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Study Objectives: Suvorexant is an orexin receptor antagonist approved for treating insomnia at a maximum dose of 20 mg. Phase-3 trials evaluated two
age-adjusted (non-elderly/elderly) dose-regimes of 40/30 mg and 20/15 mg with the primary focus on 40/30 mg. We report here results from pooled analyses
of the 20/15 mg dose-regime, which was evaluated as a secondary objective in the trials.

Methods: Prespecified analysis of pooled data from two identical randomized, double-blind, placebo-controlled, parallel-group, 3-month trials in non-elderly
(18—64 years) and elderly (= 65 years) patients with insomnia. Patients were randomized to suvorexant 20/15 mg (non-elderly/elderly), suvorexant 40/30

mg (non-elderly/elderly), or placebo; by design, fewer patients were randomized to 20/15 mg. Efficacy was assessed by self-reported and polysomnography

(PSG; subset of patients) sleep maintenance and onset endpoints.

Results: Suvorexant 20/15 mg (N = 493 treated) was effective compared to placebo (N = 767 treated) on patient-reported and PSG sleep maintenance

and onset endpoints at Night-1 (PSG endpoints) / Week-1 (subjective endpoints), Month-1 and Month-3, except for effects on PSG sleep onset at Month-3.
Suvorexant 20/15 mg was generally well tolerated, with 3% of patients discontinuing due to adverse events over 3 months vs. 5.2% on placebo. Somnolence
was the most common adverse event (6.7% vs. 3.3% for placebo). There was no systematic evidence of rebound or withdrawal signs or symptoms when

suvorexant was discontinued after 3 months of nightly use.

Conclusions: Suvorexant 20/15 mg improved sleep onset and maintenance over 3 months of nightly treatment and was generally safe and well tolerated.
Clinical Trial Registration: ClinicalTrials.gov trial registration numbers: NCT01097616, NCT01097629.
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INTRODUCTION

In 1998, the gene encoding the hypothalamic orexin neu-
ropeptides OX-1 and OX-2 was described."? Sixteen years
later, in 2014, suvorexant became the first agent specifically
targeting the orexin system (via orexin receptor antagonism)
to be approved as a therapeutic agent, for the treatment of in-
somnia.>® This relatively rapid progress reflects advances in
understanding orexin biology. The orexin signaling system
comprises of a restricted number (50,000—80,000) of orexin
neurons which originate from the lateral hypothalamus and
project widely throughout the central nervous system.” A role
for orexin in regulating wakefulness was suggested from stud-
ies which showed that orexin neuron loss was associated with
narcolepsy in mice, dogs, and humans.'"* Further research
has shown diurnal variation of orexin activity in normal ani-
mals, with increased activity during wakefulness and reduced
activity during sleep."*"> Elucidation of orexin’s role in regu-
lating wakefulness suggested that orexin receptor antagonists
could provide a new approach to treating insomnia by block-
ing orexin-mediated wake signaling.'® This approach is distinct
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Suvorexant is a first-in-
class orexin receptor antagonist approved for treating insomnia

at a maximum dose of 20 mg. We performed a pooled analysis of
suvorexant 20/15 mg, which was evaluated as a secondary objective
in Phase-3 clinical trials.

Study Impact: The results of the pooled analysis showed that
suvorexant 20/15 mg improved sleep onset and maintenance over
3 months of nightly treatment and was generally safe and well-
tolerated. Our analysis validates orexin receptor antagonism as a
novel therapeutic approach for treating insomnia.

from current insomnia drugs, most of which promote sleep
by enhancing sleep signaling via gamma-aminobutyric acid
(GABA) inhibitory effects.”

The suvorexant phase-3 development program in insomnia
patients was comprised of two 3-month pivotal trials, each of
which evaluated two age-adjusted (non-elderly/elderly) dose re-
gimes of 40/30 mg and 20/15 mg,* and a 1-year trial of 40/30 mg.’
The primary objective of the trials was to establish the efficacy,
safety, and tolerability of the 40/30 mg dose. By design, fewer
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patients were assigned to 20/15 mg than 40/30 mg and each of
the pivotal phase-3 trials were individually not adequately pow-
ered with regard to 20/15 mg effects on all efficacy endpoints.
The two pivotal efficacy studies were identical in design, and
pooled analyses of the results were prespecified in the statistical
analysis plan. Here we report the results of these pooled analy-
ses for the Food and Drug Administration (FDA) approved 20/15
mg doses. We also report on additional analyses of suvorexant
effects on maintaining sleep hourly over the course of a night,
efficacy and tolerability in subgroups such as those defined by
age and gender, and efficacy as assessed by responder analyses.

METHODS

Overview

The pooled efficacy analyses included 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 insomnia (protocol 028
[P028] and protocol 029 [P029]).® P028 also included an op-
tional randomized, double-blind, placebo-controlled, 3-month
extension. Suvorexant doses of 40/30 mg (non-elderly/elderly)
and 20/15 mg (non-elderly/elderly) were evaluated, with fewer
patients randomized to 20/15 mg than 40/30 mg or placebo.
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) to assess withdrawal and rebound insomnia.

Patients

Non-elderly (18—64) and elderly (> 65) patients who met Diag-
nostic and Statistical Manual of Mental Disorders, 4™ edition,
text revision (DSM-IV-TR) criteria for primary insomnia' and
were otherwise in good physical and mental health were en-
rolled. All patients provided subjective sleep estimates using
an electronic sleep diary/questionnaire. Approximately 75%
of the patients also underwent polysomnography (PSG) over
8 hours. Patients who received only self-report assessments
are referred to as the questionnaire (Q)-cohort; those who re-
ceived self-report and PSG assessments are referred to as the
PSG+questionnaire (PQ)-cohort. To enter the Q-cohort, pa-
tients had to report a total sleep time (STST) < 6.5 h and time
to sleep onset (sSTSO) > 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 cri-
teria for screening and baseline PSG nights: latency to onset of
persistent sleep (LPS; the time from the beginning of lights off
to the onset of 10 consecutive minutes of sleep) > 20 min, and
mean (across screening and baseline) wakefulness after persis-
tent sleep onset (WASO) > 60 min with neither night <45 min.
They were not required to meet the Q-cohort entry criteria. All
patients (PQ+Q cohorts) also had to report > 1 h of wakeful-
ness after sleep onset (sSWASO) on > 3 of 7 nights each week
during the 4 weeks prior to the initial screening visit.

Design and Procedure

Patients were discontinued from existing hypnotic medica-
tions prior to entering each trial. Patients were randomized
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to treatment with suvorexant 40/30 mg, suvorexant 20/15mg,
or placebo in a 3:2:3 ratio in P028, and a 1:1:1 ratio (Q-co-
hort) or a 2:1:2 ratio (PQ-cohort) in P029. Doses differed
by age to adjust for previously-observed plasma exposure
differences (< 65: 40 mg or 20 mg; > 65: 30 mg or 15 mg).
Randomization was stratified by age category (non-elderly
vs. elderly) in all trials and also by cohort (Q vs. PQ) in
P028 and P029. For the run-out phase, patients initially as-
signed to suvorexant were randomized to either continue on
the same dose of suvorexant (suvorexant—suvorexant) or to
switch to placebo (suvorexant—placebo) in a 1:1 ratio, while
patients initially assigned to placebo continued to receive
placebo (placebo—placebo).

Patients were blindly assigned to treatment according to
a randomization schedule generated by a Merck statistician
using a computerized allocation schedule system. Treatment
assignment was implemented through an interactive voice re-
sponse system. Study investigators, site staff, patients, PSG
scorers, and Merck monitoring staff remained blinded to treat-
ment allocation throughout the study. Patients were instructed
to take medication orally once daily immediately prior to bed-
time (within 5 to 10 minutes).

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).

Assessments

Patients used an electronic diary each morning to report
STST (min), sTSO (min), sSWASO (min), number of awaken-
ings (SNAW), quality of sleep (SQUAL, 4-point scale), and
refreshed feeling on waking (SFRESH, 5-point scale). The In-
somnia-Severity-Index (ISI)" was completed at Months 1 and
3, and clinician and patient ratings of global severity (CGI-S
[7-point scale], PGI-S [6-point scale]) and global improve-
ment (CGI-I, PGI-I [7-point scales]) were recorded at Week 2
and Months 1, 2, and 3. PSG measures included LPS, WASO,
and total sleep time (TST) assessed at Night 1, Month 1, and
Month 3.

Safety assessments included open-ended questioning for
adverse events (AEs), the Columbia Suicidality Severity Rat-
ing Scale,? and periodic physical, chemistry, hematology, and
electrocardiogram assessments. A Motor-Vehicle-Accidents-
and-Violations questionnaire was administered during clinic
visits or phone calls to assess the occurrence of traffic or motor
vehicle accidents (and related injuries) or citations since the
last visit when the patient was the driver.

A program-wide guidance document containing definitions
of prespecified events of clinical interest (ECIs) was provided
to investigators. A blinded independent committee comprised
of 3 experts in neurology, psychiatry, and sleep, respectively,
adjudicated all ECIs potentially suggestive of intrusion of
rapid eye movement (REM) sleep into wakefulness (cataplexy)
or at initiation of sleep (sleep-onset paralysis). Falls were also
adjudicated to ascertain whether they were due to a possible
episode of cataplexy.



Residual effects were assessed in the PQ-cohort by the Digit
Symbol Substitution Test (DSST) within 0.5-1 h following
lights-on on the morning after PSG.

Potential withdrawal symptoms were assessed after comple-
tion of the double-blind treatment period by the Tyrer With-
drawal Symptom Questionnaire* administered prior to dosing
on 3 consecutive evenings at the start of the run-out.

Efficacy Endpoints

The primary efficacy endpoints were 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.
Changes from baseline on other diary endpoints (SWASO,
sNAW, sQUAL, sFRESH), PSG endpoints (TST), and rating
scale endpoints (ISI, CGI-S, PGI-S, CGI-I, PGI-I) were also as-
sessed. PSG sleep efficiency (SE [%]), defined as TST/time in
bed (fixed at 8 h for PSG recording) x 100, was assessed post
hoc. SE provides an additional parameter of interest to prac-
titioners but is effectively double reporting of TST results in
situations where time in bed is fixed, as in the present studies.
Subjective sleep efficiency could not be calculated because time
in bed was not captured on the patient diaries. In addition, we
assessed: WASO by hour of night; the percentage of responders
using various definitions (ISI > 6 point improvement from base-
line??; sSTSO and sTST > 15% improvement from baseline, with
the cutoff corresponding to the degree of change likely to exceed
the mean placebo change from baseline based on historical data
from similarly designed clinical trials conducted by Merck); and
efficacy in subgroups defined by age, gender, race, region, base-
line severity (above or below the median for the corresponding
baseline values of the endpoint), cohort (Q or PQ), and, for the
PQ-cohort only, by Q-cohort entry criteria (those who met Q-
cohort entry criteria versus those who did not).

Statistical Analysis
A pooled analysis of phase-3 efficacy and safety data was pre-
specified, to allow a more robust evaluation of the 20/15 mg
dose given that each individual trial was underpowered for this
dose. It should be noted that for some analyses (of AEs, mea-
sures of rebound and withdrawal) the analysis plan prespeci-
fied that the placebo arm for the 20/15mg comparison would
also include 0- to 3-month placebo data from the P009 1-year
trial of 40/30 mg.” However, given that 20/15 mg was not in-
cluded in PO09 and because 20 mg is the maximum FDA ap-
proved dose, we decided it would be most valid to restrict the
placebo dataset to P028+P029 for the 20/15 mg comparison.
The efficacy analyses included all patients who took > 1 dose
of treatment, had > 1 post-treatment efficacy measure, and had
baseline data (for analyses requiring baseline data). Efficacy end-
points (i.e., change from baseline in sTST, WASO, sTSO, LPS)
were assessed using a longitudinal data analysis model with
terms for baseline value, age group (non-elderly vs. elderly), re-
gion, gender, treatment, trial, time, and interaction of treatment-
by-time; cohort was also included in the models for sTST and
STSO and other subjective endpoints. Analysis of responders was
based on a generalized linear mixed model using the same terms.
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No formal multiplicity strategy was employed for these
pooled analyses since the primary purpose was to provide
improved precision in the estimates of the treatment group
comparisons; note that nominal p values were computed
as a measure of strength of effect rather than a formal test
of hypothesis.

The safety analysis included all patients who took > 1 dose
of treatment. The percentages of patients with AEs, including
prespecified ECIs, were calculated. Summary statistics were
calculated for predefined limits of change in laboratory, vital
signs, or ECG measures.

Rebound insomnia on diary endpoints was assessed in
patients who entered the 1-week run-out at the end of treat-
ment (3 months or 6 months). The proportion of patients in
each treatment group with lower sTST (or greater sTSO) rela-
tive to pretreatment baseline, regardless of the magnitude of
the difference, was calculated for each of the first 3 nights of
run-out as well as on any of the 3 nights. For PSG parameters
(WASO and LPS), values during the first night of the run-out
at the end of 3 months of treatment were compared to those
obtained at pretreatment baseline. The primary compari-
sons were between the suvorexant—placebo groups and the
placebo—placebo group. Additionally, rebound effects were
assessed by between group comparisons of the mean changes
from pretreatment baseline (in minutes) during the run-out for
sTST, sTSO, WASO, and LPS.

To assess withdrawal symptoms, the proportion of patients
with > 3 newly emergent or worsened (compared to the last
treatment measurement) symptoms on the 20-item Tyrer With-
drawal Symptom Questionnaire for each of the first 3 nights of
run-out as well as across all 3 nights was calculated. The pri-
mary comparisons were between the suvorexant—suvorexant
groups and the suvorexant—placebo groups.

Next-morning residual effects were assessed by the number
of attempts and number of correct items on the DSST.

Power

Based upon pooled sample sizes of 1,260 (493 for suvorexant
20/15 mg, 767 for placebo) for self-report efficacy endpoints
and 930 (343 for suvorexant 20/15 mg, 587 for placebo) for PSG
efficacy endpoints, and assuming an overall dropout rate of ap-
proximately 1% at Night 1 (for PSG endpoints), 5% at Week 1 (for
self-report endpoints), 10% at Month 1, and 20% at Month 3, the
marginal power for the comparison of suvorexant 20/15 mg ver-
sus placebo was > 99% to detect standardized effect sizes ranging
from 33% to 76% for the maintenance endpoints (STST, WASO)
and > 93% to detect standardized effect sizes ranging from 29%
to 50% for the onset endpoints (sTSO, LPS). The primary pur-
pose of the subgroup analyses was to evaluate the consistency
of the treatment effect across various subgroups; therefore, no
power calculations were made for the subgroup analyses.

RESULTS

Patient Accounting
Patient accounting for the 3-month treatment periods of the
pooled data sets are shown in Figure S1 in the supplemental
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Figure 1—Adjusted means and 95% Cls for change from
baseline in self-report endpoints for P028+P029.
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material. Completion rates for 3 months were high (85-89%)
and similar among treatment groups.

Patient Characteristics

Patient characteristics and baseline symptom severity were
generally similar among treatment groups and are summarized
in Table 1. At baseline, patients reported a mean sTST of ~5 h
and a mean sTSO of ~1.25 hours.

Efficacy

Mean changes-from-baseline in each treatment group for di-
ary sleep measures, PSG sleep measures, and global rating
scales are shown in Table S1 in the supplemental material. Su-
vorexant 20/15 mg differences from placebo are summarized
in Table 2. Suvorexant 20/15 mg provided improvement com-
pared to placebo for all endpoints except SNAW, and LPS at
Month-3.

Journal of Clinical Sleep Medicine, Vol. 12, No. 9, 2016

1218

Figure 2—Adjusted means and 95% Cls for change from
baseline in PSG endpoints for P028+P029.
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Effects of suvorexant 20/15 mg on sleep maintenance and
sleep onset over time are illustrated graphically in Figure 1
(self-report measures) and Figure 2 (PSG measures). It can
be seen that suvorexant effects were apparent on the first PSG
night or first week of diary data and were maintained through-
out 3 months of nightly use (except for LPS at Month 3). Stan-
dardized effect sizes for suvorexant 20/15 mg on self-report
measures at Week 1 were 34% for sTST and 20% for sTSO;
standardized effect sizes for PSG measures at Night-1 were
89% for WASO and 31% for LPS. At Month 3, standardized
effect sizes for suvorexant 20/15 mg on self-report measures
were 29% for sTST and 17% for sTSO, and standardized effect
sizes for PSG measures were 54% for WASO and 14% for LPS.

Effects of suvorexant 20/15 mg on WASO by hour of the
night are shown in Figure 3. Suvorexant generally improved
WASO from 2—8 h, except for hours 7 and 8 at Month 3.

The analyses of the percentages of responders according to
the various definitions are shown in Table 3. A greater odds
of responding was evident for suvorexant 20/15 mg versus
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Table 1—Baseline characteristics of treated patients for P028+P029.

Suvorexant 20/15mg Placebo
N =493 N =767
Demographics
Age
Mean (SD), years 55 (16) 56 (15)
<65 years, n (%) 291 (59.0) 449 (58.5)
> 65 years, n (%) 202 (41.0) 318 (41.5)
Gender, n (%)
Female 319 (64.7) 492 (64.1)
Male 174 (35.3) 275(35.9)
Body mass index
Mean (SD), kg/m? 254 (4.1) 25.6 (4.2)
Underweight < 18.5, n (%) 11(2.2) 16 (2.1)
Normal 18.5-25, n (%) 232 (47.1) 351 (45.8)
Overweight 25-30, n (%) 194 (39.4) 289 (37.7)
Obese > 30, n (%) 56 (11.4) 110 (14.3)
Race, n (%)
White 358 (72.6) 553 (72.1)
Black 19 (3.9) 46 (6.0)
Asian 93 (18.9) 124 (16.2)
Other 23 (4.7) 44 (5.7)
Ethnicity, n (%)
Non-Hispanic/Latino 403 (81.7) 644 (84.0)
Hispanic/Latino 90 (18.3) 123 (16.0)
Region, n (%)
North America 190 (38.5) 313 (40.8)
Europe 165 (33.5) 247 (32.2)
Japan 61 (12.4) 94 (12.3)
Asia Pacific 26 (5.3) 27 (3.5)
Central/South America 27 (5.5) 42 (5.5)
Middle East/Africa 7(1.4) 15(2.0)
Central/Eastern Europe 17 (3.4) 29 (3.8)
Cohort, n (%)
Q (Diary only)* 150 (30.4) 180 (23.5)
PQ (Diary plus PSG) 343 (69.6) 587 (76.5)
Mean (SD) baseline scorest
Diary measures
sTST, min 310.7 (71.3) 312.7 (71.4)
sTSO, min 74.3 (61.3) 74.1(61.4)
SWASO, min 79 1(49.5) 80.7 (51.9)
sNAW, n 0(1.1) 20(1.1)
SQUAL, 1-4 scale .9(0.5) 1.9(0.5)
sFRESH, 0-4 scale 3(0.7) 1.4(0.7)
PSG measures (PQ-Cohort)
LPS, min 67.3 (48.8) 67.1(43.4)
WASO, min 119.4 (48.4) 116.7 (47.5)
TST, min 300.7 (65.1) 305.0 (63.8)
SE, % 62.6 (13.6) 63.5(13.3)
Rating scales
ISI, 0-28 scale 16.2 (3.9) 15.9 (4.2)
CGI-S, 1-7 scale 4.5(0.9) 4.5(0.9)
PGI-S, 0-5 scale 3.3(0.7) 32(0.8)

*Q-cohort mainly consisted of Japanese patients. N for some baseline diary measure and rating scale scores were slightly smaller due to missing data;
N for PSG measures were smaller because PSG was assessed only in the PQ-Cohort. Baseline values are for patients treated and differ slightly from the
baseline values shown in Figures 1 and 2 which are based on patients who treated and were eligible for the efficacy analysis.
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Table 2—Summary of efficacy for suvorexant 20/15 mg over 3 months for P028+P029: difference (95% Cl) between
suvorexant and placebo in least squares mean change from baseline.

Week 1 (Diary) / Night 1 (PSG) / Week 2 (Ratings)

Month 1 Month 3

Diary measures

sTST, min 15.0 (10.0, 20.1)™**
sTSO, min -6.1(-9.7, -2.5)"**
SWASO, min -5.3 (-8.8, -1.8)*
sNAW, n 0.02 (-0.05, 0.10)
SQUAL, 1-4 scale 0.10 (0.05, 0.14)™**
SFRESH, 0-4 scale 0.10 (0.04, 0.16)**

PSG measures

LPS, min -11.2 (-16.1, -6.4)**

WASO, min -34.6 (-39.8, -29.3)***

TST, min 44 8 (38.3,51.4)

SE, %t .3(8.0, 10.7)**
Rating scales

ISI, 0-28 scale

CGI-S, 1-7 scale -0.3 (- 0 5,-0.2)**

PGI-S, 0-5 scale -0.3(-0.4, -0.2)**

CGl-l, 1-7 scale* -0.4 (-0.5, -0.3)***

PGI-l, 1-7 scale* -0.3(-0.5, -0.2)***

18.4 (122, 24.7)* 16.0 (9.2, 22.8)**
-5.6(-9.9, -1.2)" -5.9 (-10.2,-1.6)*
-6.6 (-10.7, -2.5)"* -47 (-8.9, -0.5)*
0.01 (-0.08, 0.09) 0.02 (~0.08, 0.12)
0.14 (0.08, 0.19)** 0.10 (0.04, 0.16)**
0.16 (0.08, 0.23)** 0.13 (0.05, 0.21)**
-9.1 (-13.6, -4.6)** -46(-93,0.2)

-25.4 (-31.3, -19.5)** -23.1(-29.2, -17.0y**
347(278 415y 275 (20.2, 34.9)*

2(5.8,8.6)™** 7(4.2,73)*
1.4 (-1.9, -0.9)** -1.3(-1.8,-0.7)**
-0.4 (0.5, -0.3)"** -0.3 (0.4, -0.2)*
-0.4 (0.5, -0.3)"** -0.3 (-0.4, -0.2)**
-0.4 (0.5, -0.3)"** -0.4 (0.5, -0.3)**
-0.4 (-0.6, -0.3)"** -0.4 (0.5, -0.2)"**

Results based on a mixed effects model with terms for baseline value, age category (< 65, = 65), region, gender, treatment, trial, time point, and treatment-
by-time point interaction as covariates; cohort was also included in models for Diary and Rating scale measures. Post hoc analysis. #Value at timepoint

(not change from baseline). ***p < 0.001, **p < 0.01, *p < 0.05 versus placebo.

Figure 3—Adjusted means and 95% Cls for change from
baseline (BL) in WASO by hour of the night for P028+P029.
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placebo, except for the “sTSO > 15% improvement” definition
at Month 3.
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Suvorexant 20/15 mg differences versus placebo for sleep
maintenance and sleep onset endpoints in subgroups defined
by age, gender, race, region, baseline severity, cohort, and en-
try criteria are shown in Figure S2 (sleep maintenance) and
Figure S3 (sleep onset) in the supplemental material. The find-
ings were generally consistent across the subgroups (95% Cls
overlapped) and mirrored those for the overall population.

Safety

AEs over 3 months are summarized in Table 4. Patients treated
with suvorexant 20/15mg had generally similar incidences of
any AEs or discontinuations due to AEs compared with pla-
cebo. The proportion of patients with serious adverse events
was similar among the treatment groups and there was no im-
portant difference between treatment groups in the specific
types of serious adverse events that were reported. The propor-
tion of patients that had drug-related AEs was somewhat higher
with suvorexant, but none of the drug-related AEs were serious.
The most common AE that was increased for suvorexant ver-
sus placebo was next-day somnolence (6.7% versus 3.3%). As
shown in Table 5, somnolence rarely resulted in discontinua-
tion and was mostly mild or moderate in severity. Among pa-
tients assigned to suvorexant who reported somnolence within
3 months, 62% experienced it within the first week and 93%
experienced it within the first month (Table 5). Of the 33 pa-
tients on suvorexant 20/15 mg who initially reported somno-
lence within 3 months, 2 had a subsequent report.

The incidence of predefined ECIs over 3 months is shown
in Table 4. The most common category for both suvorexant
and placebo was events that could potentially indicate abuse,
but most appeared to be drug administration errors without
evidence of intentional misuse (investigators were instructed
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Table 3—Summary of responder analyses for suvorexant 20/15 mg over 3 months for P028+P029: number (%) of responders
and odds ratio (95% Cl) for the difference between suvorexant and placebo.

Week 1 Month 1 Month 3
Endpoint n/N (%) OR (95% CI) n/N (%) OR (95% CI) n/N (%) OR (95% CI)
ISI = 6 point improvement
Placebo - - 157/685 (22.9) 269/638 (42.2)
Suvorexant 20/15 mg - - 149/440 (33.9) 1.8 (1.4, 2.4)** 228/411 (55.5) 1.8 (1.4,23)**
sTST = 15% improvement
Placebo 145/740 (19.6) 210/715 (29.4) 278/664 (41.9)

Suvorexant 20/15 mg 150/479 (31.3) 2.1(1.6,2.8) 197/463 (42.5) 2.0 (1.5, 2.5 213/425 (50.1) 1.5(1.2, 2.0)*
sTSO = 15% improvement

Placebo 316/740 (42.7) 384/715 (53.7) 438/664 (66.0)

Suvorexant 20/15 mg 2671479 (55.7) 1.7 (14,2.2)** 289/463 (62.4) 1.5(1.1, 1.9)* 2971425 (69.9) 1.2(0.9, 1.5)

Results based on a generalized linear mixed model with terms for baseline value, age category (< 65, = 65), region, gender, treatment, trial, cohort, time
point, and treatment-by-time point interaction as covariates. ***p < 0.001, **p < 0.01 versus placebo. N, number of randomized patients who took at least
one dose of study medications and had a value at baseline and during the treatment period; n, number of patients meeting endpoint; OR, odds ratio.

Table 4—Summary of adverse events over 3 months for P028+P029: number (%) of patients by treatment.

Suvorexant 20/15mg Placebo
N =493 N =767
General categories of events
> 1 adverse event 229 (46.5) 358 (46.7)
> 1 drug-related adverse event* 109 (22.1) 116 (15.1)
> 1 serious adverse event 3(0.6) 16 (2.1)
> 1 serious drug-related adverse event* 0(0.0) 0(0.0)
Discontinued due to adverse event® 15 (3.0 40 (5.2)
Died 0(0) 1(0.1)
Specific events = 2.0% in any treatment group
Somnolence 33 (6.7) 25(3.3)
Nasopharyngitis 26 (5.3) 47 (6.1)
Headache 36 (7.3) 45(5.9)
Drug administration error 16 (3.2) 18 (2.3)
Dizziness 15(3.0) 19 (2.5)
Fatigue 11(2.2) 14 (1.8)
Back pain 7(1.4) 19 (2.5)
Diarrhoea 12 (2.4) 11(1.4)
Urinary tract infection 8(1.6) 18 (2.3)
Prespecified events of clinical interest
Suicidal ideation 1(0.2) 1(0.1)
Events suggestive of abuse potential® 16 (3.2) 18 (2.3)
Complex sleep-related behaviours 0(0) 0(0)
Hypnagogic hallucination 1(0.2) 0(0)
Hypnopompic hallucination 1(0.2) 0(0)
Excessive daytime sleepiness® 3 (0.6) 1(0.1)
Sleep paralysis 1(0.2) 0(0)
Sleep onset paralysis (confirmed by adjudication) 0(0) 0(0)
Cataplexy (confirmed by adjudication) 0(0) 0(0)
Falls® 4(0.8) 7(0.9)
Motor vehicle accidents/violations ¢ 10(2.9) 12 (2.3)

*Determined by the investigator to be related to the drug (determination made while blinded). T The counts for discontinuations due to adverse events are
based on the period in which the adverse event started. 2 Terms included depersonalization, derealization, dissociation, euphoric mood, mania, hallucination,
potential study medication misuse. ® Excessive daytime sleepiness was defined as a more persistent daytime sleepiness than typical next-day residual
somnolence; patients were not evaluated by ICSD criteria for the excessive daytime sleepiness symptom diagnosis. ¢Falls were adjudicated to determine
whether they were suggestive of cataplexy. ¢Includes spontaneously reported events when the patient was the driver and events elicited via a Motor Vehicle
Accidents and Violations Questionnaire. Only patients who treated and drove during the treatment phase of the study were included: N = 342 for suvorexant
20/15 mg, N = 528 for placebo.
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Table 5—Summary of somnolence adverse events over 3 months for P028+P029: number (%) of patients by treatment except
where noted.

Suvorexant 20/15 mg Placebo
N =493 N =767
Total reporting somnolence 33 (6.7) 25(3.3)
Intensity
Mild 24 (4.9) 16 (2.1)
Moderate 8(1.6) 8(1.0)
Severe 1(0.2) 1(0.1)
Kaplan-Meier cumulative % estimate by time*
Week 1 (Day 7) 4.3 1.6
Month 1 (Day 28) 6.4 24
Month 3 (Day 90) 6.9 34
Discontinued due to somnolence 1(0.2) 2(0.3)

*Patients who discontinued the trial prior to experiencing an AE of somnolence were censored at the time of last dose.

Table 6—Number and percentage of patients meeting criteria for rebound insomnia on self-report endpoints during the first 3
nights of the run-out phase, and meeting criteria for rebound insomnia on PSG endpoints during the first night of the run-out for
P028+P029.

Suv—Pbo Pbo—Pbo Difference (95% CI) t
N n (%) N n (%) Suv—Pbo vs. Pbo—Pbo

sTST

Night 1 206 55 (26.7) 605 161 (26.6) -0.1(-6.8,7.2)

Night 2 195 39 (20.0) 610 125 (20.5) -0.4 (-6.5,6.4)

Night 3 201 53 (26.4) 594 121(20.4) 6.0 (-0.6, 13.2)

Nights 1,2 or 3 213 88 (41.3) 641 234 (36.5) 4.8 (-2.7,12.4)
sTSO

Night 1 206 50 (24.3) 605 142 (23.5) 0.7 (-5.7,7.8)

Night 2 195 30 (15.4) 610 111 (18.2) -2.8(-8.3, 3.6)

Night 3 201 45 (22.4) 594 126 (21.2) 1.1(-5.2, 8.1)

Nights 1,2 or 3 213 77 (36.2) 641 215(33.5) 2.6 (-4.6,10.1)
WASO

Night 1 129 43 (33.3) 436 105 (24.1) 8.6 (-0.0, 18.0)
LPS

Night 1 131 24 (18.3) 439 72 (16.4) 1.6 (-5.2,9.8)

Timing of run-out for self-report endpoints: in P028 after 3 months of treatment for patients who did not enter the extension or after 6 months for patients
who entered the extension, in P029 after 3 months of treatment. Timing of run-out for PSG endpoints: 3 months after treatment in both P028+P029 (PQ-
cohort). Suv = suvorexant 20/15mg, Pbo = placebo; treatment x—treatment y = treatment received during the treatment phase—treatment received during
the run-out phase. N = number of randomized patients who took at least one dose of run-out phase study medication and had a value at baseline and during
the run-out phase. n = number of patients with rebound (worsening compared to baseline). t 95% CI computed using Miettinen and Nurminen method.*

to report potential study medication misuse when a patient re-
turned less study medication than expected and denied tak-
ing extra study medication; review of these cases suggested
that the majority of events were due to accidental loss of study
medication). Other ECIs reported in > 1 patient on suvorex-
ant but no patients on placebo included hypnagogic halluci-
nation (n = 1), hypnopompic hallucination (n = 1), and sleep
paralysis (n = 1). The proportions of patients reporting exces-
sive daytime sleepiness (defined as more persistent daytime
sleepiness than typical next-day residual somnolence and as-
sociated with impairment) were low in all groups but higher for
suvorexant (0.6%, n = 3) versus placebo (0.1%, n = 1). There
were no reports of cataplexy confirmed by adjudication in ei-
ther group. The proportions of patients with falls and motor
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vehicle accident or violation events were similar in both treat-
ment groups.

Over 3 months, based on clinician’s assessments of adverse
events and patient responses to the Columbia Suicide Severity
Rating Scale, suicidal ideation was reported by 1 patient on
suvorexant and 1 patient on placebo. Both reports were associ-
ated with clearly identified precipitating stressful life events.
No suicidal behavior was reported.

The number of patients with > 1 AE and with somnolence by
age and gender subgroups for each treatment group are sum-
marized in Table S2 in the supplemental material. Across all
treatment groups, the elderly tended to have more AEs than
the non-elderly and women tended to have more AEs than men.
The pattern of findings for suvorexant versus placebo in age
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and gender subgroups generally mirrored those for the overall
population, except that men receiving suvorexant did not show
an increase in somnolence versus placebo whereas women did.

No clear trends were seen between treatment groups with
regard to the percentages of patients who met predetermined
criteria on vital signs or ECG measures (Table S3 in the sup-
plemental material), or with regard to changes in laboratory
measures.

Rebound Insomnia

Analyses of rebound insomnia for self-report endpoints dur-
ing the first 3 nights of the run-out, and PSG endpoints on the
first night, are summarized in Table 6. There were no statisti-
cally significant differences between the suvorexant—placebo
group and the placebo—placebo group on any measure on
any night. The supportive approach looking at mean changes
from baseline in minutes also showed that in both groups
(suvorexant—placebo and placebo—placebo) self-report and
PSG endpoints either continued to be improved from baseline
during the run-out nights or were comparable to baseline (in
the case of suvorexant—placebo for sTSO on Night 1), i.e., the
mean values did not worsen relative to baseline (Table S4 in
the supplemental material).

Withdrawal

Analyses of change in Tyrer Withdrawal Symptom Question-
naire scores during the first 3 nights of the run-out are sum-
marized in Table S5 in the supplemental material. There were
no significant differences in the numbers of patients meeting
the prespecified withdrawal criteria for the comparisons of the
suvorexant—suvorexant group versus the suvorexant—placebo

group.

Residual Effects

No statistically significant differences were observed between
suvorexant and placebo in terms of baseline-adjusted num-
ber of correct responses or attempted responses on the DSST
(Table S6 in the supplemental material).

DISCUSSION

These prespecified analyses of pooled data from phase-3 tri-
als® showed that 20/15 mg doses of suvorexant improved self-
report and PSG measures of sleep onset and sleep maintenance
at the initiation of treatment and over 3 months of nightly use.
Generally, effects were greater on objective than subjective
measures. Suvorexant 20/15 mg also improved patients’ rat-
ings of sleep quality and feeling refreshed in the morning. The
global benefits of these improvements in sleep were reflected
in patient and clinician global assessments of insomnia sever-
ity and improvement, and in a variety of responder analyses
including changes in ISI. The efficacy of suvorexant 20/15 mg
was consistent across subgroups including those defined by
age and gender.

Of particular interest was the observation that the PSG
measure of hour-by-hour wake time during the night generally
showed improvement for suvorexant 20/15 mg versus placebo
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from 2 through 8 hours, although this effect was somewhat di-
minished at Month 3. This pattern of findings differs from that
reported for extended release zolpidem which improves PSG
sleep maintenance during the first 4 to 5 hours of the night.?
However, this difference has not been examined in a direct
head-to-head study. Importantly, for most patients the great-
est amount of wake time is in the last 3 hours of the night, as
is evidenced in the placebo group. This is probably due to the
circadian timing of histamine and orexin release and the dis-
sipation of homeostatic sleep drive.*

This pooled analysis also showed that suvorexant 20/15 mg
was generally well tolerated over 3 months, and most patients
completed the planned 3 months of treatment. The most com-
mon AE associated with suvorexant was somnolence which
mostly occurred early during treatment (within the first week to
month), was generally mild-to-moderate in severity, and rarely
resulted in discontinuation. Severe and impairing daytime
somnolence, prospectively defined as the ECI of “excessive
daytime sleepiness,” occurred in more patients on suvorexant
20/15 mg than placebo but was infrequent (0.6%). DSST scores
suggested that suvorexant 20/15 mg did not impair next morn-
ing psychomotor function. There was no apparent difference
between suvorexant and placebo with regard to motor vehicle
accidents or violations, but due to the relative infrequency of
such events and limitations of sample size the possibility of
an increase cannot be excluded. Dedicated on-the-road driv-
ing studies in healthy non-elderly and elderly men and women
suggest that suvorexant 20/15 mg does not produce a clinically
meaningful impairment in next-morning driving performance
as assessed by overall group mean changes in deviation from
lane position.>** However, the possibility of individual varia-
tion in response is suggested by some individuals who had
increases in deviation from lane position and prematurely
stopped tests due to somnolence.*

The suvorexant phase-3 program included assessment of
AEs that could be mechanism-based. Narcolepsy has been
shown to be associated with a progressive degeneration of
orexin neurons'>'>?” and consequently it has been suggested
that antagonism of orexin receptors could mimic signs or
symptoms of narcolepsy, particularly cataplexy (sudden intru-
sion of REM into the waking state associated with sudden loss
of muscle tone). No events, including falls, were confirmed
by adjudication as cataplexy in the phase-3 trials. However,
patients known to have narcolepsy were excluded from the
phase-3 trials, and to date there are no data on suvorexant ef-
fects in these patients.

Sleep-specific AEs were also assessed in the phase-3 trials.
Suvorexant 20/15 mg was associated with a small number of re-
ports of sleep-related hallucinations (2/493) and sleep paralysis
(1/493) whereas there were no such reports for placebo. Given
that both sleep-related hallucinations and sleep paralysis occur
spontaneously in the general population it is unknown whether
the observed events are specifically related to antagonism of
orexin receptors.?®?’ There were no reports of complex sleep
behaviors for suvorexant 20/15 mg.

Possible effects on mood and suicidality are a concern for all
centrally acting drugs. In the pooled analysis suicidal ideation
was infrequent: 1/493 (0.2%) on suvorexant 20/15mg and 1/767
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(0.1%) on placebo. Patients with major depression or other ma-
jor psychiatric disorders were excluded from the trials in the
pooled analysis. Insomnia and mood disorders have a high
comorbidity, however. Consequently, as with other hypnotics,
clinicians should be aware of the possibility that worsening of
depression or suicidal thinking may occur.

The pooled analysis evaluated abrupt suvorexant 20/15 mg
discontinuation during a run-out which occurred after chronic
use for periods ranging from 3—6 months. No evidence of re-
bound insomnia (worsening of insomnia relative to baseline)
or withdrawal symptoms was observed. Thus, these results
suggest that abrupt termination of suvorexant 20/15 mg af-
ter nightly use for 3—6 months is generally well tolerated in
most patients.

The clinical profile of suvorexant 20/15 mg in subgroups
defined by age and gender was of particular interest given
that the elderly and women are generally thought to have an
increased prevalence of insomnia, increased risk of adverse
events, and possibly different responsiveness to insomnia
treatment.**** The subgroup analyses of pooled data showed
that the efficacy of suvorexant did not vary as a function of
age or gender. With regard to safety, there was no evidence
to suggest that any difference in AEs (total number and som-
nolence) between suvorexant and placebo was more marked
in elderly than non-elderly patients. It should be noted that
elderly patients included in our trials were usually in good
general health and the results may differ in the overall el-
derly population which includes frail elderly. In the gender
subgroup AE analysis, men taking suvorexant 20/15 mg did
not show an increase in somnolence versus placebo whereas
women did. This could be a chance finding given the small
sizes of the subgroups with somnolence, or could indicate that
women taking suvorexant 20/15 mg may be more prone to
next-day somnolence than men.

Several factors limit the interpretation of our data. The tri-
als were conducted in patients with DSM-IV criteria primary
insomnia, and results could differ in patients with comorbidi-
ties. Many patients take hypnotics for longer than 3 months
and results could differ over time, although the efficacy and
safety of suvorexant 40/30 mg over 3 months in P028 and
P029 was similar to that over 12 months in P009.” Finally,
no active comparator was included, and therefore we can-
not make direct inferences about suvorexant relative to other
insomnia medications. However, it is interesting to note that
in the present analysis changes in suvorexant versus placebo
sleep endpoints tended to be smaller for subjective than objec-
tive measures whereas the opposite finding (greater subjective
than objective effects) has been reported for benzodiazepine
receptor agonists.*>*® We speculate that possible amnestic
properties and euphoric effects of benzodiazepine receptor
agonists might conflate patient recall of subjective efficacy
causing patients to subjectively overestimate sleep effects
relative to objective measures. Based on the present results,
suvorexant appears to be effective without inflating subjective
report relative to objective assessment. Direct head-to-head
comparative studies would be required to confirm possible
differences in clinical profiles between suvorexant and other
insomnia medications.
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ABBREVIATIONS

AE(s), adverse event(s)

CGI-I, clinician global impression of improvement

CGI-S, clinician global impression of severity

CI, confidence interval

DSM, Diagnostic and Statistical Manual of Mental Disorders

DSST, digit symbol substitution test

ECQG, electrocardiogram

ECI(s), event(s) of clinical interest

FDA, Food and Drug Administration

ISI, Insomnia Severity Index

GABA, gamma-aminobutyric acid

LPS, latency to onset of persistent sleep (assessed by
polysomonography)

P009, protocol (study) 009

P028, protocol (study) 028

P029, protocol (study) 029

PGI-I, patient global impression of improvement

PGI-S, patient global impression of severity

PQ-cohort, polysomonography plus questionnaire cohort

PSG, polysomonography

Q-cohort, questionnaire only cohort

REM, rapid eye movement sleep

SD, standard deviation

SE, sleep efficiency (assessed by polysomonography)

sFRESH, self-reported refreshed feeling on waking

sQUAL, self-reported sleep quality

sTSO, self-reported time to sleep onset

sTST, self-reported total sleep time

SWASO, self-reported wakefulness after sleep onset

TST, total sleep time (assessed by polysomonography)

WASO, wakefulness after persistent sleep onset (assessed by
polysomonography)
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