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Study objectives: Lemborexant (LEM) is a dual orexin receptor antagonist approved for treating adults
with insomnia. We analyzed the efficacy (subjective sleep outcomes) and safety of LEM over 12 months
in the subgroup of Asian subjects from Study E2006-G000-303 (Study 303).
Methods: Study 303 was a 12-month, randomized, placebo-controlled (first 6 months), double-blind,
parallel-group, phase 3 study of adults with insomnia disorder. During the 6-month Period 1, subjects
were randomized (1:1:1) to placebo, LEM 5 mg (LEM5), or LEM 10 mg (LEM10); LEM subjects continued
treatment in the following 6-month Period 2. Outcome measures included subject-reported (subjective)
sleep onset latency (sSOL), sleep efficiency (sSE), wake after sleep onset (sWASO), total sleep time (sTST),
Insomnia Severity Index (ISI), and Patient Global ImpressioneInsomnia version (PGI-I). Treatment-
emergent adverse events (TEAEs) were assessed.
Results: Overall, 178 Asian subjects (Japanese, n ¼ 161; Chinese, n ¼ 4; other Asian, n ¼ 13) were
included. Greater decreases in sSOL and sWASO and increases in sSE and sTST from baseline were
observed with LEM vs placebo at 6 months; LEM benefits were sustained through 12 months. Greater
decreases in ISI total score were seen with LEM vs placebo at 6 months; improvements from baseline
with LEM continued through 12 months. For each PGI-I item, LEM-treated subjects had more positive
medication effects than placebo-treated subjects at 6 months; these effects were maintained with LEM in
Period 2. TEAEs were generally mild to moderate.
Conclusions: LEM improved subjective sleep parameters and was well-tolerated in Asian subjects with
insomnia disorder over 12 months.
Clinical trial registration: ClinicalTrials.gov, NCT02952820; ClinicalTrialsRegister.eu, EudraCT Number
2015-001463-39.
© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abbreviations

AE adverse event
BMI body mass index
CI confidence interval
DORA dual orexin receptor antagonist
ISI Insomnia Severity Index
LEM lemborexant
LEM5 lemborexant 5 mg
LEM10 lemborexant 10 mg
LSGM least squares geometric mean
LSM least squares mean

MMRM mixed-effects model of repeated measures
PBO placebo
PGI-I Patient Global ImpressioneInsomnia version
PK pharmacokinetics
PSG polysomnography
SD standard deviation
sSE subjective sleep efficiency
sSOL subjective sleep onset latency
sTST subjective total sleep time
sWASO subjective wake after sleep onset
TEAE treatment-emergent adverse events
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1. Introduction

Insomnia is a sleep disorder involving difficulty initiating and/or
maintaining sleep or early morning awakening [1]. Insomnia is a
common sleep problem in Asian populations [2e6], with preva-
lence estimated at 8.8% [2] to 14.6% [3] in Japan, 15.0% in China [4],
and 5.8% in Korea [7]. Studies in Asian countries have found that
insomnia is associated with daytime dysfunction, poor physical and
mental health, depression, and lower quality of life [2,3,5,6].

Pharmacologic treatments for insomnia include hypnotics, such
as benzodiazepines and nonbenzodiazepine Z-drugs, melatonin
receptor agonists, and some antidepressants [8,9]. However, long-
term use of these medications is limited by concerns about
dependence, next-day residual effects, and risk of accidents [8].
Dual orexin receptor antagonists (DORAs) target the orexin-
signaling pathway involved in sleep/wake regulation [10] and
have the potential to effectively treat insomniawith fewer next-day
residual effects than other sleep-promoting drugs with different
mechanisms of action [11,12]. Lemborexant (LEM) is a DORA
approved in multiple countries, including the United States, Japan,
Canada, Australia and several Asian countries, for the treatment of
adults with insomnia.

Two pivotal phase 3, randomized, double-blind clinical trials
have demonstrated the favorable efficacy and safety profile of
LEM 5 mg (LEM5) and LEM 10 mg (LEM10) in subjects with
insomnia disorder [13,14]. In Study E2006-G000-304 (Study 304;
SUNRISE 1; NCT02783729), LEM treatment was associated with
significantly greater benefits on objective (assessed by poly-
somnography [PSG]) sleep measures compared with placebo (PBO)
or zolpidem tartrate extended-release 6.25 mg, and on subjective
measures of sleep onset and sleep maintenance vs PBO over 1
month of treatment [14].

In Study E2006-G000-303 (Study 303; SUNRISE 2;
NCT02952820), which enrolled adults with insomnia disorder, LEM
treatment was associated with significantly greater benefits on
subjective parameters of sleep onset and sleep maintenance
compared with PBO early in the study (first 7 nights) and through
the end of the PBO-controlled treatment period (month 6) [13].
Improvements in subjective sleep onset latency (sSOL),
subjective sleep efficiency (sSE), subjective wake after sleep onset
(sWASO), and subjective total sleep time (sTST) were maintained
through 12 months [15]. In addition, LEM was generally well
tolerated across 12 months of treatment [15]. Most treatment-
emergent adverse events (TEAEs) were rated as mild or moderate
in severity; the most common TEAEs included somnolence, naso-
pharyngitis, and headache [13,15].

Differences in pharmacodynamics, clinical efficacy, and side
effects based on race and ethnicity have been reported for various
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drugs, including those acting on the central nervous system [16]. A
population pharmacokinetic (PK)model of LEM, based on data from
12 clinical studies, found that clearance of orally administered LEM
was not meaningfully impacted by race [17]. Also, a comparison
between Japanese andWhite subjects in a phase 1 trial (Study 003;
NCT02039089) found no racial differences in pharmacokinetics,
pharmacodynamics or safety [18]. In subjects receiving LEM5 or
LEM10 in Study 303, the efficacy and safety of LEM treatment were
similar between Japanese and non-Japanese subgroups over 6
months of treatment [19].

We report the results of a prespecified analysis of subjective
sleep outcomes and safety over a longer period (12 months) in the
subgroup of Asian subjects from Study 303, including subjects'
perceptions of improvement in insomnia severity and medication
effectiveness.

2. Methods

2.1. Study design

Full details of the methods of Study 303 have been published,
including the ethical standards used in this research [13]. In
brief, Study 303 was a 12-month, global, multicenter, randomized,
PBO-controlled (first 6 months), double-blind, parallel-group,
phase 3 study that consisted of a 6-month, PBO-controlled treat-
ment period (Period 1; day 1 through month 6) and a second 6-
month treatment period (Period 2; through month 12) that only
included active treatment (Fig. 1). Both treatment periods were
double-blinded.

During Period 1, subjects were randomized 1:1:1 to LEM5,
LEM10, or PBO, stratified by country and age. During Period 2,
subjects who received PBO in Period 1 were rerandomized
(1:1; stratified by country and age) to receive LEM5 or LEM10.
Subjects who received LEM5 or LEM10 during Period 1 continued
on the same dose in Period 2. Period 2 findings are reported for
subjects who received LEM continuously for 12 months (subjects
rerandomized from PBO were not included in these analyses).

2.2. Study population

Subjects were males or females age �18 years who met the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition,
criteria for insomnia disorder [1], with sSOL �30 min and/or
sWASO �60 min occurring at least three times a week in the
4 weeks prior to enrollment and an Insomnia Severity Index (ISI)
total score �15 at baseline. Individuals with diagnoses of comorbid
sleep disorders were excluded from Study 303. Full details of study
inclusion and exclusion criteria have been reported [1].



Fig. 1. Study design. In the Asian subgroup analysis, Period 2 findings are reported for subjects who received lemborexant (LEM) continuously for 12 months (subjects rerandomized
from placebo [PBO] were not included in these analyses). EOS, end of study; LEM5, LEM 5 mg; LEM10, LEM 10 mg; SCR, screening. Reproduced from Yardley J et al. [15] Sleep Med.
2021;80:333e342. (https://creativecommons.org/licenses/by-nc-nd/4.0/).
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The Asian subgroup included subjects who self-identified their
race as Japanese, Chinese, or other Asian. These subjects were not
required to be living in Asia during the study period.

2.3. Outcome measures

Efficacy endpoints for subjective sleep parameters were
assessed in the Asian subgroup and overall study population using
data from electronic sleep diaries completed each day within 1 h of
morning awakening, beginning with screening and the placebo
run-in to determine eligibility, and then throughout the 12-month
study and 2-week follow-up period [13]. Endpoints included sSOL
(subject-estimated time [min] from the time the subject attempted
to fall asleep until sleep onset), sSE (total time spent asleep divided
by time in bed, which was calculated using sleep diary entries),
sWASO (subject-estimated sum of time [min] of wake during night
after initial sleep onset), and sTST (derived min of sleep from sleep
onset until subject stopped trying to sleep for the night).

Subjects' perceptions of their insomnia severity were assessed
using the ISI. The ISI is a validated seven-item self-report ques-
tionnaire that assesses the severity of insomnia, including its
impact on daytime functioning [20]. Each ISI item is rated on a
5-point Likert scale (range, 0 ¼ no problem to 4 ¼ very severe
problem), yielding a maximum possible total score of 28. The di-
mensions evaluated were severity of sleep onset, sleep mainte-
nance, early morning awakening problems, sleep dissatisfaction,
interference of sleep difficulties with daytime functioning, notice-
ability of the sleep problems by others, and distress caused by the
sleep difficulties.

The Patient Global ImpressioneInsomnia version (PGI-I) was
used to assess subjects' perceptions regarding the effects of their
insomnia medication on their sleep [21,22]. Items 1e3, related to
medication effects (helped/worsened sleep, decreased/increased
time to fall asleep, and increased/decreased TST), were measured
on a 3-point scale (1 ¼ positive medication effect, 2 ¼ neutral
medication effect, and 3 ¼ negative medication effect). Item 4
assessed perceived appropriateness of study medication strength
and was measured on a different 3-point scale (1 ¼ too strong,
2 ¼ just right, and 3 ¼ too weak).

Safety assessments for Study 303 [13] and this sub analysis
included monitoring and recording TEAEs and AEs. Clinical labo-
ratory evaluations, as well as other routine safety assessments such
as electrocardiogram.
3

2.4. Statistical analyses

All statistical analyses were performed using SAS v9.4 (SAS
Institute, Cary, NC) or other validated statistical software. Efficacy
analyses included all randomized Asian subjects who received at
least one dose of study drug and had at least one postdose primary
efficacy assessment. Safety analyses included all randomized Asian
subjects who received at least one dose of study drug and had at
least one postdose safety assessment.

Changes from study baseline in subjective sleep parameters
during Period 1 were analyzed using a mixed-effects model of
repeatedmeasures (MMRM) analysis. For sSOL, change frombaseline
was analyzed using MMRM analysis with log transformation of sSOL
and factors for age group, treatment, visit, and treatment-by-visit
interaction as fixed effects and the study baseline sSOL as a covari-
ate. Log transformation was used for sSOL because the values were
not normally distributed, and between-group differences were
compared via least squares geometric means (LSGMs). For sSE,
sWASO, and sTST, change from baseline was analyzed using MMRM
analysis with age group, visit, (for sTST: treatment) and treatment-
by-visit interaction as fixed effects and baseline value for the rele-
vant variable as a covariate. Between-group differences were
compared using least squares means (LSMs). Between-group statis-
tical comparisons were not performed for Period 2.

Change from study baseline in ISI total score and the pro-
portions of subjects reporting each PGI-I response were summa-
rized descriptively for Periods 1 and 2. The Asian subgroup analyses
were not controlled for multiplicity or powered for the detection of
statistically significant differences.

3. Results

3.1. Baseline demographic and clinical characteristics

Full results for the overall population (n ¼ 949) have been
published [13,15]. A total of 178 subjects were included in the Asian
subgroup (Table 1; Supplementary Fig. S1), comprising 18.8% of the
overall study population. The majority (90.4%) of subjects in the
Asian subgroup were Japanese.

The number of subjects was in balance across treatment groups.
Subjects in the Asian subgroup had a mean (standard deviation
[SD]) age of 51.6 (14.6) years and a mean (SD) body mass index
(BMI) of 22.9 (3.5) kg/m2, and most (57.9%) were female.

https://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1
Demographic summary for Asian subgroup (Full Analysis Set).

PBO (N ¼ 59) LEM5 (N ¼ 61) LEM10 (N ¼ 58) Total (N ¼ 178)

Age, yearsa

Mean (SD) 53.1 (14.4) 51.3 (14.0) 50.3 (15.6) 51.6 (14.6)
Median (range) 53.0 (24e80) 50.0 (20e76) 51.0 (18e80) 51.0 (18e80)

Sex, n (%)
Male 24 (40.7) 29 (47.5) 22 (37.9) 75 (42.1)
Female 35 (59.3) 32 (52.5) 36 (62.1) 103 (57.9)

Race, n (%)
Japanese 54 (91.5) 53 (86.9) 54 (93.1) 161 (90.4)
Chinese 0 3 (4.9) 1 (1.7) 4 (2.2)
Other Asian 5 (8.5) 5 (8.2) 3 (5.2) 13 (7.3)

BMI, kg/m2, mean (SD) 23.1 (3.7) 22.7 (3.2) 22.9 (3.5) 22.9 (3.5)
ISI total score, mean (SD) 17.9 (2.5) 18.1 (2.9) 18.1 (2.9) 18.0 (2.7)

a Age is calculated at date of informed consent.
Percentages are based on the total number of subjects with nonmissing values in the relevant treatment group.
BMI, body mass index; ISI, Insomnia Severity Index; LEM5, lemborexant 5 mg; LEM10, lemborexant 10 mg; PBO, placebo; SD, standard deviation.
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3.2. Subjective sleep outcomes

In the subgroup of Asian subjects, results for all subjective sleep
parameters (sSOL, sSE, sWASO, and sTST) favored both doses of LEM
Table 2
Summary of subjective sleep parameters for the Asian subgroup at baseline and change

PBO (N ¼ 59

sSOL, min
Baseline,a median (Q1, Q3) 49.0 (34.3, 7
Month 6,b median (Q1, Q3) 31.4 (17.1, 5
Change from baseline at month 6,c median (Q1, Q3) �13.6 (�38
LSGM ratio (95% CI)c 0.6 (0.4, 0.7
LSGM treatment ratio (95% CI)c

Month 12,d median (Q1, Q3)
Change from baseline at month 12,e median (Q1, Q3)

sSE, %
Baseline,f mean (SD) 62.3 (17.7)
Month 6,g mean (SD) 72.7 (15.9)
Change from baseline at month 6,h LSM (SE) 10.5 (2.3)
Treatment difference at month 6,h LSM (SE)

Month 12,i mean (SD)
Change from baseline at month 12,j mean (SD)

sWASO, min
Baseline,a mean (SD) 121.7 (78.5)
Month 6,b mean (SD) 90.5 (66.9)
Change from baseline at month 6,c LSM (SE) �26.1 (9.5)
Treatment difference at month 6,c LSM (SE)

Month 12,d mean (SD)
Change from baseline at month 12,e mean (SD)

sTST, min
Baseline,f mean (SD) 300.0 (89.7)
Month 6,g mean (SD) 343.6 (78.2)
Change from baseline at month 6,h LSM (SE) 51.1 (11.6)
Treatment difference at month 6,h LSM (SE)

Month 12,i mean (SD)
Change from baseline at month 12,j mean (SD)

a PBO, n ¼ 59; LEM5, n ¼ 60; LEM10, n ¼ 57.
b PBO, n ¼ 51; LEM5, n ¼ 50; LEM10, n ¼ 46.
c PBO, n ¼ 51; LEM5, n ¼ 49; LEM10, n ¼ 46.
d LEM5, n ¼ 47; LEM10, n ¼ 43.
e LEM5, n ¼ 46; LEM10, n ¼ 43.
f PBO, n ¼ 59; LEM5, n ¼ 60; LEM10, n ¼ 55.
g PBO, n ¼ 50; LEM5, n ¼ 50; LEM10, n ¼ 45.
h PBO, n ¼ 50; LEM5, n ¼ 49; LEM10, n ¼ 45.
i LEM5, n ¼ 47; LEM10, n ¼ 42.
j LEM5, n ¼ 46; LEM10, n ¼ 42.

Subjective sleep onset latency (sSOL) values were log-transformed and statistical compari
model of repeated measures (MMRM) evaluating the LSGM treatment ratio between pl
MMRM evaluating the least squares mean (LSM) treatment difference between PBO and
jective sleep efficiency; sTST, subjective total sleep time; sWASO, subjective wake after
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vs PBO at 6 months. The treatment benefits of LEM were main-
tained at 12 months (Table 2; Supplementary Fig. S2).

At 6 months, the LSGM treatment ratios showed numerically
greater reductions from baseline in sSOL for both LEM groups
from baseline at months 6 and 12 (Full Analysis Set).

) LEM5 (N ¼ 61) LEM10 (N ¼ 58)

2.9) 50.7 (35.8, 71.4) 60.0 (35.0, 90.0)
1.4) 21.5 (13.6, 40.7) 28.2 (10.0, 42.1)
.6, 0) �20.7 (�37.9, �12.1) �26.0 (�53.7, �10.0)
) 0.5 (0.4, 0.6) 0.4 (0.3, 0.5)

0.9 (0.7, 1.2) 0.7 (0.5, 1.0)
16.4 (11.4, 34.3) 22.1 (9.3, 41.4)
�25.7 (�45.0, �15.0) �27.1 (�61.4, �12.9)

65.0 (18.7) 65.0 (15.7)
80.9 (14.1) 76.0 (15.7)
14.5 (2.3) 12.8 (2.4)
4.0 (2.3) 2.3 (2.4)
83.3 (11.6) 78.2 (13.9)
16.1 (13.3) 15.3 (11.9)

112.6 (78.4) 103.6 (83.1)
61.7 (60.2) 79.7 (65.3)
�49.6 (9.5) �26.7 (9.9)
�23.4 (9.8) �0.6 (1.0)
55.2 (53.2) 74.7 (58.2)
�51.7 (53.7) �32.6 (52.9)

317.7 (91.1) 315.7 (79.2)
387.0 (69.6) 362.9 (80.8)
70.9 (11.5) 66.1 (12.2)
19.8 (11.6) 15.0 (11.8)
388.1 (58.5) 370.1 (69.1)
60.7 (62.6) 66.3 (62.2)

sons made using the least squares geometric mean (LSGM), based on amixed-effects
acebo (PBO) and lemborexant (LEM). For other variables, analyses are based on an
LEM. LEM5, lemborexant 5 mg; LEM10, lemborexant 10 mg; Q, quartile; sSE, sub-

sleep onset.
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vs PBO for the Asian subgroup, consistent with the overall study
population (Table 2; Supplementary Fig. S2A). Subjects in the Asian
subgroup treated with LEM5 and LEM10 showed greater numerical
median decreases in sSOL from baseline vs PBO at each time point
in Period 1, beginning as early as week 1; these decreases persisted
through Period 2. At month 12, the median change from baseline in
sSOL was �25.7 min with LEM5 and e27.1 min with LEM10
(Table 2; Fig. 2A).

The LSM treatment differences for sSE showed greater numer-
ical increases from baseline for both LEM groups vs PBO for the
Asian subgroup at month 6 (Table 2; Supplementary Fig. S2B). LSM
treatment differences for sSE were larger for LEM5 and LEM10 vs
PBO at month 6 for the overall study population (Supplementary
Fig. S2B). In the Asian subgroup, LEM5 and LEM10 were associ-
ated with greater numerical mean increases in sSE at months 2e6
Fig. 2. Change from baseline in subjective sleep parameters over 12 months in the Asian sub
(C) subjective wake after sleep onset (sWASO), and (D) subjective total sleep time (sTST). sSO
PBO, placebo; SD, standard deviation.
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of Period 1 vs PBO. The improvements in sSE with LEM5 and LEM10
were maintained during Period 2, with mean increases from
baseline of 16.1% and 15.3% at month 12, respectively (Table 2;
Fig. 2B).

At 6 months, the LSM treatment difference for sWASO showed a
greater numerical decrease from baseline for LEM5 vs PBO for the
Asian subgroup (Table 2; Supplementary Fig. S2C). The LSM treat-
ment difference for LEM10 vs PBO was small but favored LEM10 for
this subgroup. LSM treatment differences for sWASO showed greater
reductions from baseline at month 6 with LEM5 and LEM10 vs PBO
for the overall study population (Supplementary Fig. S2C). In the
Asian subgroup, LEM5 was associated with greater numerical mean
decreases vs PBO in sWASO at months 2e6 of Period 1, whereas
mean decreases from baseline in sWASOwith LEM10 were similar to
those seen with PBO for these time points (Fig. 2C). The treatment
group for (A) subjective sleep onset latency (sSOL), (B) subjective sleep efficiency (sSE),
L values were log transformed. LEM5, lemborexant 5 mg; LEM10, lemborexant 10 mg;
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effect of LEM for sWASO during Period 2 was similar to month 6 in
the Asian subgroup, with a mean change of �51.7 min with LEM5
and e32.6 min with LEM10 at month 12 (Table 2; Fig. 2C).

For sTST, the LSM treatment differences showed numerically
greater increases from baseline for LEM5 and LEM10 compared
with PBO for the Asian subgroup at month 6 (Table 2;
Supplementary Fig. S2D). LSM treatment differences for sTST
showed greater increases from baseline with LEM5 and LEM10 vs
PBO at month 6 for the overall study population (Supplementary
Fig. S2D). LEM5 and LEM10 were associated with greater numeri-
cal mean increases in sTST for the Asian subgroup at months 2e6 of
Period 1 (Fig. 2D). The improvements with LEM seen in these
subjects were sustained through Period 2, with mean increases
from baseline of 60.7 min with LEM5 and 66.3 min with LEM10 at
month 12 (Table 2; Fig. 2D).

3.3. Insomnia Severity Index

Numerically greater decreases from baseline (showing
improvement) in ISI total score were observed at months 1, 3, and 6
for LEM5 and LEM10 vs PBO in the Asian subgroup (Fig. 3). De-
creases in ISI total score persisted through Period 2 with both LEM
doses; mean changes from baseline with LEM5 and LEM10
were �10.6 and �9.9 at month 12, respectively.

3.4. Patient Global ImpressioneInsomnia version

A greater percentage of Asian subjects receiving LEM5 or
LEM10 vs PBO gave a positive response to the PGI-I items
Fig. 3. Change from baseline in total Insomnia Severity Index (ISI) score over 12 mont
PBO, placebo; SD, standard deviation.
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“medication helped me sleep” and “medication shortened time to
fall asleep” at months 1, 3, and 6 (Fig. 4A and B). Atmonths 9 and 12,
>80% of LEM-treated subjects still agreed with the “medication
helped me sleep” statement, and >75% agreed that LEM “shortened
time to fall asleep.”

For the PGI-I item, “increased total sleep time,” more Asian
subjects receiving LEM5 and LEM10 had a positive response at
month 1 comparedwith subjects receiving PBO (Fig. 4C). More than
65% of LEM-treated subjects gave positive responses at months 9
and 12.

Numerically larger percentages of LEM-vs PBO-treated subjects
agreed that the “appropriateness of medication strength” was
“just right” at months 1, 3, and 6 (Fig. 4D), and >70% of LEM-treated
subjects endorsed this statement at months 9 and 12.

3.5. Safety and tolerability

Overall, TEAEs were generally of mild to moderate severity
during both study periods (Table 3). The most common TEAEs were
nasopharyngitis and somnolence over the full study (Periods 1 and
2; Table 3 and Supplemental Table S1). For LEM5 and LEM10, the
incidence of somnolence was higher during Period 1 than Period 2,
decreasing from 9.8% and 10.3% to 0% and 6.1% in the LEM5 and
LEM10 groups, respectively. The incidence of nasopharyngitis also
decreased in Period 2 (Table 3). Over 12 months, serious AEs
occurred in only two subjects receiving LEM5 and no subjects
receiving LEM10. During Period 1, four subjects (two in each LEM
group) experienced a TEAE leading to study drug withdrawal;
during Period 2 there were no withdrawals owing to TEAEs.
hs for the Asian subgroup. LEM5, lemborexant 5 mg; LEM10, lemborexant 10 mg;



Fig. 4. Percentage of subjects reporting each response for Patient Global ImpressioneInsomnia scale items (A) “medication helped me sleep,” (B) “shortened time to fall asleep,” (C)
“increased total sleep time,” and (D) “appropriateness of medication strength,” over 12 months in the Asian subgroup. Percentages are based on the total number of subjects with
nonmissing values in the relevant treatment group. LEM5, lemborexant 5 mg; LEM10, lemborexant 10 mg; PBO, placebo.
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4. Discussion

In this analysis of 178 Asian subjects enrolled in a large phase 3
trial of LEM for treatment of insomnia disorder, LEM treatment
demonstrated efficacy in improving sleep diary-based sleep
outcomes vs PBO at 6 months. Importantly, the benefits of LEM
treatment were sustained through 12 months, demonstrating the
long-term effectiveness of LEM in this population. Both doses of
LEM improved sleep parameters, but with some observed differ-
ences by dose. LEM10 appeared to be associated with a greater
change from baseline in sSOLwhile LEM5 appeared to be associated
with greater change from baseline in sSE, sWASO, and sTST in the
subgroup of Asian subjects. These differences are likely attributable
to the small number of subjects in each dose group.

These findings were generally consistent with the results
observed in the overall population of Study 303, in which
LEM-treated subjects experienced greater improvement than
PBO-treated subjects in sSOL, sSE, sWASO, and sTST, improvements
that were sustained over 12 months [13,15]. As discussed in a
previous report about the Japanese subgroup of Study 303 [19], a
population PK model of LEM found that race did not have clinically
meaningful effects on clearance of LEM, and dose adjustments are
not required for LEM based on age and sex [17]. Thus, differences in
Table 3
Summary of TEAEs by treatment period for Asian subgroup (over 12 months; Safety Ana

Period 1 PBO (n ¼ 59)

Category, n (%)
Any TEAE 29 (49.2)
Any treatment-related TEAE 1 (1.7)
Any severe TEAE 0
Any serious TEAE 0
TEAE leading to study drug withdrawal 0
TEAEs with incidence >3% in any active treatment group, n (%)
Nasopharyngitis 12 (20.3)
Somnolence 0
Headache 1 (1.7)
Ligament sprain 1 (1.7)
Sleep paralysis 0

Period 2

Category, n (%)
Any TEAE
Any treatment-related TEAE
Any severe TEAE
Any serious TEAE
TEAE leading to study drug withdrawal
TEAEs with incidence >3% in any active treatment group, n (%)
Nasopharyngitis
Somnolence
Influenza
Sleep paralysis
Headache
Cystitis

Full study period (combined Period 1 and Period 2)

Category, n (%)
Any TEAE
Any treatment-related TEAE
Any severe TEAE
Any serious TEAE
TEAE leading to study drug withdrawal
TEAEs with incidence >4% in any active treatment group, n (%)
Nasopharyngitis
Somnolence
Influenza
Headache

a Only those subjects who had received LEM in both Periods 1 and 2 at the indicated
Treatment-emergent adverse event (TEAE)was defined as an adverse event (AE) with ons
drug. Within each treatment period, subjects with �2 AEs with the same preferred term
LEM5, lemborexant 5 mg; LEM10, lemborexant 10 mg; PBO, placebo.
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the efficacy and safety of LEM in the Asian subgroup were not
anticipated. The consistency in findings between the Asian sub-
group and overall study population supports product labeling that
does not recommend dose adjustments based on the patient's
ethnicity [23].

In the Asian subgroup, LEM treatment also demonstrated efficacy
in reducing subject-perceived severity of insomnia. Subjects treated
with LEM5 and LEM10 experienced greater decreases from baseline
in ISI total score compared with PBO at 6 months, which persisted
through 12 months with both LEM doses. When Asian subjects'
perceptions of their medication were measured, subjects receiving
LEM were more likely to give positive responses to the four items of
the PGI-I scale than those receiving PBO. At 9 and 12months,>75% of
Asian subjects receiving LEM agreed that their medication ”helped
them sleep” and ”shortened time to fall asleep,” and >70% reported
their medication strength was “just right.” These positive percep-
tions of LEM treatment among Asian subjects reinforce the potential
benefits of LEM in this population and suggest that subjects do not
develop tolerance to the drug over time.

The safety profile of LEM in the Asian subgroup was consistent
with that seen in the overall population and the Japanese subgroup
[15,19]. In each of these groups, somnolence and nasopharyngitis
were the most commonly reported TEAEs [15,19]. TEAEs were
lysis Set).

LEM5 (n ¼ 61) LEM10 (n ¼ 58)

17 (27.9) 27 (46.6)
7 (11.5) 8 (13.8)
1 (1.6) 0
1 (1.6) 0
2 (3.3) 2 (3.4)

7 (11.5) 11 (19.0)
6 (9.8) 6 (10.3)
2 (3.3) 1 (1.7)
0 2 (3.4)
0 2 (3.4)

LEM5a (n ¼ 51) LEM10a (n ¼ 49)

15 (29.4) 19 (38.8)
3 (5.9) 4 (8.2)
1 (2.0) 0
1 (2.0) 0
0 0

2 (3.9) 3 (6.1)
0 3 (6.1)
1 (2.0) 3 (6.1)
2 (3.9) 2 (4.1)
1 (2.0) 2 (4.1)
0 2 (4.1)

LEM5 (n ¼ 61) LEM10 (n ¼ 58)

27 (44.3) 33 (56.9)
9 (14.8) 12 (20.7)
2 (3.3) 0
2 (3.3) 0
2 (3.3) 2 (3.4)

8 (13.1) 14 (24.1)
6 (9.8) 9 (15.5)
2 (3.3) 4 (6.9)
3 (4.9) 2 (3.4)

dose were included in this analysis.
et date on or after the first dose of study drug up to 14 days after the last dose of study
were counted only once for that preferred term.
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generally mild to moderate in each of these groups (�5% of TEAEs
were severe in any treatment group within each subgroup) [15,19].
Of note, in the overall population [15] and the Asian subgroup, the
incidence of somnolence in both LEM groups was lower during
Period 2; this was also true of nasopharyngitis. There were no new
safety signals with continued LEM treatment beyond 6 months in
the overall population [15] or among Asian subjects, suggesting
that the frequency of TEAEs may reduce over time with LEM
treatment.

There are some limitations to consider in interpreting this
subgroup analysis. Subjects were not randomized to treatment
based on race, and this analysis was not adequately powered to
demonstrate differences between treatment groups. The Asian
subgroup of 178 subjects comprised <20% of the overall study
population; thus, the small sample size contributed to wide con-
fidence intervals for the estimated treatment differences. The Asian
subgroup is also predominantly of Japanese ethnicity, and results
from this subgroup do not provide insight into potential differences
between Asian ethnic groups. An additional potential limitation of
the study is the use of subjective sleep diary data for sleep out-
comes rather than objective PSG data. However, results of sleep
diary-based outcome measures have been shown to be consistent
with PSG-based outcomes in subjects with insomnia [12,13].

5. Conclusions

In conclusion, this analysis provides evidence that LEM is
effective in improving subjective sleep parameters and is well
tolerated in Asian subjects with insomnia disorder who received
LEM treatment for up to 12 months. In addition, Asian subjects had
positive perceptions of LEM effects on insomnia severity, medica-
tion effectiveness, and drug strength that were sustained for 1 year.
These findings provide further guidance for the use of LEM in the
Asian population in real-life settings and the personalization of
treatment decisions.
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