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Aims: Soticlestat, a first-in-class inhibitor of cholesterol 24-hydroxylase (also known
as cytochrome P450 46A1), is currently in development for the treatment of
developmental and epileptic encephalopathies. Here, we report safety, tolerability,
pharmacokinetic and pharmacodynamic outcomes from a phase |, randomized, double-
blind, placebo-controlled, multiple-rising-dose study of soticlestat in healthy adults.
Methods: Five cohorts of healthy subjects (n = 8 each, randomized 6:2 soticlestat:
placebo) received oral soticlestat 100-600 mg once daily (QD) or 300 mg twice daily
(BID) for 10-14 days. Serial blood and urine samples were obtained on days 1, 7
(blood only) and 14.

Results: Soticlestat in the dose range 100-400 mg/day for up to 14 days was gener-
ally well tolerated. In total, 45 treatment-emergent adverse events (TEAEs) were
reported; most (91%) were transient and mild in intensity. Two subjects experienced
TEAEs leading to discontinuation: one receiving soticlestat 600 mg QD reported a
severe event of acute psychosis; another receiving 300 mg BID reported a mild event
of confusional state. Steady-state exposure to soticlestat increased in a slightly
greater than dose-proportional manner across the dose range 100-400 mg QD. Peak
plasma concentrations were reached within 0.33-0.5 hour, and soticlestat elimination
half-life was approximately 4 hours. Renal excretion of soticlestat was negligible.
Soticlestat 100-400 mg QD reduced 24S-hydroxycholesterol levels by 46.8 (coeffi-
cient of variation [CV%] —9.2) to —62.7% (CV% —7.3) at steady state; values of enzy-
matic inhibition were compatible with antiepileptic effects observed in preclinical
models.

Conclusion: The pharmacokinetic and pharmacodynamic profiles of soticlestat char-

acterized here provided a data-driven rationale for clinical trial dose selection.
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1 | INTRODUCTION

Epilepsy is relatively common, affecting an estimated 65-70 million
people worldwide,*? with a prevalence of 0.4-1.0%, accounting for
approximately 5% of the global burden of neurological diseases.>*
Developmental and epileptic encephalopathies (DEEs) comprise an
important group of epilepsies associated with severe cognitive and
developmental impairments, including Dravet syndrome and Lennox-
Gastaut syndrome, with symptoms that typically manifest during
infancy and childhood.®> Traditional antiseizure medications (ASMs)
often fail to control seizures in DEEs and minimally impact the cogni-
tive and behavioural impairments associated with the progression of
the disorders.® The recognition of this situation has prompted several
new lines of research addressing molecular mechanisms that were not
fully explored previously.

Glutamate, the major excitatory neurotransmitter in the central
nervous system, is known to play an important role in neuronal excit-
ability, synaptic plasticity, memory, learning and other cognitive func-
tions.”® Abnormal glutamate signalling leading to overstimulation of
glutamate receptors can lead to increased neuronal excitability and
cellular degeneration via excitotoxicity, a well-known mechanism
involved in epileptogenesis.”®

Studies in patients with status epilepticus suggest that antagoniz-
ing or modulating the N-methyl-p-aspartate (NMDA) subtype of
ionotropic glutamate receptors (tetrameric structures comprising the
NR1, NR2A and NR2B subunits) can have an antiepileptogenic effect
and may be disease-modifying, reducing the risk of developing
epilepsy-related cognitive impairment due to the excitotoxicity dam-
age.8? Furthermore, patients with focal epilepsies have been shown
to have increased NMDA receptor-mediated signalling throughout
the brain.°

Felbamate is currently the only ASM with a clinically relevant
action at both NMDA and gamma-aminobutyric acid (GABA)
receptors® that is used in children with one of the DEE syndromes
(Lennox-Gastaut syndrome). Of note, the development of novel ASMs
with a mechanism of action mediated via NMDA-receptor blockade
has been limited by the potential risk of psychotomimetic behavioural
effects and neurotoxicity observed in preclinical safety studies.®11:12
A consistent set of observations indicated that this limitation could be
circumvented by exerting a negative allosteric modulation of the
NMDA-receptor function rather than antagonism or blockade, and by
identifying the proper exposure to optimize effectiveness and
safety.8%1% In the normal brain, endogenous positive modulatory
agents are present in the extracellular fluid, contributing to the
regulation of the NMDA-receptor activity, augmenting the
synaptic glutamate effect as neurotransmitter. One of them, 24S-
hydroxycholesterol (24HC),'* is synthesized by the enzyme choles-
terol 24-hydroxylase (CH24H, also known as cytochrome P450
46A1), with expression almost completely restricted to the brain.***
The brain-produced 24HC acts locally and then diffuses into the
circulatory system to be metabolized in the liver. In healthy children,
the circulating 24HC levels are higher than in adults,'® therefore it is

possible that in young subjects with DEEs, the high levels of 24HC

What is already known about this subject

e Soticlestat, a first-in-class inhibitor of cholesterol 24-
hydroxylase, has demonstrated efficacy in several distinct
rodent models of epilepsy.

e Soticlestat single doses were generally well tolerated in
healthy subjects and dose-dependently reduced plasma
24S-hydroxycholesterol concentrations, indicative of cen-
tral target engagement and downstream pharmacody-
namic effects.

e Soticlestat could provide a new treatment option for
developmental and epileptic encephalopathies such as
Dravet syndrome and Lennox-Gastaut syndrome via a
different mechanism of action from those of currently

available antiseizure medications.

What this study adds

e Soticlestat showed slightly greater than dose-propor-
tional steady-state exposure after daily dosing for
14 days.

e Soticlestat daily doses inhibited cholesterol 24-hydroxy-
lase activity, resulting in a dose-dependent decrease in
24S-hydroxycholesterol levels thought to be associated
with antiseizure effects seen in preclinical models.

o This study informed dosing in subsequent clinical trials in
paediatric patients with developmental and epileptic

encephalopathies.

may contribute to the enhanced activity of central NMDA receptors.
This could partially explain the higher frequency of seizures observed
in children compared with in adults. This hypothesis is consistent
with the experimental findings in young rodents, showing that the
antiepileptic and neuroprotective effects of soticlestat, a novel
brain-penetrant CH24H enzyme inhibitor, were associated with a
dose-dependent reduction in circulating levels of 24HC.2¢17

The biodistribution and target engagement of soticlestat has been
assessed in mice, with CH24H-knockout mice exhibiting a substan-
tially lower level of soticlestat distribution in the brain than wild-type
controls.'” In addition, single oral administration of soticlestat in mice
was associated with a dose-dependent reduction in 24HC levels in
the brain, confirming that soticlestat is brain penetrable.*® The brain
accounts for nearly all of the production of 24HC, which demon-
strates unidirectional excretion. Approximately 99% of the total excre-
tion of 24HC by the brain occurs across the blood-brain barrier
directly into the bloodstream,? therefore plasma 24HC levels can be
used as a pharmacodynamic maker reflecting the level of CH24H inhi-

bition by soticlestat in the brain.
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A recent phase |, first-in-human, single-rising-dose study has
found soticlestat to be well tolerated in healthy subjects in doses up
to 1350 mg.?° In the same study, a dose-dependent reduction of cir-
culating levels of 24HC was observed, in keeping with the preclinical
findings. The aim of the study reported here was to further investigate
the safety and tolerability of multiple escalating daily doses of
soticlestat in healthy subjects, and the pharmacokinetics (PK) and
pharmacodynamics (PD) of soticlestat over 14 days of administration.
This study also aimed to guide dosing in subsequent clinical studies

that included paediatric and adult patients with DEEs.

2 | METHODS

21 | Study description and treatment

This was a phase |, randomized, double-blind, placebo-controlled,
multiple-rising-dose study conducted at a single centre in the
United States. The main objectives were to characterize the safety,
tolerability and PK profiles of soticlestat when administered as an oral
solution at escalating daily dose levels. Additional exploratory objec-
tives were to characterize the PK of the N-oxide metabolite (M-I) of
soticlestat and explore the PD effect of multiple doses of soticlestat
on plasma 24HC levels.

This study was conducted in compliance with the Institutional
Review Board regulations stated in Title 21 of the United States Code
of Federal Regulations, Part 56, Good Clinical Practice (GCP) regula-
tions and guidelines, and all applicable local regulations. It was con-
ducted according to the ethical principles that have their origin in the
Declaration of Helsinki and the International Conference on
Harmonisation Tripartite Guideline for GCP. All subjects provided
written informed consent prior to enrolment. This study was regis-
tered on ClinicalTrials.gov prior to enrolment of the first study subject
(ClinicalTrials.gov identifier: NCT02539134). All molecular target
nomenclature conforms to the [IUPHAR/BPS Guide to PHARMACOL-
OGY nomenclature classification.?

2.2 | Study eligibility criteria
Study participants were healthy male and female adults, 18-55 years
old, with a body mass index (BMI) of 18-30 kg/m?2. All eligible sub-
jects were required to use adequate contraception from the time of
providing informed consent throughout the duration of the study,
and for 30 days after the last dose. All female subjects undertook a
serum pregnancy test 3 days before study drug administration. Any
subject with a significant history of uncontrolled clinically significant
neurological (including seizure disorders), psychiatric or other disor-
der, disease or abnormality that may have impacted his/her ability to
participate in the study or potentially confound the study results was
excluded.

Eligible subjects were confined to the study site for 2 days prior

to dosing and for the duration of the dosing period (from days —3
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through 15) and for 1 day of follow-up. Subjects were fed three stan-
dard meals (breakfast, lunch and dinner) and an evening snack daily,
collectively containing 30% fat. Dosing in the morning on days 1-14
occurred after a fast of at least 8 hours, and subjects remained fasted
until 2 hours post dosing, after which time breakfast was served. The
meals served on PK assessment days (days 1 and 14) were identical
across cohorts.

2.3 | Study cohorts

A total of five cohorts (eight subjects each) received multiple doses of
soticlestat or placebo given as an oral solution for a planned duration
of 14 days. After each cohort, the decision to escalate to the next
dose level for the subsequent cohort was made after a full review of
the blinded safety and tolerability, and available PK data from the pre-
ceding cohorts.

Each cohort consisted of six subjects randomized to active drug
and two subjects randomized to placebo. Cohorts 1 and 2 received
oral soticlestat 100 and 300 mg, respectively, once daily (QD).
Cohorts 3 and 4 received 300 mg twice daily (BID) and 600 mg QD,
respectively. Given that treatment-emergent neurological and psychi-
atric adverse events (AEs) were observed in cohorts 3 and 4, cohort
5 proceeded with a de-escalated dose of 400 mg QD. The doses for
cohort 1 were selected based on the results of a single rising-dose
study in healthy adults. The doses for the subsequent cohorts were
based on the data from previous multiple rising-dose cohorts, and
were predicted not to exceed the maximum plasma concentration
(Cmax) Observed at the no-observed-adverse-effect level (NOAEL)
in dogs.

2.4 | Pharmacokinetic and pharmacodynamic
assessments

Serial blood sampling (one 4-mL sample) was performed for PK analy-
sis of soticlestat and M-I on days 1 and 14 (pre dose [<30 minutes
before dosing], at 10, 15, 20 and 30 minutes, and 1, 1.5, 2, 3, 4, 6,
8, 10, 12, 16 and 24 hours post dose), with trough sampling on days
7,11, 12 and 13 (<30 minutes before dosing). Additional blood sam-
ples for PK analysis were collected on day 7 for the 400 mg QD
cohort at 15 and 30 minutes, and 1, 2, 4 and 8 hours post dose.

Urine samples were also collected for PK analysis on days 1 and
14 (pre dose [—12 to O hours for day 1 and —2 to O hours for day 14]
and at intervals of 0-6, 6-12 and 12-24 hours post dose). For subjects
who received BID dosing, blood and urine samples were collected up
to 12 hours after morning dosing.

Serial blood sampling (one 8-mL sample) for PD analysis of plasma
levels of the 24HC biomarker were collected at baseline (day —1, pre
dose [< 30 minutes before dosing], and at 30 minutes and 1, 2, 4, 8,
12, 16 and 24 hours post dose) and on days 1 and 14 at time points
matching day —1 sample collection. Additional trough samples were
taken < 30 minutes before dosing on days 7, 12 and 13.
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Plasma and urine soticlestat and M-I, and plasma 24HC concen-
trations were measured using high-performance liquid chromatogra-
phy with tandem mass spectrometry detection. Assays were validated
with a concentration range of 1.00-2000 ng/mL for both plasma or
urine soticlestat and M-I and 2.00-100 ng/mL for plasma 24HC. Fur-
ther details of these bioanalytical methods have been published
previously.*”

PK parameters for soticlestat and M-I, and PD parameters for
24HC were derived using standard noncompartmental analysis
methods with Phoenix WinNonlin, Version 6.3 (Certara, Princeton,
NJ, USA).

2.5 | Safety assessments

Safety assessments were performed daily on days 1-15 and at a
follow-up assessment on day 28 +2 days. Evaluations included
recording and assessment of AEs, physical examinations, BMI, vital
signs and clinical laboratory tests.

2.6 | Statistical analyses

The safety analysis set consisted of all subjects who enrolled and
received at least one dose of study drug. The PK set comprised all
subjects in the safety set who had at least one measurable plasma or
urine concentration. The PD set consisted of all subjects who were in
the safety set and had at least one measurable 24HC plasma
concentration.

The primary endpoints for this study were the percentage of sub-
jects who had at least one treatment-emergent AE (TEAE), markedly
abnormal criteria for safety laboratory tests, vital signs or electrocar-
diographic measurements at least once after dosing.

For subjects who received QD administration of study drug, dose
proportionality was assessed using the Power model for day 1 and
day 14 plasma exposures (Crax and area under the plasma concentra-
tion curve [AUC] AUC,, on day 1 and AUC. on day 14). An analysis of
variance (ANOVA) was also performed to assess time dependency
between day 1 and day 14 for C,., and AUC (AUC, on day 1/AUC,
on day 14) for QD cohorts. Incomplete or missing data were not

imputed.

2.7 | Nomenclature of targets and ligands

All molecular target nomenclature conforms to the IUPHAR/BPS
guide to pharmacology nomenclature classification. Key protein tar-
gets and ligands in this article are hyperlinked to corresponding
entries in http://www.guidetopharmacology.org, the common portal
for data from the IUPHAR/BPS Guide to PHARMACOLOGY, and are
permanently archived in the Concise Guide to PHARMACOLOGY
2019/20.2%%3

3 | RESULTS

3.1 | Study population

Of the 176 subjects screened, 40 (aged 19-54 years) were randomly
assigned to treatment (30 received soticlestat and 10 received pla-
cebo) and entered the treatment period; 24 randomized subjects
(60%) completed the study and 16 (40%) prematurely discontinued
the study drug (including 14 subjects in the two ongoing cohorts of
600 mg per day and 300 mg BID, withdrawn by the sponsor as a pre-
cautionary safety measure). The 30 subjects who received soticlestat
were included in the PK set, and all 40 subjects (including those
administered placebo) were included in the PD set.

The majority of subjects in the study were white (31 subjects
[77.5%]) and non-Hispanic or non-Latino (21 subjects [52.5%)])
(Table 1). At least half of the subjects in each dose group were male.
Mean age in each group ranged from 27 to 40 years, mean body weight
from 67.7 to 79.4 kg and mean BMI from 24.2 to 26.7 kg/m? (Table 1).

3.2 | Pharmacokinetics

Soticlestat C,,.x Was reached rapidly, with a median time to reach C,ax
(tmax) 0.33-0.5 hours after a single oral or multiple oral
administration(s) of the solution across the dose range studied
(Table 2). Over the 6-fold dose range of 100-600 mg, single-dose
mean soticlestat C.x and AUC,, on day 1 increased 6.55-fold and
9.35-fold, respectively (Table 2).

The cohorts receiving the 600 mg/day (300 mg BID or 600 mg
QD) dosing regimens were not included in the multiple-dose exposure
analyses; their treatment course was discontinued before planned
intensive PK on day 14 because of the emergence of AEs (see sec-
tion 3.4). For the other cohorts, concentration-time profiles for
soticlestat were similar across dose ranges and appeared to be similar
on days 1 and 14. Over the 4-fold dose range (100-400 mg QD), mean
soticlestat Chax and AUC. on day 14 was 6.08-fold and 6.12-fold
higher, respectively (Table 2).

The mean terminal elimination half-life (t,,,) for soticlestat was
similar on day 1 and day 14, ranging from 3.49 to 4.83 hours
(Table 2). Once-daily dosing of 100 or 400 mg soticlestat for 14 days
did not appear to result in exposure accumulation on day 14 compared
with day 1, whereas 300 mg QD dosing for 14 days resulted in
approximately 1.74-fold and 1.42-fold increases in Crax and AUC, at
steady state, respectively (Figure 1).

Renal elimination was negligible, with 0.08-0.25% of soticlestat
dose excreted unchanged in urine. Mean renal clearance (CLg) values of
soticlestat were similar from day 1 to day 14, ranging from 0.20 to
0.38 L/h, with a trend of increased CL with increasing soticlestat dose.

Peak plasma concentrations of the circulating metabolite M-I
were observed at a median t,,,, of approximately 0.5-1.0 hours post
dose, shortly after soticlestat ty. (Table 2). Exposure to M-I (AUC,
and AUC,) was comparable from day 1 to day 14 after QD dosing of
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soticlestat 100, 300 or 400 mg (Table 2 and Figure 1). Mean metabolic
ratio, based on AUC, generally decreased with increasing dose, rang-
ing from 0.56 to 0.31 after a single dose (100-600 mg) on day 1, and
from 0.44 to 0.26 after multiple doses (100-400 mg QD) on day 14.
Mean ts,, values for M-I ranged from 2.32 to 3.88 hours (Table 2).
After single-dose and multiple-dose administrations of soticlestat
100 mg QD, 300 mg QD, 400 mg QD, 300 mg BID and 600 mg QD,

mean CLg values for M-I were similar across all dose groups, ranging

A dose-dependent decrease in plasma 24HC concentrations was gen-
erally observed following multiple QD doses of soticlestat for 14 days,
approaching maximal response by day 7 (Figure 2). Similarly, a dose-
dependently decreasing trend on day 14 was also observed, with
time-matched percentage change in 24HC area under the effect-time
curve from time O to 24 hours (AUEC,,) and observed effect at
24 hours (Eps); AUEC,4 ranged from 46.82% to 62.66% and Ey4
ranged from 49.11% to 65.59% across soticlestat 100-400 mg QD
doses. A summary of time-matched percentage change from baseline

in 24HC parameters on days 1 and 14 after single and multiple doses

In this 14-day multiple-rising-dose study, soticlestat was well toler-
ated in most healthy subjects up to 400 mg daily. In total, 45 TEAEs
were reported by 14 subjects (46.7%) administered soticlestat, of
which 31 events in 13 subjects were considered to be related to
soticlestat (Table 4). The majority of TEAEs (91%) were transient and
mild in intensity. Two subjects discontinued study drug due to a
TEAE: one with acute psychosis (cohort 4: soticlestat 600 mg QD)
that was reported as severe intensity, and one with mild confusional
state (cohort 3: soticlestat 300 mg BID) occurring on study days
10 and 9, respectively. Both events were assessed as related to
soticlestat by the investigator and no additional treatment was
required beyond cessation of study drug. All TEAEs reported during
the study were reversible and resolved without treatment and before

No clinically significant findings for clinical laboratory (including hor-
mones), vital signs, physical examination, eye examination or electrocar-
diographic measurements were observed during the study, and no
subjects had clinically meaningful changes from baseline in these safety

measurements. No subjects had abnormal liver function test results.

In this study, multiple daily doses of soticlestat in the dose range
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FIGURE 1

Mean plasma M-I concentration (ng/mL)

Time (h)

Mean plasma PK profiles of soticlestat and M-I after single and multiple oral dosing of soticlestat on (a) day 1 and (b) day 14. BID,

twice daily; LLOQ, lower limit of quantification; M-I, N-oxide metabolite; PK, pharmacokinetics; QD, once daily

subjects. The emergence of events of neurological and psychiatric
relevance with daily doses of 600 mg (given BID or QD) leading to
dosing discontinuation suggested that the maximum tolerated dose
following repeat dosing had been reached. This is in partial contrast to
the previous results from the first-in-human study, in which single
doses of soticlestat as high as 1350 mg appeared to be well tolerated
in healthy subjects.2® Dose titration was included in the subsequent
studies in DEE subjects to achieve maximum benefit while ensuring
adequate safety and tolerability.2* In the multiple-rising-dose study
reported here, over 90% of AEs were transient and mild in severity.
Furthermore, all TEAEs reported in this study were reversible and
resolved without treatment and before study exit on day 15.

The two AEs of acute psychosis and confusional state that
resulted in discontinuation of two subjects who received soticlestat
600 mg per day without initial dose titration were likely related to
reduced glutamatergic activity in the brain, owing to lower levels of
the NMDA positive allosteric modulator 24HC.'* Subsequent clinical

studies included a titration scheme up to 300 mg BID to maximize
tolerability.

The concentration-time profile of soticlestat was similar across the
soticlestat doses, with maximum plasma concentrations observed at
0.33-0.5 hours post dose (median t.,), suggesting rapid absorption
after oral administration of the soticlestat solution. Soticlestat appeared
to be rapidly cleared from plasma across the 100-600 mg dose range
and, consistent with this, soticlestat plasma trough concentrations
showed minimal exposure accumulation from the previous dose.

The mean half-life of soticlestat is relatively short (approximately
4 hours at 300 mg QD and 400 mg QD), therefore little accumulation
is expected with QD dosing. The slight difference observed in accu-
mulation ratio based on AUC between 300 and 400 mg QD (1.42 vs
1.20) could be due to moderate inter-individual variability observed in
the PK parameters for soticlestat (Table 2), which may be explained
by expected random variation. For example, the mean AUCr (percent-
age coefficient of variation) for 300 mg QD and 400 mg QD was
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in plasma 24HC concentrations was observed, with more profound
decreases at higher doses. According to concentration data at trough
time points, plasma 24HC reduction appeared to approach steady
state on day 7 after multiple-dose treatment. On day 7, the time-

matched percentage change from baseline in trough 24HC concentra-

Soticlestat total,
)
)
)

n=230

tion (day 7 vs day —1) showed a maximum decrease of about 70%
for the 300 mg BID and 600 mg QD doses. In the dose range
100-400 mg QD, time-matched percentage of change from baseline
on day 14 showed a maximum decrease of 62.66% for AUEC,4 and
65.59% for E,4 for the 400 mg dose. The degree of 24HC reduction
on day 14 was not notably different between the 300 mg QD and
400 mg QD groups, which was consistent with similar soticlestat

Soticlestat 600 mg QD,

6
3(50.0)
3(50.0)
2(33.3)
1(16.7)
1(16.7)

exposure in plasma. The PK and PD information generated in this
study helped inform the rationale for the paediatric dosing regimen,
using quantitative modelling approaches?® in patient clinical trials,
where efficacy and safety were further investigated. Full details of a
population PK/PD modelling analysis will be published separately and
will describe the relationships between dose and exposures of

soticlestat, positron emission tomography-derived CH24H enzyme

Soticlestat 400 mg QD,

occupancy in the brain and reduction in 24HC plasma levels using

pooled data from multiple clinical studies.

5 | CONCLUSION

This study provides valuable information regarding the clinical safety,

tolerability, PK and PD profiles of soticlestat, which may offer a

Soticlestat 300 mg BID,

6
5(83.3)
5(83.3)
5(83.3)
1(16.7)

potential treatment for DEEs such as Dravet syndrome and Lennox-

Gastaut syndrome.
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