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Abstract

Background Daridorexant (ACT-541468) is a potent dual orexin receptor antagonist under development for the treatment of
sleep disorders. Concomitant intake of ethanol and hypnotics has been shown to result in additive/supra-additive depression
of the central nervous system, resulting in pronounced sedation.

Objective The aim of this study was to evaluate the pharmacokinetic (PK) and pharmacodynamic (PD) interactions between
ethanol and daridorexant.

Method This was a single-center, double-blind, placebo-controlled, randomized, four-way crossover study conducted in 19
healthy male/female subjects. Subjects received the following four treatments: ethanol with daridorexant, daridorexant alone,
ethanol alone, and placebo. Daridorexant 50 mg and the matching placebo were administered as single oral tablets. Ethanol
was infused intravenously and clamped at a level of 0.6 g/L for 5 h. The PK of ethanol and daridorexant were assessed and
a battery of PD tests performed.

Results Concomitant administration of ethanol prolonged the time to reach maximum plasma concentrations (f,,,) of
daridorexant (median difference 1.25 h). No other relevant PK interactions were observed. Coadministration with ethanol
produced a numerically greater impairment on saccadic peak velocity, body sway, visual analog scale (VAS) alertness, VAS
alcohol intoxication, smooth pursuit, and adaptive tracking compared with daridorexant alone. All treatments were gener-
ally well tolerated without serious adverse events (AEs). The most commonly reported treatment-emergent AEs following
coadministration of daridorexant and ethanol included somnolence, headache, fatigue, sudden onset of sleep, and dizziness.
Conclusions Apart from a shift in 7,,,,,, no relevant changes in PK parameters were observed following coadministration of
daridorexant and ethanol. The coadministration led to reinforced drug actions that were, at most, indicative of infra-additive
effects on certain PD markers. Patients will be advised not to consume ethanol with daridorexant.
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The pharmacokinetics of daridorexant were not affected
following coadministration with ethanol (and vice versa),
apart from a prolonged time to reach maximum plasma
concentration (t,,,,) of daridorexant (by approximately
75 min).

Administration of daridorexant as well as of ethanol
alone showed their respective characteristic effects on
the central nervous system.

Compared with being administered alone, coadministra-
tion of daridorexant and ethanol led to an amplification
of drug effects on several of the performed pharmacody-
namic tests; however, these were less pronounced than
the sum of the effects of each individual agent. Patients
will be advised not to consume ethanol while being
treated with daridorexant.

All adverse events of moderate intensity occurred fol-
lowing ethanol infusion (i.e., alone or following coad-
ministration with daridorexant).

1 Introduction

Daridorexant (ACT-541468) is a new potent and selective
compound being evaluated for the treatment of insomnia
that blocks the actions of the orexin neuropeptides at both
orexin-1 and orexin-2 receptors, i.e., a dual-orexin recep-
tor antagonist (DORA) [1, 9, 10]. Across the dose range of
5-50 mg, the pharmacokinetic (PK) profile of daridorexant
is characterized by quick absorption and elimination, with
a median time to reach maximum concentration (,,,) of
1-2 h and a geometric mean (GM) terminal half-life (z,,)
of approximately 6 h. Daridorexant is extensively metabo-
lized, with only traces of parent drug excreted unchanged in
feces and urine, and most observed metabolic reactions were
cytochrome P450 (CYP) 3A4-mediated oxidative transfor-
mations [2, 3]. With respect to drug—drug interactions, dari-
dorexant has been determined as a CYP3A4 substrate, lack-
ing any perpetrator interaction potential towards CYP3A4 or
breast cancer resistance protein (BCRP) in humans [4, 5]. By
selectively targeting wake-promoting regions in the brain not
projecting into cerebral fine control regions such as the cer-
ebellum or vestibular nuclei, DORAs are thought to reduce
the impairment of cognitive performance, locomotor skills,
and balance, commonly observed with y-aminobutyric acid
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(GABA) , receptor modulators [6—8]. Based on the accumu-
lated data from the comprehensive phase I program, darido-
rexant has further advanced in development following two
phase II studies that showed a desired effect on sleep onset
and sleep maintenance as well as a significant dose-response
relationship, and is currently being further explored clini-
cally in the phase III program (ClinicalTrials.gov identifi-
ers: NCT03545191, NCT03575104, NCT03679884) [2, 3,
5,9-12].

Ethanol is one of the most widely used central nerv-
ous system (CNS) active substances in Western society
and causes impairment of a wide range of CNS functions,
including alertness, motor stability, and hand—eye coordi-
nation [13, 14]. Previous studies have shown that ethanol
intake enhances the function of the GABA , receptor, which
is the same ionotropic receptor protein complex targeted by
benzodiazepines and non-benzodiazepines (e.g. zolpidem,
zopiclone), whereby they unfold their hypnotic/sedative
properties [15-20]. It is well known that insomnia, which
affects approximately 30% or more of the general popula-
tion, is associated with increased use of ethanol as self-pre-
scribed medication [21-25]. Although the sedating effects of
ethanol may promote the shortening of sleep onset latency,
this form of self-medication is rarely successful as it leads to
a deterioration of sleep quality and thereby exacerbates the
issue [26]. A systematic review of prevalence of concomitant
use of ethanol and sedative-hypnotic drugs in middle-and
older-aged persons has shown that up to 88% of men and
79% of women who used sedative hypnotics also consumed
ethanol, and that 28% thereof were concomitant users of sed-
ative hypnotics [27]. Studies with GABA , receptor agonists
showed that the concomitant intake of ethanol can result
in additive pharmacodynamic (PD) effects, i.e., enhanced
sedative effects and/or psychomotor impairment (as meas-
ured in performance skills and greater self-rated sleepiness)
[15-18, 28-32]. Moreover, there is also evidence for the
co-occurrence of ethanol and benzodiazepine consumption
with accident-related injuries (e.g. traffic accidents, falls,
work- or sports-related injuries) [33—35]. Consequently, the
effects of coadministration with ethanol need to be studied
during the development of a new drug to treat insomnia in
order to understand the clinical significance of the potential
PD interactions with ethanol [26, 36, 37].

Although most ethanol interaction studies are performed
after oral administration, herein a 10% w/v ethanol solution
in 5% glucose was administered intravenously for 5 h and
fixed (clamped) to a blood level of 0.6 g/L. The intrave-
nous clamping method allows for precise control of ethanol
blood levels and also eliminates the complex absorption PK
of ethanol associated with oral administration, as ethanol
absorption can be highly variable [14, 38]. Another advan-
tage is the absence of smell and taste associated with oral
ethanol ingestion, which can lead to unblinding of subjects.
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A constant ethanol blood level of 0.6 g/L has been shown
to be associated with significant CNS effects without caus-
ing too many inadvertent events, leaving enough room for
further CNS impairment without compromising safety, in
case of an additive or supra-additive drug—ethanol inter-
action [38—40]. An ethanol level of 0.6 g/L is just above
the legal driving limit in many European countries and just
below the legal driving limit of 0.8 g/L in the United States,
and is habitually achieved during social drinking [41, 42].
An interaction study utilizing such a clamping model that
assures accurate target concentrations in all subjects has
strong clinical relevance and has previously been used to
evaluate the combined effects with ethanol of a variety of
different compounds [16, 43].

The aim of this study was to investigate potential PK and
PD interactions, i.e., effects on alertness, motor coordina-
tion, and cognitive functions, between ethanol (clamped at
a blood level of 0.6 g/L for 5 h) and daridorexant (50 mg),
the highest clinically relevant dose assessed in the aforemen-
tioned phase III program for a suitable investigation of its
potential interaction with ethanol.

2 Methods
2.1 Study Design

This was a single-center, double-blind, randomized, pla-
cebo-controlled, double-dummy, 2 X 2 factorial design, four-
way crossover phase I study (ClinicalTrials.gov identifier:
NCT03609775) conducted at the Centre for Human Drug
Research (CHDR), Leiden, The Netherlands. The study
was approved by the National Health Authority of The
Netherlands (Centrale Commissie Mensgebonden Onder-
zoek [CCMOY]) and by the local ethics committee (Sticht-
ing Beoordeling Ethiek Biomedisch Onderzoek [BEBOY]).
The study adhered to the Declaration of Helsinki and was
conducted according to good clinical practice guidelines
and applicable laws and regulations in The Netherlands.
Prior to any study procedure, written informed consent was
obtained from each participant after adequate explanation of
the objectives, methods, and potential hazards of the study.
The study was funded by Idorsia Pharmaceuticals Ltd, who
also provided the study medication.

2.2 Study Population

The study population included eligible healthy female and
male subjects aged 18—45 years, with a body mass index
(BMI) of between 18 and 32 kg/m? (inclusive) and non-
smokers. Subjects were in good health, as determined on
the basis of medical history, physical examination, clinical
laboratory tests, and 12-lead electrocardiogram (ECG) at

screening, as well as negative results from urine drug screen
and breath ethanol test at screening and on day 1 predose.
All study participants were familiar with the effects of etha-
nol. Subjects with a history of drug abuse or alcoholism,
defined as an average ethanol consumption of more than 14
or 21 units of ethanol per week or an average daily intake
of more than 2 or 3 units (1 ethanol unit=8 g or 10 mL of
pure ethanol, i.e., typical drinks may contain 1-3 units of
ethanol), for female and male subjects, respectively, were
excluded. Furthermore, subjects of Asian descent or other
individuals reporting ethanol intolerance (e.g. flushing) were
also excluded from the study. No concomitant medication
was allowed during the course of the study, except for hor-
monal contraception in females and for the treatment of
adverse events (AEs).

2.3 Treatments

Twenty-two healthy female and male subjects were enrolled
and subsequently received four treatments, i.e., (A) etha-
nol with daridorexant; (B) daridorexant alone; (C) etha-
nol alone; and (D) placebo, in a blinded crossover fashion
(Fig. 1). Each subject was randomized to one of the treat-
ment sequences defined using a Williams design balanced
for first-order carryover effects. Allocation of the treatments
to the design square was randomized for every block of four
subjects. Subjects were assigned to one of four sequences in
accordance with the randomization schedule generated by an
independent Contract Research Organization (Aixial s.r.o.,
Brno, Czech Republic) prior to the first study treatment
administration, using SAS® software, version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA). Daridorexant 50 mg or match-
ing placebo were administered orally as single dose tablets.
Ethanol (10% w/v in 5% glucose) or matching placebo was
infused intravenously through an indwelling catheter, started
30 min prior to daridorexant/placebo administration, and
clamped for 5 h at a level of 0.6 g/L. Each treatment was
followed by an observation period of 24 h. Ethanol clamp-
ing was performed as previously described [38, 39, 43].
Ethanol was administered intravenously using calibrated
Graseby (model 3000, Watford, UK) volumetric infusion
pumps. To prevent local pain, a parallel infusion with glu-
cose 5% was administered for 10 min at the beginning of
the infusion using calibrated Graseby (model 3200) syringe
pumps. The infusion rate for the first and second 5-min inter-
val was determined for each subject individually (before the
start of the infusion) based on a level of ethanol clamping
of 0.6 g/L and on the individual’s demographic data, i.e.,
weight, height, age, and sex, entered in the clamping spread-
sheet according to the Watson estimate of body water [44].
The clamping spreadsheet was subsequently used online to
set the infusion rate after each breath ethanol measurement
during the ethanol infusion (based on the actual measured
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Fig.1 Study design. Treatment
A (daridorexant with ethanol);
Treatment B (daridorexant
alone); Treatment C (ethanol
alone); Treatment D (placebo).
* Screening took place between
Day —28 and Day —10 for

Ethanol breath sampling:

Daridorexant plasma PK sampling:
meeerrr ol | |

PD assessments:

women of childbearing potential " et s st o ony 100
and between Day —21 and
Day -3 for the other subjects.
**There was a washout period
of 6-14 days between study Period 1 Period 2 Period 3 Period 4
treatment administrations. EOT Treatment Treatment Treatment Treatment
End-of Treatment, EOS End-of- A, B, A,B, A,B, A, B,
Study, PD Pharmacodynamic, C,orD C,orD C,orD C,orD
PK Pharmacokinetic
In-clinic In-clinic In-clinic In-clinic
stay stay stay stay
<-——> <———> <———> <———>
—//—F /At /A //—
| \ |
Screening* Day 1 Day 2 Dayl Day2 Dayl Day2 Dayl Day2 Safety
(EOT) T (EOT) T (EOT) T (EOS) Follow-Up
Wash-out** Wash-out** Wash-out**

breath ethanol concentration (BrEC) at predetermined time
intervals, as previously described [38, 45]. Thereby, after
the loading phase, a constant ethanol blood level of 0.6 g/L
was maintained during a 4.5 h plateau phase. For the match-
ing placebo (5% glucose solution), a sham procedure was
used, i.e., predefined results were entered into the clamping
spreadsheet and the infusion rate was adapted accordingly.
With this procedure, approximately 1 L of either treatment
was infused over a 5-h time period.

2.4 Pharmacokinetics

Blood samples (4 mL) for the measurement of daridorexant
were collected in EDTA tubes and obtained immediately
prior to the start of the ethanol/placebo infusion and at 10
and 20 min and 0.5, 0.75, 1, 1.5, 2, 2.5, 3,4, 5, 6, 8, 12, and
24 h after drug intake (Fig. 1). Plasma daridorexant con-
centrations were determined using a previously described
validated liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) assay following protein precip-
itation (with acetonitrile containing the internal standard
[1S], i.e., deuterated ACT-541468 [ACT-541468D]) with a
limit of quantification (LOQ) of 0.5 ng/mL and covering
a range up to 2000 ng/mL [3]. Mass spectrometric detec-
tion was performed using a triple quadrupole tandem mass
spectrometer (API4000; AB Sciex, Concord, ON, Canada)
operating in a positive electrospray ionization mode. Sam-
ples were quantified using peak area ratios. ACT-541468
and ACT-541468D transitions, i.e., parent m/z > fragment
m/z were 451.2>202.0 amu and 455.2 >206.0 amu, respec-
tively. The inter- and intra-assay accuracy was between 2.3
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and 4.0% and — 8.3 and 12.0%, respectively, and the inter-
and intra-assay precision was <8.4% and <9.9%, respec-
tively. Measurements of BrEC were performed at intervals
of 5-30 min using calibrated hand-held Alco-Sensor VXL
meters (Honac, Apeldoorn, The Netherlands). The range of
the meter was from 0.01 to 4.0 g/L. The accuracy of the
breath ethanol test is dependent on the relationship between
the concentrations of ethanol in blood and deep lung breath;
this ratio of 2300:1 is well established [46]. The Alco-Sensor
VXL meter measures the BrEC and displays the derived
ethanol blood level calculated with a ratio of 2300:1, which
is reported herein.

The PK parameters of daridorexant were obtained by non-
compartmental analysis using Phoenix WinNonlin version
6.4 (Pharsight Corporation, Mountain View, CA, USA).
The measured individual plasma concentration was used
to directly obtain maximum plasma concentration (C,,,,)
and ¢, ,,. Area under the plasma concentration—time curve
(AUC) from time zero to infinity (AUC_) was calculated
by combining AUC from zero to time t of the last measured
concentration above the LOQ (AUC,) according to the linear
trapezoidal rule and AUC representing an extrapolated value
obtained by C/1, (AUC,,.), where C, was the last plasma
concentration measured above the LOQ and A, represented
the terminal elimination rate constant determined by log-
linear regression analysis of the measured plasma concentra-
tions of the terminal elimination phase. The #,, of daridorex-
ant was calculated as follows: #,,=In(2)/A,. Concentrations
that were below the LOQ were entered as zero and included
as such in the calculation of means.
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2.5 Pharmacodynamics

PD were assessed on day 1 in all four treatment periods prior
to the start of the ethanol/placebo infusion, and 0.5, 1, 2, 3,
4,5, 6,8, and 10 h after daridorexant/placebo administration
using a battery of validated tests (NeuroCart®, CHDR, Lei-
den, The Netherlands), including the objective psychomotor
performance tests saccadic peak velocity (SPV), adaptive
tracking, the 2-min body sway test, and the subjective VAS
Bond and Lader to evaluate alertness, mood, and calmness
(Fig. 1). In addition, two further PD tests were performed
that have previously been shown to be sensitive to ethanol
administration, namely the smooth pursuit eye movement
task and the VAS alcohol intoxication score [39, 43].

The SPV measurement was performed as previously
described [3, 47, 48]. The recording of eye movements was
performed in a quiet room with ambient lighting, while head
movements were restrained using a fixed head support. The
target consisted of a moving red dot that was displayed
on a computer screen. For SPV, the target switched from
left to right (15 degrees to either side), with interstimulus
intervals varying randomly between 3 and 6 s, whereas the
target drifted smoothly and sinusoidally to either side for
the smooth pursuit assessment. The time in which the eyes
were in smooth pursuit of the target was calculated for each
frequency and was expressed as a percentage of stimulus
duration.

The adaptive tracking test is a pursuit-tracking task in
which a circle is moving randomly on a screen. The subject
had to try to keep a dot inside the moving circle by operating
a joystick [3, 43, 47-51].

Postural stability/body sway was assessed while subjects
were asked to stand with a string attached to their waist,
similar to the previously described Wright ataxia meter,
keeping their eyes closed [3, 48, 52]. All body movements
in the anteroposterior direction over a period of 2 min were
recorded as millimeter sway.

The 16-item VAS of Bond and Lader was used to subjec-
tively assess the effects of the different treatments on alert-
ness, mood, and calmness, while the subjects regularly rated
their current perceived ethanol effects on a 10 cm horizontal
VAS, which asked the subjects how large the effect of etha-
nol was that they were feeling [39, 53-55].

All subjects were familiarized with the PD assessments
during a training session, which took place within 3 weeks
prior to the start of the first treatment phase to minimize
learning effects.

2.6 Safety Variables

In addition to the broad range of CNS tests performed, safety
and tolerability were evaluated based on supine vital sign
measurement, 12-lead ECG, physical examination, assessing

standard blood chemistry and hematology laboratory vari-
ables, and monitoring of AEs at predefined time points pre-
and postdose.

2.7 Statistical Analyses

A sample size of 20 subjects was determined to provide 80%
power to detect an ethanol effect in differences in means for
the smooth pursuit test as well as an ethanol or daridorexant
effect in differences in means for adaptive tracking, VAS
alertness, body sway, and SPV. However, a study population
of 19 was sufficient to observe the effects in question. SAS®
software, version 9.4 (SAS Institute Inc.) was used for the
statistical analysis and the reporting of clinical and PK data.
The effects of ethanol on daridorexant PK were analyzed
by mixed-effect models, with treatment and period as fixed
effects and subject as random effect. The effects of ethanol
on AUC_, C,.,.. and 1,, of daridorexant were explored using
the geometric means ratio (GMR) and its 90% confidence
interval (CI), with daridorexant as the reference for the com-
parison of ethanol with daridorexant versus daridorexant
alone. Differences between treatments for #,,,, were explored
using the median differences and their 90% CI.

To assess a potential difference in mean ethanol blood
levels between ethanol alone and ethanol with daridorexant
over the infusion time, individual blood ethanol concentra-
tion—time data were analyzed by mixed-model analyses of
variance (ANOVAs), with treatment, time, and treatment
by time as fixed factors, and subject, subject by time, and
subject by treatment as random factors. The difference in
total ethanol dose between ethanol alone and ethanol with
daridorexant was analyzed by mixed-model ANOVAs, with
treatment as a fixed factor and subject as a random factor.

The PD endpoints were analyzed separately by mixed-
model ANOVAs, with treatment, period, time, and treatment
by time as fixed effects, with subject as a random effect, and
with the (average) baseline value as a covariate. The mean of
the four baselines (i.e., mean of the baselines of each treat-
ment) was used as the average baseline. Missing PD values
due to drug effect were imputed to the lowest/highest value
of the respective treatment. Least square means (LSM) esti-
mates over time, by treatment, were presented with 95% Cls.
Treatment effects were analyzed as the contrasts between
placebo and the different study treatments. Variables were
initially analyzed without transformation, but if the data had
suggested otherwise (data were not normally distributed),
log-transformation would have been applied.

An additive drug—drug interaction is thought to be
present if the combined effect of two independent agents
corresponds to the expected sum of the effects of the two
individual agents. Supra-additive effects (defined as effects,
resulting from coadministration of two independent agents,
being greater than the sum of effects of each individual
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agent) as well as infra-additive effects (defined as the com-
bined effect of two independent agents being smaller than
the expected sum of effects of each individual agent) were
evaluated by analyzing the contrast of the effects of the coad-
ministration of daridorexant and ethanol with subtraction of
the effects of daridorexant alone versus the effects of ethanol
alone with subtraction of the effects of placebo [40, 56]:

([Treatment A] — [Treatment B])
vs. ([Treatment C] — [Treatment D]).

Thereby, if the difference in treatments was shown to
be of statistical significance in the ANOVA linear mixed
model for the contrast of treatments (A-B) vs. (C-D), then
the absolute values of the contrast between treatments were
used to evaluate whether a supra-additive effect, i.e., a value
greater in magnitude for I(A—B)I compared with |(C—D)I, or
an infra-additive effect, i.e., a value greater in magnitude for
|(C-D)I compared with I(A-B)I, was evident. To adjust for
multiple comparisons, a Bonferroni correction was applied
to the ANOVA linear mixed model evaluating the contrast
of treatments (A-B) versus (C-D) of the eight PD variables,
resulting in a local significance level of 0.05/8 =0.00625 for
each single PD variable.

3 Results
3.1 Subjects

Nineteen subjects completed the study as per protocol. One
subject withdrew from the study due to reasons unrelated
to the study treatments, while two subjects were excluded
from the PK/PD data sets due to major protocol deviations,
i.e., one subject vomited 1 min after study drug administra-
tion and another subject was excluded due to implausible
concentrations of daridorexant determined in plasma, i.e.,
after clinical conduct was completed. Treatment order was
therefore not affected by the exclusion of subjects. Baseline
demographics are summarized in Table 1.

3.2 Pharmacokinetics
3.2.1 Daridorexant

In the absence of ethanol, the plasma concentration—time
profile of daridorexant was characterized by rapid absorp-
tion and disposition, with a GM C,,,, of 1348 ng/mL
(95% CI 1133-1604) attained at a median ¢, of 1.5 h
(Fig. 2a; Table 2). The GM of total exposure (AUC_,) was
10,287 ng-h/mL (95% CI 7810-13,550) and #,, was 7.94 h
(95% CI 6.60-9.55). There were no relevant effects of eth-

anol on daridorexant exposure, with only the shift in 7,
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observed when daridorexant was administered together with
ethanol (median difference 1.25 h, 90% CI 0.51-1.78) com-
pared with the administration of daridorexant alone being of
statistical significance (p <0.05).

3.2.2 Ethanol

Following intravenous infusion of ethanol to ascertain a
blood level of 0.6 g/L, with or without daridorexant, BrEC
increased rapidly and remained constant for the duration
of the infusion. After infusion stop, BrEC declined rapidly
following the characteristic zero-order kinetics of ethanol
elimination (Fig. 2b). At 5.5 h after ending the ethanol infu-
sion (10 h after daridorexant dosing), i.e., the last time point
of measurement, BrEC was no longer measurable.

The ethanol dose (required to maintain the 0.6 g/L etha-
nol clamp), in the absence of daridorexant, for the 5 h dura-
tion of the infusion was 61.3 g (GM, 95% CI 56.7-66.3).
Daridorexant did not alter the total dose of ethanol required
to maintain the 0.6 g/L. clamp compared with ethanol admin-
istered alone (GMR 1.00, 90% CI 0.97-1.02).

3.3 Pharmacodynamics
3.3.1 Saccadic Eye Movements

SPV was reduced following administration of both dari-
dorexant alone (B-D: p <0.0001 [LSM —14.3 degrees/s])
(Table 3) and ethanol alone (C-D: p<0.0001 [LSM
— 19.2 degrees/s]) compared with placebo. When ethanol
and daridorexant were administered together, the overall
effect on mean SPV values was slightly more pronounced
compared with either treatment administered alone (A-D:
p<0.0001 [LSM —-26.0 degrees/s]) (Table 3). Regardless of
treatment, mean SPV values returned to baseline 8 h after
administration of daridorexant/placebo (Fig. 3a).

Table 1 Baseline demographic characteristics

All-treated set PK and PD set

[N=22] [N=19]

Age, years [mean (SD)] 25.6 (6.23) 25.6 (6.52)
Weight, kg [mean (SD)] 69.9 (10.1) 69.5 (10.3)
Height, cm [mean (SD)] 172 (9.44) 173 (9.52)
BMI, kg/m2 [mean (SD)] 23.6 (3.01) 23.3 (3.06)
Race [n (%))

Black 2 (9.10) 2 (10.5)

White 20 (90.9) 17 (89.5)

Arithmetic mean is presented

BMI body mass index, N total number of subjects, n=number of
subjects, PD pharmacodynamic, PK pharmacokinetic, SD standard
deviation
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Fig.2 a Arithmetic mean (+SD) plasma daridorexant concentra-
tion versus time profiles in healthy subjects (n=19) after a single

dose of 50 mg alone (Treatment B) or in combination with ethanol
0.6 g/L (Treatment A). b Arithmetic mean (+SD) blood ethanol con-

Table 2 Statistical analysis of daridorexant pharmacokinetic parameters
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Time relative to daridorexant/placebo administration (h)

centration versus time profiles in healthy subjects (n=19) after etha-
nol infusion for 5 h alone (Treatment C) and in combination with a
single-dose administration of daridorexant 50 mg (Treatment A). SD
standard deviation

Daridorexant Daridorexant with ethanol Daridorexant alone (Treatment B) ~ Treatment A/Treatment B
(Treatment A)
[N=19] [N=19] [N=19]
axo 11 3.00 (0.75-6.07) 1.50 (0.48-5.00) 1.25 (0.51-1.78)
Cpnax> NE/mL 1302 (1372) 1348 (1429) 0.96 (0.86-1.08)
95% CI 1106-1532 1133-1604
SD 456 476
AUC_, ng * h/mL 11,081 (12,334) 10,287 (12,007) 1.08 (0.98-1.19)
95% CI 8802-13,949 7810-13,550
SD 6071 7429
tyy, h 8.64 (9.13) 7.94 (8.55) 1.09 (1.01-1.18)
95% CI 7.32-10.2 6.60-9.55
SD 3.05 3.63

Data for Treatments A and B are presented as geometric mean (arithmetic mean) except for #.,,,, which is expressed as median (range)

Data for Treatment A/B are presented as geometric mean ratio (90% CI) except for 7,,,,, which is expressed as median difference (90% CI)

The ratio of geometric means and its 90% ClIs are calculated by the linear mixed-effects model, with treatment and period as fixed effects and

subject as a random effect

AUC,, area under the concentration—time curve from zero to infinity, CI confidence interval, C,,, maximum plasma concentration, N number of

subjects in the corresponding group, #,, terminal elimination half-life, ¢,,,,

Statistically significant results are indicated in bold, i.e., p <0.05

3.3.2 Adaptive Tracking

Adaptive tracking performance was reduced with dari-
dorexant alone compared with placebo (B-D: p <0.0001
[LSM —5.19%]) [Table 3], while the reduction in adaptive
tracking performance following ethanol alone was less pro-
nounced than the effect observed with daridorexant alone
(C-D: p<0.0001 [LSM —4.46%]). Daridorexant adminis-
tered together with ethanol showed a longer (Fig. 3b) and
more pronounced impairing effect on adaptive tracking

time to reach maximum plasma concentration, SD standard deviation

performance when compared with either treatment alone
(A-D: p<0.0001 [LSM —6.51%]). However, unlike the
effect observed with daridorexant alone, the maximum mean
adaptive tracking performance remained relatively constant
and returned slowly to baseline, i.e., 8 h after administra-
tion (Fig. 3b). Furthermore, the contrast between treatments
(IA-BI) versus treatments (IC-DI) was statistically signifi-
cant (p <0.0001 [LSM 3.04%]), with the magnitude of the
mean value to be greater for treatments (IC-DI), indicative
of an infra-additive effect, i.e., the combined effect of the
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two drugs being smaller than the expected sum of the two
actions, following the coadministration of daridorexant and
ethanol (Table 3).

3.3.3 Body Sway

Daridorexant alone compared with placebo showed an
increase in body sway, with a mean maximal increase
observed 1 h after daridorexant administration (B-D:
p=0.0003 [LSM 106 mm/2 min]) (Table 3). Body sway
was more pronounced following administration of ethanol
alone compared with placebo, as well as compared with
daridorexant alone (C-D: p <0.0001 [LSM 113 mm/2 min]).
The increase induced by the combination of both active
treatments on body sway performance exceeded the
response of each treatment alone (A-D: p <0.0001
[LSM 195 mm/2 min]), but the contrast in treatments

([A-B]-[C-D]) did not reach a level of statistical signifi-
cance (Table 3).

3.3.4 Smooth Eye Pursuit

An effect on smooth pursuit was not observed following
administration of daridorexant alone (Fig. 3d), whereas
smooth pursuit was considerably reduced following admin-
istration of ethanol alone (C-D: p <0.0001 [LSM —4.17%])
(Table 3) compared with placebo. Combined administration
of daridorexant and ethanol on smooth pursuit was com-
parable with the administration of ethanol alone (A-D:
p<0.0001 [LSM —2.98%]) [Table 3].

Table 3 Summary statistics for the pharmacodynamic assessments

PD assess- Daridorexant alone  Ethanol alone vs. Daridorexant with Daridorexant with Daridorexant with ~ Evaluation of infra- or supra-additive effect
ment vs. placebo placebo ethanol vs. darido-  ethanol vs. ethanol  ethanol vs. placebo
rexant alone alone
B-D* C-D* A-B? A-C* A-D* (A-B)—(C-D)" Infra- Supra-additive
additive
Saccadic peak —14.3 —-19.2 —11.7 -6.80 -26.0 5.02 - -
veloclty (21410 -7.19;  (=26210~121;  (~18.710-4.59;  (~13.9100.30; (~33.010-18.9;  (-4.091014.1;
(degrees’s) ¢ goor) <0.0001) 0.0013) 0.0603) <0.0001) 0.2790)
Adaptive —-5.19 —4.46 -1.32 —2.04 —6.51 3.04 X
tracking (-=6.19t0 —4.19;  (=545t0-3.47;  (=2.3110-0.33;  (=3.0410-1.05; (=75010-552;  (1.81-4.27;
(%) <0.0001) <0.0001) 0.0092) <0.0001) <0.0001) <0.0001)
Body sway 106 113 89.1 81.7 195 -26.8 - -
(mm/2min) 48 3 164; (56.2-171; (31.8-146; (24.1-139; (138-252; (= 101 10 47.5;
0.0003) <0.0001) 0.0023) 0.0055) <0.0001) 0.4784)
Smooth pur-  —0.92 —-4.17 -2.06 1.19 —-2.98 2.15 - -
suit (%) (-2.22100.38; (-54610-2.88;  (=3.351t0-0.77;  (=0.11102.48; (42710 -1.70;  (0.44-3.86;
0.1639) <0.0001) 0.0018) 0.0719) <0.0001) 0.0140)
VAS alertness —2.34 —2.06 —1.48 -1.76 -3.81 0.86 - -
(mm) (=3.10t0 -1.57;  (-2.8210-130;  (=2.2410-0.72;  (=2.5210-0.99;  (=4.57t0-3.06;  (=0.1210 1.83;
<0.0001) <0.0001) <0.0001) <0.0001) <0.0001) 0.0842)
VAS mood 0.05 -0.35 —04 0.01 —-0.35 -0.27 - -
(mm) (~0.36 10 0.47; (~0.77 t0 0.06; (-0.82 10 0.01; (-0.41 10 0.42; (=0.76 t0 0.07; (-0.83 10 0.29;
0.7961) 0.0949) 0.0581) 0.9743) 0.1010) 0.343)
VAS calmness 0.57 0.57 0.16 0.15 0.73 —-0.99 - -
(mm) (=029 10 1.43; (=028 10 1.43; (=0.70 10 1.01; (-0.71 to 1.01; (-0.13 10 1.58; (21010 0.12;
0.1922) 0.1885) 0.7217) 0.7243) 0.0948) 0.0815)
VAS ethanol  1.30 9.43 5.91 -222 7.21 —-4.31 X
Intoxication _ 43 45 3.03; (7.72-11.2; (4.19-7.63; (=3.95 to —0.50; (5.50-8.93; (=6.94 to —1.68;
(mm) 0.1390) <0.0001) <0.0001) <0.0118) <0.0001) 0.0014)

Data are expressed as treatment differences in least square means (95% CI; p value) [N=19]

PD pharmacodynamic, VAS visual analog scale, CI confidence interval, ANOVA analysis of variance

Statistically significant results indicated in bold, i.e., p <0.00625 (following Bonferroni correction with respect to the number of PD parameters)

#ANOVA linear mixed model 1: analysis was performed using treatment, period, time, and treatment by time as fixed effects, subject as a ran-
dom effect, and the average baseline value as a covariate

Y ANOVA linear mixed model 2: analysis was performed using treatment, time, and treatment by time as fixed effects, subject as a random effect,
and the average baseline value as a covariate
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Fig.3 Mean change from baseline (+SD) in objective pharmacody-
namic tests, by treatment and time, in healthy subjects (n=19) after
ethanol 0.6 g/L, a single dose of daridorexant 50 mg, daridorexant
50 mg in combination with ethanol 0.6 g/L, and placebo. (a) Sac-
cadic peak velocity (degrees/s); (b) adaptive tracking (%); (c¢) body
sway (mm/2 min); and (d) smooth pursuit (%). SD standard deviation,
orange circle represents Treatment A (daridorexant with ethanol),

3.3.5 Visual Analog Scale (VAS) Bond and Lader
for Alertness, Mood, and Calmness

VAS alertness was reduced following the administration of
daridorexant alone (B-D: p <0.0001 [LSM —2.34 mm])
[Table 3] and ethanol alone (C-D: p<0.0001 [LSM
—2.06 mm]) when compared with placebo. For both darido-
rexant alone and ethanol alone, alertness subscores returned
to baseline at around the same time as observed under pla-
cebo treatment, i.e., 5.5 h after ethanol infusion was started
(Fig. 4a). When ethanol and daridorexant were administered
together, the effect on alertness was more pronounced com-
pared with the effect of daridorexant alone (A-D: p <0.0001
[LSM —3.81 mm]). The values remained constant until the
end of the ethanol infusion, after which the values slowly
returned to baseline 10 h post dose (Fig. 4a).

No clear pattern in the time course of VAS mood and
calmness was observed across all treatments (Figs. 4b, c;
Table 3).

104
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Time relative to daridor placebo administration (h)

Smooth pursuit [%]
(mean changes from baseline [+ SDJ)
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blue square represents Treatment B (daridorexant alone), black up-
pointing triangle represents Treatment C (ethanol alone), white down
pointing triangle represents Treatment D (placebo), ash square rep-
resents duration of ethanol/placebo infusion (5 h), asterisk indicates
predose assessment performed within 2 h prior to the start of the eth-
anol/placebo infusion

3.3.6 VAS for Alcohol Intoxication

No treatment effects were observed on the self-reported
alcohol intoxication score following the administration of
either placebo or daridorexant alone (Table 3). Follow-
ing ethanol alone, values of the alcohol intoxication score
increased rapidly, with the mean maximum effect occurring
1 h after ethanol infusion start, i.e., 30 min after administra-
tion of daridorexant/placebo (Fig. 4d). The effect of dari-
dorexant administered together with ethanol on the alcohol
intoxication score was less pronounced and delayed (A-D:
p<0.0001 [LSM —7.21 mm]) [Fig. 4d; Table 3], with a
mean maximum effect occurring 2.5 h after ethanol infu-
sion start (Fig. 4d), compared with the administration of
ethanol alone (C-D: p <0.0001 [LSM 9.43 mm]). Further-
more, the contrast between treatments (|JA-Bl) versus Treat-
ments (IC-DI) was statistically significant and indicative of
an infra-additive effect ((A-B]-[C-D]: p=0.0014 [LSM
—4.31 mm)]) [Table 3].
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3.4 Safety and Tolerability

All four treatments were well tolerated, with no serious AEs
(SAESs). In total, at least one treatment-emergent AE (TEAE)
of mild or moderate intensity was reported by 21 subjects
(95.5%) during the study. All TEAEs of moderate intensity
occurred following ethanol infusion. The most frequently
reported TEAEs were somnolence, headache, fatigue, sud-
den onset of sleep, dizziness, and feeling drunk (Table 4).
Except for headache, these TEAEs tended to be more fre-
quently reported on active treatment, most frequently fol-
lowing coadministration of ethanol and daridorexant. The
TEAEs of feeling drunk, nausea, and infusion site pain
were only reported following ethanol infusion, while the
TEAE:s of headache, sudden onset of sleep, and dizziness
were reported for both active treatments, but more frequently
following ethanol infusion. No clinically relevant effects fol-
lowing the administration of study treatments were detected
on vital signs, ECG, and laboratory variables.

204

104

VAS - alertness (%)
(mean changes from baseline [+ SD])

-20-

* 0 1 2 3 4 5 6 8 10
Time relative to daridorexant/placebo administration (h)

157
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(mean changes from baseline [+ SD))

rrrrr
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Time relative to daridorexant/placebo administration (h)

Fig.4 Mean change from baseline (+SD) in subjective pharma-
codynamic tests, by treatment and time, in healthy subjects (n=19)
after ethanol 0.6 g/L, a single dose of daridorexant 50 mg, daridorex-
ant 50 mg in combination with ethanol 0.6 g/L, and placebo. VAS
according to Bond and Lader for (a) alertness (%), (b) mood (%), (c)
calmness (%), and (d) VAS for alcohol intoxication (mm). SD stand-
ard deviation, VAS visual analog scale, orange circle represents Treat-
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4 Discussion

This was a single-center, double-blind, randomized, pla-
cebo-controlled, double-dummy, four-way crossover, phase
I study with the objective to investigate the PD and PK
interaction of a single-dose administration of daridorexant
50 mg and constant ethanol blood level of 0.6 g/L in healthy
male and female subjects. The 50 mg dose of daridororexant
(previously evaluated in PK/PD phase I studies), while also
being the highest dose administered in the ongoing phase
III trials, was chosen as it allowed an appropriate investi-
gation of the potential interaction with ethanol. In light of
the widespread (mis)use of ethanol, particularly in insomnia
patients, it was considered to be of importance for the safety
of patients to understand whether the combined administra-
tion would lead to infra-additive, additive, or supra-additive
effects [21-24].

The PK of a single oral dose of daridorexant 50 mg was
within the expected inherent variability when compared with
the PK observed in previous studies in healthy adults [3, 12].
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ment A (daridorexant with ethanol), blue square represents Treat-
ment B (daridorexant alone), black up-pointing triangle represents
Treatment C (ethanol alone), white down pointing triangle represents
Treatment D (placebo), ash square represents duration of ethanol/pla-
cebo infusion (5 h), asterisk indicates predose assessment performed
within 2 h prior to the start of the ethanol/placebo infusion
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There were no statistically significant effects of ethanol on
the exposure to daridorexant, apart from a shift in 7., that
was reached later when daridorexant was coadministered
with ethanol. This matches the finding of previously per-
formed ethanol interaction studies with DORAs, in which
no relevant PK interactions were observed between either
almorexant or suvorexant and ethanol, except for a similar
prolongation of almorexant #,,,, (median difference 1.22 h)
observed by Hoch et al. [43, 57]. The shift in 7 ,, might be
explained by a prolongation of gastric emptying after the
intake of ethanol, as previously reported [58—61]. This was
also thought to be the explanation for a shift in 7, and lag
time observed in an interaction study whereby erythromycin
was administered together with ethanol [62].

While the C,,, and AUC of daridorexant were unchanged
after concomitant administration with ethanol, lemborexant,
a recently approved DORA for the treatment of insomnia in
adults, showed an increase in C,,,, and AUC by approxi-
mately 1.3- and 1.7-fold, respectively, following concomi-
tant intake of ethanol [63]. There was no effect of daridorex-
ant on the total dose of ethanol required to maintain ethanol
levels at 0.6 g/L for 5 h, and it did also not change the etha-
nol concentration versus time profile.

The PD measurements were assessed by the same battery
of validated, objective, and subjective tests used in previous
DORA studies [43, 50, 64], including daridorexant studies
[3, 11, 12], and have been shown to be sensitive to various
aspects of sedation in early studies of CNS drugs. Objective
and subjective PD variables measured after morning admin-
istration of daridorexant showed effects consistent with a
sleep-promoting compound [65]. In line with the reported
PK profile of daridorexant, the most prominent treatment
effects of daridorexant were observed at approximately 2 h
postdose [3]. Daridorexant alone, compared with placebo,

showed a decrease in SPV, adaptive tracking performance,
and subjective alertness as assessed by VAS Bond and Lader.
In addition, an increase in body sway was observed. Mood
subscores and the VAS for alcohol intoxication showed no
treatment effect for daridorexant alone versus placebo.

During the administration of ethanol alone, objective and
subjective PD variables measured over 10.5 h following the
start of the infusion showed the expected effects of ethanol
on the CNS. Similar to findings reported by Hoch et al.,
ethanol alone, compared with placebo, showed a decrease
in SPV, smooth pursuit, adaptive tracking performance,
and VAS alertness [43]. Furthermore, an increase in body
sway and VAS for alcohol intoxication was measured. Mood
and calmness subscores of the VAS showed no treatment
effect for ethanol alone versus placebo. However, during the
VAS alcohol intoxication assessment, the effects seemed to
decrease during the plateau phase of the ethanol clamp,
with and without concomitant administration of daridorex-
ant, which might be due to a rapid tolerance development in
the study population familiar with the effects of ethanol, as
previously described [39].

Daridorexant administered together with ethanol did not
lead to marked differences compared with the administration
of either daridorexant alone or ethanol alone for VAS mood
and calmness. Similarly, coadministration did not further
decrease smooth pursuit compared with ethanol alone. An
infra-additive effect was observed for the adaptive tracking
assessment following coadministration. Statistical evaluation
for the VAS alcohol intoxication questionnaire was indica-
tive of an infra-additive effect even though a common phar-
macological effect was not evident, as daridorexant admin-
istration alone led to subjects stating they felt sober, whereas
other subjects reported the opposite, i.e., feeling drunk, fol-
lowing administration of ethanol alone [56]. Additionally,

Table 4 Summary of treatment-emergent adverse events reported in three or more subjects during the course of the study

Daridorexant with ethanol Daridorexant alone Ethanol alone Placebo

(Treatment A) (Treatment B) (Treatment C) (Treatment D)

[n=21] [n=21] [n=21] [n=22]
Somnolence 14 (66.7) 15(71.4) 7(33.3) 5(22.7)
Headache 6 (28.6) 1(4.8) 4 (19.0) 2(9.1)
Fatigue 3(14.3) 3(14.3) 3(14.3) 1(4.5)
Sudden onset of sleep 6 (28.6) 1(4.8) 2(9.9) -
Dizziness 4 (19.0) 2(9.5) 4 (19.0) -
Feeling drunk 4 (19.0) - 5(23.8) -
Catheter site pain 1(4.8) 2(9.5) 2(9.95) -
Nausea 4 (19.0) - 3(14.3) -
Disturbance in attention 1(4.8) 2(9.5) - -
Infusion site pain 2(9.5) - 1(4.8) -

Data are expressed as n (%)
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coadministration led to a prolonged effect on SPV and VAS
alertness, while a longer, enduring, more pronounced effect
was observed for body sway.

A previous study investigating the coadministration of
the marketed DORA suvorexant with ethanol showed pro-
nounced effects on psychomotor performance, such as sus-
tained attention/vigilance, working memory, and postural
stability, while the combination of ethanol and suvorexant
also further decreased subjective alertness (as measured
by VAS Bond and Lader) compared with suvorexant alone
[57]. The effects of suvorexant and ethanol were generally
consistent with additive rather than supra-additive effects. It
must be highlighted that the design of the suvorexant—etha-
nol interaction study differed substantially from the present
study in terms of administration of ethanol. In the present
study, ethanol was administered intravenously and hence
it was possible to clamp the ethanol concentrations pre-
cisely at a constant blood level of 0.6 g/L for a duration
of 5 h, whereas in the suvorexant study, a 0.7 g/kg ethanol
solution (to achieve a target blood concentration of 0.08%,
i.e., 0.8 g/L) was administered orally in a drinking glass.
Thereby, the effects of ethanol were most pronounced after
2 h and slowly diminished thereafter. As the effects of etha-
nol are concentration- and time-dependent, the interpretation
of results is considered to be more complex if blood levels
change over time, especially in a study population familiar
with the effects of ethanol consumption and where adapta-
tion and/or tolerance may play a role.

In the previous study by Hoch et al., concomitant admin-
istration of almorexant and ethanol was assessed with an
almost identical clamping study design and the same PD
assessments [43]. Coadministration of almorexant and eth-
anol was associated with similar effects on the measured
PD variables as was observed in the present study, although
some of the observed reinforced effects therein were additive
in nature, e.g. adaptive tracking performance, body sway,
SPV, subjective alertness, and, possibly, calmness. Supra-
additive effects were not detected following coadministra-
tion. Recently, coadministration of lemborexant with ethanol
was shown to produce a numerically greater negative impact
on body sway and memory compared with ethanol alone,
with no supra-additive effects observed either [63].

Studies with GABA , receptor agonists show that coad-
ministration of ethanol results in additive or even supra-
additive impairing effects on the CNS, thus leading to pro-
nounced sedation [15-18, 20, 30]. In contrast, the absence
of additive or supra-additive effects in the current study sug-
gest that ethanol and daridorexant exert their sedative and
impairing psychomotor and cognitive effects by not directly
interacting in a manner that might potentiate the effects of
either drug administered alone .

In this study, TEAEs were consistent with those reported
in previous daridorexant studies and the known safety profile
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of ethanol [2-4, 11, 12, 14, 39]. Single morning administra-
tion of daridorexant alone and in combination with ethanol
was well tolerated, with no severe or serious AEs reported
and no observed effects on clinical laboratory or ECG
variables.

The applied ethanol clamping method has limitations
with regard to the generalizability of our study results. In
our study, we administered ethanol intravenously, while the
relevant situation for daridorexant coadministrated with an
oral alcoholic beverage was not evaluated. In addition, we
clamped ethanol at blood concentrations of 0.06%, while
(much) higher intoxication concentrations may be achieved
in real life.

5 Conclusions

No relevant or unexpected changes in PK parameters were
observed, apart from a shift in daridorexant ¢,,,,, follow-
ing coadministration of daridorexant and ethanol. The rein-
forced drug actions observed following coadministration of
daridorexant and ethanol on the evaluated PD battery were
less than additive in nature, i.e., showed, at most, an infra-
additive effect on certain PD markers. All treatments were
generally well tolerated, with TEAEs such as headache and
sudden onset of sleep reported more frequently following
coadministration of ethanol and daridorexant, while no
SAEs were reported. Based on the observed psychomotor
effects, daridorexant should not be administered with etha-
nol, as is the case for other sleep medications.
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