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Abstract
Objective: Dravet syndrome (DS) and Lennox– Gastaut syndrome (LGS) are rare 
treatment- resistant childhood epilepsies classed as developmental and epileptic 
encephalopathies. ELEKTRA investigated the efficacy and safety of soticlestat 
(TAK- 935) as adjunctive therapy in children with DS or LGS (NCT03650452).
Methods: ELEKTRA was a phase 2, randomized, double- blind, placebo- 
controlled study of soticlestat (≤300 mg twice daily, weight- adjusted) in children 
(aged 2– 17 years) with DS, demonstrating three or more convulsive seizures/
month, or with LGS, demonstrating four or more drop seizures/month at 
baseline. The 20- week treatment period comprised an 8- week dose- optimization 
period and a 12- week maintenance period. Efficacy endpoints included change 
from baseline in seizure frequency versus placebo. Safety assessments included 
incidence of treatment- emergent adverse events (TEAEs).
Results: ELEKTRA enrolled 141 participants; 126 (89%) completed the study. 
The modified intent- to- treat population included 139 participants who received 
one or more doses of study drug and had one or more efficacy assessments (DS, 
n = 51; LGS, n = 88). ELEKTRA achieved its primary endpoint: the combined 
soticlestat- treated population demonstrated a placebo- adjusted median reduction 
in seizure frequency of 30.21% during the maintenance period (p = .0008, n = 139). 
During this period, placebo- adjusted median reductions in convulsive and drop 
seizure frequencies of 50.00% (p = .0002; patients with DS) and 17.08% (p = .1160; 
patients with LGS), respectively, were observed. TEAE incidences were similar 
between the soticlestat (80.3%) and placebo (74.3%) groups and were mostly 
mild or moderate in severity. Serious TEAEs were reported by 15.5% and 18.6% 
of participants receiving soticlestat and placebo, respectively. TEAEs reported in 

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 Takeda Pharmaceuticals Company Limited and The Authors. Epilepsia published by Wiley Periodicals LLC on behalf of International League Against Epilepsy.

Dimitrios Arkilo was at Takeda Pharmaceutical Company at the time the study was conducted.

www.wileyonlinelibrary.com/journal/epi
https://orcid.org/0000-0002-0887-8761
https://orcid.org/0000-0003-2080-8042
mailto:
https://orcid.org/0000-0001-8060-2148
https://orcid.org/0000-0003-3088-7645
mailto:mahnaz.asgharnejad@takeda.com
mailto:mahnaz.asgharnejad@takeda.com
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fepi.17367&domain=pdf&date_stamp=2022-08-04


2672 |   HAHN et al.

1  |  INTRODUCTION

Dravet syndrome (DS) and Lennox– Gastaut syndrome 
(LGS) are developmental and epileptic encephalopathies 
(DEEs), a group of conditions characterized by develop-
mental impairment and frequent epileptic activity that is 
associated with further slowing of development.1 Both the 
early onset treatment- resistant seizures and the nonseizure 
symptoms associated with DS and LGS are not fully con-
trolled by the current standard of care and contribute sig-
nificantly to poor quality of life for patients and carers.2– 8

DS accounts for approximately 3%– 8% of all children 
who experience seizures in the first year of life9 and in-
volves multiple seizure types, including tonic– clonic sei-
zures, bilateral clonic seizures, focal clonic and other focal 
seizures, myoclonic seizures, and atypical absence sei-
zures.3 Children usually experience a convulsive seizure 
first, which can be associated with fever or vaccination.3 
The stabilization stage of DS typically occurs from 5 years 
of age, with convulsive seizures becoming less frequent 
and occurring mainly during sleep, and other seizure 
types persisting, becoming less frequent, or disappearing.3 
Adults experience less frequent but persistent seizures 
that usually include focal and/or convulsive seizures.3,10 
DS in adulthood is also associated with persistent motor 
and cognitive dysfunction.2

LGS accounts for approximately 4% of all childhood 
epilepsies11 and includes multiple seizure types, of which 
tonic seizures are the most characteristic4,12,13; however, 
typically, drop seizures are the first sign in young chil-
dren.14,15 The onset of LGS is most commonly between 3 
and 5 years of age and usually occurs before 8 years of age, 
although it may occur later in some cases.14,15 The num-
ber and variety of seizures usually decrease over time, but 
tonic seizures tend to persist, particularly during sleep.16 
LGS does persist into adolescence and adulthood, with 
80%– 90% of individuals continuing to have seizures after 
childhood.14,15,17

As a result of the treatment resistance associated with 
DS and LGS, polytherapy and multiple treatment changes 
over time are common in both conditions.6,15,18 However, 
polytherapy can be associated with tolerability issues 
caused by additive adverse effects, such as worsening 
behavioral problems and sedation.15,19 Together with the 
poor control of symptoms, these drawbacks highlight an 
unmet need that exists for effective treatments that have 
a novel mechanism of action, compared with existing an-
tiseizure therapies, and a favorable side- effect profile.6,20

Soticlestat (TAK- 935) is a first- in- class, selective inhib-
itor of cholesterol 24- hydroxylase (CH24H; also known 
as CYP46A1)21 that is currently under development as a 
potential treatment for DS and LGS. CH24H plays a role 
in cholesterol homeostasis in the brain by catabolizing it 
to 24S- hydroxycholesterol (24HC).21 Preclinical findings 
showed that soticlestat treatment lowered brain 24HC 
levels and also suppressed elevation of extracellular glu-
tamate levels, resulting in reduced hyperexcitability.21 

soticlestat- treated patients with ≥5% difference from placebo were lethargy and 
constipation. No deaths were reported.
Significance: Soticlestat treatment resulted in statistically significant, clinically 
meaningful reductions from baseline in median seizure frequency (combined 
patient population) and in convulsive seizure frequency (DS cohort). Drop seizure 
frequency showed a nonstatistically significant numerical reduction in children 
with LGS. Soticlestat had a safety profile consistent with previous studies.

K E Y W O R D S

cholesterol 24- hydroxylase, developmental and epileptic encephalopathies, Dravet syndrome, 
Lennox– Gastaut syndrome, soticlestat, TAK- 935

Key Points
• DS and LGS are rare childhood epilepsies that 

are often resistant to current treatment
• Soticlestat, a first- in- class inhibitor of choles-

terol 24- hydroxylase, is being developed as a 
potential treatment for DS and LGS

• Soticlestat treatment in ELEKTRA significantly 
reduced the placebo- adjusted median seizure 
frequency in the combined patient population

• Soticlestat treatment reduced plasma 24HC lev-
els compared with placebo, and no new safety 
signals were identified

• Results from ELEKTRA support investigation 
of soticlestat in phase 3 studies and of plasma 
24HC as a biomarker for soticlestat activity
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24HC is also known for various neuromodulatory activi-
ties, including positive allosteric modulation of N- methyl- 
D- aspartate receptors and inflammatory signaling. As 
such, inhibition of CH24H could potentially decrease 
glutamatergic signaling via multimodal mechanisms.21 
In phase 1 clinical studies, soticlestat dose- dependently 
decreased plasma 24HC levels in healthy volunteers.22,23 
Additionally, in a phase 1b/2a clinical trial in adults with 
DEEs, soticlestat as adjunctive therapy resulted in a safety 
profile that was consistent with that observed in studies 
of healthy volunteers; it also decreased plasma 24HC 
levels, compared with placebo, and was associated with 
a reduction in median seizure frequency over the study 
duration.24

Here, we report results from ELEKTRA, a phase 2, 
multicenter clinical study investigating the efficacy, 
safety, and tolerability of soticlestat as adjunctive therapy 
in children with DS or LGS (Clini calTr ials.gov identifier: 
NCT03650452).

2  |  MATERIALS AND METHODS

2.1 | Ethics

The study was conducted in accordance with the 
International Conference on Harmonization Guidelines 
for Good Clinical Practice (E6), as well as with current 
ethics guidelines, including the Declaration of Helsinki 
and the International Ethical Guidelines of the Council 
for International Organizations of Medical Sciences. All 
other applicable laws and local regulations were followed. 
Written informed consent was obtained from each pa-
tient, or his/her legally authorized representative, prior to 
the patient entering the study. In addition, documented 
assent was obtained from the patient if applicable. This 
study was conducted in compliance with the institutional 
review boards or independent ethics committees of each 
study location.

2.2 | Patients

Patients aged 2– 17 years with a clinical diagnosis of DS 
or LGS and weighing ≥10 kg at the screening visit were 
eligible for the study. Patients were also accepted into 
the trial if they had a history of inadequate response to at 
least two antiseizure medications (ASMs) and if, at base-
line, they were receiving one to four ASMs at a stable dose 
and were experiencing at least three convulsive seizures 
(DS) or four drop seizures (LGS) per month. Concomitant 
use of perampanel throughout the study (from screening 
through follow- up) was prohibited because of a potential 

pharmacodynamic drug– drug interaction with soticlestat. 
Patients who had been admitted to a medical facility and 
intubated for treatment of status epilepticus two or more 
times in the 3 months preceding the screening visit were 
not eligible for the study.

2.3 | Study design

ELEKTRA was a phase 2, multicenter, randomized, 
double- blind, placebo- controlled, parallel- group study 
conducted across 35 sites in Australia, Canada, China, 
Israel, Poland, Portugal, Spain, and the USA. Following a 
screening and baseline period (4– 6 weeks), patients were 
randomized 1:1 to soticlestat or placebo by a computer- 
generated random sequence, using an interactive web 
response system. The full 20- week treatment period com-
prised an 8- week dose- optimization period followed by a 
12- week maintenance period (Figure  1A). Soticlestat or 
placebo treatments were administered orally or via gas-
trostomy tube/percutaneous endoscopic gastrostomy tube 
twice daily (BID) with or without food during the treat-
ment period. For patients weighing ≥60 kg, soticlestat was 
titrated up to 300 mg BID, with weight- based dosing used 
for those weighing <60 kg. During the dose- optimization 
period, patients received gradually increasing doses of sot-
iclestat up to the appropriate maximum dose, while being 
monitored for drug safety and tolerability. The dose could 
be changed within the dose- optimization period, follow-
ing which the dose was kept constant throughout the 
maintenance period (unless a dose decrease was required 
for reasons of safety or tolerability). Following study com-
pletion, patients were given the option to enroll in an 
open- label extension study (ENDYMION; Clini calTr ials.
gov identifier: NCT03635073) or to enter a double- blind 
taper period (maximum 14 days).

2.4 | Quantification of plasma 
24HC levels

Plasma 24HC levels were determined by high- performance 
liquid chromatography with tandem mass spectrometry, 
using samples acquired at baseline and at specified time 
points throughout the study.

2.5 | Efficacy endpoints

The primary endpoint was the change from baseline in 
frequency of convulsive seizures (DS) or drop seizures 
(LGS) in patients receiving soticlestat in the combined 
patient population during the maintenance period, 
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compared with those receiving placebo. Secondary efficacy 
endpoints included the change from baseline in seizure 
frequency in the combined patient population during 
the full 20- week treatment period, and the change from 
baseline in convulsive and drop seizure frequencies in the 
DS and LGS patient populations, respectively, during both 
the maintenance and the full treatment periods.

Patients and/or their caregivers were given a paper sei-
zure diary to record the type and number of all seizures 
experienced by the patient every day throughout the study, 
starting at the screening visit, in accordance with the up-
dated seizure classification system of the International 
League Against Epilepsy.25 The convulsive seizures re-
corded for DS included generalized tonic– clonic, focal to 

F I G U R E  1  Study flow charts showing the study design (A) and patient disposition (B). aDose changes were permitted in the first 
6 weeks of dose optimization according to the judgment of the investigator and with approval of the medical monitor, after which the 
final dose was maintained throughout the maintenance period, unless it needed to be lowered for safety or tolerability reasons. bOpen- 
label extension study. cReceived at least one dose of study drug and had at least one efficacy assessment. dNo seizure diary records during 
treatment period. eAdverse event (AE; n = 1), withdrawal by parent or guardian (n = 1), or other reason (n = 1; completed minimum 
requirement and entered ENDYMION open- label extension study [Clini calTr ials.gov identifier: NCT03635073]). fAE (n = 2), withdrawal by 
parent or guardian (n = 2), or other reason (n = 3; completed minimum requirement and entered ENDYMION open- label extension study). 
gAE (n = 1) or withdrawal by parent or guardian (n = 1). hAE. BID, twice daily; DS, Dravet syndrome; LGS, Lennox– Gastaut syndrome; 
mITT, modified intent- to- treat.

Dose op�miza�on period (8 weeks)

Week 1 Week 2 Weeks 3–8
Randomiza�on

Maintenance period 
(12 weeks)

LGS

DS

So�clestat BID 
(dose 3)a

So�clestat BID 
(dose 2)a

So�clestat BID 
(dose 1)

Follow-up 
(4 weeks)

Placebo BID

Entry into 
ENDYMIONb

Completed, n = 126

So�clestat
(DS, n = 26; LGS, n = 43)

Placebo
(DS, n = 25; LGS, n = 45)

Discon�nued, n = 13c

• Placebo (DS, n = 3e; LGS, n = 7f)
• So�clestat (DS, n = 2g; LGS, n = 1h)

So�clestat
(DS, n = 24; LGS, n = 42)

Placebo
(DS, n = 22; LGS, n = 38)

Discon�nued, n = 2c

• So�clestat (LGS, n = 2d)

End of 
trial

Sc
re

en
in

g/
ba

se
lin

e

Enrolled, n = 141 
(DS, n = 51; LGS, n = 90)

mITT, n = 139

(A)

(B)
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bilateral tonic– clonic, hemiclonic, bilateral clonic (general-
ized clonic), and convulsive status epilepticus seizures. Drop 
seizures were defined as seizures that involved the entire 
body, trunk, or head, and that either: led to the patient fall-
ing, becoming injured, slumping in a chair, or hitting their 
head on a surface; or could have led to the patient falling or 
becoming injured, depending on their position at the time of 
the attack. Seizure classification and primary seizure types 
at screening, as well as new seizures occurring after random-
ization, were confirmed by the Epilepsy Study Consortium.

Treatment response, defined as a reduction in seizure 
frequency of ≥50%, ≥75%, or 100% from baseline during 
the treatment period, was also characterized.

Global functioning was evaluated using the investiga-
tor-  and caregiver- reported Clinical Global Impression of 
Change (CGI- C and Care GI- C, respectively), assessed on 
Study Day 1, at Visits 4 and 5, and at the end of the study.

2.6 | Safety endpoints

Safety assessments included the incidence of treatment- 
emergent adverse events (TEAEs) and evaluation of the 
percentage of myoclonic and atypical absence seizure- free 
days during the maintenance period. TEAEs were defined 
as any adverse event that started or increased in severity 
during or after the first dose of study treatment and within 
15 days of the last dose of study treatment. The percentage 
of days free from myoclonic and atypical absence seizures 
was assessed to determine whether these seizure types 
worsened during treatment with soticlestat.

2.7 | Data analysis

Sample size calculations were based on unadjusted Mann– 
Whitney (Wilcoxon rank- sum) tests, with randomization 
stratified by DS and LGS diagnosis. The two patient popu-
lations were combined for the primary endpoint analysis 
to increase the power of the study. Assuming a mean dif-
ference in percentage change from baseline between the 
soticlestat and placebo treatment arms of 29% (standard 
deviation [SD] =  42.3%) in the combined patient popula-
tion, with 56 patients per treatment group, the power to 
test treatment difference would be 92% at a two- sided .05 
level of significance. Assuming a 10% dropout rate, 63 pa-
tients would be randomized per arm. Approximately 23 
patients with DS and 40 patients with LGS were planned 
to be randomized to each treatment group. Descriptive sta-
tistics were used for summaries of continuous variables, 
and frequency and percentage were used for categorical 
and ordinal variables. For all analyses, “baseline” refers to 
the prospective 4- week baseline period. To assess changes 

in seizure frequency, the frequencies of convulsive seizures 
(DS) or drop seizures (LGS) per 28 days were determined for 
the baseline, maintenance, and full treatment periods, with 
the outputs used to calculate percentage change in seizure 
frequency from baseline. Rank- transformed analysis of co-
variance was used to compare percentage changes in sei-
zure frequency from baseline in the soticlestat and placebo 
treatment groups, with adjustments for baseline seizure fre-
quency and indication. Additionally, the median treatment 
difference and confidence interval (CI) between soticles-
tat and placebo were estimated by the Hodges– Lehmann 
method based on unadjusted rank statistics. Changes in 
the CGI- C and Care GI- C scores on the impression of the 
efficacy and tolerability of treatment were summarized de-
scriptively, and the soticlestat and placebo treatment groups 
were compared using a generalized linear mixed model.

The analysis sets reported here include the modified 
intent- to- treat (mITT) and safety analysis sets. The mITT 
analysis set included all randomized patients who had re-
ceived at least one dose of study medication and had been 
assessed for ≥1  day in the treatment period. The safety 
analysis set included all randomized patients who had re-
ceived at least one dose of study medication.

An efficacy analysis set, comprising a subset of the mITT 
analysis set, was specified in the study statistical analysis plan 
for the primary endpoint analysis. Given that it is a more in-
clusive population, we report findings from the mITT analy-
sis set for all analyses, including the primary endpoint.

Treatment- emergent adverse events were divided by 
treatment group and summarized using descriptive statis-
tics. Days free from myoclonic and atypical absence sei-
zures were summarized using descriptive statistics.

All statistical analyses were performed using SAS ver-
sion 9.4.

3  |  RESULTS

3.1 | Patient disposition

In total, 141 patients were randomized, of whom 139 were 
included in the mITT population; 126 patients completed 
the study (Figure 1B). Two patients did not have any sei-
zure diary records during the treatment period and were 
not included in the mITT population. The mITT popula-
tion included 51 patients with DS and 88 patients with LGS.

3.2 | Baseline demographics and clinical 
characteristics

Patient demographics were generally similar between the 
soticlestat and placebo groups (Table  1). Patients had a 
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mean age of 9.5 years, and 64% were male. The baseline 
convulsive seizure frequency in patients with DS was 
similar between the soticlestat and placebo groups, with 
mean frequencies (per 28 days) of 13.77 (SD = 11.017) and 
13.19 (SD = 23.914), respectively (Table 1). However, the 
baseline frequency for drop seizures in patients with LGS 
was more varied, with mean frequencies in the soticlestat 
and placebo groups of 440.98 (SD = 1133.542) and 150.02 
(SD = 203.822), respectively (Table 1). Both groups of pa-
tients reported a wide range of seizure frequencies at base-
line, although this was especially pronounced in patients 
with LGS for both the total seizure frequency (6.5– 8042.3) 
and the drop seizure frequency (4.0– 5187.7; Table 1).

Most patients were using more than one ASM at base-
line, with 96 (69%) taking at least three ASMs. The top 
three ASMs used by patients with DS were stiripentol, 
clobazam, and valproic acid, and the top three used by pa-
tients with LGS were valproic acid, clobazam, and lamo-
trigine (Table S1).

3.3 | Treatment exposure

Overall, 80.3% of patients receiving soticlestat were in-
cluded in Dose Level 3 (weight- adjusted equivalent of 
adult 300 mg BID) at the end of the maintenance period, 

T A B L E  1  Baseline demographics and clinical characteristics in the modified intent- to- treat analysis set (n = 139)

Characteristic

DS LGS

Soticlestat, n = 26 Placebo, n = 25 Soticlestat, n = 43 Placebo, n = 45

Age, years

Mean (SD) 8.7 (3.92) 8.8 (4.50) 10.0 (4.19) 9.8 (3.58)

Minimum, maximum 4, 17 2, 16 2, 17 3, 17

Sex, n (%)

Male 17 (65.4) 14 (56.0) 30 (69.8) 28 (62.2)

Female 9 (34.6) 11 (44.0) 13 (30.2) 17 (37.8)

Race, n (%)

Asian 11 (42.3) 6 (24.0) 11 (25.6) 16 (35.6)

Black or African American 0 0 0 1 (2.2)

White 15 (57.7) 19 (76.0) 32 (74.4) 28 (62.2)

Ethnicity, n (%)

Hispanic or Latino 2 (7.7) 6 (24.0) 8 (18.6) 4 (8.9)

Not Hispanic or Latino 24 (92.3) 19 (76.0) 35 (81.4) 41 (91.1)

Weight, kg, mean (SD) 29.1 (10.74) 30.1 (15.10) 36.0 (17.04) 34.2 (16.42)

Number of ASMs, n (%)a

1 0 1 (4.0) 2 (4.7) 1 (2.2)

2 11 (42.3) 6 (24.0) 12 (27.9) 10 (22.2)

≥3 15 (57.7) 18 (72.0) 29 (67.4) 34 (75.6)

Seizures of interest frequencyb,c

Mean (SD) 13.77 (11.017) 13.19 (23.914) 440.98 (1133.542) 150.02 (203.822)

Median 9.05 6.00 67.30 89.80

Minimum, maximum 2.6, 40.3 2.5, 125.0 8.1, 5187.7 4.0, 1040.1

Total seizures frequencyb,d

Mean (SD) 210.70 (546.987) 55.10 (145.301) 662.75 (1513.043) 400.91 (667.045)

Median 22.98 18.67 159.68 153.52

Minimum, maximum 4.1, 2073.0 2.5, 737.1 8.1, 8042.3 6.5, 3629.3

Abbreviations: ASM, antiseizure medication; DS, Dravet syndrome; LGS, Lennox– Gastaut syndrome.
aOngoing ASMs were included if the start date was before the first dose date or was missing.
bSeizure frequency per 28 days.
cConvulsive seizures for DS and drop seizures for LGS.
dAll seizure types. For uncountable cluster seizures, a seizure count of 1 was assigned.
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9.9% were included in Dose Level 2 (weight- adjusted 
equivalent of adult 200 mg BID), and 7.0% were included 
in Dose Level 1 (weight- adjusted equivalent of adult 
100 mg BID; Table  S2). A high adherence rate was ob-
served in both treatment groups (Table S2).

3.4 | Plasma 24HC levels

In the combined patient population receiving soticles-
tat, plasma 24HC levels decreased over the first 2 weeks 
of treatment and then remained relatively stable at the 
reduced levels throughout the full treatment period 
(Figure 2A), with similar results observed between the DS 
and LGS patient groups (Figure 2B). Conversely, plasma 
24HC levels in patients receiving placebo remained simi-
lar to those recorded at baseline.

3.5 | Efficacy

3.5.1 | Changes in seizure frequency

For the primary endpoint, patients in the combined pa-
tient population who received soticlestat demonstrated a 
placebo- adjusted median reduction in seizure frequency of 
30.21% (95% CI = −45.97% to −13.88%) during the main-
tenance period (p = .0008; Figure 3A). Similar reductions 
were observed over the full 20- week treatment period, 
with soticlestat- treated patients demonstrating a placebo- 
adjusted median reduction in seizure frequency of 25.06% 
(95% CI = −42.48% to −10.69%, p = .0024; Figure 3A).

Patients with DS who received soticlestat demon-
strated a statistically significant placebo- adjusted median 
reduction in convulsive seizure frequency of 50.00% (95% 
CI = −74.15% to −24.68%, p = .0002) over the maintenance 

F I G U R E  2  Mean plasma 24S- hydroxycholesterol (24HC) levels (±SD) at baseline and over the full treatment period in the combined 
patient population (A) and in the Dravet syndrome (DS) and Lennox– Gastaut syndrome (LGS) populations (B) in the modified intent- to- 
treat analysis set. Placebo values are from the combined patient population in the safety analysis set.
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period and of 45.95% (95% CI  =  −68.51% to −19.99%, 
p  =  .0007) over the full treatment period (Figure  3B). 
Patients with LGS who received soticlestat demonstrated 
a nonstatistically significant placebo- adjusted median re-
duction in seizure frequency of 17.08% (95% CI = −38.38% 
to 2.64%, p = .1160) over the maintenance period and of 
14.81% (95% CI: −34.47% to 4.62%, p = .1279) over the full 
treatment period.

3.5.2 | Treatment response

Over the full treatment period, a greater proportion of 
patients receiving soticlestat than of those receiving 
placebo experienced at least a 50% reduction from 
baseline in seizure frequency (Figure 4A). This reduction 

was observed in 30.8% of patients with DS who received 
soticlestat versus 0% of those who received placebo, and in 
16.3% of patients with LGS who received soticlestat versus 
13.3% of those who received placebo. Results from the 
maintenance period were similar to those reported during 
the full treatment period (Figure S1).

3.5.3 | Global functioning

At the last study visit, CGI- C responses that indicated 
marked improvement were reported for greater propor-
tions of patients with DS and patients with LGS who re-
ceived soticlestat than of those who received placebo (26.9% 
vs. 8.0% and 27.9% vs. 11.1%, respectively; Figure  4B). 
These results were reflected by caregivers, with Care GI- C 

F I G U R E  3  Changes in seizure frequency from baseline in the combined patient population (A) and in the Dravet syndrome (DS) 
and Lennox– Gastaut syndrome (LGS) populations (B) in the modified intent- to- treat analysis set. Patients who withdrew from the study 
before the maintenance period were excluded from the maintenance period analyses: four patients receiving placebo in A, one patient with 
DS receiving placebo in B, and three patients with LGS receiving placebo in B. aRank- transformed analysis of covariance, adjusting for 
baseline seizure frequency and protocol amendment cohort. bHodges– Lehmann estimate (95% confidence interval) of the median treatment 
difference (percentage change from baseline with soticlestat vs. percentage change from baseline with placebo).
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responses that indicated improvement being reported for 
greater proportions of patients with DS and patients with 
LGS who received soticlestat than of those who received 
placebo (57.7% vs. 32.0% and 51.2% vs. 28.9%, respectively).

3.6 | Safety and tolerability

In total, 109 patients (77.3%) experienced a TEAE, with 
most being mild (n  =  94, 66.7%) or moderate (n  =  44, 
31.2%; Table 2). Lethargy (n = 5) and constipation (n = 4) 
both occurred with a difference of ≥5% compared with 
placebo.

Serious TEAEs were experienced by similar propor-
tions of patients in the soticlestat and placebo arms (15.5% 

and 18.6%, respectively) and were reported by 24 patients 
in total (17.0%).

Sixty- four patients (45.4%) reported TEAEs that 
were considered by the investigator to be study- drug re-
lated, three of whom experienced serious adverse events  
(soticlestat, n  =  2; placebo, n  =  1). Of the two patients  
receiving soticlestat, one experienced two serious TEAEs 
of speech disorder and seizure, and one experienced a  
serious TEAE of septic shock; the patient receiving pla-
cebo experienced two serious TEAEs of seizure cluster 
and seizure. No deaths were reported in this study.

TEAEs led to dose modification in 18 patients, in-
terrupted dosing in two patients, and discontinuation 
in seven patients (soticlestat, n =  4; placebo, n =  3). Of 
the four patients receiving soticlestat, three discontinued 

F I G U R E  4  Proportions of treatment responders over the full treatment period (A) and proportions of patients with any improvement 
in investigator-  and caregiver- reported Clinical Global Impression of Change (CGI- C and Care GI- C, respectively) scores at the last visit (B) 
in the modified intent- to- treat analysis set. (A) Error bars represent the 95% confidence interval. (B) Investigator- reported improvement 
included “marked improvement and no side effects” and “marked improvement and minimal side effects”; caregiver- reported improvement 
included “slightly improved,” “much improved,” and “very much improved.” The p- value of the difference between soticlestat and placebo 
(B) was computed using a generalized linear mixed model; the CIs plotted are the Wilson score intervals with continuity correction. DS, 
Dravet syndrome; LGS, Lennox– Gastaut syndrome.
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treatment owing to TEAEs considered to be possibly 
related to treatment: the patient who reported two se-
rious TEAEs of speech disorder and increased seizure 
frequency; one patient who reported a moderate TEAE of 
somnolence; and one patient who reported a severe TEAE 
of apathy. In addition, one patient reported a serious 
TEAE of feeding difficulties considered to be unrelated to 
treatment. Three patients receiving placebo discontinued 
treatment because of TEAEs considered to be possibly re-
lated to treatment: the patient who reported two serious 

TEAEs of seizure cluster and seizure; one patient who re-
ported a moderate TEAE of decreased appetite; and one 
patient who reported a moderate TEAE of seizure.

Similar mean proportions of days free from myoclonic 
and atypical absence seizures were reported by the soti-
clestat and placebo groups (73.26% and 72.07%, respec-
tively; Table S3).

4  |  DISCUSSION

ELEKTRA achieved its primary endpoint, with adjunc-
tive soticlestat treatment resulting in a statistically 
significant median reduction from baseline in seizure 
frequency compared with placebo in the combined DS 
and LGS patient population during the 12- week main-
tenance period. Furthermore, in patients with DS, 
soticlestat treatment was associated with a statistically 
significant and clinically meaningful median reduction 
in convulsive seizure frequency. In patients with LGS, 
a nonstatistically significant numerical reduction in 
drop seizure frequency compared with placebo was ob-
served. Global functioning was shown to improve with 
soticlestat treatment, with investigators and caregivers 
reporting a greater improvement with soticlestat than 
with placebo. These observed improvements in seizures 
in patients with DS and in functioning in both patient 
groups were accompanied by a reduction in plasma 
24HC levels in patients receiving soticlestat. Soticlestat 
had a safety profile that was consistent with previous 
studies, and similar rates of TEAEs were reported in the 
soticlestat and placebo treatment arms. Furthermore, 
no new safety signals were identified. Taken together, 
these findings support the further evaluation of soti-
clestat as a potential therapy for DS and LGS in phase 3 
clinical studies.

Statistically significant reductions in seizure frequency 
were observed in patients with DS, but not in those with 
LGS. LGS is known to be a complex condition with a het-
erogenous etiology and clinical features that may change 
with time.14,15 The resistance of LGS- associated seizures 
to pharmacological treatment is also well known, with 
one study reporting that, among patients with DEEs, the 
largest proportion of treatment- resistant individuals have 
a diagnosis of LGS (90%).15,18 Furthermore, drop seizures 
can be difficult to define because their presentation and 
clinical importance vary in terms of characteristics (e.g., 
the patient may not fall if seated in a wheelchair or lying 
down) and body involvement (whole body, head only, or 
other body areas).26,27 ELEKTRA used the definition of 
drop seizure that was used in previous studies with cloba-
zam28 and cannabidiol.29 However, the observed differ-
ences in baseline seizure frequency, in otherwise similar 

T A B L E  2  Summary of TEAEs (safety analysis set, n = 141)

Soticlestat, n = 71
Placebo, 
n = 70

Patients with any TEAEsa 57 (80.3) 52 (74.3)

Mild 47 (66.2) 47 (67.1)

Moderate 25 (35.2) 19 (27.1)

Severe 10 (14.1) 11 (15.7)

Treatment- related TEAEs 38 (53.5) 26 (37.1)

Withdrawal due to TEAEs 4 (5.6) 3 (4.3)

DS 1 1

LGS 3 2

Serious TEAEs 11 (15.5) 13 (18.6)

Related 2 (2.8) 1 (1.4)

Deaths 0 0

Common TEAEsb

Upper respiratory tract 
infection

13 (18.3) 12 (17.1)

Pyrexia 11 (15.5) 8 (11.4)

Seizure (worsening or 
new)

6 (8.5) 9 (12.9)

Nasopharyngitis 6 (8.5) 6 (8.6)

Decreased appetite 6 (8.5) 5 (7.1)

Vomiting 6 (8.5) 4 (5.7)

Somnolence 6 (8.5) 3 (4.3)

Diarrhea 5 (7.0) 4 (5.7)

Lethargyc 5 (7.0) 0

Fatigue 4 (5.6) 3 (4.3)

Pneumonia 4 (5.6) 2 (2.9)

Irritability 4 (5.6) 2 (2.9)

Constipationc 4 (5.6) 0

Note: Values are n (%).
Abbreviations: DS, Dravet syndrome; LGS, Lennox– Gastaut syndrome; PT, 
preferred term; TEAE, treatment- emergent adverse event.
aPatients with TEAEs of the same PTs are counted once at the highest 
severity. Patients with TEAEs of different PTs of the same highest severity 
level are counted once. Patients with TEAEs of different PTs and different 
highest severity are counted separately for each of the highest severity levels.
bOccurring in ≥5% of patients in either treatment group.
cTEAEs occurring with a difference of ≥5% over placebo.
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populations as defined by inclusion/exclusion criteria, 
suggest a difference in how the definition of drop seizure 
was implemented. Clarifying which seizure types can re-
sult in drop seizures may have been a more appropriate 
approach. These complexities are important to consider 
when assessing treatments in clinical trials or real- world 
settings, and they highlight that a personalized approach, 
tailored to the individual symptoms and responses of the 
patient, is particularly important.30

Although seizure frequency in patients with LGS was 
not significantly reduced, similar proportions of patients 
with DS or LGS were classified as having improved global 
functioning, according to CGI- C and Care GI- C responses. 
For both groups of patients, clinicians and caregivers re-
ported a greater improvement in global functioning fol-
lowing treatment with soticlestat than with placebo. The 
CGI- C and Care GI- C assessments are designed to as-
sess global functioning, and they take into consideration 
knowledge of the patient's history, psychosocial circum-
stances, symptoms, and behavior, and the impact of the 
symptoms on the patient's ability to function. As such, 
changes in factors beyond seizures can be recorded to pro-
vide a broader picture of potential treatment effects, as il-
lustrated by these findings.

In line with previous results, treatment with soti-
clestat resulted in a reduction of plasma 24HC levels, 
which was maintained throughout the full treatment 
period. These findings indicate engagement of soticles-
tat with CH24H, which is predominantly expressed in 
the brain, resulting in the observed systemic reductions 
of 24HC.22– 24 Although soticlestat treatment reduced 
plasma 24HC levels in both the DS and the LGS patient 
groups, a significant reduction in seizure frequency was 
only observed in patients with DS. Further studies are 
planned to assess the efficacy of soticlestat in patients 
with LGS, which may help to explain these differences 
in seizure reduction despite similar reductions in 24HC 
levels in both ELEKTRA patient groups. The results re-
ported here build on those reported from clinical studies 
in healthy volunteers and adults with DEEs to support 
the use of 24HC as a peripheral biomarker for soticlestat 
activity in the brain.22– 24

Safety findings from ELEKTRA were in line with those 
reported in previous studies, with no new safety signals 
being identified.22– 24 TEAEs were generally mild to mod-
erate in severity and occurred at similar frequencies with 
soticlestat and placebo treatment, except for lethargy and 
constipation, which occurred more often with soticlestat 
than with placebo. Patients in the soticlestat and placebo 
groups experienced similar proportions of days free from 
myoclonic and atypical absence seizures, suggesting that 
soticlestat treatment did not exacerbate these seizure 
types.

Both the nonseizure symptoms and the seizures that 
characterize DS and LGS have a profound effect on the af-
fected individuals. Although early and effective interven-
tion may potentially improve long- term developmental 
outcomes by reducing epileptic activity, treatment goals 
should also go beyond seizure control and aim to address 
the nonseizure symptoms as well, especially given the low 
health- related quality of life reported by affected individu-
als and their caregivers.5,31 However, even seizure control 
can be a difficult target to reach. Despite often using poly-
therapy, including both pharmacological and nonphar-
macological treatments, patients rarely achieve control 
of seizures.15,32 At least two ASMs had failed for all the 
patients enrolled in the current study, and most patients 
were using more than one ASM at baseline, supporting 
the ongoing need for more effective treatment options for 
individuals with DS or LGS.6,20,30,33,34

Despite patients in this study having a history of inad-
equate response to multiple ASMs, efficacy signals were 
seen with soticlestat for DS, and potentially for LGS, along 
with the sustained reductions in plasma 24HC levels. The 
reduction of 24HC via inhibition of CH24H has been 
shown to reduce glutamatergic signaling in mice and po-
tentially to reduce inflammation, which may have down-
stream effects on seizure susceptibility.21 Furthermore, 
maximal CH24H inhibition in wild- type mice did not lead 
to any notable effects on motor coordination or sponta-
neous locomotor activity, suggesting that CH24H inhi-
bition can tip the neural excitatory/inhibitory balance 
without indiscriminately dampening neural excitation.21 
As a first- in- class selective inhibitor of CH24H, soticlestat 
has the potential to provide therapy via a different mecha-
nism of action from existing available therapies.21

Strengths of the study include the multiple study sites 
across the eight countries involved, allowing for the en-
rollment of a relatively large number of participants. 
Additionally, this study provides evidence for the safety 
and tolerability of soticlestat in children, a population in 
which its use has not been investigated before. However, 
given the clinical trial setting, the results reported here 
may not be generalizable to a real- world population.

5  |  CONCLUSIONS

In conclusion, soticlestat treatment resulted in a safety pro-
file that was consistent with previous studies, was associated 
with a low rate of study discontinuation, and gave a signal 
of efficacy, with adjunctive soticlestat treatment resulting 
in a statistically significant median reduction in seizure fre-
quency in the combined patient population. Additionally, 
further support was provided for the use of plasma 24HC 
levels as a biomarker for the activity of soticlestat. Taking 
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these findings into consideration, individual phase 3 stud-
ies for DS and LGS are warranted to evaluate soticlestat 
treatment further in patients with these conditions.
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