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ABSTRACT

Background: Pharmacologic treatments are
available to treat insomnia, a common and
burdensome sleep disorder, but may be con-
traindicated in older adults who are prone
to side effects from sleep-promoting drugs.

Prior Presentations This manuscript is based on work
that has been previously presented. (1) Moline M, et al.
Long-term efficacy and safety of lemborexant in elderly
adults with insomnia disorder: results from SUNRISE-2
(E2006-G000-303). Presented at SLEEP 2020, August 27—
30, 2020, virtual meeting. (2) Yardley J, et al. Impact of
lemborexant on insomnia disease severity and fatigue in
elderly subjects with insomnia. 3925. Presented at the
American Academy of Family Physicians 2020 Family
Medicine Experience Virtual Conference, October 13-17,
2020, virtual meeting. (3) Drake C, et al. Subject-reported
perception of long-term effectiveness of lemborexant
versus placebo in nonelderly and elderly subgroups.
3927. Presented at the American Academy of Family
Physicians 2020 Family Medicine Experience Virtual
Conference, October 13-17, 2020, virtual meeting.
(4) Moline M, et al. Long-term efficacy and safety of
lemborexant in elderly adults with insomnia disorder.
3928. Presented at the American Academy of Family
Physicians 2020 Family Medicine Experience Virtual
Conference, October 13-17, 2020, virtual meeting.
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contains supplementary material available at
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These analyses of sleep diary data from Study
E2006-G000-303 (Study 303) investigated the
benefits of lemborexant 5 mg (LEMS) and 10 mg
(LEM10) in the subgroup age>65 years with
insomnia.

Method: Study 303, a 12-month, double-
blind study of LEMS5 and LEM10 in adults
(age>18 years) with insomnia disorder (sleep
onset and/or maintenance difficulties) assessed
subject-reported (subjective) sleep-onset latency
(sSOL), sleep efficiency (sSE), wake after sleep
onset (SWASO), and total sleep time (sTST).
Morning sleepiness/alertness, insomnia sever-
ity (Insomnia Severity Index [ISI]), fatigue
(Fatigue Severity Scale [FSS]), perceptions of
sleep-related medication effects (Patient Global
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Impression-Insomnia [PGI-I] questionnaire),
and safety were also evaluated.

Results: In this subgroup of older adults
(265 years; n=262), there were significantly
larger changes from baseline for sSOL, sSE, sTST,
and sWASO with LEMS and LEM10 versus pla-
cebo through month 6 (except sSWASO month
1), indicating improvement; these improve-
ments were sustained through month 12. Sub-
ject-reported increases in morning alertness were
significantly greater with one or both LEM doses
versus placebo through month 6 and sustained
through month 12. There were significantly
larger ISI total and daytime functioning score
decreases (improvement) from baseline with
LEM versus placebo at months 1, 3, and 6 (total
score: both doses; daytime functioning: LEMS5
month 1 and both doses months 3 and 6) and
decreases from baseline FSS at months 1 and 3
(LEMS5) and month 6 (both doses), sustained to
month 12. Compared with placebo, more sub-
jects reported that LEM (both doses) positively
impacted ability to sleep, time to fall asleep, and
TST through month 6, sustained to month 12,
with no rebound after drug withdrawal. LEM
was well tolerated to month 12; mild somno-
lence was the most common treatment-emer-
gent adverse event.

Conclusions: Improvements in subject-
reported efficacy in LEM-treated adults
age>635 years with insomnia were observed as
early as the first week of treatment and sus-
tained through end of month 12. LEM was well
tolerated.

Clinical trials registration: ClinicalTrials.
gov identifier NCT02952820: E2006-G000-303;
Study 303; SUNRISE-2 (First posted: October
2016); EudraCT 2015-001463-39 (First posted:
November 2016).
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PLAIN LANGUAGE SUMMARY

Insomnia is a common sleep disorder associ-
ated with significant difficulties, particularly
in older adults. Although there are many drug
treatments available, some are associated with
the important risk of side effects and may not
adequately treat sleep maintenance (ability to
stay asleep), which is a frequent sleep com-
plaint in older people. Lemborexant has been
approved in multiple countries for the treat-
ment of adults with insomnia based on stud-
ies that show lemborexant improved adults’
ability to fall asleep and stay asleep and is well
tolerated. To examine the long-term benefit of
lemborexant, we investigated subject-reported
benefits and safety of lemborexant in older (>
65 years) adults who participated in a 1-year
study. The results showed that within the first
few days of taking lemborexant, and lasting
through 12 months of treatment, nightly
lemborexant improved nighttime sleep (that
is, it reduced the time it took to fall asleep,
reduced the time awake during the night, and
increased total sleep time) more than placebo.
Morning alertness improved more in older
adults who took lemborexant compared with
placebo. In addition, those who took lem-
borexant also reported that their insomnia
symptoms were less severe and they had less
fatigue compared with placebo. Lemborex-
ant was well tolerated in older adults. These
results suggest that lemborexant may be a
good option for older adults with insomnia
disorder.

Keywords: Insomnia; Lemborexant; Orexin
receptor antagonists; Sleep; Elderly
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Why carry out the study?

To study the efficacy and safety of lemborex-
ant 5 mg (LEMS) and 10 mg (LEM10) in a sub-
group of patients age>65 years with insomnia

What was learned from this study?

LEMS and LEM10 decreased subject-reported
time to fall asleep and time awake after fall-
ing asleep and increased total sleep time
within the first few days of treatment, find-
ings that were sustained through 12 months
of nightly treatment in adults age>6S5 years
with insomnia disorder

LEMS and LEM10 reduced insomnia severity
and fatigue more than placebo

The change from baseline in alertness was
larger for subjects treated with LEM (both
doses) compared with placebo

LEMS and LEM10 were well tolerated in
adults age>65 years with insomnia disorder

INTRODUCTION

Chronic insomnia affects up to 50% of
adults> 60 years of age, influencing quality of
life, daytime functioning, and mental health
[1, 2]. Older adults may experience sleep-related
changes, including early awakenings and diffi-
culty maintaining sleep [1]. A bidirectional rela-
tionship in older patients likely exists between
sleep disturbances and comorbidities, including
depression, heart failure, chronic respiratory dis-
orders, pain, gastro-esophageal reflux disease,
and dementia [3]. In addition, medications used
to treat comorbidities may also negatively impact
sleep [3].

Several challenges exist with available therapies
used to treat older adults with chronic insom-
nia. For example, cognitive-behavioral therapy
for insomnia is a first-line insomnia treatment
that has been studied in older adults [4, 5]. How-
ever, when this is not effective or available, use
of pharmacotherapy should be considered [5,

6]. Sedative-hypnotic benzodiazepine and non-
benzodiazepine (Z-drug) receptor agonists such
as zolpidem are prescribed frequently to treat
insomnia in adults [2, 7-11]. However, not all of
these medications may be effective or indicated
to treat sleep maintenance insomnia, which are
among the most common sleep complaints in
older adults [12]. Adverse effects from these med-
ications are frequently reported in older adults,
including excessive sleepiness, poor motor coor-
dination, falls, hip fractures, and risk of unin-
tentional injury [2, 11, 13]. Other serious risks
of prolonged use of benzodiazepine and Z-drug
hypnotics include tolerance, dependence, with-
drawal symptoms, and rebound insomnia [1, 11].
Therefore, sedative-hypnotics are on the Beers list
of potentially inappropriate medications in older
adults [14]. Antidepressants, including doxepin
and trazodone, are used to treat insomnia due
to their sedative effects [8]. Low-dose doxepin, a
tricyclic antidepressant, is approved for the treat-
ment of insomnia characterized by difficulties
with sleep maintenance [8, 11]. Trazodone is also
prescribed off-label for insomnia; however, it is
not approved as a sleep aid, and common adverse
events include somnolence/sedation, dizziness,
constipation, and blurred vision [15]. There is
insufficient evidence that trazodone is efficacious
in chronic insomnia, especially in older adults,
and it is not recommended by the American Acad-
emy of Sleep Medicine [6, 11]. Thus, there is an
unmet need for sleep medicines with a favorable
risk-benefit ratio in older patients.

Dual orexin receptor antagonists (DORAs)
provide an alternative to older treatments for
insomnia. DORAs target the orexin signaling
pathway, which is involved in sleep/wake regu-
lation [16]. Thus, DORAs have the potential to
effectively treat insomnia with fewer next-day
residual effects than sleep-promoting drugs with
different mechanisms of action, such as benzodi-
azepines and Z-drugs [16-18]. Lemborexant (LEM)
is a competitive DORA antagonist approved in
multiple countries, including the USA, Canada,
Australia, Japan, and several other Asian countries
for the treatment of insomnia disorder in adults.

Study E2006-G000-303 (Study 303; SUN-
RISE-2) was a pivotal phase 3 study demonstrat-
ing that LEM 5 mg (LEMS) and 10 mg (LEM10)
improved sleep with the initial doses, and these
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benefits were sustained through the 12-month
study endpoint [19, 20]. Furthermore, LEM was
well tolerated, and treatment-emergent adverse
events (TEAEs) were generally mild or moderate
in severity.

To investigate long-term LEM efficacy and
safety specifically in subjects>65 years of age
with insomnia, we conducted a post hoc analysis
of Study 303. Analyses included subject-reported
sleep diary data and other subject-reported assess-
ments, including the Insomnia Severity Index
(ISI), Fatigue Severity Scale (FSS), and Patient
Global Impression-Insomnia (PGI-I) question-
naires. Rebound and safety data from this sub-
population are also reported.

METHODS

Study 303 [19], a 12-month phase 3, global, multi-
center, randomized, double-blind, parallel-group
study, was conducted in subjects with insomnia
disorder who met the criteria as described in the
Diagnostic and Statistical Manual of Mental Disor-
der, Fifth Edition [21]. In brief, these criteria were
adults (both males and females>18 years of age)
with a history of subjective sleep onset latency
(sSOL) 230 min and/or subjective wake after
sleep onset (SWASO) 260 min at least 3 nights/
week in the prior 4 weeks (confirmed by sleep
diary), regular time in bed (i.e., 7-10 h), and ISI
score>15 [19]. The first 6 months of the study
were placebo controlled, after which subjects in
the placebo group were rerandomized to receive
LEMS or LEM10 for an additional 6 months (not
reported); those subjects initially randomized to
LEM continued treatment with their assigned
dose.

Subjects were ineligible if they were diagnosed
with a sleep disorder (e.g., moderate-to-severe
sleep apnea, periodic limb movement disorder
[PLMD], restless legs syndrome, circadian thythm
sleep disorder, narcolepsy, and certain parasom-
nias). Additional exclusion criteria included sub-
jects with an Apnea-Hypopnea Index score>15 or
PLMD score>15 in adults (=65 years of age) who
underwent diagnostic polysomnography within
1 year prior to consent, STOP-Bang score=3,
International Restless Legs Scale score>16, and

Epworth Sleepiness Scale score>1S5. Full exclusion
criteria have been previously published [19].
The protocol, protocol amendments or revi-
sions, and informed consent form were approved
by a qualified institutional review board and/or
independent ethics committee. The study was
conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice principles.
All subjects completed written informed consent
before study participation, including consent to
publish and anonymity. The study is registered
on ClinicalTrials.gov (NCT02952820) and on
EudraCT (2015-001463-39). Additional study
details, including site information, can be found
at https://clinicaltrials.gov/study/NCT02952820.

Treatment

Following a placebo run-in period of approxi-
mately 2 weeks, subjects were randomized (1:1:1)
to receive placebo, LEMS, or LEM10 for the first
6-month period (Treatment Period 1) [19]. Sub-
jects in the two LEM groups continued their ini-
tially assigned dose to Month 12 for the second
6-month period (Treatment Period 2). Subjects
who initially received placebo were rerandomized
to LEMS5 or LEM10 at Month 6. At the end of
Treatment Period 2 (12 months), the study drug
was stopped abruptly, and there was an approxi-
mately 2-week follow-up without treatment.

Efficacy Outcomes

Subject-reported (i.e., subjective) sleep parame-
ters were assessed with data from electronic sleep
diaries, which were completed every day within
1 h of morning awakening. Endpoints included
sSOL (subject’s estimated time [min] from the
time they attempted to fall asleep until sleep
onset), subjective sleep efficiency (sSE; total time
spent asleep divided by time in bed, calculated
using sleep diary entries), SWASO (subject-esti-
mated sum of time [min] of wake during night
after initial sleep onset), and subject-estimated
(subjective) total sleep time (sTST; derived min-
utes of sleep from sleep onset until the time they
stopped trying to sleep for the night). Subjective
sleep onset and sleep maintenance endpoints
were analyzed during the placebo run-in for
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1 week at baseline, at nights 1-7, and at the last
nights of months 1-6, 9, and 12.

Subjects reported morning sleepiness/alert-
ness using sleep diaries in response to the ques-
tion, “How sleepy/alert do you feel this morn-
ing?” Scores ranged from 1-9, with 1 indicating
extremely sleepy and 9 indicating extremely alert.
Morning sleepiness/alertness was analyzed at sev-
eral timepoints: for the week at baseline; after the
first 7 days following dose 1 in treatment period
1; after the final 7 days before the study visit at
months 1-6; and after the last 7 days of months 9
and 12 in treatment period 2.

The IS, a validated seven-item self-report ques-
tionnaire [22], was used by subjects to rate their
insomnia severity. Each item of the ISI is assessed
on a S-point Likert scale (0—5, with O indicating
no problem and 4 indicating very severe problem),
yielding a maximum score of 28. Higher scores on
the ISI indicate worse insomnia; ISI scores were
assessed at baseline and the end of months 1, 3, 6,
9, and 12. The ISI daytime functioning score (cor-
responding to items 4—7) and the total score were
analyzed separately. The percentage of subjects
with a decrease from baseline in the ISI total score
of at least 7 points following each timepoint was
calculated for the ISI responder analysis. The per-
centage of subjects who achieved remission from
insomnia (defined as ISI total score<10 or<8) at
each timepoint was calculated for the ISI remitter
analysis. These thresholds for change are proposed
to be clinically meaningful [23, 24]. An ISI reduc-
tion of 8 points was optimal to identify partici-
pants with marked improvement, whereas a cut-
off of 10 was optimal for detecting insomnia in a
community sample [24].

The self-reported FSS questionnaire was used to
assess the impact of fatigue [25]. Each of the nine
items in the questionnaire is rated on a 7-point
scale (1-7, with 1 indicating strongly disagree and
7 indicating strongly agree), yielding a maximum
score of 63. Higher scores indicate worse fatigue.
The FSS was assessed at baseline and the end of
months 1, 3, 6,9, and 12.

Patients’ perceptions of the effects of medica-
tion on their sleep during or at the end of treat-
ment relative to their sleep prior to the initiation
of study treatment was evaluated with the PGI-],
a self-reported five-item questionnaire [26, 27].
Items 1-3, related to medication effects (helped/

worsened sleep, decreased/increased time to fall
asleep, and increased/decreased TST), were meas-
ured on a 3-point scale, with 1 indicating a positive
medication effect, 2 indicating aneutral medica-
tion effect, and 3 indicating anegative medica-
tion effect. Original item 4 (better sleep) was not
assessed herein. Item 4 of this study assessed
perceived appropriateness of study medication
strength and was measured on a different 3-point
scale, with 1indicatingtoo strong, 2 indicatingjust
right, and 3 indicatingtoo weak. PGI-I was assessed
at the end of months 1, 3, 6,9, and 12.

Rebound insomnia was assessed by analyzing
SWASO and sSOL during the follow-up period. The
percentage of subjects with sSWASO or sSOL more
than 5 min longer than during screening was deter-
mined at the first, second, and third nights, the
average of the first 3 nights, the average of the first
7 nights, and the average of the final 7 nights [20].

Safety Outcomes

Safety outcomes, including clinical labora-
tory evaluations, vital signs, weight, electro-
cardiograms, and physical examinations, were
assessed at each clinic visit. TEAEs were recorded
throughout the study, and severity and relation-
ship to treatment were assessed.

Statistical Analyses

The Full Analysis Set (FAS) included randomized
subjects who received >one dose of study drug
and had>1 post-dose primary efficacy measure-
ment. The Safety Analysis Set (SAS) included ran-
domized subjects who received > 1 dose of study
drug and had>1 post-dose safety assessment.
P-values for sleep measures were based on
the least squares mean (LSM) treatment dif-
ferences (active—placebo) using a mixed effect
model repeated measure (MMRM) analysis with
region, treatment, visit, and treatment-by-visit
interaction as fixed effects and baseline score
as a covariate. The LSM change from baseline
(CFB) in subjective sleep parameters was cal-
culated (averaged) over the first 7 nights and
for the last 7 days of months 1-6, 9, and 12.
Missing values were not imputed. Due to the
non-normal distribution of sSOL data, values
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were log-transformed, and statistical compari-
sons were performed using least squares geomet-
ric mean treatment ratios (active:placebo).

Similar to the subjective sleep measures, P-val-
ues for morning sleepiness were based on LSM
treatment differences using an MMRM model.
LSM treatment differences were calculated (aver-
aged) at the first 7 days and for the last 7 days of
months 1, 2, 3, 4, 5, and 6. Missing values were
not imputed and assumed to be missing at ran-
dom (MAR). P-values for ISI and FSS total score
(FSS-TS) [25] were based on LSM treatment differ-
ences using an MMRM model similar to that used
for subjective sleep measures and were calculated
at the ends of months 1, 3, and 6; missing values
were not imputed and assumed to be MAR.

For subjective sleep measures, morning sleepi-
ness, ISI, and FSS, only subjects initially rand-
omized to LEMS or LEM10 were included in the
analyses for after month 6 (treatment period
2), and subjects in the placebo group who were
rerandomized to LEM at the start of treatment
period 2 were excluded.

For the responder/remitter analysis, non-
responders included subjects who ended the
study early. At each timepoint, two-sided 95%
confidence intervals were calculated based on
normal approximation; P-values for between-
group comparisons were based on the Cochrane-
Mantel-Haenszel test stratified by region [23].

The number and percentage of subjects with
a positive medication effect rating on each
PGI-I item were analyzed separately. P-values
were based on a Chi-square test comparison
of the number of positive responses or on the
strength of the treatment question “just right,”
with the number of neutral or negative responses
combined.

All statistical analyses were performed using
SAS 9.4 (SAS Institute, Cary, NC, USA) or other
validated software.

RESULTS

Baseline Characteristics

Overall, 262 of 949 (27.6%) subjects in the
Study 303 FAS were =635 years of age (Table 1;

Electronic Supplementary Material [ESM]
Fig. S1) [19]. In treatment period 2, 138 of 477
(28.9%) LEM-treated adults were > 65 years of
age [20]. The median age was 70 (range 65-88)
years (Table 1). Baseline demographics were
similar across treatment groups (Table 1). Most
subjects were female and White.

Subjective Sleep Parameters

Subjects 2 65 years of age reported improved
sleep parameters. There were significantly
larger changes from baseline over the first 7
nights and for the 7 days at the end of each
month through month 6 for sleep onset as
measured by sSOL in both LEM dose groups
compared with placebo (Fig. 1a). Similarly,
in both LEM groups, there were significantly
larger changes from baseline through the last
7 days of month 6 compared with placebo for
sleep maintenance as measured by sSE (Fig. 1b),
SWASO (except for month 1; Fig. 1¢), and for
sTST (Fig. 1d). Improvements seen to month
6 in LEM-treated subjects persisted to month
12 (i.e., treatment period 2) (Fig. 1a-d). Based
on sSOL and sWASO measures, there was no
clear evidence of rebound insomnia during
the 2-week follow-up period after 12 months
of LEMS5 or LEM10 treatment (ESM Table S1).

Morning Sleepiness/Alertness

Baseline morning sleepiness/alertness scores
were similar across groups (Table 1). Com-
pared with placebo, the CFB in morning sleepi-
ness/alertness was significantly greater in the
LEM groups over the first 7 days (both doses)
and last 7 days of month 1 (LEMS), month 2
(LEMS), and months 3-6 (both doses; Table 2).
The improvements experienced by LEM-treated
subjects at month 6 (CFB mean [SD], LEMS: 1.0
[1.3]; LEM10: 1.0 [1.3]) persisted to months 9
(CFB mean [SD], LEMS5: 1.2 [1.4]; LEM10: 1.0
[1.3]) and 12 (CFB mean [SD], LEMS5: 1.4 [1.4];
LEM10: 1.2 [1.5]; treatment period 2).
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Table 1 Bascline demographics and characteristics of adults > 65 years of age

Baseline demographics and characteristics PBO (»=89) LEMS (»=87) LEMI10 (»=86)
Age, years
Mean (SD) 71.0 (4.4) 70.4 (3.9) 71.2(5.3)
Median (range) 70 (65, 83) 70 (65, 85) 70 (65, 88)
Sex, n (%)
Male 21(23.6) 26(29.9) 25(29.1)
Female 68 (76.4) 61 (70.1) 61(70.9)
Race, n (%)
White 71(79.8) 72 (82.8) 70 (81.4)
Black or African American 3(34) 0 3(3.5)
Asian 14 (15.7) 15(17.2) 13 (15.1)
Other 1(1.1) 0 0
BMI, mean (SD), kg/m’ 26.5 (4.3) 27.5 (5.4) 26.7 (4.3)
Subjective sleep variables, mean (SD)
sSOL, median (Q1, Q3), min® 53.6 (34.6, 80.4) 52.7 (307, 82.1) 58.2(29.3,
84.3)
sSE, mean (SD), %" 61.6(18.3) 63.6(17.3) 61.0(15.9)
SWASO, mean (SD), min® 140.2 (87.3) 131.4(77.3) 154.8 (87.2)
STST, mean (SD), min® 312.8 (97.0) 321.1(91.3) 304.7 (82.5)
Morning sleepiness/alertness score, mean (SD)* 4.4(1.3) 4.4(1.2) 4.3(1.3)
ISI total score, mean (SD)* 19.1 (3.0) 19.4(3.2) 19.2 (3.3)
FSS total score, mean (SD)* 33.2(12.7) 35.5(13.3) 349 (13.6)

42 =88 (PBO), 86 (LEMS), 86 (LEM10)
b, =85 (PBO), 83 (LEMS5), 81 (LEM10)
‘2=87 (PBO), 85 (LEMS), 86 (LEM10)
4, =89 (PBO), 87 (LEMS), 86 (LEM10)

BMT body mass index, FSS Fatigue Severity Scale, ISI Insomnia Severity Index, LEMS lemborexant 5 mg, LEM10 lembo-
rexant 10 mg, PBO placebo, Q quartile, SD standard deviation, sSOL subjective sleep-onset latency, sSE subjective sleep effi-
ciency, sTST subjective total sleep time, s/Z4SO subjective wake after sleep onset

Insomnia Severity

Lemborexant (both doses) significantly reduced
subject-reported overall disease severity as
measured by the ISI total score compared with
placebo, as assessed after 1 month of treatment,

which was sustained through 12 months
(Fig. 2a). Results for the ISI daytime function-
ing score were similar to the total score except
for month 1 where only the LEMS5 versus pla-
cebo comparison was statistically significant
(Fig. 2b). Although not always statistically
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analysis includes only the subjects initially randomized
to LEM5 or LEM10. Significant differences are indicated
by the asterisk (*P<0.0001 vs. PBO), dagger ("2<0.001
vs. PBO); double dagger ("P<0.01 vs. PBO); and section
sign (*P<0.05 vs. PBO). BL Baseline, LEM lemborexant,
LEMS lemborexant 5 mg, LEMI10 lemborexant 10 mg,
LSGM least squares geometric mean, MMRM mixed effect
model repeated measure, PBO placebo, sSE subjective sleep
efficiency, sSOL subjective sleep onset latency, sTST sub-
jective total sleep time, sWASO subjective wake after sleep
onset

Fatigue Severity

Mean ESS total scores for the subgroup were pre-
viously reported [28]. In summary, CFB on the
FSS was significantly decreased (less fatigue) with
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Table 2 Morning sleepiness/alertness in adults > 65 years of age during treatment period 1
Morning sleepiness/alertness measures PBO LEM5 LEM10
Baseline
n 88 86 86
Mean (SD) 4.4 (1.3) 44(1.2) 4.3 (1.3)
Median (range) 4.1(1.1,7.7) 43(2.1,7.3) 4.2(1.0,7.4)
First 7 days
n 89 87 85
Mean (SD) 43(14) 4.8(1.2) 4.6 (14)
LSM (SE) change from baseline -0.1(0.1) 0.4 (0.1) 0.2 (0.1)
LSM treatment difference vs. PBO (95% CI) 0.5(0.3,0.8)* 0.4 (0.1,0.6)"
Month 1
iz 88 82 79
Mean (SD) 4.6 (1.4) 49(1.2) 4.6 (1.4)
LSM (SE) change from baseline 0.2 (0.1) 0.5 (0.1) 0.3(0.1)
LSM treatment difference vs. PBO (95% CI) 0.4 (0.1,0.7)" 0.1(-0.2,
0.4)
Month 2
n 83 80 72
Mean (SD) 4.6(1.5) 5.1(1.5) 4.8(1.5)
LSM (SE) change from baseline 0.2(0.1) 0.7 (0.1) 0.5 (0.1)
LSM treatment difference vs. PBO (95% CI) 0.5(0.2,0.9) 0.3 (- 0.05,
0.7)
Month 3
iz 80 76 73
Mean (SD) 4.6(1.5) 5.2 (1.4) 5.1(1.6)
LSM (SE) change from baseline 0.2 (0.1) 0.7 (0.1) 0.7 (0.1)
LSM treatment difference vs. PBO (95% CI) 0.5 (0.1,0.9)" 0.5(0.1,0.9)"
Month 4
N 82 73 70
Mean (SD) 4.8 (1.4) 5.2 (1.4) 5.3 (1.6)
LSM (SE) change from baseline 0.3(0.1) 0.7 (0.1) 0.9 (0.1)
LSM treatment difference vs. PBO (95% CI) 0.4 (0.07,0.8)* 0.6 (0.2,0.9)"
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Table 2 continued

Morning sleepiness/alertness measures PBO LEMS5 LEM10
Month 5
N 80 69 70
Mean (SD) 4.8(1.5) 5.2 (1.4) 5.1(1.6)
LSM (SE) change from baseline 0.3 (0.1) 0.8 (0.1) 0.7 (0.1)
LSM treatment difference vs. PBO (95% CI) 0.5(0.1,0.9)" 0.4 (0.04,
0.8)°
Month 6
n 81 70 68
Mean (SD) 4.8 (1.5) 5.3(1.5) 5.2(1.5)
LSM (SE) change from baseline 0.3 (0.1) 0.9 (0.1) 0.9 (0.1)
LSM treatment difference vs. PBO (95% CI) 0.5(0.2,0.9)" 0.5(0.1,0.9)"

P values were based on LSM treatment differences using a mixed effect model repeated measure (MMRM) model. Missing

values were not imputed and assumed to be missing at random

CI Confidence interval, LEMS lemborexant 5 mg, LEM10 lemborexant 10 mg, LSM least squares mean, PBO placebo, SD

standard deviation, SE standard error

*P <0.0001 vs. placebo; tP<0.01vs. placebo; SP<0.05vs placebo

LEMS versus placebo as assessed at 1 month and
3 months, and for both doses at 6 months of
treatment. Improvement in fatigue was sus-
tained through month 12 in LEM-treated sub-
jects (Fig. 2C).

Subject Perceptions of LEM Based on PGI-I

Patient Global Impression-Insomnia scores
were evaluated through to 12 months. Subjects
treated with LEM reported their study medica-
tion had a positive impact on helping them
to sleep, reducing time to fall asleep, and TST,
versus those who received placebo, as assessed
starting at 1 month, continuing to 6 months
(Fig. 3a—c). The proportion of subjects who
perceived a positive impact of LEM treatment
(both doses) was stable from treatment periods
1to 2.

A significantly greater proportion of sub-
jects in the LEMS and LEM10 groups indi-
cated the study medication strength was “just
right” at 1, 3, and 6 months compared with
placebo (Fig. 3d). At both 9 and 12 months,

the majority (>60%) of subjects in the LEMS5
and LEM10 groups also responded that treat-
ment strength was “just right”; at 12 months,
the percentages were higher than reported at
1, 3, and 6 months (Fig. 3d). The proportion of
LEM-treated subjects who reported the medica-
tion strength as “too weak” did not increase
over the study period (Fig. 3d). Across all
treatment groups and timepoints, fewer than
10% of subjects reported that the medication
strength was “too strong” (Fig. 3d).

Safety Profile

By the end of treatment period 1 (6 months),
the number of subjects in each treatment group
who reported a TEAE was similar (Table 4).
Although rare, serious TEAEs were more com-
mon with LEMS and LEM10 than with placebo.
Overall, 2.2%, 5.8%, and 10.7% of subjects in
the placebo, LEMS, and LEM10 groups, respec-
tively, had a TEAE leading to study drug with-
drawal. The most common TEAEs were som-
nolence, nasopharyngitis, and headache. Of
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Fig.2 Change from BL in ISI total score (a), ISI daytime »
functioning score (b), and FSS total score (c) from month
1 through month 12 in adults > 65 years of age in Study
303. For ISI and FSS in treatment period 1, P-values are
based on the LSM treatment difference for LEM minus
placebo (LEM — PBO) using an MMRM analysis with
factors for region, treatment, visit (timepoint), and treat-
ment and treatment-by-visit interaction as fixed effects
and the baseline score value as a covariate. Missing values
were not imputed and assumed to be missing at random.
For the data on or after month 9, the analysis includes only
the subjects initially randomized to LEM5 or LEMI10.
Mean FSS total scores for the subgroup were presented in
Chepke et al. [28]. Significant differences are indicated
by the asterisk (*P<0.0001 vs. PBO), dagger ("P<0.001
vs. PBO); double dagger ("2 <0.01 vs. PBO); and section
sign (*P<0.05 vs. PBO). BL Baseline, FSS Fatigue Sever-
ity Score, ISI Insomnia Severity Index, LEM lemborexant,
LEMS lemborexant 5 mg, LEMI0 lemborexant 10 mg,
LSM least squares mean, MMRM mixed effect model
repeated measure, PBO placebo, SD standard deviation

these, somnolence was more common in the
LEM groups compared with placebo. However,
all TEAEs of somnolence were considered to
be mild or moderate (Table 4). Among other
TEAEs of interest, falls (placebo: n=3 (3.4%);
LEMS: n=1 [1.2%]; LEM10: n=1 [1.2%]) and
cognitive deficits (placebo: n=0; LEMS: n=0;
LEM10: n=2 [2.4%; confusion state]) were
not commonly reported as TEAEs through
6 months. During the second 6 months of
treatment, the incidence of TEAEs among LEM-
treated adults > 65 years of age was similar to
that of the SAS for the same treatment period
(ESM Table S2) [20].

DISCUSSION

In adults > 65 years of age with insomnia, LEM
provided benefit on subject-reported sleep
outcomes within the first week of treatment
through 6 months and sustained through
12 months. These results are consistent with
the results from the FAS in Study 303, where
significant benefits of LEM versus placebo on
subjective sleep onset and subjective sleep
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Table 3 Insomnia Severity Index responder and remitter analysis in adults > 65 years of age

Insomnia Severity Index responderand  PBO (2 =89) LEMS (»=87) LEM10 (»=86)
remitter analysis Yes/no/missing Yes/no/missing Yes/no/missing
% Responders®
Month 1 29.2/64.0/6.7 54.0/39.1/6.9* 43.0/44.2/12.8
Month 3 29.2/62.9/7.9 60.9/24.1/14.9* 54.7/26.7/18.6*
Month 6 44.9/44.9/10.1 60.9/21.8/17.2 55.8/23.3/20.9
Month 9 - 64.4/12.6/23.0 53.5/17.4/29.1
Month 12 - 60.9/12.6/26.4 53.5/15.1/31.4
% Remitters ISI < 10°
Month 1 13.5/79.8/6.7 39.1/54.0/6.9* 29.1/58.1/12.8"
Month 3 19.1/73.0/7.9 43.7/41.4/14.9* 39.5/41.9/18.6*
Month 6 29.2/60.7/10.1 48.3/34.5/17.2° 38.4/40.7/20.9
Month 9 - 57.5/19.5/23.0 44.2/26.7/29.1
Month 12 - 56.3/17.2/26.4 39.5/29.1/31.4
9% Remitters ISI < 8
Month 1 9.0/84.3/6.7 31.0/62.1/6.9* 20.9/66.3/12.8°
Month 3 15.7/76.4/7.9 31.0/54.0/14.9° 26.7/54.7/18.6
Month 6 18.0/71.9/10.1 39.1/43.7/17.21 29.1/50.0/20.9
Month 9 - 46.0/31.0/23.0 33.7/37.2/29.1
Month 12 - 43.7/29.9/26.4 33.7/34.9/31.4

CHM Cochran—Mantel-Haenszel, ISI Insomnia Severity Index, LEMS lemborexant 5 mg, LEM10 lemborexant 10 mg,

PBO placebo

*P<0.002 vs. placebo using the CHM test; 'P < 0.01 vs. placebo using the CHM test; *P < 0.05 vs placebo using the CHM

test

“Responders are the percentage of subjects with a decrease from baseline of > 7 points in ISI total score

PRemitters are the percentage of subjects who achieved remission from insomnia based on ISI total score < 10 or < 8

maintenance were observed through 6 months
and sustained over 1 year [19, 20, 28].

LEM was well tolerated in adults>6S5 years
of age over 12 months of treatment. The safety
profile in older adults was similar to the over-
all population in Study 303 [19, 20] and to

that observed in Study E2006-G000-304 (SUN-
RISE-1), a phase 3 study in adults>355 years of
age with insomnia [29]. Most occurrences of
somnolence, which was the most common
TEAE in the>65-years-of-age subgroup, were
mild in severity. In adults >S5 years of age with
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insomnia, the ISI daytime function score was
significantly improved after 1 month of treat-
ment with both LEMS and LEM10 [29]. In the
analyses presented here, the ISI daytime func-
tioning score was significantly improved in both
LEM treatment groups at month 3. Similarly,
improvement in the ISI total score was evident
after 1 month of treatment and was sustained
through 12 months. In another study in healthy
subjects =65 years of age, bedtime administra-
tion of LEMS and LEM10 did not cause signifi-
cant next-morning residual effects on postural
stability or cognitive performance [18]. Further-
more, a study of healthy older adults demon-
strated no significant deleterious effect on the
ability to drive using an on-the-road driving
test in the morning following single or multiple
doses of LEM compared with placebo [30].

In addition to improvements in sleep onset
and maintenance, subjects treated with LEM
reported significantly larger changes from base-
line in morning alertness compared with pla-
cebo. Also, LEMS and LEM10 treatments had
a significant benefit over placebo at the end of
month 6, with subjects reporting larger changes
from baseline in fatigue that were sustained
through month 12. In the Study 303 FAS analy-
sis, significant reduction in fatigue was reported
for both LEM groups at the end of month 3 and
sustained through month 12 [28].

Use and selection of insomnia medica-
tion should be carefully considered, especially
among older adults. Although pharmacologic
recommendations for insomnia disorder differ
slightly across guidelines, benzodiazepines and
sedative-hypnotic Z-drugs are often prescribed.
According to Beers Criteria, benzodiazepines
and Z-drugs are generally not recommended for
insomnia disorder due to their association with
cognitive impairment (benzodiazepines) and
with delirium, falls, fractures, and motor vehi-
cle crashes in older adults (benzodiazepines and
Z-drugs) [14]. In April 2019, the US Food and
Drug Administration required Boxed Warnings
on the labels of some Z-drug sedative-hypnotic

agents (zopiclone, zaleplon, and zolpidem)
alerting consumers to the risk of rare but seri-
ous injuries due to complex sleep behaviors [31].
In 2020, the Boxed Warning label on benzodi-
azepine products was updated to alert consum-
ers about the potential for abuse, addiction,
physical dependence, and withdrawal reactions,
particularly relevant for older adults as age is a
potential risk factor for long-term or high-dose
benzodiazepine use or dependence [32]. It is
notable, therefore, that the proportion of those
reporting LEM strength as “too weak” did not
increase over 12 months, indirectly suggesting
that tolerance did not develop.

With the shift in worldwide demographics
towards an aging population [33], it is important
to understand the efficacy and safety of medi-
cations in older individuals. A strength of this
post hoc analysis is that it includes data from a
global, multicenter, randomized, double-blind,
placebo-controlled clinical trial of which one-
fourth of the study population with insomnia
were 2 65 years of age [19, 20]. The study design
illustrates the benefits of LEM on both early and
long-term subjective sleep parameters in older
adults (265 years of age), which confirms results
in the FAS [19, 20].

This study has some limitations. Subjects
received a fixed dose of LEM, and dose titra-
tion was not allowed. Thus, subjects could
not decrease their dose from LEM10 to LEMS
if they perceived the dose as “too strong” or if
it was associated with somnolence; nor could
they increase their dose from LEMS to LEM10
if efficacy with the lower dose was insufficient.
Most older adults in this post hoc analysis were
White and female, but there was diversity in the
overall study population. It should be noted that
relevant effects of age, gender, or race (Asian
[Japanese] versus White) on LEM pharmacoki-
netics and pharmacodynamics or safety were not
identified in phase 1 studies involving healthy
adults [34].
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«Fig. 3 Percentage of LEM-treated subjects who reported a
positive, neutral, or negative effect of study drug over time
for PGI-I items: a “medication helped me sleep” (item 1),
b “time to fall asleep” (item 2), ¢ “total sleep time” (item
3), and d “appropriateness of medication strength” (item
4). Percentages are based on the total number of subjects
with non-missing values in the relevant treatment group.
P-values vs. PBO are based on the Chi-square test com-
paring “positive” to “neutral” and “negative” response cat-
egories combined. For the data on or after month 9, the
analysis includes only the subjects initially randomized to
LEMS or LEMI0. Significant differences are indicated by
the asterisk (*2<0.0001 vs. PBO), dagger ("P<0.001 vs.
PBO); double dagger ("P<0.01 vs. PBO); and section sign
(*P<0.05 vs. PBO). LEM lemborexant, LEMS lemborex-
ant 5 mg, LEM10 lemborexant 10 mg, PBO placebo, PGI-
I Patient Global Impression-Insomnia

CONCLUSIONS

The results reported in Study 303 support LEM
as a potential treatment in adults>65 years
of age with insomnia disorder. LEM provided
significant benefit versus placebo on subject-
reported measures of sleep onset and sleep
maintenance that was noted within a few
days of treatment initiation and persisted
over 12 months. At Month 6, both LEMS5 and
LEM10 reduced fatigue, and these effects were
sustained to month 12 (i.e., end of study). A
reduction in insomnia severity preceded fatigue
improvement, with both LEM treatment groups
reporting insomnia improvement as measured
by the ISI total score by month 1. In addition,

Table 4 Treatment-emergent adverse events in adults > 65 years of age during treatment period 1

Category,  (%)* PBO (2=89) LEMS (=86) LEMI0 (1 =84)
Any TEAE® 59 (66.3) 57 (66.3) 46 (54.8)
Treatment-related 13 (14.6) 22 (25.6) 28 (33.3)
Severe 1(1.1) 7 (8.1) 2(2.4)
Serious 1(1.1) 3(3.5) 3(3.6)
TEAE leading to study drug with- 2 (2.2) 5(5.8) 9(10.7)
drawal
TEAE leading to interruptionof 1 (1.1) 3(3.5) 3(3.6)
study drug
Death 0 0 0
TEAE occurring in 2 5% in either LEM group
Somnolence 0 7(8.1) 16 (19.0)
- Mild 0 5(5.8) 13 (15.5)
- Moderate 0 2(2.3) 3(3.6)
- Severe 0 0 0
Nasopharyngitis 8(9.0) 5(5.8) 6(7.1)
Headache 6(67) 8(9.3) 1(12)

AE Adverse event, LEM lemborexant, LEMS lemborexant 5 mg, LEM10 lemborexant 10 mg, PBO placebo, TEAE treat-

ment-cmergcnt adverse event

*Percentages are based on the total number of subjects in the relevant treatment group

>TEAE is defined as an AE with onset date on or after the first dose of study drug up to 14 days after the last dose of study
drug. For each row category, a subject with > 2 AEs in the category is counted only once
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most subjects reported that LEM had a positive
impact on sleep. There was no evidence of tol-
erance to either LEM dose, as evidenced indi-
rectly by examining the proportion of subjects
over time who rated its strength as “too weak.”
There was no evidence of rebound insomnia
during the 2-week off-treatment follow-up
period. LEM was generally well tolerated over
12 months of treatment, and its safety profile
in this older aged subgroup was similar to that
of the overall study population [19, 20]. These
data may help inform clinician decisions for
prescribing pharmacotherapy for insomnia dis-
order and provide a safe treatment option for
people>65 years of age.
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