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1 EXECUTIVE SUMMARY

The clinical trial efficacy data provided in this application seems to clearly support the efficacy
of Suvorexant for Sleep Maintenance. In the application there are two similarly designed 3
month placebo controlled phase 3 studies (study 28 and study 29) and one early phase 2B dose
finding crossover study. The evidence for an effect on Sleep Onset was weaker than that for
maintenance. In one study at the 3 month visit night the effect on latency as measured
objectively by Polysomnography did not achieve statistical significance, thus failing to replicate
the statistically significant effect demonstrated in the other study. However, the high dose effect
at Month 1 was significant in both studies and there was replication of the effect on the
corresponding subjective assessment, the patient reported weekly average of the Time to Sleep
Onset, at Month 3 (as well as Month 1).

The Suvorexant phase 3 studies were ambitious in that they aimed to demonstrate effects for
both elderly and non-elderly patients on both Sleep Maintenance and Onset, in terms of both an
objective and a subjective assessment for each, in the same study. They also put more weight on
the high dose (the low dose had 30 to 40% less patients by design) and the multiplicity
adjustment method tested the high dose first, such that the low dose could only be tested if the
high dose was first significant at multiple timepoints on both subjective and objective
assessments. After taking into account the prespecified adjustments for multiple testing the low
dose was only statistically significant for objective latency to persistent sleep in study 28 (not
significant for objective latency in study 29 or for subjective time to sleep onset in study 28 or
study 29). However, the low dose was statistically significant for objective and subjective
primary endpoints for maintenance in both of these studies.

In the non-elderly next day driving study the 40 mg dose had significant asymmetry of
differences from placebo with significantly more being positive and higher than the impairment
threshold of interest (2.40) on both days 2 and 9.The low dose also was significant on day 2 but
not on day 9. There was also some other evidence that the driving effect might be dose related
which would suggest considering a lower dose if it was still efficacious.

In a prior phase 2B crossover study in non-elderly adults a lower dose, 10 mg, as well as a higher
dose, 80 mg, were studied in addition to the adult doses used later in Phase 3. There was a
suggestion of efficacy of 10 mg, particularly for wake time after sleep onset, based on this study
data but there is no existing means of replication for the 10 mg dose and no 10 mg data for the
elderly.
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2 INTRODUCTION
2.1 Overview

The IND number associated with the development of this drug for this indication is IND
101,847. Suvorexant is a selective antagonist for orexin receptors OXiR and OX2R. In the two
confirmatory efficacy trials of suvorexant (P028 and P029), efficacy and safety of suvorexant
were evaluated in replicate core 3-month Treatment Phases. These trials were similarly designed
as combined-age (with enrollment of both non-elderly and elderly adults) and combined-measure
studies (with data collected for both objective and subjective efficacy measures). Based on the
results of the Phase 2b 2 period crossover trial (P006) comparing each of 10 mg, 20 mg, 40 mg,
and 80 mg separately with placebo, the Phase 3 dose of primary focus, to be confirmed in non-
elderly patients (< 65 years), was 40 mg (referred to as "suvorexant high dose [HD]"). Based on
evidence for slightly higher exposures in elderly patients in Phase 1 studies, suvorexant HD in
elderly patients was 30 mg. Thus exposure levels for suvorexant HD were anticipated to be
similar for non-elderly and elderly patients enabling the pooling of efficacy and safety data
across age groups. A lower dose (LD) of 20 mg in non-elderly and 15 mg in elderly was also
evaluated in these two trials, but with a smaller sample size than HD (the sponsor’s intention was
to pool the samples across the two studies for more precise estimation of LD effects). Selection
of patients with insomnia in the confirmatory trials (P028 and P029) relied on objective
polysomnograph (PSG) criteria for the PQ-Cohort (patients with both PSG and e-diary data) and
subjective questionnaire (e-diary) criteria for the Q-Cohort (patients with e-diary data
only).Table 1summarizes the features of the key efficacy studies.
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Table 1 Key Suvorexant Efficacy Studies

Study # of Subjects Follow-up Completer | Primary Efficacy Study
per Arm Period N (%) Populati
on
P28: 3 months 341 (88.6) | Latency Maintenance
Phase 3 N 230 (90.6) | LPS WASO 42%
Placebo: 385 345 (90.1) |sTSO STST Elderly
LD 255 at months 1 and 3 34%
HD 383 PSG and diary based North
measures America
62%Fe
male
P29 N 3 months 330 Latency Maintenance |41%
Phase 3 Placebo: 389 (85.3%) LPS WASO Elderly
LD 240 205 sTSO STST 48%
HD 392 (85.4%) at months 1 and 3 North
346 America
(88.3%) PSG and diary based 67%Fe
measures male
PO06: 2 Period 1 month for Sleep Efficiency at Non-
Phase 2b | Crossover each Period plus Night 1 and 28 Elderly
Placebo: 10 mg 1 week washout 31(94%) Secondary Endpoints 87%
10 mg: Placebo 32(94%) WASO and LPS North
Placebo: 20 mg 33(91%) America
20 mg: Placebo 32(81%) 58%
Placebo: 40 mg 32(94%) Female
40 mg: Placebo 32(84%)
Placebo: 80 mg 31(90%)
80 mg: Placebo 31(90%)

2.2 Data Sources
At the time of review the locations of the primary endpoint data for the two key studies were as
follows. The polysomnographic endpoint data are in the files ADPSG and the subjective
endpoint weekly average data are in the files ADMD within these directories.
\\Cdsesubl\evsprod\NDA204569\\0000\m5\datasets\p028\analysis\datasets\
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WCdsesubl\evsprod\NDA204569\\0000\m5\datasets\p029\analysis\datasets\

Analysis datasets for the phase 2b crossover study, PO06, were not provided in the original
submission but were provided later during the review following an FDA request for them.
\\Cdsesubl\evsprod\NDA204569\\0014\m5\datasets\p006\analysis\datasets\

3 STATISTICAL EVALUATION

3.1 Evaluation of Efficacy

3.1.1 Study P028

The primary therapy period of this study was from 25-May-2010 to 22-Nov-2011.

The original protocol (amendment 2) was dated 18 February 2010 and there were protocol
clarification letters dated 05 May 2010, 31 March 2010 and 01 Aug 2011. Changes to the
statistical analysis plans as detailed in the protocol were made in memos dated 31 August 2011
and 8 December 2011.

3.1.1.1 Study Design and Statistical Methods

Objectives:
Maintenance

1. To evaluate the efficacy of MK-4305 high dose compared with placebo in improving
insomnia, as measured by change from baseline in mean subjective total sleep time (STSTm) on
the daily sleep e-diary at Month 1.

2. To evaluate the efficacy of MK-4305 high dose compared with placebo in improving
insomnia, as measured by the change from baseline in wakefulness after persistent sleep onset
(WASOQO) at Month 1.

3. To evaluate the efficacy of MK-4305 high dose compared with placebo in improving
insomnia, as measured by change from baseline in mean subjective total sleep time (STSTm) on
the daily sleep e-diary at Month 3.

4. To evaluate the efficacy of MK-4305 high dose compared with placebo in improving
insomnia, as measured by the change from baseline in wakefulness after persistent sleep onset
(WASOQO) at Month 3.

Onset

5. To evaluate the efficacy of MK-4305 high dose compared with placebo in improving
insomnia, as measured by change from baseline in mean subjective time to sleep onset (STSOm)
on the daily sleep e-diary at Month 1.

Reference ID: 3304654



6. To evaluate the efficacy of MK-4305 high dose compared with placebo in improving
insomnia, as measured by the change from baseline in latency to onset of persistent sleep (LPS)
at Month 1.

7. To evaluate the efficacy of MK-4305 high dose compared with placebo in improving
insomnia, as measured by change from baseline in mean subjective time to sleep onset (STSOm)
on the daily sleep e-diary at Month 3.

8. To evaluate the efficacy of MK-4305 high dose compared with placebo in improving
insomnia, as measured by the change from baseline in latency to onset of persistent sleep (LPS)
at Month 3.

This was a randomized, double-blind (with in-house blinding), placebo-controlled, parallel
group, multicenter questionnaire and PSG study to assess the safety, tolerability and efficacy of
MK-4305 in the treatment of patients with Primary Insomnia. The overall study was comprised
of a screening period (including a 2-week single-blind placebo run-in), a 3-month double-blind
core treatment period, an optional 3-month double-blind extension, and a 1-week double-blind
run-out period at the conclusion of a patient’s treatment (occurring either after the core treatment
period or after completion of the extension period for participating patients). Patients were
recruited to either the Questionnaire-only cohort (Q-cohort) or the PSG-plus-Questionnaire
cohort (PQ-cohort). The Sponsor was to identify which sites were to be enrolling patients into
the individual cohorts. Patients in both cohorts were to complete a daily sleep questionnaire via
an electronic diary (e-diary). Patients in the PQ-cohort were to additionally undergo PSG
assessments.

The run-in period was to commence at Visit 2 and continue until the patient returned at Visit 3.
Patients who continued to meet the overall and cohort-specific inclusion/exclusion criteria at
Visit 3 were to be randomized in a 3:2:3 ratio to receive either MK-4305 [high dose], MK-4305
[low dose], or placebo. The dose of MK-4305 received was to be determined by age group as
follows:

Non-elderly (18 to < 65 years): MK-4305 high and low doses were to be 40 and 20 mg,
respectively.

Elderly (65 years): MK-4305 high and low doses were to be 30 and 15 mg, respectively.

During the core treatment period, all patients were to return to the clinic after randomization, for
visits at the end of Week 2, and the end of Months 1, 2, and 3. For patients in the PQ cohort, the
visits at Night 1 and end of Months 1 and 3 were to be overnight PSG visits. Q-cohort was to
advance to Visit 2 and Visit 3 to assess for continued patient eligibility prior to randomization.
PQ-cohort was to advance to Visit 2-PSG: Screening PSG and Visit 2a-PSG: Baseline PSG,
during which specific PSG criteria must be met and exclusionary sleep disorders ruled out at
each respective overnight visit.

Efficacy Analyses
The primary hypotheses were to be evaluated by comparing the MK-4305 high dose to placebo
for maintenance endpoints: change from baseline in mean subjective total sleep time (STSTm)
and change from baseline in wakefulness after persistent sleep onset (WASQO) at Months 1 and 3;
and for onset endpoints: change from baseline in mean subjective time to sleep onset (STSOm)
and change from baseline in latency to onset of persistent sleep (LPS) at Months 1 and 3, while

9
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the high dose secondary hypotheses were to be evaluated for the same endpoints at Week 1
(STSTm and sTSOm) or Night 1 (WASO and LPS). Statistical significance for the primary
hypotheses was to be based on the following multiplicity strategy to control the overall Type I
error at the two-sided 5% significance level: to account for the evaluation of two distinct
indications a Bonferroni approach was to be used; within each indication, a fixed sequential
testing procedure was to be used to move from the first set of primary hypotheses (Month 1) to
the next set of primary hypotheses (Month 3). Within each time point, a Hochberg approach was
to be used to evaluate the objective and subjective endpoints.

Power and Sample Size

This study was to randomize 360 patients into the MK-4305 high dose and placebo groups, and
240 patients into the MK-4305 low dose group (total N of 960); these are the sample sizes that
were to be used to evaluate the questionnaire endpoints. This includes patients in the PQ-cohort
(75% of sample size) as well as the Q-cohort (25% of sample size). For the PSG endpoints (i.e.,
collected in the PQ-cohort), a total of 270 patients were to be randomized to each of the MK-
4305 high dose and placebo groups, and 180 patients were to be randomized to the MK-4305
low dose. Based upon the sample sizes noted above and assuming that the overall dropout rate is
approximately 1% at Night 1 (for PSG endpoints), 5% at Week 1 (for questionnaire endpoints),
10% at Month 1, and 20% at Month 3 (and similar among the treatment groups), the study would
have 91% power to declare all primary maintenance endpoints significant (i.e., for MK-4305
high dose vs. placebo) in accordance with the multiplicity strategy noted above. The study also
would have 62% power to declare all primary onset endpoints significant (i.e., for MK-4305 high
dose vs. placebo); the probability of declaring both Month 1 onset endpoints significant and at
least one Month 3 onset endpoint significant is 81%. These probabilities are based upon
estimates of standardized effect sizes (reduced by 10% to account for study variability) from
Period 1 of the MK- 4305 Phase Ilb study (Protocol 006).

Efficacy Analysis Populations

The PSG Full Analysis Set (FAS-PSG) population was to serve as the primary population for the
analysis of PSG efficacy data. The FAS-PSG population consists of all randomized patients who
have: at least one post-randomization PSG observation subsequent to administration of at least
one dose of study treatment; baseline data for those analyses that require baseline data.

The e-diary Full Analysis Set (FAS—e-diary) population was to serve as the primary population
for the analysis of e-diary efficacy data. The FAS—e-diary population consists of all randomized
patients who have: at least one post-randomization e-diary observation (i.e., weekly mean)
subsequent to administration of at least one dose of study treatment; baseline data for those
analyses that require baseline data. Note that the number of patients included in the FAS
populations may vary across endpoints due to the degree of missing data for each endpoint.

Changes in Planned Analyses
Changes to the analysis were prespecified in two protocol clarification letters (dated 8/31/2011
and 12/8/2011).
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Based upon the sponsor’s blinded data review there were some questionable e-diary daily patient
data where sSTSO+sTST+sWASO was more than 24 hours which the sponsor thought may lack
reliability. These records were therefore to be removed prior to deriving the weekly means for
each variable in the e-diary. The number of such occurrences was to be summarized separately.

Handling of patients enrolling multiple times (within, or between P028 and P029) was to be as
follows.

Sequential Enrollments for Same Subject: The first subject ID was to be included in any
summaries or analyses of data involving the FAS dataset. Subsequent subject IDs (for this same
patient) were to be excluded from all of the analysis datasets since these data do not represent an
independent assessment of efficacy or safety.

Overlapping Enrollments for Same Subject Within Same Study or In Different Studies: All
subject IDs from this patient were to be excluded from all of the analysis datasets since there are
potential questions regarding the validity (e.g., patient fraud) of data from such a patient.

Definition of Sleep Onset Latency (SOL) in the protocol was changed to: "the duration of time
measured from lights off to the first epoch of 3 consecutive stage S1 or any epoch of stage S2,
S3, or stage R,’ to be in accordance with current practice of the central scorer.

For the primary efficacy analysis model, region is five levels for subjective endpoints and 4
levels for objective endpoints. Prior to unblinding, it was decided to define region according to
the protocol rather than the follow-up Protocol Clarification Letter.

The day ranges for the three post-baseline PSG assessments are defined as follows: Night 1 (Day
1), Month 1 (+/-10 days from the target Day 30), and Month 3 (+/-14 days from the target Day
89). The protocol had specified +/-7 days from the target dates at Months 1 and 3; however,
during blinded data review it was noted that multiple observations would have been excluded if
these tighter day ranges were used, so a decision was made prior to unblinding to use the wider
ranges noted. Primary and secondary hypotheses related to PSG endpoints were also conducted
using the protocol-specified day ranges to evaluate robustness of results.

Derivations of Efficacy Endpoints

PSG Data

Sleep stage scoring of the PSG recordings will be performed according to Rechtschaffen and
Kales (R&K) criteria for each 30-second epoch by a central sleep scoring laboratory. Each 30-
second epoch will be scored as wake, Stage 1, 2, 3, 4 or REM. The primary, secondary and
exploratory PSG endpoints for analysis will be derived from this information.

Questionnaire Data

For the morning and evening questionnaire data, "weekly" averages will be calculated.
Questionnaire data provided on the nights in the sleep lab will be excluded from the derivation of
these weekly averages since: a) the subjective endpoints may be influenced by being at the sleep
lab versus in the outpatient environment; b) the time in bed is limited to 8 hours in the sleep lab.
Specifically, weekly averages will be derived by taking the mean of all available daily
measurements (excluding the mornings following any PSG nights) falling within the
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corresponding day range noted below. Note that patients must have at least 3 days of data during
each week to calculate a weekly average; otherwise, the mean value will be considered missing
for that week/month. Also note that if a patient ends the extension period earlier than the target
day (180), then up to last 14 days (after day 155) leading to the end of the extension period will
be the day range for Month 6. The baseline value will be the mean of the last 7 (hon-missing)
measurements obtained during the placebo run-in period.

Patients Who Do Not Fall Asleep and Other Conventions

For the PSG, total sleep time (TST) may be recorded as 0; the frequency of such cases will be
summarized in the report. In this case, the patient likely did not fall asleep for a whole night.
Since the at-risk time for WASO and NAW is 0, WASO and NAW are undefined and will be set
as missing. The best result for LPS is 0 minutes. When a patient does not fall asleep, it is the
worst outcome. Since the at-risk time for LPS is the duration of time in bed (TIB), which is 8
hours for PSG nights, the LPS will be set as 8 hours if TST=0.

For the e-diary, if the answer to the question "Did you fall asleep at all last night?™ is "no" (i.e.,
sTST=0) and is confirmed by a follow-up question, then imputations for morning e-diary
endpoints were to be employed as noted below for the same reasons described above.
Additionally, a "worst value" of 1 was to be imputed for SQUAL when sTST=0. sTSO =480
minutes SNAW = missing SWASO = missing SQUAL =1 (i.e., "Poor") SNAW may be recorded
as 0. When sTST>0, SNAW=0, and SWASO is missing, SWASO was to be imputed as 0.

Statistical Methods for Efficacy Analyses

For the analysis of change from baseline in STSTm, WASO, sTSOm, and LPS, a longitudinal
data analysis(LDA) method was to be used. This model assumes a different mean for each
treatment at each of the repeated time points in the analysis. In this model, time is treated as a
categorical variable so that no restriction is imposed on the trajectory of the means over time.
The analysis model was to adjust for baseline value of the response variable (if applicable), age
group (non-elderly vs. elderly), region, gender, treatment, time, and the interaction of treatment
by time.

To evaluate efficacy hypotheses (e.g., LPS at Month 1), efficacy data were to be included in the
model for all time points assessed during the 3-month treatment period; however, appropriate
contrasts were to be used to test the treatment difference of interest (e.g., at Month 1). An
unstructured covariance matrix was to be used to model the correlation among repeated
measurements.

To evaluate the robustness of the efficacy findings based on LDA, a nonparametric approach
using Multiple Imputation followed by an aligned rank analysis (Hodges and Lehmann and
Mogg and Mehrotra) was to be performed as a sensitivity analysis for the primary and secondary
endpoints. If inconsistent results were observed between the primary analysis (LDA) and the
sensitivity analysis (the nonparametric approach mentioned above) for a particular primary or
secondary endpoint, an additional nonparametric approach, the ETRANK procedure, was to be
used as a sensitivity analysis to analyze the incomplete repeated measures data for that endpoint
to evaluate the effect of drop-outs on the treatment difference. The ETRANK method uses the
observed data (without imputation or estimating the missing data) or the endpoint data and
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creates scoring systems that are either categorical, time-related ranks or the observed levels. It
was designed for treatment-related patterns of withdrawal.

For the analysis of responders (e.g., based on change from baseline in ISI total score 6 points), a
generalized linear mixed model was to be used. This model assumes a binary distribution for the
response and uses a logit link. The treatment difference in terms of log odds ratio was to be
estimated and tested from this model using the SAS PROC GLIMMIX procedure. All other
aspects of the responder analysis are analogous to the primary analysis for ISI total score.

DETAILS OF NON-PARAMETRIC SENSITIVITY ANALYSIS

Step 1 (handling missing data): Ten multiple imputed complete data sets were to be constructed
using regression where a regression model is fitted to each variable with missing values with
previous variables as covariates. In other words, imputation was to be carried out sequentially
over time (e.g., Night 1, Month 1, then Month 3 for PSG endpoints) for the time points at which
imputation is required separately for each treatment group. SAS PROC MI was to be used to
implement the imputation procedure which assumes the missing data are missing at random
(MAR) and limits imputation to monotone missing patterns. If there was a non-monotone
missing pattern then the intermittent missing data (expected to be a relatively small percentage of
the missing data) was to be imputed by carrying the last observed data forward prior to the
multiple imputation. For each multiple imputed aligned data set, Step 2 through Step 4 were to
then be performed. Step 2 (alignment to adjust for covariates): Patients were to be grouped
according to the following covariates: baseline (dichotomous at the median), age (non-elderly,
elderly), region, and gender (and Q-cohort/PQ-cohort for diary endpoints). Each intersection of
these covariates was to be considered as a block. At each particular time point, the data was to be
centered by subtracting the block median from each observation within each block. The centered
data are now "aligned" or adjusted for all covariates (Hodges and Lehmann). Step 3 (assigning
ranks): at each time point ranks were to be assigned to the aligned data. Step 4 (rank analysis):
Wilcoxon sum rank test was to be performed on the ranks. Step 5 (combine results): The 10
Wilcoxon sum rank tests from the 10 multiple imputed aligned data sets were to be combined
using SAS PROC MIANALYZE.

Multiplicity
While nominal p-values were to be computed for all comparisons of MK-4305 high dose with
placebo, statistical significance for the primary and secondary hypotheses was to be based on the
following multiplicity strategy. To account for the evaluation of two distinct indications a
Bonferroni approach was to be used; that is, endpoints evaluated to assess the sleep maintenance
effect (sSTSTm and WASQ) were to be tested at the two-sided 2.5% level and endpoints
evaluated to assess the sleep onset effect (sSTSOm and LPS) were to be tested at the two-sided
2.5% level. Within each indication, a fixed sequential testing procedure was to be used to move
from the first set of primary hypotheses (Month 1) to the next set of primary hypotheses (Month
3) Within each time point, a Hochberg approach was to be used to evaluate the subjective (e.g.,
sTSTm) and objective (e.g., WASQ) endpoints; however, to move sequentially from Month 1 to
Month 3 (as noted above), both the subjective and objective endpoints needed to be significant
according to this procedure. If only one of the endpoints at Month 1 was significant, then that
endpoint was declared positive, but the testing procedure for the indication stopped and no
further conclusions could be made regarding the effect of MK-4305 high dose at Month 3. Hence
the overall Type I error among all primary hypotheses was to be controlled at the two-sided 5%
13
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significance level. In addition, statistical significance for the high dose secondary hypotheses
within each indication was to be based on the following: if either Month 3 hypothesis was
positive (STSTm or WASO for maintenance indication and sTSOm or LPS for onset indication)
according to the multiplicity strategy described above, then the set of secondary hypotheses
(Week 1/Night 1) was to be tested using a Hochberg approach at the two-sided 2.5% level. This
strategy is further illustrated in Figure 1 below. Low dose comparisons to placebo within each
indication for the primary and secondary endpoints were to be evaluated if at least one of the
Month 3 endpoints was positive for the high dose (according to the multiplicity strategy noted
above). Evaluation of these low dose hypotheses was to follow the same multiplicity strategy as
noted for the high dose with one additional requirement: for a particular endpoint, the high dose
must be positive in order to declare the low dose positive.

Figure 1 Multiplicity Adjustment Method used in Phase 3 Studies

Maintenance Onset
FStep 1: Hochberg's at [Step 1: Hochberg's at
0.025 for H1y and H2y, 0.025 for H1; and H2

....... -l |
Move to Step 2 only if bath Move to Step 2 only if both

H1,, and H2,, are positive j H1, and H2, are positive

r=—==3
=SS |

; [ _ I -
fStep 2: Hochberg's at} [Step 2: Hochberg's at ]
0.025 for HI3M and Hdy, 0.025 for HIEI.[J and Hdq

= S ==

[ Move to Step 3 if either f " Move to Step 3 if either |

: |
H3,, or H4,, is positive ! H3, or H4, is positive ;
! ] P
(Step 3: Hochberg's at Step 3: Hochberg's at
0.025 for H5,; and H&, 0.025 for H5, and H6
(Mote: low dose also evaluated using (Mote: low dose also evaluated using
same sirategy as for high dose but same strategy as for high dose but
additionally requires cormesponding additionally requires comesponding
sitive high dose result) ositive high dose result)

Notes: This figure was copied from page 113 of the protocol

H1y: High Dose — Placebo=0 for sTST at Month 1 ; H2y: High Dose — Placebo=0 for WASO at Month 1

H3\: High Dose — Placebo=0 for sTST at Month 3 ; H4,: High Dose — Placebo=0 for WASO at Month 3

H5y: High Dose — Placebo=0 for sTST at Night 1 ; H6y,: High Dose — Placebo=0 for WASO at Night 1

To get the corresponding Onset hypotheses replace sTST with sTSO and WASO with LPS in the Maintenance ones.

While the lower dose of MK-4305 was also of interest, the protocol stated that it was exploratory
in this study due to the reduced allocation; the lower dose was to be compared to placebo using a
similar multiplicity strategy in a pooled analysis including this study and another similarly
designed Phase 11 efficacy study.
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Reviewer’s Comment:
Contrary to the sponsor’s use of the conjunction ‘or’ in the boxes under step 2 in Figure 1, in
order to strongly control the type I error at the noted level both hypotheses in each step would
need to be significant.

3.1.1.2 Patient Disposition

Of the 1022 patients randomized into the study, 254 and 383 patients were randomized to
suvorexant LD and suvorexant HD, respectively, and 385 were randomized to placebo. Of these,
one patient (AN 07264) was randomized and did not take any assigned study therapy (placebo
group); therefore, 1021 patients received at least one dose of study drug and were evaluated for
safety. This patient discontinued due to physician decision. A total of 916 (89.6%) patients
completed the Treatment Phase and 105 (10.3%) discontinued the study. Note that three patients
attended the End of Month 3 visit but did not complete all assessments.

The proportion of patients who discontinued during the Treatment Phase was similar between
placebo and the suvorexant treatment groups and ranged from 9.4% to 11.2%. The most common
reason for discontinuation in the Treatment Phase (as well as in both age groups) was due to an
AE, with incidences ranging from 2.4% to 3.9% for suvorexant and 5.5% for placebo. The
discontinuation rate among treatment groups was similar for non-elderly and elderly patients.

Table 2 Study 28: Patient Disposition

MK-4305LD MK-4305 HD Placebo Total
n (%) n (%) n (%) n (%)
Not Randomized 1856
Patients in population 254 383 385 1022
Study Disposition
Not Treated 0 (0.0) 0 (0.0) 1(03) 1(01)
Completed Treatment’ 230 (90.6) 345 (90.1) 341 (88.6) 916 (89.6)
Discontinued during Treatment 24 (94 38 (99) 43 (11.2) 105 (10.3)
Adverse Event 6 (24) 15 (3.9) 21 (5.9) 42 (4.1)
Withdrawal by Subject 6 (24) 8 (21 12 (3.1 26 (2.3)
Protocol Violation 5 (20 3(08) 1(03) 9 (09)
Lost to Follow-up 1 (04 1(03 0 (0.0) 2(02)
Lack of Efficacy 1 (04 7(18) 9(23) 17 (1.7
Pregnancy 1 (04 1(03) 0 (0.0) 2(02)
Physician Decision 4 (1.6) 3 (0.8 0 (0.0) 707
Pratocol Milestone
Completed Treatment 230 (90.6) 345 (90.1) 341 (88.6) 916 (89.6)
Continuing Into Extension 100 (39.4) 172 (44.9) 151 (39.2) 423 414
Continuing Into Run-Out 128 (504) 172 (44.9) 186 (48.3) 486 (47.6)
Not Treated in Run-Out 0 (0.0) 1 (03 0(0.0) 1(01)
Not Continuing Into Extension Or Run-Out” 2 (08 1 (03 4 (1.0) 707
Discontinued during Treatment (not cont into Ext or RO) 24 (94 38 (9.9) 43 (11.2) 105 (10.3)
Each patient is counted once for Study Disposition and Protocol Milestone based on the latest corresponding disposition record.
T AN 7156, 7073, and 8052 attended V7 but did not complete all assessments.
MEK-4305 LD = MK-4305 20 mg for patients < 65 years and MK-4305 15 mg for patients = 63 years.
MEK-4305 HD = MK-4305 40 mg for patients = 65 years and MK-4305 30 mg for patients > 65 years

Note: This table was copied from the sponsor’s study report, page 201

BESTAVAILABLE COPY
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3.1.1.3 Baseline Demographics and Disease Characteristics

Approximately two-thirds of patients were female; further, the gender distribution across
treatment groups was generally similar. The ages ranged from 18 to 87 years, with a mean age of
56 years. Of the treated patients, 429 (42.0%) were elderly. The distribution of age was similar
among the treatments groups. Patients were predominantly White, non-Hispanic or Latino and
enrolled from sites in North America or Europe. By design more patients were enrolled into the
PSG and Questionnaire (PQ) cohort (76.0%); the proportion of patients in each treatment group
was similar within each cohort. Baseline characteristics for the non-elderly and elderly patients
were generally similar. Baseline characteristics were generally comparable across the cohorts
with the exception of race (as the Questionnaire only [Q] cohort was enrolled exclusively by
sites in Japan) and body mass index (BMI). The distribution of BMI for the Q-cohort was
skewed toward normal and underweight (BMI < 25: 78.9%) as compared to the PQ-cohort (BMI
< 25: 42.4%); this observation is likely due to the fact that the Q-cohort was comprised
exclusively of patients from Japan. The treatment groups were generally comparable with regard
to baseline values of efficacy measures.

Table 3 summarizes baseline demographics of randomized patients and Table 4 summarizes
efficacy measures at baseline.
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Table 3 Study 28: Baseline Demographics (Reviewer’s Analysis)

Variable Levels Placebo LD HD All
age Mean 56.1 55.2 55.7 55.7
(SD) (15.0) (15.7) (15.3) (15.3)
agegrp . . . (.)
agegrp <65 224 148 222 594,
(58.2) (58.0) (58.0) (58.1)
agegrp >65 161 107 161 429
(41.8) (42.0) (42.0) (41.9).
bmi Mean 25.2 25.2 25.1 25.1
(SD) (4.2) (4.2) (4.1) (4.1)
cohort Q 94 61 92 247
(24.4) (23.9) (24.0) (24.1)
cohort PQ 291 194 291 776
(75.6) (76.1) (76.0) (75.9)
ethnicity | Hispanic 37 (9.6) 36 42 115
or (14.1) (11.0) (11.2)
Latino
ethnicity | Not 348 219 341 908
Hispanic (90.4) (85.9) (89.0) (88.8)
or
Latino
sex F 246 163 230 639
(63.9) (63.9) (60.1) (62.5)
sex M 139 92 153 384
(36.1) (36.1) (39.9) (37.5)
race ASIAN 99 66 98 263
(25.7) (25.9) (25.6) (25.7)
race BLACK OR | 25 (6.5) | 15 (5.9) | 18 (4.7) | 58 (5.7)
AFRICAN
AMERICAN
race MULTI - 15 (3.9) |5 (2.0) 14 (3.7) | 34 (3.3)
RACIAL
race NATIVE 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1)
HAWAIIAN
OR OTHER
PACIF
race WHITE 245 169 253 667
(63.6) (66.3) (66.1) (65.2)
Region Asia/ 18 (4.7) 9 (3.5) 12 (3.1) 39 (3.8)
Eastern
Europe/
Africa
region Europe 134 89 135 358
(34.8) (34.9) (35.2) (35.0)
region Japan 94 61 92 247
(24.4) (23.9) (24.0) (24.1)
region North 125 92 129 346
America (32.5) (36.1) (33.7) (33.8)
region Other 14 (3.6) 4 (1.6) 15 (3.9) 33 (3.2)
Cent
South
America
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Table 4 Study 28: Baseline Efficacy Measures (Reviewer’s Analysis)

Variable Levels Placebo LD HD All
LPS Mean 66.2 68.9 61.8 65.2
(SD) (44.1) (49.7) (39.1) (43.8)
TST Mean 307.5 299.8 308.3 305.9
(SD) (63.5) (62.8) (65.5) (64.1)
WASO Mean 114.9 119.2 117.7 117.0
(SD) (45.7) (46.5) (49.6) (47.4)
sTSOm Mean 66.9 63.3 68.0 66.4
(SD) (40.5) (37.1) (50.1) (43.6)
sTSTm Mean 315.7 322.6 316.1 317.6
(SD) (65.1) (57.3) (67.2) (64.1)
SWASOPm Mean 119.5 117.6 118.7 118.7
(SD) (77.0) (68.6) (68.5) (71.8)
SWASOm Mean 78.2 73.8 78.4 77.2
(SD) (52.5) (45.0) (50.7) (50.1)

3.1.1.4 Sponsor’s Results

Of 1023 patients randomized to the three treatment groups, one patient (AN 07126 noted below)
enrolled in more than one suvorexant study in an overlapping fashion and these data were
subsequently excluded from all summaries and analyses according to rules documented prior to
unblinding. Excluding this one patient, 1022 patients were randomized in this study; this
population constitutes the All Patients Randomized (APR) set.

Subjective Sleep Maintenance -sTSTm

The analyses shown in Table 5 and Figure 2 suggest that suvorexant HD was superior to placebo in
increasing subjective total sleep time at the primary (Month 1 and Month 3) timepoints and also
at the secondary (Week 1) timepoint (all p-values < 0.00001). The improvements in STSTm from
baseline for suvorexant HD ranged from 36.0 to 60.3 minutes on average. Patients on suvorexant
HD improved on average 19.6 to 21.4 minutes more than placebo patients. Nominal (and
multiplicity-adjusted) p-values suggest that suvorexant LD was more efficacious than placebo in
increasing STSTm at the primary and secondary timepoints (all p-values < 0.025). The
improvements in STSTm from baseline for suvorexant LD ranged from 28.2 to 51.2 minutes on
average. Patients on suvorexant LD improved 10.7 to 16.3 minutes more than placebo.
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Table 5 Study 28: Mean Subjective Total Sleep Time (Sponsor’s Analysis)

Baseline Time Point Change from Baseline at Time Point
Treatment N Mean (SD) Mean (SD) Mean (SD) | LS Mean (95% CI) T
Week 1
MEK-4305 LD 248 322.4( 57.3) 3406 ( 39.0) 27.2( 40.8) 282(23.0. 334
MEK-4305 HD 379 3163 ( 674) 3526( 72.0) 363 ( 46.0) 36.0(31.8 40.2)
Placebo 376 3152( 65.2) 3304 ( 67.5) 153 ( 429 146 (104, 18.8)
Month 1
MEK-4305 LD 244 322.7( 577 361.5( 66.3) 38.7( 50.5) 394 (328 459
MEK-4305 HD 363 317.6 ( 64.0) 3619( 72.3) 442 ( 57.8) 426 (373, 48.0)
Placebo 365 317.7( 653) 341.0( 69.6) 234 ( 52.0) 231 (177, 284)
Month 3
MEK-4305 1D 228 3254 ( 56.7) 3757 ( 61.3) 503( 552) 51.2(444. 58.1)
MEK-4305 HD 348 316.6 ( 65.8) 3789 ( 72.4) 62.2( 58.0) 60.3 (54.8, 65.8)
Placebo 339 316.7 ( 64.3) 3588 ( 64.8) 421( 56.4) 406 (35.0, 46.1)
Pairwise Comparison Difference in LS Means (95% CDT p-Valuef
Week 1
MEK-4305 HD vs. Placebo 214 (155 274) <0.00001
MEK-4305 LD vs. Placebo 136( 6.9, 20.3) 0.00007
Month 1
MEK-4305 HD vs. Placebo 196 (120, 27.1) =0.00001
MEK-4305 LD vs. Placebo 16.3( 7.9, 24.8) 0.00016
Month 3
MEK-4305 HD vs. Placebo 19.7(11.9, 27.6) =0.00001
MEK-4305 LD vs. Placebo 10.7( 1.9, 19.5) 0.01711

T Based on a mixed effects model with terms for baseline value, age category (<63, 263). region. gender. treatment. time point. and
treatment-by-time point interaction as covariates.

MEK-4305 LD = MEK-4305 20 mg for patients <63 years and MK-4305 15 mg for patients 265 years.
MEK-4305 HD = MK-4305 40 mg for patients <65 years and MK-4305 30 mg for patients =65 years.

Note: This table was copied from page 259 of the sponsor’s study report
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Figure 2 Study 28: Mean Subjective Total Sleep Time (Sponsor’s Analysis)
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Note: This figure was copied from page 260 of the sponsor’s study report

Subjective Sleep Onset — sTSOmM

Table 6 presents summary statistics and analysis results for sTSOm at the key timepoints during
the Treatment Phase for both the HD and LD suvorexant. The analyses show that suvorexant HD
was superior to placebo in decreasing sSTSOm at the primary (Month 1 and Month 3) timepoints
and also at the secondary (Week 1) timepoint (all p-values < 0.01). The improvements in STSOm
from baseline for suvorexant HD ranged from 15.3 to 25.7 minutes on average. Patients on
suvorexant HD improved 5.7 to 8.4 minutes more than those on placebo. Nominal (but not
multiplicity-adjusted) p-values provide evidence to suggest that suvorexant LD was more
efficacious than placebo in decreasing sSTSOm at Month 3 and Week 1. The improvements from
baseline in sTSOm for suvorexant LD ranged from 15.2 to 22.5 minutes on average. Patients on
suvorexant LD improved 5.2 to 5.6 minutes more than placebo.
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Table 6 Study 28: Mean subjective Time to Sleep Onset (Sponsor’s Analysis)

Baseline Time Point Change from Baseline at Time Point
Treatment N Mean (SD) Mean (5D) Mean (SD) | LS Mean (95% CI)
Week 1
MEK-4305 LD 248 636 ( 37.3) 491 ( 33.1) -145( 284) -15.2(-18.7,-11.7)
MK-4305 HD 379 679 ( 50.2) 517447 -16.2( 32.7) -153(-181.-12.4)
Placebo 376 67.2( 40.7) 57.1( 40.1) -101 ( 33.9) 96(-12.5, -6.7)
Month 1
MEK-4305 LD 244 62.7( 36.7) 46.3 ( 32.0) -16.4 ( 31.5) -17.1(-21.4.-12.9)
MK-4305 HD 363 653 ( 41.2) 446 ( 32.1) -20.7 ( 36.9) -19.1(-22.6,-15.7)
Placebo 365 65.7( 39.4) 529 ( 40.7) -128( 41.2) -11.7(-15.2, -8.2)
Moanth 3
MK-4305 LD 228 60.5( 34.7) 40.1 ( 28.8) -204 ( 27.5) -22.5(-26.3,-18.7)
MK-4305 HD 348 66.4 ( 45.5) 389 ( 33.00 -274 ( 36.6) -25.7 (-28.8,-22.6)
Placebo 339 66.6 ( 39.9) 47.7( 35.8) -189( 39.3) -17.3(-20.4.-14.2)
Pairwise Comparison Dufference in LS Means (95% CI)7 p-Valuet
Week 1
MK-4305 HD vs. Placebo S5.7(9.7, -1.6) 0.00609
MK-4305 LD vs. Placebo -3.6(-102, -1.1) 0.01564
Month 1
MK-4305 HD vs. Placebo -T4(-123. 2.5) 0.00298
MK-4305 LD vs. Placebo -5.4 (-109, 0.0) 0.05191
Moanth 3
MK-4305 HD vs. Placebo -84 (-128, 40 0.00019
MEK-4305 LD vs. Placebo -52(-102, -0.3) 0.03771

T - - - - . - ; ;
Based on a mmxed effects model with terms for baseline value, age category (<65, 263), region, gender, treatment, time point, and
treatment-by-time point interaction as covariates.

MEK-4305 LD = ME-4305 20 mg for patients <63 years and MK-4303 15 mg for patients =65 years.
ME-4305 HD = MK-4305 40 mg for patients <63 years and MEK-4305 30 mg for patients 263 years.

Note: This table was copied from page 268 of the sponsor’s study report

Objective Sleep Maintenance ~-WASO
Table 7 presents summary statistics and analysis results for WASO at the key timepoints during
the Treatment Phase for both the HD and LD of suvorexant. The analyses show that suvorexant
HD was superior to placebo in decreasing WASO at the primary (Month 1 and Month 3)
timepoints and also at the secondary (Night 1) timepoint (all p-values < 0.00001). The
improvements in WASO from baseline for suvorexant HD ranged from 45.0 to 58.0 minutes on
average. Patients on suvorexant HD improved 22.9 to 38.4 minutes more than placebo. Nominal
(and multiplicity-adjusted with sTSTm) p-values also suggest that suvorexant LD was more
efficacious than placebo in decreasing WASO at the primary and secondary timepoints (all p-
values < 0.0001). The improvements in WASO from baseline for suvorexant LD ranged from
41.6 to 52.1 minutes on average. Patients on suvorexant LD improved 16.6 to 32.5 minutes more
than those on placebo.
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Table 7 Study 28: Mean Objective WASO (Sponsor’s Analysis)

Baseline Time Point Change from Baseline at Tume Point
Treatment N Mean (SD) Mean (SD) Mean (SD) | LS Mean (95% CL)T
Night 1
MEK-4305 LD 192 119.5 (46.4) 63.3 (42.3) -34.3 (44.7) -32.1(-37.4.-46.8)
MEK-4305 HD 291 117.7 (49.6) 592 (37.3) -585 (48.5) -58.0(-62.3,-53.7)
Placebo 287 1151 (45.9) 96.0 (50.5) -19.1 (47.5) -19.6(-23.9.-15.3)
Moanth 1
MEK-4305 LD 185 119.1 (46.0) 721 (45.2) 470 (45.4) -45.0(-51.2,-38.9)
MK-4305 HD 272 116.1 (47.9) 72.0 (46.4) 441 (50.1) -45.0(-50.1.-39.9)
Placebo 272 113.6 (45.0) 95.7 (54.5) -17.9 (55.3) -18.7(-23.7,-13.6)
Month 3
MK-4305 LD 172 1182 (46.7) 7353 (54.5) 427 (50.5) -41.6(-48.0,-352)
MEK-4305 HD 251 1139 (45.3) 67.8 (42.6) -46.1 (48.2) -47.9(-53.2,-42.6)
Placebo 251 1153 (46.0) 90.0 (53.2) <253 (50.7) -25.0(-30.3.-19.8)
Pairwise Comparison Difference in LS Means (95% CI)T p-Valuef
Night 1
MEK-4303 HD vs. Placebo -38.4 (44.5.-32.3) =.00001
MEK-4303 LD vs. Placebo -32.5(-39.3.-25.7) =.00001
Month 1
MEK-4305 HD vs. Placebo -26.3 (-33.5.-19.2) =.00001
MK-4303 LD vs. Placebo -26.4 (343 -18.4) =.00001
Month 3
MEK-4305 HD vs. Placebo -229(-303.-15.4) =.00001
MEK-4303 LD vs. Placebo -16.6 (-24.8. -8.3) 0.00009
8224 51 a mixed effects model with terms for baseline value, age category (<635, 263), region. gender. treatment. time point, and
treatment-by-tume point mieraction as covarnates.
MEK-4305 LD = MK-4305 20 mg for patients <63 vears and MK-43035 15 mg for patients 2635 vears.
MEK-4305 HD = MK-4305 40 mg for patients <65 years and MK-4305 30 mg for patients 263 years.

Note: This table was copied from the sponsor’s study report, page 265

Objective Sleep Onset — LPS

Table 8 presents summary statistics and analysis results for LPS at the key timepoints during the
Treatment Phase for both the HD and LD of suvorexant(see Figure 11also). The analyses show
that suvorexant HD was superior to placebo in decreasing LPS at the primary (Month 1 and
Month 3) timepoints and also at the secondary (Night 1) timepoint (p-values < 0.001). The
improvements in LPS from baseline for suvorexant HD ranged from 30.6 to 36.0 minutes on
average. Patients on suvorexant HD improved 9.4 to 11.2 minutes more than those on placebo.
Nominal (but not multiplicity-adjusted, except Month 1) p-values suggest that suvorexant LD
was more efficacious than placebo in decreasing LPS at the primary and secondary timepoints.
The improvements in LPS from baseline for suvorexant LD ranged from 29.9 to 34.7 minutes on
average. Patients on suvorexant LD improved 8.1 to 10.3 minutes more than placebo.
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Table 8 Study 28 Mean Change from Baseline in Objective LPS (Sponsor’s Analysis)

Baseline Time Point Change from Baseline at Time Point
Treatment N Mean (SD) Mean (SD) Mean (SD) | LS Mean (95% CIL)7
Night 1
MEK-4305 LD 193 689 (49.7) 355 (27.8) -334 (48.0) -29.9(-34.0.-25.8)
MEK-4303 HD 291 61.8 (39.1) 338 (25.6) -28.0 (41.3) -30.6 (-33.9.-27.2)
Placebo 290 66.2 (44.1) 446 (37.3) -21.6 (45.2) -20.3 (-23.6.-17.0)
Month 1
MEK-4305 LD 185 67.7 (46.7) 31.7 (27.9) -36.0 (45.5) -33.6(-37.9.-29.2)
MK-4305 HD 275 61.7 (39.8) 299 (23.7) -31.8 (41.9) -34.5(-38.1,-30.9)
Placebo 272 66.2 (44.0) 41.8 (39.6) -244 (51.4) -233(-269,-19.7)
Month 3
MEK-4305 LD 172 63.5 (43.7) 302 (24.1) -352 (42.4) -34.7(-39.1.-30.2)
MEK-4303 HD 254 61.4 (40.0) 280 (24.9) -335 @27 -36.0(-39.7.-32.4)
Placebo 251 65.7 (43.9) 38.6 (38.3) 271 (52.0) -26.6 (-30.2.-22.9)
Pairwise Comparison Dafference in LS Means (95% CI)T p-Valuet
Night 1
MK-4305 HD vs. Placebo -10.3 (-15.0, -5.5) 0.00002
MEK-4305 LD vs. Placebo -9.6(-149,-43) 0.00041
Month 1
MEK-4305 HD vs. Placebo -11.2(-16.3.-6.1) 0.00002
MEK-4303 LD vs. Placebo -10.3 (-16.0. -4.6) 0.00040
Month 3
MEK-4305 HD vs. Placebo -94(-146.43) 0.00037
MEK-4303 LD vs. Placebo -8.1(-13.8.-2.3) 0.00606

™22 o1 a mixed effects model with terms for baseline value, age category (<63, 263), region, gender, treatment, time point, and
treatment-by-time poimnt mieraction as covarnates.

MEK-4305 LD = MK-4305 20 mg for patients <63 vears and MK-4305 15 mg for patients 265 years.
MEK-4305 HD = MEK-4305 40 mg for patients <63 years and MEK-4305 30 mg for patients =63 years.

Note: This table was copied from page 271 of sponsor’s study report

Reference ID: 3304654

23



Figure 3 Study 28 Mean Change from Baseline in Objective LPS (Sponsor’s Analysis)
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Note: This figure was copied from page 272 of sponsor’s study report

Additional Analyses

The results of the aligned rank sensitivity analyses were consistent with the primary analysis for
suvorexant HD at Month 1 and Week 1. However, the results of the aligned rank analyses were
not statistically significant for suvorexant HD at Month 3 (p=0.07450). As specified in the
protocol, in the event that the primary and sensitivity analyses provided different conclusions, an
alternative rank analysis, ETRANK, would be conducted. The ETRANK analysis is consistent
with the primary analysis for suvorexant HD at Month 3. One reason the two rank analyses yield
different results is that ETRANK uses an analysis that penalizes the ranks of patients who drop
out due to lack of efficacy or an AE (i.e., drop-outs potentially related to treatment), and Entsuah
scores that make the ranks symmetric around the median.

To further explore the comparison of suvorexant and placebo with respect to LPS, a post-hoc
analysis was also performed on changes from baseline in log-transformed LPS, log(1+LPS). The
log-transformation reduces the influence of potential outliers and departures from normality. The
results of the analysis on log-transformed LPS agree with the results from the primary analysis
for suvorexant HD and LD for each of the key timepoints, except suvorexant LD at Month 3.
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3.1.1.5 Reviewer’s Results

This reviewer verified the sponsor’s primary analyses. The reviewer did not verify the sponsor’s

ETRANK sensitivity analysis since it is not implemented in a SAS procedure and the sponsor
didn’t seem to have provided a statistical program for implementing it.

The change from baseline in LPS exhibited potentially significant non-normality. Therefore, a
log transformed sensitivity analysis was undertaken. A log transformed sensitivity analysis of
LPS confirmed the significance of the high dose at each timepoint (e.g., at month 1: p=0.0102).

Figure 4 shows the extent of missing data for LPS, which was limited to about 13% at Month 3.

Figure 4 Study 28: Percentages of Randomized Patients with non-Missing LPS data over Time
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Figure S Study 28: Percentages of Randomized Patients with non-Missing sTST data over Time

Time Period Group FREQ. PCT
Week 1 MK-4305HD 381 0.995
MK4305LD 251 0.988
Placebo 382 0.984
Week2 MK-4305HD 381 0.987
MK4305LD 251 0.976
Placebo 382 0.979
Week3 MK-4305HD 381 0.961
MK4305LD 251 0.972
Placebo 382 0.974
Month 1 MK-4305 HD 381 0.953
MK4305LD 251 0.972
Placebo 382 0.955
Month 1.5 MK-4305HD 381 0.950
MK4305LD 251 0.956
Placebo 382 0.845
Month 2 MK-4305HD 381 0.945
MK4305LD 251 0.944
Placebo 382 0.929
Month25 MK-4305HD 381 0.921
MK4305LD 251 0.924
Placebo 382 0.203
Month 3 MK-4305HD 381 0913
MK4305LD 251 0.908
Placebo 382 0.887
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Missing data percentages were similar for the other two endpoints WASO and subjective Time to
sleep onset.

Analyses of completers only were consistent with the primary analysis. For sTSO weekly
averages at month 1 estimated differences from placebo for completers (N=862) were -12.9
(p<0.0001) for the high dose and -9.7 (p=0.0019) for the low dose.

For sTSO weekly averages the low dose vs. placebo comparison (-3.46, p=0.146) was not
nominally significant at month 3 based on a baseline carried forward in the event of missing data
(BOCF) sensitivity analysis. Such an analysis might be a reasonable, conservative analysis for
insomnia since for typical insomnia medications effects are apparent on the first night but might
not be sustained later so that an LOCF analysis would be contraindicated. Analysis of completers
(N=915) was not nominally significant for the low dose at month 1 (-4.2833, p=0.0729) or
month 3 (-3.5084, p=0.1763).This reviewer also performed a multiple imputation sensitivity
analysis for missing data. Twenty imputations were made by the Monte Carlo Markov chain
method within each treatment group to get a monotone missing data pattern (no intermittent
missingness). Next, for each imputation the remaining monotone missing data was imputed using
a regression model developed from the placebo group data, which may be conservative when
applied to the other groups. The regression model used the same covariates as the primary
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analysis model as well as including any previous timepoints of the variable of interest as
covariates (e.g., night 1 LPS was a covariate in the regression model for the night 30 LPS).

This multiple(20) imputation analysis using an imputation model based on the placebo group
was not nominally significant for the low dose vs. placebo comparison at month 1 or 3 compared
to the multiplicity adjusted level of 0.025 (Month 1: -5.9, p=0.035, Month 3:-4.8 p=0.061).
Figure 6 illustrates why this may be, i.e., there is a somewhat surprising phenomenon for sTSOm
whereby the mean change for the low dose was very good compared to placebo (and also
compared to completers) in the discontinued randomized patients subgroup. Unlike the low dose
comparisons those for the high dose were still nominally significant in these sensitivity analyses.
It may be worth noting that the low dose had only half the sample size of the high dose by design
and all of the alpha for type I error spending was allocated to the high dose vs. placebo
comparisons. At night 1 in the discontinued subgroup the low group mean LPS as measured by
PSG was also markedly better than placebo but it was more comparable at the last data point
available for the discontinued patient subgroup, which was month 1, thus reducing concerns
about missing data bias for the analysis of LPS. An analysis of LPS for completers only (N=652
for PSG) supported the results of the primary analysis (Month 1differences: low-10.8, p=0.0006,
hi: -13.0, p<0.0001).

For sTST a completers analysis (N=915, low diff. 14.3, p=0.001; hi diff. 20.7 p<0.0001)
supported the primary analysis as did baseline carried forward for missing data or multiple
imputation based on a placebo based imputation mode for all groups’ missing data. The STST
pattern for discontinued subjects was similar to that for sSTSO except to a lesser degree and the
low group mean was not numerically better than placebo at Month 2.5 the last visit for which this
subgroup had data. Therefore, there is less obvious concern for bias due to missing data for
STST.

For completeness a sensitivity analysis with patients (n=4) reporting more than 24 hours in a
day’s diary data unmodified (rather than the data being excluded as prespecified) was done by

this reviewer. The prespecified exclusion of this questionable data did not seem to influence the
results.
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BESTAVAILABLE COPY

Figure 6 Study 28 Mean Change from Baseline in sTSO over Time by Completion Status
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For objective WASO as for sTSO earlier effects were bigger for both MK4305 groups in the
discontinued subgroup as seen in Figure 7.However, additional sensitivity analyses based on
BOCF as well as a multiple imputation analysis using a placebo based model for all group’s
missing data supported the primary analysis. An analysis of completers (N=652) found an
estimated mean difference from placebo of -25.7 for the high dose and -25.5 for the low dose at 1

month (both p<0.0001).
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BESTAVAILABLE COPY

Figure 7 Study 28 Mean Change from Baseline in WASO over Time by Completion Status
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3.1.2 Study P029

The primary therapy period for the study was 28 July 2010 to 26 Oct 2011. The original protocol
was dated February 8, 2010; there was a protocol clarification letter dated May 5, 2010.

3.2.1.1 Study Design and Statistical Methods

This study design was nearly identical to that for study 28(so please refer to section 3.1.1.1 for
details).

3.2.1.2 Patient Disposition

Of the 1019 patients randomized into the study, 240 and 392 patients were randomized to
suvorexant LD and HD, respectively and 387 were randomized to placebo. Of these, 10 patients
were randomized but did not take any assigned study therapy (1, 5, and 4 patients in suvorexant
LD, suvorexant HD, and placebo treatment groups respectively). Nine of these patients did not
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meet entry criteria and were discontinued due to protocol violation prior to receiving study
medication; one patient was accidentally randomized after the primary investigator withdrew
from the study. Therefore, a total of 1009 patients received at least one dose of study drug and
were evaluated for safety.

Of the treated subjects, a total of 881 (86.5%) patients completed the Treatment Phase, and 128
(12.6%) patients discontinued at some point during the study(see Table 9). The most common
reason for discontinuing the study was due to an AE. The proportion of patients who
discontinued during the Treatment Phase was similar between placebo (13.7%) and the
suvorexant LD (14.2%) treatment groups. Fewer patients assigned to suvorexant HD group
discontinued during treatment than placebo (10.5% vs 13.7%, respectively). The rate of
discontinuation due to an AE was similar among treatment groups. The discontinuation rate
among treatment groups was similar for non-elderly and elderly patients. The most common
reason for discontinuing the study in both age cohorts was due to an AE.

Table 9 Study 29: Disposition of Patients

MK-4305 LD MEK-4305 HD Placebo Total
n (%) n (%) n (%) n (%)
Not Randomized 1856
Patients in population 240 392 387 1019
Study Disposition
Not Treated 1(04) 5(13) 4 (10) 10 (1.0)
Completed Treatmentt 205 (85.4) 346 (88.3) 330 (85.3) 881 (86.5)
Discontinued during Treatment 34 (14.2) 41 (10.5) 53 (13.7) 128 (12.6)
Adverse Event 10 (4.2) 19 (4.8) 17 (44 46 (4.5)
Withdrawal by Subject 8 (33 9 (23) 19 (49) 36 (3.9)
Protocol Violation 502D 4 (10 8 (2.1 17 (LD
Lost to Follow-up 2 (0.8 4 (10 1 (0.3 7 (0.7
Lack of Efficacy 7(29 4 (1.0 8 (21 19 (1.9
Physician Decision 2 (08 1(03) 0 (00 3(03)
Protocol Milestone
Completed Treatment 205 (85.4) 346 (88.3) 330 (85.3) 881 (86.5)
Continuing Into Run-Out 205 (85.4) 344 (87.8) 327 (84.3) 876 (86.0)
Not Continuing Into Run-Out 0(00) 2(053) 3(08) 53(05)
Discontinued during Treatment (not 34 (14.2) 41 (10.5) 33 (137 128 (12.6)
contimung nto RO)
Each patient 1s counted once for Study Disposition and Protocol Milestone based on the latest corresponding disposition record.
T AN 12041 attended V7 but did not complete all assessments.
ME-4305 LD = MK-4305 20 mg for patients = 63 years and MEK-43035 15 mg for patients = 63 years.
ME-4305 HD = ME-4305 40 mg for patients < 65 years and MK-4305 30 mg for patients = 65 years.

Note: This table was copied from page 159 of the sponsor’s study report

3.2.1.1 Patient Demographics and Baseline Disease Characteristics

The ages ranged from 18 to 86 years with the mean age of 56 years. Of the treated patients, 410
(40.6%) were elderly. The distribution of age was similar among the treatment groups.
Approximately two-thirds of patients enrolled in this study were female; further, the gender
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distribution across treatment groups was also generally similar. Patient characteristics show that

patient characteristics for the non-elderly and elderly were generally similar. Some differences
between the two cohorts were observed in terms of region, race and ethnicity. In contrast to the
PQ-Cohort, where most patients were recruited either in NA or Europe, in the Q-Cohort, most
patients were from regions characterized as Other (which included Latin America, Korea, and
India). The majority of the patients in the PQ-Cohort were White (91.3%) and Non-Hispanic or
Latino (81.2%). On the other hand, only 48.7% of the patients in the Q-Cohort were White,
23.6% were Asian, 27% were Other, and approximately two third of the patients were Non-
Hispanic or Latino. Other baseline characteristics (age, gender, BMI) were generally similar in

the two cohorts.

Table 10 Study 29: Baseline Demographics and Disease Characteristics (Randomized Patients)

Variable Statistic Placebo LD HD All
or Subgroup
[N(%)]
age Mean (SD) 56.5 (15.4) 55.6 (16.1) 56.6 (15.0) 56.3 (15.4)
agegrp < 65 231 (59.4) 144 (60.0) 233 (59.4) 608 (59.6).
agegrp > 65 158 (40.6) 96 (40.0) 159 (40.6) 413 (40.4).
bmi Mean (SD) 26.1 (4.1) 25.6 (3.9) 26.4 (4.3) 26.1 (4.2)
ethgrp Hispanic 87 (22.4) 55 (22.9) 91 (23.2) 233 (22.8)
ethgrp NonHispanic 302 (77.6) 185 (77.1) 301 (76.8) 788 (77.2)
race AMERICAN 2 (0.5) 1 (0.3) 3 (0.3)
INDIAN OR
ALASKA NATI
race ASIAN 27 (6.9) 27 (11.3) 28 (7.1) 82 (8.0)
race BLACK 22 (5.7) 4 (1.7) 20 (5.1) 46 (4.5)
race MULTIRACIAL | 28 (7.2) 19 (7.9) 30 (7.7) 77 (7.5)
race WHITE 310 (79.7) 190 (79.2) 313 (79.8) 813 (79.6)
sex Female 250 (64.3) 158 (65.8) 271 (69.1) 679 (66.5)
sex Male 139 (385.7) 82 (34.2) 121 (30.9) 342 (33.5)
cohort Q 88 (22.6) 90 (37.5) 90 (23.0) 268 (26.2)
cohort PQ 301 (77.4) 150 (62.5) 302 (77.0) 753 (73.8)
reggrp2 Asia/ 56 (14.4) 41 (17.1) 43 (11.0) 140 (13.7)
Central and
Eastern
Europe
reggrp2 Central and 29 (7.5) 24 (10.0) 32 (8.2) 85 (8.3)
South
America
reggrp2 Europe 114 (29.3) 77 (32.1) 115 (29.3) 306 (30.0)
reggrp2 North 190 (48.8) 98 (40.8) 202 (51.5) 490 (48.0)
America
LPS Mean (SD) 68.0 (42.8) | 65.3 (47.8) | 67.3 (48.8) | 67.2 (46.2)
TST Mean (SD) 302.6 301.8 302.3 302.3
(64.0) (68.2) (67.5) (66.2)
WASO Mean (SD) 118.4 119.6 119.4 119.0
(49.1) (50.8) (51.3) (50.3)
sTSTm Mean (SD) 310.2 298.3 315.3 309.3
(77.1) (81.9) (77.0) (78.5)

Reference ID: 3304654
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3.1.2.1 Sponsor’s Results

Based upon findings from a monitoring visit, an audit was performed on Site 120 from Russia
which suggested that data from this site may lack reliability and integrity. Therefore, in a
protocol clarification letter the sponsor stipulated that this site was not to be included in the
primary efficacy analysis.

Based on the multiplicity testing strategy:

Suvorexant HD (40 mg for patients <65 years and 30 mg for patients >65 years) was superior to
placebo in improving sleep maintenance as measured by the change from baseline in sSTSTm and
change from baseline in WASQO, at Month 1, Month 3, and Week 1/Night 1, respectively.

Suvorexant HD (40 mg for patients <65 years and 30 mg for patients >65 years) was superior to
placebo in improving sleep onset as measured by the change from baseline in sTSOm, at Month
1, Month 3, and Week 1/Night 1, respectively. It was also superior to placebo in improving sleep
onset as measured by the change from baseline in LPS, at Month 1 and Night 1, respectively, but
not at Month 3.

Subjective Sleep Maintenance —-sTSTm

Figure 8 and Table 11 present summary statistics and analysis results for STSTm at the key
timepoints during the Treatment Phase for both the HD and LD of suvorexant. The analyses
suggest that suvorexant HD was superior to placebo in increasing subjective total sleep time at
the primary (Month 1 and Month 3) timepoints and also at the secondary (Week 1) timepoint (all
p-values < 0.00001). The increases from baseline in STSTm for suvorexant HD ranged from 40.4
to 62.8 minutes on average and were 25.1 to 26.4 minutes greater than those for placebo.

The increases in STSTm from baseline for suvorexant LD ranged from 30.8 to 59.8 minutes on
average and were 16.8 to 22.1 minutes greater than those for placebo.
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Figure 8 Study 29:

Mean Change from Baseline in sTST over Time (Sponsor’s Analysis)
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Note: This figure was copied from page 205 of the sponsor’s study report
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Table 11 Study 29: Change from Baseline in Mean Subjective Total Sleep Time (Sponsor’s Analysis)

Baseline Time Point Change from Baseline at Time Pomnt
Treatment N Mean (SD) Mean (SD) Mean (SD) | LS Mean (95% CT) T
Week 1
MEK-4305 LD 231 298.7( 82.2) 331.0( 86.9) 323( 508) 308 (248 36.8)
MEK-4305 HD 373 3142( 714 3542 ( 83.1) 39.9( 51.1) 404 (35.7. 45.1)
Placebo 364 3072( 77.2) 3221( 81.0) 149( 39.6) 140( 92, 187
Month 1
MEK-4305 LD 219 3008( 78.8) 346.1( 90.0) 453 ( 60.5) 434 (36.1. 50.6)
MEK-4305 HD 365 3140( 77.4) 362.2( 81.5) 482 ( 60.6) 487 (43.1, 54.3)
Placebo 350 3082( 77.6) 3323 ( 80.8) 241( 51.0) 224 (16.7. 28.1)
Month 3
MEK-4305 LD 197 306.7 ( 69.5) 3716( 72.3) 64.8( 62.7) 59.8(51.5, 68.1)
MEK-4305 HD 340 3148( 75.9) 3783 ( 79.3) 63.5( 67.3) 62.8 (536.4. 69.2)
Placebo 325 3118( 71.8) 3527( 78.4) 40.9 ( 60.7) 37.7(31.2, 442)
Pairwise Comparison Difference in LS Means (95% CI)' p-Value'
Week 1
MEK-4305 HD vs. Placebo 264(198. 331) =0.00001
MEK-4305 LD vs. Placebo 168 ( 9.1, 24.5) 0.00002
Month 1
MK-4305 HD vs. Placebo 26.3(18.3. 343) =0.00001
MEK-4305 LD vs. Placebo 209(11.7. 30.2) =0.00001
Month 3
MK-4305 HD vs. Placebo 251(16.0. 342) =0.00001
MEK-4305 LD vs. Placebo 221115, 32.6) 0.00004
" Based on a mixed effects model with terms for baseline value. age category (=63, =63). region. cohort, gender. treatment, time
pouwnt, and treatment-by-fume point mteraction as covariates.
MEK-4305 LD = MK-4305 20 mg for patients <63 years and MK-4305 15 mg for patients 263 years.
MEK-4305 HD = MK-4305 40 mg for patients <65 years and MEK-4305 30 mg for patients 263 years.

Note: This table was copied from page 204 of the sponsor’s study report

Objective Sleep Maintenance - WASO

Table 12 presents summary statistics and analysis results for WASO at the key timepoints during
the Treatment Phase for both suvorexant HD and LD. The analyses show that suvorexant HD
was superior to placebo in decreasing WASO at the primary (Month 1 and Month 3) timepoints
and also at the secondary (Night 1) timepoint (all p-values <0.0001). The decreases from
baseline in WASO for suvorexant HD ranged from 51.9 to 63.3 minutes on average and were
29.4 to 42.0 minutes greater than those for placebo.

Nominal p-values also suggest that suvorexant LD was more efficacious than placebo in
decreasing WASO at the primary and secondary timepoints (all nominal p-values <0.0001). The
decreases from baseline in WASO for suvorexant LD ranged from 46.6 to 58.3 minutes on
average and were 24.1 to 37.0 minutes greater than those for placebo.
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Table 12 Study 29: Change from Baseline in Mean Objective WASO (Sponsor’s Analysis)

Baseline Time Pomt Change from Baseline at Time Point
Treatment N Mean (SD) Mean (SD) Mean (SD) | LS Mean (95% CI)'
Night 1
MEK-4305LD 144 119.3 (50.8) 61.3 (41.5) -38.0 (49.9) -38.3(-65.0.-31.6)
MEK-4305 HD 285 119.5 (51.5) 53.9 (37.5) -63.5 (51.6) -63.3 (-68.0.-38.6)
Placebo 283 1183 (49.4) 97.9 (54.5) -20.4 (57.5) -21.3(-26.1.-16.6)
Month 1
MEK-4305LD 132 118.0 (31.7) 72.5 (48.9) 454 (56.5) -46.6(-538.-393)
MK-4305 HD 278 1209 (51.2) 67.3 (40.8) -33.5 (53.5) -531.9(-56.9.-46.9)
Placebo 270 118.0 (49.3) 96.2 (56.4) -21.8 (56.7) -225(-275.-174)
Month 3
MK-43051LD 127 120.1 (52.5) 64.7 (43.4) -35.5 (53.8) -36.0(-63.3.-48.6)
MK-4305 HD 260 1216 (51.1) 63.5 (40.2) -36.1 (51.4) -54.2(-593.-49.1)
Placebo 252 118.3 (49.6) 94.1 (55.1) 241 (59.7) -24.8(-30.0.-19.6)
Pairwise Comparison Difference in LS Means (95% CI) p-Value!
Night 1
MEK-4305 HD vs. Placebo -42.0 (-48.6.-353) <.00001
MEK-4305 LD vs. Placebo -37.0(-451.-288) = 00001
Month 1
MEK-4305 HD vs. Placebo -29.4 (-36.6.-22.3) =.00001
MEK-4305 LD vs. Placebo -24.1(-33.0.-153) = 00001
Month 3
MEK-4305 HD vs. Placebo -29.4 (-36.7.-22.1) =.00001
MEK-4305 LD vs. Placebo -31.1 (-40.1.-222 = 00001
"Based on a mixed effects model with terms for baseline value, age category (<635, 265), region, gender, treatment, time point, and
treatment-by-time pomt interaction as covarnates.
ME-4305 LD = MK-4305 20 mg for patients <65 years and MK-4305 15 mg for patients 263 years.
ME-4305 HD = MK-4305 40 mg for patients <63 vears and MK-4305 30 mg for patients 265 vears.

Note: this table was copied from page 210 of the sponsor’s study report

Subjective Sleep Onset —sTSOm

Table 13 presents summary statistics and analysis results for sTSOm at the key timepoints during
the Treatment Phase for both suvorexant HD and LD. The analyses show that suvorexant HD
was superior to placebo in decreasing sSTSOm at the primary (Month 1 and Month 3) timepoints
and also at the secondary (Week 1) timepoint (all p-values <0.00005). The decreases from
baseline in STSOm for suvorexant HD ranged from 19.7 to 33.7 minutes on average and were
12.8 to 13.2 minutes greater than those for placebo.

Nominal p-values also suggest that suvorexant LD was more efficacious than placebo in
decreasing sTSOm at the primary and secondary timepoints (all nominal p-values <0.05000).

The decreases from baseline in sSTSOm for suvorexant LD ranged from 14.2 to 28.1 minutes on
average and were 6.9 to 7.6 minutes greater than those for placebo.
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Table 13 Study 29 Mean Change from Baseline in sTSO (Sponsor’s Analysis)

Baseline Time Point Change from Baseline at Time Pomt
Treatment N Mean (SD) Mean (SD) Mean (SD) | LS Mean (95% CI) T
Week 1
MK-4305 LD 231 86.1( 78.3) 706 ( 75.9) -135( 353) -142 (-18.4,-10.00
MK-4305 HD 373 75.2( 62.3) 56.1 ( 59.0) -19.1( 33.2) -19.7(-23.0,-16.4)
Placebo 364 826( 77.3) 747 ( 76.0) -79( 329 -6.7(-10.0, -3.3)
Month 1
MK-4305 LD 219 83.1( 74.3) 60.4 ( 74.6) 227 ( 47.9) -21.0(-26.4, -15.6)
MK-4305 HD 365 751 ( 62.8) 487 ( 542) -26.5( 46.2) -26.9 (-31.1, -22.8)
Placebo 350 820( 77.8) 66.5 ( 66.8) -135( 43.6) -14.1(-184. -99)
Month 3
MK-4305 LD 197 755( 54.8) 437 ( 36.8) S17(447) -28.1(-33.7.-22.4)
MK-4305 HD 340 T41( 62.4) 403 ( 386) -338( 30.7) -33.7(-38.0,-293)
Placebo 325 772 ( 66.1) 554 ( 56.0) -218( 47.5) -20.5(-24.9,-16.1)
Pairwise Comparison Difference in LS Means (95% CI)7 p-Value”
Week 1
MK-4305 HD vs. Placebo 131 (-17.7. -84) =0.00001
MK-4305 LD vs. Placebo -7.5(-129, -2.2) 0.00593
Month 1
MK-4305 HD vs. Placebo -12.8(-18.8, -6.9) 0.00003
MK-4305 LD vs. Placebo -6.9(-13.7. -0.0) 0.04975
Month 3
MK-4305 HD vs. Placebo -13.2(-194, -7.0) 0.00003
MEK-4305 LD vs. Placebo -7.6(-14.7. -0.4) 0.03894
" Based on a mixed effects model with terms for baseline value, age category (<63, 265), region, cohort, gender, treatment, time
point. and treatment-by-time point interaction as covariates.
MEK-4305 LD = MK-4305 20 mg for patients <63 years and MK-4305 15 mg for patients =63 years.
MEK-4305 HD = MK-4305 40 mg for patients <63 vears and MEK-4305 30 mg for patients =63 years.

Note: This table was copied from page 213 of the sponsor’s study report

Objective Sleep Onset — LPS

Table 14 and Figure 9 present summary statistics and analysis results for LPS at the key timepoints
during the Treatment Phase for both suvorexant HD and LD. The analyses show that suvorexant
HD was superior to placebo in decreasing LPS at the primary Month 1 timepoint and the
secondary Night 1 timepoint (p-values <0.00005), but not at the primary Month 3 timepoint (p-
value = 0.26510). The decreases from baseline in LPS for suvorexant HD ranged from 34.7 to
36.7 minutes on average and were 12.7 to 12.1 minutes greater than those for placebo at Night 1
and Month 1, respectively. While the decrease in LPS from baseline at Month 3 of 32.2 minutes
for suvorexant HD was nearly as large as the differences observed at Night 1 and Month 1,
indicative of a sustained response to suvorexant, the increasing placebo response between Night
1 and Month 3 may have contributed to a non-significant difference from placebo of only 3.6
minutes (p-value = 0.26510).

Nominal p-values also suggest that suvorexant LD was more efficacious than placebo in

decreasing LPS at the primary Month 1 and secondary Night 1 timepoints (nominal p-values
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<0.05000). The decreases from baseline in LPS for suvorexant LD ranged from 25.3 to 32.5
minutes on average and were 12.4 and 7.8 minutes greater than those for placebo at Night 1 and
Month 1, respectively. The decrease from baseline in LPS at Month 3 of 28.9 minutes for
suvorexant LD was in fact greater than the change from baseline of 25.3 observed at Night 1, but
the increasing placebo response between Night 1 and Month 3 resulted in a difference from
placebo of only 0.3 minutes which had a nominal p-value = 0.932109.

Table 14 Study 29: Mean Change from Baseline in LPS (Sponsor’s Analysis)

Baseline Time Point Change from Baseline at Time Point
Treatment N Mean (SD) Mean (SD) Mean (SD) | LS Mean (95% CI)
Night 1
MK-4303 LD 144 63.1 (47.00 41.9 (32.7) -23.1 (40.3) -25.3(-32.2.-18.3)
MK-4305 HD 289 67.5 (49.4) 33.0 (24.2) 345 (48.0) -34.7(-39.5,-29.9)
Placebo 284 68.7 (43.3) 5349 (60.8) -13.8 (62.3) -13.0(-17.8.-8.1)
Moanth 1
MEK-4305 LD 133 66.2 (47.4) 346 (26.6) -31.6 (47.5) -32.5(-383,-26.7)
MEK-4305 HD 280 66.7 (46.5) 30.8 (28.2) -35.9 (483) -36.7 (-40.8. -32.7)
Placebo 271 68.9 (43.3) 432 (44.4) -23.7 (53.9) -24.6 (-28.7,-20.6)
Month 3
MK-4303 LD 127 66.1 (48.3) 38.0 (349 -28.1 (47.8) -289(-334.-224)
MEK-4305 HD 262 67.3 (47.6) 35.6 (42.6) -31.8 (53.3) -32.2(-36.7.-27.7)
Placebo 255 70.2 (44.0) 396 (36.1) -30.6 (49.5) -28.6(-33.1,-24.0)
Pairwise Comparison Difference in LS Means (95% CI) p-Value'
Night 1
MEK-4305 HD vs. Placebo -21.7 (-28.6. -14.9) =.00001
MK-43035 LD vs. Placebo -12.4 (-20.7. -4.0) 0.00392
Moanth 1
MEK-4305 HD vs. Placebo -12.1(-17.8.-6.4) 0.00004
MK-4303 LD vs. Placebo -7.8 (-15.0.-0.7) 0.03063
Moanth 3
MK-4305 HD vs. Placebo -3.6(-10.1.2.8) 0.26510
MEK-43035 LD vs. Placebo -03(-83.7.6) 093219
"Based on a mixed effects model with terms for baseline value. age category (<63, 263). region. gender. treatment, time point. and
treatment-by-time point mteraction as covariates.
MEK-4305 LD = MK-4305 20 mg for patients <63 years and ME-4305 15 mg for patients 265 years.
MEK-4305 HD = MK-4305 40 mg for patients <65 years and MK-4305 30 mg for patients =63 years.

Note: This table was copied from page 216 of the sponsor’s study report
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Figure 9 Study 29:Adjusted Means for Change from Baseline in Latency to Persistent Sleep
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Note: This figure was copied from page 217 of the sponsor’s study report
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Additional Sponsor Sensitivity Analyses
To evaluate the robustness of these objective sleep onset results, a nonparametric procedure
using aligned ranks on change from baseline in LPS was performed. This procedure confirmed
statistical significance of the reduction in LPS for suvorexant HD at Night 1, but missed
statistical significance at Month 1 (the p-value of 0.03874 was not < 0.02500). The aligned rank
procedure performed at Month 3 confirmed the non-significant result of the primary analysis
approach for Month 3 (p-value = 0.14313). The nominal p-values for the comparison of
suvorexant LD versus placebo using the aligned rank procedure were > 0.05000 for each of the 3
key timepoints. Since the results of the analysis at Month 1 using the aligned rank procedure
provided a different conclusion than the primary mixed model analysis approach for Month 1,
another rank procedure (ETRANK) was performed on LPS at Month 1 as specified by the data
analysis plan in the protocol. Note that this method does not involve imputation, using only
observed data. The results using the ETRANK procedure show that LPS was significantly
reduced for suvorexant HD as compared with placebo at Month 1. ETRANK penalizes the ranks
of patients who dropped out due to lack of efficacy or AE (i.e., drop-outs potentially related to
treatment), and it also uses Entsuah scores that are symmetric, which may contribute to the
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difference in results given by these two rank procedures. The ETRANK procedure performed on
LPS at Month 3 also showed a significant reduction in LPS for suvorexant HD as compared with
placebo at Month 3.

Reviewer’s Comment: This reviewer did not verify the ETRANK sensitivity analysis since it is not
implemented in SAS, no statistical program was provided by the sponsor, and it is only a
secondary sensitivity analysis.

To further explore the comparison of suvorexant and placebo with respect to LPS, a post-hoc
analysis was also performed on changes from baseline in log-transformed LPS, log(LPS). The
log-transformation reduces the influence of potential outliers and departures from normality. The
results of the analysis on log-transformed LPS agree with the results from the primary analysis
for suvorexant HD for each of the key timepoints; LPS was significantly reduced for suvorexant
HD as compared with placebo at Night 1 and Month 1, but not at Month 3. Comparisons of
suvorexant LD and placebo with respect to changes from baseline in log-transformed LPS were
not significant at the key timepoints (p-values > 0.05).

3.1.2.2 Reviewer’s Results

There were three multiple enrollees: one enrolled twice within study 029, another sequentially
between study 28 and 29 and another had overlapping enrollments in study 28 and 29 These
were handled as prespecified in the protocol clarification letter and described in section 3.1.1.1
on page 8 .

Because of the prespecified order of testing the various timepoints and the lack of significance of
LPS at Month 3 which was to be tested before Night 1 we cannot conclude efficacy in terms of
LPS or (subjective TSO) on Night 1. In addition, any secondary endpoint results assessing onset
must from a multiplicity perspective be viewed as exploratory at best, because of the lack of
significance for LPS at month 3.

Figure 10 shows the percentages of randomized patients with non-missing LPS data at each
timepoint for each group. For the placebo and high dose groups between 5 and 6% had missing

data at month 1 and about 11% had missing data at Month 3. The extent of missingness for the
other primary efficacy measures was similar.
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Figure 10 Study 29: Percentages of Randomized Patients with non-Missing LPS data over Time

Day Group FREQ.
1 Placebo 286
MK4305 LD 146
MK4305 HD 294

30 Placebo 286
MK4305 LD 146
MK4305 HD 294

%0 Placebo 286
MK4305 LD 146
MK4305 HD 294

Percent Non-Missing

An LOCF analysis of covariance for the Month 3 LPS gave p=0.0550, while an observed case
analysis gave p=0.2838. So these additional analyses confirmed the sponsor’s insignificant
primary analysis result at Month 3 for LPS.

The somewhat strange phenomenon observed in study 28 of the low dose appearing markedly
better in terms of sTSO in the subgroup of discontinued patients (Figure 6) compared to placebo
or completers at times where they had data was not replicated in study 29 (nor was it seen for
STST or WASO either). Completers analyses of sTSO (N=862, Month 1 low diff :-9.7,p=0.0019,
high diff -12.9, p<0.0001) , sTST(Month 1 low diff: 22.6 and high diff: 24.9, both p<0.0001) and
WASO (N=647, Month 1 low diff: 23.6, high diff: 30.8, both p<0.0001) supported the primary
analyses. The following additional sensitivity analyses initiated by the reviewer also supported
the primary analysis for sTST and objective WASO: baseline carried forward in the event of
missing data analyses and multiple (m=20) imputation based on a placebo group based
imputation model applied to impute missing data for all groups.
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The sponsor prespecified exlcuding site 45490 from the primary analysis before unblinding the
data because of protocol deviations they had discovered at that site. For completeness it is
important to look at the results including the patients from this site since they were randomized
and had post-baseline data. As it turns out the efficacy conclusions are unaffected by the
inclusion or exclusion of data from this site as shown in Table 15.

Table 15 Study 29: Primary Efficacy Results for High Dose Including Site 45490
Endpoint Day  Estimate Standard Error P-value

STSTm 1 26.43 3.40 <.0001
30 26.22 4.07 <.0001
90 25.06 462 <.0001
WASO 1 -41.61 3.47 <.0001
30 -29.54 3.58 <.0001
90 -29.56 3.73 <.0001
sTSOm 1 -13.01 2.37 <.0001
30 -12.80 3.02 <.0001
90 -13.19 3.14 <.0001
LPS 1 -22.01 3.68 <.0001
30 -12.92 3.04 <.0001
90 -4.51 3.37 0.1818

A sensitivity analysis with patients reporting more than 24 hours in a day’s data unmodified
(rather than excluded as prespecified) yielded the following results (Table 16). The exclusion of
this questionable data did not seem to impact the results.

Table 16 Study 29: Sensitivity Analysis for Primary Subjective Endpoints (High Dose vs. Placebo)
Endpoint Day Estimate Standard Error P-value

sTSOm 1 118 3.0 <.0001
30 -12.7 3.1 <.0001
90 -12.9 3.6 0.0003
STSTm 1 26.0 3.8 <.0001
30 26.1 4.3 <.0001
90 25.1 5.0 <.0001

Reference ID: 3304654



3.1.3 Study P006

3.1.3.1 SUMMARY OF STUDY DESIGN

This is a randomized, double-blind (with in-house blinding), placebo-controlled, 2-period
crossover PSG study to assess the safety, tolerability, and efficacy of four doses of MK-4305
(10, 20, 40, and 80 mg) in the treatment of patients with primary insomnia. This design is
equivalent to four separate 2-treatment 2-period crossover trials with patients in each trial
receiving one of the four MK-4305 doses and placebo. The objectives of the study include
demonstration of the effectiveness and dose response of MK-4305 and identification of an
appropriate dose or doses for Phase 111 development. An interim analysis (1A) was to be
employed to assess: (1) preliminary effectiveness of MK-4305 (futility of doses), and (2) safety
and tolerability. A second 1A was to be performed to aid in planning and/or acceleration of future
studies. Each interim analysis was to include patients from the ex-Japan stratum only.

During the MK-4305 treatment period, patients were to receive one of four possible MK-4305
doses (10, 20, 40, or 80 mg). Assignment to dose of MK-4305 and treatment sequence (MK-
4305/Placebo or Placebo/MK-4305) was to be randomly determined by a computer-generated
random allocation schedule. The randomization was to be stratified by geographic region (Japan
vs. ex-Japan). Each 4-week treatment period was to consist of an overnight PSG visit on the first
and last night of the treatment period, with an interim office visit at the Week-2 midpoint. Each
treatment period was to consist of 28 + 2 days of treatment. A single-blind placebo washout
interval of a minimum of 7 days was to separate the two treatment periods. Additional treatment
sequences might have been added to evaluate a 5-mg dose pending the results of an interim
futility analysis when approximately 50% of the patients had completed the study.

Objectives:

1. To evaluate the efficacy of MK-4305 compared with placebo in improving sleep efficiency
(SE) as measured by polysomnography (PSG) on Night 1 and at the end of 4 weeks of treatment,
where SE is defined as 100 times total sleep time (minutes) divided by time in bed (minutes).

An interim analysis for identifying futile doses will be conducted after 50% of patients have
completed their two 4-week treatment periods. A standing internal data monitoring committee
(siDMC) will evaluate these interim data, encompassing evaluation of efficacy data in
conjunction with evaluation of other data (e.g., adverse event data), to determine what if any
actions will be taken for the remainder of the study. Based upon this analysis, it is possible that a
lower dose of MK-4305 (5 mg) may be added to the study; in this case, the sample size may
increase by up to 52 patients (due to the addition of these lower dose sequences). A second
interim analysis may be conducted when approximately 160 patients have completed both
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periods of the crossover study to help expedite Phase 111 planning. Each interim analysis will
include patients from the ex- Japan stratum only.

Primary and Secondary Endpoints

The co-primary endpoints that will be used in the evaluation of the primary efficacy hypothesis
are sleep efficiency (SE) measurements at Night 1 and at the end of 4 weeks of treatment. SE is
defined as total sleep time (TST) in minutes divided by time in bed (measured from lights off to
lights on; fixed at 8 hours on each PSG night) in minutes, multiplied by 100, where TST is
defined as the total time (minutes) in Stages 1, 2, 3, 4 and REM.

The secondary endpoints include Night 1 and End of Week 4 measurements for: 1) wakefulness
after sleep onset (WASO) and 2) latency to persistent sleep (LPS). WASO is defined as the
duration of wakefulness (any epoch of Stage 0) from persistent sleep onset (first epoch of the
first twenty consecutive epochs of non-wake) to lights on and LPS is defined as the duration of
time from lights off to persistent sleep onset. An epoch of non-wake is defined as a 30-second
interval classified as either Stage 1, 2, 3, 4 or REM according to conventional Rechtschaffen and
Kales (R&K) scoring.

The Full Analysis Set (FAS) population will serve as the primary population for the analysis of
efficacy data in this study. The FAS population is a subset of all randomized patients with
patients excluded for the following reasons: failure to receive at least one dose of study treatment
lack of any post-randomization efficacy data subsequent to at least one dose of study treatment.

The primary and secondary hypotheses will be evaluated using a mixed effects model including
terms for baseline value, geographic region (Japan vs. ex-Japan), treatment, sequence, period,
time (as a categorical variable), and treatment-by-time and period-by-time interactions. An
unstructured covariance matrix will be used. If the model does not converge then a random effect
for patient will be added to the model and an unstructured 2 x 2 covariance matrix within patient
and time will be used. Note that the baseline value is only measured prior to randomization to a
treatment sequence. The model will be used to provide an estimate of the treatment effect for the
comparison of each MK-4305 dose with placebo.

Multiple imputation will be also used as a sensitivity analysis to approximate the missing value
for the primary, secondary (and selected exploratory) endpoints.

Multiplicity
An interim analysis for futility was to be conducted when approximately 50% of the patients had
completed both treatment periods for the study; this analysis would ideally not affect the Type I
error. A second interim analysis was to possibly be conducted when approximately 160 patients
completed both periods of the crossover study for planning future Phase 111 studies. If this
analysis was performed, the method of Haybittle-Peto was to be used to control overall Type |
error; this method uses an alpha of 0.001 at the interim and an alpha of 0.05 at the end of the
study. The interim analyses were to include patients from the ex-Japan stratum only. While,
nominal p-values were to be computed for all comparisons of MK-4305 with placebo, statistical
significance for the primary and secondary hypotheses was to be based on the following
multiplicity strategy. To account for the multiple dose comparisons to placebo for the primary
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efficacy hypothesis, a fixed sequential testing procedure was to be used to assess statistical
significance (for all doses not deemed futile at the interim analysis), beginning with the highest
dose (i.e., 80 mg). The comparison of MK-4305 with placebo for Sleep Efficiency (SE) had to be
significant at =0.05 at both time points (i.e., Night 1 and Week 4) in order to assess the statistical
significance of the comparison of MK-4305 with placebo for the next highest dose (i.e., 40 mg),
and so on. If a non-significant result was observed at either time point, the differences between
MK-4305 and placebo for SE were to be considered nonsignificant at this and all lower doses.
This procedure was to provide strong control for the multiple dose comparisons of MK-4305
with placebo for the primary efficacy endpoint. MK-4305 doses that were statistically significant
for the primary hypothesis were to be tested in a similar fashion for the first secondary endpoint
(WASO) at the 5% level of significance. Similarly, MK-4035 doses which are statistically
significantly different from placebo for SE and WASO at both time points were to be tested in a
similar fashion for the second secondary endpoint (LPS). This would provide control (not strong)
of alpha for multiple dose comparisons of MK-4305 to placebo for multiple secondary endpoints.

Sample Size Determination

Mean improvement in SE, WASO and LPS after 1 night of treatment are available from
Actelion’s orexin compound, almorexant. A total of 208 patients (i.e., 52 for each of the 4 doses)
completing both periods of the study, including ~ 40 patients from Japanese ancestry, will be
required to compare SE between all four MK-305 doses and placebo. Based upon this sample
size, there is approximately 95% (73%) power to detect a difference of 8.33 (6.25) in SE at both
time points for a particular MK-4305 dose. (Note that a difference of 8.33 (6.25) in SE
corresponds to a 40 (30) minute difference in total sleep time (TST) when time in bed is fixed at
8 hours.) It is expected that approximately 10% of the patients randomized will discontinue
treatment permanently during one of the two 4-week treatment periods; therefore, approximately
250 patients will be randomized to ensure 208 with complete data.

Interim Analyses
An interim analysis for futility was to be conducted after 50% of patients had completed their
two 4-week treatment periods. The following guidelines were to be used by a standing internal
data monitoring committee (SiDMC), encompassing evaluation of efficacy data in conjunction
with evaluation of other data (e.g., adverse event data), to determine what if any actions were to
be taken for the remainder of the study. If the conditional probability of finding a significant
difference from placebo for SE was <20% at either Night 1 or at the end of Week 4 for the
lowest two doses, future enroliment may have been stopped for the lower of the two doses. A
similar analysis was to be performed for each higher MK-4305 dose pair, in order of increasing
doses. If the conditional probability of finding a significant difference for a dose was 20% at
Night 1 and at the end of Week 4, then the study was to continue with this dose pair and all
higher doses unless the siDMC decided otherwise on the basis of safety and/or tolerability issues.
Guidelines regarding the termination of a dose on the basis of safety and/or tolerability issues
were to be provided in the siDMC charter. An MK-4305 dose which had 20% conditional
probability of a significant difference in SE at both Night 1 and at the end of Week 4 but had a
poor profile for safety and/or tolerability as compared with placebo was to not be continued. If,
based upon the siDMC'’s review, the lower dose of MK-4305 (5 mg) was recommended for
evaluation (e.g., if none of the MK-4305 doses were futile and/or there was poor tolerability) this
dose may have been included for the remainder of thestudy. Such a decision could have
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increased the total patients completing the study by 26 to 52, depending upon the siDMC’s
recommendation. .

A second interim analysis was to potentially be conducted when approximately 160 patients had
completed both periods of the crossover study. This analysis was to include patients in the ex-
Japan stratum only. The purpose of this analysis was to expedite planning for Phase 11 studies;
therefore both efficacy and safety were to be evaluated. The study was not to be stopped for
superior efficacy on the basis of this analysis; however, the method of Haybittle-Peto was to be
used to account for multiplicity related to this evaluation.

3.1.3.2 Patient Disposition

Out of the 254 randomized patients, 249 received at least 1 dose of placebo and 243 received at
least 1 dose of MK-4305. A total of 228 patients completed the study and 26 patients
discontinued from the study (23 patients discontinued the study during Treatment Period 1 or 2
and 3 patients discontinued the study during the Washout period). The proportion of patients
who discontinued during the treatment periods were similar between placebo and the MK-4305
total group. There were 3 patients who discontinued therapy in Treatment Period 1 but
continued in the study by entering the Washout period (as allowed per protocol).

3.1.3.3 Patient Demographics

The ages range from 18 to 64 years with the mean age of 44 years. The distribution of age was
similar among the treatments and treatment sequences. A greater proportion of females were
enrolled in this study; the total percent of females was 58.3%. While the gender distribution
tended to range a bit for the treatment sequences, the distribution was similar for the treatments
groups (ranging from 54.2% to 65.6% female).
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Table 17 Study 06: Baseline Demographics by Sequence

Arm Variable Statistic or Sub Statistic
Category

10 mg: Placebo age Mean (SD) 44.5 (11.2)
Placebo: 10 mg age Mean (SD) 46.0 (11.9)
20 mg: Placebo age Mean (SD) 43.3 (11.4)
Placebo: 20 mg age Mean (SD) 44.4 (11.1)
30 mg: Placebo age Mean (SD) 45.8 (10.0)
Placebo: 30 mg age Mean (SD) 43.7 (12.6)
40 mg: Placebo age Mean (SD) 43.1 (12.0)
Placebo: 40 mg age Mean (SD) 44.1 (12.3)
All age Mean (SD) 44.4 (11.5)
10 mg: Placebo race ASIAN N(%) 4 (12.9)
Placebo: 10 mg race ASIAN 7 (21.9)

20 mg: Placebo race ASIAN 5 (15.2)
Placebo: 20 mg race ASIAN 7 (21.9)

30 mg: Placebo race ASIAN 5 (15.6)
Placebo: 30 mg race ASIAN 6 (18.8)

40 mg: Placebo race ASIAN 5 (16.1)
Placebo: 40 mg race ASIAN 5 (16.1)
All race ASIAN 44 (17.3)
10 mg: Placebo race WHITE N(%) 23 (74.2)
Placebo: 10 mg race WHITE 22 (68.8)
20 mg: Placebo race WHITE 21 (63.6)
Placebo: 20 mg race WHITE 21 (65.6)
30 mg: Placebo race WHITE 22 (68.8)
Placebo: 30 mg race WHITE 23 (71.9)
40 mg: Placebo race WHITE 23 (74.2)
Placebo: 40 mg race WHITE 23 (74.2)
All race WHITE 178 (70.1)
10 mg: Placebo sex FEMALE N(%) 14 (45.2)
Placebo: 10 mg sex FEMALE 21 (65.6)
20 mg: Placebo sex FEMALE 18 (54.5)
Placebo: 20 mg sex FEMALE 25 (78.1)
30 mg: Placebo sex FEMALE 15 (46.9)
Placebo: 30 mg sex FEMALE 21 (65.6)
40 mg: Placebo sex FEMALE 16 (51.6)
Placebo: 40 mg sex FEMALE 18 (58.1)
All sex FEMALE 148 (58.3)
10 mg: Placebo sex MALE N(%) 17 (54.8)
Placebo: 10 mg sex MALE 11 (34.4)
20 mg: Placebo sex MALE 15 (45.5)
Placebo: 20 mg sex MALE 7 (21.9)

30 mg: Placebo sex MALE 17 (53.1)
Placebo: 30 mg sex MALE 11 (34.4)
40 mg: Placebo sex MALE 15 (48.4)
Placebo: 40 mg sex MALE 13 (41.9)
All sex MALE 106 (41.7)

*The other races represented in the study: African American and Multi-Racial are not shown in
this table as the numbers were very small
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There did not appear to be any significant baseline differences between assigned treatment
sequences in terms of WASO or LPS.

Table 18 Study 06: Baseline Disease Characteristics by Sequence

Arm Baseline N Mean (Std. Dev.)
Variable

10 mg: Placebo waso1 31 107.8 (53.3)
Placebo: 10 mg waso1 32 97.9 (34.3)
20 mg: Placebo waso1 33 95.7 (36.8)
Placebo: 20 mg waso1 32 99.5 (43.5)
30 mg: Placebo waso1 32 109.7 (50.9)
Placebo: 30 mg waso1 32 104.8 (60.6)
40 mg: Placebo waso1 31 93.7 (31.6)
Placebo: 40 mg waso1 31 92.3 (41.7)
All waso1i 254 100.2 (44.9)
10 mg: Placebo 1ps 31 65.8 (44.3)
Placebo: 10 mg 1ps 32 74.9 (38.0)
20 mg: Placebo 1ps 33 75.5 (34.3)
Placebo: 20 mg 1ps 32 65.0 (33.6)
30 mg: Placebo 1ps 32 71.9 (61.1)
Placebo: 30 mg 1ps 32 59.0 (37.2)
40 mg: Placebo 1ps 31 66.5 (37.8)
Placebo: 40 mg 1ps 31 70.4 (36.6)
All 1ps 254 68.7 (41.0)

3.1.3.4 Sponsor’s Results

Changes to the Analysis Plan

The protocol stated that a mixed model which included terms for: baseline value, region (Japan,
ex-Japan), treatment, sequence, period, time (as a categorical variable), treatment by- time and
period-by-time interactions, would be used for the evaluation of the primary and secondary
endpoints. A decision was made prior to unblinding the data for the first interim analysis to
multiply all terms in the model, with the exception of the treatment and treatment-by-time terms,
by an indicator variable for 2-period crossover study (e.g. the MK-4305 10 mg: placebo and
placebo:MK-4305 10 mg sequences comprised the 2- period crossover study for the MK-4305
10 mg dose). This change to the model still allowed placebo information to be pooled across the
four 2-period crossover studies while estimating all other effects separately for each 2-period
study. This may be important since these other terms could potentially vary with dose.

Interim Analyses

An interim analysis for futility of the MK-4305 doses was conducted when approximately 50%
of patients completed the study. The analysis included only patients from the US cohort; no
patients of Japanese heritage were included. Only an unblinded statistician and a standing
internal data monitoring committee (siDMC) were unblinded for this analysis. Guidelines which
documented the procedures, methods, and criteria for actions were prespecified in the siDMC
charter for this interim analysis.

A second interim analysis was planned and conducted when there was approximately 80% power
for the primary efficacy hypothesis (i.e., when approximately 160 patients completed both
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periods of the crossover study). The purpose of this analysis was to expedite planning of the
Phase 111 program. Both efficacy and safety were evaluated and the analysis included patients
from the US cohort only. Guidelines for the procedures, methods and criteria for action were also
prespecified in the same siDMC charter used for the 50% interim analysis. At the conclusion of
this interim analysis, the sSiDMC directed the release of group-level information to the Merck
team responsible for planning Phase 11 to select doses and begin preparation of the Phase 111
program; the team was not given access to the individual patient data. No other individuals
within or outside of Merck were informed of the results of this interim analysis until the last
patient had completed the study. There was no plan to end the trial for superior efficacy on the
basis of this analysis and the method of Haybittle-Peto was used to account for multiplicity
related to this evaluation.

Efficacy Summary for Periods 1 and 2 Combined

Based on the testing strategy:

1. All doses of MK-4305 (i.e., 80 mg, 40 mg, 20 mg and 10 mg) were more effective than
placebo in improving insomnia as measured by the primary efficacy endpoint, sleep efficiency
(SE), at Night 1 and at the end of Week 4. 2. All doses of MK-4305 were more effective than
placebo in improving sleep maintenance as measured by the secondary efficacy endpoint,
wakefulness after persistent sleep onset (WASO), at Night 1 and at the end of Week 4. 3. No
doses of MK-4305 were more effective than placebo in improving sleep onset as measured by
the secondary efficacy endpoint, latency to onset of persistent sleep (LPS), at Night 1 and at the
end of Week 4, according to the multiplicity testing strategy. However, all doses of MK-4305
had numeric decreases in LPS and multiple MK-4305 doses had nominal p-values for
comparisons versus placebo which were < 0.001: namely, 80 mg and 40 mg on Night 1 and 20
mg at Week 4.

Table 19 Study 06: P-value Summary of Sponsor’s Primary and Key Secondary Analyses

Comparison Primary Endpoints Secondary Endpoants
SE WASD LPS

Might 1 Waek 4 Might 1 Week 4 Might 1 Weak 4
ME-4305 80 mg vs. Placebo <01 <M1 =001 <001 =0.001 0.058
ME-4305 40 mg vs. Placebao <01 <M1 =001 <1 =0.001 =10.4359
ME-4305 20 mg vs. Placebo =,001 <, 001 <001 <, (M1 0.130 0.001
ME-4303 10 mg vs. Placebo 0.0032 0.003 =001 0.001 0.577 0644

Pvalues in bold are sigmificant according to the multiplicity testing strategy.

Note: this table was (':o'pi_e_d from page 121 of sponsor’s study report

SE on Night 1 (Periods 1 and 2 Combined)

At baseline, the mean for SE was between 65 and 67 for all treatments. The estimated differences

in SE between Night 1 and baseline were: 10.9, 17.8, 17.4, 23.7 and 21.8, for placebo, MK-4305
10 mg, 20 mg, 40 mg and 80 mg, respectively. These changes from baseline correspond to

percent increases in SE relative to baseline of 17% for placebo (= 100 x 10.9/65.9), and 27%,
26%, 37%, and 32% for MK-4305 10 mg, 20 mg, 40 mg and 80 mg, respectively. The

differences in Least Squares (LS) means for SE between MK-4305 and placebo on Night 1 were
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all significant (p-value < 0.002); the placebo-subtracted differences were 5.2, 7.6, 10.8 and 12.9
for 10 mg, 20 mg, 40 mg and 80 mg, respectively.

SE at Week 4 (Periods 1 and 2 Combined)

The estimated differences in SE between Week 4 and baseline were: 12.3, 18.7, 19.1, 20.4 and
19.8, for placebo, MK-4305 10 mg, 20 mg, 40 mg and 80 mg, respectively. These changes from
baseline correspond to percent increases in SE relative to baseline of 19% for placebo (= 100 x
12.3/65.4), and 28%, 29%, 32%, and 30% for MK-4305 10 mg, 20 mg, 40 mg and 80 mg,
respectively.

The differences in LS means for SE between MK-4305 and placebo at Week 4 were all
significant (p-value < 0.003); the differences were 4.7, 10.4, 7.8 and 7.6 between 10 mg, 20 mg,
40 mg and 80 mg and placebo, respectively, indicating that patients had significantly greater
improvements in SE at Week 4 while on MK-4305 than while on placebo.

WASO

The differences in LS means for WASO between MK-4305 and placebo were all significant (p-
value < 0.001); the differences were -21.2, -24.7, -33.9 and -36.8 minutes between 10 mg, 20
mg, 40 mg, 80 mg and placebo, respectively. Thus, all doses of MK- 4305 were superior to
placebo with respect to sleep maintenance as measured by WASO.

The differences in LS means for WASO between MK-4305 and placebo were all significant (p-
value < 0.001); the placebo-subtracted differences were -21.4, -28.1, -33.2, and -28.9 minutes
between 10 mg, 20 mg, 40 mg and 80 mg, respectively, indicating that patients had significantly
greater improvement in sleep maintenance while on MK-4305 than while on placebo (see Table
20).
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BESTAVAILABLE COPY

Table 20 Study 06: Sponsor’s Analysis of WASO Based on Both Periods

Treatmani N Blzaan 510 Mioan [SLN) Bleam (ED) ¥ I
Mizhi 1
Placshi 48 1007 {4500 A (33T =501 (3E2T) -373, -I2§)
BIEA30T 10 mg &2 1035 {4470 3 (3765 -SE® (LG (-823, 355
BIEA30T 20 mg &l 97.7 {41.10) 255 (4162) -512 3E4 (-81.0, =13
IEA30T 40 mg 5 10735 {5738 354 (1031) -TLE (3175 {-83.4, -3E1D)
BIE2305 B0 mg 6l 93.9 3624 73 (1719 6.8 360 {-T59, -374)
Week 4
Placshi 32z 1007 {43174 3T (H73) =2E.1 (SLEBI) -3 -125
BIEA30T 10 mg 5 1001 {4140 12 (3181) s ] (-8 1, 358
BIEA30T 20 mg T 971 {41.B2) 470 {33.1B) =501 3753 (=811, =03
IEA30T 40 mg T 120 {578 201 (#0043 -50% EEET) -TBL 218§
BIEA305 B0 me 55 -5 3497} 0.5 (27.13) -539 =11m {855, #13)
FPairaise Copsperison DiSarances In LS Mean (52 5% C1 p-\alm

Might 1

BILT50: 10 g 2132 (627) 33,5, 5.5 =001
ME4307 20 mg 4.7 (631) {-371, -12.3) =001
MEE430% 40 mg -33.8 (633) (-86.4, -21.5) =001
MEE£30T 80 mg 368 [ 636) (-55.4, -M4.3) =001

Week 4
BILT50: 10 g 214 (6.26) 342, 5.0 D00l
ME4307 20 mg 281 (6.5E) {-41.0, -13.1) =001
ME4307 40 mg -33.2 (6.61) {-263, -20.2) =001
MIE430% 80 ms 288 (6.70) (421, -157) =001

" Fzsults based oo 2 mexed effect model with terms fior bancling walm, mzon, treaimest seqoemcs, paricd. Hmme,
treamomt-try~iinso and period-b-tims imteaction:; all e are
with iy warishios fir sach 2x? oossomear smdy’) with the exception of the meamment effect 5o 25 o pood
placsho mdrereorion acooes the 252 oooasowss emdics.

N = Numbsar with measararent af tims point.

spacific o each I oooeeonar shady (e, ooomed

Note: This Table was copied from page 126 of sponsor’s study report
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BESTAVAILABLE COPY

Table 21 Study 06 Sponsor’s exploratory Analysis of WASO for first period only

Basalne Treaxtmant Chomsm fromn Baseling
Treartmsant N Bufiman. {510 Defian: {56 Bufisam (EL) oFe I
Mizht 1
Placsba 1=7 SET (43.75) TS (30T =220 (LB {-33.0, -101%
BIEA30Y 10 mg 31 1076 {33.25) 610 {4+0B0) S5 (3700 (-58.0. -23.&)
BIEA30Y 30 mg 33 ST 3E.BO) ST (35T 440 358 (-370, -301105%
BIEA30T 40 mg 3z 10T (50093 =0 8 (X354 500 #TE) (-850, -5x &)
BIEA30T B0 mg 31 93T (31.60) ZE S (1E13) 55 3480 (-7BO, -5X 75
Tieek 4
Placsba 105 1003 (550 ™E (H35) =234 (SL.37) (-36.7. -1+1)
BIEA30T 10 mg = 144 (4750 5532 (3EZ2) -4BZX (BT (-F0.3, 2355
BIEA30Y 30 mg 31 ST (37.B5) 23T {30.08) -52F 3ELE) (554, -308
BIEA30 S ) mx 3 1131 (30.T8) 614 [(4541) =317 (TREBF) (-800, -2346
"r:I]i—Ei':l" &) mx ZE ST 30.2¥) FE {Z1.71) -36.1 (3E8E) (-753ZE, 230
Pairnise E“n:r:pu':.u.u ChfSarances in IS Bdean (5557 5% 1 - ako
Mazhi 1
BIEA30T 10 mg -1E1 {5.36) [-35.3, 04 D53
BIEA30 S 20 mx 242 {213} "—l-'_J 5.2 0008
BIEA30 T ) mg -3E8 (325) i {-57.0, -20.5) =501
BIEA30Y 80 mg 5T (335) :—EE.J. -18.3) =5l
Tieek 4
BIEA30T 10 mg -1E8 {5.46) -374, 0.2 DiaE
BIEA30S 30 mg =302 {221) {—==E4 1240 il al
BIEA30 S 4 mg -IET | 5.36) {-33.01. 1.E} 0.oTé
BIEA30Y 80 ms -34.2 (5.5E) -.'A_ 2, -13.3) = 011
" Basults based on & missd affect moded writh terms for bavaline waloe, region, I:rhﬂm%nqmpnnud.:mﬂ
h'uam—'h'v:l:nm.d'ﬂ-n:ﬂd.—::}mmumﬂ alll e avs speciSc o sach Ix crowsover sty (e, crossed
with indicrinr wasishles for sach 27 oomover sndy) with the exception of the treatmant effect s 25 o pool
Pplacsho mfnereetiom acposs the 2x2 oooas.oreer sadies.
= Mummbar with measorarcet at tims point.

Note: this table was copied from page 331 of sponsor’s study report

Reviewer’s Comment:

There was no first period only analysis prespecified for WASO. For the first period only analysis
the sponsor chose not to include the dose by covariate interactions that were prespecified for the
analysis of both periods. WASO was significant at Day 1 p=.036 but strictly not at Day 28
p=0.066 if interactions like those used in the primary analysis of both periods were included in
the first period only model. Note that the analysis of both periods (Table 20) is the preferred
analysis by this reviewer since it was prespecified and there was no treatment group by period
interaction apparent.
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LPS

As shown in Table 22 the differences in LS means for LPS between MK-4305 and placebo at
Week 4 were -2.3, -22.3, -3.8, and -9.5 minutes for 10 mg, 20 mg, 40 mg and 80 mg and placebo,
respectively, but none was significant according to the multiplicity testing strategy. MK-4035 20
mg was nominally significant (p-value < 0.001).

Table 22 Study 06: Sponsor’s Analysis of Latency to Persistent Sleep Based on Both Periods

Note: This table was copied from page 129 of the sponsor’s study report

Consideration of Carryover

Evidence of a potential carryover effect was observed for LPS in this 2-period crossover study.
Patients who received placebo in Period 1 had further improvement in LPS when they received
MK-4305 in Period 2; however, for patients who received MK-4305 in Period 1 improvement in
LPS did not diminish in Period 2, even though patients received placebo in Period 2 (see Figure 11
on page 60). To further evaluate the efficacy of MK-4305 on LPS without the influence of
carryover, an ad hoc analysis of LPS restricted to Period 1 was also performed.
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Bawalne Tmaimen Chomzn fromn Baselng
Treatmant N Bfzam {50} Mdoan (3D B (EL) ¥

Mighr 1

Placcha 40 | 623 #113) 45 (30.32) =230 (3514 -3B5, -141)

BIE4305 10 mg iz 5.9 [41.23) 3.5 (25.66) -3 (535 (<L -5

BIE4305 M mg gl TR (33.1%) 361 {!-.E""' 345 HIED -454, -5

BIE42305 Hl mg = S4B (31T A7 (145.08) -531 (FEn [-33, -2E)

BE2305 Bl mg &l 8.1 (36.60) EE {ﬂﬂ_': -3 375 -H0, -30.T) BEST
Week 4 AVAILABLE
Placchi L. 702 {41.51) 3E4 (H.54) -31E (35EN (-390, -5 COPY
BIE4305 1 mg = 8T [41.57) ZE 0 (255T) 17 #5341 -135, -2E

BE2305 M mg i TXD (33.63) B0 (1E11) 441 3T -137. -7

BES305 4 mg 57 S5 (31.EI) ZE 0 (15.08) -3B2 (LI [-31E, -5

BIE4305 B0 mg 53 TLE (36.43) B8 (B.449) -£30 3EEM (-i34, -0

Dairmiss Lomparison T Earances i L5 Mean (55)) 0% 1 -\ ik

Mighr 1

BIE4305 1 mg -3.4 (6146 {-134, BT} 0577

BIE4305 M mg L4 (617 {=Z1 35, 2.8} 0.130

BIES305 Hl mg -331 {620 {-333, -109) =K1

BE4305 Bl mg 234 { 623 {-37.7, -13.1) =K1
TWeek 4

BE2305 [ mg -23 (4.0 {-122, 1.5 0544

BIE4S305 2 mg -X23 { 3.08) (-3L3, -11.3) <Kl

MES305 H mg -3.8 (5.0 {-13.E, 6.3) 043

BE2305 Bl mg e {-15.7, 0.7} 0048

" Fssulis based on & peixed effects nuodel with terms for bassling valm, mgion, et sequence, pariod, tme,

treatmet-fry-tinse and partod-by-time interctions all tormss are specific 1o sach 2x7 orowsover study (e, Tosed

with indicaior varisbies fir sach 2x2 aossover sndy) with the sxception of the reatment effect 5025 o pocl

Placsho mferartion across the 122 oowomr smdies.

] = Mmber with mesrrarent at tims point.



LPS on Night 1 (Period 1 Only)

The estimated differences in LPS between Night 1 in Period 1 and baseline were: -14.4, - 32.2, -
38.2, -49.2 and -36.0 minutes for placebo, MK-4305 10 mg, 20 mg, 40 mg and 80 mg,
respectively. These changes from baseline correspond to percent decreases in LPS relative to
baseline of 21% for placebo (= 100 x 14.3/67.3), and 49%, 51%, 68% and 54% for MK-4305 10
mg, 20 mg, 40 mg and 80 mg, respectively. The differences in LS means for LPS between MK-
4305 10 mg, 20 mg, 40 mg, 80 mg and placebo in Period 1 were: -19.1, -17.4, -31.0, and -22.3
minutes, respectively. The difference between MK-4305 80 mg and placebo at Night 1 was
significant (p-value = 0.007) according to the multiplicity testing strategy, indicating that MK-
4305 80 mg significantly improved sleep onset on Night 1 in Period 1 as compared to placebo.
There was also evidence of improvement of sleep onset with MK-4305 10 mg, 20 mg and 40 mg
on Night 1 in Period 1, since the nominal p-values for comparison of these MK-4305 doses with
placebo were all < 0.03.

LPS at Week 4 (Period 1 Only)

The estimated differences in LPS between Week 4 in Period 1 and baseline were: -19.2, -37.1, -
52.0, -38.1 and -40.9 minutes for placebo, MK-4305 10 mg, 20 mg, 40 mg and 80 mg,
respectively (Table 11-6, Figure 11-4). These changes from baseline correspond to percent
decreases in LPS relative to baseline of 28% for placebo (= 100 x 19.2/67.8), and 58%, 67%,
54% and 58% for MK-4305 10 mg, 20 mg, 40 mg and 80 mg, respectively. The differences in
LS means for LPS between MK-4305 10 mg, 20 mg, 80 mg and placebo in Period 1 were -20.2,
-24.6, -15.7, and -19.6 minutes, respectively. Only the difference between MK-4305 80 mg and
placebo at Week 4 in Period 1 was significant (p-value = 0.024) according to the multiplicity
testing strategy. This indicates that MK- 4305 80 mg significantly improved sleep onset at Week
4 in Period 1 as compared to placebo. There was also possible evidence of improvement of sleep
onset with the lower doses of MK-4305 at Week 4 in Period 1 as well, since the nominal p-
values were both <0.019 for comparisons of 10 mg and 20 mg with placebo and the nominal p-
value for MK-4305 40 mg versus placebo was nearly significant (p = 0.063).

Efficacy Summary of LPS for Period 1

Evidence of a potential carryover effect for LPS was observed in this 2-period crossover study.
Patients who received placebo in Period 1 did demonstrate further improvement in LPS when
they received MK-4305 in Period 2; however, for patients who received MK- 4305 in Period 1,
improvement in LPS did not appear to diminish in Period 2 even though they received placebo in
Period 2. An ad hoc analysis of LPS for Period 1 data only (i.e., eliminating the potential
influence of carryover effects) applying the prespecified multiplicity testing strategy showed that
based on this alternative analysis (see Table 23):

1. MK-4305 80 mg significantly improved sleep onset as compared to placebo.

2. While not statistically significant according to the multiplicity testing strategy, all doses of
MK-4305 had numeric decreases in LPS which were greater in magnitude than those observed
for placebo. The nominal p-values were < 0.05 for nearly all comparisons of MK-4305 versus
placebo; the only exception was the comparison of MK-4305 40 mg versus placebo at Week 4,
which was nearly nominally significant (p-value = 0.063).
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Table 23 Study 06: Sponsor’s Analysis of Latency to Persistent Sleep Based on First Period Only

Baseline Treatment Change from Baseline
Treatment N Mean (SD) Mean (5D) Mean (5D) 053% CI
Night 1
Placebo 127 67.3 (36.45) 53.0 (51200 -14.3 (57.02) (-243, 43)
ME4305 10 mg 31 65.8 (44.29) 33.6 (26.85) -32.2 (4984) (-50.5, -14.0)
ME4305 20 mg 33 73.5 (34.33) 37.3 (37.03) -38.2 (45.93) (-34.5, -21.9)
ME4305 40 mg 32 71.9 (61.05) 22.7 (14.65) -40.2 (5932) (-70.6, -27.8)
ME4305 80 mg 31 66.5 (37.77) 305 (23.99) -36.0 (40.67) (-31.0, -21.1)
Week 4
Placebo 116 67.8 (36.55) 48.6 (53.96) -19.2 (5831 (-30.0, -8.5)
ME4305 10 mg 20 64.3 (44.58) 27.2 (27.58) -37.1 (46.83) (-54.9, -19.2)
ME4305 20 mg 31 77.8 (34.13) 258 (1799 -52.0 (37.24) (-65.7, -384)
ME4305 40 mg 30 71.2 (61.05) 33.0 (29.90) -38.1 (59.92) (-60.5, -15.8)
ME4305 80 mg 28 70.8 (37.20) 200 (25.068) -40.9 (37.63) (-33.5, -26.3)
Pairwise Comparison Differences in LS Mean (SE)' 95% (1 p-Value
Night 1
ME4305 10 mg -191 (8.14) (-35.1. -3.00 0.020
ME4305 20 mg -17.4 (7.96) (-33.1. -1.7) 0.030
ME4305 40 mg -31.0 (8.04) (-46.9, -15.2) <001
ME4305 80 mg -223 (8.14) (-383. -6.2) 0.007
Week 4
ME4305 10 mg -20.2 (8.52) (-37.0. 34 0.019
ME4305 20 mg 2246 (831) (-41.0. -83) 0.003
ME4305 40 mg -157 (841) (-32.3. 0.8) 0.063
ME4305 80 mg -19.6 (8.62) (-36.6. -2.6) 0.024
" Results based on a mixed effects model with terms for baseline value, region, treatment, time, and treatment-by-
time interactions.
N = Number with measurement at time point.

Note: This table was copied from page 132 of the sponsor’s study report

Reviewer’s Comment: For this analysis of LPS in the first period only, the sponsor removed the
interactions between dose and time, dose and baseline score, and dose and country from the
model for some unexplained reason. The results for the first period only appear somewhat less
favorable based on the analyses including these interactions in the model as the sponsor
prespecified and did for the analysis of both periods. This is particularly true for 10 mg on both
days and 40 mg at Day 28 where the LPS results are no longer significant when the interactions
are involved (10 mg: -11.8, p=0.256 at Day 1 and -6.1, p=0.554 at Day 28; 40 mg at Day 28: -
4.7, p=0.65).

Table 24 illustrates some unexpected significant variability between placebo groups associated
with different treatment sequences in terms of mean LPS in the first period.
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Table 24 Study 06: Summary Statistics for Latency to Persistent Sleep in First Period

Baseline Treatment Change from Baseline
Treatment N Mean (SD) Mean (SD) Mean (SD) (95% CI)

Period 1

Night 1

Placebo for sequences with MK4305 10 mg 32 74.9 (38.00) 46.8 (40.44) -28.1 (54.24) (-47.7, -8.5)
Placebo for sequences with MK4305 20 mg 32 65.0 (33.64) 58.7 (52.95) -6.2 (59.98) (-27.8. 15.4)
Placebo for sequences with MK4305 40 mg 32 59.0 (37.23) 53.4(57.06) -5.6(61.91) (-27.9, 16.7)
Placebo for sequences with MK4305 80 mg 31 70.4 (36.35) 52.8 (54.61) -17.5 (50.74) (-36.1. 1.1)
Placebos pooled over all sequences 127 67.3 (36.45) 53.0 (51.20) -14.3(57.02) (-24.3. 4.3)
MEK4305 10 mg 31 65.8 (44.29) 33. 6 (26.85) -32.2(49.84) (-50.5.-14.0)
MEK4305 20 mg 33 75.5 (34.33) 3 (37.03) 382(4593) | (-54.5.-21.9)
MEK4305 40 mg 32 71.9 (61.05) "2 7 (14.65) -49.2 (59.32) (- "0 6,-27.8)
MEK4305 80 mg 31 66.5 (37.77) 30.5 (23.99) -36.0 (40.67) (-51.0,-21.1)
Week 4

Placebo for sequences with MK4305 10 mg 31 73.9 (38.22) 35.5(31.48) -38.4 (49.23) (- A?(3. . _0‘3)
Placebo for sequences with MK4305 20 mg 28 65.2 (31.32) 74.5 (81.00) 9.3 (68.65) (-17.3. 35. 5.9)
Placebo for sequences with MK4305 40 mg 29 7 (38.60) 36.4 (42.42) -23.3 (57.80) (- 45.3. -].3)
Placebo for sequences with MK4305 80 mg 28 '.'2.0 (37.44) 49.7 (42.70) -22.4 (48.18) (-41.1. -3.7)
Placebos pooled over all sequences 116 67.8 (36.55) 48.6 (53.96) -19.2(58.31) (-30.0. -8.5)
MEK4305 10 mg 29 64.3 (44.58) 27.2(27.58) -37.1(46.83) (-54.9.-19.2)
MEK4305 20 mg 31 77.8 (34.13) 25.8(17.99) -52.0(37.24) (-65.7,-38.4)
MEK4305 40 mg 30 71.2 (61.05) 33 (29.90) -38.1(59.92) (-60.5. -15.8)
MEK4305 80 mg 28 70.8 (37.20) 209 (25.68) -40.9 (37.63) (-55.5.-26.3)

Note: This table was copied from page 324 of the sponsor’s study report

Subjective Sleep Endpoints

Patients reported significantly better total sleep time, time to sleep onset, wake after sleep onset
and subjective sleep quality for the two higher doses of MK-4305 (40 mg and 80 mg) than for
placebo on most weeks.

Reviewer’s note: 10 and 20 mg doses did not show nominal significance compared to placebo on
STST or sTSO at any week except for 20 mg at week 2 for sTSO (p=0.0423 however, 80 mg

which had precedence in the hierarchy did not show nominal significance at that time
p=0.0780).
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Table 25 summarizes the sponsor’s analysis of subjective TSO

Table 25 Study 06: Sponsor's Analysis of Subjective TSO: Differences from Placebo

Pairwize Comparison Differences in LS Mean (B5% CI) p-Value
Week 1
ME4305 10 mg -14(-88.40) 04582
ME4305 20 mg -4.2 (-10.8,2.3) 0.2057
ME4305 40 mg -12.8 (-19.5, -6.0) 0.0002
ME4305 80 mg -5.0(-11.7,1.7) 01326
Pairatise Companizcn Differencas in LS MeanT (5% {I) p-Valhe
Week 2
ME4305 10 mg 1.3{-4.5, B3} 0.5630
ME430% 20 mg -5.6{-133, 0.2} 00423
ME430% 40 mg 123 (-1%.0, -5.5) 0.0003
ME430% B0 mg G.0-127,0.T) Q.O7TED
Week 3
ME4305 10 mg 0.7 (-6.8, 33) 0.E1Xl
ME4305 20 mg -5.8(-12.0,0.9 0.0EEE
ME430% 20 mg -13.2 {-1%.6, -6.8) =001
ME430% Bl mg -11.1 {-17.5, 4.8} 0.00a07
Week 4
ME4305 10 mg -3.0(-2.3,33) 03513
ME430% 20 mg 2.3 {-10.8, 2.2 01544
ME430% 40 mg -174 {241, -10.7) <0001
ME430% B0 mg -7.7{-143, -1.1} 00219

Reference ID: 3304654

M = Mumber with preaseremeat at tiews point.
Note: This table was copied from page 412 of the sponsor’s study report

" Resnlts based cn a mixed sfects model with termes for bassline vales, region, treatment, sequence,
period, time, reatmenit-by-time and peciod-by-Ome nteractons; all tarms aw specific to sach 2x2
croasover smdy {1.e., crossed with indicator varisbles for sach 2x2 crossover siudy) with the sxcepton
of the teatment affect se as to pool placebo information across the 2x2 crossover stadies

BESTAVAILABLE
COPY
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This reviewer also conducted first period only analyses for subjective Time to Sleep Onset (see
Table 26) using the same model used by the sponsor for the objective endpoint first period only
analyses.

Table 26 Study 06: Analysis of STSO in first period only
Dose Day Diff. from Placebo Std. Err. p-value

101 -3.7189 41225 0.3680
10 28* -10.4748 5.2403 0.0468
201 -4.0995 4.0950 0.3179
20 28 -5.4338 5.2913 0.3056
401 -12.7047 4.1970 0.0028
40 28 -13.8431 5.3507 0.0103
801 -7.6403 4.2265 0.0720
80 28 -13.7256  5.4729 0.0129
*This was not nominally significant p=0.14, when dose by covariate interactions as used in the prespecified analysis

were added.

Table 27 summarizes the sponsor’s analysis of subjective TST.
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Table 27 Study 06: Sponsor's Analysis of Subjective TST

Pairwise Comparison Differences in LS Mean' (05% CT) p-Value
Week 1
ME4305 10 mg 30(-104,164) 0.6607
ME4305 20 mg -3.1({-16.8, 10.6) 0.6570
ME4305 40 mg 228 (8.4, 360 0.0018
ME4305 80 mg 20.8 (6.8, 34.8) 0.0039
Pairwise Comparison Differences in LS Mean' (95% CI) p-Value
Week 2
ME4305 10 mg 0.6(-12.2,133 0.9302
ME4305 20 mg 10.5 (-2.5,23.4) 0.1137
ME4305 40 mg 18.6(5.1,321) 0.0072
ME4305 80 mg 22.5(9.3,35.8) 0.0010
Week 3
ME4305 10 mg 2(-11.4, 1400 0.8584
ME4305 20 mg 54(-7.7,18.5) 04171
ME4305 40 mg 214(79. 349 0.0020
ME4305 80 mg 22.5(9.1,35.8) 0.0011
Weelk 4
ME4305 10 mg 5.5(-6.3,17.3) 0.35T8
ME4305 20 mg -1.8{-13.9, 10.4) 0.7741
ME4305 40 mg 206 (17.1,42.1) <0001
ME4305 80 mg 184 (7.1, 31.7) 0.0022

"Results based on 3 mixed effects model with terms for baseline value, region, treatment, sequence,
peried, time, treatment-by-time and period-by-time interactions; all terms are specific to each 2x2
crossover sudy (1.e., crossed with indicator variables for each 2x2 crossover study) with the exception
of the reatment effect so as to pool placebo information across the 2x2 crossover smdies

N = Number with measurement at time point.

Note: This table was copied from page 410 of sponsor’s study report

This reviewer also conducted first period only analyses for subjective Total Sleep Time (See Table
28).

Table 28 Study 06: Analysis of STST in first period only
Dose Day Diff. from Placebo Std. Err. p-value

10 1 5.5400 8.2282 0.5015
10 28 15.4204 9.3958 0.1022
20 1 5.1740 8.1668 0.5270
20 28 49265 9.4701 0.6034
40 1 19.8850 8.4068 0.0189
40 28 12.6206 9.6240 0.1911
80 1 18.9382 8.4577 0.0261
80 28 21.5596 9.8083 0.0290

58

Reference ID: 3304654



3.1.3.5 Reviewer’s Results

As discussed by the sponsor there is evidence of a carryover effect from period 1 into period 2
for LPS. The interaction effect between period and treatment had a p-value of 0.0118, suggesting
that the LPS’s of some treatments arms varied significantly across the two periods.

This reviewer found that based only on the 2 sequences involving 10 mg, the 10 mg effects at
Day 1 and Day 28 on LPS were not nominally significant:

-3.45 +/- 4.68 (S.E.), p=.4633 at Day 1 and -1.35 +/- 3.43(S.E.), p=.6945 at Day 28. Also, based
only on these 2 sequences there was no evidence of a carryover effect on LPS.
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Figure 11 Study 06: Mean Change from Baseline in LPS by Sequence and Period
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For LPS there was a nominally significant difference between the sequences assigned placebo in

the first period (see the lower left side of Figure 110r see Figure 12). There was no nominally

significant difference between these groups in terms of mean baseline LPS. The post-baseline
difference was most apparent at the day 28 timepoint, (p=0.0003 for day 28 only and p=0.0033

over both days). This may be due to chance alone but while there was no similar effect on

WASO there was a similar trend in Sleep Efficiency but it was less significant (p=0.0665 at day
28 and p=0.2788 over both days).

Reference ID: 3304654

60




The LPS effect of 10 mg on Day 1 was estimated to be -11.1 +/ 10.3 (S.E.) minutes (p=0.2806)
based on substudy 1 only (10 mg/placebo and placebo/10 mg sequences) first period. The LPS
effect of 10 mg on Day 1 estimated based on pooling the placebo from all substudies was -21.7
+/- 8.4(S.E.) (p=0.0107). The effect of LPS of 10 mg on Day 28 was estimated as -5.3867 +/-
10.3, p=0.6007 based on substudy 1 only and was -20.6 +/- 8.2423, p=0.0131 based on pooled
placebo. If the placebo corresponding to 20 mg was left out of the comparison the estimated
effect of 10 mg at day 28 was -11.7 ( p=0.169) and if placebo groups corresponding to both 10
mg and 20 mg were left out the estimated effect of 10 mg compared to the remaining placebos at
day 28 was -14.9 (p=0.101). This highlights the sensitivity of the 10 mg effect to the placebo
groups involved in the comparison.

Figure 12 Study 06: Mean Change from Baseline in LPS during first period for the placebo first sequences

350

150

50 /
-50

-150

PSG Change from Baseline

il

T T T T T
Per1Day1 Per1Day28 Per2Day1

Description of Planned Am Placebo MK-4305 10 mg Placebo MK~4305 80 mg

BEST AVAILABLE COPY

Piacebo MK~4305 20 mg Placebo MK~$305 40 mg

A Wilcoxon rank sum test done as a post-hoc sensitivity analysis which may lessen the impact of
any outliers gave a result of p=0.276 for 10 mg vs. pooled placebo in the first period on Day 1
and p=0.075 for Day 28.

Twenty (8%) of 254 randomized patients had missing data at Week 4 in the first period (10/P:
N=2, P/10: 1, 20/P: 2, P/20: 4, 40/P:2, P/40:3, 80/P 3, P/80: 3) In the second period the numbers
missing (11%) at Week 4 were: (10/P: N=2, P/10: 2, 20/P: 3, P/20: 6, 40/P:3, P/40:5, 80/P 3,
P/80: 4).
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This reviewer also performed sensitivity analyses for missing data using Multiple Imputation.
The sponsor had prespecified such a model for their sensitivity analysis for missing data. The
results are very similar to those for the observed data analyses, suggesting a limited impact of
missing data on the results. The results of these analyses are shown for the 10 mg vs. placebo
comparison in Table 29. | focus more on 10 mg here because 20 mg and 40 mg have more
extensive data in the phase 3 studies but this is the only study involving 10 mg.

Table 29 Study 06: Reviewer’s Multiple Imputation Sensitivity Analyses for Missing Data

Efficacy Measure Dose Night | Difference Std. Error of P-value
from Placebo | Diff.

LPS 10 1 -19.04 8.15 0.0194

LPS 10 28 -22.04 8.80 0.0123

WASO 10 1 -18.01 9.37 0.0545

WASO 10 28 -19.71 9.85 0.0459

3.2 Evaluation of Safety

General Safety is not reviewed in this document. Please see the medical officer’s review for the
evaluation of safety.

3.2.1 Multiple Dose Studies to Evaluate Next Day Effects of MK-4305
(Suvorexant) on Driving Performance in Healthy Subjects

The effects of night time administration of suvorexant on next-morning driving performance
were evaluated in two similarly designed highway driving studies in 24 healthy elderly (>65
years old, P039) and 28 healthy non-elderly (21-64 years old, P035) subjects. In both studies,
driving performance was evaluated following single (on Day 2) and 8 consecutive nights (on
Day 9) of suvorexant at low dose (15 mg in elderly and 20 mg in non-elderly) and high dose (30
mg in elderly and 40 mg in non-elderly) with the driving tests being conducted at ~9 hours post-
dose. The primary endpoint was standard deviation of lane position (SDLP) which was used as a
measure of driving performance. Zopiclone was used as active control in both studies. A
published on-the-road highway driving study comparing the impairment caused by zopiclone in
healthy subjects versus insomnia patients indicated that healthy subjects may be an appropriate
population to evaluate effects of hypnotics on driving performance.

In both studies, zopiclone demonstrated assay sensitivity on both Day 2 and Day 9. In the elderly
subjects, suvorexant (15 or 30 mg) did not result in impairment on next-day driving performance
as assessed by mean SDLP (primary endpoint) and symmetry analysis of SDLP (secondary). In
the non-elderly subjects, in the sponsor’s opinion there was no clinically meaningful impairment
of next-day driving performance at either dose level (20 and 40 mg) since the 90% CI of SDLP
was <2.4 cm (pre-specified clinical significance bound). However, except for 20 mg at Day 9 all
were significantly worse than placebo. In addition, the symmetry analysis of SDLP revealed a
statistically greater number of subjects with SDLP treatment difference of >2.4 cm (indicating
impairment) than those with SDLP <-2.4 cm on Day 2 for both suvorexant doses, and on Day 9
for 40 mg. The treatment effect was apparently less with the low dose than high dose of
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suvorexant. The treatment difference on SDLP was smaller on Day 9 as compared to Day 2,
suggesting to the sponsor the possibility of some tolerance effects after repeated dosing. Plasma
concentrations at 11 hours post-dose were measured in both driving studies and the PK/PD
relationship was explored for SDLP. There was an apparent dose response on SDLP. Study 35
had a few protocol deviations as follows. One subject, AN0005, was missing Day 9 following
placebo treatment (period 3). This subject left the study site the evening before testing due to a
panic attack. Subject AN0004 was missing driving data for the 20 mg suvorexant treatment
(Period 1) due to a technical failure. Three subjects repeated one treatment period of the study.
The repeated period data were used for each subject and the original period data were not used in
the pharmacodynamics analysis due to an incomplete data set. The 3 subjects affected were
[ANO0O11 (in Period 1, due to a technical failure of the car driving procedure); AN0016 (the
subject was unable to return to the CRU on Day 8, Period 2 due to personal issues); and AN
0021 (in Period 4, due to a hardware issue occurring at the beginning of the driving assessment)].
Five subjects had prematurely stopped car driving test data. Of these 5 subjects, the car driving
test data for 4 subjects (AN0002, AN0006, ANO0O7, and AN0021) were used in the analysis.
ANO0016 prematurely stopped the driving test during Day 2 Period 2; however, this subject
repeated Period 2 as he was unable to attend Day 8. Only data from the repeated period was
included in the analysis.

Table 30 summarizes the sponsor’s analyses of mean SDLP in the non-elderly study. These
results were verified by this reviewer.

Table 30 Study 35: Non-Elderly Driving Study Analysis of Mean SDLP

L5 Alean Difference From Placebo
Diay Treatment N Alean 9504 (1 Alean 0% C1
2 Placebo 28 15.53 (14.53,16.53)
Zopiclone 7.5 mg 28 17.66 (16.66,18.66) 214 (1.49.2.79)
Suvorexant 20 mg 28 16.54 (15.54.17.54) 1.01 (0.36,1.66)
Suvorexant 40 mg 28 17.19 (16.19,18.1%) 1.66 (1.01,2.31)
9 Placebo 27 1547 (14.46.16.47)
Zopiclone 7.5 mg 28 1651 (15.91,17.91) 145 (0.79.2.10)
Suvorexant 20 mg 28 15.94 (14.94.16.94) 048 (-0.18.1.13}
Suvorexant 40 mg 28 16.77 (15.77,17.7T) 1.31 (0.65,1.596)
Omzinal Period 1, Diay 2 data for AMGILS was not mehded in the anabysis (the subject had a premanme siop due to sonmolence). The
subject could not renum fior the Period 2, Day & visit and repeated this peniod. Cmly the repsat period i= inciuded in the analysis.

Note: This table was copied from page 60 of the sponsor’s study report

Reviewer’s Comment:

At Day 2 both doses were significantly worse than placebo but the upper limits of the 90% C.1I.s
were below 2.4. At Day 9, the Mean SDLP was nominally significantly worse in the high dose
than in the low dose as well as placebo (p=0.0006). On day 9 the 40 mg mean SDLP was
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nominally significantly worse than that for 20 mg, 0.83 p=0.036. Also, the 40 mg 95%
C.1.(.89,2.44) , just included the cutpoint of interest 2.40. On day 2, the 40 mg mean SDLP
comparison to 20 mg had an estimated difference of 0.65 with a p-value of 0.101.

Table 31 summarizes the symmetry analysis of subjects with differences from placebo > 2.40 or <

-2.40 in the non-elderly study.

Table 31 Study 35: Non-Elderly Driving Study Symmetry Analysis

Day=2 Day=9
Suvorexant | Suvorexant | Zopiclone | Suvorexant | Suvorexant | Zopiclone

Treatment 20 mg 40 mg 7.5 mg 20 mg 40 mg 7.5 mg
ntl’ 6 10 14 2 6 8
n-1* 0 2 1 1 0 0
m=n+l+n-1 6 12 15 3 6 8
Test Statistic ° 245 231 3.36 0.58 245 2.83
E;ggttlfi]llsl” I Yes Yes Yes No Yes Yes

about zero.

T+1 = number of subjects with treatment difference (from placebo) > 2.4 cm.
in-1 = number of subjects with treatment difference (from placebo) < -2.4 cm.
§ Test Statistic = (n+1 - n-1)/sqrt(m).
| Reject Null hypothesis if test statistic > 1.74, which is the critical value for general sign test with exact unconditional approach for
sample size N=28 and N=27.
Null Hypothesis: the percentage of subjects falling above the positive cut point and falling below the negative cut point is symmetric

Original Period 2, Day 2 data for AN0016 was not included in the analysis (the subject had a premature stop due to somnolence). The
subject could not return for the Period 2, Day 8 visit and repeated this period. Only the repeat period is included in the analysis.

Note: This table was copied from page 61 of the sponsor’s study report

Table 32 summarizes the sponsor’s analysis of mean SDLP for the elderly study, P039. The results

were verified by this reviewer.

Table 32 Study 39: Elderly Driving Study Analysis of Mean SDLP

LS Mean Difference from PBO
Day Treatment N Mean 95% (1 Mean 00% (I
2 Placebo 24 16.67 (15.48,17.86)
Zopiclone 7.5 mg 24 18.56 (17.37.19.75) 1.89 (1.22,2.55)
ME-4305 15 mg 24 16.24 (15.05.17.43) -0.43 (-1.10.0.23)
MEK-4305 30 mg 24 17.04 (15.85.18.23) 0.37 (-0.30.1.03)
9 Placebo 24 1541 (14.22.16.60)
Zopiclone 7.5 mg 24 16.58 (15.39.17.78) 1.17 (0.51.1.84)
ME-4305 15 mg 24 15.50 (14.31.16.69) 0.09 (-0.58.0.76)
MEK-4305 30 mg 24 16.01 (14.82.17.20) 0.60 (<0.06.1.27)

Note: This table was copied from page 59 of the sponsor’s study report

An exploratory comparison of 40 vs. 20mg on day 2 gave an estimate of 0.7992 (0.4027 S.E.),
p=0.0489. On day 9 the estimated difference between 40 mg and 20 mg was 0.51, p=0.205.

Reference ID: 3304654
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Table 33 summarizes the symmetry analysis of subjects with differences from placebo > 2.40 or <
-2.40 in the elderly driving study.

Table 33 Study 39: Elderly Driving Study Symmetry Analysis

Day=2 Day=0
MEK-4305 MEK-4305 Zopiclone MEK-4305 ME-4305 Zopiclone
Treatment - _ ~ =
15 mg J0mg 7.5 mg 15mg 30 mg 7.5 mg
n+l’ 0 3 8 0 5 6
n-11 3 1 0 0 1 1
m=nt+l+n-1 3 4 8 0 6 7
Test Statistic * -1.73 1 2.83 N.D. 1.63 1.89
Reject Nlunl_l No No Yes No No Yes
Hypothesis?

Tn—l = number of subjects with treatment difference from placebo = 2.4 cm.

fn-l = mulnbler of subjects with treatment difference from placebo < -2.4 em.

® Test Statistic = (n+1 - n-1)/sqrt(m).

" Reject Null hypothesis if test statistic > 1.74, which is the eritical value for general sign test with exact
unconditional approach for sample size N=24.

Null Hypothesis: the percentage of subjects falling above the positive cut point and falling below the negative cut
point is symmetric about zero.

Note: This table was copied from page 59 of the sponsor’s study report

4  FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

4.1 Gender, Race, Age, and Geographic Region

41.1 Gender

In study P028 North American sites accounted for 34% of all randomized patients, 42%
were Elderly, 65% White and 26% Asian, 63% Female.

In P029 67% were Female, 80% were White , 8% Asian, and 41% were Elderly. Note
that the p-values presented in section 4.1 and its subsections should be considered
exploratory since they are not adjusted for the multiplicity of tests and in addition the
study was not powered for assessing effects in these subgroups. Pooled study results are
only considered if the contributing studies are positive on their own. In such cases these
results are provided, assuming consistency across studies, to get a more precise estimate
of the effect in subgroups. The LPS results for high dose should be considered
exploratory for Month 3 since study 29 was not positive in terms of LPS at month 3.
Also, low dose results should be considered exploratory since the studies allocated all of
the alpha (type | error) to testing the high dose.

Study 28 and 29 were pooled for gender subgroup analyses since they were of very
similar design. There was no compelling evidence of differential efficacy for Males and

Females in terms of LPS, WASO, sTST, or sTSO (see Table 34, Table 35, Table 36, and Table
37).
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Table 34 Change from Baseline in LPS by Gender in P28/P29 Pooled

Gender

Female
Female
Female
Male
Male
Male

Male vs.
Female

Male vs.
Female

Reference ID: 3304654

Day

90
30

1
90
30

1
90

30

Lo Diff.
Est.

-5.2814
-9.4241
13.2441
-3.4120
-8.6088
-7.6409

1.8694

0.8153

Lo Std.
Err.

3.0223
2.8334
3.0688
4.1610
3.8437
4.1203
5.1410

4.7733

Lo p-
value

0.0808
0.0009
<.0001
0.4124
0.0253
0.0639
0.7162

0.8644

Hi Diff.
Est.
-7.6442
-12.6431
-17.5972
-4.4094
-9.6025
-12.6783
3.2348

3.0406

Hi Std.
Err.

2.6106
2.4187
2.6243
3.5207
3.2989
3.5571
4.3869

4.0949

Hi p-

value

0.0035
<.0001
<.0001
0.2106
0.0037
0.0004
0.4610

0.4579

66



Table 35 Change from Baseline in WASO by Gender in P28/P29 Pooled

Gender

Female
Female
Female
Male
Male
Male

Male vs.
Female

Male vs.
Female

Table 36 Change from Baseline in STSO by Gender in P28/P29 Pooled

Gender

Female
Female
Female
Male
Male
Male

Male vs.
Female

Male vs.
Female

Reference ID: 3304654

Day

90
30

1
90
30

1
90

30

Day

90
30

1
90
30

1
90

30

Lo Diff.
Est.

-17.6079
-26.0302
-31.5294
-14.6121
-26.9247
-34.5159

2.9957

-0.8944

Lo Diff.
Est.

-4.6446
-3.8226
-6.6865
-8.3626
-8.7585
-4.9561
-3.7180

-4.9360

Lo Std. Lo p-
Err. value

5.2170 0.0008
5.0257 <.0001
4.3235 <.0001
7.1993 0.0428
6.9177 0.0001
5.8526 <.0001
8.8987 0.7365

8.5561 0.9168

Lo Std. Lo p-
Err. value

2.7227 0.0882
2.7690 0.1676
2.2562 0.0031
3.6853 0.0234
3.7227 0.0187
3.0244 0.1014
4.5824 0.4173

4.6403 0.2876

Hi Diff.
Est.
-24.5786
-26.0964
-33.5833
-20.1741
-26.2577
-46.2136
4.4045

-0.1612

Hi Diff.
Est.
11.5033
11.3188
-9.4449
-9.5179
-7.8697
-9.0074
1.9854

3.4491

Hi Std.
Err.

4.8225
4.6486
3.9419
6.2150
5.9591
5.0503
7.8763

7.5662

Hi Std.
Err.

2.4059
2.4485
1.9942
3.2091
3.2663
2.6601
4.0140

4.0852

Hi p-

value

<.0001
<.0001
<.0001
0.0012
<.0001
<.0001
0.5762

0.9830

Hi p-

value

<.0001
<.0001
<.0001
0.0031
0.0161
0.0007
0.6209

0.3986
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Table 37 Change from Baseline in STST by Gender in P28/P29 Pooled

Gender

Female
Female
Female
Male
Male
Male

Male vs.
Female

Male vs.
Female

Day

90
30

1
90
30

1
90

30

Lo Diff.
Est.

16.3379
19.0584
16.1804
15.0096
16.7534
12.4592
-1.3283

-2.3050

Lo Std.
Err.

4.3180
3.9626
3.2194
5.8447
5.3248
4.3166
7.2669

6.6379

Lo p-
value

0.0002
<.0001
<.0001
0.0103
0.0017
0.0039
0.8550

0.7284

Hi Diff.

Est.
26.0808
26.0755
25.0402
15.1642
16.6413
21.3010
-10.9166

-9.4342

Hi Std.
Err.

3.8157
3.5029
2.8458
5.0897
4.6734
3.7968
6.3654

5.8449

Hi p-

value

<.0001
<.0001
<.0001
0.0029
0.0004
<.0001
0.0865

0.1067

In the crossover study (P06) 58% of the 254 randomized patients were Female. Although the
difference between Males and Female estimated 10 mg effects on WASO at Day 1 of the first
period is noticeably large it is not significant considering the standard error of the estimates.
Overall, there was no compelling evidence of differential estimated effects between genders for

WASO or LPS in study 06, first period.

Table 38 Study 06 First Period Only Analyses of Change from Baseline in WASO and LPS by Gender
Endpoint Gender

WASO

LPS

Reference ID: 3304654

Female
Female
Male
Male
Female
Female
Male
Male

Day

28

28

28

28

Estimate

-25.9918
-20.1399

-4.8758
-16.6700
-19.1324
-27.4794
-17.0123
-13.0058

Standard DF t Value

Error
13.5315
14.1788
13.4528
13.3522
11.8231
12.7650
11.7838
12.0424

Pr>

1€

251  -1.92 0.0559
251  -1.42 0.1567
251 -0.36 0.7173
251 -1.25 0.2130
251 -1.62 0.1069
251  -2.15 0.0323
251 -1.44 0.1501
251 -1.08 0.2812
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4.1.2 Race

In study P028 overall proportions of randomized patients a given race were: 65% White,
26% Asian, 6% Black, 3% Multi-Racial, and .1% Pacific Islander. Although a
considerable overall proportion of patients were Asian they were almost exclusively
enrolled in the Q only cohort so that while for subjective endpoints the proportion Asian
was 26%, for PSG endpoints the proportion Asian was only 2%.

There was no suggestion of an interaction in study 28 for sTSO, while for sTST the
‘Other’ category was numerically in the wrong direction so there was a suggestion of an
interaction at Month 1. However, at month 3 as well as Night 1 the ‘Other’ category was
numerically better than placebo thereby diminishing the credibility of the interaction at 1
Month.

Table 39 Study 28 Differences in Change from Baseline in sTSO High Dose vs. Placebo at Month 1 by Race

Subgroup Estimate Standard p-value
or Contrast Error

Asian -6.9274 49357 0.1608
Other -4,0025  8.1062 0.6216
White -8.1375  3.1227 0.0093

Asian vs. White 1.2102 5.8453 0.8360

There was no compelling evidence of a difference in effect of the high dose at 1 Month
on sTSO between Whites and Asians (p=0.836) or Whites and ‘Others’ (p=0.886).

Table 40 shows Race subgroup analyses for subjective Total Sleep Time at 1 Month for the
high dose. There was a suggestion of differential efficacy between Whites and Asians
(p=0.0277) and Whites and ‘Others’ (p=.0162) at Month 1 for the high dose in the
subjective Total Sleep Time. However, the estimated effect was still numerically in the
right direction for Asians, the “‘Other’ subgroup was small, and this pattern was not
exhibited on the other efficacy measures. Therefore, this pattern may be due to chance.
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Table 40 Study 28: Differences in Change from Baseline in sTST at Month 1 High Dose vs. Placebo by Race

Subgroup
or Contrast

Asian
Other
White

Estimate Standard p-value

7.7452
-2.2489

27.3731

Asian vs. White

19.6279

Error

7.5200 0.3033
12.3660 0.8557
4.7610 <.0001

8.9013

0.0277

Table 41 shows Race subgroup analyses for objective LPS at Month 1 and Month 3 for the

high dose. Note that the Questionnaire only (Q) cohort in study 28 consisted of only
Japanese patients which reduces the PSG Asian cohort significantly enough to make it
more appropriate to combine Asians with Others for race subgroup analyses involving

PSG endpoints (only 2% were Asian in the PQ cohort).

Table 41 Study 28: Differences in Change from Baseline in LPS for High Dose vs. Placebo by Race

Subgroup
or Contrast

Other
Other
White
White
Other vs. White
Other vs. White

Reference ID: 3304654

Day Estimate Standard

90
30
90
30
90
30

-3.8785
8.3294
-11.0910
-14.6979
-1.2124
-23.0274

Error
6.7906
6.7368
2.8294
2.7945
7.3520
7.2873

p-value

0.5681
0.2167
<.0001
<.0001
0.3269
0.0016
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Table 42 shows Race subgroup analyses for objective WASO at Month 1 and Month 3 for
the high dose. Effects were bigger in the “‘Other’ subgroup but were in the right direction
and nominally significant for both subgroups.

Table 42 Study 28: Differences in Change from Baseline in WASO for High Dose vs. Placebo by Race
Day

Subgroup
or Contrast

Other
Other
White
White
Other vs. White
Other vs. White

In study P029 proportions of randomized patients a given race were: 80% white, 8%

90
30
90
30
90
30

Asian, 5% Black, 7% Multi-Racial.

Table 43 shows subgroup estimates of the high dose effect on subjective TSO for race at
Month 1 and Month 3. Both subgroups (White and Other) had high dose vs. placebo
differences in the right direction and there was no compelling evidence of differential

Estimate Standard

-41.4422
-41.9337
-19.3328
-23.4159
22.1094
18.5178

Error
9.8198
9.4761
4.0977
3.9377

10.6353
10.2545

p-value

<.0001
<.0001
<.0001
<.0001
0.0380
0.0714

effect by subgroup (e.g., STSOm interaction p=.51 at Day 30).

Table 43 Study 29: sTSO Differences for High Dose vs Placebo by Race
Estimate Standard

Subgroup
or Contrast

Other
Other
White
White
Other vs. White
Other vs. White

Reference ID: 3304654

Day

90
30
90
30
90
30

-14.6758
-8.4170
-12.2893
-13.4379
2.3865
-5.0209

Error
7.0811
6.8416
3.4659
3.3910
7.8819
7.6332

p-value

0.0385
0.2189
0.0004
<.0001
0.7621
0.5108
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Table 44 shows subgroup estimates of the high dose effect on subjective TSO for race at
Month 1 and Month 3.

Table 44 Study 29: sTST Differences for High Dose vs Placebo by Race

Subgroup Day Estimate Standard p-value
or Contrast Error

Other 90 15.5220 10.4627 0.1383
Other 30 259098  9.1709 0.0048
White 90 26.9093  5.1278 <.0001
White 30 26.1581 45475 <.0001

Other vs. White 90 11.3874 11.6498 0.3286
Other vs. White 30  0.2482 10.2333 0.9807

Table 45 shows subgroup estimates of the high dose effect on objective WASO for race at
Month 1 and Month 3.

Table 45 Study 29: WASO Differences for High Dose vs Placebo by Race

Subgroup Day Estimate Standard Error p-value
or Contrast

Other 90 -18.4149 12.2228 0.1324
Other 30 -28.9747 11.6989 0.0135
White 90 -30.5603 3.9081 <.0001
White 30 -29.4636 3.8335 <.0001
Other vs. White 90 -12.1454 12.8323 0.3443
Other vs. White 30 -0.4889 12.3113 0.9683
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Table 46 shows subgroup estimates of the high dose effect on objective LPS for race at Month 1
and Month 3.

Table 46 Study 29: LPS Differences for High Dose vs. Placebo by Race

Subgroup Day Estimate Standard p-value
or Contrast Error

Other 90 10.0428 10.5963 0.3436
Other 30 -11.3683  9.3443 0.2242
White 90 -5.0456  3.4344 0.1423
White 30 -12.1714 3.0798 <.0001

Other vs. White 90 -15.0885 11.1401 0.1761
Other vs. White 30 -0.8032 9.8398 0.9350

In study P06 70% of randomized patients were White. Because of the small overall size of the
study and the crossover design not much can be said about race subgroup effects from this study.
Race was also mostly confounded with Country in this study (see regional estimates at the end of
section 4.1.4).

4.1.3 Age
In studies 28 and 29 the mean age was 55 to 56 and about 58 to 60% were non-elderly.

Table 47 shows the results for mean change from baseline in LPS by Age group (Age<65 and Age
> 65). There was some suggestion of lower effects on LPS for Elderly at 1 month.

This was true both in the pooled analysis as well as for study 29 analyzed separately. For the
study 29 only analysis the LPS month 1 apparent interaction between age groups for high dose
alone vs. placebo had a p-value of 0.0071 or across both hi and low dose comparisons
(p=0.0257). However, this may be a quantitative interaction though since the effect in the elderly
subgroup was still numerically in the right direction (-2.99, p=.5031).
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Table 47 Change from Baseline in LPS by Age Group in P28/P29 Pooled

Age Group Day Lo Diff. Lo Std. Lop- Hi Diff. Hi Std. Hi p-
Est. Err. value Est. Err. value
Elderly 90 -6.3985 3.6977 0.0838 -7.8343 3.1984 0.0144
Elderly 30 -5.2240 3.4796 0.1335 -6.9298 2.9737 0.0199
Elderly 1 -10.1704 3.7511 0.0068 -17.6958 3.2263 <.0001
Non-Eld. 90 -3.2936 3.2468 0.3106 -5.4343 2.7649 0.0496
Non-Eld. 30  -12.1545 3.0090 <.0001 -15.1004 2.5723 <.0001
Non-Eld. 1 -12.0673 3.2611 0.0002 -14.5087 2.7907 <.0001
Eld. Vs. Non- 90 3.1050 4.9189 0.5280 2.4001 4.2296 0.5705
Eld.
E:g.Vs. Non- 30 -6.9305 4.5985 0.1320 -8.1705 3.9337 0.0380
Eld.

Table 48, Table 49, and Table 50 show the results by Age group for WASO, sTST, and sTSO,
respectively. There was no compelling evidence of differential effects by Age group on
these endpoints.

Table 48 Change from Baseline in WASO by Age Group in P28/P29 Pooled Studies

Age Group Day Lo Diff. Lo Std. Lop- Hi Diff. Hi Std. Hi p-
Est. Err. value Est. Err. value
Elderly 90  -14.9477 6.4178 0.0201 -16.8556 5.8105 0.0038
Elderly 30 -26.6104 6.2086 <.0001 -26.3445 5.5506 <.0001
Elderly 1 -39.7014 5.3117 <.0001 -45.4524 4.7546 <.0001
Non-Eld. 90  -17.9340 5.5967 0.0014 -27.4945 5.0231 <.0001
Non-Eld. 30  -26.0884 5.3627 <.0001 -26.3299 4.8434 <.0001
Non-Eld. 1 -27.1623 4.5850 <.0001 -33.1765 4.0860 <.0001
Eld. Vs. Non- 90 -2.9862 8.5167 0.7260 -10.6389 7.6854 0.1667
Eld.
E:S.Vs. Non- 30 0.5221 8.2027 0.9493 0.0146 7.3693 0.9984

74

Reference ID: 3304654



Table 49 Change from Baseline in STST by Age Group in P28/P29 Pooled

Age Group Day Lo Diff. Lo Std. Lo p- Hi Diff. Hi Std. Hi p-
Est. Err. value Est. Err. value
Elderly 90 18.9499 5.3771 0.0004 20.6024 4.7279 <.0001
Elderly 30 15.5224 4.9435 0.0017 20.8347 4.3480 <.0001
Elderly 1 16.7522 4.0110 <.0001 25.1524 3.5307 <.0001
Non-Eld. 90 13.4874 4.5557 0.0031 23.2304 3.9986 <.0001
Non-Eld. 30 20.1079 4.1599 <.0001 23.9585 3.6685 <.0001
Non-Eld. 1 13.4727 3.3777 <.0001 22.6294 2.9783 <.0001
Eld. Vs. Non- 90 -5.4625 7.0395 0.4379 2.6280 6.1943 0.6714
Eld.
E:S.Vs. Non- 30 4.5855 6.4523 0.4774 3.1238 5.6913 0.5832

Table 50 Change from Baseline in sTSO by Age Group in P28/P29 Pooled

Age Group Day Lo Diff. Lo Std. Lop- Hi Diff. Hi Std. Hi p-
Est. Err. value Est. Err. value
Elderly 90 -6.8121 3.3914 0.0447 -9.2371 2.9814 0.0020
Elderly 30 -3.8744 3.4583 0.2627 -8.7419 3.0409 0.0041
Elderly 1 -6.7878 2.8099 0.0158 -9.6849 2.4733 <.0001
Non-Eld. 90 -5.5008 2.8735 0.0558 -11.9246 2.5215 <.0001
Non-Eld. 30 -6.9660 2.9091 0.0167 -11.0524 2.5664 <.0001
Non-Eld. 1 -5.7715 2.3659 0.0148 -9.0448 2.0860 <.0001
Eld. Vs. Non- 90 1.3113 4.4389 0.7677 -2.6875 3.9063 0.4916
Eld.
E:S.Vs. Non- 30 -3.0915 4.5133 0.4934 -2.3106 3.9807 0.5617

Note: using studyid*cohort interaction

Study 06 was completely non-elderly so the above subgroup comparisons were not possible for
study 06.
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4.1.4 Region

In this section regional subgroup effects (North America vs. non-North America) are
investigated. These subgroup estimates were determined by augmenting the primary
analysis model with interactions between region and visit, region and treatment group, as
well as region and the interaction of visit and treatment group.

Table 51 Study 29: Regional Subgroup Analyses for LPS

Region Time LoDiff. LoStd. Lo p-
Est. Err. value
North Am Month -2.8517 47425 0.5478
1
Non-North Am  Month -14.6974 12.4632 0.2387
1
North Am vs. Month -11.8458 13.3330 0.3746
non-North Am 1
North Am Month 1.1308 5.2819 0.8306
3
Non-North Am Month 7.7795 154501 0.6148
3
North Am vs. Month -6.6487 16.3252 0.6839
non-North Am 3

Table 52 Study 29 Regional Subgroup Analyses for WASO

Region Time LoDiff. LoStd. Lo p-
Est. Err. value
North Am Month -21.6962 5.8802 0.0002
1
Non-North Am  Month -19.0745 15.4411 0.2171
1
North Am vs. Month 2.6217 16.5212 0.8740
non-North Am 1
North Am Month -33.0982 6.0060 <.0001
3
Non-North Am  Month -28.6841 17.2760 0.0973
3
North Am vs. Month -4.4141 18.2876 0.8093
non-North Am 3

Reference ID: 3304654

Hi Diff. Est.

-7.6357

24.6394

17.0037

-3.6565

-0.5123

-3.1442

Hi Diff. Est.

-34.7564

-1.2321

33.5243

-32.9251

-10.3186

-22.6065

Hi Std.

Err.

3.7187

9.3317

10.0471

4.1703

10.4061

11.2128

Hi Std.

Err.

4.5887

11.7438

12.6063

47571

11.7657

12.6892

Hi p-

value
0.0404
0.0085
0.0910
0.3809

0.9608

0.7793

Hi p-

value
<.0001
0.9165
0.0080
<.0001
0.3808

0.0753

76



Table 53 Study 28 Regional Subgroup Analyses for LPS

Label Time
North Am Month
1
Non-North Am Month
1
North Am vs. Month
non-North Am 1
North Am Month
3
Non-North Am Month
3
North Am vs. Month
non-North Am 3

Lo Diff.

Est.

-8.2783

-5.8140

2.4643

-10.8238

-1.6839

9.1399

Table 54 Study 28 Regional Subgroup Analyses for WASO

Region Time
North Am Month
1
Non-North Am Month
1
North Am vs. Month
non-North Am 1
North Am Month
3
Non-North Am Month
3
North Am vs. Month
non-North Am 3

Reference ID: 3304654

Lo Diff.

Est.

-37.7779

-19.6475

18.1304

-22.0289

-20.7892

1.2397

Lo Std. Lo p-
Err. value
42446  0.0515
7.2390 0.4221
8.3915 0.7691
42780 0.0116
7.2920 0.8174
8.4544  0.2800

Lo Std. Lop-
Err. value
5.9557 <.0001
10.1875 0.0542
11.8061 0.1251
6.1558  0.0004
10.5205 0.0486
12.1972 0.9191

Hi Diff.

Est.

-12.2996

-1.5975

10.7022

-10.9020

-4.1835

6.7185

Hi Diff.

Est.

-35.4144

-24.3390

11.0754

-28.1706

-26.0219

2.1487

Hi Std.

Err.

3.8838

5.6410

6.8454

3.9093

5.6430

6.8619

Hi Std.

Err.

5.4580

7.9152

9.6196

5.6365

8.1967

9.9530

Hi p-

value
0.0016
0.7771
0.1184
0.0054

0.4587

0.3279

Hi p-

value
<.0001
0.0022
0.2500
<.0001

0.0016

0.8291
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Subjective TST (sTST) results for High Dose minus placebo at 1 month for North
America and non-North America were as follows.

Table 55 Study 28 Regional Subgroup Analyses for sTST

Region Time
North Am Month
1
Non-North Am Month
1
North Am vs. Month
non-North Am 1
North Am Month
3
Non-North Am Month
3
North Am vs. Month
non-North Am 3

Lo Diff.

Est.
22.5926

18.9616

-3.6310

17.0706

10.1800

-6.8906

Lo Std.

Err.

7.2159

9.7241

12.1092

7.4735

10.0306

12.5087

Table 56 Study 28 Regional Subgroup Analyses for sTSO

Region Time
North Am Month
1
Non-North Am Month
1
North Am vs. Month
non-North Am 1
North Am Month
3
Non-North Am Month
3
North Am vs. Month
non-North Am 3

Lo Diff.

Est.

8.7769

-4.7922

3.9847

-9.0915

-3.1593

5.9322

Lo Std.

Err.

4.7820

6.4404

8.0207

3.7102

4.9681

6.1992

Lo p-

value
0.0018
0.0515
0.7644
0.0226

0.3104

0.5819

Lo p-

value
0.0667
0.4570
0.6194
0.0144

0.5250

0.3388

Hi Diff.

Est.

23.6983

6.3231

-17.3752

26.4447

6.9730

-19.4717

Hi Diff.

Est.

-4.7262

-8.2226

-3.4964

-12.1773

-6.7427

5.4346

Hi Std.

Err.

6.6089

7.5127

10.0065

6.8328

7.7541

10.3357

Hi Std.

Err.

43771

4.9773

6.6288

3.3904

3.8639

5.1416

Hi p-

value
0.0004
0.4002
0.0828
0.0001

0.3687

0.0599

Hi p-

value
0.2805
0.0988
0.5980
0.0003

0.0812

0.2907

Technical Note: Arh(1) covariance structure used because unstructured failed to converge
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In study P029 about 48% of all randomized patients were associated with North
American sites. Regional treatment effects for the key efficacy variables are provided in
the following tables.

Table 57 Study 29 Regional Subgroup Analyses for sTST

Region Time Lo Diff. Lo Std. Lo p- Hi Diff. Hi Std. Hi p-
Est. Err. value Est. Err. value

North Am Month 18.4111 6.9755 0.0084 20.8290 5.7079  0.0003
1

Non-North Am Month  26.9385 7.3475 0.0003 29.2487 6.9217 <.0001
1

North Am vs. Month 8.5275 10.1176  0.3995 8.4198 8.9711 0.3482

non-North Am 1

North Am Month 17.1261 7.8194 0.0288  18.3977 6.3935 0.0041
3

Non-North Am Month 24.3438 8.3824 0.0038 28.0552 7.8412 0.0004
3

North Am vs. Month 7.2177 11.4511 0.5286 9.6575 10.1173 0.3400

non-North Am 3

Table 58 Study 29 Regional Subgroup Analyses for STSO

Region Time LoDiff. LoStd. Lop- Hi Diff.  Hi Std. Hi p-
Est. Err. value Est. Err. value

North Am Month  -9.0090 5.1865 0.0827 -14.1000 42469  0.0009
1

Non-North Am Month  -4.0846 5.4731  0.4557 -9.9009 5.1574  0.0552
1

North Am vs. Month 4.9244 75323 0.5134 4.1991 6.6798 0.5297

non-North Am 1

North Am Month  -8.7637 5.2850 0.0976 -9.8881 43203 0.0223
3

Non-North Am Month  -2.9587 5.6708 0.6020 -15.9360 5.3021 0.0027
3

North Am vs. Month 5.8050 7.7438  0.4537 -6.0479 6.8386  0.3767

non-North Am 3

79

Reference ID: 3304654



In study PO6 there were two regions: North America (87%) and Japan (13%). There were
significant regional differences in the 10 mg effect on WASO in the first period, with the effects
in Japan being numerically in the wrong direction (Day 1: 8.6318 [26.0732 S.E.] ; Day 28:
18.3524 [25.3512 S.E.] as compared to North America: Day 1: -22.0518 [10.0736 S.E.] ; Day
28: -24.5936 [ 10.1558 S.E.]). However, the 10 mg estimated effects on LPS in the first period
were consistent across the two regions(-18.9 ;-16.4 ;-19.1; -20.7 for Japan Day 1 and Day 28 and
North Am. Day 1 and Day 28, respectively).

4.1.5 Site Effects

The primary analyses were adjusted for prespecified Regions rather than individual sites.
However, it is important to examine the estimated treatment effects by site to see if any sites had
a major impact on the results.

Figure 14 shows estimated LPS mean treatment group differences from placebo for the high dose
by individual sites in study 28. The size of the plotting symbol in the figure is proportional to the
number of patients randomized in the site and the sites are ordered from smallest to largest from
left to right within each country. Negative differences favor the high dose group. There were 79
sites in study 28.
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Figure 13 Study 28:
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For study 28, exclusion of any one site had no effect on the significance of the high (or low) dose

comparison to placebo in terms of mean change from baseline in LPS at Day 30, 90, or 1.
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Figure 14 shows estimated LPS mean treatment group differences from placebo for the high dose
by individual sites grouped by country in study 29.There were 90 sites overall in study 29 but
only 45 were big enough to have estimates for PSG endpoints. The square plotting symbol gives
the estimated difference for the country as a whole.

Figure 14 Study 29: Differences of Placebo from High Dose in Mean Change in LPS at Month 1 by Site
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Exclusion of site 0004, resulted in a loss of nominal significance for the low dose (p=0.060 but
not for the high dose) at day 30 in terms of LPS. But this was not true for any other site for the
low or high dose at day 30. Of course, as seen previously in this document, neither the low nor
the high dose was significant compared to placebo in terms of mean change in LPS at day 90.
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Figure 15 shows the results for the related subjective diary based endpoint, Time to Sleep Onset, at
Month 1. In contrast to the objective LPS results, the high dose effect on subjective TSO was
statistically significant at Month 3 (as well as at Month 1). The square plotting symbol gives the
mean effect for the country.

Figure 15 Study 29: Differences of Placebo from High Dose in Mean Change in Subj. TSO at Month 1 by Site
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4.2  Other Special/Subgroup Populations

4.2.1 Cohort

Cohort, Q(Questionnaire only) or PQ (Questionnaire and PSG), was a randomization
stratification factor.

In study P028 24% were Q cohort (no PSG assessments). Estimated differences of high
dose from placebo were numerically smaller in the Q only cohort, but the difference
(interaction) was not significant for STSTm or sTSOm.
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Table 59 Study 28: Cohort Differences for Subjective Endpoints for High Dose vs. Placebo
Endpoint Contrast Estimate Std. Err. p-value

sTST Qvs. PQ Month 3 -12.6896 9.2632 0.1711
Qvs.PQ Month1 -11.8005 8.9614 0.1882
sTSO Qvs. PQ Month3  6.9505 5.2149 0.1830
Qvs.PQMonth1 0.6071 5.8353 0.9172

In study P029 26% were Q cohort (no PSG assessments). The cohort differences between the
high dose effects within each cohort were not significant.

Table 60 Study 29: Cohort Differences for Subjective Endpoints for High Dose vs. Placebo
Endpoint Contrast Estimate Std. Err. p-value

sTST Qvs.PQ Month 3 -0.1235 11.1874 0.9912
Qvs. PQ Month 1 -0.08504 9.7935 0.9931
sTSO Qvs. PQ Month 3 -1.2402 7.5644 0.8698
Qvs.PQMonth1 8.4376 7.2890 0.2473

Thus, overall there was no compelling indication that the high dose effects differed substantially
by cohort.

5 SUMMARY AND CONCLUSIONS
5.1 Statistical Issues and Collective Evidence

As the sponsor stated in their integrated summary of efficacy patients in PO06 who were
randomized to 20 and 40 mg suvorexant, tended to have somewhat less severe insomnia at
baseline as judged by subjective reports with longer sTSTm (>340 minutes) and shorter sSTSOm
values (<69 minutes) at baseline compared with the Phase 3 trials (<330 minutes and >69
minutes for sSTSTm and sTSOm). With regards to PSG parameters, patients in PO06 had a shorter
mean WASO duration compared to the Phase 3 efficacy trials (P028 and P029). Overall, patients
in the confirmatory trials (P028 and P029) had substantial impairment with regards to onset and
maintenance with less than 5.5 hours of sSTSTm, more than 1 hour of time to sleep onset as
measured by both sSTSOm and LPS and nearly 2 hours of WASQO. Slightly higher severity of
symptoms was observed in P029 compared to P028 as judged by the subjective assessments
(STSTm, sTSOm, and SWASOm), but not based on PSG measured sleep onset and maintenance
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(WASO and LPS). Table 61 shows summary statistics for efficacy measures at Baseline by trial in

the Phase 2b/3 Trials.

Table 61 Summary Statistics for Efficacy Measures at Baseline by Trial in the Phase 2b/3

Trials
MEK-4305 LD MEK-4305 HD Placebo
Protocol # Endpoint N | Mean N | Mean N | Mean
Phase 2b — Daose-Finding

006" sTSTm 56 340.6 51 3497 221 3421
sTSOm 36 68.8 51 36.7 221 62.9
sWASOm 49 81.9 42 846 191 76.6
WASO 61 97.7 59 107.3 249 100.7
LPS 61 70.8 59 66.8 249 69.3

Phase 3 — Confirmatory Efficacy

028 sTSTm 252 3224 383 316.1 384 3157
sTSOm 252 63.3 383 68.0 384 66.9
sWASOm 252 739 381 784 384 782
WASO 193 119.2 291 117.7 290 1149
LPS 193 68.9 291 61.8 290 66.2

029 sTSTm 238 2983 386 3153 383 309.7
sTSOm 238 86.0 386 744 383 813
sWASOm 233 848 382 821 375 833
WASO 150 119.6 299 1194 295 118.4
LPS 150 653 299 673 295 68.0

Phase 3 — Long-Term Safety

009 sTSTm - - 492 319.5 245 330.0
sTSOm - - 492 659 245 63.3
sWASOm - - 488 79.6 241 71.2
WASO - - - - - -
LPS B B - - - -

" For Protocol 006, only data for the MK-43035 20 and 40 mg dose groups are included here since these correspond to LD and HD,

respectively, for this non-elderly patient trial.

ME-4305 LD = MK-4305 20 mg for patients =635 vears and MEK-4305 15 mg for patients =65 vears.

MEK-4305 HD = ME-4305 40 mg for patients =63 years and MK-4305 30 mg for patients =63 years.

Note: This table was copied from page 126 of the sponsor’s integrated summary of efficacy

Because of the potential for next day driving impairment with 40 mg as seen in the non-elderly

driving study there may be interest in the lower doses. Table 62 summarizes results for the lowest
dose in each study (10 mg in the non-elderly adult study 06 and 15 mg for the elderly in studies
28 and 29). The p-values shown should be regarded with caution since they are not adjusted for
multiplicity and the low dose was always relegated by the sponsor to secondary status.
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Table 62 Summary of Efficacy Measures for Lowest Doses in Phase 2B/3 studies

- 15* LPS Night 1 67.5 -14.9 66.5 -102 375 (0068
- 10* sTsO Week 1 61.7 SIE80 65.5 -4.03 4.7 0.3919
& . -
- 15* sTSO Week 1 69.4 7859 65.9 6.66 2.81 0.0176
- 10* WASO  Night 1 98.7 21 108 -181 936 (0549
- 15* WASO Night1 127 -2.66 133 393 407 (o001
- 10* LPS Night 28 67.3 -16.7 65.8 -20.2 8.5 0.0185
- 15* LPS Night 28 67.5 -25.3 66.5 -5.2 3.5 0.1335
- 10* sTSO Week 4 61.7 -3.3 65.5 -10.5 4.7 0.0254
- 15* sTSO Week 4 69.4 =173, 65.9 =S 3.5 0.2776
. 10" WASO Night 28 98.7 -23.4 107.8 -18.8 Chs) 0.0481
. 15* WASO Night 28 127.1 -1.0 133.5 -27.0 4.6 <.0001

# Non-elderly only in study 6
* Elderly only dose

An effect on Latency to Persistent Sleep as measured by Polysomnography was replicated for
the Month 1 visit, the primary timepoint, but not at the final timepoint of Month 3. However, the
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corresponding subjectively measured item, Time to Sleep Onset, as determined from weekly
averages of subjects’ sleep ratings captured in diaries was statistically significant at Month 1 and
Month 3 in both studies. The failure of LPS at Month 3 in study 29 means any secondary
efficacy measures of Sleep Onset must be viewed as exploratory at best.

Some sponsors of investigational sleep drugs design separate studies for elderly and non-elderly
and/or for demonstration of sleep maintenance and sleep onset effects. The Suvorexant phase 3
studies were ambitious in that they aimed to demonstrate effects for both elderly and non-elderly
patients on both Sleep Maintenance and Onset, in terms of both an objective and a subjective
assessment for each in the same study. They also put more weight on the high dose (the low dose
had 30 to 40% less patients by design) and the multiplicity adjustment method tested the high
dose first, such that the low dose could only be tested if the high dose was first significant at
multiple timepoints on both subjective and objective assessments. Also, a Bonferroni adjustment
was made so that Maintenance endpoints could be tested regardless of the significance of Onset
endpoints or vice versa, but at the cost of the tests being done at the significance level of 0.025
rather than 0.05. There was also a Hochberg adjustment made because of testing both objective
and subjective endpoints such that if, for example, the subjective onset endpoint was not
significant at 0.025 then the objective onset endpoint needed to be significant at 0.0125. Under
these circumstances the low dose was not statistically significant at the multiplicity adjusted
level in study 29 at Month 1 or Month 3 for either of the primary sleep onset endpoints (objective
LPS or subjective time to sleep onset) or for sTSO in study 28. Therefore, the statistically
significant Onset effects of the low dose (15 mg for elderly and 20 mg for non-elderly) observed
in study 28 for LPS were not strictly replicated in study 29. The low dose p-values in study 28
were 0.0004 and 0.0061 for LPS at month 1 and month 3 and 0.0519 and 0.0377 at month 1 and
month 3 for sTSO. In study 29 the low dose p-values were 0.0306 and 0.9322 for LPS at month 1
and month 3 and 0.0498 and .0389 for sTSO at month 1 and month 3. The low dose was
statistically significant at Month 1 and Month 3 for the primary maintenance endpoints in both
study 28 and study 29.

Figure 16 summarizes dose response at day 1 on the left and day 28 on the right for study 6 in
terms of the key efficacy measures used later in the phase 3 studies.
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Figure 16 Study 06: Dose Response in First Period for Various Efficacy Measures
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An exploratory test for linear trend among the doses 10 through 40 in the first period of study 06
was not significant for STST (.49, p=0.175), sTSO (-.35, p=0.063), or LPS (-.43, p=0.064), but
was for WASO (-.71, p=0.019) at day 1.

An exploratory assessment for a linear trend among the doses 10 through 40 in the first period
was not significant for sTST (.03, p=0.941), sTSO (-.21, p=.277), LPS (0.22, p=0.308), or
WASO (0.31, p=0.362) at day 28. The trend in WASO was not significant at day 28 even if the
80 dose was included (-.156, p=.225).

Including 80 mg data in fact did not change the nominal significance of any of the estimated
linear trends. It should be noted that this was a small study though, so the power was not too high
for detecting such a trend and only the first period data was used for this exploratory analysis
because of the treatment by period interaction found for LPS. Overall, it seems that the dose
response is uncertain based on study 06.

Figure 17 shows exploratory pooled phase 3 data results for the primary efficacy measures at each
time point.

88

Reference ID: 3304654



Figure 17 Study 28/29 Pooled Estimates for Primary Efficacy Measures
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5.2 Conclusions and Recommendations

The clinical trial efficacy data provided in this application seems to clearly support the efficacy
of Suvorexant for Sleep Maintenance. In the application there are two similarly designed 3
month placebo controlled phase 3 studies and one early phase 2B dose finding crossover study.
The evidence for an effect on Sleep Onset was weaker than that for maintenance. In one study at
the 3 month visit night the effect on latency as measured objectively by Polysomnography did
not achieve statistical significance, thus failing to replicate the statistically significant effect
demonstrated in the other study. However, the high dose effect at Month 1 was significant in
both studies and there was replication of the effect on the corresponding subjective assessment,
the patient reported weekly average of the Time to Sleep Onset, at Month 3 (as well as Month 1).

The Suvorexant phase 3 studies were ambitious in that they aimed to demonstrate effects for
both elderly and non-elderly patients on both Sleep Maintenance and Onset, in terms of both an
objective and a subjective assessment for each, in the same study. They also put more weight on
the high dose (the low dose had 30 to 40% less patients by design) and the multiplicity
adjustment method tested the high dose first, such that the low dose could only be tested if the
high dose was first significant at multiple timepoints on both subjective and objective
assessments. After taking into account the prespecified adjustments for multiple testing the low
dose was only statistically significant for objective latency to persistent sleep in study 28 (not
significant for objective latency in study 29 or for subjective time to sleep onset in study 28 or
study 29). However, the low dose was statistically significant for objective and subjective
primary endpoints for maintenance in both of these studies.

In the non-elderly next day driving safety study the 40 mg dose had significant asymmetry of
differences from placebo with significantly more being positive and higher than the impairment
threshold of interest (2.40) on both days 2 and 9.The low dose also was significant on day 2 in
the symmetry analysis but not on day 9. There was also some other evidence that the driving
effect might be dose related which would suggest a lower dose if it was still efficacious.

In a prior phase 2B crossover study in non-elderly adults a lower dose, 10 mg, as well as a higher
dose, 80 mg, were studied in addition to the adult doses used later in Phase 3. There was a
suggestion of efficacy of 10 mg, particularly for wake time after sleep onset, based on this study
data but there is no existing means of replication for the 10 mg dose and no 10 mg data for the
elderly. If the phase 3 doses are considered to have too much of a risk of next day driving
impairment then in this reviewer’s opinion another study may be needed.
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1. Executive Summary

Study P025 was a randomized, double-blind, placebo- and active comparator controlled 6-way
crossover study to evaluate the abuse potential of single doses (40 mg, 80 mg and 150 mg) of
suvorexant compared to placebo and 2 doses (15 mg and 30 mg) of zolpidem in healthy male and
female recreational polydrug users.

After the Qualification Session, 36 subjects were randomized to the Treatment Session, and 32
subjects completed the study.

The primary objectives were to assess the relative abuse liability of suvorexant compared to
placebo in recreational polydrug users, as measured by Drug Liking bipolar visual analogue scale
(VAS), and to confirm the abuse liability of zolpidem compared to placebo as measured by the
Drug Liking VAS, in order to confirm study validity. The validation test was successful for both
doses of zolpidem. However, the study showed that the relative abuse liability of suvorexant was
greater than that of placebo.

The comparison between suvorexant and zolpidem for the primary measure Drug liking VAS was
considered as one of the secondary objectives in the Sponsor’s analysis. The study did not
demonstrate the lower abuse potential of suvorexant compared to zolpidem for the primary
measure.

Per CSS request, the reviewer also studied 7 secondary abuse potential measures: Bad Effects
VAS, Bowdle External Perception, Bowdle Internal Perception, Good Effects VAS, High VAS,
Overall Drug Liking VAS, and Take Drug Again VAS. Suvorexant shows greater abuse potential
than placebo for any of these measures. Except for Bad Effects VAS, in 10 out of 36
comparisons, the responses to suvorexant were significantly less than those of zolpidem (See
Table 11). The study results also showed that suvorexant 40 mg and 150 mg had significantly
lower bad effects than zolpidem 30 mg.

Some data were missing at early hours due to adverse experiences associated with treatment that
prevented these subjects from performing the scheduled tests. Approximately 21.9% (7/32) of
subjects had missing data at hour 0.5, of which six were males. The missing data were not
imputed by either the Sponsor or the reviewer. The reason for not imputing missing data can be
found in 2.3.1 Missing data issue.

In summary, suvorexant has higher abuse liability than placebo, and does not demonstrate lower
abuse liability than zolpidem for the primary measure, Drug Liking VAS. Considering the results
from both the reviewer’s primary and secondary analyses, and the fact that there is no apparent
dose-response for suvorexant, the reviewer concludes that the abuse potential of suvorexant may
be similar to or lower than zolpidem.
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2. Review Report on Study P025
2.1 Overview

2.1.1 Objectives of the study

Primary objectives

e To assess the relative abuse liability of suvorexant compared to placebo in recreational
polydrug users, as measured by Drug Liking visual analogue scale (VAS).

e To confirm the abuse liability of zolpidem compared to placebo as measured by the Drug
Liking VAS, in order to confirm study validity.

Secondary objectives

e To assess the relative abuse liability of suvorexant compared to zolpidem, as assessed by
the Drug Liking VAS.

o To assess the relative abuse liability of suvorexant compared to zolpidem and placebo as
assessed by measures of positive effects (e.g., Drug Liking, Take Drug Again, High,
Good Effects, Overall Drug Liking VASs and Morphine Benzedrine Group (MBG)
subscale and Benzedrine Group (BG) of the Addiction Research Center Inventory
(ARCI).

e To assess the relative abuse liability of suvorexant compared to zolpidem and placebo as
assessed by measures of negative effects (e.g., Lysergic Acid Diethylamide (LSD)
subscale of the ARCI, and Bad Effects VAS).

o To evaluate the relative abuse liability dose response profile of suvorexant (40, 80, and
150 mg) compared to zolpidem (15 mg and 30 mg) relative to placebo as measured by the
primary and secondary variables.

o To further characterize the abuse liability of suvorexant compared to placebo and
zolpidem as measured by items from the Subjective Effects VASs and ARCI scales not
listed above, and the Drug Similarity VASs.

o To assess the cognitive effects of suvorexant compared to placebo in recreational
polydrug users, as measured by the Choice Reaction Time (CRT) test, the Divided
Attention test (DAT), the Sternberg Short-Term Memory Test (STM) and the Hopkins
Verbal Learning Test Revised (HVLT-R).

e To evaluate the safety and tolerability of single oral doses of suvorexant up t0150 mg.

Reviewer’s comment: Even though the comparison between suvorexant and zolpidem for the
primary measure Drug Liking VAS was considered as one of the secondary objectives, this
comparison is considered as primary in this reviewer’s analysis.

2.1.2 Study design

The design was a randomized, double-blind, placebo- and active comparator controlled 6-way
crossover study to evaluate the abuse potential of single doses of suvorexant compared to placebo
and 2 doses of zolpidem in healthy male and female recreational polydrug users. Subjects
participated in a Screening Visit, Qualification Session, 6 Treatment Sessions, and a safety Post-
Study Visit.
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Within 28 days of a standard medical screening, subjects attended a randomized double-blind,
Qualification Session (Part 1) in which they received either zolpidem 20 mg or placebo in a
crossover manner, each separated by approximately 24 hours, to ensure that they could
discriminate and show positive effects of the active comparator. Each treatment was followed by
serial PD measurements to assess abuse potential. Subjects who had a clinically significant (as
judged by the investigator or designee) positive urine drug screen at admission to the
Qualification Session were not dosed but could be rescheduled for another session at the
discretion of the investigator (provided subsequent drug screen was negative). Following
qualification, eligible subjects who passed the Qualification Session were enrolled and
randomized to the Treatment Session (Part 11). Drug administration occurred on Day 1 of each
Treatment Visit followed by PD, pharmacokinetic (PK) and safety assessments conducted for up
to 24 hours post dose.

Subjects received each of the following 6 treatments in a randomized, double-blinded, balanced
fashion (one per Treatment Period):

1. Placebo: 5 suvorexant placebo (3 x 30 mg + 2 x 10 mg suvorexant placebo) and 6
zolpidem placebo

2. zolpidem 15 mg: 3 x 5 mg zolpidem tablets and 10 placebo tablets: (3 x 5 mg zolpidem
placebo and 5 x 30 mg + 2 x 10 mg suvorexant placebo)

3. zolpidem 30 mg: 6 x 5 mg zolpidem tablets and 7 placebo suvorexant tablets (5 x 30 mg
+ 2 x 10 mg suvorexant placebo tablets)

4. suvorexant 40 mg: 1 x 30 mg and 1x10 mg suvorexant and 11 placebo tablets (4 x 30 mg
+ 1 x 10 mg suvorexant placebo and 6 zolpidem placebo

5. suvorexant 80 mg: 2 x 30 mg and 2 x 10 mg suvorexant and 9 placebo tablets (3x 30 mg
suvorexant placebo and 6 zolpidem placebo)

6. suvorexant 150 mg: 5 x 30 mg suvorexant tablets and 8 placebo tablets: (2 x 10 mg
suvorexant placebo and 6 zolpidem placebo)

Treatment Periods were separated by at least 10 days to minimize potential carry-over effects.
Subjects were administered treatment in each period provided that they showed no clinical
evidence of persistent drug effect of any study drugs. Subjects who had a clinically significant
(positive) urine drug screen (as judged by the investigator or designee) prior to any of the
Treatment Periods were not dosed but could be rescheduled for another session at the discretion
of the investigator (provided subsequent drug screen was negative).

2.1.3 Abuse potential measures and data collection times

Besides the primary measure Drug Liking VAS, the following measures were also evaluated in
the study:

Positive Effects: High VAS, Overall Drug liking VAS, Take Drug Again VAS, Good Effects
VAS, ARCI MBG and Subjective Drug Value VAS

Negative Effects: ARCI LSD and Bad Effects VAS

Other Effects Measures: Alertness/Drowsiness VAS, Any Effect VAS, ARCI PCAG, ARCI BG,
Overall Familiarity, and Bowdle VAS

Data were collected at hours 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 postdose for Drug Liking VAS, Good
Effects VAS and Any Effects VAS. For High VAS, Alertness/Drowsiness, and Bowdle VAS and
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ARCI Scales, pre-dose data were also collected. For Subjective Drug Value, Overall Drug Liking
VAS and Take Drug Again VAS, data were collected at hours 12 and 24. For Drug Similarity
VAS, data were collected only at hour 12.

The study also collected data for Choice Reaction Time (CRT), Divided Attention Test (DAT),
and Sternberg Short Term Memory (STM) Test at the same time points as High VAS, and
Hopkins Verbal Learning Test Revised —Recall (HVLT-R) at hours 0.5, 1.5, 3, 6, and 24
postdose.

2.1.4 Subject and Subject Disposition

Part | Qualification Part Il Ttreatment
Session Session
RANDOMIZED: 73 36
Male (age range) 38 (20-53 yr) 19 (23-53yr)
Female (age range) 35 (21-53 yr) 17 (22-48 yr)
COMPLETED": 36 32
DISCONTINUED': 37 4
Clinical adverse experience 3 0
Laboratory adverse experience 0 0
Withdrew consent 5 3
Other 29° 1!

T “Completed’ represents the total number of subjects who completed both periods of Part | regardless
of whether they qualified for Part 1. *‘Discontinued’ represents the total number of subjects that either did
not complete Part | or did not continue on to Part I1.

¥ AN 0011 discontinued due to AE of vomiting, AN 0022 discontinued due to AE of elevated blood
pressure, and AN 0024 discontinued due to AE of emesis.

S Nineteen (19) subjects failed qualification and another 10 qualified subjects were discontinued after
Part I as enrollment requirements in Part Il were already met by other subjects.

" One (1) subject was discontinued due to scheduling conflicts.

Note: This table is from page 4 of the Sponsor’s report.

2.1.5 Statistical methodologies used in the Sponsor’s analyses

The primary endpoint was the peak effect (maximum score recorded between 0.5 and 12 hours
post dose) for the Drug Liking VAS. To address the study goals, individual peak effect values
were evaluated with a linear mixed effects model containing fixed effects for treatment, gender,
first-order carryover, and period, and subject as a random effect. Carryover was tested at the 0.25
level and dropped from the model if found to be not significant. If the upper bound of the 95%
confidence interval of the mean peak effect treatment difference (suvorexant - placebo) was less
than 15 on the VAS-drug liking scale for each suvorexant dose, then the first primary hypothesis
(single doses of suvorexant had abuse potential no greater than placebo) would be supported. The
second primary hypothesis that single doses of zolpidem had greater abuse liability than placebo
would be supported if the lower bound of the 95% confidence interval of the mean peak effect
treatment difference (zolpidem - placebo) was greater than zero for each zolpidem dose. The
secondary hypothesis: that single doses of suvorexant had abuse liability less than each dose of
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zolpidem will have been supported if the upper bound of the 95% confidence interval of the mean
peak effect treatment difference (suvorexant - zolpidem) was less than zero for each dose.

Means and 95% confidence intervals were also calculated for each treatment. Secondary
endpoints (other VAS measures, ARCI, drug similarity, SDV) were evaluated in a similar
manner. Summary statistics were provided to explore the cognitive and psychomotor effects of
suvorexant in healthy subjects, e.g. Choice Reaction Time (CRT) test, Divided Attention test
(DAT), Sternberg Short-Term Memory test (STM), and Hopkins Verbal Learning Test-Revised
(HVLT-R).

Reviewer’s comments: In this study, the Sponsor wanted to show that suvorexant has no abuse
potential. This can be seen from the primary objective of the study. The statistical method used in
the study was that if the upper bound of the 95% confidence interval of the mean peak effect
treatment difference (suvorexant - placebo) was less than 15 on the VAS-drug liking scale for
each suvorexant dose, then the first primary hypothesis (single doses of suvorexant had abuse
potential no greater than placebo) would be supported. The recently proposed criterion for this
comparison by Chen and Bonson (2013) is to use an equivalence test with a margin 11. This is
equivalent to comparing the upper bound of the 95% confidence interval of the difference
between suvorexant and placebo to 11 instead of 15. The new method proposed by Chen and
Bonson is more stringent than the sponsor’s criterion. In other words, if the comparison fails in
Chen and Bonson’s criterion, it may not fail by using this Sponsor’s criterion. Nevertheless, the
primary comparison failed even by using the Sponsor’s own criterion (See next section).

Please notice that the Sponsor did not check model assumptions in their analyses.

2.1.5 Sponsor’s Summary and Conclusions

Summary of the study results

e Suvorexant shows greater abuse potential than placebo in recreational polydrug users, as
measured by the Drug Liking VAS.

e Zolpidem demonstrates greater abuse potential than placebo, as measured by the Drug
Liking VAS.

e Suvorexant shows similar abuse potential as zolpidem as measured by the Drug Liking
VAS

e Both suvorexant and zolpidem showed greater abuse potential than placebo on other
positive measures of drug abuse potential.

e The effects of suvorexant and zolpidem were generally similar on other positive measures
of drug abuse potential. However, on High VAS, ARCI MBG subscale and Bowdle VAS,
all doses of suvorexant showed statistically significantly less effect than zolpidem 30 mg.

e There was no apparent dose-response for suvorexant on positive measures of drug abuse
potential, whereas higher dose (30 mg) of zolpidem appeared to have greater effects than
the low dose (15 mg) on most measures.

e Both suvorexant and zolpidem showed statistically more negative effects than placebo as
measured by "bad effect VAS" and ARCI LSD subscale (measuring dysphoria effects).

e Suvorexant and zolpidem demonstrated comparable pharmacological effects and
impairment on psychomotor performance at doses evaluated in this study.

e Suvorexant (40, 80 and 150 mg) and zolpidem (15 and 30 mg) are generally well
tolerated in recreational polydrug users following single dose administration. The
incidence of abuse potential AEs was generally lower following administration of
suvorexant than zolpidem.
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Conclusions

Suvorexant shows greater abuse potential than placebo as measured by subjective abuse potential
measures in recreational polydrug users. Although suvorexant showed similar effect as zolpidem
on "Drug Liking VAS", the fact that there was a relatively flat dose-response for suvorexant on
most measures of abuse potential (whereas zolpidem tended to have greater effects at higher
doses), less effect with suvorexant than high dose zolpidem on some of the secondary
measurements (e.g. High VAS, ARCIMBG and Bowdle VAS), and lower incidence of abuse
potential AEs with suvorexant suggested that suvorexant may have overall less abuse potential
than zolpidem.

2.2 Data Location

The analysis dataset is located at

\\cdsesubI\EVSPROD\NDA?204569\\0011\m5\datasets\p025\analysis\datasets\analds25.xpt

2.3 Reviewer’s Assessment

In the reviewer’s report P, S40, S80, S150, Z15, Z30 denote placebo, suvorexant 40 mg, 80 mg
and 150 mg, and zolpidem 15 mg and 30 mg, respectively.

The statistical analysis was based on the data from 32 completers. We define the primary
endpoint Emax to be the maximum response or maximum change from predose response during 8
hours after dosing. This is different from the Emax calculated by the Sponsor. This Sponsor
defined Emax to be the maximum response of maximum change from predose response during 12
hours after dosing.

Per CSS request besides the primary measure Drug Liking VAS, the reviewer’s secondary
analysis included High VAS, Good Effects VAS, Bad Effects VAS, Overall Drug Liking VAS,
Take Drug Again VAS as well as two measures related to Bowdle VAS (Bowdle External
Perception, and Bowdle Internal Perception), which were measured on the log;, scale.

Because all doses of suvorexant and zolpidem showed significantly higher responses than placebo
in both the reviewer’s analyses and the Sponsor’s analyses for these measures considered in this
review report, the details for the comparisons with the placebo are not presented in this report.

2.3.1 Missing data issue

The reviewer examined the data for abuse potential measures using heat map displays proposed
by Chen and Wang (2012).

Figure 1 shows the individual time course response profile for zolpidem 30 mg for Drug Liking
VAS. The orange line separates the responses by gender. The subjects above the orange line are
females, and the subjects below the orange line are males. Colors blue, white, and red denote
dislike, neutral and like, respectively. The grey color indicates missing data. At hour 0.5, 21.9%
(7/32) of subjects have missing data. Only one is female. Subject #5 has missing data at hours 1,

Reference ID: 3301984



2, and 3. The reviewer requested the Sponsor to explain the reasons for the missing data. The
Sponsor responds that:

For the primary endpoint of the study, “drug liking”” VAS, there are 12 subjects that have some
missing data. ... All 12 subjects are missing data because of adverse experiences associated with
treatment that prohibited them from performing the scheduled tests.

The Sponsor also states that

... N=30 subjects are missing at least one data point from the PD endpoints. There are 2722 data
points missing out of 83,230 records; about 3.3% of the data.

The information about the Sponsor’s responses can be found at

\W\cdsesubI\EVSPROD\NDA?204569\\0016\m1\us\efficacy-information-amendment-
18mar2013.pdf

Notice that if missing data occurred at a time point for a study subject for Drug Liking VAS, in
most cases, the missing data also occurred at the same time point for the subject for other abuse
potential measures, because due to the AE, the subject was unable to answer questions.
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Figure 1: Individual time course response profiles for Drug Liking VAS (Z30)

The missing data in this study are “informative missing,” meaning that we know the reason for
the missing. These missing data cannot be imputed for the following reasons:

o When the data are collected at multiple time points. The intention is to collect the
information from subjects at the moment. Thus, either the last observation carried
forward or the first observation after the missing observation moved backward does not
make sense for this study. In addition, the primary endpoint is Emax. Using existing data
of a subject to impute the subject’s missing data will not change Emax.
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e Another way may be to impute the missing data at a particular time point by the average
of the responses from other subjects who have data at the time point. However, this
method will violate the principle of the crossover design, that is, using self-response as
the control.

Even though, statistically, missing data can be imputed in many cases, it is definitely not the case
for such a study. Therefore, missing data were not imputed in the reviewer’s analyses. However,
the reviewer suggests the Sponsor to improve their selection of subjects in the Qualification
Session in future studies.

2.3.2 Primary Analysis

2.3.2.1 Descriptive Statistics

Table 1 summarizes the mean, standard error, minimum, the first quartile (Q,), median, the third
quartile (Q;), and maximum for five treatments in the study and for the treatment differences
between suvorexant and zolpidem for Emax of Drug Liking VAS.

Table 1: Summary statistics for Emax of Drug Liking VAS

Corr.\r::éson N Mean StdErr Min Q1 Med Q3 Max

P 32 53.09 1.22 50 51 51 51 83.00
S40 32 76.28 3.47 50 76.28 77.5 100 | 100.00
S80 32 75.28 3.25 43 75.28 73 91| 100.00
S150 32 74.16 4.26 0 74.16 79 100 100.00
Z15 32 77.91 3.45 51 60 79 100 | 100.00
Z30 32 80.94 3.21 51 65 89 100 100.00
S40_715 32 -1.63 4.40 -50 -14.5 0 13.5 49.00
S40_Z30 32 -4.66 3.67 -49 -19 0 3 40.00
S80_715 32 -1.63 4.20 -42 -23 -2.5 14.5 49.00
$80_Z30 32 -5.66 3.48 -49 -15.5 -0.5 4.5 40.00
S$150_715 32 -3.75 4.02 -69 -16 0 1 49.00
$150_2730 32 -6.78 3.98 -73 -15 -0.5 0 40.00

Table 1 shows that the third quartiles of S40, S150, Z15 and Z30 are 100. It means that even for a
schedule IV drug, zolpidem, the Emax of Drug Liking VAS could reach the highest liking score
in 25% of subjects or possibly more. One may notice that the means of the differences between
suvorexant and zolpidem are all negative, and the medians of the differences are either zero or
negative.

Figure 2 provides the distributions of five treatments as well as the differences between
suvorexant and zolpidem by boxplots for Drug Liking VAS. The line in each box denotes the
median and the circle in each box is for the mean. Because of the rules of the sorting process for
characters in SAS, the boxplots related to S150 appear before those related to S40 and S80.

11
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Figure 2: Boxplots for five treatments and the differences between suvorexant and zolpidem
for Drug Liking VAS (N=32)

Figure 3 plots the mean and median dose response curves for suvorexant and zolpidem, and
Figure 4 plots the mean and median dose response curves for suvorexant in difference from
zolpidem for Drug Liking VAS. No apparent dose response of suvorexant is observed from either

figure.
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Figure 3: Mean and median response curves for suvorexant and zolpidem for Drug Liking

VAS
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Figure 4: Dose response curves of suvorexant in difference from zolpidem

Figure 5 shows the mean time course profiles for Drug Liking VAS. If there are missing data at a

time point, the mean is calculated using the existing data. With missing data in Z30, the mean

time course profile of Z30 is still above those of other treatments. The differences in peak mean

responses between suvorexant and zolpidem are less than 5 points. Three profiles from
suvorexant lay between 57 and 67 except hour 0.5. The peak mean responses to S40, S80 and

S150 are at hours 3, 2. and 1, respectively. The peak mean responses for Z15 and Z30 are at hour

2.
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Figure 5: Mean time course profiles for Drug Liking VAS

Figure 6 is the heat map of the Emax of Drug Liking VAS by treatment.
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Figure 6: Heat map for Emax of Drug Liking VAS by treatment by subject

As Figure 1, the blue, white and red in Figure 6 denote dislike, neutral and like, respectively. The
orange line separates gender. This graph shows Emax of Drug Liking VAS from each subject for
all treatments. Subjects #43 and #25 have high placebo responses. Most light pink responses for
placebo are 51. From the heat map, overall there is no clear difference between three doses of
suvorexant and two doses of zolpidem in Emax of Drug Liking VAS.

2.3.2.2 Statistical Testing

The statistical model used in the reviewer’s analysis was the mixed-effects model with period,
sequence, treatment and gender as fixed effects, and subject as a random effect. Because no
significant gender difference was found, the gender term was dropped from the model. The
reviewer checked assumptions in the model for the equal variances and the normality. Neither
assumption was satisfied. The SAS proc mixed procedure can adjust the unequal variances using
Tukey-Kramer’s method. Thus, for the case that the residuals were not normally distributed, the
reviewer checked the normality for the differences between treatments for each comparison. If the
normality was satisfied, the paired t-test was used in the comparison otherwise the reviewer
checked the assumption for the symmetry of the distribution of paired differences, if the
distribution was approximately symmetric, Wilcoxon Signed-Rank test was used, otherwise the
Sign-test was used. Table 2 lists the p-values for W-test, t-test, Wilcoxon Signed-Rank test, and
Sign-test for the comparisons between suvorexant and zolpidem. The p-values in red are for the
cases that W-test shows abnormality for the distribution of the paired differences. The green p-
value indicates the test used for the comparison. For example, the p-value for the comparison
between S40 and Z15 is 0.7141 which was based on the paired t-test, because the W-test was not
significant.

14
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Table 2:

P-values of the significance tests for Emax of Drug Liking VAS (n=32)

Test S40-715 | S40-Z30 | S80-Z15 | S80-Z30 | S150-715 | S150-Z30
W 0.1775 0.0569 0.3436 0.3554 0.0257 0.0030
t 0.7141 0.2137 0.5364 0.1139 0.3587 0.0984
Signed- Rank 0.7539 0.2263 0.4420 0.1109 0.3415 0.0551
Sign 1.0000 0.3075 0.3449 0.3269 0.5413 0.0931

Note: All p-values were from two-sided tests.

The mean difference and the standard error of the mean difference as well as the median
differences and the first and third quartiles of the differences for each comparison can be found in
Table 1. The test results show that there is no significant difference between each dose of
suvorexant and any dose of zolpidem for Drug Liking VAS.

2.3.3 Secondary Analysis

The reviewer’s secondary analysis includes abuse potential measures: Bad Effects VAS, Bowdle
VAS (External Perception and Bowdle Internal Perception), Good Effects VAS, High VAS,
Overall Drug Liking VAS, and Take Drug Again VAS. The definitions of Bowdle External
Perception and Bowdle Internal Perception can be found in 3./ Appendix I.

The same methodologies as the primary analysis were used in the secondary analysis. Among all

secondary measures, the normal assumption of the model is satisfied only for Bowdle External

Perception and Bowdle Internal Perception. Table 3 summarizes the test results for Bowdle VAS.
The adjusted p-values are from Tukey-Kramer’s method for unequal variances.

Table 3: Summary of the test results for Emax of Bowdle VAS

Treatment S40 80 5150 715 730 P
Measure
N 32 32 32 32 32 32
LS mean 0.89 0.99 0.97 1.07 1.37 0.51
T, 95%Cl | (0.70,1.08) | (0.80,1.19) | (0.77, 1.16) | (0.87, 1.26) | (1.17, 1.56) | (1.18, 1.56)
2 % Diff vs 215 -0.27 -0.19 -0.22
28 Adj p-value 0.0443| 0.3103 0.1796
§ & Diff vs Z30 -0.49 -0.41 -0.43
Adj p-value |<.0001 0.0003|<.0001
LS mean 0.89 0.99 0.97 1.07 1.37 0.51
g . 95%Cl | (0.69,1.08) | (0.80,1.19) | (0.77, 1.16) | (0.87, 1.26) | (1.17, 1.56) | (0.31, 0.70)
£ 2 |piffvs215 -0.18 -0.08 -0.1
C g Adj p-value 0.2917 0.9517 0.8497
§ & Diff vs Z30 -0.48 -0.37 -0.4
Adj p-value |<.0001 0.0004, 0.0001

Note: all p-values were from a two-sided test.
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Table 3 shows that suvorexant has lower least square means than zolpidem for both Bowdle
External Perception and Bowdle Internal Perception, and the differences are significant in the
comparison between suvorexant and high dose of zolpidem, as well as in the comparison between
suvorexant 40 mg and zolpidem 15 mg for Bowdle External Perception.

Tables 4-10 are summary statistics for five treatments in the study and for the treatment
differences between suvorexant and zolpidem for Emaxs of Bad Effects VAS, Good Effects
VAS, High VAS, Overall Drug Liking VAS, and Take Drug Again VAS as well as Bowdle VAS
which includes Bowdle External Perception and Bowdle Internal Perception. Excluding Bowdle
VAS, if the statistical test for the comparison between two treatments is significant based on the
paired t test, the mean is highlighted in red in these tables; if the statistical test for the comparison
between two treatments is significant based on the Sign test or the Wilcoxon Signed-Rank test,
the median is highlighted in blue. The p-values of the tests are provided in 5.3 Appendix II.

Table 4: Summary statistics and testing results for Emax of Bad Effects VAS

ConT;?z-arr/ison N Mean StdErr Min Q1 Med Q3 Max

P 32 17.63 5.07 0 0 0 49.5 99
S40 32 32.59 6.38 0 0 423 63 100
S80 32 45.88 5.93 0 11.5 58.0 72 100
S150 32 36.88 6.66 0 0.5 28.5 64.5 100
715 32 42.34 6.16 0 1.5 49.5 69.5 100
730 32 58.03 6.41 0 19.5 64.5 93.5 100
5S40 715 32 -9.75 7.84 -100 -46.5 -1 13 100
S40 730 32 | -25.44 7.98 -100 -57 -17.5 0 99
S80 715 32 3.53 7.25 -100 -23.5 0 375 79
S80 730 32 | -12.16 8.11 -100 -47.5 -6.5 15 64
$150 715 32 -5.47 8.50 -100 -41.5 0 255 100
S150 730 32 | -21.16 8.97 -100 -63.5 -12 4.5 87
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Table 5: Summary statistics and testing results for Emax of Bowdle External Perception

TRT/_ N | Mean | StdErr | Min Q1 Med Q3 Max

Comparison

P 32 0.53 0.08 0.30 0.30 0.33 0.45 1.72
S40 32 0.86 0.11 0.30 0.32 0.56 1.63 1.97
S80 32 0.94 0.11 0.30 0.40 0.59 1.59 1.92
S150 32 0.91 0.10 0.30 0.37 0.74 1.51 2.00
Z15 32 1.13 0.09 0.30 0.70 0.99 1.72 2.00
Z30 32 1.35 0.10 0.33 0.77 1.69 1.78 1.99

S40_715 32| -0.27 009 | -156| -0.50| -0.21| -0.03 0.85
S40_730 32| -0.48 0.10| -140| -1.05 -0.26 | -0.03 0.21
S80_Z715 32| -0.20 0.10 | -1.63 -0.50 | -0.20 0.03 1.18
S80_730 32| -041 0.10| -146| -0.95 -0.25 -0.04 0.92
S$150_715 32| -0.22 0.09 | -1.63 -0.50 [ -0.19 0.05 1.10
S$150_2730 32| -0.44 0.11 -145| -1.00| -0.34 0.04 0.74

Note: The significant differences are highlighted in blue, and the test results are shown in Table 3.

Table 6: Summary statistics and testing results for Emax of Bowdle Internal Perception

Corr.\r::éson N | Mean | StdErr Min Q1 Med Q3 Max

P 32 0.50 0.08 0.30 0.30 0.30 0.39 1.72
sS40 32 0.90 0.10 0.30 0.40 0.66 1.53 2.00
S80 32 0.99 0.10 0.30 0.49 0.84 1.72 191
S$150 32 0.97 0.10 0.30 0.55 0.72 1.48 2.01
Z15 32 1.07 0.09 0.30 0.63 0.90 1.66 2.01
Z30 32 1.36 0.09 0.34 0.93 1.63 1.74 2.01

S40_715 32| -0.18 0.07 | -1.24| -0.34| -0.03 0.04 0.48
S40_730 32| -0.47 008 | -146| -0.76 | -0.29 | -0.06 0.16
S80_715 32| -0.08 0.10 | -1.22 | -0.47 -0.07 0.14 1.18
S80_Z30 32| -0.38 009 | -139| -0.74| -0.32 | -0.04 1.24
S$150_715 32| -0.11 0.08 | -1.23 -0.30 | -0.05 0.13 1.13
S$150_730 32| -0.40 0.11 -1.45 | -0.87 -0.25 0.02 0.84

Note: The significant differences are highlighted in blue, and the test results are shown in Table 3.
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Table 7: Summary statistics and testing results for Emax of Good Effects VAS

CorrTS;-r/ison N Mean StdErr Min Q1 Med Q3 Max

P 32 21.41 4.86 0 0 0 50 80
S40 32 74.84 5.43 0 56.5 87 100 100
S80 32 75.59 4.01 0 66 73.5 98.5 100
S150 32 74.53 5.18 0 51 84 100 100
715 32 82.56 3.51 26 69.5 87 100 100
730 32 84.97 2.75 51 73.5 88 100 100
S40 715 32 -7.72 6.43 -100 -22 0 17 49
5S40 730 32 -10.13 5.37 -99 -19.5 0 2 40
S80 715 32 -6.97 4.36 -83 -19 0 8 34
S80 730 32 -9.38 4.25 -100 -25 -1.5 3 28
S150 715 32 -8.03 471 -83 -28 8 34
$150 730 32 -10.44 5.40 -100 -27.5 0 2 49

Table 8: Summary statistics and testing results for Emax of High VAS

CorrTs;-r/ison N Mean StdErr Min Q1 Med Q3 Max

P 32 17.53 4.47 0 0 0 47 85
S40 32 67.69 5.91 0 58.5 70.5 97.5 100
S80 32 65.34 6.05 0 50.5 72 98.5 100
S150 32 71.03 5.55 0 54.5 82 96 100
715 32 71.19 5.51 0 58.5 78 99 100
730 32 83.94 3.20 42 69.5 88.5 100 100
S40 715 32 -3.50 7.16 -100 -30 0 19.5 100
S40 730 32 -16.25 4.98 -99 -32.5 -5 1 36
S80 715 32 -5.84 6.74 -100 -25.5 -1 13 99
S80 730 32 -18.59 5.42 -100 -42.5 -6.5 0 24
S150 715 32 -0.16 6.35 -80 -23 0.5 25 91
$150 730 32 -12.91 5.36 -96 -28.5 -8 1 45
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Table 9: Summary statistics and testing results for Emax of Overall Drug Liking VAS

Cor:-r?;-éson N Mean StdErr Min Q1 Med Q3 Max

P 32 48.56 2.30 0 50 50 51 84
S40 32 70.09 4.69 0 50.5 75.5 96 100
S80 32 69.97 4.56 3 54 74 91.5 100
S150 32 67.84 5.25 0 50 77.5 92.5 100
715 32 71.75 3.99 25 51 76.5 94 100
730 32 73.38 4.30 5 53 80.5 100 100
S40 715 32 -1.66 5.69 -84 -13 0 11.5 61
5S40 730 32 -3.28 6.38 -100 -10.5 0 12 92
S80 715 32 -1.78 5.32 -81 -18 0 16 63
S80 730 32 -3.41 5.47 -97 -17.5 0 7.5 52
S150 715 32 -3.91 5.17 -65 -20.5 -2 11.5 61
$150 730 32 -5.53 5.29 -59 -16 3.5 0.5 95

Table 10: Summary statistics and testing results for Emax of Take Drug Again VAS

Corrr;?;éson N Mean StdErr Min Q1 Med Q3 Max

P 32 35.53 5.31 0 0.5 50 51 100
S40 32 71.78 5.27 0 50.5 77.5 100 100
S80 32 68.84 5.40 0 50 73.5 100 100
S$150 32 75.56 5.07 0 60.5 84.5 100 100
715 32 72.53 5.21 0 53.5 77 100 100
730 32 74.75 5.35 2 59 86.5 100 100
S40 715 32 -0.75 5.78 -75 -11.5 0 3 79
S40 730 32 -2.97 7.05 -100 -14.5 0 14.5 98
S80 715 32 -3.69 5.95 -77 -25.5 0 8.5 73
S80 730 32 -5.91 6.92 -98 -30 0 7 72
$150 715 32 3.03 7.13 -100 -2.5 0 8.5 100
S$150 730 32 0.81 5.90 -51 -11 0 9 98

There are 36 comparisons in the above 6 tables excluding Tables for Bowdle External Perception
and Bowdle Internal Perception, and Bad Effects VAS. The mean differences for suvorexant are
lower than those for zolpidem in 34 comparisons, and the median differences between suvorexant
and zolpidem are less than or equal to 0 except S150 versus Z15 for High VAS (the median
difference is 0.5). Excluding Bowdle External Perception and Bowdle Internal Perception (the
significant results can be found in Table 3), the significance results are found for the comparisons
S40 versus Z30 and S150 versus Z30 for Bad Effects VAS, S80 versus Z30 and S150 versus Z30
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for High VAS, and S150 versus Z30 for Overall Drug Liking VAS in the reviewer’s secondary

analysis.

Figures 7-13 are the mean time course profiles by treatment for these measures 5.2 4Appendix II.

3. Conclusion

The results from the reviewer’s analyses are summarized in Table 11.

Table 11: Summary of the results from significance tests for the abuse potential measures

considered in this review

S40 | S80 ([ S150 | S40 | S80 | S150

Study P025 Abuse Potential Measure Vs. Vs. vs. vs. vs. Vs.
Z15 | 715 | 715 | 730 | Z30 | Z30

Primary Drug Liking VAS NS NS NS NS NS NS
Bad Effects VAS NS NS NS | S(<) | NS | S(<)

Bowdle External Perception S(<) | NS NS | S(<) | S(<) | S(«)

Bowdle Internal Perception NS NS NS | S(<) | S(<) | S(<)

Secondary | Good Effects VAS NS NS NS NS NS NS
High VAS NS NS NS NS | S(<) | S(<)

Overall Drug Liking VAS NS NS NS NS NS | S(<)

Take Drug Again VAS NS NS NS NS NS NS

This study shows that

There is no significant mean (or median) difference between suvorexant and zolpidem for
Drug Liking VAS, Good Effects VAS, and Take Drug Again.

On the average, the responses to three doses of suvorexant are significantly lower than
those to zolpidem 30 mg for Bowdle External Perception and Bowdle Internal
Perception. For Bowdle External Perception, the responses to suvorexant 40 mg is also
significantly lower than those to zolpidem 15mg.

On the average, the responses to suvorexant 150 mg are significantly lower than those of
zolpidem 30 mg for Bad Effect VAS, High VAS, and Overall Drug Liking VAS.

On the average, the responses to suvorexant 40 mg and 80 mg are significantly lower
than those to zolpidem 30 mg for Bad Effects VAS and High VAS respectively.

The abuse potential of suvorexant is greater than that of placebo.

The study is validated by the comparison between two doses of zolpidem and placebo for
Drug Liking VAS.

There is no apparent dose-response for suvorexant.

In summary, suvorexant has higher abuse liability than placebo, and does not demonstrate lower
abuse liability than zolpidem for the primary measure, Drug Liking VAS. Considering the results

from both the reviewer’s primary and secondary analyses, and the fact that there is no apparent

Reference ID: 3301984

20



dose-response for suvorexant, the reviewer concludes that the abuse potential of suvorexant may

be similar to or lower than zolpidem.
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5. Appendices

5.1 Appendix |

The Bowdle VAS [Bowdle, et al 1998] consists of 13 items for which the subject is asked to rate
his/her current feelings. Each VAS will be scored from 0 to 100, with O reflecting “not at all” and
100 reflecting “extremely”. Lower individual and overall scores indicate fewer psychedelic
effects.

The individual items of the questionnaire are listed below:

. My body or body parts seemed to change their shape or position*

. My surroundings seemed to change in size, depth, or shape*

. The passing of time was altered*

. I had feelings of unreality**

. It was difficult to control my thoughts*

. The intensity of colors changed*

. The intensity of sound changes*

. I heard voices or sounds that were not real**

. | had the idea that events, objects, or other people had particular meaning that was specific for
me**

10. I had suspicious ideas or the belief that others were against me**

11. | felt anxious**

12. 1 felt high 1

13. | felt drowsy 1

1 Items 12 and 13 was not included, as they are part of the individual VAS items

*Items 1, 2, 3, 5, 6, and 7 was combined to assess the derived variable “subjective external
perception”.

** |tems 4, 8, 9, 10, and 11 was combined to assess the derived variable “subjective internal
perception”

O©CoOo~No ok~ wWN P

External perception (logio(mm)): average of log(2+Item1), log(2+Item2), log(2+Item3),
log(2+Itemb), log(2+Item6), log(2+I1tem7)

Internal perception (logio(mm)): average of log(2+Item4), log(2+Item8), log(2+1tem9),
log(2+1tem10), log(2+Item11)

In the case that one of the items was missing the related score was not calculated.
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5.2 Appendix 11
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Figure 7: Mean time course profiles for Bad Effects VAS
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Figure 8: Mean time course profiles for Bowdle External Perception
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Figure 10: Mean time course profiles for Good Effects VAS
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5.3 Appendix ITI

Table 12: P-values of the significance tests for Emax of secondary measures excluding
Bowdle External Perception and Bowdle Internal Perception (n=32)

e — S40- S40- S80- S80- | S150- | S150-
z15 Z30 z15 Z30 Z15 Z30

t 0.2231 | 0.0033 | 0.6298 | 0.1439 | 0.5246 | 0.0248

Bad effects | Sign 0.3449 | 0.0009 | 0.7011 | 0.2153 | 1.0000 | 0.0987
VAS SignRank | 0.2077 | 0.0005 | 0.5037 | 0.2085 | 0.7477 | 0.0281
w 0.3237 | 0.0322 | 0.5157 | 0.1213 | 0.1163 | 0.1569

t 0.2394 | 0.0687 | 0.1205 | 0.0349 | 0.0979 | 0.0622

Good Effects | Sign 0.4244 | 0.6900 | 0.7011 | 0.3449 | 0.5235 | 0.7011
VAS SignRank | 0.6472 | 0.1702 | 0.2131 | 0.0453 | 0.1479 | 0.1290
W 0.0034 | 0.0039 | 0.0654 | 0.0009 | 0.0085 | 0.0045

t 0.6285 | 0.0027 | 0.3924 | 0.0017 | 0.9805 | 0.0222

tighVAS Sign 1.0000 | 0.1078 | 0.5847 | 0.0125 | 0.7111 | 0.0522
SignRank | 0.6886 | 0.0022 | 0.4559 | 0.0013 | 0.9329 | 0.0173

w 0.2361 | 0.0408 | 0.3416 | 0.0027 | 0.8819 | 0.1594

t 0.7731 | 0.6107 | 0.7402 | 0.5380 | 0.4556 | 0.3036

Overall Drug | Sign 1.0000 | 1.0000 | 0.8506 | 0.8388 | 0.2478 | 0.0241
Liking VAS SignRank | 0.9070 | 0.9312 | 0.7477 | 0.6273 | 0.3584 | 0.0483
W 0.0777 | 0.0073 | 0.4416 | 0.0514 | 0.5340 | 0.0023

t 0.8976 | 0.6767 | 0.5400 | 0.3998 | 0.6737 | 0.8914

Take Drug | Sign 0.8318 | 1.0000 | 1.0000 | 0.2100 | 0.6776 | 1.0000
Again VAS SignRank | 0.7298 | 0.8355 [ 0.5547 | 0.4237 | 0.5951 | 0.8463
W 0.0042 | 0.0319 | 0.1767 | 0.1430 | 0.0018 | 0.0006

Note: The normality of the model is not satisfied for the measures in this table. The red p-value indicates
that the W-test is significant for the distribution of the paired differences, and the green p-value indicates
that the test used in the evaluation is according to the assumption of the test. For example, In the case of
S40-Z15 for High VAS, the W test is not significant. It means that the normal assumption for the
distribution of differences in responses between S40 and Z15 is not violated. Thus, the t-test is used for the
comparison, and resulted in a p-value of 0.6285 (two-sided).
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NDA 204-569 MK4305 (Suvorexant) Page 2 of 6

Introduction: A statistical review of this submission was issued by this reviewer on January 10, 2013. In a
later read-through this reviewer found some errors in his calculations in the rat data analysis. This addendum
contains the corrected results.

New tables: Tables 3A and 3B on Pages 4 through 7.

Effects of new results: The re-calculation changed the p-values a little; however, the conclusions remained
the same.
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Team Leader, Biometrics-6

cc:
Archival NDA 204-569

Dr. Siarey Dr. Machado
Ms. Michaloski Dr. Lin

Dr. Rahman
MS. Patrician

Reference ID: 3249610



NDA 204-569 MK4305 (Suvorexant) Page 3 of 6

Table 3A: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Male Rats

0 mg 80 mg 160 mg 325 mg P_Value

Veh C Low Med High Dose P_Value P_Value P_Value
Organ Name Tumor Name N=100 N=50 N=50 N=50 Resp VCvsL VCvsM VCvsH
FEffff i ffffrfffffffrfffrffffffrfffrfffrfffrffrrffrrffrrffrerfrefrrerrrerrrerreefeeees

Adrenal Adenoma 1 2 1 1 0.4461 0.2689 0.6100 0.5761
Carcinoma (o] o] 1 1 0.1303 - 0.3770 0.3448
Pheochromocytoma 2 2 1 1 0.5124 0.4178 0.3178 0.2729

Body Cavities/P Hemangioma 1 0 0 0 0.6188 0.3362 0.3740 0.3419
Lipoma 0.4279 - 0.3770
Schwannoma 1 o] 0 0 0.6219 0.3391 0.3770 0.3448

Brain Astrocytoma 1 2 2 1 0.4027 0.2729 0.3178 0.5800
Ependymoma 0 0 1 0 0.4279 R 0.3770
Granular cell tumor O o] 0 2 0.0388 - - 0.1169
Meningioma 0 0 0 1 0.2030 R - 0.3504
Oligodendroglioma 0 0 1 0 0.4279 R 0.3770

Eye Schwannoma 0.4279 .3391

Harderian Gland Adenoma 0.4279 .3770

Heart/Endocardi Schwannoma 0.3576 .3362 .3740 0.5688

Kidney Adenoma 0.4279 .3770

Large Intestine Leiomyosarcoma 0.4279 .3770 R
Paraganglioma 1 0 0 0 0.6219 .3391 .3770  0.3448

Liver Hemangiosarcoma 0 0 1 0 0.4279 .3770 R
Hepatocellular adeno 1 0 2 7 <0.001* 0.3391 0.3178 0.0024*
Hepatocellular adn+c 1 0 2 9 <0.001* 0.3391 0.3178 <0.001*
Hepatocellular carci 0 0 0 2 0.0404 R R 0.1208
Paraganglioma 0 0 0 1 0.1990 R R 0.3448

Mammary Gland Adenocarcinoma 0 1 0 0 0.4279 0.3391
Fibroadenoma 0 0 1 0 0.4279 R 0.3770

Pancreas Islet Cell Adenoma 8 5 4 5 0.4144 0.4758 0.4882 0.4758
Islet Cell Carcinoma 3 2 0 1 0.7122 0.5536 0.7619 0.4281

Pancreas/Acinus Adenoma 1 0 0 1 0.3576 0.3362 0.3740 0.5688
Carcinoma 0 1 0 0 0.4279 0.3391

Parathyroid Adenoma 3 2 3 1 0.5890 0.5536 0.4072 0.4382

Pituitary/Pars  Adenoma 37 25 24 21 0.3603 0.1161 0.3608 0.3722

4 1 1 2 0.4974 0.5478 0.6205 0.3454

Carcinoma 1 0 0 1 0.3655 0.3391 0.3770 0.5800

Preputial Gland Squamous Cell Carcin 1 0 1 1 0.3109 0.3362 0.6100 0.5688

Veh C: Vehicle Control
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NDA 204-569 MK4305 (Suvorexant) Page 4 of 6

Table 3A: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons

Male Rats
0 mg 80 mg 160 mg 325 mg P_Value
Veh C Low Med High Dose P_Value P_Value P_Value
Organ Name Tumor Name N=100 N=50 N=50 N=50 Resp VCvsL VCvsM VCvsH

FEEFEEfFf i frffffrffffrffffrfffffffffffrffffrffrfrffrfrffrffrfrfererferrrferrrrerfererfefrerereesr

Primary Site Un

Prostate
Salivary Gland
Skeletal

Muscle

skin

Small Intestine
Spleen
Stomach/Nonglan
Testis

Thymus

Thyroid/Follicu

Thyroid/Parafol

Histiocytic Sarcoma
Leukemia

Lymphoma
Osteosarcoma
Adenoma

Squamous Cell Carcin
Schwannoma

Basal cell tumor
Fibroma

Fibrosarcoma

Fibrous histiocytoma
Hemangiosarcoma
Keratoacanthoma
Lipoma

Liposarcoma
Osteosarcoma
Papilloma

Schwannoma

Sebaceous adenoma

Squamous Cell Carcin
Adenocarcinoma
Hemangiosarcoma
Papilloma
Interstitial Cell Tu
Thymoma

Adenoma

Adn+Car

Carcinoma

Adenoma

Adn+Car
Carcinoma

W O O Fr P P ONOPFP O Ww o

10
12

3 2 2 0.4614
0 1 1 0.5634
0 0 1 0.3639
1 ) ) 0.4279
1 0 0 0.7107
0 ) ) 0.8559
0 0 1 0.1990
1 ) 1 0.2121
3 0 0 0.9312
1 0 1 0.2079
1 0 0 0.7099
0 ) 2 0.0404
1 1 1 0.4488
2 1 0 0.5297
0 0 0 0.6188
0 ) ) 0.6219
1 2 0 0.5894
0 0 1 0.1990
1 0 0 0.4279
2 1 0 0.8836
0 0 1 0.1990
0 ) ) 0.6219
0 0 1 0.1990
1 2 ) 0.4442
1 0 0 0.4279
2 4 13 <0.001*
4 13 <0.001*

0 0 0.4279

0.7744

0.8796

2 0 0.8047

o O O O

o O O o

o O © © o

3340
7075
3362
3391

-5652

.5613

3391
3340
3448
5727

2612
1130
3362
3391
5652

0.3391

.5590

.3391

.3391

-3391

1130
0370*
3391

.7140
-5600
-4178

o

o O © © ©

.6205

-4839

.3740

.3770

.6100

.7583

.3770

3135
3770
3740
3770
3178

.4803

.3770

.1402

0196*
0196*

.5174
.5421
.3178

0.5590
-4276
0.5761

o

0.3448

0.5688

0.3448

3504
7188
3448
3448
1208
2689

o O ©O © © ©

3419
3448
3448
3448

o O O ©

0.7188

0.3448

0.3448

0.3448

<0.001*
<0.001*

0.7140
0.8279
0.5727
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Com C: Combined vehicle control



NDA 204-569 MK4305 (Suvorexant) Page 5 of 6

Table 3B: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Female Rats

0 mg 40 mg 80 mg 325 mg P_Value

Veh C Low Med High Dose P_Vvalue P_Vvalue P_Value
Organ Name Tumor Name N=100 N=50 N=50 N=50 Resp VCvsL VCvsM VCvsH
Frff i i fffffrfffffffrffffffffffrfffrfffrfffrffrrffrrffrfffrefrrerrrefrrerrrefeeees

Adrenal Adenoma 10 5 5 0 0.9962 0.4315 0.4315 0.9898
Carcinoma 2 0 0 2 0.1939 0.5783 0.5783 0.4451
Ganglioneuroma 0 0 0 0.6157 0.3465 0.3465 0.3516
Pheochromocytoma 1 0 1 1 0.3166 0.3492 0.5783 0.5849
Body Cavities/P Schwannoma 0 1 1 0 0.4167 0.3492 0.3543
Body Cavities/T Fibrosarcoma 0 0 0 1 0.2093 R R 0.3543
Brain Astrocytoma 0 2 0 0 0.5000 0.1237
Granular cell tumor 1 0 1 1 0.3174 0.3492 0.5849 0.5849
Clitoral Glands Squamous Cell Carcin 3 0 1 0 0.8510 0.7244 0.4310 0.7309
Esophagus Paraganglioma 1 0 0 0 0.6186 0.3492 0.3492 0.3543
Eye/Optic Nerve Schwannoma 0 0 0 1 0.2093 - - 0.3543
Head Squamous Cell Carcin 3 0 1 0 0.8527 0.7244 0.4402 0.7309
Heart/Endocardi Schwannoma 1 0 0 0 0.6186 0.3492 0.3492 0.3543
Liver Hemangiosarcoma 0 0 1 0 0.2093 R 0.3492
Hepatocellular adeno 0 0 1 0 0.2093 0.3492
Hepatocellular adn+c 0 0 1 1 0.1291 - 0.3492 0.3543
Hepatocellular carci 0 0 0 1 0.2093 R R 0.3543
Lymph Node Hemangiosarcoma 0 0 1 0 0.2093 R 0.3492
Mammary Gland Adenocarcinoma 14 13 11 2 0.9925 0.0926 0.2192 0.9637
Adenoma 5 o] 0 1 0.7579 0.8883 0.8883 0.6947
Fibroadenoma 21 13 11 2 0.9995 0.3774 0.4533 0.9980
Ovary Leiomyoma 0 1 0 0 0.4140 0.3492
Luteoma (o] o] 1 0 0.2093 - 0.3492
Pancreas Islet Cell Adenoma 1 0 0 0 0.6186 0.3492 0.3492 0.3543
Parathyroid Adenoma 0 0 0 1 0.2093 R R 0.3543
Pituitary/Pars Adenoma 1 0 0 2 0.1117 0.3492 0.3492 0.2861
59 27 33 24 0.9473 0.7972 0.4622 0.9386
Carcinoma 2 1 0 0 0.8541 0.2753 0.5747 0.5813
Primary Site Un Histiocytic Sarcoma 2 0 1 1 0.4900 0.5783 0.2790 0.2861
Leukemia 1 1 0 1 0.4132 0.5747 0.3465 0.5813
Lymphoma 2 o] 0 1 0.5057 0.5747 0.5747 0.2823

Veh C: Vehicle Control
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NDA 204-569 MK4305 (Suvorexant) Page 6 of 6

Table 3B: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Female Rats

0 mg 40 mg 80 mg 325 mg P_Value

Veh C Low Med High Dose P_Value P_Vvalue P_Value
Organ Name Tumor Name N=100 N=50 N=50 N=50 Resp VCvsL VCvsM VCvsH
Frffrff i ffffffffffffrfffrffffffrfffrfffrfffrfffrffrrffreffrerfrefrrfrrrefrrerrrefeeees

Skin Fibroma 1 0 0 0 0.6157 0.3465 0.3465 0.3516
Lipoma 1 1 0 0 0.6988 0.5783 0.3492 0.3543
Schwannoma 1 0 0 0 0.6186 0.3492 0.3492 0.3543
Squamous Cell Carcin 1 0 0 0 0.6157 0.3465 0.3465 0.3516
Small Intestine Adenocarcinoma 0 1 0 0 0.4140 0.3492
Spleen Hemangiosarcoma 1 0 0 0 0.6186 0.3492 0.3492 0.3543
Stomach Adenocarcinoma 1 (o] 0 0 0.6186 0.3492 0.3492 0.3543
Stomach/Nonglan Papilloma 0 1 0 0 0.4140 0.3492
Thyroid/Follicu Adenoma 2 o] 0 10 <0.001* 0.5783 0.5783 <0.001*
Adn+Car 2 0 1 11 <0.001* 0.5783 0.2790 <0.001*
Carcinoma 0 0 1 1 0.1291 R 0.3492 0.3543
Thyroid/Parafol Adenoma 6 4 2 3 0.5400 0.4778 0.5804 0.3931
Adn+Car 8 5 3 3 0.7197 0.4906 0.5847 0.5847
Carcinoma 2 1 1 0 0.7683 0.2790 0.2861 0.5849
Urinary Bladder Papilloma 1 1 0 0 0.6988 0.5783 0.3492 0.3543
Uterus Endometrial Stromal 0 0 0 1 0.2093 0.3543
Polyp 13 4 1 4 0.7921 0.7797 0.9823 0.7797
Schwannoma 1 0 0 0 0.6186 0.3492 0.3492 0.3543
Squamous Cell Carcin 1 0 0 1 0.3756 0.3492 0.3492 0.5849
Uterus/Cervix Leiomyoma 0 0 1 0 0.2093 R 0.3492
Schwannoma 1 o] 0 0 0.6186 0.3492 0.3492 0.3543
Vagina Polyp 0 0 0 1 0.2093 R R 0.3543

Com C: Combined vehicle control
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1. Background

In this submission the sponsor included reports of two animal carcinogenicity studies, one in regular rats and one
in transgenic mice. These studies were intended to assess the carcinogenic potential of MK4305 (Suvorexant)
when administered orally by gavage once daily at appropriate drug levels for 104 weeks in rats and for 26 weeks in
mice. Results of this review have been discussed with the reviewing pharmacologist Dr. Siarey.

In this review the phrase "dose response relationship” refers to the linear component of the effect of treatment,
and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose increases.

2. Rat Study

Two separate experiments were conducted, one in males and one in females. In each of these two
experiments there were three treated groups and two identical vehicle control groups. Two hundred and fifty
Sprague -Dawley, Ctl:CD(SD) rats of each sex were randomly allocated to treated and control groups in equal
size of 50 rats. The dose levels for treated groups were 80, 160, or 325 mg/kg/day for males and 40, 80, or
325 mg/kg/day for females. In this review these dose groups would be referred to as the low, medium, and
high dose groups, respectively. Control 1 and Control 2 rats were given 1300 mg/kg/day of HPMC
(hydroxypropyl methylcellulose-acetate succinate) in 0.5% methylcellulose with 5 mM hydrochloric acid in
deionized water (vehicle) by gavage.

During the administration period all rats were observed daily for mortality and morbidity. All rats were
observed weekly for clinical signs through Study Week 104. Beginning in Study Week 26, all rats were
palpated for masses every 4 weeks through Study Week 104. Additionally, unscheduled palpations were
performed on rats found with masses in Study Weeks 6, 10, 14, 18, 23, 39, 44, 52, 53, 59, 60, 61, 64, 68, and
generally weekly thereafter.

Body weights for all rats were measured at pretest, once per week from Study Week 1 through Study Week
14, and once every 4 weeks thereafter through Study Week 102.

2.1.  Sponsor's analyses
2.1.1.  Survival analysis

Survival function of each treatment group was estimated using the Kaplan-Meier product limit method and
was presented graphically. An overall test comparing all groups was conducted using a log-rank test.

Sponsor’s findings: The sponsor’s analysis showed 40%, 52%, 48%, 28%, and 42% mortality of male rats
and 32%, 46%, 34%, 28%, and 30% mortality of female rats in control 1, control 2, low, medium, and high
dose groups, respectively. The sponsor concluded that compared to control groups there were no study drug
related effects on mortality rates. The sponsor commented that the causes of death were of the types seen in
the untreated rats in this laboratory.

2.1.2. Tumor data analysis

Tumor incidence data were analyzed using the methods outlined in the paper of Peto et al. (1980). The pair
wise comparisons of control groups with the treated groups were conducted using the Fisher’s exact test.
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Adjustment for multiple testing: The sponsor adjusted the effects of multiple testing using the SAS Proc
MultTest for Peto’s test. The SAS Proc MultTest generally follows the recommendations made by Mantel,
Heyse and Rom, and Harter.

Sponsor’s findings: Sponsor’s analyses showed a statistically significant increased incidence of hepatocellular
adenomas in male rat high dose group, and thyroid follicular cell adenomas in male rat medium and high dose
group and in female rat high dose group.

2.2. Reviewer's analyses

To verify sponsor’s analyses and to perform additional analysis suggested by the reviewing pharmacologist, this
reviewer independently performed survival and tumor data analyses. Data used in this reviewer's analyses wete
provided by the sponsor electronically.

The submitted rat study has two identical vehicle control groups. For studies with two identical controls, the FDA
statistical guidance for carcinogenicity data analysis suggests to analyze the data combining the two control groups.
Following the guidance suggestion, this reviewer analyzed both the mortality and tumor data using the combined
control.

2.2.1.  Survival analysis

The survival distributions of rats in all five treatment groups were estimated by the Kaplan-Meier product limit
method. For combined control, low, medium, and high dose groups, the dose response relationship was tested
using the likelihood ratio test and the homogeneity of survival distributions was tested using the log-rank test. The
Kaplan-Meier curves for survival rates are given in Figures 1A and 1B in the appendix for male and female rats,
respectively. The intercurrent mortality data are given in Tables 1A and 1B in the appendix for male and female
rats, respectively. Results of the tests for dose response relationship and homogeneity of survivals, are given in
Tables 2A and 2B in the appendix for male and female rats, respectively.

Reviewer’s findings: This reviewet’s analysis showed 40%, 52%, 48%, 28%, and 42% mortality of male rats
and 32%, 46%, 34%, 28%, and 28% mortality of female rats in control 1, control 2, low, medium, and high
dose groups, respectively. Tests did not show statistically significant dose response relationship in mortality across
combined control and treated groups in either sex. The pairwise comparisons showed statistically significant
decreased mortality in the male rat medium dose group compared to combined control.

Reviewer’s comment: The sponsor’s caleulation showed 30% death in the female bigh dose group, and this reviewer’s caleulation
showed 28%. This difference is due to the fact that one female rat (H 090539) from high dose group died due to natural causes during
the terminal sacrifice weeks. The sponsor counted this with the natnral deaths, while this reviewer connted this with the terminally
sacrificed rats.

2.2.2. Tumor data analysis

The tumor data were analyzed for dose response relationships and pairwise comparisons of control group with
cach of the treated groups. Both the dose response relationship tests and pairwise comparisons were performed
using the Poly-k method described in the paper of Bailer and Portier (1988) and Bieler and Williams (1993). In this

method an animal that lives the full study period (W, ) or dies before the terminal sacrifice but develops the

tumor type being tested gets a score of S, =1. An animal that dies at week W,, without a tumor before the end of
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K
Wi

the study gets a score of §, = <1. The adjusted group size is defined as X S, . As an interpretation, an

max

animal with score S, =1 can be considered as a whole animal while an animal with score S, <1 can be considered

as a partial animal. The adjusted group size X S, is equal to N (the original group size) if all animals live up to the

end of the study or if each animal that dies before the terminal sacrifice develops at least one tumor, otherwise the
adjusted group size is less than N. These adjusted group sizes are then used for the dose response relationship (or
the pairwise) tests using the Cochran-Armitage test. One critical point for Poly-k test is the choice of the
appropriate value of k, which depends on the tumor incidence pattern with the increased dose. For long term 104
week standard rat and mouse studies, a value of k=3 is suggested in the literature. Hence, this reviewer used k=3
for the analysis of this data. For the calculation of p-values the exact permutation method was used. The tumor
rates and the p-values of the tested tumor types ate listed in Tables 3A and 3B in the appendix for male and female
rats, respectively.

Multiple testing adjustment: Noting that present submission had one long term study in rats and one
medium term study in mouse, the adjustment for multiple testing of dose response relationship was
conducted using the division of biometrics recommendation i.e. for dose response relationship tests use test
levels of a=0.005 for common tumors and ®t=0.025 for rare tumors in rat study and use test levels of 0:=0.05
for all tumors in mouse study. For pairwise comparisons of treated group with control use levels 0=0.01 for
common tumors and 00=0.05 for rare tumors in rat study and use 00=0.05 for all tumor types in mouse study.

Reviewer’s findings: The following tumor types showed p-values less than or equal to 0.05 either for dose
response relationship or pairwise compatisons of combined control and treated groups.

Tumor Types with P-Values < 0.05 for Dose Response Relationship or Pairwise Comparisons
of Treated Groups With Combined Control in Rats

P_Value
Com C Low Med High Dose Com C Com C Com C
Organ Name Tumor Name N=100 N=50 N=50 N=50 Resp vs. L vs. M vs. H
i i ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffrffffffrrfffrfrrrerffrfrfrreerreer
Male rats
Brain Granular cell tumor 0 0 0 2 0.0388 . B 0.1169
Liver Hepatocellular adenoma 1 0 2 7 <0.001* 1.0000 0.3178 0.0024*
Hepatocellular adn+car 1 0 2 9 <0.001* 1.0000 0.3178 <0.001*
Hepatocellular carcinoma O 0 0 2 0.0404 R . 0.1208
Skin Hemangiosarcoma 0 0 0 2 0.0404 R - 0.1208
Thyroid/Follicu Adenoma 0 2 4 13 <0.001* 0.1130 0.0196* <0.001*
Adn+Car 0 3 4 13 <0.001* 0.0370* 0.0196* <0.001*
Female rats
Thyroid/Follicu Adenoma 2 0 0 10 <0.001* 1.0000 1.0000 <0.001*
Adn+Car 2 0] 1 11 <0.001* 1.0000 0.7279 <0.001*

# Com C: Combined vehicle control

Based on the criteria of adjustment for multiple testing discussed above, the incidence of hepatocellular
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adenoma, and combined incidences of hepatocellular adenoma and carcinoma in male rats, and incidence of
thyroid follicular cell adenoma, combined incidences of thyroid follicular cell adenoma and carcinoma in both
sexes were considered to have statistically significant dose response relationships. The pairwise comparisons
showed statistically significant increased incidence of hepatocellular adenoma, combined incidences of
hepatocellular adenoma and carcinoma in the male rat high dose group compared to the combined control.
The pairwise comparisons also showed statistically significant increased incidence of thyroid follicular cell
adenoma, and combined incidences of thyroid follicular cell adenoma and carcinoma in male rat medium and
high dose groups, and in female rat high dose group compared to the combined control.

3. Mouse Study

Two separate experiments were conducted, one in males and one in females. In each of these two
experiments there were four treated groups, two vehicle control groups, and one positive control group. One
hundred and seventy five male and female ic:CBG6F1-TgrasH2@)] ¢l mice were assigned randomly to the
treated, vehicle control and positive control groups in equal size of 25" mice per group. The dose levels for
treated groups wete 25, 50, 200, and 650 mg/kg/day for both sexes. In this review these dose groups were
referred to as the low, medium, mid-hi, and high dose group, respectively. The vehicle controls received the
vehicle (sterile water for injection) by gavage. The positive control mice were dosed via intraperitoneal (i.p.)
injections of urethane (L-000471271) in saline on Days 1, 3 and 5, at a dose level of 1000 mg/kg/day. A dose
volume of 10 mL/kg body weight was used for all groups.

All mice except those from the positive control group were observed daily for mortality, and once a week for
physical signs through Study Week 26. All mice from the positive control group were observed daily for
mortality, and on the dosing days, and then once per week from Study Week 2 to Study Week 26 for physical
signs. All mice except those from the positive control group were palpated for masses every 4 weeks, from
Study Week 14 to Study Week 26. Body Weights of all mice were measured pretest and once per week from
Study Week 1 through Study Week 26.

3.1.  Sponsor's analyses
3.1.1.  Survival analysis

The sponsor presented a summary table of the mortalities of mice by sex. Survival function of each treatment
group was estimated using the Kaplan-Meier product limit method and was presented graphically. An overall
test of homogeneity/equality of survival function was conducted using the log rank test based on the
censored data generalization of the Savage (exponential score) test. These tests were performed using the SAS
Proc Life Test.

Sponsor’s findings: The sponsor analysis showed 0, 4, 24, 0, 0, 0, and 1 deaths of male mice and 1, 0,24, 1,1, 1,
and 2 deaths of female mice in vehicle control 1, vehicle control 2, positive control, low, medium, mid-hi, and
high dose groups, respectively. The sponsot’s analysis did not show statistically significant positive dose
response relationship in mortality in either sex. The analysis however showed a statistically significant decrease
(p=0.037) in mortality through the dose of 200 mg/kg/day. The positive control showed statistically
significant increased mortality compared to the controls.

* The sponsor mentioned that there were 27 mice in each treatment groups, which included 25 study mice and 2 extra mice. The
submitted data sets had data from 25 mice per group.
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The sponsor concluded that there were no unscheduled deaths related to the administration of the test article.
The increase in unscheduled deaths was mainly due to neoplastic processes such as hemangiosarcoma in the
spleen and adenocarcinoma in the lung. The causes of death or the reasons for early sacrifice in the treated
groups were those expected for this species.

3.1.2. Tumor data analysis

The sponsor analyzed the tumor data using the method proposed by Peto et al. (1980) for dose response
relationships on combined vehicle control, and four treated groups. The pairwise comparisons of treated
groups and positive control group with combined control group were performed using the Fisher exact test.

Adjustment for multiple testing: No adjustment for multiple testing was performed.

Sponsor’s findings: The sponsor’s analysis did not show statistically significant increased incidence in any of
the observed tumor types in the treated groups in either sex. In positive control, there were statistically
significant increases in incidences of the following tumors: adenoma and adenocarcinoma in the lung in both
sexes, hemangiosarcoma in the spleen in both sexes and in the lung in females.

The sponsor concluded that there was no test article-related evidence of carcinogenic potential up to 650
mg/kg/day in the study mice in either sex.

3.2.  Reviewer's analyses

Similar to the rat study, to verify sponsor’s analyses and to perform additional analysis suggested by the reviewing
pharmacologist, this reviewer independently performed survival and tumor data analyses. Data used in this
reviewet's analyses wete provided by the sponsor electronically.

For the analysis of both the survival data and the tumor data this reviewer used similar methods as he used for the
analysis of the rat data.

Similar to rat study, the submitted mouse study also has two identical vehicle control groups. Following the FDA
carcinogenicity data analysis guidance, this reviewer combined the two vehicle controls and analyzed both the
mortality and tumor data using the combined control.

3.2.1.  Survival analysis

The intercurrent mortality data of all treatment groups ate given in Tables 4A and 4B in the appendix for male and
female mice, respectively. Results of the tests for dose response relationship and homogeneity of survivals for
combined control, low, medium, mid-hi, and high dose groups are given in Tables 5A and 5B in the appendix for
male and female mice, respectively. The Kaplan-Meier curves for survival rates of all treatment groups are given in
Figures 2A and 2B in the appendix for male and female mice, respectively.

Reviewer’s findings: This reviewet’s analysis showed 0, 4, 24, 0, 0, 0, and 1 death of male mice, and 1, 0, 24, 1,
0, 1, and 2 death of female mice in vehicle control 1, vehicle control 2, positive control, low, medium, mid-hi,
and high dose groups, respectively. Tests did not show statistically significant dose response relationship in
mortality across combined control, low, medium, mid-hi, and high dose groups in either sex. The pairwise
comparisons show statistically significant increased mortality in male mice control 2 compared to control 1. The
pairwise comparisons also showed statistically significant increased mortality in the positive control group
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compared to both control 1 and control 2 in both sexes.
Reviewer’s comment: The sponsor’s calenlation showed one death in the female medinm dose group, and this reviewer’s calculation
showed no deaths in this group. This difference is due to the fact that one female mouse (H 100261) from medium dose group died due

to natural canses during the terminal sacrifice weeks. The sponsor connted this with the natural deaths, while this reviewer counted this
with the terminally sacrificed mice.

3.2.2. Tumor data analysis

The tumor rates and the p-values of the tested tumors are listed in Tables 6A and 6B in the appendix for male and
female mice, respectively.

Reviewer’s findings: The following tumor types showed p-values less than or equal to 0.05 either for dose
response relationship or pairwise comparisons of combined control and treated groups.

Tumor Types with P-Values < 0.05 for Dose Response Relationship or Pairwise Comparisons
of Treated Groups With Combined Control in Mice

Female mice
P-Value
Com C# Low Med Mid-Hi High Dose Com C Com C Com C Com C
Organ Name Tumor Name N=50 N=25 N=25 N=25 N=25 Resp vs L vs M vs MH vs H
i i ffffffrfffrfffrfffrffrfffrfffrfffrfffrfffrffrrffrrfrrefrrerrrerrrefrreesr
Whole body Hemagiosarcoma 0 1 2 1 4 0.0085* 0.3378 0.1111 0.3288 0.0110*

# Com C: Combined vehicle control

Based on the criteria of adjustment for multiple testing discussed in the rat data analysis section, the incidence
of whole body hemangiosarcoma was considered to have a statistically significant dose response relationship
in female mice. The pairwise comparisons showed statistically significant increase incidence of whole body
hemangiosarcoma in female mice high dose group compared to the combined control.

Tests showed statistically significant increased incidences of lung adenoma, adenocarcinoma, and
hemangiosarcoma, spleen hemangiosarcoma, and whole body hemangiosarcoma in the positive control
compared to the combined control in both sexes. Results of this analysis are given in Table 7A and 7B in the
appendix for male and female mice.

4. Summary

In this submission the sponsor included reports of two animal carcinogenicity studies, one in regular rats and one
in transgenic mice. These studies were intended to assess the carcinogenic potential of MK4305 (Suvorexant)
when administered orally by gavage once daily at appropriate drug levels for 104 weeks in rats and for 26 weeks in
mice.

In this review the phrase "dose response relationship” refers to the linear component of the effect of treatment,
and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose increases.

Rat Study: Two separate experiments were conducted, one in males and one in females. In each of these two

experiments there were three treated groups and two identical vehicle control groups. Two hundred and fifty
Sprague -Dawley, Ctl:CD(SD) rats of each sex were randomly allocated to treated and control groups in equal
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size of 50 rats. The dose levels for treated groups were 80, 160, or 325 mg/kg/day for males and 40, 80, or
325 mg/kg/day for females. Control 1 and Control 2 rats were given 1300 mg/kg/day of HPMC
(hydroxypropyl methylcellulose-acetate succinate) in 0.5% methylcellulose with 5 mM hydrochloric acid in
deionized water (vehicle) by gavage.

During the administration period all rats were observed daily for mortality and morbidity. All rats were
observed weekly for clinical signs through Study Week 104. Beginning in Study Week 20, all rats were
palpated for masses every 4 weeks through Study Week 104. Additionally, unscheduled palpations were
performed on rats found with masses in Study Weeks 6, 10, 14, 18, 23, 39, 44, 52, 53, 59, 60, 61, 64, 68, and
generally weekly thereafter. Body weights for all rats were measured at pretest, once per week from Study
Week 1 through Study Week 14, and once every 4 weeks thereafter through Study Week 102.

The tests did not show statistically significant dose response relationship in mortality across combined control
and treated groups in either sex. The pairwise comparisons showed statistically significant decreased mortality
in male medium dose group compared to combined control.

The tests showed statistically significant positive dose response relationship in the incidence of hepatocellular
adenoma, and combined incidences of hepatocellular adenoma and carcinoma in male rats, and incidence of
thyroid follicular cell adenoma, combined incidences of thyroid follicular cell adenoma and carcinoma in both
sexes. The pairwise comparisons showed statistically significant increased incidence of hepatocellular
adenoma, combined incidences of hepatocellular adenoma and carcinoma in the male rat high dose group
compared to the combined control. The pairwise comparisons also showed statistically significant increased
incidence of thyroid follicular cell adenoma, and combined incidences of thyroid follicular cell adenoma and
carcinoma in male rat medium and high dose groups, and in female rat high dose group compared to the
combined control.

Mouse Study: Two separate experiments were conducted, one in males and one in females. In each of these
two experiments there were four treated groups, two vehicle control groups, and one positive control group.
One hundred and seventy five male and female ic:CB6F1-TgrasH2(@]cl mice were assigned randomly to the
treated, vehicle control and positive control groups in equal size of 25 mice per group. The dose levels for
treated groups were 25, 50, 200, and 650 mg/kg/day. The vehicle controls received the vehicle (sterile water
for injection) by gavage. Positive control mice were dosed via intraperitoneal (i.p.) injections of urethane (L-
000471271) in saline on Days 1, 3 and 5, at a dose level of 1000 mg/kg/day. A dose volume of 10 mL/kg
body weight was used for all groups.

All mice except those from the positive control group were observed daily for mortality, and once a week for
physical signs through Study Week 26. All mice from the positive control group were observed daily for
mortality, and on the dosing days, once per week from Study Week 2 to Study Week 26 for physical signs. All
mice except those from the positive control group were palpated for masses every 4 weeks, from Study Week
14 to Study Week 26. Body Weights of all mice were measured pretest and once per week from Study Week 1
through Study Week 26.

Tests did not show statistically significant dose response relationship in mortality across combined control, low,
medium, mid-hi, and high dose groups in either sex. The pairwise compatisons show statistically significant
increased mortality in male control 2 compared to control 1. The pairwise comparisons also showed statistically
significant increased mortality in the positive control group compared to both control 1 and control 2 in both
sexes.
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Tests showed statistically significant dose response relationship in the incidence of whole body
hemangiosarcoma in female mice. The pairwise comparisons showed statistically significant increase incidence
of whole body hemangiosarcoma in female mice high dose group compared to the combined control.

Tests showed statistically significant increased incidences of lung adenoma, adenocarcinoma, and
hemangiosarcoma, spleen hemangiosarcoma, and whole body hemangiosarcoma in the positive control
compared to the combined control in both sexes.

Mohammad Atiar Rahman, Ph.D.
Mathematical Statistician
Concur: Karl Lin, Ph.D.
Team Leader, Biometrics-6

cc:
Archival NDA 204-569

Dr. Siarey Dr. Machado
Ms. Michaloski Dr. Lin

Dr. Rahman
MS. Patrician
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5. Appendix
Table 1A: Intercurrent Mortality Rate
Male Rats

0 mg|kg|day 0 mglkg|day 80 mg|kg|day 160 mg|kg|day 325 mg|kg|day

No. of No. of No. of No. of No. of
Week Death Cum. % Death Cum. % Death Cum. % Death Cum. % Death Cum. %
FEEff i i fffffrfffrfffrfffrfffrffffffrfffrfffrfffrffrrffrrffrrfrrefrrerrreferees
0 - 52 4 8.00 4 8.00 3 6.00 - - 3 6.00
53 - 78 5 18.00 8 24.00 5 16.00 3 6.00 3 12.00
79 - 91 5 28.00 5 34.00 7 30.00 - . 6 24.00
92 - 104 6 40.00 9 52.00 9 48.00 11 28.00 9 42.00
Ter. Sac. 30 60.00 24  48.00 26 52.00 36 72.00 29 58.00
Total N=50 N=50 N=50 N=50 N=50

# Cum. %: Cumulative percentage

Table 1B: Intercurrent Mortality Rate
Female Rats

0 mg|kg|day 0 mglkg|day 40 mg|kg|day 80 mg|kg|day 325 mg|kg|day
No. of No. of No. of No. of No. of

Week Death Cum. % Death Cum. % Death Cum. % Death Cum. % Death Cum. %
FEEffffffffrfff i i rfffffffrfffrffrrffrfffrfffrffrrffrrffrrffrrffrrfrrerrrerrreferees
0 - 52 - - 3 6.00 - B 1 2.00 1 2.00
53 - 78 4 8.00 8 22.00 4 8.00 2 6.00 2 6.00
79 - 91 3 14.00 6 34.00 3 14.00 6 18.00 2 10.00
92 - 104 9 32.00 6 46.00 10 34.00 5 28.00 9 28.00
Ter. Sac. 34  68.00 27 54.00 33 66.00 36 72.00 36 72.00
Total N=50 N=50 N=50 N=50 N=50

# Cum. %: Cumulative percentage

Table 2A: Intercurtent Mortality Comparison
Male Rats

Test Statistic P_Vvalue
FrEfEfrfrfffrfrfffrrrffrffrrrfrerrfrfrreeres
Dose-Response Likelihood Ratio 0.2586
Homogeneity Log-Rank 0.1002

#P-Values wete calculated using data from Combined vehicle control, Low. Medium, and High dose groups

Table 2B: Intercurrent Mortality Comparison
Female Rats

Test Statistic P_Value

FREFffrffrrrffrffrrrfrffrfrrrrffrfrerrefeesr
Dose-Response Likelihood Ratio 0.4929
Homogeneity Log-Rank 0.4200

#P-Values were calculated using data from Combined vehicle control, Low. Medium, and High dose groups
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Table 3A: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons

Organ Name

Adrenal

Body Cavities/P

Brain

Eye

Harderian Gland

Heart/Endocardi

Kidney

Large Intestine

Liver

Mammary Gland

Pancreas

Pancreas/Acinus

Parathyroid

Pituitary/Pars

Preputial Gland

Tumor Name

Adenoma
Carcinoma
Pheochromocytoma

Hemangioma

Lipoma
Schwannoma
Astrocytoma
Ependymoma
Granular cell tumor
Meningioma
Oligodendroglioma
Schwannoma
Adenoma
Schwannoma

Adenoma

Leiomyosarcoma

Paraganglioma
Hemangiosarcoma
Hepatocellular adenoma
Hepatocellular adn+car
Hepatocellular carcinoma

Paraganglioma

Adenocarcinoma
Fibroadenoma

Islet Cell Adenoma
Islet Cell Carcinoma

Adenoma

Carcinoma

Adenoma

Adenoma

Carcinoma

Squamous Cell Carcinoma

Male Rats
0 mg 80 mg 160 mg 325 mg P_Value
Com C Low Med High
N=100 N=50 N=50 N=50

2 1 1
1 1

2 2 1 1
1 0 0 0
1 2 2 1
0 0 1 0
0 0 0 2
0 0 0 1
0 0 1 0
0 1 0 0
0 0 1 0
1 0 0 1
0 0 1 0

0 1 0
1 0 0 0
0 0 1 0
1 0 2 7
1 0 2 9
0 0 0 2
0 0 0 1
0 1 0 0
0 0

5 4
3 2 0

0

0
3 2 3 1
37 25 24 21
4

0
1 0 1 1

Dose

Resp

o

R O P

[

0.
<0.001*
<0.001*
0.
0.

o O © © ©

.4461

1303

.5953

-0000
-4279
.0000

4027
4279
0388
2030
4279

.6219

.4279

.3576

.4279

.4279
-0000

4279

0404
1990

.6219
.4279

.4144
.7645

-3576
.6219

.6290

.3603

.5382

-3655

.3109

P_Value

Com C
vs. L

FEEEErf i f i f i frffffrffffrfffffffrffffrffrfrffrfrffrfrffrffrfrferrrferrererfrrerfereerereeeeeesr

0.

= O

2689

.4178

-0000

.0000

.2729

.3391

.0000

.0000

0000
0000

.3391

.4758

.5536

-0000
.3391

.5536

.1161

.8768

-0000

.0000

P_Value

Page 12 of 25

Com C
vs. M

o

R O K

i

o

i

= O

6100

.3770
.7619

-0000

.3770

.0000

.3178

.3770

.3770

.3770

.0000

.3770

.3770
.0000

.3770

.3178
.3178

.3770

.7269
.0000

-0000

-4072

-3608

-9086

-0000

.6100

P

Value

Com C
vs. H

o

0

1

0

.5761

-3448

.7226

-0000

.0000

-5800

-1169
.3504

.5688

-0000

.0024*

<0.001*

0
0

-1208
-3448

.4758
.8208

5688

-8269

.3722

.6822

-5800

.5688

Reference ID: 3243237

Com C: Combined vehicle control
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Table 3A: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons

Organ Name

Primary Site Un

Prostate
Salivary Gland
Skeletal

Muscle

skin

Small Intestine
Spleen
Stomach/Nonglan
Testis

Thymus

Thyroid/Follicu

Thyroid/Parafol

Tumor Name

Histiocytic Sarcoma
Leukemia

Lymphoma

Osteosarcoma

Adenoma

Squamous Cell Carcinoma
Schwannoma

Basal cell tumor
Fibroma

Fibrosarcoma

Fibrous histiocytoma
Hemangiosarcoma
Keratoacanthoma
Lipoma

Liposarcoma
Osteosarcoma
Papilloma

Schwannoma

Sebaceous adenoma

Squamous Cell Carcinoma
Adenocarcinoma
Hemangiosarcoma
Papilloma
Interstitial Cell Tumor
Thymoma

Adenoma

Adn+Car

Carcinoma

Adenoma

Adn+Car
Carcinoma

0
Co
N=

O P W W

W O O Fr P P ON O PP O Ww o

10
12

Male Rats
mg 80 mg 160 mg 325 mg P_Value
m C Low Med High Dose
100 N=50 N=50 N=50 Resp

3 2 2 0.4614
0 1 1 0.6462
0 0 1 0.3639
1 0 0 0.6219
1 0 0 0.8582
0 0 0 1.0000
0 0 1 0.1990
1 0 1 0.2121
3 0 0 0.9668
1 0 1 0.2079
1 0 0 0.8596
0 0 2 0.0404
1 1 1 0.5381
2 1 0 0.6142
0 0 0 1.0000
0 0 0 1.0000
1 2 0 0.6422
0 0 1 0.1990
1 0 0 0.6219
2 1 0 0.9312
0 0 1 0.1990
0 0 0 1.0000
0 0 1 0.1990
1 2 0 0.4442
1 0 0 0.6219
2 4 13 <0.001*
4 13 <0.001*

0 0 0.6219

0.7957

0.8916

2 0 0.8724

P

Value

Com C
vs. L

FEEEErf i f i f i frffffrffffrfffffffrffffrffrfrffrfrffrfrffrffrfrferrrferrererfrrerfereerereeeeeesr

o

o B O

o O O o

o B B O O

3340
0000
0000
3391

-5652

.0000

3391
3340
3448
5727

7114
1130
0000
0000
5652

.3391
-5590

.0000

.3391

-3391

1130
0370*

-3391

.8891
.7622
-4178

Page 13 of 25

P_Value
Com C
vs. M

= O

[

o

o B B O O

6205

-8528
.0000

-0000

.0000

-0000

.0000

7583
3770
0000
0000
3178

.8509

.0000

.1402

0196*
0196*

.7318
.7383
.7619

P_Value
Com C
vs. H

0.5590
-8204
0.5761

o

1.0000

1.0000

0.3448

3504
0000
3448
0000
1208
7188

o O F»r O F» O

0000
0000
0000
3448

O R Rk R

[i

0000

0.3448

1.0000

0.3448

<0.001*
<0.001*

0.8891
0.9429
1.0000

Reference ID: 3243237

Com C: Combined vehicle control
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Table 3B: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Female Rats

0 mg 40 mg 80 mg 325 mg P_Value P_Value P_Value P_Vvalue

Com C Low Med High Dose Com C Com C Com C
Organ Name Tumor Name N=100 N=50 N=50 N=50 Resp vs. L vs. M vs. H
Frff i ffffrfffffffrffffffffffrfffrfffrfffrffffffrfffrfffrefrrffrrefrrefrrefreerreeesr

Adrenal Adenoma 10 5 5 0 0.9970 0.6572 0.6572  1.0000
Carcinoma 2 0 0 2 0.1939 1.0000 1.0000 0.4451
Ganglioneuroma 0 0 0 1.0000 1.0000 1.0000 1.0000
Pheochromocytoma 1 0 1 1 0.3166 1.0000 0.5783 0.5849
Body Cavities/P Schwannoma 0 1 1 0 0.5019 0.3492 0.3543
Body Cavities/T Fibrosarcoma 0 0 0 1 0.2093 R R 0.3543
Brain Astrocytoma 0 2 0 0 0.6981 0.1237
Granular cell tumor 1 0 1 1 0.3174 1.0000 0.5849 0.5849
Clitoral Glands Squamous Cell Carcinoma 3 0 1 0 0.9333 1.0000 0.8222 1.0000
Esophagus Paraganglioma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Eye/Optic Nerve Schwannoma 0 0 0 1 0.2093 - - 0.3543
Head Squamous Cell Carcinoma 3 0 1 0 0.9346 1.0000 0.8277 1.0000
Heart/Endocardi Schwannoma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Liver Hemangiosarcoma 0 0 1 0 0.4140 R 0.3492
Hepatocellular adenoma 0 0 1 0 0.4140 0.3492
Hepatocellular adn+car 0 0 1 1 0.1291 - 0.3492 0.3543
Hepatocellular carcinoma O 0 0 1 0.2093 R R 0.3543
Lymph Node Hemangiosarcoma 0 0 1 0 0.4140 R 0.3492
Mammary Gland Adenocarcinoma 14 13 11 2 0.9927 0.0926 0.2192 0.9931
Adenoma 5 0 0 1 0.7675 1.0000 1.0000 0.9323
Fibroadenoma 21 13 11 2 0.9996 0.3774 0.6219 0.9998
Ovary Leiomyoma 0 1 0 0 0.6186 0.3492
Luteoma (o] 0 1 0 0.4140 . 0.3492
Pancreas Islet Cell Adenoma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Parathyroid Adenoma 0 0 0 1 0.2093 R R 0.3543
Pituitary/Pars  Adenoma 1 0 0 2 0.1117 1.0000 1.0000 0.2861
59 27 33 24 0.9496 0.8855 0.4622 0.9720
Carcinoma 2 1 0 0 0.9445 0.7244 1.0000 1.0000
Primary Site Un Histiocytic Sarcoma 2 0 1 1 0.4900 1.0000 0.7279 0.7344
Leukemia 1 1 0 1 0.4132 0.5747 1.0000 0.5813
Lymphoma 2 0 0 1 0.5057 1.0000 1.0000 0.7309

Com C: Combined vehicle control

Reference ID: 3243237
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Table 3B: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons
Female Rats

0 mg 40 mg 80 mg 325 mg P_Value P_Value P_Value P_Vvalue

Com C Low Med High Dose Com C Com C Com C
Organ Name Tumor Name N=100 N=50 N=50 N=50 Resp vs. L vs. M vs. H
Frff i ffffrfffffffrffffffffffrfffrfffrfffrffffffrfffrfffrefrrffrrefrrefrrefreerreeesr

Skin Fibroma 1 o] 0 0 1.0000 1.0000 1.0000 1.0000
Lipoma 1 1 0 0 0.8556 0.5783 1.0000 1.0000
Schwannoma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Squamous Cell Carcinoma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Small Intestine Adenocarcinoma 0 1 0 0 0.6186 0.3492
Spleen Hemangiosarcoma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Stomach Adenocarcinoma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Stomach/Nonglan Papilloma 0 1 0 0 0.6186  0.3492
Thyroid/Follicu Adenoma 2 0 0 10 <0.001* 1.0000 1.0000 <0.001*
Adn+Car 2 0 1 11 <0.001* 1.0000 0.7279 <0.001*
Carcinoma 0 0 1 1 0.1291 - 0.3492 0.3543
Thyroid/Parafol Adenoma 6 4 2 3 0.5733 0.4778 0.8417 0.6740
Adn+Car 8 5 3 3 0.7442 0.4906 0.8147 0.8147
Carcinoma 2 1 1 0 0.8552 0.7279 0.7344  1.0000
Urinary Bladder Papilloma 1 1 0 0 0.8556 0.5783 1.0000 1.0000
Uterus Endometrial Stromal sarco 0 0 0 1 0.2093 0.3543
Polyp 13 4 1 4 0.7936 0.9113 0.9982 0.9113
Schwannoma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Squamous Cell Carcinoma 1 0 0 1 0.3756 1.0000 1.0000 0.5849
Uterus/Cervix Leiomyoma 0 0 1 0 0.4140 R 0.3492
Schwannoma 1 0 0 0 1.0000 1.0000 1.0000 1.0000
Vagina Polyp 0 0 0 1 0.2093 R R 0.3543

Com C: Combined vehicle control

Reference ID: 3243237
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Table 4A: Intercurrent Mortality Rate in

Male Mice
Positive
Control 1 Control 2 Control Low Medium Mid-Hi High
No. of No. of No. of No. of No. of No. of No. of
Week Death Cum. % Death Cum. % Death Cum. % Death Cum. % Death Cum. % Death Cum. % Death Cum. %
i i fffffffffffffffffffffffffffffffrfrefrfrfreferfrefrfrerefrerefreees
0 -10 - . 1 4.00 1 4.00 .
11 - 20 - - - - 15 64.00 - R - R - - 1 4.00
21 - 26 - - 3 16.00 8 96.00 - - - - - - - -
Ter. Sac. 25 100.00 21 84.00 1 4.00 25 100.00 25 100.00 25 100.00 24 96.00
Total N=25 N=25 N=25 N=25 N=25 N=25 N=25

# Cum. %: Cumulative percentage

Table 4B: Intercurrent Mortality Rate
Female Mice

Positive
Control 1 Control 2 Control Low Medium Mid-Hi High

No. of No. of No. of No. of No. of No. of No. of
Week Death Cum. % Death Cum. % Death Cum. % Death Cum. % Death Cum. % Death Cum. % Death Cum. %
i i fffffffffffffffffffffffffffffffffffrfrefrfrfreferfrefrfrefrfrerefreees
11 - 20 . - . - 11 44 .00 . - - - 1 4.00 2 8.00
21 - 26 1 4.00 - R 13 96.00 1 4.00 - R - R -
Ter. Sac. 24  96.00 25 100.00 1 4.00 24 96.00 25 100.00 24 96.00 23 92.00---
Total N=25 N=25 N=25 N=25 N=25 N=25 N=25

# Cum. %: Cumulative percentage

Table 5A: Intercurtent Mortality Comparison
Male Mice

Test Statistic P_Value#
FrEfEfrfffffffrffrrrffrrfrrreerrfrereerees
Dose-Response Likelihood Ratio 0.8142
Homogeneity Log-Rank 0.2022

#P-Values were calculated using data from Combined vehicle control, Low. Medium, Mid-Hi, and High dose groups

Table 5B: Intercurrent Mortality Comparison
Female Mice

Test Statistic P_Value#
FEEFFFfrfrfffrfffrrffrrffrrfffrffrrerrreeef
Dose-Response Likelihood Ratio  0.2855
Homogeneity Log-Rank 0.8212

#P-Values were calculated using data from Combined vehicle control, Low. Medium, Mid-Hi, and High dose groups

Reference ID: 3243237
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Table 6A: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Compatrisons
Male Mice

0 mg 25 mg 50 mg 200 mg 650 mg P_Value P_Value P_Value P_Value P_Value

Com C  Low Med Mid-Hi High Dose Com C Com C Com C Com C
Organ Name Tumor Name N=50 N=25 N=25 N=25 N=25 Resp vs L vs M vs MH vs H
Frff i ffffffffrfffrfffrfffrfffrffrfffrfffrfffrffrrffrrffrrffrrffreffrerrrerrreerrrer

Body Cavities/P Hemangiosarcoma 1 0 0 0 0 0.6735 0.3425 0.3425 0.3425 0.3333
Mesothelioma 1 o] 0 0 0 0.6735 0.3425 0.3425 0.3425 0.3333

Harderian Gland Adenoma 1 1 1 1 1 0.3342 0.5708 0.5708 0.5708 0.5587

Liver Hepatocellular adenoma 0 0 1 0 0 0.3333 R 0.3425 R -

Lung Adenocarcinoma 0 .6735 .3425 0.3425 0.3425 0.3333
Adenoma 0 .1375 0.3425 0.3333

Skeletal Muscle Hemangiosarcoma 0 1 .3333 0.3425 -

Skin Fibrosarcoma 0 .6735 .3425 0.3425 0.3425 0.3333
Hemangiosarcoma 0 0 .6735 .3425 0.3425 0.3425 0.3333

Spleen Hemangiosarcoma 1 1 .7692 .2685 0.2685 0.2685 0.5587

Stomach/Nonglan Papilloma 0 0 .1935 .3425 0.3333

Whole body Hemagiosarcoma 1 2 .8658 5621 0.5621 0.3335 0.8109

Reference ID: 3243237

Com C: Combined vehicle control
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Table 6B: Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons

Organ Name

Tumor Name

Female Mice

25 mg 50 mg
Com C Low Med Mid-Hi High
N=25 N=25 N=25 N=25

Dose
Resp

Com C
vs L

Com C
vs MH

200 mg 650 mg P_Value P_Value P_Value P_Value P_Value
Com C
vs M

Com C
vs H

T i i fff i i i fffffffffffffrffffffffffffrffffrffffrffrfrefrffifreferfrefrerefrerererefrefeerees

Body Cavities/B

Harderian Gland

Kidney

Lung

Primary Site Un

skin

Spleen

Stomach/Nonglan

Uterus

Vagina

Whole_Body

Hemangiosarcoma

Adenoma

Adenoma
Hemangiosarcoma

Adenocarcinoma

Adenoma

Lymphoma

Hemangiosarcoma

Hemangiosarcoma

Papilloma
Squamous Cell Carcinoma

Polyp

Hemangiosarcoma

Hemagiosarcoma

0 0 0 1
2 0 0 0
0 0 1 0

0 0 0

0 0 0
0 0 0
0 1 0 0
0 0 0 1
0 2 1 1
o] 0 0
0 0 0
1 0 0 0
o] 0 0 1
1 2 1 4

0.1633

0.8191

0.3219
0.4932

0.4932
0.3219

0.3219

0.1633

0.1633

0.6644
0.3219

0.4932

0.1575

0.0085*

0.2622

0.3378

0.3378

0.3378

0.3378

0.3378

-3378

.3378

-3378

21111

.3378

S1111

0.3288

0.3288

0.3288

0.3288
0.3288

0.3288

0.3288

0.3194

0.3288

0.3194

0.3194

0.3194

0.0110*

Reference ID: 3243237

Com C: Combined vehicle control
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Table 7A: Pairwise Comparisons of Positive Control and Vehicle Groups

Organ Name

Male Mice

Tumor Name

25 mg
Pos C#
N=25

P_Value

Com C
vs Pos C

FEfFffffffffrffrffrfffffffffffffrffrfrefrefrffrfrrfrefrerrfrerfreees

Body Cavities/P

Harderian Gland

Lung

Skin

Spleen

Whole_Body

Hemangiosarcoma
Mesothelioma

Adenoma
Adenocarcinoma
Adenoma

Hemangiosarcoma

Fibrosarcoma
Hemangiosarcoma

Hemangiosarcoma

Hemagiosarcoma

14
11

0.1724
0.1724

0.1724

<0.001*

<0.001*

0.0272*

0.1724
0.1724

<0.001*

# Com C: Combined vehicle control; Pos C: Positive control
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Table 7B: Pairwise Comparisons of Positive Control and Vehicle Groups

Female Mice

Organ Name Tumor Name

Com C#
N=50

Pos C#
N=25

P-Value

Com C
vs Pos C

FEEFfffffffffffrffffffffffffffffrffeffeffefrffrfrefrefrefefrefreees

Harderian Gland Adenoma

Lung Adenocarcinoma
Adenoma
Hemangiosarcoma

Spleen Hemangiosarcoma

Stomach/Nonglan Papilloma

Whole_Body Hemagiosarcoma

# Com C: Combined vehicle control;

1

0
14
11
3

21

0.1967

<0.001*

<0.001*

0.0092*

<0.001*

0.1967

Pos C: Positive control
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Figure 1A: Kaplan-Meier Survival Functions for Male Rats

Kaplan—Meier Curve
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Figure 1B: Kaplan-Meier Survival Functions for Female Rats

Kaplan—Meier Curve
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Figure 2A: Kaplan-Meier Survival Functions for Male Mice

Kaplan—Meier Curve

Nal e Mbuse Al G oups
1. 00 ©
\ \ \ o
=
o
= 0.757
-
o
=
p=
L
=
o
=
p=
o
Z 0.507
C
=
&
=
-
=
S 0.257
w
0'a)-l T T T T T
o 5 10 15 20 25
Tine in Vek to Death or Sacrifice
STRATA — ODOE3>=Contral 1 0 0 0 Gensored ODCEEG>=Contra 1
— DE3>=Cortra 2 0 0 0 Gensored OCEEG>=Control 2
— DOE=3>H gh 0 0 O Gensored DCEEG>H gh
— DEEG>low 0 0 O Gensored DCEEG>Low
DCEEG=N\edi um Gensored DCEEG=N\edi um
— DCEEG>=MId-H Sggmnsored [mes=ezSVICHT]

Reference ID: 3243237

DOEG>=Fos. CGontral

Censor ed

DOEGFRos. Gontrol




NDA 204-569 MK4305 (Suvorexant)

Page 24 of 25

Figure 2B: Kaplan-Meier Survival Functions for Female Mice
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