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Study Objectives: Our aim was to evaluate the effect of lemborexant versus zolpidem tartrate extended release 6.25 mg (ZOL) or placebo (PBO) on postural
stability, auditory awakening threshold (AAT), and cognitive performance (cognitive performance assessment battery [CPAB]).
Methods: Healthy women (≥ 55 years) and men (≥ 65 years) were randomized, double-blind, to 1 of 4-period, single-dose crossover sequences, starting with
lemborexant 5 mg (LEM5), 10 mg (LEM10), ZOL, or PBO. A ≥ 14-day washout followed all 4 treatments. Assessments were middle-of-the-night (MOTN) change
from baseline in postural stability (primary prespecified comparison: LEM vs ZOL), AAT, absolute AAT, and CPAB for LEM5 and LEM10 versus ZOL and PBO; and
morning change from baseline in postural stability and CPAB for LEM5 and LEM10 versus ZOL and PBO. Change from baselinemeasures were time-matched to
a baseline night/morning when no study drug was administered.
Results:MOTN: Mean MOTN change from baseline in body sway was significantly higher for ZOL versus both lemborexant doses. There were no differences
among the treatments regarding decibels required to awaken a participant. LEM5 was not statistically different from PBO on any CPAB domain; LEM10 and ZOL
showed poorer performance on some tests of attention and/ormemory. Morning: Body sway and cognitive performance following LEM5 or LEM10 did not differ from
PBO; body sway was significantly higher for ZOL than PBO. Rates of treatment-emergent adverse events were low; there were no serious adverse events.
Conclusions: Lemborexant causes less postural instability than a commonly used sedative-hypnotic and does not impair the ability to awaken to
auditory signals.
Clinical Trials Registration: Registry: ClinicalTrials.gov; Name: Crossover Study to Evaluate the Effect of Lemborexant Versus Placebo and Zolpidem on
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Sleep-promoting drugs should facilitate sleep onset and maintenance without hindering the ability to awaken to
salient stimuli, cause postural instability upon getting out of bed, or negatively impact performance on cognitive tasks. Lemborexant (E2006, DayvigoTM,
Eisai Inc., Woodcliff Lake, NJ), an orally active dual orexin receptor antagonist recently approved by the Food and Drug Administration to treat insomnia,1

has demonstrated efficacy for treatment of insomnia while minimizing next-morning residual effects.
Study Impact: In this study of older adults, lemborexant did not interfere with awakening to an external stimulus, was associated with less body sway than
zolpidem tartrate extended release upon middle-of-the-night awakening, and facilitated the return to sleep. There were no next-morning residual effects of
lemborexant on postural stability or cognitive performance.

INTRODUCTION

Although many treatments for insomnia improve sleep onset,2

a need remains for agents that more effectively promote sleep
throughout the night.3 New therapies should ideally be with-
out the safety issues related to depression of the central ner-
vous system, such as those seen with benzodiazepines and
γ-aminobutyric acid (GABA)-ergic hypnotic agents.4 This is of
particular importance in older adults, whomay spendmore time

awake in the middle of the night (MOTN) than younger adults5

but who are also vulnerable to treatment-related cognitive and
psychomotor impairments that can result in serious injury.6,7

New pharmacological treatments should effectively reduce
wakefulness without hindering the ability to awaken to salient
stimuli. In addition, once awakened during the night, there
should ideally be minimal disruption to important cognitive
functions, and the return to sleep after an awakening should
be facilitated.3,7
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Lemborexant (E2006), an orally active dual orexin receptor
antagonist (DORA) recently approved by the Food and Drug
Administration to treat insomnia,1 has demonstrated efficacy
for treatment of insomnia while minimizing next-morning
residual effects.8 In a recent phase 3 trial (SUNRISE-1;
NCT02783729), lemborexantwas superior to placebo (PBO) and
zolpidem tartrate extended release 6.25 mg (ZOL) on measures
of both sleep onset and maintenance and was effective in the
latter half of the night in older individuals with insomnia.9

Here we present results of a clinical study that assessed
important safety aspects of treatment with sleep-promoting
drugs in the MOTN. These aspects include the ability to
awaken to noises in the environment, stability upon getting out
of bed (eg, to use the bathroom), and performance on tasks of
memory and attention. Performing tests of postural stability and
cognitive performance in the MOTN and repeating them upon
morning awakening helps determine the extent to which the
sleep-promoting drugs have residual morning effects on pos-
tural stability, memory, and attention.

METHODS

Design overview
Thiswas a randomized, double-blind, double-dummy, placebo-
controlled and active comparator, 4-period crossover study. The
trial was conducted between November 21, 2016 and October
30, 2017 at 4 clinical sites in the United States. In the pre-
randomization phase (up to 21 days), participantswere screened
for eligibility, including an adaptation/screening night spent in
the sleep laboratory to identify symptoms of sleep apnea and
periodic limb movement disorder (Figure 1). Each eligible
participant had a baseline night, during which procedures
identical to treatment nights were followed. This allowed for
time-matched baselines of the auditory awakening threshold
(AAT), postural stability, and cognitive performance assess-
ments. The randomization phase (approximately 60 days)
comprised four 1-day treatment periods, followed by a mini-
mum 14-day washout between treatment periods 1 and 3, and a
14-day follow-up interval before the end-of-study visit.

The trial protocol was approved by relevant institutional
review boards and was conducted in accordance with principles
of Good Clinical Practice and the Declaration of Helsinki
and any applicable local regulations. Written informed consent
was obtained from all participants after they received an ex-
planation of study procedures, risks, and benefits. The trial was
registered at ClinicalTrials.gov (identifier: NCT03008447).
Prespecified primary and secondary outcomeswere listed on the
ClinicalTrials.gov website prior to study initiation.

Objectives
The primary objective of the study was to demonstrate that the
mean change from baseline in postural stability when partici-
pants were awakened in the MOTN (at approximately 4 hours
postdose) is significantly less after lemborexant 5 mg (LEM5)
or lemborexant 10 mg (LEM10) than after ZOL. The secondary
objectives of this study were to evaluate the effect of both doses
of lemborexant compared with ZOL on postural stability within
5minutes ofmorningwaketime (at 8 hours postdose) and versus
PBOwhenparticipantswere awakened fromsleep in theMOTN
and uponmorning awakening. Other secondary objectives were
to evaluate the effect of LEM5 and LEM10 compared with ZOL
and PBOonAAT in theMOTN; the effect of LEM5 andLEM10
compared with ZOL and PBO on cognitive performance when
participantswere awakened fromsleep at approximately4hours
postdose andwithin 15minutes ofmorningwaketime at 8 hours
postdose; and the safety and tolerability of lemborexant. Ex-
ploratory objectives included return-to-sleep latency (RSL) for
LEM5, LEM10, ZOL, and PBO after assessments were com-
pleted following awakening at approximately 4 hours postdose
and comparison of the effect of ZOL versus PBO on postural
stability at approximately 4 hours postdose for evaluation of
assay sensitivity.

Participants
Healthy, nonsmoking older volunteers (women ≥ 55 years
of age and men ≥ 65 years) were eligible to enroll in this
study. Dose administration was based on the prescribing in-
formation for ZOL (6.25 mg zolpidem tartrate extended release
is the approved dose for women and men > 65 years of age).10

Figure 1—Study design.

aAt screening visit 1, participants received a sleep diary, in which they provided information about the timing, quantity, and quality of the previous night’s sleep.
Participants completed the sleep diary for at least 7 consecutive mornings within the first hour after morning waketime to confirm that the participant was a good
sleeper without insomnia. At screening visit 2, an 8-hour PSGwas performed at the participant’smean habitual baseline to screen for symptoms of sleep apnea
and/or periodic limb movement disorder. Participants were also introduced to the computerized CPAB for familiarization purposes. bBaseline assessments:
8-hour PSG with auditory awakening threshold, postural stability and CPAB at 4 hours postbedtime and postural stability and CPAB at 8 hours post bedtime.
CPAB = cognitive performance test battery, PSG = polysomnography.
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The prevalence of insomnia is higher in women who are
perimenopausal, late-menopausal, or postmenopausal com-
pared with those who are premenopausal.11 The inclusion of
women ≥ 55 years was intended, as this is an important de-
mographic. The same age criteria were used in the pivotal phase
3 SUNRISE-1 trial (NCT02783729). Participantswere required
to have regular sleep timing and duration. Eligible participants
must also have been able to detect a 1,000 Hz tone at 20 dB.
Participants with an apnea-hypopnea index > 15 events/h of
sleep or periodic limbmovementwith arousal index > 15 events/h
of sleep as measured on the polysomnography (PSG) adap-
tation night were excluded. Additional details on enrollment
criteria and concomitant drug/therapy are available in Supple-
mentary Appendices S1 and S2.

Randomization and interventions
Each participant was randomized (1:1:1:1) to 1 of 4 treatment
sequences, starting with LEM5, LEM10, ZOL, or PBO, using a
Williams Latin square design.12 The dose of ZOL selected in
this studywas appropriate for the age and sex of the participants
included in the study.10 Participants were administered a single
oral dose of the assigned study drug within 5 minutes of mean
habitual bedtime as determined by a sleep log completed prior to
randomization. Information on concomitant drugs/therapy is
available in Supplementary Appendix S2.

Measures
Participants who were asleep were awakened by an AAT test
(secondary endpoint) at approximately 4 hours postdose/
bedtime. This was followed by the assessment of postural
stability (primary objective) and the computerized perfor-
mance assessment battery (CPAB; secondary endpoint). If the
participant was awake 4–4.5 hours postdose, the AAT was not
administered, but subsequent assessments were conducted.

Postural stability
Postural stability assessments were conducted at the bedside
within 5minutes of being awakened inMOTN at approximately
4 hours postdose/bedtime (after the AAT) and upon morning
awakening (or after an 8-hour time-in-bed period for those
already awake 8 hours postbedtime). Body sway was measured
using an ataxiameter connected to a cable around the partici-
pant’s waist.13 The participant was instructed to stand with feet
shoulder-width apart and with eyes closed. The amount of body
sway in 60 seconds was determined. A unit of body sway was
defined as 1/3 degree angle of arc movement of the ataxiameter,
with a higher number indicating more body sway (less postural
stability). The participant’s foot positioning (distance between
heels in centimeters) was documented at baseline, and the same
foot positioning was maintained for all subsequent postural
stability assessment trials. During the time that the participants
were awake, ambient light levelsweremaintained at 80–100 lux
using lighting fixtures or goggles (eg, if participants were
escorted to use a bathroom facility).

Auditory awakening threshold
The AAT was initiated if the participant was in nonrapid eye
movement stage 2 (N2). The technician allowed 5 minutes of

N2, then initiated AAT. If there were not 5 minutes of
N2-stage sleep by 4.5 hours postdose/postbedtime, the AAT
was initiated regardless of sleep stage. If the participant was
awake 4–4.5 hours postdose/postbedtime, the AAT was not
administered, but subsequent assessments were conducted.
Computer-generated tones of 1,000 Hz were delivered through
earbuds with an intensity (loudness) starting at 15 dB, in-
creasing every 15 seconds by 5 dB. When participants verbally
responded, “I’m awake,” the dB level preceding that response
was used as the threshold for awakening. If not awakened by
the maximum tone of 105 dB, the technician awakened
the participant.

Computerized cognitive performance
assessment battery
The CPAB14 (secondary outcome) was administered after the
postural stability test, starting within 15 minutes of the MOTN
awakening (or after the postural stability test if the participant
was already awake). Participants were trained on the CPAB
tests before baseline. The CPAB comprised 9 tasks assessing
various aspects of memory and attention. Output variables from
the 9 tasks were combined to derive scores for 4 cognitive
domains: power of attention, continuity of attention, quality of
memory, and speed of memory retrieval. For each participant,
on each trial and each task of the CPAB, the stimuli were
presented in a different order, minimizing practice effects.
Additional details are available in Supplementary Appendix S3.

Return-to-sleep latency
RSL was measured after participants completed the MOTN
assessments. Overhead lights were turned off, and the time to
return to sleep was measured by PSG. The RSL was defined as
the duration in minutes (with 30-s precision) from the lights off
afterMOTN assessments (“second lights off”) to the first epoch
of N2, nonrapid eye movement stage 3 (N3), or rapid eye
movement (REM) sleep.

Adverse events
Safetywas assessed over the study duration based on incidence
of adverse events (AEs) and laboratory assessments, includ-
ing blood chemistry, hematology, urinalysis, vital signs, and
electrocardiograms. All AEs were graded for severity and
relatedness to treatment.

Statistical analyses
Data for efficacy outcomes are presented for all participantswho
completed all 4 treatment periods (per protocol completers
analysis set). Additional analyses with imputation assuming
that missing values were missing at random (MAR) and, sec-
ondly, that missing valuesweremissing not at random (MNAR)
utilizing the complete case missing value pattern were per-
formed. Safety outcomes are presented in the safety analysis
set, defined as all participants who received at least 1 dose
of lemborexant (5 or 10 mg) and had at least 1 postdose
safety assessment.

For the primary outcome of postural stability, the effect of
alcohol on body sway was used as a benchmark.15 This study
had 97% power to detect a 7-unit difference between ZOL and
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lemborexant, with 48 participants, a 2-sided 0.05 significance
level, and standard deviation (SD) of 12. A sequential gate-
keeping procedure was used for the 2 doses of lemborexant
compared with ZOL for body sway at approximately 4 hours
postdose, where 5 mg was tested first. These calculations also
ensured 97% power to detect a 7-unit treatment difference
between lemborexant and PBO and that the assay sensitivity
of the comparison of ZOL with PBO would be detectable
(assumed to be at least a 14-unit change from baseline).

Statistical analyses included a repeated mixed-effects model
for a crossover study. The model was adjusted for treatment,
sequence (the order in which treatments were received), period
(ie, of the 4 treatment periods), baseline (time-matched, ie, 4 and
8 hours postdose), time (hours postdose, ie, 4 and 8 hours),
treatment × time, and baseline × time as fixed effects, and time
with the participant as a random effect and a repeated effect for
time, with the participant within sequence. The treatment-by-
time interaction was used to construct the treatment compari-
sons at a specific time.

Because of potential effects of sleep inertia (defined as a
physiological state of impaired cognitive and sensorimotor
performance that is present immediately after awakening),
during which an individual experiences feelings of drowsiness,
disorientation, and a decline in motor dexterity,16 additional
sensitivity analyseswere conducted. These included analyses of
AAT, excluding those who were awake or awakened from a
sleep stage other than N2 and postural stability excluding those
already awake at 4–4.5 hours postdose.

Additional statistical methods are presented in Supple-
mentary Appendix S4.

RESULTS

Participant flow and baseline demographics
Of 163 participants who consented to participate, 100 (61.3%)
failed the screening process and 63 (38.7%) were randomized
to 1 of the 4 treatment sequences (Figure S1 in the supple-
mental material). In total, 53 (84.1%) participants completed
the study (all 4 treatment periods and end-of-study follow-up)
and 10 (15.9%) participants discontinued from the study.
Three participants completed the 4 treatment periods but
discontinued in the follow-up period; thus, a total of 56 of
63 (88.9%) participants were included in the analyses. Most
participants were women (77.8%) andwhite (61.9%) (Table 1).
Baseline demographics by treatment sequence are provided
in Table S1.

As therewere so fewdropouts, data are presented as observed
cases/completers. Results were similar based on all randomized
participants using both MAR and MNAR methods. Results
based on the MNAR method are presented in Supplementary
Appendix S5.

Safety outcome analyses

Postural stability as measured by body sway

Least squaresmean change from time-matched baseline in body
sway was statistically significantly larger (worse) for all active

treatments in the MOTN (Figure 2) compared with PBO
(P ≤ .05). Least squares mean differences (95% confidence
interval [CI]) to PBOwere 21.4 (15.8, 26.9), 6.8 (1.2, 12.3), and
9.3 (3.7, 14.8) for ZOL, LEM5, and LEM10, respectively.
However, body sway was significantly worse with ZOL (19.6)
compared with either dose of lemborexant (primary endpoint;
LEM5 5.0, LEM10 7.5; P < .0001). Least squares mean
differences (95% CI) to ZOL were 14.6 (9.0, 20.1) and 12.1
(6.5, 17.6) for LEM5 and LEM10, respectively. When
assessed in the morning, neither dose of lemborexant was
associated with significant change from baseline body sway,
but body sway in the ZOL group (5.9) remained significantly
greater than in PBO participants (−1.1; P < .05). Least squares
mean differences (95% CI) to PBO in the morning were 7.0
(1.5, 12.6), 2.4 (−3.1, 8.0), and 1.8 (−3.8, 7.3) for ZOL, LEM5,
and LEM10, respectively.

Table 1—Baseline demographics and characteristics.

All RandomizedParticipants
(n = 63)

Age, years

Mean 63.5 (6.2)

Median 63.0

Range 55, 80

55–64 years, n (%) 35 (55.6)

≥ 65 years, n (%) 28 (44.4)

Sex, n (%)

Men 14 (22.2)

Women 49 (77.8)

Race, n (%)

White 39 (61.9)

Black or African American 18 (28.6)

Other 6 (9.5)

Auditory awakening threshold (4 h), dB 48.3 (23.1)

Body swaya

4 hours 23.2 (16.4)

8 hours 25.4 (19.1)

Power of Attention, ms

4 hours 1,400.9 (146.1)

8 hours 1,445.3 (232.8)

Continuity of Attention, unit

4 hours 92.1 (3.1)

8 hours 91.9 (2.7)

Quality of Memory, unit

4 hours 361.2 (63.7)

8 hours 334.3 (65.2)

Speed of Memory Retrieval, ms

4 hours 4,586.9 (917.0)

8 hours 4,570.8 (902.0)

Data are mean (standard deviation) unless stated otherwise.
aA unit of body sway is defined as 1/3 degree angle of arc movement of
the ataxiameter.
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In the sleep inertia-related sensitivity analysis of partici-
pants who were asleep across all treatment periods at the
4-hour time point (n = 27; Table S2), mean change from time-
matched baseline in body sway was higher than PBO for all
active treatments. However, the magnitude of change was
lower than in the full analysis set (n = 56), except during the
ZOL condition, for which the increase from baseline was

larger (when excluding participants who were already awake
at the 4-hour time point).

Auditory awakening threshold

At baseline, for all participants that completed, the mean
(SD) observed values for AAT were similar across treatments
(overall mean [SD]: 55.4 dB [29.6]). At approximately 4 hours

Figure 2—Change from baseline body sway.

Change from baseline body sway (A) in the middle of the night and (B) upon morning awakening. *P ≤ .0001, †P < .05, ‡P ≤ .001 vs placebo; §P ≤ .0001 vs
zolpidem based on mixed-effect model repeated measurement analysis with treatment, sequence, period, baseline (time-matched), time (hours postdose),
treatment × time, and baseline × time as fixed effects, and time with participant as a random effect and a repeated effect for time, with participant within
sequence. aA unit of body sway is defined as 1/3 degree angle of arc movement of the ataxiameter. ER = extended release, LS = least squares, SE =
standard error.
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postdose, neither dose of lemborexant nor ZOL interfered with
the ability to be awakened by the auditory stimulus; the mean
changes from the time-matched baseline were −3.2, −1.7, −3.8,
and −3.5 dB for PBO, ZOL, LEM5, and LEM10, respectively.
There were also no significant differences among the treatments in
the decibel intensity required to awaken participants (Figure 3).

Most participants (> 60% in all treatment groups) were in
sleep stage N2 when the AAT was initiated (Figure 3). The
AAT was initiated in N1/N3/REM sleep in < 20% of patients in
all groups. In theZOLgroup, 8 (14%)participants did not awaken
to the maximum tone, compared with 2 (4%) participants in the
PBO group, 4 (7%) participants in the LEM5 group, and 3 (5%)
participants in the LEM10 group. Additional information re-
garding participants already awake during the window from 4 to
4.5 hours postdose are available in Supplementary Appendix S5.

Cognitive performance test battery

At approximately 4 hours postdose, LEM5 did not dif-
fer significantly from PBO on any of the CPAB domains
(Table S3, Figure S2). Power of attention in the MOTN was
similar (P > .05) for LEM5 versus ZOL, but significantly
worse for LEM10 versus PBO and ZOL. Continuity of attention
in the MOTN was significantly worse for ZOL versus LEM5,
and performance after LEM10 and ZOL was worse than PBO.
The same treatment patterns were observed for quality of mem-
ory in the MOTN. Speed of memory retrieval in the MOTN was
worse with ZOL and LEM10 than PBO, but both doses of lem-
borexant performed significantly better than ZOL. Upon morning
awakening (8 hours postdose), there was no evidence for residual
effects of either dose of lemborexant or ZOL on any of the CPAB
domains (P > .05 vs PBO for all comparisons).

Return to sleep latency

Median (range) RSL at baseline was 35.0 (4–122) minutes,
respectively, in all treatment groups. Median RSL at approxi-
mately 4 hours postdosewas 27.5, 12.5, 8.0, and 4.5minutes for

PBO, ZOL, LEM5, and LEM10, respectively. Least squares
mean (standard error) change from baseline in RSL was −0.1
(4.1), −21.1 (2.3), −22.5 (2.7), −28.8 (2.7) for PBO, ZOL,
LEM5, and LEM10, respectively. At approximately 4 hours
postdose, least squares mean RSL for LEM5 and LEM10
was significantly shorter than for PBO (P < .0001 for both),
indicating that both doses facilitated the return to sleep fol-
lowing an awakening in the MOTN (Figure 4). ZOL
facilitated the return to sleep significantly faster than PBO
(P < .0001), and LEM10 facilitated the return to sleep signifi-
cantly faster than ZOL (P < .05). LEM5 was not statistically
different from ZOL.

Adverse events

There were no serious AEs or deaths during the study (Table 2).
Rates of treatment-emergent AEs were low and were mainly
mild or moderate in severity, regardless of treatment group.
There were no dose-related trends with regard to the incidence of
treatment-emergent AEs in the lemborexant treatment groups.
There were noAEs of somnolence. Two participants in the LEM5
group discontinued because of an AE: 1 participant experienced a
symptomatic severe low hemoglobin level, which was also low at
screening, and 1 participant reported both sleep paralysis and
hypnopompic hallucinations following LEM5 administration.

DISCUSSION

This phase 1 study of lemborexant in healthy participants
aged ≥ 55 years demonstrated the relative safety of lem-
borexant compared with ZOL on several important aspects
of safety with sleep-promoting drugs. These data demonstrate
that ZOL had a larger negative impact on postural stability in
the MOTN than both LEM and PBO. Further, lemborexant
performed similarly to PBO regarding the ability to awaken in
the MOTN.

Figure 3—Percentage of participants in N2, other sleep stages, already awake, or not awakened by maximum decibel tone
(awakened by technician).

AAT = auditory awakening threshold, ER = extended release, LS = least squares, N1/N2/N3 = nonrapid eye movement stage 1/2/3, REM = rapid eye
movement, SE = standard error.
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Although postural stability is not a direct assessment
of fall risk, it is associated with increased risk of falling.17 In the
current study, the increase in MOTN body sway in the ZOL
group was more than 2 times higher than that observed with the
higher dose of lemborexant, andmore than 3 times that observed
with the lower dose of lemborexant or PBO. Body sway was
higher for both doses of lemborexant versus PBO in theMOTN,
but there was no evidence for residual morning effects of either
dose of lemborexant. In contrast, body sway in the ZOL group
was statistically higher compared with PBO upon morning
awakening. This is an important finding because, although not
every patient wakes up in the MOTN, every patient gets out of
bed in the morning.

No statistical differences between treatment groups on the
AAT were observed, suggesting that neither lemborexant nor
ZOL interfered with awakening to an external noise. Relatively
low decibels awakened participants at baseline, indicating that
the AAT as implemented may be sensitive to changes in
thresholds resulting from administration of sleep-promoting
drugs. Decreased arousability and increased fall risk follow-
ing forced awakenings around the time of maximum plasma
drug concentration (tmax) have been previously reported for
zolpidem 10 mg in healthy males.18 Although not statistically

significant, at least twice as many participants in the ZOL group
as in the other groups did not awaken to the maximum dB level
and had to be awakened by the technician, whichmay indicate a
trend toward decreased arousability for ZOL in this study. A
recent phase 4 study of suvorexant, which belongs to the same
drug class as lemborexant, found that suvorexant preserved the
ability of nonelderly patients with insomnia to respond to
nocturnal environmental stimuli.19

The lower dose of lemborexant did not differ significantly
fromPBOon change frombaseline in any of theCPABdomains
in the MOTN, but LEM10 did generally have a negative effect
on memory and attention compared with PBO on all CPAB
domains. ZOL performed statistically worse than PBO on both
memory tests and Continuity of Attention, and statistically
worse than LEM5 on Continuity of Attention, Quality of
Memory, and Speed of Memory Retrieval in the MOTN. There
were no morning residual effects of lemborexant or ZOL on
tests of memory and attention in this study. Effects on cognitive
function have been reported in other studies of ZOL,20 and
negative effects on memory are consistent with the prescribing
information for ZOL.10

Participants treated with LEM5 or LEM10 fell back to sleep
significantly faster than participants treated with PBO, and

Table 2—Safety summary (safety analysis set).

Category, n (%) PBO (n = 57) ZOL (n = 58) LEM5 (n = 59) LEM10 (n = 58)

Any TEAE 4 (7.0) 4 (6.9) 5 (8.5) 5 (8.6)

Treatment-related TEAE 1 (1.8) 1 (1.7) 2 (3.4) 1 (1.7)

Severe TEAE 0 0 1 (1.7) 0

SAE 0 0 0 0

AE leading to study drug discontinuation 0 0 2 (3.4) 0

AE = adverse event, LEM5 = lemborexant 5 mg, LEM10 = lemborexant 10 mg, PBO = placebo, SAE = serious adverse event, TEAE = treatment-emergent
adverse event, ZOL = zolpidem tartrate extended release 6.25 mg.

Figure 4—Return to sleep latency.

n = 51 for all groups owing to technical difficulties with polysomnography in 4 participants and 1 participant never awakened during the night in 1 treatment
condition. *P ≤ .0001 vs. placebo; †P < .05 vs zolpidem based on an unstructured covariance matrix; model adjusted for treatment, sequence, and period as
fixed effects, and a repeated effect of participant within sequence. ER = extended release, LS = least squares, SE = standard error.
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LEM10 facilitated the return to sleep significantly faster than
ZOL. These findings are consistent with the aforementioned
phase 3 trial of lemborexant, in which lemborexant treatment
resulted in a significantly shorter duration of long (> 5 minutes)
awakenings, versus both PBO and ZOL, at both the beginning
and end of 1 month of treatment, as demonstrated with PSG
(Eisai Inc., data on file).

This study utilized a four-way complete crossover design,
similar to that used by Drake et al.18 This design reduces
the influence of confounding covariates and increases the
power of the study to detect meaningful changes with fewer
participants but has a potential for high dropout rate, particularly
when lengthy washout periods are employed to avoid carryover
effects. In our study, most participants completed the study.
There was no carryover effect, and sequence and period effects
were also not statistically significant (P > .23). The results were
not influenced by the small proportion of missing data, as
demonstrated by sensitivity analyses.

Unlike in the study design employed by Drake et al, herein,
participants were assessed at 4 hours postdose rather than at
the time (tmax).18,19MOTN is approximately 2–3 hours after tmax

for ZOL and lemborexant.21,22 Although studies have demon-
strated that negative effects on postural stability for ZOL and
other similarly acting hypnotics are of greatest magnitude
around the tmax, statistically significant effects can still be
observed at 4 hours postdose.23–27

In this study, each participant had a baseline night, without
study drug administration, during which procedures identi-
cal to treatment nights were followed. This allowed for a
time-matched baseline for all assessments. Similar studies
have used predose/prebedtime values as baseline, which does
not account for the influence of time-of-night or potential
sleep inertia. This study also preferentially awakened par-
ticipants for the AAT from sleep stage N2 to reduce the
variability and control for the potential effect of sleep inertia
upon the postawakening assessments. It is generally recog-
nized that sleep inertia is worse upon awakening from slow-
wave sleep stage N3 and potentially from REM sleep than
from N2 sleep.28

The unexpectedly high number of participants who were
not asleep at 4–4.5 hours postdose reduced the power
of the study to detect meaningful differences in AAT. The
fact that a participant was already awake in the MOTN also
means that little or no effect of sleep inertia was operating
on the participant’s subsequent postural stability assess-
ment. Sleep inertia has been shown to have a major effect
on balance and cognitive performance in the MOTN.29

Sensitivity analyses demonstrated that when only those par-
ticipants asleep immediately before the assessments were
included, mean change from baseline body sway was lower
for those receiving lemborexant but higher in those receiv-
ing ZOL compared with when data were analyzed from the
full cohort.

In conclusion, lemborexant was associated with less body
sway than ZOL in the MOTN, was not significantly different
to PBO in the ability of participants to awaken to an exter-
nal stimulus, and facilitated the return to sleep. The LEM10
dose did impair some aspects of cognitive performance in

the MOTN. Upon morning awakening, there was no evidence
for residual effects of lemborexant on postural stability or
cognitive performance, whereas therewas evidence for postural
instability in the morning with ZOL. A major concern for cli-
nicians who prescribe sleeping pills is safety, and, therefore,
these results suggest that lemborexant may be a useful potential
option, especially in patients at risk for falls.

ABBREVIATIONS

AAT, auditory awakening threshold
AE, adverse event
CI, confidence interval
CPAB, cognitive performance assessment battery
DORA, dual orexin receptor antagonist
GABA, gamma-aminobutyric acid
LEM5, lemborexant 5 mg
LEM10, lemborexant 10 mg
MAR, missing at random
MOTN, middle of the night
N2, nonrapid eye movement stage 2
N3, nonrapid eye movement stage 3
MNAR, missing not at random
PBO, placebo
PSG, polysomnography
REM, rapid eye movement
RSL, return-to-sleep latency
SD, standard deviation
tmax, time to peak plasma concentration
ZOL, zolpidem tartrate extended release 6.25 mg
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