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phase II trials in children and adults with developmental and epileptic en-
cephalopathies (DEEs). Four phase I trials of healthy adults involving oral ad-
ministration of soticlestat 15-1350 mg were used to develop the mixed-effect
population PK/EO/PD model. The population PK analysis utilized 1727 obser-
vations (104 individuals), PK/EO analysis utilized 20 observations (11 individ-
uals), and PK/PD analysis utilized 2270 observations (99 individuals). Optimal
dosing strategies were identified from model-based PK, EO, and PD simula-
tions. The PK/EO/PD model described the observed data well and comprised a
two-compartment model with dose as a covariate on peripheral volume, linear
elimination, and intercompartmental clearance. Transit and effect-site com-
partments were included to accommodate different dosage forms and the delay
between plasma drug concentrations and EO. Model-based simulations indi-
cated that soticlestat 100-300mg twice daily may be an optimal adult dosing
regimen with weight-adjusted pediatric dosing strategies identified for evalua-
tion in phase II trials. The population PK/EO/PD model provided understand-
ing of the soticlestat PK/PD relationship with partial delineation of sources of
variability, and identified dosing strategies for phase II trials of children and
adults with DEEs.
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Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Soticlestat, a selective inhibitor of cholesterol 24-hydroxylase (CH24H), is in
phase III development for the treatment of Dravet syndrome and Lennox—Gastaut
syndrome.

WHAT QUESTION DID THIS STUDY ADDRESS?

What are the pharmacokinetic (PK) and pharmacodynamic (PD) profiles of
soticlestat in healthy adults, and what dosing strategies are suggested using
model-based simulations for phase II clinical trials in pediatric and adult patient
populations?

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

The developed population mixed-effect model of soticlestat adequately described
the observed data from healthy adults in terms of PKs, enzyme occupancy, and PDs.
Soticlestat 300mg twice daily was identified as the optimal dosing strategy to ex-
plore in phase II clinical trials in adults with developmental and epileptic encepha-
lopathies (DEESs). Model-based simulations of the exposure-response relationship
were used to recommend specific weight-adjusted doses, which were explored in
phase II clinical trials in children and adolescents with DEEs weighing under 60kg.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

These findings illustrate the utility of model-based simulations to select dosing strat-
egies for clinical trials. This model-based approach expedites the drug development
process by allowing direct development from healthy adults to pediatric patient pop-

INTRODUCTION

Soticlestat is a first-in-class, selective inhibitor of choles-
terol 24-hydroxylase (CH24H; also known as CYP46A1)
that is currently in phase III development for the treat-
ment of the developmental and epileptic encephalopathies
(DEEs) Dravet syndrome (DS) and Lennox-Gastaut syn-
drome (LGS). CH24H is the primary enzyme responsible
for the catabolism of cholesterol to 24S-hydroxycholesterol
(24HC) in the brain.! Given that aberrant cholesterol
metabolism often occurs in neurological disorders that
involve seizures (e.g., DS and LGS), inhibition of CH24H
may have therapeutic relevance in these disorders.*”
Model-informed drug development (MIDD) can be an in-
dispensable tool for rare conditions, such as DS and LGS,
to aid dose selection and study design optimization. This
approach is also particularly useful for facilitating clinical
development of new drugs in pediatric populations.®’
Soticlestat has been shown to bind specifically to
CH24H and to reduce brain 24HC levels in preclinical stud-
ies."® In an in vitro enzyme assay, soticlestat inhibited the
activity of human CH24H in a concentration-dependent
manner with a half-maximal inhibitor concentration (ICs)
of 4.5nmol/L." In wild-type mice, single oral administra-
tion of soticlestat dose-dependently reduced 24HC levels

ulations, which is vital for rare and severe pediatric conditions such as DEEs.

in the brain, with a statistically significant reduction seen
24h after administration of 3mg/kg and 10mg/kg doses
(25% and 33% reductions in 24HC levels, respectively, vs.
controls).® Furthermore, a positron emission tomography
(PET) study in nonhuman primates showed that soticlestat
bound specifically to brain CH24H, with 100% occupancy
observed after administration of soticlestat 0.89 mg/kg.’

Further preclinical evaluation of the relationship of sot-
iclestat pharmacokinetics (PKs), pharmacodynamics (PDs),
and target enzyme occupancy (EO) led to the definition of
target CH24H occupancy threshold for efficacy of at least
65%. Subcutaneous administration of soticlestat 1, 3, and
10mg/kg in a pentylenetetrazol-induced kindling mouse
model dose-dependently suppressed seizure progression,
with the 1mg/kg dose resulting in an ~60% reduction of
mean brain 24HC levels and an estimated average EO close
to 65%."° Based on preclinical data, a two-compartment
model with Michaelis—-Menten type elimination was devel-
oped that described observed PK and PD preclinical data
and accounted for the observed nonlinear properties of so-
ticlestat (unpublished data). Together, these findings sup-
ported investigation of soticlestat in clinical settings.

In a first-in-human single-rising-dose study, soticles-
tat 15-1350mg was rapidly absorbed after oral solution
administration, with a median time to maximum plasma
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concentration (7,,,,) of 0.25-0.52h. The mean maximum
plasma concentration (C,,,) and area under the plasma
concentration-time curve from zero to infinity (AUC,_) in-
creased more than dose-proportionally, by 183-fold and 581-
fold, respectively. Mean terminal elimination half-life (%,,,)
also varied across the dose range, from 4.4 to 7.2h for soti-
clestat 200-1350mg (the 15mg and 50 mg doses had limited
quantifiable concentration data during the terminal phase).
No apparent difference was observed in mean plasma 24HC
concentrations between the placebo and soticlestat 15mg
groups, although mean plasma 24HC concentrations were
numerically lower in the soticlestat 50-1350mg groups.
Maximum reductions in 24HC levels were observed ~16h
after dosing in the 50, 200, and 600mg groups, and ~48h
after dosing in the 900 mg and 1350 mg groups.'!

Findings were similar in a multiple-rising-dose study
of healthy adults receiving an oral solution of soticlestat
100-600 mg once daily (g.d.) or 300 mg twice daily (b.i.d.)
for 10-14days. C,,,, was reached rapidly, with a median
Tmax Of 0.3-0.5h, and mean t,,, was ~4h. Over the six-
fold dose range, mean soticlestat C,,,,, and AUC_, on day
1 increased 6.55-fold and 9.35-fold, respectively. Dose-
dependent decreases in plasma 24HC concentrations
were observed over the 14 days, with maximum reduction
by day 7. Soticlestat 100-400 mg q.d. reduced 24HC levels
by 46.8%-62.7% on day 14 based on the AUC 0 to 24h
(AUC,4n)-"> Additionally, C,,,, Was shown to be lower
when participants were fasting and receiving soticlestat
300mg as a tablet formulation than when they were re-
ceiving the equivalent dose as an oral solution or receiv-
ing a tablet in a fed state. Exposure measured as AUC
was similar between the different administrations."*

In healthy adults receiving single doses of soticlestat
50-600mg, PET imaging with the ['*F]MNI-792 ligand
demonstrated that soticlestat crossed into the brain and
blocked the tracer from binding to the enzyme target.
Global EO was calculated based on total brain volume of
distribution of tracer, and measured occupancy was both
dose- and time-dependent. Occupancy increased with in-
creasing dose and ranged from 11% (50 mg dose at 24 h)
to 96% (600mg dose at 2h). Soticlestat elimination was
slower from brain tissue than from plasma based on occu-
pancy measurements at 10 and 24h."***

In an absolute bioavailability and mass balance study
in healthy male volunteers, soticlestat was almost com-
pletely absorbed with an absolute bioavailability of 12.6%
after administration of a single 300mg dose. These find-
ings suggest that a substantial amount of soticlestat under-
goes first-pass metabolism. Additionally, soticlestat was
found to be rapidly metabolized with the main pathway
involving direct glucuronidation on the hydroxyl group
of soticlestat to form M3. This pathway was mediated by
uridine 5’-diphospho-glucuronosyltransferase (UGT) 1A9

ASCPT

and UGT2B4, with the latter being the predominant me-
tabolizing enzyme. All other metabolic pathways were
demonstrated to be minor, including oxidation mediated
by cytochrome P450 (CYP) 3A4 or CYP2C19, and oxida-
tion followed by glucuronidation. M3, the glucuronide
conjugate of soticlestat, was therefore the major circulat-
ing metabolite and the major elimination pathway of soti-
clestat.'® Furthermore, soticlestat was demonstrated to be
aweak substrate of P-glycoprotein and was not a substrate
of breast cancer resistance protein, organic anion trans-
porting polypeptide (OATP) 1B1, or OATP1B3.

Here, we describe the use of MIDD for soticlestat to
expedite the translation of dosing strategies from healthy
adults to children with DEEs. The key aim of the present
analysis was to develop a mixed-effect population model
of soticlestat PK and PD, using 24HC plasma concentra-
tions and EO data from healthy adults. The second aim
was to carry out simulations to inform dose selection and
study design for optimal safety and efficacy in phase II
studies involving adults and children with DEEs.

A mixed-effect population PK (PopPK) model of soti-
clestat was developed and sequentially linked to an EO/
PD model to describe the relationship between soticlestat
PK, EO (brain CH24H occupancy based on a PET imag-
ing study) and PD (plasma 24HC profiles). Subsequently,
model-informed simulations were conducted to guide so-
ticlestat dose selection and study design for a phase Ib/
IIa clinical trial evaluating safety and tolerability in adults
with DEEs,* and a phase II clinical trial evaluating safety
and efficacy in children with DS or LGS.’

METHODS
Study population and data collection

Data from healthy adults in four phase I studies were used to
develop the PK/EO/PD model (Table 1): a single-rising-dose
study, a multiple-rising-dose study, an open-label PET study,
and a bioavailability and food effect study."’ ™ Soticlestat
was administered as an oral solution in all studies, except
the food effect study in which both oral solution and tablet
formulations were used. Demographic and individual char-
acteristics data were collected at baseline across the studies,
including age, race, sex, and body mass index (BMI).
Plasma soticlestat concentrations were measured by
high-performance liquid chromatography with tandem
mass spectrometry (HPLC-MS/MS). The assay was vali-
dated with a concentration range from 1.00ng/mL (lower
limit of quantitation [LLOQ]) to 2000 ng/mL. Plasma 24HC
levels were measured by HPLC-MS/MS within a validated
concentration range from 2.00ng/mL (LLOQ) to 100ng/
mL."""? Sampling schedules are summarized in Table 1.
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In the PET imaging study, brain CH24H occupancy
was measured using the PET ligand [**F]MNI-792 admin-
istered intravenously at dose levels up to 370 megabec-
querel.”® Participants underwent dynamic PET imaging
scans performed once at baseline and twice following so-
ticlestat dosing, with the post-dose scans occurring either
both on the day of soticlestat dosing, or one on the day
of dosing and one on the following day. The PET imaging
data were analyzed with Logan graphical analysis, fixing
linear regression equilibration time to 30min using the
metabolite-corrected arterial plasma input function, to
calculate the total distribution volume (V7). Global occu-
pancy was estimated directly using V; from the slope of
the occupancy plots:

Vr(baseline) — Vi (after dosing)
= occupancy - (V[baseline] - Vyp)

Vxp is the nondisplaceable volume of distribution.

Although the extent of CH24H occupancy was ex-
pected to affect both brain and plasma 24HC concentra-
tions, only plasma 24HC concentrations were measured.

All studies were conducted in accordance with
International Council for Harmonization Good Clinical
Practice guidelines, applicable local regulations, and the
ethical principles that have their origin in the Declaration
of Helsinki. All the participants gave written informed
consent prior to participation in the studies.>!?

Model development

Initial development of the PopPK model for soticlestat
plasma concentrations was based on graphical explora-
tion of the data. Several standard structural models, as
well as random variability error terms (both between and
within individuals), were investigated.

Subsequently, CH24H occupancy data were included
in the analysis data set and a direct link model charac-
terizing the sigmoidal relationship between soticlestat
concentrations and CH24H occupancy in the brain was
characterized (PK/EO model).

As a third step, plasma 24HC concentrations were in-
cluded in the analysis data set and their relationship with
soticlestat concentrations was characterized using an indi-
rect link turnover model (PK/PD model; Figure 1).

Data

All available data were used from the four studies, com-
prising 1727 observations from 104 individuals for the
initial PopPK model, 20 observations from 11 individuals

ASCPT

for the PK/EO model, and 2270 observations from 99 in-
dividuals for the PK/PD model. No data were excluded or
imputed.

Software

The nonlinear mixed effects models were developed
using NONMEM version 7.3 and 7.4 (ICON Development
Solutions, Ellicott City, MD). Data processing and graph
development were carried out with R version 3.2 or higher
(R Core Team, Vienna, Austria).

Model assessment and comparison

The most appropriate model was selected based on evalua-
tion of several initial structural models that were assessed
against prespecified criteria, including those for goodness-
of-fit (GOF). Each model was assessed based on individual
and population parameter estimates and their precision
(relative standard error), numerical convergence proper-
ties, biological plausibility, diagnostic and GOF plots, and
objective function values based on the likelihood of the
model fit for nested models and Akaike's or Bayesian in-
formation criterion for non-nested models. Base and final
models were qualified using prediction-corrected visual
predictive checks (with 1000 model-based simulations),
which provide a simulation-based method to visually as-
sess concordance of the model-based simulations and
observed data. In addition, model stability was evaluated
using standard nonparametric bootstrap with replace-
ment (n = 1000) analysis.

Covariate model development

No formal covariate screening was performed; however,
selected variables including dose (to characterize nonlin-
earities) and weight (to support allometric scaling of pa-
rameters) were tested as covariates on parameters with
interindividual variability (IIV) components.

Clinical trial simulations

Clinical trial simulations were performed to identify suit-
able dosing strategies with the tablet formulation of soti-
clestat for phase II studies in adults and children with
DEEs. These model-based simulations assessed PK, EO,
and PD profiles across various scenarios, including q.d.
compared with b.i.d. dosing and weight-adjusted dos-
ing (based on allometric principles), to identify dosing
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FIGURE 1 Schematic illustration of the PK/EO/PD (24HC) model. 24HC, 24S-hydroxycholesterol; BL, baseline 24HC; CL, oral
clearance; ECy, effect-site concentration required for 50% maximum effect; E,,,, maximum effect; EO, enzyme occupancy; y, shape

parameter; ICs,, effect-site concentration required for 50% I,,,,; Iy Mmaximal inhibition of 24HC production; k,, absorption rate; k., delay

rate; k;,, 24HC generation rate; k,,,, 24HC degradation rate; k,,, transfer rate for tablets; PD, pharmacodynamics; PK, pharmacokinetics; Q,

intercompartmental apparent clearance; V,, volume of distribution of the central compartment; V,, apparent volume of distribution for the

peripheral compartment.

strategies that would achieve similar exposures and corre-
sponding PD responses to those seen in previous healthy
adult studies. The likelihood of dosing regimens achiev-
ing a meaningful anti-seizure response in patients was
assessed with two criteria: whether the dosing regimen
achieved reasonable CH24H occupancy, and whether the
dosing regimen achieved maximal PD response in terms
of the 24HC exposure-response relationship.

Based on preclinical data, CH24H occupancy greater
than 65% throughout the day was defined as the target
threshold for efficacy (unpublished data). No differences
in maturation stage were expected because the target pop-
ulation was at least 2 years of age. Target expression levels
in the brain were assumed to be consistent across the se-
lected age range, and the production and disposition of
24HC was assumed to be comparable between children
and adult populations.

Model-based simulation analyses evaluated q.d. com-
pared with b.i.d. dosing regimens and examined exposure—
response relationships at different dose levels based on
CH24H occupancy and 24HC levels. Soticlestat concentra-
tions, CH24H occupancy, and change from baseline 24HC
levels were simulated during 21 days of dosing followed by
a 7-day washout period for a typical healthy adult (70kg
weight) receiving soticlestat at either 100 mg b.i.d., 200 mg
b.i.d., or 300 mg b.i.d., or the equivalent q.d. doses (200 mg,
400 mg, and 600 mg, respectively).

Further model-based simulations were performed
to investigate potential pediatric doses for investigation
in clinical trials. The model was extended using weight-
based allometric scaling components. The extent of expo-
sure (AUC at steady state [AUC] and C,,,,) and CH24H

occupancy were simulated for soticlestat tablets adminis-
tered 20-300mg b.i.d. (in 20mg increments) within vari-
ous weight groups (10-60kg in 5kg increments). For each
weight group and dose level, 500 simulations were carried
out. Median and 90% prediction intervals for AUCy were
calculated and compared with a reference patient weigh-
ing 70kg who was treated with a soticlestat 100 mg (low),
200mg (middle), or 300 mg (high) b.i.d. dosing regimen,
which were used to define low, middle, and high dose rec-
ommendations for each weight group. Above 60kg, the
low, middle, and high reference doses were 100, 200, and
300mg b.i.d., respectively. The initial dose selection was
based on individual weights in 1kg increments to identify
the minimal feasible dose with a median pediatric expo-
sure at or above the median adult reference exposure. The
following rule for selecting each dose level was utilized:

median AUCg(simulated) > median AUC(reference)

For feasible application in a clinical trial setting, dose rec-
ommendations were summarized in weight bins with 5kg
increments. The results were visualized by plotting the sim-
ulated AUC,, CH24H occupancy, and change from baseline
24HC per weight bin with the appropriate reference values.
RESULTS

Study population and demographics

There were 9-48 healthy adults per study with a mean
(standard deviation [SD]) age of 34.7 (9.6) years and mean
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(SD) BMI of 25.6 (2.9) kg/mz. Most participants were
men (69%, n = 74) and of White ethnic background (72%,
n = 78; Table S1).

PopPK model

A two-compartment model with first-order absorption
and elimination described the observed data well. No
intravenous data were used for the model development;
therefore, the absolute bioavailability (F) could not be es-
timated. To accommodate different dosage forms, a transit
compartment was included in the model, which allowed
characterization of the delay in absorption for the tablet
formulation (Figure 1). Observed nonlinearity in PK pa-
rameters was addressed by including dose as a covariate
on oral clearance (CL/F), intercompartmental apparent
clearance (Q/F), and apparent volume of distribution
for the peripheral compartment (V,/F). Weight was not
tested as a covariate because of the limited range in the
analysis data set; however, weight was added to the model
prior to the pediatric simulations using power functions
with weight centered at 70kg.

g B (DOSG )—0.278 ' Welght 0.75 204 [L:I
F \ 300 70 hl

The parameter estimates and their relative standard er-
rors are presented in Table 2, including estimates of IIV for
transfer rate, CL/F, Q/F, volume of distribution of the cen-
tral compartment (V,/F), and V,,/F. The typical clearance (at
a dose of 300 mg) was estimated at 204 L/h with a coefficient
of variation (CV) of 36%. Because of the identified nonlin-
earity, clearance was estimated to be higher with lower doses
(e.g., 277L/h at 100mg). The V,/F was estimated at 65.5L
with a CV of 61%. GOF plots (Figure S1) and visual pre-
dictive checks (Figure 2) demonstrated that the model was
appropriate, and bias and precision were reasonable based
on the bootstrap analysis (Table 2). The NONMEM control
stream for the final model is in Appendix S1. The differential
equations describing the PopPK model are in Appendix S2.

PK/EO model

Changes in brain CH24H occupancy values were notice-
ably delayed after changes in plasma drug concentration
(Ceentral)» based on modeling of PopPK model-predicted
plasma soticlestat concentrations and brain occupancy
values. To account for this, an effect-site compartment

ASCPT

was included in the PK/EO model, directly linking the
predicted soticlestat concentrations at the effect site
(Cefreer) With brain EO values using a sigmoidal maximal
EO (E,y) model.

d
aceffect = (Ccentral - Ceffect)

14

EO = Emax ) Ceffect
Y 14

ECSO + Ceffect

Bias and precision were reasonable based on the boot-
strap analysis (Table 2). GOF plots and visual predictive
checks are shown in Figure S2.

PK/PD model

The PK/PD model was developed by fixing EO model
parameters to estimates obtained in the PK/EO modeling
step. As such, model-predicted soticlestat C,q.; values
were linked with 24HC plasma concentrations (Cypc)
using a semimechanistic inhibitory indirect response
model.

¥
dCounc _ k 1 Tmax * Cofect k C
= "in : - 4y - out : 24HC
dt ICso + Ce}:lffect

The IIV for each structural PK/EO/PD parameter was
evaluated, when possible, using an exponential error
model.

In which~, Xj = the true value of the X parameter in the jth
subject; X; = the population mean value of the X parameter
in the jth subject; 11;‘ = intersubject variability: the difference
between the true and the population mean value of the X
parameter in the jth subject; the ;1;‘ are independent, iden-
tically distributed random variables with a mean of 0 and a
variance equal to o”.

Residual errors for PK, EO, and PD were modeled using
a mixed additive and proportional error model.

In which: ¢; ; is the ith observation from the jth subject; ¢; ; is
the individual model prediction for that observation; ¢; jare
independent, identically distributed random variables with
a mean of 0 and a variance w? = w2 + (; j -wp)z, in which
W, is the additive component and w), is the proportional

component of the variance w?.
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TABLE 2 Population PK, PK/EO and PK/PD (24HC) model parameter estimates and precision

Parameter

Population PK model

Residual variability
Absorption rate (k,)

Oral clearance (CL/F)°

Volume of distribution
of the central
compartment (VC/F)b

Intercompartmental
apparent clearance

(Q/F)

Apparent volume of
distribution for
the peripheral
compartment (VP/F)b

Transit rate for tablets (k)

EO (PK/EO) model

Residual variability

Delay rate (kg()
Maximum EO (E,,,,)

Effect-site concentration
for 50% maximum
effect (ECs)

Shape parameter (y)
24HC (PK/PD) model

Residual variability

Baseline 24HC (BLoyyc)

24HC degradation rate
(ko)

Effect-site concentration
for 50% maximum
effect (IC,)

Role

Proportional (%)
Additive (ng/mL)

TV (L/h)

BSV

TV (L/h)

Dose effect (exponent)
BSV

TV (L)

BSV

TV (L/h)

Dose effect (exponent)
BSV

TV (L)

Dose effect (exponent)
BSV

TV (L/h)
BSV

Proportional (%)
Additive (ng/mL)
TV (L/h)

TV (%)

TV (ng/mL)

BSV

vV

Proportional (%)
Additive (ng/mL)
TV (ng/mL)

BSV

TV (1/h)

BSV

TV (ng/mL)

Maximum 24HC inhibition TV (%)

(Iinax)

Original Bootstrap

RSE
Estimate RSE (%) Mean (%) 95% CI
45.4 983 45.3 2.81 429,479
0.001 Fixed 0.001
2.13 28.7 2.14 293  2.02,2.28
0 Fixed 0
204 1231 203 4.75 185,223
—-0.278 3598 —0.283 17.4 —0.381, —0.194
0.353 1534 0.347 21.9 0.075, 0.177
65.5 496 66.1 8.79 55.3,78.1
0.562 2874 0.563 29.8 0.157,0.526
52.6 138 52.1 8.77 44,619
—0.554 461 —0.552 12.7 —0.684, —0.408
0.418 238 0.415 40.7 0.0548, 0.319
356 44.8 353 11.1 281, 433
—0.684 80.9 —0.658 16.5 —0.852, —0.44
0.616 389 0.624 31.2 0.187, 0.656
2.47 28.4 2.51 15.1 1.83,3.33
0.981 480 0.976 30.6 0.458, 1.56
0 Fixed 0
2.88 16.5 2.58 24.6 1.2,3.67
0.255 14 0.265 56.6 0.148, 0.381
100 Fixed 100
5.86 21.6 5.93 24.3 2.88, 8.47
0.692 62.6 0.647 32.5 0.113, 0.661
0.769 9.15 0.784 14.2 0.606, 1.09
0.001 Fixed 0.001
34 0.00454 34 3.77 3.15,3.66
45.9 0.0151 46 2.28 44,48.2
0.474 65.1 0.472 5.33  0.199, 0.245
0.0182 3.04 0.0187 7.92  0.0157,0.0214
0.631 4.42 0.589 29.1 0.178, 0.548
5.21 0.00601 5.49 26.9 3.2,9.11
78.2 3.09 77.8 4.57 70.9,85.1

Bias (%)*

—0.287

0.69

—0.0393
1.99
-3.49
0.922
0.329

—0.884
—-0.427
-1.74
-0.797
-3.7
2.87

1.37
—1.09

—10.6
3.98

1.12
=125

1.95

—0.0385
0.285
—0.837
3.13
-12.9
5.32

—0.532

Abbreviations: 24HC, 24S-hydroxycholesterol; BSV, between subject variability (original estimate and bootstrap mean on approximate standard deviation scale,
bootstrap RSE and 95% CI on variance scale); CI, confidence interval; EO, enzyme occupancy; PD, pharmacodynamic; PK, pharmacokinetic, RSE, relative

standard error; TV, typical value.

Bias refers to the percentage difference between the bootstrap mean and original estimate.

YEstimated after oral administration (“/F”).
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FIGURE 2 Visual predictive checks for the population PK model stratified by dose level. md, multiple dose; PK, pharmacokinetic; sd,

single dose.

For the PK model, the additive component w, was fixed
at 0.001 and w, was estimated, for the PK/EO model, w,
was estimated and w, was fixed at 0, and for the PK/PD
model, w, was estimated and w, was fixed at 0.001.

The resulting model described the data well and pa-
rameters were generally estimated with good precision.
Bias and precision were both reasonable based on the
bootstrap analysis (Table 2). GOF plots and visual predic-
tive checks by grouped dose level are shown in Figure 3,
with visual predictive checks for all individual dose levels
provided in Figure S3.

Based on the model, the mean percent change in
plasma 24HC from baseline to day 21 was —73.4% with
soticlestat 300 mg b.i.d.

Clinical trial simulations

The PK/EO/PD model was used to simulate soticles-
tat concentration-time, CH24H occupancy, and 24HC
concentration—-time profiles at steady-state following oral
administration of soticlestat 20-600mg b.i.d. or 200-600
q.d. for 21 days. These simulations were conducted to guide
dose selection for subsequent clinical studies in adults and
children with DEEs. The simulated age and body weight
ranges for pediatric patient populations were 2-17years

and 10-60kg, respectively. Age-appropriate weight bins
and other relevant characteristics were selected for the
simulations to match predefined demographics in planned
clinical studies, and height and weight charts from the
Centers for Disease Control and Prevention.'®

In simulations for an adult weighing 70kg, b.i.d. dosing
was associated with a greater proportion of time above the
target CH24H occupancy of 65% and with lower fluctu-
ations during the dosing interval than q.d. dosing. These
findings were consistent for each dosage level (300 mg
b.i.d. vs. 600mg q.d. shown in Figure 4). All b.i.d. doses
(100-300mg) had desired PK/EO/PD profiles, with
300mg b.i.d. achieving the highest CH24H occupancy lev-
els (Figure 4).

Further simulations involved assessment of weight-
based dosing strategies for children with weights up to
60kg, by evaluating PK, EO, and PD profiles against a ref-
erence adult receiving 100mg (low), 200 mg (middle), or
300mg (high) soticlestat b.i.d. Within the low and middle
dose levels, a small number of the simulated exposures
were 30% above the reference values for a 70kg patient
(Table S2); for the high dose, the AUC for the lower
weight groups were more than 20% higher than the respec-
tive reference median AUC (Tables S2 and S3). To avoid
significantly higher exposures than the reference value,
the recommended high dose for the 10-14 kg weight group
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FIGURE 3 Goodness-of-fit and visual predictive checks for the PK/PD (24HC) model. (a) Predicted versus observed 24HC
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concentrations, (b) residuals versus time after first dose, (c) residuals versus individual predicted 24HC concentrations, (d) visual predictive
checks stratified by grouped dose level. 24HC, 24S-hydroxycholesterol; PD, pharmacodynamic; PK, pharmacokinetic.
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FIGURE 4 Model-based simulations of various soticlestat dosing regimens. Soticlestat concentrations (ng/ml) (a), enzyme occupancy
(%) (b), and change from baseline 24HC (%) (c) over 21 days with 7-day washout. Solid lines: median; shaded area: 80% PI. 24HC, 24S-
hydroxycholesterol; b.i.d., twice daily; PI, prediction interval; q.d., once daily: ref., reference.

was reduced from 240 mg to 220 mg (administered b.i.d.)
and, for the 15-19 kg weight group, from 280 mg to 260 mg
(administered b.i.d.). The projected CH24H occupancy at
steady-state in the brain was above the target EO value of
65% for all doses (Figure 5). The resulting pediatric me-
dian exposure was predicted to be within 30% of the adult
reference exposure in all weight groups. Table S4 lists the
final recommended daily doses for children and adoles-
cents weighing 10-100kg (split into 11 weight groups).

DISCUSSION

This report describes the successful development of a
population mixed-effect model to characterize the PK and
PK/PD relationship of soticlestat in healthy adults, along
with exploration and prediction of CH24H occupancy as a
measure of target engagement. Simulations based on the
final model were used to inform decisions about phase II
clinical trial design, including dose selection in studies
of pediatric and adult patients with DEEs.*’ The use of a
model-informed approach to generate these results dem-
onstrates the valuable role of quantitative techniques in
optimizing clinical study design and improving accuracy
of dose selection, particularly for populations with rare
pediatric conditions, such as DS and LGS. 487

The PopPK model adequately described the soticlestat
PK data from all four included phase I studies and con-
tained transit and absorption compartments to account
for the delay in absorption for the tablet formulation. Dose
was included as a covariate on CL/F, Q/F, and Vp/F based
on visual evaluation of goodness of fit plots and the con-
centration versus time profile plots for soticlestat at differ-
ent dose levels. The exact mechanism of apparent slight
nonlinearity in the PK profile of soticlestat was not mech-
anistically evaluated at this time, however, the empirical
approach used here was sufficient to develop a model
that accurately represented the observed concentration
versus time profile data for soticlestat. Furthermore, the
predicted soticlestat exposures based on model-informed
simulations from the current study were consistent with
observed exposures in subsequent pediatric clinical trials
that utilized the weight-adjusted pediatric doses recom-
mended from this study.” Therefore, the assumed simi-
larity of nonlinearity across populations was reasonable
in the absence of data and the empirical approach used
during this analysis was sufficient to provide adequate
dose recommendation for pediatric populations. The PK/
EO model captured the relationship between soticlestat
concentrations and CH24H occupancy, and accounted
for the delay and observed hysteresis in plasma soticles-
tat concentrations and brain occupancy by appropriately
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implementing an effect-site compartment. The inhibitory
indirect response PK/PD model described the relationship
between soticlestat and 24HC concentrations well, and
the final PK/EO/PD model was suitable for simulating the
effect of different dosing regimens on 24HC. Very good
model parameter precision was observed and there was
no marked departure on GOF or visual predictive check
plots, with adequate description of central tendency and
variability in the observed data.

Clinical trial simulations suggested that b.i.d. dosing
of soticlestat was preferable to q.d. dosing to achieve tar-
get CH24H occupancy and reduce fluctuations during the
dosing interval. Additionally, soticlestat 100-300 mg b.i.d.
dosing was associated with desired CH24H occupancy and
reductions in plasma 24HC concentrations from baseline
for an adult weighing 60kg or more. All examined b.i.d.

doses achieved CH24H occupancy over the target of 65%.
Based on being associated with the highest CH24H occu-
pancy levels and therefore potentially the greatest efficacy,
300mg b.i.d. was selected as the preferred dosage to ex-
amine in phase II studies. When needed, patients unable
to tolerate 300 mg b.i.d. could receive 200 mg b.i.d., which
would still achieve target CH24H occupancy based on the
simulations.

Together, these findings informed the design of a phase
Ib/11a clinical trial evaluating the safety and tolerability of
soticlestat as an adjunctive therapyin 18 adults with DEEs.*
The study included a randomized, placebo-controlled pe-
riod that assessed soticlestat titrated up to a final target
dosage of 300 mg b.i.d. over a 30-day period, followed by a
60-day open-label period. PK/PD parameters were similar
to those modeled in the present analysis (e.g., clearance
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was 190-259.4L/h vs. 204 L/h in the present analysis, and
mean percent change from baseline in plasma 24HC was
—76.88% at day 21 vs. —73.4% in the present analysis).
Soticlestat was well-tolerated, with 71.4% of participants
receiving soticlestat and 100% of participants receiving
placebo experiencing at least one treatment-emergent
adverse event (TEAE). In the open-label period, 68.8% of
participants experienced at least one TEAE. Median per-
centage reduction from baseline seizure frequency in the
open-label maintenance phase period was 36.4%.*

Further simulations allowed progression from phase I
studies in healthy adults to phase II studies in the target
pediatric patient population with DS or LGS. Appropriate
doses were identified for children and adolescents weigh-
ing 10-60kg, with adjustments being made for chil-
dren weighing 10-20kg to avoid overexposure. These
dosing strategies were utilized in the ELEKTRA study
(NCT03650452), which examined efficacy and safety of
soticlestat in children with DS or LGS.” Findings from
ELEKTRA supported the validity of the PK/EO/PD
model. TEAE incidences were similar between the soti-
clestat (80.3%) and placebo (74.3%) groups, with 5% of pa-
tients (n = 7) withdrawing from the study owing to TEAEs
(soticlestat, n = 4, [5.6%]; placebo, n = 3 [4.3%]). For the
primary end point of frequency of convulsive seizures (for
DS) and drop seizures (for LGS) in the combined patient
population in the maintenance period, patients receiving
soticlestat demonstrated a statistically significant me-
dian placebo-adjusted reduction in seizure frequency of
30.5% (p = 0.0007). The PK and PD profiles observed in
ELEKTRA were consistent with the model-based simula-
tions described in the present analysis.’

Modeling and simulating PK, EO, and PD in various
scenarios facilitates optimal dose selection and design of
subsequent clinical trials, thereby guiding conduct of pe-
diatric trials, despite limited safety and efficacy data in the
adult patient population. Additionally, rapid acceleration
of pediatric drug development is enabled by increasing
precision and confidence in dose selection for popula-
tions with rare conditions. MIDD thus aids efficient clin-
ical trial design and achievement of adequate statistical
power, even with limited patient numbers. Clinical trial
simulations also allow uncertainty about dose selection
and other factors to be quantified, which can optimize
detection of efficacy in clinical trials by informing the re-
quired sample size and demonstrating the feasibility of
further clinical development.’

MIDD is particularly important in conditions affecting
children, given the differences between adults and chil-
dren in body composition, physiology, and biochemistry
that may alter dosing requirements.® Furthermore, for
rare diseases, such as DS and LGS,’ the patient population
is limited by definition and few patients are available for
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clinical trials. To this end, MIDD can provide crucial ev-
idence to support dosing strategies, which can reduce or
eliminate the need for clinical trials. In the case of adali-
mumab, the U.S. Food and Drug Administration approval
for adolescent patients with hidradenitis suppurativa was
granted solely on the basis of PK modeling of data from
affected adults and pediatric patients with other diseases.®

Limitations of this study include the assumptions
made in the analyses; for example, assumptions made
when simulating pediatric data based on a model devel-
oped for an adult population. The extensive modeling un-
dertaken to avoid overexposure and the positive safety and
efficacy results obtained thus far provide confidence in
these model-based simulations.” However, the developed
model is only applicable to children older than 2years of
age. Subsequent model development will include a mat-
uration factor to allow simulations for children younger
than 2years of age.

Strengths of the present analysis include the use of
data from four different studies, which facilitated exam-
ination of PK/EO/PD data across a range of scenarios
(e.g., in terms of dose amount and q.d. vs. b.i.d. dosing).

In conclusion, the developed PK/EO/PD model fitted
the observed data well and successfully informed the design
of a phase Ib/Ila study to assess the safety and tolerability of
soticlestat in adults with DEEs, as well as a phase II study
investigating the efficacy and safety of soticlestat in children
with DEEs. In these pediatric studies, soticlestat was well-
tolerated and efficacy results were promising, confirming
the appropriateness of the selected dosing regimens.
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