple
therapy because of AEs,
although doses reduced in
some pts*

6/82 pts (7.3%)

Late follow up: 1/23 (4.3%)

NR°®

3/46 pts discontinued STP due
to AEs; 7/46 pts temporarily
discontinued STP due to AEs
before restarting STP at a lower
dose

(Continues)
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TABLE 4 (Continued)
Discontinuation of STP
Reference No. of pts Common AEs/AE profile due to AE
Wirrell et al. (2013)* 82 Sedation/somnolence (18.3% of pts), ataxia/ 5% of pts discontinued STP for
balance disorder (4.9%), insomnia (3.7%), seizures/  AEs
convulsions (3.7%)

Yildiz et al. (2019)* 21 Sedation (6/8 pts), ataxia (5/8 pts) STP was ‘disrupted’ in 2/21
pts (9.5%) because of severe
somnolence and an increase in
seizure number’

Stiripentol for cessation of SE

Strzelczyk et al. (2015)* 5 No STP-related serious AEs NR

Uchida et al. (2017)* 1 NR NR

Uchida et al. (2018)* 5 No additional AEs after STP initiation NR

Abbreviations: DEEs, developmental and epileptic encephalopathies; DS, Dravet syndrome; mo, month; NR, not reported; pts, patients; VPA, valproate.

*Numerical data not reported.***

“Chiron et al. 2018 reported on treatment during childhood, and efficacy and safety outcomes for the following three time points: last visit before 15years' of
age (V1; n=33), last visit before adulthood (V2; n=40), and the last visit in adulthood (V3; n = 40).*

©49/53 patients received STP in this study.*? Safety data are for STP recipients.

The ‘early follow up’ period was during the first 4weeks of STP add-on therapy, and the ‘late follow up’ period was during long-term treatment.**

°A total of 8/41 (19.5%) pts discontinued STP for AEs or lack of efficacy.!! Data exclusively for discontinuations due to AEs was not reported.

fEighteen of the 21 pts in this case series were treated with STP.*® As indicated in the ‘Safety’ section of the table for this study, the authors stated that STP
treatment was ‘disrupted’. It is not clear whether this was a treatment interruption or discontinuation.

episodes and many patients became SE-free (26%-100%),
including over the long term. In addition, stiripentol re-
duced the frequency of ED visits or hospitalizations.*>*

Some studies reported a better response to stiripentol
in younger patients with Dravet syndrome,***® consistent
with results from animal studies.*"** If the incidence of
SE could be reduced by stiripentol during the first years of
life in patients with Dravet syndrome, there is a possibility
that serious sequelae of SE, such as cognitive delay and
developmental regression, might be reduced or even pre-
vented,*****>* although there may be neurologic effects
experienced by a patient due to the underlying etiology of
their epilepsy syndrome. Further, reducing the frequency
of SE, or halting SE altogether, may help to avoid or reduce
the SE-associated morbidity and mortality observed in this
pediatric population.®**>*® However, there remains a lack
of prospective clinical trials in children with Dravet syn-
drome or other DEEs evaluating the efficacy of stiripentol
in preventing SE-associated sequelae.

Only three case series were identified that provided
data on the use of stiripentol to terminate SE.**”*® Given
that all three of these studies (case reports/series; total
n=11) reported that add-on stiripentol resulted in ces-
sation of super-refractory SE in almost all patients,**7#
this suggests that stiripentol could be considered for use in
patients with refractory SE in palliative or life-sustaining
therapy settings, as already proposed in a recent systematic
review.”’ Recent data highlight the long-term deleterious
neurocognitive effects of SE in patients in a life-sustaining

therapy setting,” and in our view underscores the impor-
tance of finding effective therapeutic options for these
patients. Given that the data for the use of stiripentol for
super-refractory SE are limited to only three publications,
and that patients were heavily pre-treated with multiple
anticonvulsants and anesthetics before stiripentol ad-
ministration, further research would be required before
recommendations to use stiripentol in this setting are
formally adopted. Future research would need to include
investigation of different stiripentol dosage regimens (e.g.,
loading dose, dose increments and duration of dose titra-
tion), since the study that reported the shortest duration
until SE cessation (within 2.5-4days of stiripentol treat-
ment initiation*’) utilized much higher stiripentol loading
doses (2000-5000 mg/day vs. 500-1000 mg/day) and final
daily doses (4000-6000 mg/day vs. 2500 mg/day) than the
studies reporting a much longer time (up to 2 months*”*)
to SE cessation.

Our review highlighted the acceptable safety profile
of stiripentol in children and adults as continuous treat-
ment for Dravet syndrome. As may be expected in this
patient population,” combination treatment of >2 ASMs
was common in the studies included in this review; thus,
some of the AEs reported (loss of appetite or anorexia,
weight loss, sleep disturbance, and irritability/excitability)
are known AEs when stiripentol is given in combination
with other ASMs such as clobazam (e.g., somnolence) or
valproate (e.g., gastrointestinal AEs).”® Where reported in
the studies included in our review to assess SE prevention,
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AEs resolved following a dose reduction of stiripentol and
infrequently led to treatment discontinuation (Table 4).
While certain combinations of ASMs can lead to an in-
crease in AE intensity through drug-drug interactions,
there may be rationale in administering both to exploit a
pharmacodynamic drug-drug interaction leading to an in-
crease in serum drug levels that may potentially augment
the antiseizure effect (e.g., stiripentol and clobazam).>**°
Dose adjustments may allow for minimization of AEs
while maintaining the therapeutic advantage of the com-
bination, as has been suggested for when clobazam is
given in patients receiving stiripentol.” Although data on
SE cessation are limited to three case studies, stiripentol
appears to be well tolerated for the cessation of SE in the
hospital setting, although in this setting it may be diffi-
cult to discriminate stiripentol-related AEs from other
treatment-related AEs and clinical factors.

Taken together, these data suggest that the use of
stiripentol for the prevention of SE should be investigated
in future prospective studies in pediatric patients with non-
Dravet DEEs characterized by frequent episodes of SE,
and in a wider range of patients for the cessation of super-
refractory SE (e.g., pediatric patients, since current data
on super-refractory SE included in this review were only
for adults). As mentioned earlier, SE is associated with sig-
nificant morbidity and mortality,>'*'*'® and may have a
negative impact on a patient's quality of life (QoL):*"%* by
preventing SE, it is hypothesized that stiripentol treatment
may reduce morbidity, improve patient QoL and reduce
SE-associated mortality, but prospective studies would be
required to examine the relationship between SE reduc-
tion/prevention and these outcomes (especially QoL, for
both patients and families, which is not well studied).
Similarly, the direct and indirect cost benefits of reductions
in ED visits and hospitalizations should be specifically de-
termined in future prospective stiripentol studies. A previ-
ous study in patients with Dravet syndrome reported that
hospitalization costs accounted for a higher proportion
of direct costs than ASMs (69% vs 24% of per patient di-
rect costs), and among patients with treatment-refractory
seizures receiving adjunctive therapy with stiripentol and
clobazam, a reduction in seizure frequency was associated
with a 39% decrease in non-ASM direct costs, mainly due
to fewer inpatient admissions.®

Limitations of this review include the lack of a sys-
tematic assessment of the methodological quality of the
included studies and the extreme heterogeneity (both clin-
ical and methodological) across studies included in the re-
view due to variability in study populations, interventions,
and outcome measures, making it difficult to draw firm
conclusions. In addition, there were variations between
studies in how SE was defined, making it difficult to
compare results across studies. There are also numerous

limitations related to the quality of the included studies:
(i) Most studies were observational studies, which makes
it difficult to establish a causal relationship between
stiripentol treatment and SE outcomes because observa-
tional studies are prone to confounding, which can lead
to inaccurate estimates of the treatment effect; there may
be confounding by indication, and confounding through
the use of comedications and cotreatments, and by the age
at which stiripentol is administered (since SE frequency
tends to decrease with increasing age in patients with
Dravet syndrome, as part of the natural history/evolution
of the disease®), as well as due to the number and type of
prior ASMs; (ii) retrospective studies and case reports are
subject to selection bias; (iii) the relatively small number
of patients in included studies (a characteristic of rare dis-
eases) leading to imprecision in individual study results;
(iv) the presence of positive reporting bias, where studies
with positive results are more likely to be published than
those with negative results, leading to an overestimation
of treatment effect; and (v) the lack of robust randomized
studies limits the applicability of the results of this review
to inform clinical practice. It is important to keep these
limitations in mind when interpreting the results of the
systematic review. The design of future studies of stiripen-
tol should ideally address these limitations, for example
by conducting multicenter studies to increase patient sam-
ple size or to use appropriate statistical methods to adjust
for confounding, to help improve the quality of evidence
for stiripentol. A strength of this systematic review is the
comprehensive systematic literature search that was con-
ducted to identify all relevant studies, and as such, this re-
view presents a comprehensive qualitative evaluation of
all evidence to date on the effectiveness of stiripentol on
SE outcomes.

In conclusion, clinical evidence suggests that stiripen-
tol is a well-tolerated and effective therapy that markedly
reduces the frequency of SE, and possibly the duration of
SE, in Dravet syndrome, and it should be introduced as
early as possible in the disease course in order to limit the
morbidity and mortality associated with SE episodes. In
addition, data from a limited number of patients suggest
that stiripentol may be a useful treatment in patients with
DEEs and for the cessation of super-refractory SE.
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