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Abstract

Background ACT-709478 is a selective, orally available T-type calcium channel blocker being studied as a potential new
treatment in epilepsy. ACT-709478 had previously been investigated in a single-ascending dose study up to a dose of 400 mg.
Objectives The aim of this study was to investigate the safety, tolerability, pharmacokinetics, and pharmacodynamics of
multiple doses of ACT-709478. In addition, the drug-drug interaction potential of multiple doses of ACT-709478 with the
cytochrome P450 3A4 substrate midazolam was investigated.

Methods This double-blind, placebo-controlled, randomized study included 46 healthy male and female subjects. Ascending
multiple oral doses of ACT-709478 were administered to 10 (cohorts 1-2) or 12 (cohorts 3—4) subjects (two taking placebo
per cohort). In cohorts 1-2, 30 or 10 mg ACT-709478 was administered once daily for 12 days. An up-titration regimen
was used in cohorts 3—4 with administration of 10, 30, and 60 mg for 7 days each in both cohorts and an additional dose
level of 100 mg ACT-709478 once daily for 8 days in cohort 4. Single doses of midazolam were administered at baseline
and concomitantly to 60 mg and 100 mg ACT-709478 in cohort 4. Blood sampling for pharmacokinetic evaluations and
safety assessments (clinical laboratory, vital signs, adverse events, and electrocardiogram) were performed regularly. Holter
electrocardiograms were recorded at baseline and for 24 h at steady state and central nervous system effects were assessed
with pharmacodynamic tests at baseline and steady state.

Results ACT-709478 was absorbed with a time to reach the maximum plasma concentration of 3.5-4.0 h and eliminated
with a half-life of 45-53 h. Steady state was reached after 57 days of dosing and exposure increased dose-proportionally.
An accumulation index of approximately three fold was observed in cohorts 1 and 2. Exposure to midazolam was lower
upon concomitant administration of 60 and 100 mg ACT-709478 compared to midazolam alone while the half-life and time
to reach the maximum plasma concentration of midazolam remained unchanged, suggesting a weak induction at the gas-
trointestinal but not hepatic level. Pharmacokinetic parameters of 1-hydroxymidazolam were not affected by ACT-709478
administration. The most frequent adverse events were dizziness, somnolence, and headache. A tolerability signal was
detected in cohort 1 (30 mg once daily); therefore, the dose was decreased to 10 mg once daily in cohort 2. The subsequently
established up-titration regimen, starting with 10 mg once daily, considerably improved tolerability. Multiple doses up to
100 mg once daily were well tolerated. No treatment-related effects were detected on vital signs, clinical laboratory tests,
Holter electrocardiogram variables, or in the pharmacodynamic tests.

Conclusions ACT-709478 exhibits good tolerability up to 100 mg once daily using an up-titration regimen and pharma-
cokinetic properties that support further clinical investigations. A weak induction of gastrointestinal cytochrome P450 3A4
activity was observed, unlikely to be of clinical relevance.

ClinicalTrials.gov Identifier NCT03165097.

Extended author information available on the last page of the article
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The orally available triple T-type calcium channel
blocker ACT-709478 could provide a new treatment
modality for idiopathic generalized epilepsies.

Upon multiple dosing, ACT-709478 showed dose-pro-
portional exposure, a half-life of 45-53 h, and no clini-
cally relevant interaction with cytochrome P450 3A4.

A weekly up-titration regimen considerably improved
tolerability of ACT-709478 up to 100 mg once daily.

1 Introduction

Epilepsy is a disease affecting approximately 50 million
patients worldwide. It is a heterogeneous group of disor-
ders comprising both common and very rare forms [1, 2].
Although several different classes of antiepileptic drugs are
available for the treatment of epileptic seizures, up to 30% of
patients have an incomplete response and experience long-
term consequences including an increased risk of premature
death or injuries, psychosocial dysfunctions, and a reduced
quality of life [3, 4]. Therefore, new antiepileptic drugs are
still needed, particularly for drug-resistant epilepsy or rare
syndromes, but also with regard to improved tolerability, or
reduced drug interaction potential [5, 6].

T-type calcium (Ca®") channels are low-voltage-activated
channels that belong to the family of voltage-gated Ca**
channels together with the high-voltage-activated L, N, P/Q,
and R types. Three T-type Ca** channel subtypes with dif-
ferent electrophysiological properties have been described:
Ca,3.1, Ca,3.2, and Ca,3.3 [7, 8]. They are widely expressed
in the brain [9] and have an important role in neuronal net-
work activities [10]. Abnormal thalamocortical oscillations
mediated by T-type Ca** channels have been observed dur-
ing idiopathic generalized epilepsy seizures, particularly
absence seizures, in both humans and animals [11-13] and
other types of epilepsy with spike-and-wave discharges [10].
Furthermore, numerous pathological T-type channel variants
have been described, linking these channels to a number
of chronic neuronal disorders including congenital forms
of seizure disorders [10]. Therefore, selectively blocking
the three T-type Ca®* channels might be beneficial in the
treatment of epilepsy. Currently, no selective T-type Ca>*
channel blockers are available for therapeutic applications.

Chemical optimization of pyrazole carboxamides resulted
in the clinical candidate ACT-709478 (N-(1-((5-cyanopyri-
din-2-yl)methyl)-1H-pyrazol-3-yl)-2-(4-(1-(trifluoromethyl)
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cyclopropyl)phenyl)acetamide), which is a selective, brain-
penetrant, and orally available triple T-type Ca®* channel
blocker, i.e., inhibiting the three T-type Ca>* channel sub-
types with similar potency [14]. Of the compounds investi-
gated, ACT-709478 proved to have the best balanced phys-
icochemical and metabolic characteristics with an acceptable
solubility profile (5 mg/mL at pH 7.0), good permeability,
and a low intrinsic clearance in humans, rats, and dogs as
shown in in vitro tests [14]. Additionally, preliminary data
suggested that ACT-709478 is a low-clearance drug par-
tially metabolized by cytochrome P450 (CYP) 3A4 [15].
Moreover, ACT-709478 exhibited excellent efficacy in the
Wistar Albino Glaxo from Rijswijk rats (WAG/Rij), a model
of nonconvulsive absence-like epilepsy. In the Wistar Albino
Glaxo from Rijswijk rat model, an oral dose of 10 mg/kg
decreased the cumulative duration of seizures over 12 h post-
dose by 93%. In the audiogenic seizure sensitive juvenile
DBA/2J mouse model of generalized convulsive seizures,
a reduction in seizure severity was observed; however, a
higher exposure was needed to reduce seizure activity [14].

Previously, ACT-709478 had been investigated in a first-
in-human study with ascending single doses of 1-400 mg
in healthy male subjects [15]. ACT-709478 was safe and
well tolerated over the tested dose range. The maximum
plasma concentration (C,,,,) was reached within 3 h at
lower (<60 mg) dose levels and at 24 h at higher (> 60 mg)
dose levels with a range of 1-72 h and with multiple peaks
observed up to 72 h post-dose. The half-life (#,,) ranged
from 36 to 43 h and was consistent across dose levels, while
C...x and the area under the plasma concentration—time
curve (AUC) from O to infinity (AUC,, ) increased in a less
than dose-proportional manner. Administration with food
increased C,,, by 60% without impacting AUC,_,. Further-
more, a pharmacodynamic (PD) battery of objective (sac-
cadic peak velocity, unstable tracking, simple reaction time
tests) and subjective (visual analog scale [VAS] Bond &
Lader, VAS Bowdle, and Karolinska Sleepiness Scale) tests
was performed, indicating absence of reduced vigilance or
psychedelic effects.

The potential of ACT-709478 to cause drug—drug interac-
tions (DDIs) as a perpetrator was predicted to be low. Based
on in vitro tests, the half maximal inhibitory concentration
values for inhibiting CYP enzymes are higher than the con-
centrations needed for the pharmacological effect [14]. How-
ever, an induction of CYP3A4 enzymes at the level of the
gut could not be excluded. Because CYP3A4 is known to be
involved in the metabolism of a wide variety of xenobiotic
compounds, including many therapeutic drugs, it is impor-
tant to study DDI potential at early stages of drug develop-
ment. Midazolam is a sensitive substrate of both hepatic and
intestinal CYP3A4 and is recommended as probe substrate
for DDI studies [16]. Midazolam is extensively metabolized
by CYP3A isozymes (CYP3A4/CYP3AS5) to one major
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metabolite, 1-hydroxymidazolam. If measured in addition
to the parent midazolam, the metabolite is giving further
indications on the inhibition or induction potential of the
tested drug [17].

Here, we report the results of the multiple-ascending dose
study with ACT-709478 in healthy subjects including tol-
erability, safety, and pharmacokinetics (PK). Additionally,
potential central nervous system effects were assessed by a
PD test battery and the CYP3A4 DDI potential was explored
with co-administration of midazolam.

2 Methods
2.1 Study Population

In this study, healthy male and female subjects aged between
18 and 55 years and with a body mass index from 18.0 to
29.9 kg/m? were eligible. Subjects were of good health as
assessed by medical history, physical examination, electro-
cardiogram (ECG), vital signs, and clinical laboratory tests.
Women were only eligible with negative pre-dose pregnancy
tests. Treatment with any medication within 2 weeks prior
to study drug administration was not permitted. Written
informed consent prior to any study-mandated procedure
was given by all subjects. The study was approved by the
German Health Authority and the Local Ethics Commit-
tee of Berlin and was conducted in accordance with the
guidelines of good clinical practice and the principles of
the Declaration of Helsinki (ClinicalTrials.gov Identifier:
NCT03165097).

2.2 Study Design

This was a single-center, double-blind, placebo-controlled,
randomized, multiple-ascending oral dose phase I study
including a DDI part. The study drug was administered to
four sequential cohorts of 10 (cohorts 1-2) and 12 subjects
(cohorts 3—4), with a 1:1 sex ratio and including one male
and one female subject taking placebo in each cohort.

The starting dose of 30 mg was selected based on the
safety and tolerability data of the single-ascending dose
(SAD) study and the PK predictions derived from popula-
tion-PK modeling of the SAD data. Because of the long t,,
of the compound, accumulation was expected and, therefore,
lower doses were assumed to be required for an exposure
comparable to the SAD study. The decisions on the next
dose level were based on an interim analysis of blinded toler-
ability, safety, PK, and PD data of the previous cohort(s). In
cohorts 1 and 2, 30 and 10 mg ACT-709478, respectively,
were administered once daily (o.d.) for 12 days. An up-titra-
tion regimen was used in cohorts 3 (days 1-7: 10 mg; days
8—14: 30 mg; days 15-21: 60 mg; total treatment duration of

21 days) and cohort 4 (days 2—-8: 10 mg; days 9-15: 30 mg;
days 16-22: 60 mg; days 23-30: 100 mg; total treatment
duration of 29 days). Furthermore, single doses of 4 mg
midazolam were administered in cohort 4 at baseline (day
1) and concomitantly to 60 mg (day 22) and 100 mg (day
30) ACT-709478 to explore its CYP3A4 DDI potential. The
study drug was administered as capsules of 10 and 100 mg
ACT-709478. Midazolam was dispensed as an oral solution
(2 mg/mL).

Subjects were confined to the study center on day —1. In
the morning, ACT-709478, or matching placebo, was admin-
istered after consumption of a light breakfast. The subjects
were discharged from the center 72 h after the last study
drug administration, and returned for ambulatory visits until
the end-of-study visit that took place 11 days after the last
dose of study drug (i.e., on day 23 for cohorts 1 and 2, on
day 32 for cohort 3, and on day 41 for cohort 4). A stag-
gered dosing scheme was applied within each cohort with
two sentinel subjects, one receiving ACT-709478 and one
matching placebo.

2.3 Pharmacokinetic Assessments

Blood samples for ACT-709478 measurements in plasma
were collected in EDTA tubes pre-dose and at 1, 2, 3, 4, 6,
8, 12, and 16 h post-dose on day 1 (cohorts 1-2) and at 1, 2,
3,4,6,8, 12, 16, 24, 30, 36, 48, 60, 72, 96, 120, 168, 216,
and 264 h post-dose in all cohorts after reaching steady state
(days 12, 21, and 29 in cohorts 1-2, 3, and 4, respectively).
Furthermore, trough samples were collected on all dosing
days. In cohort 4, additional blood samples were taken for
the midazolam and 1-hydroxymidazolam determination on
day 1, 22, and 30 pre-dose and at 0.5, 1, 1.5, 2, 3,4, 6, 8, 12,
16, and 24 h post-dose. After centrifugation, the plasma was
transferred into polypropylene tubes and stored at —80 °C.
In addition, a metabolite screening was performed by lig-
uid chromatography coupled to tandem mass spectrometry
(LC-MS/MS) with pooled plasma samples of cohort 4.
ACT-709478, midazolam, and 1-hydroxymidazolam
plasma concentrations were determined using previously
described validated LC-MS/MS assays [15, 18]. In brief,
for the ACT-709478 plasma samples, protein precipitation
was performed and an aliquot was injected onto the LC-MS/
MS system (pump: Agilent Technologies Inc., Santa Clara,
CA, USA; MS/MS: Thermo Fisher Scientific, San Jose, CA,
USA). Chromatographic separation was achieved using a
ReproShell C18 column (Dr. Maisch HPLC GmbH, Ammer-
buch, Germany) and a gradient elution with water and ace-
tonitrile, both containing 0.1% formic acid. The lower limit
of quantification was 0.5 ng/mL and the quality control sam-
ples showed an inter-batch precision from 2.5 to 6.5% and
an inter-batch accuracy from 95.1 to 102.4% of the nominal
concentrations. For midazolam and 1-hydroxymidazolam,
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a liquid-liquid extraction method was used followed by an
LC-MS/MS analysis (pump: Shimadzu, Duisburg, Ger-
many; MS/MS: AB Sciex, Concord, ON, Canada) using a
Kinetex C18 column (Phenomenex, Aschaffenburg, Ger-
many) and a gradient elution with methanol containing
ammonium formate and methanol containing water. The
lower limit of quantification for both analytes was 0.1 ng/
mL. The quality control samples showed an inter-batch pre-
cision for midazolam and 1-hydroxymidazolam from 2.2 to
5.8% and from 0.7 to 3.8% and an inter-batch accuracy from
93.8 to 111.0% and from 94.4 to 116.5% of the nominal
concentrations, respectively.

2.4 Pharmacodynamic Assessments

A PD test battery including the objective assessment of sac-
cadic peak velocity and the subjective assessments VAS
Bond & Lader, VAS Bowdle, and Karolinska Sleepiness
Scale was used. The tests were performed on day —1 (train-
ing), pre-dose (baseline), at 3, 6, and 12 h post-dose on day
1 (cohorts 1-2), and at the same time points at steady state
(days 12, 21, and 29 in cohorts 1-2, 3, and 4, respectively).

Saccadic peak velocity was performed to determine the
sedative effects using a computer-based method for saccadic
eye movement measurement originally described by Baloh
et al. [19]. It has been shown to be one of the most sensi-
tive variables for measuring the sedative effects of drugs
[20-22]. Saccadic eye movements were recorded as previ-
ously described [15]. A light stimulus at variable intervals
was projected at 15°-20° of the eyeball rotation and the peak
velocity (degree/second), the highest velocity reached during
the saccade, was measured.

VAS Bond & Lader, VAS Bowdle, and the Karolinska
Sleepiness Scale were completed on paper. The VAS Bond
& Lader test has previously been used to investigate drug
effects on the scores of alertness, mood, and calmness [20,
22, 23]. The scores are calculated by means of 16 VAS, i.e.,
100 mm horizontal lines with two words representing oppo-
site feelings placed at both ends, which allow the subjects to
indicate their subjective feelings. The VAS Bowdle test has
previously been applied to evaluate psychedelic drug effects
[24-26]. It consists of 13 VAS, i.e., 100 mm horizontal lines,
which allow the subjects to rate their subjective feelings
regarding a described statement with 0 mm reflecting “not
at all” and 100 mm reflecting “extremely”. The scores were
combined to assess “internal perception”, “external percep-
tion”, “feeling high”, or “drowsy”. The Karolinska Sleepi-
ness Scale is a validated test to assess sleepiness [27]. The
subjects are asked to rate their sleepiness on a 9-point scale
ranging from 1 “very alert” to 9 “very sleepy, great effort to
keep awake, fighting sleep”.

A\ Adis

2.5 Tolerability and Safety Assessments

Tolerability and safety were continuously assessed by moni-
toring the nature, frequency, and intensity of adverse events
(AEs). Laboratory variables, vital signs, and 12-lead ECGs
were evaluated throughout the study and changes from base-
line were calculated. Heart rate telemetry was performed for
6 h post-dose.

2.6 Holter Electrocardiogram Assessment

Continuous Holter ECGs were recorded at baseline (pre-
dose on day 1 for 1.5 h), for 24 h following dosing on day
1 (cohorts 1-2) and at steady state (days 12, 21, and 29 for
cohorts 1-2, 3, and 4, respectively) using GI M12R Record-
ers (Global Instrumentation LLC., Manlius, NY, USA).
Triplicate ECGs were extracted by a central ECG labora-
tory (eResearch Technology, Philadelphia, PA, USA) from
the continuous recordings at the following time points when
subjects were resting in a supine position: pre-dose at 75, 60,
and 45 min, at 1, 2, 3, 4, 6, 8, 12, and 24 h post-dose on day
1 (cohorts 1-2), and at the same time points at steady state
(days 12, 21, and 29 in cohorts 1-2, 3, and 4, respectively).

2.7 Statistical Analysis

Pharmacokinetic parameters of ACT-709478, midazolam,
and 1-hydroxymidazolam were derived by a non-compart-
mental analysis of the concentration—time profiles using
WinNonlin version 8.0 (Pharsight Inc., Mountain View,
CA, USA). The measured individual plasma concentra-
tions were used to directly obtain C,,, and time to reach
Croax (tmax)- AUC values were calculated according to the
linear trapezoidal rule, using the measured concentration
values above the lower limit of quantification, without any
weighting. The 1, of all analytes was calculated as follows:
t,,=In [2] /A,, where A, represents the terminal elimination
rate constant. Assessment of steady-state concentrations of
ACT-709478 was based on a visual inspection of the trough
concentrations. The accumulation index was calculated as
follows: AUC during a dose interval (AUC,) day 12/AUC,
day 1 (cohorts 1-2 only).

Dose proportionality of ACT-709478 was explored by
comparing C_,. and AUC_ values across cohorts, using a
power model described by Gough et al. [28]. Moreover, sex
differences in PK parameters were investigated.

The effect of 60 and 100 mg ACT-709478 on AUC
from 0 to 24 h (AUC,_,4), Cpax> and t, of midazolam
and 1-hydroxymidazolam was explored using the geo-
metric mean ratios and 90% confidence intervals (CIs)
of the combined administration and midazolam alone as
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the reference. The effect on #,,,, was explored using the
median difference and its 90% CI.

The PD endpoints were analyzed by mixed-effects
model analyses of variance with sex, treatment and dose,
time, and treatment and dose by time as fixed effects, sub-
ject as random effect, and baseline value as covariate. The
PD endpoints from cohorts 1-2, 3, and 4 were analyzed
separately because of the different study designs.

Tolerability and safety were analyzed descriptively
by treatment group. Subjects treated with placebo were
pooled for the analysis.

A concentration-QT corrected interval (QTc) analy-
sis was performed with the Holter data using a linear
mixed-effects modeling approach with AQTcF (change
from baseline in QT interval corrected with Frideri-
cia’s formula) as the dependent variable, time-matched
ACT-709478 plasma concentration, centered baseline
QTcF, study drug, and the time point as covariates, and
a random intercept and slope per subject. Additionally,
a central tendency analysis for heart rate and the ECG
intervals QTcF, PR, and QRS was performed based on a
linear mixed-effects model with the ECG variables as the
dependent variable, time point, study drug, and time by
treatment interaction as fixed effects, and baseline ECG
variables as a covariate. Categorical outliers of ECG vari-
ables were analyzed descriptively.

3 Results
3.1 Subjects

A total of 46 subjects in four cohorts were enrolled in this
study. Six subjects discontinued the study drug (two, one,
and two taking active treatment in cohorts 1, 3, and 4; one
taking placebo in cohort 1), two of whom were replaced (one
subject in cohort 3 and the placebo subject). All subjects
were included in the tolerability and safety analysis whereas
only the discontinued subjects from cohort 1 were included
in the PK, PD, and cardiodynamic analysis (i.e., correspond-
ing assessments on day 1 performed). All 46 subjects (24
female and 22 male) were white with a mean (range) age and
body mass index of 43 (23-55) years and 24.6 (18.5-29.8)
kg/m?, respectively.

3.2 Pharmacokinetics
3.2.1 ACT-709478 Pharmacokinetics

The PK parameters following multiple-dose administration
of 10, 30, 60, and 100 mg ACT-709478 are summarized
in Table 1. ACT-709478 was absorbed with a median ¢,
of 3.5-4.0 h across cohorts. Similarly, #,, was comparable
among all dose levels, ranging from 45 to 53 h. The mean
C...x and AUC_ values at steady state increased in a dose-
proportional manner with the 90% CI for the slope deter-
mined in the power model of 0.75-0.92 and 0.81-0.99,

respectively, both within the critical interval of 0.70-1.3.

Table 1 Plasma pharmacokinetic parameters of ACT-709478 after once-daily multiple-dose administration on day 1 (cohorts 1-2) and at steady
state (days 12, 21, and 29 for cohorts 1-2, cohort 3, and cohort 4, respectively)

Parameter Statistics Cohort 2 Cohort 1 Cohort 2 Cohort 1 Cohort 3 Cohort 4
[unit] 10mgDay 1 30mgDay 1 10mgDay 12 30mg Day 12 10-30-60 mg Day 21 10-30-60-100 mg Day 29
(N=T) (N=38) (N=38) (N=6) (N=10) (N=8)
Cpax [ng/mL]  Geometric mean 73.4 275.5 181.7 503.4 889.4 1191.4
95% Cl of geo-  40.5,133.2  230.8,328.9 136.6,241.7 400.8,632.4  753.2,1050.3 1089.5, 1302.9
metric mean
fmax (D] Median 3.0 4.0 4.0 35 4.0 4.0
Minimum, 3.0,6.0 2.0,4.0 3.0,4.0 2.0,4.0 2.0,4.0 3.0,4.0
maximum
AUC, Geometric mean 807 3093 2570 7371 13,684 19,999
[ngxh/mL] 959 CI of geo- 540, 1207  2742,3488  1917,3446  5864,9266 11,197, 16,723 17,956, 22,274
metric mean
t, [h] Geometric mean NA NA 48.6 453 46.2 53.1
95% CI of geo- 38.4,61.6 35.5,57.7 36.1, 58.7 40.2,70.1

metric mean

AUC, area under the plasma concentration—time curve during a dosing interval, C,

'nar Maximum plasma concentration, CI confidence interval,

N number of subjects analyzed (1 subject excluded from day 1 in cohort 2 because no ACT-709478 concentrations were measured, 2 subjects

excluded from days 12 and 29 in cohorts 1 and 4, respectively, owing to early discontinuations), NA not applicable

plasma concentration, t,, terminal half-life

» Lnay ime to reach maximum
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Furthermore, no statistically significant differences in any of
the PK parameters between male and female subjects were
observed.

The trough concentration—time profiles are shown in
Fig. 1. Steady state was reached in all cohorts and dose lev-
els after 5-7 days of dosing, except for the 100 mg dose level
in cohort 4, in which the mean trough plasma concentration
fluctuated slightly up to the last day of dosing. An accumula-
tion index of 2.4 and 3.2 was determined for cohorts 1 and 2,
respectively. Moreover, no relevant active metabolites were
detected in the pooled plasma samples of cohort 4.

3.2.2 Midazolam Pharmacokinetics

The mean plasma concentration—time profiles of mida-
zolam and 1-hydroxymidazolam in the absence of ACT-
709478 and in combination with 60 mg and 100 mg ACT-
709478 at steady state are shown in Fig. 2 and the PK
parameters and geometric mean ratios are displayed in
Table 2. The midazolam and 1-hydroxymidazolam PK

1500
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2 o8-8 G T g8 8-gg o

@

ACT-709478 plasma concentration (ng/mL) Q
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0 200 400

profiles were characterized by a fast absorption with a
median 7,,,, of 1 h for both compounds and a rapid clear-
ance from plasma with a mean #,, of 5.9 and 4.6 h, respec-
tively. The plasma concentrations of the metabolite were
lower compared with the parent compound (C,,,, 3.7 ng/
mL vs 12.0 ng/mL). After multiple-dose administration of
60 mg and 100 mg ACT-709478, mean C,,,, and AUC ,,
of midazolam were decreased by 7 and 21% and by 9 and
30%, respectively, compared with midazolam alone. The
lower bound of the 90% CI of the geometric mean ratio
was below the 80-125% bioequivalence interval for both
PK parameters (60 mg: 0.93 [0.81-1.08] for C,,,,, 0.79
[0.70-0.91] for AUC,_,,; 100 mg: 0.91 [0.75-1.10] for
Crax> 0.70 [0.59-0.84] for AUC,,_,,). In contrast, the mean
ty, and median t_,, of midazolam remained unchanged.
Furthermore, similar exposures to 1-hydroxymidazolam
were observed following administration of midazolam
alone and in combination with ACT-709478.

—— Cohort 1 (30 mg)

-4=-- Cohort 2 (10 mg)
Cohort 3 (10-30-60 mg)
Cohort 4 (10-30-60-100 mg)

1
600 800 1000

Time after first administration (h)
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1000
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—6— Cohort 1 (30 mg)

-4 Cohort 2 (10 mg)
Cohort 3 (10-30-60 mg)
Cohort 4 (10-30-60-100 mg)

ACT-709478 plasma concentration (ng/mL) o

T T
200 400

o

T T 1
600 800 1000

Time after first administration (h)

Fig. 1 Arithmetic mean (+standard deviation) trough plasma concentration vs time profiles of ACT-709478 per cohort (linear [a] and semi-
logarithmic [b] scales; n=38, 8, 10, and 8 for cohorts 1, 2, 3, and 4, respectively)
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Midazolam concentration (ng/mL)

Time after midazolam administration (h)

1-Hydroxymidazolam concentration (ng/mL) T

—— Day 1
-=-- Day 22
Day 30

Time after midazolam administration

—~ ©o =
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Fig.2 Arithmetic mean (+standard deviation) plasma concentration vs time profiles of 4 mg of midazolam [a] and 1-hydroxymidazolam [b] on
day 1 (baseline), day 22 (concomitantly to 60 mg ACT-709478), and day 30 (concomitantly to 100 mg ACT-709478); n=8

3.3 Pharmacodynamics

Statistically significant differences compared with pla-
cebo were observed for isolated subjective PD test
parameters in cohort 1 only. At higher doses, no rele-
vant findings were detected. As a consequence, no clear
dose dependency could be established for any treatment-
emergent sign of reduced vigilance or psychedelic effects.
The results of the saccadic peak velocity assessments are
shown in Fig. 3.

3.4 Tolerability and Safety

The total number of AEs in the study (whether related to the
study drug) was 475 reported by 40 subjects (87%) of which
39 AEs were reported by six subjects (67%) taking placebo
while seven AEs were reported by four subjects (33%) after
administration of midazolam alone or midazolam plus pla-
cebo. The reported AEs were of mild (323) or moderate
(149) intensity with the exception of three severe AEs (tak-
ing active treatment: drug-related headache, not drug-related
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Cohort 1 (30 mg)
Cohort 2 (10 mg)

Mean change from baseline (degree/s)

Fig.3 Mean change (+standard deviation) from baseline to steady
state (days 12, 21, and 29 for cohorts 1-2, cohort 3, and cohort 4,
respectively) in saccadic peak velocity after once-daily multiple-dose

deep vein thrombosis; taking placebo: vasovagal syncope)
in cohort 1. The number of AEs under active treatment per
cohort and intensity are shown in Fig. 4. In cohort 1 (30 mg
0.d.), a tolerability signal was observed. All eight subjects
taking ACT-709478 (100%) reported an overall of 115 AEs.
The tolerability findings were mostly related to AEs classi-
fied as nervous system disorders. There was an increase in
the onset of AEs from day 3 to 6, but not thereafter, when
steady state was reached, suggesting improved tolerability
after the first days of exposure and thus supporting weekly
dose increases in an up-titration regimen. A lower dose was
studied in cohort 2 (10 mg o.d.) that was well tolerated with
six subjects taking active treatment (75%) reporting eight
AEs. Therefore, the 10 mg dose was chosen as the starting
dose for the up-titration regimen in further cohorts. With the
up-titration regimen in cohort 3 (10, 30, and 60 mg ACT-
709478 o.d.) and cohort 4 (10, 30, 60, and 100 mg ACT-
709478 o.d.), the tolerability considerably improved. The
overall number of AEs in subjects taking active treatment
in these cohorts were 187 and 126 (including AEs upon co-
administration of midazolam) reported in 11 (100%) and
nine (90%) subjects. In view of the long study duration and
the increased number of subjects as compared with cohorts
1 and 2, the number of AEs decreased in cohorts 3 and 4
(numbers normalized per study day and number of subjects
are shown in Fig. 4).

A summary of AEs across cohorts is given in Table 3. The
most frequent AEs were dizziness, somnolence, and head-
ache. Different paresthesia symptoms (localized most fre-
quently in the face, hands, and finger tips) were reported in
11 out of 46 subjects, all taking active treatment and mainly
reported in cohort 1. Furthermore, four subjects experienced
AEs leading to discontinuation of the study drug.

Cohort 3 (10-30-60 mg)
Cohort 4 (10-30-60-100 mg)

Placebo

Time after ACT-709478 administration (h)

administration of ACT-709478 (n=6, 7, 10, and 7 for cohorts 1, 2, 3,
and 4, respectively) or placebo (n=9)
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Fig.4 Number of adverse events (AEs) by cohort and by intensity
reported by subjects after administration of ACT-709478 or placebo
(different number of subjects and study duration per cohort in [a] and
normalized to number of subjects and study duration in [b]). Cohort
1, 30 mg; cohort 2, 10 mg; cohort 3, 10-30-60 mg; cohort 4, 10-30-
60-100 mg. N=number of subjects in the corresponding cohort
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Table 3 Summary of treatment-emergent adverse events reported in more than two subjects following administration of daily multiple doses of

ACT-709478 or matching placebo and midazolam (cohort 4 only)

Initial insomnia -

Cohort2  Cohort 1 Cohort 3 Cohort 4 Placebo
10 mg 30 mg 10-30-60 mg  Midazolam 10-30-60-100mg  60-100 mg ACT-
alone® + midazolam® 709478
placebo®
Duration 23 days 23 days 32 days 1 day 27 days 13 days
Number of subjects dosed 8 8 11 12 10 8 9
Number of subjects reporting the adverse event
Dizziness - 7 9 - 3 - 1
Somnolence 1 5 5 3 3 8 2
Headache 1 5 5 2 3 - 4
Medical device site reaction ~ — 3 2 - 1 1 2
Head discomfort - 2 1 - 2 - 2
Nausea 1 2 - - 2 1 2
Paresthesia - 3 2 - 1 - -
Disturbance in attention - 3 2 - 1 1 -
Asthenia 1 1 - - 2 - 2
Hypoesthesia - 2 1 - 1 - -
Sleep disorder - 1 - - 3 - -
Paresthesia oral - 3 1 - - - -
Palpitations 1 1 - - 1 1 -
Dysarthria - 3 - - - - -
2
2

Eye movement disorder -
1

Back pain -

- 1 - 1

aThis column includes all subjects receiving midazolam alone on day 1 (i.e., midazolam concomitantly with active treatment [n=10] and pla-
cebo [n=2]) as well as placebo subjects receiving midazolam on days 22 and 30

This column contains the days of co-administration of ACT-709478 with midazolam and the observation period of 11 days (n=8, 2 subjects

discontinued the study)

“The study duration for the pooled placebo subjects is according to their respective cohort

There were no serious AEs reported during study conduct
and no clinically relevant effects of ACT-709478 on vital
signs, heart rate telemetry, clinical laboratory variables, and
physical examination. Moreover, with the exception of one
finding (right bundle branch block), no clinically relevant
ECG findings were observed.

3.5 Holter Electrocardiogram Evaluation

Mean placebo-corrected AQTcF (AAQTCF) varied between
—17.6 and 5.0 ms across cohorts, without an indication of
dose dependency. The estimated population slope of the
concentration—QTc relationship was —0.009 ms per ng/
mL (90% CI —0.016 to —0.002) with a treatment effect-
specific intercept of 0.1 ms (90% CI —4.0 to 4.1). The mean
AAQTCF was predicted to be —7.58 ms (90% CI —13.08 to
—2.08) and —10.2 ms (90% CI —17.5 to —2.9) for 60 mg
and 100 mg of ACT-709478 o.d., respectively. Based on
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this analysis, a QT effect above 10 ms was excluded up to
the highest attained concentration in this study and is not
expected above because of the negative slope, as depicted
in Fig. 5. The central tendency and the categorical outliers’
analyses did not indicate a treatment-related effect on any
ECG variables.

4 Discussion

Previously, the selective triple T-type Ca’* channel blocker
ACT-709478 was administered to healthy male subjects as
a single-dose administration up to 400 mg showing a good
tolerability and PK profile [15]. In the present study, the
tolerability, safety, PK, and PD of multiple-dose adminis-
trations of ACT-709478 were studied for the first time in
healthy male and female subjects.

Overall, the PK profile observed after multiple-dose
administrations of ACT-709478 in fed conditions was
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AAQTCF (ms)
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ACT-709478 concentration (ng/mL)

O ACT-709478 30 mg A
* ACT-709478 100 mg

ACT-709478 10 mg & ACT-709478 60 mg
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Fig.5 Model-predicted placebo-corrected change from baseline in
QT interval corrected with Fridericia’s formula [AAQTCcF] (mean
and 90% confidence interval) and estimated AAQTcF (mean and 90%
confidence interval) intervals at geometric mean peak ACT-709478
concentrations

in line with the SAD study in which the study drug was
given in fasted conditions with the exception of the food
effect group at 60 mg (i.e., administration in fasted and
fed conditions) [15]. Following multiple-dose administra-
tions of 10, 30, 60, and 100 mg ACT-709478, a median
tmax Of approximately 4 h was determined. In the SAD
study, a similar median ¢#,,,, was observed up to the 60 mg
dose. For higher doses, i.e., 120-400 mg, multiple plasma
concentration peaks were observed, determining the
median t,,, at 24 h post-dose [15]. Multiple peaks were
not observed anymore in the present study. This observa-
tion corresponds to the results of the SAD study, in which
the appearance of a second peak was marginal under fed
conditions [15]. The geometric mean ¢,, was comparable
among cohorts, ranging from 45 to 53 h, and similar to
the 1, of approximately 40 h observed after single-dose
administration of ACT-709478 [15]. As expected, ACT-
709478 accumulated approximately three fold in cohorts
1 and 2, which is in line with the long t,,. Because of the
accumulation, higher plasma concentrations were reached
in the MAD study, even though lower doses were admin-
istered as compared with the SAD study. In contrast to the
present study, a less than dose-proportional increase in
exposure parameters was observed in the SAD study. Solu-
bility limitations of ACT-709478 might have contributed
to the non-proportional increase by an incomplete disso-
lution of the study drug in the gastrointestinal tract. This
hypothesis was underlined by a 60% increase in C,,, after
administration in fed conditions (i.e., high-fat, high-calo-
rie breakfast) compared with fasted conditions. The light
breakfast administered in the present study and the sub-
sequently improved solubilization of the lipophilic com-
pound ACT-709478 in the gastrointestinal tract probably

resulted in an enhanced absorption and, therefore, a dose-
dependent increase in C,, and AUC,_. Steady state was
reached by the majority of the subjects after 7 days of dos-
ing, the trough plasma concentrations fluctuated slightly
up to the last day of dosing only during the last up-titration
step at 100 mg.

Baseline midazolam PK parameters were comparable to
those reported previously [18, 29-31]. Maximum plasma
concentration and AUC,,_,, values of midazolam were
decreased by 7 and 9% and 21 and 30% when administered
concomitantly with 60 and 100 mg ACT-709478, respec-
tively, compared with midazolam alone. In contrast, ¢,
and #,, remained unchanged. An investigational drug can be
classified as a weak, moderate, or strong inducer based on its
effect on a probe substrate [16]. Accordingly, the decrease of
midazolam AUC between 20 and 50% would classify ACT-
709478 as a weak inducer of CYP3A4. However, because
of the unchanged t,,, an induction of intestinal rather than
hepatic CYP3A4 is assumed [32, 33]. Moreover, the absence
of a considerable difference in the change of C,, of mida-
zolam from 60 to 100 mg ACT-709478 and no effect of
ACT-709478 on 1-hydroxymidazolam PK parameters fur-
ther indicate a low relevance of the induction.

The PD battery was performed to assess if there were any
sedative treatment effects of ACT-709478 and to broadly
characterize any effects on the central nervous system. In
line with the results of the SAD study [15], no clear sign of
treatment-emergent reduced vigilance or psychedelic effects
was observed. The isolated significant values in the subjec-
tive tests in cohort 1 were not supported by the objective
saccadic eye movement test.

After multiple-dose administrations of 30 mg o.d., a tol-
erability signal was observed with subjects showing cen-
tral nervous system-related AEs. Therefore, the dose was
reduced in the second cohort to 10 mg, which was well toler-
ated and subsequently used as a starting dose for an up-titra-
tion regimen. In cohorts 3 and 4, doses up to 60 and 100 mg
o.d., respectively, were well tolerated. With the exception
of three severe AEs in cohort 1, all AEs were either of mild
or moderate intensity. Of the three severe AEs, only head-
ache was assessed as drug related by the investigator. The
deep vein thrombosis was considered as not drug related
owing to the long bed rest of a subject and the vasovagal
syncope was experienced by a subject taking placebo. No
serious AE was reported during study conduct. The most
frequently reported AEs across the cohorts were dizziness,
somnolence, and headache. Moreover, different paresthesia
symptoms were reported in 11 subjects, all taking active
treatment and mainly in the first cohort. Considering the
longer treatment duration, the higher dose, and the fewer
paresthesia symptoms that were reported in later cohorts, the
finding considerably improved with up-titration. In general,
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the observed AEs were similar to those reported in the SAD
study [15].

Potential effects of ACT-709478 on ECG variables or
vital signs were closely monitored because T-type Ca>*
channels located in heart cells and renal tissue are known to
be implicated in the pacemaker current and in the regulation
of aldosterone, respectively [34, 35]. In line with the SAD
data, no clinically relevant treatment-emergent findings in
vital signs, ECGs, or heart rate telemetry were observed,
except for one clinically significant ECG finding of a right
bundle branch block. The ECG finding was reported in a
subject in cohort 4 after seven doses of 10 mg ACT-709478.
The subject was discontinued from the study and the finding
spontaneously resolved a few days afterwards. The collected
Holter ECG data did not indicate any clinically relevant
effect of ACT-709478 on ECG variables.

The tolerability signal detected in cohort 1 led to adap-
tations of the study design. Instead of increasing the dose
in cohort 2, the dose was decreased. Additionally, an up-
titration regimen was implemented in cohorts 3 and 4. These
changes resulted in different study durations in cohorts 1-2
(12 days of dosing), cohort 3 (21 days of dosing), and cohort
4 (29 days of dosing of ACT-709478). As a limitation of this
study design, the number of AEs and other safety parameters
between cohorts need to be compared with caution. Another
limitation of the study was the rather small number of sub-
jects (n=_8) for the CYP3A4 DDI study part. However, the
inter-subject variability of PK parameters was low and the
midazolam results after co-administration of 60 and 100 mg
of ACT-709478 were consistent. Therefore, these data are
a good indication of the impact of multiple doses of ACT-
709478 on the CYP3A4 metabolism of midazolam.

Selective blockade of T-type Ca’* channels is a promis-
ing mechanism of action for the pharmacological treatment
of certain types of epilepsy. The good tolerability and PK
profile observed in this study support the continuation of
compound development with clinical studies in patients with
epilepsy to evaluate its clinical benefit.

5 Conclusions

In this study, multiple oral doses of ACT-709478 were
administered. A tolerability signal was detected in cohort
1; therefore, the dose was decreased in cohort 2. The sub-
sequently established up-titration regimen considerably
improved tolerability. Multiple doses up to 100 mg o.d. were
well tolerated. A dose-proportional exposure was determined
across cohorts. Upon co-administration of ACT-709478, a
weak induction of gastrointestinal CYP3A4 activity was
observed, unlikely to be of clinical relevance.
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