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Objective: Chromosome 15q duplication (Dup15q) syndrome and cyclin dependent kinase-like 5 defi-
ciency disorder (CDD) are rare neurodevelopmental disorders associated with epileptic encephalopathies,
with a lack of specifically approved treatment options. ARCADE assessed the efficacy and safety of adjunc-
tive soticlestat (TAK-935) for the treatment of seizures in patients with Dup15q syndrome or CDD
(NCT03694275).
Methods: ARCADE was a phase II, open-label, pilot study of soticlestat (�300 mg/day twice daily, weight-
adjusted) in pediatric and adult patients 2–55 years of age with Dup15q syndrome or CDD who experi-
enced �3 motor seizures per month in the 3 months before screening and at baseline. The 20-week treat-
ment period consisted of a dose-optimization period and a 12-week maintenance period. Efficacy
endpoints included the change from baseline in motor seizure frequency during the maintenance period
and the proportion of treatment responders. Safety endpoints included the incidence of treatment-
emergent adverse effects (TEAEs).
Results: The modified-intent-to-treat population included 20 participants who received �1 dose of soti-
clestat and had �1 efficacy assessment (Dup15q syndrome, n = 8; CDD, n = 12). Soticlestat administration
during the maintenance period was associated with a median change from baseline in motor seizure fre-
quency of +11.7% in the Dup15q syndrome group and �23.6% in the CDD group. Reductions in all seizure
frequency of �23.4% and �30.5% were also observed during the maintenance period in the Dup15q syn-
drome group and the CDD group, respectively. Most TEAEs were of mild or moderate severity. Serious
TEAEs were reported by three patients (15.0%); none were considered drug related. The most common
TEAEs were constipation, rash, and seizure. No deaths were reported.
Conclusions: Adjunctive soticlestat treatment was associated with a decrease in motor seizure frequency
from baseline in patients with CDD and a decrease in all seizure frequency in both patient groups.
Soticlestat treatment was associated with an increase in motor seizure frequency in patients with
Dup15q syndrome.

� 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
se-like 5
ntal and

ail.com

http://crossmark.crossref.org/dialog/?doi=10.1016/j.yebeh.2023.109173&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.yebeh.2023.109173
http://creativecommons.org/licenses/by/4.0/
mailto:Scott.Demarest@childrenscolorado.org
mailto:sjeste@chla.usc.edu
mailto:NAgarwal@mnepilepsy.net
mailto:arkdimi@hotmail.com
mailto:mahnaz.asgharnejad@takeda.com
mailto:sam.hsiao@takeda.com
mailto:RTHIBERT@mgh.harvard.edu
https://doi.org/10.1016/j.yebeh.2023.109173
http://www.sciencedirect.com/science/journal/15255050
http://www.elsevier.com/locate/yebeh


S. Demarest, S. Jeste, N. Agarwal et al. Epilepsy & Behavior 142 (2023) 109173
1. Introduction

Chromosome 15q duplication (Dup15q) syndrome and cyclin-
dependent kinase-like 5 (CDKL5) deficiency disorder (CDD) are
rare developmental and epileptic encephalopathies (DEEs), a group
of conditions characterized by developmental delay and
treatment-resistant epilepsy starting in early childhood, whereby
frequent epileptic activity is associated with further development
delays [1–4].

Dup15q syndrome has an estimated incidence of 1:30 000 live
births and is caused primarily by two forms of chromosomal dupli-
cation: isodicentric chromosome 15q and interstitial maternal
duplication [5]. The disorder is associated with multiple medical
and neurodevelopmental conditions that contribute to poor quality
of life for patients and caregivers, including early central hypoto-
nia, global developmental delay, intellectual disability, and autism
[5–7]. With regard to epilepsy, patients with Dup15q syndrome
experience a high rate of seizures, including infantile spasms, fol-
lowed by multiple generalized seizure types with increasing age,
including tonic-clonic, atonic, myoclonic, tonic, and absence, as
well as focal-onset seizures [6].

CDD is an X-linked disorder with an estimated incidence of 1:40
000–1:60 000 live births [8] and is caused by mutations in the gene
encoding CDKL5 [8,9]. Symptoms include hypotonia, global devel-
opmental delay, intellectual disability, and cortical visual impair-
ment [8,10]. Patients with CDD often experience early onset
seizures, including infantile spasms, and then evolve into having
multiple seizure types, which can include atonic, atypical absence,
epileptic spasms, focal impaired with motor components, myoclo-
nic, tonic, typical absence, and tonic-clonic seizures [10,11].

Most broad-spectrum antiseizure medications (ASMs) are used
in the treatment of Dup15q syndrome and CDD [6,10]. Develop-
ment of treatment resistance, or in the case of CDD, exacerbation
of seizures, is commonly observed with current medications
[8,10]. The poor control of symptoms and treatment resistance
highlight the unmet need that exists for effective treatments for
both Dup15q syndrome and CDD [7,8].

Soticlestat is a first-in-class, selective inhibitor of cholesterol
24-hydroxylase (CH24H), the enzyme responsible for catabolizing
cholesterol to 24S-hydroxycholesterol (24HC) in the brain [12].
The mechanism of action of soticlestat is thought to involve the
reduction of glutamatergic signaling and attenuation of the neural
hyperexcitation associated with epilepsy disorders [12]. Because
broad-spectrum ASMs and medications targeting GABAergic sig-
naling show low efficacy in patients with Dup15q syndrome or
CDD, the unique mechanism of action of soticlestat may provide
a beneficial alternative treatment strategy in these disorders
[6,13]. Soticlestat has been evaluated in phase I clinical studies in
healthy volunteers [14,15] and in a phase Ib/IIa study in adults
with Dravet syndrome or Lennox–Gastaut syndrome. In the latter,
treatment was associated with a reduction in median seizure fre-
quency over the study duration [16] (ClinicalTrials.gov identifiers:
NCT02201056, NCT02539134, NCT03166215).

Here, we present results from ARCADE, a phase II, open-label,
pilot study to investigate the efficacy, safety, and tolerability of
soticlestat as adjunctive therapy in individuals with Dup15q syn-
drome or CDD (ClinicalTrials.gov identifier: NCT03694275).
2. Materials and methods

2.1. Patients

Patients with a documented diagnosis of Dup15q syndrome or
CDD, 2–55 years of age, and weighing �10 kg at the screening visit
were eligible for this study. Patients were required to be taking
2

from one to six ASMs at a stable dose for 4 weeks before the
screening visit, to have a history of failure of at least two ASMs,
and to have experienced at least three motor seizures per month
in the 3 months before screening and during the 4–6-week
prospective baseline period. Concomitant use of perampanel was
excluded owing to a potential pharmacodynamic drug–drug inter-
action. Patients on a ketogenic diet must have started the diet at
least 3 months before the screening visit and have been stable
for 4 weeks. Any patients using a vagal nerve stimulator (VNS)
must have had the VNS fitted at least 3 months before the screen-
ing visit, with stable settings for more than 1 month. Ketogenic diet
and VNS were not counted as ASMs. ASMs, VNS settings, and keto-
genic diet were not permitted to be altered during the study.

Patients who had been admitted to a medical facility and intu-
bated for treatment of status epilepticus at least twice in the
3 months before screening were excluded from the study. Other
exclusion criteria included abnormal laboratory test results or clin-
ically significant electrocardiogram abnormality at screening.

2.2. Ethics

The study was conducted in accordance with the International
Council for Harmonisation of Technical Requirements for Pharma-
ceuticals for Human Use Guideline for good clinical practice (E6) as
well as current ethics guidelines, including the Declaration of Hel-
sinki and the Council for International Organizations of Medical
Sciences international ethical guidelines. All other applicable laws
and local regulations were followed. Written informed consent was
obtained from each patient or his/her legally authorized representa-
tive before the patient entered the study. In addition, documented
assent was obtained from the patient when applicable. This study
was conducted in compliance with the institutional review boards
or independent ethics committees of each study location.

2.3. Study design

ARCADE was a phase II, multicenter, open-label, two-cohort
pilot study, conducted across eight study sites in the USA. Follow-
ing a 4–6-week prospective baseline period, patients entered a 20-
week treatment period, which included an 8-week dose-
optimization period followed by a 12-week maintenance period
(Fig. 1). Soticlestat was administered orally or via gastrostomy,
percutaneous endoscopic gastrostomy, or jejunostomy tube at up
to 300 mg twice daily, with or without food, with weight-based
dosing used for patients weighing <60 kg. During the dose-
optimization period, patients received gradually increasing doses
of soticlestat up to the appropriate maximum dose, while being
monitored for safety and tolerability. The dose could be changed
within the dose-optimization period; however, it was kept con-
stant during the maintenance period that followed unless a dose
decrease was required for reasons of safety and/or tolerability. Fol-
lowing study completion, patients were given the option to enroll
in the open-label extension study ENDYMION 1 (ClinicalTrials.gov
identifier: NCT03635073) or enter a 4 week taper period.

2.4. Efficacy endpoints

The primary efficacy endpoint was the percentage change from
baseline in motor seizure frequency per 28 days during the main-
tenance period in both patient groups. Secondary efficacy end-
points included the percentage change from baseline in motor
seizure frequency in both patient groups during the full 20-week
treatment period and the percentage change from baseline in all
seizure frequency during the maintenance and full treatment peri-
ods. Other secondary endpoints included the proportion of patients
with Dup15q syndrome or CDD who were considered treatment
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Fig. 1. Flowchart showing ARCADE study design. aOpen-label extension study (ClinicalTrials.gov identifier: NCT03635073). CDD, CDKL5 deficiency disorder.
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responders, defined as those experiencing a reduction in motor sei-
zure frequency from baseline of �25%, �50%, �75%, or 100% during
the maintenance period and full treatment period. Global function-
ing was assessed using the investigator-reported Clinical Global
Impression of Change (CGI-C) and the Caregiver Global Impression
of Change (Care GI-C) scales. The change from baseline in plasma
24HC levels was also measured in patients treated with soticlestat.

Patients and/or their caregivers were issued a paper seizure
diary and instructed to record seizure data daily, starting at the
first screening visit and continuing throughout the rest of the
study. Seizure types were defined as motor seizures or non-
motor seizures. Motor seizures included hemiclonic, focal with
motor signs, focal to bilateral tonic-clonic convulsion, generalized
tonic-clonic convulsion, tonic, atonic, bilateral clonic, infantile
spasms, epileptic spasms, and convulsive status (>30 minutes). Iso-
lated myoclonic seizures were not recorded. The motor seizure
data were used to determine the baseline seizure frequency for
the primary endpoint analyses. Non-motor seizures included
absence or atypical absence seizures, focal seizures without motor
signs, myoclonic, non-convulsive status (>30 min), and ‘other’.

2.5. Safety endpoints

Safety endpoints included the incidence of treatment-emergent
adverse events (TEAEs), which were defined as any adverse event
that started or increased in severity during or after the first dose
of the study drug and the change in the percentage of absence sei-
zure–free days over the maintenance period and the 20-week
treatment period in patients who reported absence seizures during
baseline. New seizure types were also reported as TEAEs. TEAEs
were classified as mild if they required minimal or no treatment
and did not interfere with daily activities, moderate if they resulted
in a low level of inconvenience or concerns with the therapeutic
measures, and severe if they interrupted the patient’s daily activi-
ties and may have required systemic drug therapy or treatment.

2.6. Data analysis

Descriptive statistics were used to summarize continuous vari-
ables, and frequency and percentage were used for categorical and
ordinal variables. For analysis of seizure endpoints, ‘baseline’ refers
to the 4─6-week baseline period. To assess the change in seizure
frequency, motor seizure frequency per 28 days was determined
for the baseline period, maintenance period, and full treatment
period. CGI-C and Care GI-C scores were summarized over time
with descriptive statistics.

The analysis sets for this study included modified-intent-to-
treat (mITT) and safety analysis sets. The mITT analysis set
included all patients who received at least one dose of the study
3

drug and were assessed for at least one day during the treatment
period.

The safety analysis set comprised all patients who received at
least one dose of the study drug. All analyses of primary and sec-
ondary efficacy endpoints were based on the mITT set.

TEAEs were divided by patient group and summarized using
descriptive statistics. All statistical analyses were performed using
SAS software, version 9.4 (SAS Institute Inc.).
3. Results

3.1. Patient disposition

Of a total of 28 patients screened, 20 were enrolled in the study
and included in the mITT and safety populations, and 18 completed
the study. The mITT population included eight patients with
Dup15q syndrome and 12 patients with CDD. Two patients with
CDD in the mITT population withdrew from the study. One patient
was withdrawn by the investigator based on abnormal, prolonged
QT interval corrected for heart rate (QTc) values at screening that
continued after initiation of the study drug. However, after a man-
ual review of electrocardiograms by an external expert, it was con-
cluded that the patient had a normal QTc using Fridericia’s formula
(QTcF), or Bazett’s formula (QTcBat) at enrollment, with subse-
quent normal variability of QTc while receiving therapy. One
patient discontinued the study and was enrolled in the open-
label extension study because of a concern with the need for mod-
ification of current ASM treatments.
3.2. Baseline demographics and clinical characteristics

Overall, 60.0% of patients were female (Table 1). The median age
of patients with Dup15q syndrome was 13.5 years (range, 9–
27 years), and the median age of patients with CDD was 5.5 years
(range, 2–17 years). Baseline median motor seizure frequencies for
patients with Dup15q syndrome and CDD were 128.4 and 77.8 per
28 days, respectively (Table 1). There was a wide variation in
reported motor seizure frequency at baseline, with ranges of 35–
224 and 10–374 per 28 days in the Dup15q syndrome and CDD
groups, respectively (Table 1). In addition to motor seizures, a wide
variety of seizure types were reported in both Dup15q syndrome
and patients with CDD at baseline (Table S1).

Most patients were taking more than one ASM at baseline, with
13 (65.0%) taking at least three ASMs (Table 1). The most common
ASMs used by patients with Dup15q syndrome were rufinamide
(50.0%), lamotrigine (50.0%), clobazam (37.5%), and levetiracetam
(37.5%). Common ASMs used by patients with CDD included cloba-
zam (41.7%), cannabidiol (33.3%), and topiramate (25.0%).

http://ClinicalTrials.gov


Table 1
Baseline demographics and clinical characteristics in the modified ITT analysis set.

All
patients
(n = 20)

Dup15q
syndrome
(n = 8)

CDKL5
deficiency
disorder
(n = 12)

Age, years
Mean (SD) 10.7 (6.7) 15.4 (6.0) 7.6 (5.3)
Minimum, maximum 2, 27 9, 27 2, 17

Sex, n (%)
Male 8 (40.0) 5 (62.5) 3 (25.0)
Female 12 (60.0) 3 (37.5) 9 (75.0)

Race, n (%)
White 19 (95.0) 8 (100) 11 (91.7)
Other 1 (5.0) 0 1 (8.3)

Ethnicity, n (%)
Not Hispanic or Latino 20 (100) 8 (100) 12 (100)

Number of antiseizure medications at
baseline, n (%)a

1 4 (20.0) 1 (12.5) 3 (25.0)
2 3 (15.0) 1 (12.5) 2 (16.7)
3 8 (40.0) 2 (25.0) 6 (50.0)
4 3 (15.0) 3 (37.5) 0
5 2 (10.0) 1 (12.5) 1 (8.3)

Baseline motor seizure frequencyb

Mean (SD) 130.4
(109.9)

132.3
(72.0)

129.1
(132.4)

Median 82.8 128.4 77.8
Minimum, maximum 10, 374 35, 224 10, 374

a Data from safety analysis set.
b Seizure frequency was calculated per 28 days (28 � [number of seizures in the

interval]/[days with no missing seizure count in the interval]). Baseline frequency
was calculated over the 4–6-week screening period before the first dose.
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3.3. Efficacy

3.3.1. Changes in seizure frequency
In patients with Dup15q syndrome, the median changes from

baseline in motor seizure frequency were +11.7% and +13.4% dur-
ing the maintenance period and full 20-week treatment period,
respectively (Fig. 2A). However, patients in this group showed
median changes from baseline in all seizure frequency (motor
and non-motor) of �23.4% and �18.2% during the maintenance
period and full treatment period, respectively (Fig. 2B).

In patientswith CDD, themedian changes frombaseline inmotor
seizure frequencywere�23.6% and�13.6% during themaintenance
period and full treatment period, respectively (Fig. 2C). Patients in
this group showed median changes from baseline in all seizure fre-
quency of �30.5% and �26.0% during the maintenance period and
full treatment period, respectively (Fig. 2D).

3.3.2. Treatment response
In the Dup15q syndrome group, during the maintenance period,

one patient (12.5%) experienced a reduction in motor seizure fre-
quency from baseline of �75%, one patient (12.5%) experienced a
reduction of �50%, and two patients (25.0%) experienced reduc-
tions of �25% (Fig. 3A).

In the CDD group, during the maintenance period, one patient
(9.1%) experienced a reduction of �75%, three patients (27.3%)
experienced reductions of �50%, and five patients (45.5%) experi-
enced reductions of �25% (Fig. 3B).

Similar results were observed in both groups during the full
treatment period.

3.3.3. Global functioning
Treatment with soticlestat was associated with a general

improvement in global functioning in both patient populations.
4

At the last visit, of the eight patients with Dup15q syndrome, rel-
ative to baseline, 50% reported improvement in CGI-C score and
50% reported improvement in Care GI-C score (Fig. 4A). At the last
visit, of the 12 patients with CDD, improvements in CGI-C and Care
GI-C scores relative to baseline were observed in 66.7% and 91.7%
of patients, respectively (Fig. 4B).

3.3.4. Plasma 24HC levels
After 2 weeks of treatment, median decreases from baseline in

plasma 24HC levels of 73.3% and 82.0% were observed in the
Dup15q syndrome and CDD groups, respectively. These values
remained relatively stable throughout the remainder of the study.

3.4. Safety and tolerability

In total, 19 patients (95.0%) reported TEAEs, with most report-
ing mild (n = 15; 75.0%) or moderate (n = 9; 45.0%) as the worst
severity (Table 2). Seven patients (87.5%) with Dup15q syndrome
reported TEAEs, with the most common being fatigue (25.0%), sei-
zure (25.0%), and lethargy (25.0%). TEAEs were reported by 12
patients with CDD (100%), the most common being constipation
(33.3%), ear infection (16.7%), decrease in blood bicarbonate
(16.7%), partial seizures (16.7%), tonic convulsions (16.7%), and
rash (16.7%) (Table 2). None of the mild or moderate TEAEs in
either the Dup15q syndrome group or the CDD group led to study
discontinuation.

Three patients (25.0%) with CDD reported severe TEAEs of con-
stipation, asthenia, respiratory syncytial virus bronchiolitis, and
seizure. Of the severe TEAEs reported by patients with CDD, consti-
pation, asthenia, and seizure were considered treatment related.
No severe TEAEs were reported in patients with Dup15q syndrome.
TEAEs classed as seizures in patients with CDD and considered to
be related to treatment (in addition to the severe TEAE of seizure
listed above) included partial seizures (n = 2), tonic convulsions
(n = 2), and atonic seizures (n = 1). A TEAE of seizure considered
to be related to treatment was reported in one patient (12.5%) with
Dup15q syndrome.

Five patients with CDD reported one or more new seizure types
not identified at baseline, which included focal with motor signs as
well as tonic, atonic, and absence or atypical absence seizures. New
seizures not recorded at baseline were reported by two patients
with Dup15q syndrome, who reported one myoclonic seizure and
two absence or atypical absence seizures.

Serious TEAEs were reported by three patients (15.0%) in total:
one patient (12.5%) in the Dup15q syndrome group and two
patients (16.7%) in the CDD group; none of these serious TEAEs
were considered related to treatment.

TEAEs led to dose modification in six patients (30.0%) and
occurred during the dose-optimization period in four patients,
and during the maintenance period in two patients. In all cases,
the dose was reduced. Thirteen patients (65.0%) reported TEAEs
that were considered drug related by the investigator, none of
which were considered serious or led to study discontinuation.
No deaths were reported in this study.

The percentage of absence seizure-free days remained
unchanged from baseline, with a median of 100% for both treat-
ment groups and in both study periods.
4. Discussion

Results from the open-label, signal-detection ARCADE study
were inconclusive with regard to efficacy in both the Dup15q syn-
drome and CDD cohorts. Over the full 20-week period of adjunctive
soticlestat treatment, a moderate median reduction from baseline
in motor seizure frequency was observed in patients with CDD



Fig. 2. Change in seizure frequency in patients with Dup15q syndrome or CDKL5 deficiency disorder during the maintenance and full treatment periods. Median percentage
change from baseline in (A) motor seizure frequency and (B) all seizure frequency in patients with Dup15q syndrome (n = 8), and median percentage change from baseline in
(C) motor seizure frequency and (D) all seizure frequency in patients with CDKL5 deficiency disorder (n = 12). Data are shown for the 12-week maintenance period and the
full 20-week treatment period. a n = 11.
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and a moderate median increase from baseline in motor seizure
frequency was observed in patients with Dup15q syndrome. How-
ever, in both groups of patients, a decrease in all seizure frequency
(motor and non-motor combined) was observed during the study.
Corresponding decreases in plasma 24HC levels were also observed
in this study, providing evidence for the pharmacodynamic activity
of soticlestat and suggesting high treatment adherence.

The improvement in seizure frequency seen in the CDD group
during the maintenance period in the present study (–23.6% from
baseline) was similar to that observed in a recent trial of ganax-
olone, which is the first ASM to be approved specifically for the
treatment of CDD. In patients with CDD (n = 100), ganaxolone
treatment was associated with a median percent change in 28-
day major motor seizure frequency of – 30.7%, with a – 6.9%
change observed in the placebo group [17]. Although no direct
comparison can be made, this finding suggests that the magnitude
of reductions in motor seizure frequency observed in patients with
CDD in ARCADEmay have been treatment effects, although a larger
placebo-controlled study would be needed to confirm any poten-
tial efficacy signal.

ARCADE was not designed to analyze the effects of soticlestat
in combination with any particular ASMs. Drug–drug interaction
studies in healthy volunteers (ClinicalTrials.gov identifiers:
NCT05064449 and NCT05098041) have shown that while soti-
clestat can be administered with CYP3A4 or UGT1A9 inhibitors
without clinically meaningful DDIs, strong CYP3A inducers sig-
nificantly reduce the concentration of soticlestat in plasma and
5

have been excluded from ongoing studies. An exception to this
is for ASMs that are also CYP3A inducers (e.g. carbamazepine,
phenobarbital, phenytoin, oxcarbazepine, and clobazam) [18].
Population PK analyses will be performed to evaluate the impact
of these ASMs on soticlestat exposure upon phase III study
completion.

Despite the median increase in motor seizure frequency seen in
patients with Dup15q syndrome, two patients in this group were
classed as treatment responders showing a reduction from base-
line in motor seizure frequency. Patients with CDD had a potential
treatment response, showing a moderate median reduction from
baseline in motor seizure frequency, with five patients classed as
treatment responders. This potential signal of efficacy would need
to be confirmed in a larger, adequately powered, controlled clinical
trial.

Both groups had a substantial percentage of patients showing
improvements in CGI-C and Care GI-C scores, suggesting a benefit
of treatment on global functioning. However, an evaluation of non-
seizure symptoms was not included in the present study. Existing
clinical outcome assessment measures are generally not appropri-
ate for conditions with heterogenous symptoms and intellectual
disability because included items lack optimal content validity or
sensitivity to change [19]. As such, a novel CGI measure for clinical
outcome assessment of non-seizure symptoms has been developed
and will be included in phase III studies of soticlestat in patients
with DEEs (ClinicalTrials.gov identifiers: NCT04940624 and
NCT04938427) [19].

http://ClinicalTrials.gov
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Fig. 3. Number of treatment responders during the maintenance period and full treatment period. Number of patients with (A) Dup15q syndrome (n = 8) or (B) CDKL5
deficiency disorder (n = 12) who were classed as treatment responders during the 12-week maintenance period, and the number of patients with (C) Dup15q syndrome (n =
8) or (D) CDKL5 deficiency disorder (n = 11) who were classed as treatment responders during the 20-week treatment period.

Fig. 4. Proportion of patients with (A) Dup15q syndrome or (B) CDKL5 deficiency disorder showing any improvement in global functioning at the last visit as determined from
the investigator report (Clinical Global Impression of Change) and the caregiver report (Caregiver Global Impression of Change).
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In support of previously reported results, treatment with soti-
clestat resulted in a reduction of plasma 24HC levels, which was
maintained throughout the full treatment period. The findings
reported here build on those from clinical studies in healthy volun-
teers and adults with DEEs to support the use of 24HC as a periph-
eral biomarker for soticlestat activity in the brain; they also
indicate engagement of soticlestat with CH24H, resulting in sys-
temic reductions of 24HC [14–16].
6

Although reductions were observed in 24HC in the Dup15q
cohort, patients experienced a median increase in seizure fre-
quency, which might be explained by several possible reasons.
Given the relatively low number of patients with Dup15q syn-
drome included in the study (n = 8), it is possible that the median
increase in motor seizure frequency seen in this group may have
been due to normal statistical variation. It is also possible that
baseline seizure frequency may have been underestimated earlier



Table 2
Incidence of treatment-emergent adverse events.

All
patients
(n = 20)

Dup15q
syndrome
(n = 8)

CDKL5
deficiency
disorder
(n = 12)

Any TEAEs,a n (%) 19 (95.0) 7 (87.5) 12 (100.0)
Mild 15 (75.0) 7 (87.5) 8 (66.7)
Moderate 9 (45.0) 3 (37.5) 6 (50.0)
Severe 3 (15.0) 0 3 (25.0)

TEAEs related to study drug,b n (%) 13 (65.0) 4 (50.0) 9 (75.0)
TEAEs leading to dose

modification, n (%)
6 (30.0) 2 (25.0) 4 (33.3)

Serious TEAEs,c n (%) 3 (15.0) 1 (12.5) 2 (16.7)
Deaths, n (%) 0 0 0
TEAEs leading to drug

withdrawals, n (%)
1 (5.0) 0 1 (8.3)

TEAEs occurring in �10% of
patients, n (%)
Constipation 4 (20.0) 0 4 (33.3)
Rash 3 (15.0) 1 (12.5) 2 (16.7)
Seizure 3 (15.0) 2 (25.0) 1 (8.3)
Agitation 2 (10.0) 1 (12.5) 1 (8.3)
Blood bicarbonate decreased 2 (10.0) 0 2 (16.7)
Ear infection 2 (10.0) 0 2 (16.7)
Fatigue 2 (10.0) 2 (25.0) 0
Lethargy 2 (10.0) 2 (25.0) 0
Nasopharyngitis 2 (10.0) 1 (12.5) 1 (8.3)
Partial seizures 2 (10.0) 0 2 (16.7)
Tonic convulsions 2 (10.0) 0 2 (16.7)

a Patients with adverse events of the same Medical Dictionary for Regulatory
Activities Preferred Terms were counted once for the highest severity. Patients with
adverse events of different Preferred Terms of the same highest severity levels were
counted once. Patients with adverse events of different Preferred Terms and dif-
ferent highest severity levels were counted separately for each of the highest
severity level.

b Defined as events that were ‘possibly related’ or ‘related’ to the study drug.
c None of the serious TEAEs were considered to be related to treatment by the

investigators.
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in the study, with values increasing as caregivers became more
experienced at reporting seizures as the study progressed. How-
ever, this could equally be true for the CDD cohort. Patients with
Dup15q syndrome had a mean age of 15.4 years. Respondents to
a survey of families with Dup15q syndrome (n = 95) reported sei-
zures to be more prevalent in older than in younger individuals,
with the highest rates found in those of 15–17 years of age [6].
Older children with long-standing epilepsy are also more likely
to be treatment resistant.

The exact etiology of seizures in Dup15q syndrome is unknown.
A role for GABAergic synapses in the etiology of seizure semiology
has also been reported in those with inherited 15q11-q13 duplica-
tions [20]. Further evidence for the role of GABAergic signaling in
Dup15q syndrome was shown in a study in which administration
of the benzodiazepine, midazolam, in healthy adults recapitulated
the beta electroencephalography phenotype that is often observed
in patients with this disease [21]. Soticlestat targets CH24H rather
than GABAergic signaling; therefore, these findings may explain
the lack of efficacy seen in patients with Dup15q syndrome in
the present study.

Most patients in ARCADE experienced TEAEs that were mild or
moderate in severity. A third of patients with CDD reported consti-
pation (including one severe TEAE), which is a relatively common
comorbidity in this patient population [8]. The remaining two sev-
ere TEAEs were asthenia and seizure, both of which are frequently
observed in patients with epilepsy who are treated with ASMs
[22,23]. Some assessments, including measurement of weight,
could only be assessed in those patients who attended study cen-
ters. As such, certain data are not available for all patients at all
7

scheduled visits. For example, final visit weight measurements
are available for five patients with Dup15q syndrome and eight
patients with CDD. Disruption caused by the COVID-19 pandemic
was a key reason for patients missing visits.

Inherent challenges of clinical trials in rare disorders include
recruitment, enrollment, and retention of patients. For example,
it is possible that only the most severely affected patients choose
to enroll in a study, which could lead to selection bias of
treatment-resistant patients. Another limitation when conducting
clinical trials in Dup15q syndrome or CDD is the high number of
patients who experience multiple seizure types [1,6], which can
make accurate reporting challenging. Additionally, in patients with
Dup15q syndrome, the number of different seizure types experi-
enced is known to increase with age [6]. Many patients with this
disorder progress from infantile spasms to multiple generalized
seizure types, which may develop as late as 9 years of age in the
case of tonic seizures [6].

Despite the improvements in motor seizure frequency and glo-
bal functioning seen in patients with CDD in the present study, a
high incidence of new seizure types not present at baseline was
observed in this group and included focal seizures with motor
signs, tonic, atonic, and absence or atypical absence seizures. The
onset of new seizure types has also been reported in another study
that assessed the efficacy of ASMs in reducing convulsive seizure
frequency in patients with CDD, suggesting that this may be a gen-
eral finding rather than a treatment-specific response [24].

The strengths of this study included the wide range of efficacy
assessments, involving the measurement of motor seizures, non-
motor seizures, responder analysis, and global functioning using
the CGI-C and Care GI-C scales.
5. Conclusions

Results from ARCADE showed a median motor seizure reduc-
tion from baseline in patients with CDD and a median reduction
from baseline in all seizure frequency (motor and non-motor) in
both treatment groups. An increase from baseline in motor seizure
frequency was observed in patients with Dup15q syndrome, most
likely due to the older age of this cohort.

Improvements in CGI-C and Care GI-C scores were observed in
both groups of patients, and all patients in this open-label study
elected to enroll in the open-label extension study, indicating a
perceived benefit of treatment.

Safety findings in ARCADE were consistent with findings from
previous studies, with no new safety signals identified.
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