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Abstract

Background and Objective The dual orexin receptor antagonist daridorexant, studied in two phase I1I trials, dose-dependently
improved objective and subjective sleep variables and daytime functioning in adults with insomnia. Because treatment of
insomnia in older adults is challenging and has limited options, the purpose of the current analysis was to further analyse
the phase III trial studying the higher doses of daridorexant, those that showed efficacy (daridorexant 50 mg, daridorexant
25 mg and placebo, nightly for 3 months), and compare the safety and efficacy of daridorexant in patients aged > 65 (‘older
adults’) to those aged < 65 years (‘younger adults’).

Methods Analyses by age (> 65 years, n = 364; < 65 years, n = 566) were performed on data from the randomised, double-
blind, placebo-controlled Trial 1 in adult patients with insomnia (NCT03545191). Efficacy endpoints included a change from
baseline at month 1 and month 3 in polysomnography-measured wake after sleep onset (WASO) and latency to persistent
sleep (LPS), self-reported total sleep time (sTST) and daytime functioning assessed using the validated Insomnia Daytime
Symptoms and Impacts Questionnaire (IDSIQ). Safety endpoints included adverse events and the Visual Analog Scale for
morning sleepiness.

Results At baseline, mean [standard deviation] WASO was numerically greater (110 [39] vs 92 [38] min) in older than
younger adults, while LPS was comparable (~ 65 min). Mean baseline IDSIQ total and all domain scores were numerically
lower (i.e. better) in older adults. Daridorexant caused similar reductions in WASO and LPS, and similar increases in sTST,
from baseline, in both age groups; improvements were numerically greater with daridorexant 50 mg than 25 mg. At month 3,
daridorexant 50 mg, compared with placebo, decreased WASO by a least-squares mean of 19.6 (95% confidence interval 9.7,
29.5) in older patients versus 17.4 min (10.7, 24.0) in younger patients and decreased LPS by a least-squares mean of 14.9
(7.5, 22.3) in older patients versus 9.7 min (3.7, 15.7) in younger patients. Daridorexant 50 mg increased sTST from baseline
to month 3 by a least-squares mean of 59.9 (49.6, 70.3) in older patients versus 57.1 min (48.9, 65.3) in younger patients.
Daridorexant 50 mg progressively improved IDSIQ total and domain scores from week 1 onwards similarly in both groups;
daridorexant 25 mg improved IDSIQ scores, but only in younger adults. In both age groups, in comparison with placebo, the
overall incidence of adverse events was comparable, and there were fewer falls on daridorexant. Daridorexant improved Visual
Analog Scale morning sleepiness in both groups; daridorexant 50 mg increased the mean (standard deviation) Visual Analog
Scale morning sleepiness score by 15.9 (20.7) in older adults and by 14.9 (18.7) in younger adults from baseline to month
3. In older adults, there was one case of sleep paralysis, and no cases of narcolepsy, cataplexy, or complex sleep behaviour.
Conclusions In older patients with insomnia, as in younger patients, the efficacy of daridorexant is maximal on night-time
and daytime variables at the higher dose of 50 mg. Older patients particularly require this dose to improve daytime func-
tioning. Older patients are not at an increased risk of adverse events or residual effects the next morning after night-time
administration of daridorexant, even at 50 mg. The dose of daridorexant does not need to be decreased for older patients.
Clinical Trial Registration ClinicalTrials.gov (NCT03545191) [first posted: 4 June, 4 2018], https://clinicaltrials.gov/ct2/
show/NCT03545191.
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Plain Language Summary

The burden of chronic insomnia (difficulty in falling/staying asleep or not getting enough sleep) increases with age yet
treatment options in older patients are limited. In older patients, because of a risk of side effects, guidelines suggest caution
when prescribing sleep medications and, for some drugs, recommend starting at a lower dose. Daridorexant was approved
in 2022 for the treatment of insomnia in adults following positive results in two trials that showed daridorexant significantly
improved night-time sleep and daytime functioning over 3 months of treatment in adults with insomnia. Approximately 40%
of patients taking part in these trials were aged 65 years or older. This current analysis compared the safety and benefits of
daridorexant in older adults (aged at least 65 years) and younger adults (aged less than 65 years) in the trial that administered
the highest two doses of daridorexant, 25 and 50 mg. The results showed that the benefits of daridorexant were comparable
in both age groups over 3 months; compared with placebo, daridorexant improved night-time sleep (reduced time awake dur-
ing the night, reduced time to fall asleep and increased total sleep time) and daytime functioning—patients had less daytime
sleepiness and a better mood and feeling of alertness. In older patients, the benefits, particularly for daytime functioning,
were greatest at the higher 50-mg dose, without any increase in side effects. Both doses of daridorexant were equally well
tolerated in the two age groups, indicating that treatment with daridorexant at 50 mg can be safely started in older patients.

In older adults with chronic insomnia, daridorexant
improves sleep onset, sleep maintenance, objective and
subjective total sleep time, and daytime functioning in
the domains of sleepiness, alert/cognition and mood.

In older adults, the highest approved dose of 50 mg is
needed to improve both night-time sleep and daytime
functioning.

Daridorexant at 50 mg given nightly for 3 months is at
least as safe and efficacious in older as in younger adults.
This effect is without any corresponding increase in
adverse events and, in particular, no increased risk of
residual effects the morning following night-time admin-
istration of daridorexant.

1 Introduction

The world’s older population continues to grow; globally,
more than 700 million people are currently aged 65 years
and over, and by 2050, this is projected to double to 1.5 bil-
lion [1]. Insomnia disorder is one of the most common sleep
disturbances in this older population and is characterised by
a long-standing difficulty in initiating and/or maintaining
sleep with a substantial impairment of daytime functioning
[2, 3]. The prevalence of insomnia symptoms increases with
advancing age, reaching up to ~ 50% in adults aged over
65 years [4—6]. The impact of insomnia in older adults is
substantial, associated with daytime distress, reduced cog-
nitive and physical function, and an increased risk of falls
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and even mortality, compared with counterparts without
insomnia [7-10].

Treating insomnia in older adults should be a prior-
ity, yet it often presents a challenge to physicians because
of a lack of evidence-based clinical guidelines as well as
the multiple interacting comorbidities and accompanying
polypharmacy that limit therapeutic options for this patient
population [11-14]. While cognitive behavioural therapy for
insomnia is recommended as a first-line therapy [15-17], it
may not be available or sufficient for all [18] and its efficacy
in older adults has not been adequately demonstrated [19].
Despite a number of approved pharmacotherapies targeting
several pathways [20], there is a lack of agents that address
all aspects of the disorder; many of these medications, for
example, do not address sleep maintenance, an aspect that is
particularly problematic in older patients [14, 21], nor day-
time functioning impairment [22]. In addition, older adults
may be more vulnerable than younger adults to the adverse
events associated with commonly prescribed sedative hyp-
notics [23], such as residual morning somnolence, daytime
cognitive and psychomotor impairment, falls and fractures
[24-27]. Consequently, some guidelines recommend caution
and advise use of the lowest effective dose when prescribing
some types of sleep medications to older adults [16, 28, 29].

Dual orexin receptor antagonists have evolved as a new
pharmaceutical class for the treatment of insomnia. They
inhibit a major wake-promoting pathway responsible for the
overactive wake signalling (hyperarousal) characteristic of
insomnia by blocking the binding of the orexin A and B
neuropeptides to the two orexin receptors [30]. Daridorexant
is a new potent, selective, dual orexin receptor antagonist
approved for the treatment of insomnia in adults aged > 18
years [31]. It has a favourable pharmacokinetic/pharmaco-
dynamic profile with a rapid absorption enabling a fast sleep
onset, and a rapid elimination, enabling sleep maintenance
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without next-morning sleepiness and no accumulation upon
repeated nightly dosing [32-34].

The daridorexant phase III development programme in
adult patients (aged > 18 years) with insomnia disorder
included two 12-week studies—one of which evaluated
both approved doses of daridorexant, 50 and 25 mg, together
with placebo (ClinicalTrials.gov identifier NCT03545191),
while the other evaluated lower doses of daridorexant (Clini-
calTrials.gov identifier NCT03575104)—plus a 40-week
long-term extension study. In the 12-week study of darido-
rexant 50 mg and 25 mg (Trial 1), daridorexant improved
sleep onset, sleep maintenance and the patient’ subjective
assessment of sleep quantity, and, at the highest dose of
50 mg, also improved various aspects of daytime function-
ing (sleepiness, mood, alert/cognition) [35], measured by
a newly developed and validated patient-reported outcome
instrument, the Insomnia Daytime Symptoms and Impacts
Questionnaire (IDSIQ) [36]. The safety profile of the higher
50-mg dose of daridorexant was comparable to the 25-mg
dose, with no excess of next-morning sleepiness, somno-
lence, falls, physical dependence or withdrawal at drug
cessation. In this study, approximately 40% of randomised
patients were aged > 65 years and a pre-specified subgroup
analysis indicated that both efficacy and safety findings of
daridorexant were consistent in both the older subgroup
(aged > 65 years) and the younger subgroup (aged < 65
years) [35], supporting earlier phase II results [37]. This
article reports the results of a secondary analysis of this
phase III trial, exploring further the similarities or differ-
ences in the efficacy and safety of daridorexant 50 and 25 mg
between older and younger adults with insomnia disorder.

2 Methods
2.1 Study Design

The study design has been previously described in detail
[35]. Briefly, this randomised, phase III, double-blind, pla-
cebo-controlled, parallel-group clinical trial (ClinicalTrials.
gov identifier NCT03545191) included a screening period
(7-18 days) followed by a single-blind placebo run-in period
(13-24 days), after which patients were randomised (1:1:1)
to receive, in a double-blinded manner, oral daridorexant
50 mg, daridorexant 25 mg or placebo every evening for 12
weeks. Study treatment dose adjustments were not permit-
ted. The treatment period was followed by a 7-day, single-
blind, placebo run-out period and then either a 23-day safety
follow-up or enrolment into a 40-week placebo-controlled
extension study (NCT03679884; results reported elsewhere
[38]). The study was conducted in ten countries (Australia,
Canada, Denmark, Germany, Italy, Poland, Serbia, Spain,
Switzerland and the USA) at 75 sites between May 2018 and

May 2020, in accordance with the Declaration of Helsinki,
the International Conference on Harmonisation Guideline
for Good Clinical Practice and local regulations. The pro-
tocol was approved by institutional review boards or inde-
pendent ethics committees and all patients provided written
informed consent. Safety and efficacy were monitored by an
independent data monitoring committee and an independent
safety monitoring board adjudicated blinded adverse events.

2.2 Study Participants

The key eligibility criteria were age 18 years or older, a
diagnosis of insomnia disorder (according to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition)
[2], an Insomnia Severity Index (ISI) score > 15 and a self-
reported history of disturbed sleep (> 30 min to fall asleep,
> 30 min awake during sleep time, self-reported total sleep
time [sTST] of < 6.5 h) for more than 3 nights per week
for at least 3 months prior to screening. During the placebo
run-in period, the following polysomnography (PSG) cri-
teria were required to be met: latency to persistent sleep
(LPS) > 20 min; wake after sleep onset (WASO) > 30 min;
and mean total sleep time (TST) < 7 h recorded during two
consecutive nights. Patients with a history of sleep-related
breathing disorders, any sleep disorder other than insomnia,
or suicide ideation/attempt, self-reported daytime napping
(> 1 h/day > 3 days/week), acute/unstable psychiatric condi-
tions, or alcohol or drug abuse were excluded. Patients with
a periodic limb movements arousal index > 15/h, an apnea
hypopnea index > 15/h or restless legs syndrome during the
PSG visit in the screening period were also excluded [35].

2.3 Efficacy Endpoints

This analysis was based on the two primary objective end-
points, change in WASO and LPS at month (M) 1 and M3
measured by PSG, and the two key secondary subjective
endpoints, change in sSTST at M1 and M3 as recorded in a
sleep diary, and a weekly change in self-reported daytime
functioning, assessed using the IDSIQ. The IDSIQ is a new
validated instrument developed in accordance with US Food
and Drug Administration guidance for determining patient-
reported outcomes [36]. The IDSIQ contains 14 different
questions assessing daytime functioning in subjects with
insomnia disorder with a recall period of today; the questions
are grouped into three domains each representing the main
daytime symptoms and impacts of insomnia on sleepiness
(four questions), alert/cognition (six questions) and mood
(four questions) [Fig. S1 of the Electronic Supplementary
Material (ESM)]. Each question is scored on an 11-point
numerical scale (from 0 to 10) with lower scores denoting
better daytime functioning. The IDSIQ was completed every
evening using an electronic hand-held device and the scores

A\ Adis



|. Fietze et al.

were the weekly means. In Trial 1, the change from baseline
to M1 and M3 sleepiness domains of the IDSIQ was a key
secondary endpoint [35]; in this secondary analysis, weekly
changes in all components of the IDSIQ were examined
for differences between older and younger adults. Weekly
changes from baseline in the morning Visual Analog Scale
(VAS) for depth and quality of sleep, in the evening VAS for
ability to function and daytime alertness, and in ISI scores
at M1 and M3 were also evaluated.

2.4 Safety Endpoints

Safety endpoints included treatment-emergent adverse
events (TEAEs), discontinuation of double-blind treatment
because of TEAEs, adjudicated adverse events of special
interest (AESIs) and next-morning residual effects (change
from baseline in VAS-assessed morning sleepiness). Adju-
dicated adverse events of special interest were defined as
narcolepsy-like symptoms related to excessive daytime
sleepiness, complex sleep behaviour events including hal-
lucinations, sleep paralysis and cataplexy, and suicide/
self-injury.

2.5 Statistical Analysis

In Trial 1, randomisation was stratified by age group (< 65
years; > 65 years) ensuring a similar proportion of patients
per age group in all treatment groups. In this secondary
analysis, the efficacy and safety of daridorexant 50 mg and
25 mg were evaluated in patients aged > 65 years (termed
‘older adults’) and in adult patients aged < 65 years (termed
‘younger adults’). Efficacy endpoints were analysed in the
full analysis set defined as all randomised participants.
Safety endpoints were analysed in the safety set defined as
all participants who received at least one dose of the study
drug.

Descriptive statistics are presented for all endpoints. The
change from baseline in WASO, LPS, sTST and IDSIQ
scores in the older and younger adult subgroups was ana-
lysed using a linear mixed-effects model for repeated meas-
ures. The model was adjusted for the baseline value of each
endpoint respectively and included factors for treatment
(daridorexant 50 mg and daridorexant 25 mg; placebo), visit
(M1; M3), interaction of treatment by visit and baseline by
visit. Missing values were assumed missing-at-random. The
WASO and LPS values are the mean of polysomnography
recordings obtained over two consecutive nights during
the 3-month double-blind treatment period. Data for sTST
are based on the mean of daily entries in the 7 days before
polysomnography nights. Baseline sleep parameters are
presented as mean (standard deviation [SD]). Night-time
efficacy results are reported as least-squares mean (LSM)
with standard error of the mean and 95% CI for a change
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from baseline and for a difference to placebo at M1 and
M3. Daytime efficacy data are presented as the mean change
from baseline (VAS, IDSIQ) and 95% CI (IDSIQ). Insomnia
Severity Index score data are presented as mean (SD). Data
for ISI score > 22 and patients with a > 6-point decrease in
ISI score from baseline are presented as n (%). Statistical
analyses were performed using SAS software (version 9.4;
SAS Institute, Cary, NC. USA).

All results presented are intentionally descriptive and
avoid p values, as these secondary analyses were not type I
error rate controlled or specifically powered. For the same
reasons, tests for interactions between the treatment groups
and age were not conducted.

3 Results
3.1 Study Population

Of the 930 patients who were randomised, 364 (39%) were
older adults aged > 65 years and 566 (61%) were younger
adults aged < 65 years (Fig. S2 of the ESM). Completion
of double-blind treatment was similar across the older and
younger age groups; 93% (339/364) and 91% (514/566),
respectively.

In both age groups, the majority of patients were female
(66% for older adults, 68% for younger adults) and Caucasian
(95% for older adults, 87% for younger adults) [Table 1]. The
mean (SD) age was 70 years (4) in the older group and 46
years (12) in the younger group. As expected, comorbidities
were more prevalent in the older group (81% had at least one
comorbidity, vs 62% in the younger group). Hypertension
was the most common comorbidity, affecting 40% of older
adults (vs 11% in younger adults). The older adult group
was also more likely to be receiving concomitant medica-
tions (71 vs 48%), corresponding to the increased prevalence
of reported comorbidities. Most common medications were
statins, antihypertensives and antiplatelet agents (Table 1).

At baseline, mean (SD) WASO was numerically
greater (worse) (110 [38.5] vs 92 [38.1] min) in older
adults compared with younger adults and LPS and sTST
were similar in both age groups. Conversely, ISI scores
were slightly higher in the younger group (mean [SD] 19.5
[4.2] and 18.5 [3.9] in younger and older adults, respec-
tively). Insomnia Daytime Symptoms and Impacts Ques-
tionnaire total score and all domain scores (for sleepiness,
mood, alert/cognition) were numerically lower [i.e. bet-
ter] (mean [SD] 69.9 [24.8], 21.3 [7.0], 18.2 [8.5], 30.4
[10.4] in older adults and 76.2 [24.4], 22.9 [6.9], 20.1
[8.71, 33.1 [10.1] in younger adults for the IDSIQ total
score and sleepiness domain, mood domain and alert/
cognition domain scores, respectively) in older compared
with younger adults. Visual Analog Scale scores (for sleep
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Table 1 Baseline demographic and insomnia characteristics by age group

Characteristics Age < 65 years Age > 65 years
N =566 N =364
Sex, n (%)

Female 385 (68) 239 (66)
Male 181 (32) 125 (34)
Age at screening, years, mean (SD) 46.1 (12.2) 70.0 (4.4)

Aged > 75 years, n (%) - 54 (15)
Race, n (%)
Caucasian 495 (87) 344 (95)
Black/African 60 (11) 17 (5)
Asian 8 (1) 1(<1)
Other 3(<D 2(<1D
US region, n (%) 194 (34) 106 (29)
Body mass index, kg/mZ, mean (SD) 26.3 (4.5) 26.6 (3.9)
Time since insomnia diagnosis, years, mean (SD) 8.9 (8.8) 13.3 (12.0)
Patients with > 1 concomitant condition, n (%) 351 (62) 295 (81)
Most common condition (> 10% of at least one age group), n (%)
Hypertension 61 (11) 146 (40)
Hypercholesterolemia 23 4) 51 (14)
Osteoarthritis 30 (5) 43 (12)
Patients with > 1 concomitant medication®, n (%) 272 (48) 258 (71)
No. medications/patient?, mean (SD) 1.0 (1.6) 2.1(2.2)
Most common concomitant medications (> 10% of at least one age group)?, n (%)
Statins 20 (4) 75 (21)
Beta blockers 24 (4) 52 (14)
Angiotensin-converting enzyme inhibitors 20 (4) 51 (14)
Antiplatelet agents, excluding heparin 9(2) 48 (13)
Angiotensin receptor blockers 21 (4) 46 (13)
Non-steroidal anti-inflammatory drugs 89 (16) 41 (11)
Proton pump inhibitors 31(5) 39 (11)
Thyroid hormones 42 (7) 39 (11)
Previous insomnia therapiesa'b, n (%)
Non-benzodiazepine GABA-RA (Z-drugs) 2(<1) 6(2)
Benzodiazepine GABA-RA 3(1) 3(D)
Other hypnotics and sedatives 2(<1) 4(1)
Other antidepressants® 4(1) 4(1)
WASO, min, mean (SD) 91.6 (38.1) 109.5 (38.5)
LPS, min, mean (SD) 67.5 (38.9) 63.3 (38.0)
TST, min, mean (SD) 328.0 (54.2) 315.4 (51.2)
sTST, min, mean (SD) 314.3 (55.2) 310.9 (59.8)
ISI score?, mean (SD) 19.5 (4.2) 18.5 (3.9)
IDSIQ scores®, mean (SD)
IDSIQ sleepiness domain (0-40) 22.9(6.9) 21.3(7.0)
IDSIQ mood domain (0—40) 20.1 (8.7) 18.2 (8.5)
IDSIQ alert/cognition domain (0-60) 33.1(10.1) 30.4 (10.4)
IDSIQ total score (0-140) 76.2 (24.4) 69.9 (24.8)
VAS scores’, mean (SD)
VAS quality of sleep (0-100) 34.0 (17.4) 38.6 (17.4)
VAS depth of sleep (0-100) 34.3(17.4) 38.8 (17.8)
VAS daytime alertness (0—100) 37.5(19.8) 43.4 (20.0)
VAS ability to function (0-100) 38.1(19.3) 43.3(19.5)
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Table 1 (continued)

Characteristics Age < 65 years Age > 65 years
N =566 N =364
VAS morning sleepiness® (0-100) 35.1 (18.3) 41.4 (19.1)

Full analysis set, unless specified otherwise

GABA-RA gamma-aminobutyric acid receptor agonist, /DSIQ Insomnia Daytime Symptoms and Impacts Questionnaire, /S/ Insomnia Severity
Index, LPS latency to persistent sleep, SD standard deviation, s7ST self-reported total sleep time, 75T total sleep time, VAS Visual Analog Scale,

WASO wake after sleep onset

aSafety analysis set (age < 65 years: N = 565; age > 65 years: N = 362)

bPer protocol, stopped before screening and only reported within the 30 days preceding the screening period

“Classification includes trazadone, trazodone hydrochloride and mirtazapine

9IST score 0—7 = absence of insomnia; 8—14 = sub-threshold insomnia; 15-21 = moderate insomnia; and 22-28 = severe insomnia [59]

“Lower IDSIQ scores indicate better patient-perceived daytime functioning

"Higher VAS scores indicate better scores

quality and depth, daytime alertness, ability to function
and morning sleepiness) were numerically higher (i.e. bet-
ter) in older adults compared with younger adults (mean
[SD] 38.6 [17.4], 38.8 [17.8], 43.4 [20.0], 43.3 [19.5], and
41.4 [19.1] in older adults and 34.0 [17.4], 34.3 [17.4],
37.5[19.8], 38.1 [19.3], and 35.1 [18.3] in younger adults
for VAS scores of quality of sleep, depth of sleep, day-
time alertness, ability to function and morning sleepiness,
respectively). Time since insomnia diagnosis was longer in
the older group (mean [SD] 13.3 [12.0] years vs 8.9 [8.8]
years for the younger group) [Table 1]. Baseline demo-
graphic and insomnia characteristics were generally simi-
lar across treatment groups within each age group (Table 1
of the ESM).

3.2 Night-Time Efficacy Endpoints

Daridorexant caused similar reductions from baseline in
WASO and LPS, and similar increases in sTST in both age
groups at M1 and M3; improvements were numerically
greater with daridorexant 50 mg than 25 mg in both groups
(Fig. 1, Table 2 of the ESM). At M3, daridorexant 50 mg,
compared with placebo, decreased WASO by 19.6 (95% CI
9.7, 29.5) min in the older group versus 17.4 min (95% CI
10.7, 24.0) in the younger group and decreased LPS by 14.9
min (95% CI 7.5, 22.3) in the older group vs 9.7 min (95%
CI 3.7, 15.7) in the younger group (Table 2 of the ESM). The
change in sTST with daridorexant 50 mg compared with pla-
cebo was numerically greater in the older group compared
with the younger group; at M3, the placebo-corrected change
in sSTST was 30.6 min (95% CI 16.1, 45.2) in the older group
compared with 12.4 min (95% CI 0.7, 24.0) in the younger
group. However, the change from baseline in sTST was simi-
lar in each age group (Table 2 of the ESM). The placebo
response, in particular for WASO and sTST, was noticeably
smaller in the older group than in the younger group.
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3.3 Daytime Efficacy Endpoints

In patients treated with daridorexant 50 mg, the IDSIQ total
score and the three domain scores (sleepiness, alert/cogni-
tion, mood) decreased notably (i.e. improved) from base-
line from week 1 onwards, similarly in both age groups, and
the difference to placebo increased over time (Fig. 2). At
M3, daridorexant 50 mg decreased the IDSIQ total score by
—21.0(95% CI —24.7, — 17.3) and by — 18.3

(95% CI — 21.3, — 15.2) in the older and younger groups,
respectively. For the domain scores, in older and younger
groups respectively, daridorexant 50 mg decreased the
IDSIQ sleepiness score by — 6.2 (95% CI — 7.3, — 5.1) and
—5.4095% CI — 6.3, — 4.5), decreased the mood domain
score by — 5.7 (95% CI — 6.9, — 4.6) and — 5.2 (95% CI
— 6.2, — 4.2), and decreased the alert/cognition score by
- 9.0 (95% CI — 10.6, — 7.4) and — 7.7 (95% CI - 9.0,
— 6.4). Daridorexant 25 mg numerically reduced, but to a
lesser extent than 50 mg, the IDSIQ sleepiness domain, the
other two domains and the total score only in the younger
group. In the older adult group, the effect of daridorexant 25
mg was similar to placebo. The placebo response on daytime
functioning endpoints was comparable in the two age groups
and increased over time.

3.4 VAS

In both age groups, improvements in all mean VAS scores
were numerically higher with daridorexant 50 mg versus pla-
cebo as compared with 25 mg (Fig. 3). At M3, daridorexant
50 mg increased VAS depth of sleep by 19.3 (SD 23.6) in
older adults and 19.6 (SD 21.4) in younger adults, increased
the quality of sleep by 19.7 (SD: 23.3) in older adults and
21.0 (SD 21.4) in younger adults, increased daytime alert-
ness by 16.9 (SD 23.0) in older adults and 15.6 (SD 19.3) in
younger adults, and increased ability to function by 17.7 (SD
23.5) in older adults and 17.2 (SD 21.0) in younger adults.
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Fig. 1 Effect of daridorexant on
objective and subjective sleep
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In younger adults, all four VAS scores also increased
(improved) with daridorexant 25 mg compared with pla-
cebo but to a lower extent than 50 mg. A similar dose
response increase was seen in older adults for VAS depth
and quality of sleep; for VAS daytime alertness and abil-
ity to function, daridorexant 25 mg had little noticeable
effect compared with placebo in older adults. The placebo
response for all VAS scores (depth and quality of sleep,
daytime alertness and ability to function) was smaller in

the older group than in the younger group at all assessed
timepoints.

3.5 ISl

In both age groups, daridorexant 50 mg decreased (i.e.
improved) the mean ISI scores from the baseline values,
as well as decreased the proportion of patients with an ISI
score > 22 (i.e. severe insomnia), with the effect increas-
ing over time from M1 to M3 (Table 2). In older adults,
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Fig.2 Effect of daridorexant
on Insomnia Daytime Symp-
toms and Impacts Question-
naire (IDSIQ) total scores and
domain scores by age group.
Weekly mean change from
baseline in a IDSIQ total score,
b IDSIQ sleepiness domain
score, ¢ IDSIQ mood domain
score and d IDSIQ alert/cogni-
tion domain score in younger
adults aged < 65 years and
older adults aged > 65 years
administered daridorexant 25
mg, daridorexant 50 mg and
placebo. Lower IDSIQ scores
indicate better patient-perceived
daytime functioning
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domain score

IDSIQ total score,
mean change from baseline

IDSIQ sleepiness domain score,

mean change from baseline

Adults < 65 years

0123456789101112

Week

Adults < 65 years

-8
0123456

IDSIQ total score.
mean change from baseline

IDSIQ sleepiness domain score,

mean change from baseline

Adults =65 years

0123456789101112

Week

Adults =65 years

7 89101112 0123456789101112
Week Week
(¢) IDSIQ mood
domat
il seore Adults < 65 years Adults =65 years
g2 g2
S3 g =
232 23
£ 8 £3
gE gE
S & §&
9 9 =9
g2 g
£ 5 g =
oz oz
D g 7]
B g =
- -8
0123456789101112 01234567289I101112
Week Week
(d) IL)SIQ alert/ ¢ Adults < 65 years ) Adults =65 years
cognition 8 8
domain score = E b _E
S5 3O
£ 3 £ 3
o O o ©o
° = ]
% =Eu &
25 £ —
3§ 25 8 o
of ot e
g -0 g -0
= 0123456 789101112 0123456789101112
Week Week

—@— Daridorexant 25 mg

daridorexant 50 mg decreased the mean ISI score from 18.8
(SD 3.9) at baseline to 11.4 (SD 6.1) at M3 and, in younger
adults, decreased the mean ISI score from 19.6 (SD 4.1) at
baseline to 12.3 (SD 6.4) at M3. Compared with placebo,
daridorexant 25 mg did not appear effective in improving
ISI scores in the younger group at either timepoint and was
numerically less efficacious than the 50-mg dose in the older
group at both timepoints.

After 3 months treatment, the proportion of patients with
remaining severe insomnia (ISI score > 22) was particularly
low in the older population: 3.6 and 4.5% at the 50-mg and
25-mg dose, respectively, compared with 25.2 and 16.5% at
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baseline. Compared with placebo, daridorexant 50 mg also
numerically increased the proportion of patients with a > 6
point decrease in total ISI scores (representing a clinically
meaningful improvement [39]) from baseline at M1 and M3,
similarly in older and younger adults. At M3, 58.0% of older
adults and 55.6% of younger adults in the 50-mg group had
a decrease of > 6 points in their ISI score from baseline.

3.6 Safety

The overall safety profile of daridorexant in the older adults
was comparable to that in the younger adults, with most
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Fig.3 Effect of daridorexant on Visual Analog Scale (VAS) depth to function in younger adults aged < 65 years and older adults aged
and quality of sleep, daytime alertness and ability to function over > 65 years administered daridorexant 25 mg, daridorexant 50 mg and
time by age group. Weekly mean change from baseline in VAS a placebo. Higher VAS scores indicate better scores
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Table 2 ISI scores at baseline and months 1 and 3 by age group

Age < 65 years

Age > 65 years

Daridorexant 50 mg Daridorexant 25 mg Placebo Daridorexant 50 mg Daridorexant 25 mg Placebo n = 122
n=189 n=189 n=188 n=121 n=121
ISI score, mean (SD)
Baseline 19.6 (4.1) 19.4 (4.5) 19.6 (4.1) 18.8 (3.9) 18.2 (4.0) 18.6 (3.9)
Month 1 14.6 (6.0) 15.2 (6.3) 16.0 (5.6) 14.0 (5.6) 14.3 (5.3) 16.2 (4.5)
Month 3 12.3(6.4) 13.5(7.1) 13.5 (6.5) 11.4 (6.1) 12.0 (5.6) 143 (54)
Patients with ISI score > 22, %
Baseline  31.7 323 32.6 25.2 16.5 23.0
Month 1 10.6 19.1 18.5 6.7 7.0 12.6
Month3 7.6 14.3 12.1 3.6 4.5 10.3
Patients with > 6-point decrease in ISI score from baseline, %
Month 1 422 37.6 33.1 37.0 31.6 21.8
Month3  55.6 48.0 51.5 58.0 55.0 39.7

ISI score data are presented as mean (SD). Data for a ISI score > 22 and patients with a > 6-point decrease in the ISI score from baseline are
presented as %. ISI score 0—7 = absence of insomnia; 8—14 = sub-threshold insomnia; 15-21 = moderate insomnia; and 22-28 = severe insom-

nia

ISI Insomnia Severity Index, SD standard deviation

Table 3 TEAEs by age group

Age < 65 years

Age > 65 years

Daridorexant Daridorexant 25 mg Placebo Daridorexant Daridorex-  Placebo
50 mg n=189 n=187 50 mg ant25mg n=122
n=189 n=119 n=121
Adverse events
Patients with > 1 TEAE 74 (39) 78 (41) 67 (36) 42 (35) 39 (32) 38 (31)
Patients with > 1 serious TEAE 312 1(<1 4(2) 0 1(1) 3(3)
TEAE: leading to treatment discontinuation 2 (1) 6(3) 4(2) 1(1) 1(1) 6(5)
Patients with TEAE?® (> 2% in any group)
Nasopharyngitis 13 (6.9) 19 (10.1) 16 (8.6) 7(5.9) 2(1.7) 43.3)
Headache 13 (6.9) 11(5.8) 7(3.7) 6 (5.0) 5(@4.1) 5@4.1)
Nausea 3(1.6) 1(0.5) 2(1.1) 4(3.4) 0 1(0.8)
Fatigue 4(2.1) 3(1.6) 1 (0.5) 3(2.5) 4(3.3) 1(0.8)
Accidental overdose 5(2.6) 3(1.6) 5@2.7) 3(2.5) 1(0.8) 0
Dizziness 6(3.2) 2(1.1) 1(0.5) 1(0.8) 4(3.3) 1(0.8)
Back pain 5(2.6) 0 3(1.6) 1(0.8) 2(1.7) 1(0.8)
Somnolence 4(2.1) 5(2.6) 5(2.7) 1(0.8) 6 (5.0) 1(0.8)
Diarrhoea 1(0.5) 6(3.2) 3(1.6) 1(0.8) 0 1(0.8)
Fall 0 0 4(2.1) 1(0.8) 1(0.8) 43.3)
Influenza 4(2.1) 3(1.6) 3(1.6) 0 0 2 (1.6)
Upper abdominal pain 0 0 0 0 3 (2.5 1(0.8)
Adjudicated adverse events
Excessive daytime sleepiness 1(<1) 1(<1 1(<1 0 1(1) 0
Sleep paralysis 0 I1(<1) 0 1(1) 0 0
Hallucinations 0 1(<1) 0 0 0 0

Data are presented as n (%). TEAE data by preferred term are reproduced with permission from [35]

TEAE treatment-emergent adverse event

TEAE:s that occurred during the double-blind treatment period presented with their preferred term; TEAEs are sorted by descending frequency

in the daridorexant 50-mg group in adults aged > 65 years, followed by age < 65 years listed in order
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values of TEAE incidence (based on the percentage of
patients in the safety set) being nominally lower in the older
group as compared with that of the younger group for dari-
dorexant 50 mg (Table 3). Consistent with the overall study
population [35], the most frequently reported TEAEs dur-
ing 12-week double-blind treatment in both age groups and
in all treatment groups were nasopharyngitis and headache
(Table 3).

Of note, in older patients, somnolence, dizziness, and
falls, which are of particular interest in this population, were
reported at a similar low frequency in the daridorexant 50
mg (n = 1, 1, 1, respectively) and placebo (n = 1, 1, 4,
respectively) groups. There were no noticeable differences
between older and younger patients in the frequency of any
individual AEs. The incidence of serious adverse events was
low in both age groups treated with daridorexant (< 2%).
One death was reported in the study, a serious adverse event
of cardiac arrest in a 78-year-old patient receiving darido-
rexant 25 mg; this patient had a medical history of multiple
cerebrovascular and cardiovascular conditions, including
stroke and hypertension, and the event was assessed by the
investigator as not related to treatment.

Independent safety board-adjudicated AESIs were
infrequent in both age groups (Table 3). In older adults,
two AESIs of mild severity were reported: excessive day-
time sleepiness in one patient, a 69-year-old man receiv-
ing daridorexant 25 mg, and sleep paralysis in one patient,
a 76-year-old woman receiving daridorexant 50 mg. The
patient who reported sleep paralysis did not report a history
of such events. In younger adults, five AESIs were reported:

Adults < 65 years

NS}
S

—
(93]
L

(V)]

01234567809101112
Week

VAS sleepiness score,
mean change from baseline (millimetres)
=

excessive daytime sleepiness was reported in three patients,
one in each of the two daridorexant treatment groups and
one in the placebo group; sleep paralysis in one patient,
a 26-year-old male patient receiving daridorexant 25 mg;
and hallucinations in a 25-year-old female patient receiving
daridorexant 25 mg. No AESIs related to suicidal ideation/
self-injury or cataplexy were reported in either age group.

For VAS morning sleepiness, as seen with the other
VAS parameters, the placebo response was smaller in the
older group than in the younger group at all timepoints. In
both age groups, daridorexant did not worsen VAS morn-
ing sleepiness; on the contrary, daridorexant numerically
increased (i.e. improved) the VAS morning sleepiness score
(Fig. 4), and as compared with placebo, the improvement in
morning sleepiness was greater in the older than the younger
group. In older adults, the benefit was more pronounced for
daridorexant 50 mg than for the 25-mg dose, whereas in
younger adults, the treatment effect was similar between
daridorexant doses. At M3, daridorexant 50 mg increased
the VAS morning sleepiness score by a mean of 15.9 (SD
20.7) in older adults and 14.9 (SD 18.7) in younger adults
from baseline.

4 Discussion

The burden of chronic insomnia increases with age [40].
Insomnia in older adults is often multifactorial, sometimes
associated with chronic medical or psychiatric conditions,
medication use, and changes in lifestyle and the environment
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Fig 4 Effect of daridorexant on the Visual Analog Scale (VAS)
morning sleepiness score over time by age group. Safety analysis set.
Mean weekly change from baseline in VAS morning sleepiness score
(mm) in younger adults aged < 65 years and older adults aged > 65

—— Daridorexant 50 mg
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years administered daridorexant 25 mg, daridorexant 50 mg and pla-
cebo. The VAS score ranges from 0 to 100; from O ‘very sleepy’ to
100 ‘not sleepy at all’. A higher score indicates less morning sleepi-
ness
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that commonly accompany ageing. Ageing, per se, is associ-
ated with overactivity of the orexin/hypocretin system [41],
and this could be the mechanism underlying the impaired
sleep consolidation and increased sleep fragmentation often
seen in older adults. An increased intrinsic excitability of
orexin neurons, together with a loss of potassium channels
(KCNQ2/3), was observed in aged mice, despite an age-
related reduction in the total number of orexin neurons [41].
Aged mice had more fragmented sleep and, upon optoge-
netic stimulation of orexin neurons, longer wake bouts as
compared with younger mice. If the orexin system in humans
is modified by ageing and associated with a sleep of lower
quality or quantity, it is of interest to ask if the effect of the
novel dual orexin receptor antagonist (DORA) daridorexant
differs between older and younger adults with insomnia dis-
order. The secondary analysis of the 3-month phase III study
of daridorexant 50 and 25 mg versus placebo in insomnia
allowed the comparison of older to younger adults. At base-
line, WASO was nominally longer and TST shorter in the
older adults compared with younger adults, while LPS was
similar between the two age groups. These observations are
not unexpected, as sleep maintenance difficulties and early
morning awakenings are more common in older patients
with insomnia than are sleep-onset difficulties [42-44].
Nevertheless, the older patients perceived at baseline their
sTST, sleep quality and depth of sleep as similar or better
compared with the younger patients, as also their estimation
of daytime functioning.

Despite the baseline characteristics that suggested more
severe deficits in objective sleep parameters and less severe
deficits in subjective assessments and daytime functioning
for the older patients compared with the younger patients,
the improvements from baseline in night-time and daytime
variables by daridorexant were very comparable between
the two age groups. However, because the placebo responses
were smaller in the older patients, several variables, in par-
ticular sTST, had larger placebo-corrected responses to dari-
dorexant in older patients compared with younger patients.
There was, however, one exception, in that in older patients,
the lower dose of 25 mg did not produce any greater effect
than placebo on daytime functioning, whether measured by
the IDSIQ (on any domains) or by the VAS scores of day-
time alertness and ability to function. One could speculate
that the need for the 50-mg dose to improve all aspects of
insomnia in older patients may, at least partly, be linked to
the increased excitability of the orexin system in this age
group, as reported in aged mice [41]. The increased comor-
bidities and the lesser perception of the contribution of
insomnia in their daytime functioning impairment observed
in the older patients may also have further reduced the
response to the lower dose of 25 mg on daytime variables.

Concerning safety, in neither age group did daridorex-
ant cause residual sleepiness the next morning and, to the
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contrary, there was a numerical improvement in morning
sleepiness. The higher dose of 50 mg was most effective on
reducing morning sleepiness in older patients, suggesting a
direct result of a better quantity and quality of sleep, without
the penalty of an excessive duration of action. Pharmacoki-
netic analysis of daridorexant was studied in older healthy
adults [45]. In line with the well-documented physiological
decrease in intrinsic metabolic drug clearance that occurs
with advancing age [46, 47], the data suggest a slightly lower
elimination of daridorexant. Next-morning plasma concen-
trations were also higher in older than younger patients with
insomnia (unpublished data, Idorsia Pharmaceuticals). How-
ever, there was no correlation between daridorexant plasma
concentration and a change from baseline in safety endpoints
(coding sub-test total score and VAS morning sleepiness),
neither in older nor in younger adults [35, 48, 49]. Thus, the
slightly prolonged elimination did not translate into next-day
residual effects [45]. These data suggest that the slightly
higher exposure in older adults at the end of the night is not
reflected in a difference in safety parameters.

All other safety endpoints were comparable in both age
groups, despite the comorbidities and polypharmacy that
were observed in the older patient group. Of note, in older
adults, there was only one isolated case of sleep paralysis
and no narcolepsy-like adverse events, including cataplexy,
abnormal sleep behaviours or hallucinations. Falls, a com-
mon concern in the older population, which may be precipi-
tated by some hypnotic drugs prescribed for insomnia [25,
50, 51], were infrequent. Specifically, the number of falls
was numerically lower in patients receiving daridorexant
(either dose) than in those receiving placebo, as suggested
with other DORASs [52]. Daridorexant, like other approved
DORAS, has been designated as a schedule IV-controlled
substance by the US Drug Enforcement Agency. Such classi-
fication is not applicable to daridorexant in European Union
member states. It should also be noted that in non-clinical
studies, daridorexant has been shown to not induce depend-
ence or a risk of abuse [53]. Accordingly, to date, there have
been no reports of misuse, abuse or physical dependence
with daridorexant and no withdrawal syndrome at drug ces-
sation in older or younger adults [35, 48, 49, 54].

Many hypnotic drugs require caution when prescribed to
older patients, with the lowest available starting dose often
recommended for older patients [55]. The data with darido-
rexant, however, support using the same and highest effec-
tive dose of 50 mg, in older and younger patients, with no
increased safety concern.

A strength of this analysis is that the older age group
is representative of the older population with respect to
comorbid conditions and concomitant medications, except
for neuropsychiatric disorders, which were excluded as per
the eligibility criteria. The eligibility criteria for the study
did not specify an upper age limit for inclusion and thus the
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study population represents a broad group of older patients,
including 15% (of the overall population) aged over 75 years.
Limitations of the analysis include its post hoc nature (effect
of age was pre-planned but the detailed comparisons were
not type I error rate controlled or specifically powered) and
the quite small sample size of very old patients aged over
75-80 years. The results presented are intentionally descrip-
tive and avoid p values, owing to the possible, and undetect-
able, occurrence of false-positive or false-negative results.
As such, the interpretation of the treatment effect relies more
on the judgement of clinical relevance rather than on statis-
tical significance. Based on the stringent inclusion criteria
comparing objective measures of poor sleep, the patients
had probably more severe insomnia than generally seen in
practice where PSG is rarely performed. Additionally, the
limited ethnic and racial diversity of the study population
may only partially reflect such diversity beyond the clini-
cal trial. Older patients may be taking a range of medica-
tions for a variety of conditions, and consideration should be
given to pharmacokinetic and pharmacodynamic drug—drug
interactions with daridorexant. As daridorexant is primarily
metabolised by cytochrome P450 3A4 [56], concomitant use
with cytochrome P450 3A4 inhibitors will increase exposure
to daridorexant, which may increase the risk of adverse reac-
tions [57], and concomitant use with cytochrome P450 3A4
inducers may decrease exposure to daridorexant, which may
reduce efficacy [58]. Further, daridorexant is contra-indi-
cated in patients with narcolepsy [35]. In addition, the cur-
rent study did not evaluate whether cognitive disorders and
depression, frequently seen in older patients with insomnia,
influenced the effect of daridorexant, in particular on IDSIQ
measures. Further studies in older adults with depression
and/or cognitive impairment may be of interest and provide
important information about daridorexant treatment in this
population of patients. Last, there are no head-to-head trials
comparing daridorexant to other DORAs, thus inferences
about comparative efficacy or safety are limited.

5 Conclusions

The results from this analysis suggest that in older patients
with insomnia, as in younger patients, the efficacy of dari-
dorexant is dose dependent. In the older population, the
higher daridorexant dose of 50 mg is necessary to improve
daytime functioning and optimise the improvements in sleep
onset and maintenance. This is without any increased risk of
adverse events and, in particular, no increased risk of carry-
over effects to the next morning after night-time administra-
tion of daridorexant. Older patients do not need lower doses
of daridorexant than younger patients and the data from the
trial show the clinically greater benefit of the 50-mg dose

in comparison with the 25-mg dose for patients > 65 years
of age.
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