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Abstract
Rationale Sex-related differences in the clinical profiles of
some insomnia medications have been previously reported.
Objective To evaluate the clinical profile of suvorexant, a
novel orexin receptor antagonist approved for treating insom-
nia at doses up to 20 mg, by sex subgroups.
Methods Efficacy analyses by sex were based on pooled data
from two similar phase 3, randomized, double-blind, placebo-
controlled, 3-month trials in elderly (≥65 years) and non-
elderly (18–64 years) insomnia patients. Two age-adjusted
(non-elderly/elderly) dose regimes of 40/30 and 20/15 mg
were evaluated, with fewer patients assigned to 20/15 mg.
Efficacy was assessed by patient-reported outcomes

(N = 1264 women, 707 men) and by polysomnography end-
points in ~75% of patients. Safety analyses by sex (N = 1744
women, 1065 men) included pooled data from the two 3-
month trials plus 3-month data from a safety trial of 40/30 mg.
Results The sex subgroup efficacy analyses mirrored the im-
provements seen for suvorexant 40/30 and 20/15 mg over
placebo on patient-reported outcomes and polysomnography
sleep maintenance and onset endpoints in the primary analy-
ses; 95% CIs excluded zero in favor of suvorexant for most
endpoints in both sexes, and similar efficacy was observed
between sexes (95% CIs overlapped). Suvorexant was well-
tolerated in women and men, although women in all treatment
groups (including placebo) reported more adverse events than
men. Themost frequent adverse event was somnolence (wom-
en: 11.1% for 40/30 mg, 8.5% for 20/15 mg, 2.3% for place-
bo; men: 10.1% for 40/30 mg, 3.4% for 20/15 mg, 4.2% for
placebo).
Conclusion Suvorexant was generally effective and well-
tolerated in both women and men with insomnia.

ClinicalTrials.gov trial registration numbers: NCT01097616,
NCT01097629, NCT01021813.
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Introduction

Insomnia is common in both women and men, but the inci-
dence in women is higher by approximately 50% (Zhang and
Wing 2006). Furthermore, differences between the sexes in
sleep patterns and EEG profiles during sleep have been report-
ed (Mallampalli and Carter 2014; Svetnik et al. 2017).
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Women’s sleep may be influenced by menstrual cycle, meno-
pausal status, and other hormonal, biological, and psychoso-
cial factors (Mong et al. 2011; Nowakowski et al. 2013;
Boivin et al. 2016).

Trials of medications for insomnia have typically looked at
treatment effects in a combined sex population and often have
not evaluated potential differences between women and men.
Sex-related differences in neurobiology, hormones, body
composition, and/or metabolism may make women more (or
less) sensitive to the effects of some psychotropic drugs com-
pared to men (Gandhi et al. 2004; Cosgrove et al. 2007;
Franconi et al. 2007; Jacobson 2014). A notable example in
the sleep field is slower metabolism in women of the benzo-
diazepine receptor agonist hypnotic zolpidem, which led to
sex-specific dosing recommendations (halving of the dose in
women) due to a possible increased risk of next-morning im-
pairment and motor vehicle accidents (Farkas et al. 2013).
Furthermore, sex-related differences in the efficacy and EEG
power spectral profile of the investigational insomnia treat-
ment gaboxadol were reported in the absence of pharmacoki-
netic differences; the differences were hypothesized to be due
to differential affinity for GABA(A) receptor subtypes and/or
their modulation by neurosteroids (Dijk et al. 2010; Roth et al.
2010).

Suvorexant is a first-in-class orexin receptor antagonist
(ORA) approved for treating insomnia at doses of 10–20 mg
(Cox et al. 2010; Winrow et al. 2011; Herring et al. 2012; Sun
et al. 2013). Suvorexant provides a novel approach to treating
insomnia by blocking orexin-mediated wake signaling (Mieda
and Sakurai 2013; Winrow and Renger 2014). This approach
is distinct from commonly used benzodiazepine receptor ag-
onist sleep medications (e.g., zolpidem, zaleplon, eszopiclone,
temazepam)which act by enhancing the broad central nervous
system depressant effects of GABA inhibition, through effects
on the benzodiazepine receptor at the GABA-A complex
(Roehrs and Roth 2012).

The suvorexant phase 3 development program included
both women and men with insomnia. The program consisted
of two 3-month pivotal trials, each of which evaluated two
age-adjusted (non-elderly/elderly) suvorexant dose regimes
of 40/30 and 20/15 mg (Herring et al. 2016) and a 1-year trial
of 40/30 mg (Michelson et al. 2014). A subgroup analysis by
sex of pooled data from the suvorexant phase 3 trials was pre-
specified and is reported here.

Phase 1 pharmacokinetic data showed that suvorexant ex-
posure is slightly higher in women than inmen. In women, the
area-under-the-curve and maximum plasma concentrations
are increased by 17 and 9%, respectively, for a 40-mg dose,
and the average concentration of suvorexant 9 h after dosing is
~5% higher for women over the 10–40-mg dose range (these
data were not adjusted for weight since this was found not to
be a modifying factor in a population pharmacokinetic mod-
el). Based on these pharmacokinetic data, no differences were

expected in the clinical profile of suvorexant in women and
men with insomnia in the phase 3 trials. However, as noted
above, sex-related differences in clinical profiles have been
noted for another insomnia treatment in the absence of phar-
macokinetic differences.

Materials and methods

Overview

Full details of trial methods and results in the overall popula-
tion (women and men combined) are in the primary publica-
tions (Michelson et al. 2014; Herring et al. 2016). The follow-
ing sections summarize key information relevant to under-
standing the present sex subgroup analyses.

The efficacy subgroup analyses by sex included pooled
data from two phase 3 randomized, double-blind, placebo-
controlled, parallel-group, 3-month efficacy, and safety trials
in non-elderly (18–64 years) and elderly (≥65 years) patients
with primary insomnia (P028 and P029) (Herring et al. 2016).
Suvorexant doses of 40/30 mg (non-elderly/elderly) and 20/
15 mg (non-elderly/elderly) were evaluated, with fewer pa-
tients randomized to 20/15 mg than 40/30 mg or placebo.
Doses differed by age to adjust for previously observed plas-
ma exposure differences (<65: 40 mg or 20mg; ≥65: 30 mg or
15 mg).

The safety subgroup analyses by sex included pooled data
from the two 3-month phase 3 trials (P028 and P029) (Herring
et al. 2016) and also 3-month data on 40/30 mg and placebo
from a 1-year safety trial (P009; 20/15 mg was not included in
the trial) (Michelson et al. 2014). It should be noted that each
trial incorporated a 1-week, randomized, double-blind run-out
after double-blind treatment (3 months in P029, 3 or 6 months
in P028, 12 months in P009) to assess withdrawal and re-
bound insomnia; data from the run-out periods were not in-
cluded in the present analysis.

Patients

Non-elderly (18–64) and elderly (≥65) women and men who
met DSM-IV-TR criteria for primary insomnia (APA 2000)
and were otherwise in good physical and mental health were
enrolled. Women of reproductive potential had to have a neg-
ative serum pregnancy test at screening and agree to use ade-
quate contraception, which could include hormonal contra-
ception, during the trial. All patients in the two pivotal efficacy
studies provided subjective sleep estimates using an electronic
sleep diary/questionnaire. Approximately 75% of those pa-
tients also underwent polysomnography (PSG) over 8 h (sub-
set determined by whether the site had the capacity to perform
PSG or not). Patients who completed only self-report assess-
ments are referred to as the questionnaire (Q)-cohort; those
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who completed self-report and PSG assessments are referred
to as the PSG + questionnaire (PQ)-cohort. To enter the Q-
cohort, patients had to report a total sleep time (sTST) <6.5 h
and time to sleep onset (sTSO) ≥30 min, both on ≥4 of 7
nights during the last week of a 2-week placebo run-in before
randomization. For the PQ-cohort, patients had to meet the
following PSG criteria for screening and baseline PSG nights:
latency to onset of persistent sleep (LPS) >20 min and mean
(across screening and baseline) wakefulness after persistent
sleep onset (WASO) ≥60 min with neither night ≤45 min.
PQ-cohort patients were not required to also meet the Q-
cohort diary entry criteria.

Design and procedure

Patients were discontinued from hypnotic medications prior to
entering the trials. During the trials, patients were asked to
limit alcohol consumption (≤2 drinks per day and ≥3 h before
bedtime or ≥24 h before on PSG nights), caffeine consump-
tion (≤5 cups per day and none after 4 pm, or after 1 pm on
PSG nights), and smoking (≤15 cigarettes per day and none
during the night).

Patients were randomized to treatment with suvorexant 40/
30 mg, suvorexant 20/15 mg, or placebo in a 3:2:3 ratio in
P028, and a 1:1:1 ratio (Q-cohort) or a 2:1:2 ratio (PQ-cohort)
in P029. In P009, patients were randomized to treatment with
suvorexant 40/30 mg or placebo in a 2:1 ratio. Randomization
was stratified by age-category (non-elderly vs elderly) in all
trials and also by cohort (Q vs PQ) in P028 and P029 and by
region in P009. Patients were assigned to treatment groups
using an allocation-schedule system that provided a
computer-generated randomization schedule based upon input
from a statistician from Merck & Co., Inc., from whom treat-
ment allocation was masked. Treatment assignment was im-
plemented through an interactive voice response system.
Study investigators, site staff, patients, PSG scorers, and mon-
itoring staff fromMerck & Co., Inc. remained blinded to treat-
ment allocation throughout the study.

The trials were conducted in accordance with principles of
Good Clinical Practice and were approved by the appropriate
institutional review boards and regulatory agencies for each
site. Informed consent was obtained from all patients. The
trials were registered at ClinicalTrials.gov (NCT01097616,
NCT01097629, NCT01021813).

Assessments

Patients used an electronic diary each morning to report mea-
sures of the previous night’s sleep including sTST (min) and
sTSO (min). PSG measures included WASO (min) and LPS
(min) assessed at night 1, month 1, and month 3. Safety as-
sessments included open-ended questioning for adverse
events.

Efficacy endpoints

The efficacy endpoints selected for the subgroup analysis
were those pre-specified as primary in the original trials
(Herring et al. 2016): change from baseline in sleep diary
and PSG measures of sleep maintenance (sTST, WASO) and
sleep onset (sTSO, LPS). Monthly values for the self-report
endpoints were the mean of the daily values for the last week
(week 1, month 1) or 2 weeks (month 3) of the month. In the
original trials, the primary time points were month 1 and
month 3, while week 1 (self-report measures) and night 1
(PSG measures) were secondary time points.

Statistical analysis

The pooled efficacy analyses by sex were pre-specified to
allow a more robust evaluation than in each individual trial
and included all patients in P028 + P029 who took ≥1 dose of
treatment, had ≥1 post-treatment efficacy measure, and had
baseline data. Efficacy endpoints (i.e., change from baseline
in sTST, sTSO, WASO, LPS) were assessed using a longitu-
dinal data analysis model with terms for study, baseline value
(of the response variable), age category (<65, ≥65), region,
sex, treatment, time point, treatment-by-time point, and sex-
by-treatment-by-time point interaction as covariates; cohort
was also included in the models for sTST and sTSO.
Estimates and comparisons of the treatment differences versus
placebo in women and men were obtained using appropriate
contrasts of the sex-by-treatment-by-time point interaction
term.

No formal multiplicity strategy was employed for these
pooled subgroup analyses since the primary purpose was to
provide improved precision in the estimates of the treatment
group differences from placebo; nominal p values for these
treatment differences were computed as a measure of strength
of evidence for the effect rather than a formal test of
hypothesis.

The safety analysis included all patients in P028 + P029 +
P009 who took ≥1 dose of treatment. The percentages of
women and men with adverse events were calculated.

Power

No power calculations were made for this pooled sub-
group analysis. In each of the primary studies, there was
greater power to declare all primary sleep maintenance
measures significant as compared to sleep onset measures,
and greater power for the higher 40/30 mg dose compar-
isons to placebo versus the 20/15 mg dose comparisons to
placebo due to the smaller sample size allocated to the 20/
15 mg group.
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Results

Patients

Patient baseline characteristics and baseline symptom severity
were generally similar among treatment groups and are sum-
marized in Table 1 (pooled P028 + P029 efficacy population).
Approximately 65% of the patients were women, and the per-
centages were similar across treatment groups. There were no
striking differences in baseline sleep measures between wom-
en and men or between treatment groups. Patient baseline

characteristics were generally similar among treatment groups
in the pooled P028 + P029 + P009 safety population
(Supplementary Material Table S1).

Efficacy

A total of 1264 women and 707 men had efficacy data (at the
earliest time point) for the analysis of patient-reported subjec-
tive (sleep diary) endpoints, and 963 women and 528 men had
efficacy data (at the earliest time point) for the analysis of
objective (PSG) endpoints. Mean changes from baseline in

Table 1 Baseline characteristics
of treated patients for P028 +
P029

Suvorexant 20/15 mg Suvorexant 40/30 mg Placebo

Demographics

N 493 770 767

Sex, n (%)

Female 319 (64.7) 497 (64.5) 492 (64.1)

Male 174 (35.3) 273 (35.5) 275 (35.9)

Age

Mean (SD), years 55 (16) 56 (15) 56 (15)

<65 years, n (%) 291 (59.0) 451 (58.6) 449 (58.5)

≥65 years, n (%) 202 (41.0) 319 (41.4 ) 318 (41.5)

Body mass index

Mean (SD), kg/m2 25.4 (4.1) 25.7 (4.3) 25.6 (4.2)

Underweight <18.5, n (%) 11 (2.2) 18 (2.3) 16 (2.1)

Normal 18.5–24, n (%) 232 (47.1) 323 (41.9) 351 (45.8)

Overweight 25–30, n (%) 194 (39.4) 317 (41.2) 289 (37.7)

Obese >30, n (%) 56 (11.4) 111 (14.4) 110 (14.3)

Race, n (%)

White 358 (72.6) 563 (73.1) 553 (72.1)

Black 19 (3.9) 38 (4.9) 46 (6.0)

Asian 93 (18.9) 124 (16.1) 124 (16.2)

Other 23 (4.7) 45 (5.8) 44 (5.7)

Mean (SD) baseline diary measures: womena

N 309 484 471

sTST 313.1 (68.6) 313.8 (74.3) 309.9 (72.6)

sTSO 75.1 (57.3) 75.0 (63.0) 79.6 (62.1)

Mean (SD) baseline diary measures: mena

N 170 268 269

sTST 307.1 (76.1) 318.0 (69.2) 313.6 (69.2)

sTSO 73.3 (69.0) 65.2 (42.5) 66.3 (61.1)

Mean (SD) baseline PSG measures: womena

N 216 376 371

WASO 115.1 (41.5) 113.0 (48.4) 113.8 (45.4)

LPS 66.3 (47.6) 65.6 (46.1) 67.5 (42.6)

Mean (SD) baseline PSG measures: mena

N 121 204 203

WASO 127.3 (57.9) 129.0 (52.9) 121.8 (51.2)

LPS 69.1 (50.3) 62.8 (41.8) 67.3 (45.7)

a Based on the full analysis set population. Ns shown are for sTST (diary measures) and LPS (PSG measures)
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each treatment group for diary and PSG sleep onset and main-
tenance measures by sex are shown in Supplementary
Material Table S2. Suvorexant differences from placebo in
change-from-baseline are summarized in Table 2 and Fig. 1.
Mean differences favored suvorexant and 95% CIs generally
excluded zero except for sleep onset measures at some time
points with suvorexant 20/15 mg in both sexes, and LPS in
men at month 3 with suvorexant 40/30 mg. Efficacy was gen-
erally seen at the first assessment time point (night 1 for PSG
measures, week 1 for subjective measures) and was usually
maintained over 3 months except for LPS at month 3; exam-
ination of the change-from-baseline LPS values in Table S2
suggests that this reflected an increasing response in the pla-
cebo group over time rather than a reduced response in the
suvorexant group. The point estimates and 95% CIs for all
measures were similar (overlapping) for women and men
(Fig. 1), with more precise CIs for women due to the larger
sample size.

Safety

A total of 1744 women and 1065 men were included in the
safety analyses. Adverse events over 3 months are summa-
rized in Table 3. The percentages of patients with any adverse
event were higher with suvorexant 40/30 mg than with place-
bo for both women (52.4 vs 48.8%) and men (48.7 vs 43.0%),
but comparable for suvorexant 20/15 mg and placebo (wom-
en = 49.5 vs 48.8%; men = 40.8 vs 43.0%). The percentages
of women with any adverse event were higher across all treat-
ment groups, including placebo, compared with men.

The most frequent adverse event in both sexes was somno-
lence which was generally transient and mild to moderate in
intensity. In women, the incidence of somnolence was higher
for suvorexant 20/15 mg (8.5%) and suvorexant 40/30 mg
(11.1%) versus placebo (2.3%). In men, the incidence of som-
nolence was higher for suvorexant 40/30 mg versus placebo
(10.1 vs 4.2%) but similar for suvorexant 20/15 mg and pla-
cebo (3.4 vs 4.2%). Women had a higher incidence of som-
nolence than men for suvorexant 20/15 mg (8.5 vs 3.4%) and,
to a lesser extent, for suvorexant 40/30 mg (11.1 vs 10.1%).
Because the 20/15-mg dose was not included in one of the
trials used for the pooled analysis (P009), we repeated the
analysis of somnolence for 20/15 mg versus placebo using
P028 + P029 data only, and the results were similar (women:
27/319 [8.5%] versus 15/492 [3.0%]; men: 6/174 [3.4%] ver-
sus 10/275 [3.6%]).

Of the other common adverse events shown in Table 3, the
following occurred in women at an incidence greater than
placebo and at least twice than that in men for the approved
20/15 mg dose: headache, abnormal dreams, dry mouth,
cough, and upper respiratory tract infection. However, the
differences were small (e.g., 2.2 vs 1.1% for abnormal dreams,
dry mouth, and cough). T
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Discussion

The efficacy analyses by sex subgroup mirrored the improve-
ments previously reported for suvorexant 20/15 and 40/30 mg
over placebo on subjective and PSG sleep maintenance and
onset endpoints in the combined sex primary analyses
(Herring et al. 2016). Efficacy was generally seen at the first
assessment time point (night 1 for PSG measures, week 1 for
subjective measures) and was usually maintained over
3 months except for LPS at month 3. The non-approved 40/
30 mg dose appeared somewhat more effective than the ap-
proved 20/15 mg dose in both sexes, although no formal test-
ing of dose response was performed. The 95% confidence
intervals for differences from placebo overlapped for women
and men, indicating no important sex differences in the

efficacy of suvorexant. Thus, our analysis shows that
suvorexant is similarly effective in women and men.

With regard to safety, women reported more adverse events
than men across all treatment groups, including placebo, con-
sistent with previous observations of increased adverse event
reporting by women for other conditions (Zopf et al. 2008).
The adverse event profile appeared generally similar in wom-
en and men. The most frequent adverse event in both sexes
was somnolence which was typically transient and mild-to-
moderate in intensity. Of note, women taking suvorexant 20/
15 mg showed an increase in somnolence versus placebo (8.5
vs 3.4%) whereas men did not (3.4 vs 4.2%). This could be a
chance finding given that both men and women showed an
increase in somnolence for suvorexant 40/30 mg versus pla-
cebo, albeit the difference was somewhat larger for women

Fig. 1 Effect of suvorexant 20/15 mg (a) and 40/30mg (b) on sleepmaintenance and onset measures in women and men in P028 + P029: estimate (95%
CI) of difference in least squares mean change from baseline for suvorexant versus placebo
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(11.1 vs 2.3%) than men (10.1 vs 4.2%). The data could also
be interpreted as suggesting that women taking suvorexant
may be more prone to next-day somnolence than men.
Whether this increase could be related to slightly higher
suvorexant exposure in women than men (~5% higher 9 h
after dosing across doses of 10–40 mg) is unknown.

The following limitations to our analysis should be noted.
First, this was a generally healthy population without signifi-
cant comorbidities that could have contributed to insomnia.
Results may differ in real-world use in a more general insom-
nia population with comorbidities that might differentially af-
fect the sexes such as depression, or differential use of con-
comitant medications, alcohol, or stimulants. Second, our
analysis did not account for body mass which has an inversely
related effect on the apparent clearance of suvorexant in both
sexes; the effect is most notable in obese women where
suvorexant area-under-the-curve and maximum plasma con-
centrations are increased by 46 and 25% compared to non-
obese women. Third, we did not account for other factors
which could have potentially modified the findings in women
such as stage of menstrual cycle, menopausal status, etc.

In conclusion, suvorexant 20/15 and 40/30 mg were
generally effective and well-tolerated by women and
men with insomnia, with no apparent major differences
between the sexes. Consequently, the prescribing instruc-
tions for suvorexant do not recommend any dose adjust-
ment based on the patient’s sex. Given that the approved
doses are 10–20 mg, the 20/15 mg data are the most
clinically relevant.
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