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1.0 EXECUTIVE SUMMARY

An original New Drug Application (NDA) was submitted for suvorexant to the Agency
on August 30, 2012 for treatment of insomnia, characterized by difficulties with sleep
onset and/or sleep maintenance. On June 28, 2013, FDA issued a Complete Response
(CR) Letter, stating that the application cannot be approved in its present form and
requested the following information:

. 10 mg tablet must be available at time of approval as the starting dose

. For patients expected to have significantly higher plasma levels of suvorexant
(e.g. patients taking concomitant CYP3A4 inhibitors), a 5 mg tablet strength is needed
. A safety update is required in the resubmission

On February 14, 2014, the sponsor submitted a Complete Response NDA 204569
addressing the deficiencies outlined in the FDA CR letter. Based on the subsequent
feedback from the Agency, including the 19-Jun-2013 CMC meeting on the proposal for
development of a 10 mg tablet, the 27-Sep-2013 End of Review Conference, and the
FDA'’s 18-Dec-2013 response to Merck’s CMC submission in which the FDA agreed that
the combination of the in vitro dissolution data for the 5 mg and 10 mg tablets, along with
relevant clinical data from the original NDA, support biowaivers.

This submission contains CMC information and two Phase 1 relative bioavailability
studies completed since the original NDA application was reviewed (P055, P056),
providing supportive data for the 5 mg and 10 mg tablets. At the End of Review
Conference, the FDA concurred with the sponsor’s plan not to update the clinical
modules in the original application based on the limited new clinical safety data to be
included in the resubmission.

Therefore, only the results of the Phase 1 relative bioavailability studies will be discussed
in this review.

1.1 RECOMMENDATION

The Office of Clinical Pharmacology (OCP)/ Division of Clinical Pharmacology-1 has
reviewed the Clinical Pharmacology information submitted to NDA 204569 Complete
Response and finds it acceptable provided that a mutually satisfactory agreement can be
reached between the sponsor and the Agency regarding the language in the package
insert.
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Study P055: A Study to Evaluate the Relative Bioavailability of a Suvorexant Low
Dose Formulation in Healthy Subjects under Fasting Conditions

Primary objective: To evaluate the relative bioavailability between four 5 mg Suvorexant
Tablets and one 20 mg Suvorexant Tablet after a single-dose in healthy subjects under

fasting conditions

Study Design Open-label, single-dose, randomized, two-period, two-treatment, two-
sequence, crossover study*
Study Population Healthy male (12) and female (12) subjects from 18 to 55 years of age,

with a BMI from 18.5 to 30.0 kg/m’

Treatment Groups

In each period, subjects received one of the following two treatments:
Treatment A Test Product: four 5 mg tablets
Treatment B Reference Product: one 20 mg tablet

Dose and Administration

Trt A (four Smg) or B (one 20 mg tablet) were administered after an
overnight fast of at least 10 hours with 240 mL of water.

The washout between drug administrations for each subject was 5 days
(£ 3 hours).

PK Sampling: plasma

In each period 15 samples were collected prior to dosing (0-hour) and at
0.25,0.5,1,1.5,2,2.5,3,4,6,9, 12, 24, 48 and 72 hours after drug
administration.

Analysis

LC-MS/MS method for suvorexant
Calibration Range: 1.00 to 1000.00 ng/mL

PK Assessment

Suvorexant AUC,.;, AUCins, Crnaxs Tmax and ti

Safety Assessment

Adverse events, vital signs, electrocardiograms, clinical chemistry

PD Assessment

None

* Subjects were randomly assigned to one treatment sequence:

Treatment

Sequence Period 1 Period 2
AB A B
BA B A

Bioanalytical Assay:

Plasma concentrations of suvorexant were determined using a validated liquid
chromatography-tandem mass spectrometric detection (LC-MS/MS) method (method
DM-909). This method was developed and validated by Merck Research Laboratories
and was later transferred and validated @@ (for details, see Section 2.6 of
the Clinical Pharmacology NDA 204569 Review in DARTTS, Apr 30, 2013).

The performance of the assay during the analysis of the samples from study P055 was
acceptable, see table below.
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Assay performance

Analyte Suvorexant (MK-4305)
Method: HPLC/MS/MS
Standard Range: 1.00 to 1000.00 ng/mL
Curve: R*: >0.998
Precision: <3.0%
Accuracy: < | 2.5 | %
LOQ: 1.00 ng/mL
QcC: 3 ng/mL 150 ng/mL 750 ng/mL
Precision:  3.3% 1.9% 3.1%
Accuracy: -0.3% -2.1% 0.1%

Comment: The bioanalytical method was found acceptable, with inter-day and intra-day
accuracy and precision being <15%.

Pharmacokinetic Results:

All 24 subjects were included in the pharmacokinetic (PK) and statistical data analyses.
One subject (Subject 0003) missed the 72 h sample collection time point in Period 1 and
did not complete Period 2 due to an adverse event (AE), loose stools, this subject was
included in the PK and statistical analyses.

Non-zero pre-dose concentration levels were obtained at the beginning of Period 2 as
detailed in the table below. However, all measured pre-dose levels were less than 5% of
the subject’s corresponding C,x value, therefore all pre-dose levels were maintained in
the PK analysis without baseline correction.

Pre-dose
Pre-dose Cmax Cone./Cmax
Subject Seq Period Trt Conc. (uM) (uM) (%) Decision
5 AB 2 B 0.00322 1.02 0.31 Include
9 BA 2 A 0.00674 1.27 0.53 Include
15 BA 2 A 0.00271 0.809 0.33 Include
21 BA 2 A 0.00339 0.766 0.44 Include

The pharmacokinetics of suvorexant following single-dose administration of four 5 mg
tablets and one 20 mg tablet were similar, as assessed by AUC.jast, AUC.infand Ciax.
Although not pre-specified, the 90% confidence interval of the GMR of these parameters
is within the bioequivalence (BE) interval of 80.00-125.00%.
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Suvorexant PK Parameters

Based on Measured Plasma ME-4303 {Suvorexant) Concentrations

Psendo
Intra-
GMR Sbj
Parameter  Trt m M 95% CI for GM  Conrrast ) 90% CI for GMR  CVy%)*
AUC) 3¢ A 4 812 6.87 - 9.61 AvsB 9613 90.65-101.93 115
(hr-pd) B 23 845 7.14-100 - - -
AUCqins A 24 845 7.13-100 AvsB 9613 90.53 - 102.08 11.8
(hr-pd) B 23 879 742-104 - - -
Coax A 4 0762 0.672 - 0.864 AvsB 10683 90.14-11512 14.7
fuld) B 23 0713 0.611-0.832 - - -
Median Range
Tomar A M 1.00 1.00-3.00
hr) B 23 2.00 0.50- 4.00
GM CFi%)*=
ty A M 12.8 318
{hr) B 23 12.5 322

* Estimated based on the elements of the variance-covariance mairix as: CT(%) = 100%sqrif( a" + on” - 2¥aus)2]
¥* CTi%) = 100%sgrifexpis’)-1), where 5° is the observed between-subjects variance on the namral log-scale.

Treatment A ME-4305 4 x 5 mg Tablets, Lot No.: WLO0035144 (Merck Sharp & Dohme Corp., US4)
Treatment B: ME-4303 1 x 20 mg Tablet, Lot No.: WLO0035143 (Merck Sharp & Dohme Corp., USA)

Individual Subject Ratios, GMR and the 90% CI for MK-4305 (Suvorexant)
Contrast A vs. B

13- gg
2| o
12 o o, gg
g o
1.1
98 8 o
© 8
LpesemennPagremermenemenennsl g% - LI
<t 0° 8o o
9=
g 0® 8o 68
5 o]
0% 5 o o
8]
[a)
07—
0.6 =] o o
Q
| AUCO-inf | ALCO-Last | Crax

| O Individual Ratios [l GMR with 90% CT for B |

Treamment 4: ME-4303 4 x 5 mg Tablets, Lot No.: WLO0035144 {Merck Sharp & Dohme Corp., US4)
Trearment B: ME-4303 1 x 20 mg Tablet, Lot No.: WL00033143 (Merck Sharp & Dohme Corp., USA)
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Mean MK-4305 (Suvorexant) Plasma Concentration-Time Profiles
A:n=24/B:n=23
(top panel: linear scale / bottom panel: log-linear scale)

A-ME-4305 4 x 5 mg Tablets, Lot No.: WL00053144 (Merck Sharp & Dobme Corp., USA)
(3 B: ME-4305 1 & 20 mg Tablets, Lot No_: WL00035143 (Merck Sharp & Dohme Corp., USA)
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Safety:

No serious adverse events (AEs) were reported during the conduct of this study.

Subject 0003 was discontinued from the study prior to Period 2 due to an AE.

None of the AEs had a significant impact on the safety of the subjects or on the integrity
of the study results. Somnolence was the most frequent AE as expected based on the
intended pharmacology of suvorexant.
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Study P056: A Study to Evaluate the Relative Bioavailability of a Suvorexant Novel
Lower Dose Formulation in Healthy Subjects under Fasting Conditions

Primary objective: To evaluate the relative bioavailability between two 10 mg MK-4305
(Suvorexant) Tablets and one 20 mg Suvorexant Tablet after a single-dose in healthy
subjects under fasting conditions

Study Design Open-label, single-dose, randomized, two-period, two-treatment, two-
sequence, crossover study*
Study Population Healthy male (20) and female (16) subjects from 18 to 55 years of age,

with a BMI from 18.5 to 30.0 kg/m’

Treatment Groups

In each period, subjects received one of the following two treatments:
Treatment A Test Product: two 10 mg tablets
Treatment B Reference Product: one 20 mg tablet

Dose and Administration

Treatment A (two 10 mg) or B (one 20 mg tablet) were administered
after an overnight fast of at least 10 hours with 240 mL of water.

The washout between drug administrations for each subject was 5 days
(£ 3 hours).

PK Sampling: plasma

In each period 15 samples were collected prior to dosing (0-hour) and at
0.25,0.5,1,1.5,2,2.5,3,4,6,9, 12, 24, 48 and 72 hours after drug
administration.

Analysis LC-MS/MS method for suvorexant
Calibration Range: 1.00 to 1000.00 ng/mL
PK Assessment Suvorexant AUC., AUC;ut, Crraxs Tmax and ti»

Safety Assessment

Adverse events, vital signs, electrocardiograms, clinical chemistry

PD Assessment

None

* Subjects were randomly assigned to one treatment sequence:

Treatment

Sequence Period 1 Period 2
AB A B
BA B A

Bioanalytical Assay:

Plasma concentrations of suvorexant were determined using a validated LC-MS/MS
method (method DM-909). This method was developed and validated by Merck Research

Laboratories and was later transferred and validated

b) (4 .
@@ (for details, see

Section 2.6 of the Clinical Pharmacology NDA 204569 Review in DARTTS, Apr 30,

2013).

The performance of the assay during the analysis of the samples from study P056 was

acceptable, see table below.
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Assay performance

Analyte Suvorexant (MK-4305)
Method: HPLC/MS/MS
Standard Range: 1.00 to 1000.00 ng/mL
Curve: R*: >0.998
Precision: <3.5%
Accuracy: < | 1.8 | %
LOQ: 1.00 ng/mL
QcC: 3 ng/mL 150 ng/mL 750 ng/mL
Precision:  3.3% 2.5% 2.4%
Accuracy: -0.3% -3.0% -2.9%

Comment: The bioanalytical method was found acceptable, with inter-day and intra-day
accuracy and precision being <15%.

Pharmacokinetic Results:

Subjects 0016 and 0017 were discontinued due to illicit drug use prior to Period 2 dosing.
In addition, Subject 0014 missed the 72-hour sample collection in Period 1 (Treatment
A). According to the protocol, all available data from Subjects 0014 Period 1 (Treatment
A), 0016 Period 1 (Treatment A), 0017 Period 1 (Treatment B) were included in the PK
analyses.

Subject 0025 missed the 48-hour sample collection in Period 2 (Treatment A). In
addition, Subject 0025 did not have a quantifiable suvorexant concentration at 72 hours in
either period. Consequently, the missed sample for Subject 0025 led to PK parameters
being evaluated over truncated sampling intervals in both study periods: 0 to 48 in Period
1 and 0 to 24 in Period 2.

However, the estimated AUC.jo5t, AUCy.inrand t%2 were similar between the study periods
for Subjects 0014 and 0025. In addition, based upon table below, the percentage
extrapolation was still <20%. Therefore, 35 subjects were included in the PK dataset for
Treatment A and 35 subjects were included in the PK dataset for Treatment B.

Between-Period Comparison of Selected Parameters for Subjects 0014 and 0025

. A (.-"Cg_fﬂ,, A {.-'7(—-9_,', of A (.-"Cg_fm ,/A I.-'T(—_g_f, of Iy L QCT
Soj  Seq  Per

(hruM)  (hruM) (%) (hr) (irr)

14 AB 1 16.0 19.7 81.3 208 472

14 AB 2 15.8 16.6 95.2 174 718
Ratio Period 1 /Period 2 1.01 119 0.85 1.20

25 BA 2 6.78 8.00 84.8 9.09  24.0

25 BA 1 6.72 6.86 98.0 862 476
Ratio Period 2 /Period 1 1.01 L17 0.87 1.05

None of the subjects had pre-dose concentrations greater than 5% of their respective Cpax
in a given period and no subjects experienced emesis within 4 hours of drug
administration.
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The pharmacokinetics of suvorexant following single-dose administration of two 10 mg
tablets and one 20 mg tablet were similar, as assessed by AUC.ja5t, AUC.infand Ciax.
Although not pre-specified, the 90% confidence interval of the GMR of these parameters
lie within the BE interval of 80.00-125.00%.

Suvorexant PK Parameters

Based on Measured Plasma ME-4305 (Suvorexant) Concentrations

Psendo
Intra-
GMR  90% CI for Sbj
Parameter Trt n GM 95% CI for GM  Contrast %) GMR CFi%)*
AUCq 35 A 35 7.09 505-845 AvsB 0571 9154-10006 108
{hr-ul) B 35 741 6.25-8.78 - -
AUC 5 A 35 736 6.14-882 AvsB 0665 9223-10129 114
{Tir-uld) B 35 761 6.40-905 - -
Crar A 35 0.697 0.628-0.773 AvsB 10228 94907-11015 181
(1) B 35 0.681 0.605 - 0.767 - -
Median Range
Tomax A 35 1.00 0.530-3.00
h B 35 1.50 0.50-4.00
GM CVi%)**
g A 35 11.5 383
(h B 35 11.5 357

* Estimated based on the elements of the variance-covariance matrix as; CV(%g) = 100%sgrif{ 6" + " - 2%a,5/2]
=+ CT%s) = 100%sqrtfexp(s’)-1), where 57 is the observed between-subjects variance on the nanwal log-scale.
Treamment A- ME-4303 2 x 10 mg Tablets, Lot No.: WLOO0353135 (Merck Sharp & Dohme Corp., US4)

Treamment B: ME-4303 1 x 20 mg Tablets, Lot No.: WLOO035314 (Merck Sharp & Dohme Corp., US4)

Individual Subject Ratios, GMR and the 90% CI for MK-4305 (Suvorexant)
Contrast A vs. B
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Treament A ME-4303 2 x 10 mg Tablets, Lot No.: WLO0035315 (Merck Sharp & Dohme Corp., US4)
Treatment B: ME-4303 1 x 20 mg Tablets, Lot No.: WLO0033314 (Merck Sharp & Dohme Corp,, US4)

Mean MK-4305 (Suvorexant) Plasma Concentration-Time Profiles
A: n=35/B: n=35 (linear scale)

A: ME-4305 2 x 10 mg Tablets, Lot No.: WL00035315 (Merck Sharp & Dohme Corp_, USA)
5 B: ME-4305 1 x 20 mg Tablets, Lot No.- WL00055314 (Merck Sharp & Dohme Corp., USA)

Concentration (M)

Safety Results:

No subjects were discontinued due to adverse events (AEs). No serious AEs were
reported during the conduct of this study. Somnolence was the most frequent AE as
expected based on the intended pharmacology.
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An additional analysis was conducted by pharmacometrics (Dr. Satjit Brar) to justify the

labeling change proposed by the sponsor about the effect of gender on suvorexant
average concentration 9 hours after dosing (C9), see Special Populations Rationale on

page 15. The analysis demonstrated that there is no conclusive difference in C9 between
male and female patients in the Phase 2 (Trial 6) and the two Phase 3 trials (Trials 28 and

29).
Therefore, the labeling change proposed by the sponsor was accepted.
observed Shr concentration (Trial 6)
1.8
H male
| female
1.6
1.4
g 1.2
: |
0 1
el
©
b 0.8 I
E°
E 0.6 T [
S
oa - |
0.2 1
0|
10 mg (day 1) | 20 mg (day 1) | 40 mg (day 1) | 80 mg (day 1) 10 rrzlgé)(day 20 r;l%)(day 40 "g)(day 80 rrg)(day
6 6 6 6 6 6 6 6
male 0.2179 0.2753 0.4235 0.8923 0.2269 0.3019 0.5141 1.119
female 0.2041 0.2671 0.4606 0.7978 0.2499 0.3393 0.6278 0.7766
female / male observed C9 (Trial 6)
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observed C9 concentration (Trial 28)
1.2
W male
M female
1
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o7 15mg | 20mg | 30mg | 40mg | 15mg | 20mg | 30mg | 40mg | 15mg | 20mg | 30mg | 40mg
(day 1) | (day1) | (day1) | (day1) | (day28) | (day28) | (day28) | (day28) | (day90) (day90) | (day90) | (day 90)
28 28 28 28 28 28 28 28 28 28 28 28
male 0.2754 0.3219 0.4248 0.5271 0.3972 0.433 0.5965 0.6456 0.3481 0.4147 0.6342 0.6465
female| 0.3067 0.2671 0.4658 0.4987 0.4476 0.4072 0.6377 0.6363 0.4277 0.3899 0.6481 0.6363
female / male observed C9 (Trial 28)
13
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observed C9 concentration (Trial 29)
1.2
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29 29 29 29 29 29 29 29 29 29 29 29
male 0223 | 0.2698 | 0.4437 | 05117 | 0332 | 0.3934 | 0.5908 | 0.6371 | 0.358 | 03842 | 0.532 0.681
female| 0.3163 | 03131 | 0.4855 @ 0.498 | 0.4454 03592 | 06951 | 0.6193 @ 0.407 | 03691 | 0.719 0.609
female / male observed C9 (Trial 29)
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ONDQA BIOPHARMACEUTICS REVIEW
Office of New Drug Quality Assessment

Application No.: NDA 204-569, Resubmission Reviewer:
Division: DNP Sandra Suarez Sharp, Ph.D.

Biopharmaceutics Team Leader:
Applicant: Merck Sharp & Dohme Corp. Angelica Dorantes, Ph.D

Trade Name: ®® Tablets Acting Biopharmaceutics Supervisor:

Richard Lostritto, Ph.D
. Suvorexant Film-Coated IR

Generic Name: Tablets Date Assigned: Feb 15,2014

Indication: Treatment of Insomnia . June 23, 2014
Date of Review:

Formulation/strength Immediate Release Tablet/5 mg,

and 10 mg

Route of Administration Oral

SUBMISSIONS REVIEWED IN THIS DOCUMENT

- Date of informal/Formal | Desired Completion Date
Submission Dates

Consult
Feb 15,2014 Feb 15,2014 June 25, 2014
May 30, 2014
Type of Submission: Resubmission

Biopharmaceutics Review | ¢ Dissolution method and acceptance criterion
Focus: e Dissolution data supporting the biowaiver request for the 5 mg and 10 mg tablets

SUMMARY OF BIOPHARMACEUTICS FINDINGS:

Background

Suvorexant (MK-4305), an orexin receptor antagonist, is being proposed for the treatment of insomnia.
NDA 204-569 for suvorexant was originally submitted on Aug 30, 2012. The NDA was found acceptable
from biopharmaceutics perspective'; however, a CR letter was issued on June 28, 2013 due to safety
concerns. In the CR letter, the FDA stated that the 10 mg tablet strength must be available at the time of
approval as the starting dose and that the 5 mg tablet strength is needed for patients expected to have
significantly higher plasma levels of suvorexant (e.g., patients taking concomitant CYP3A4 inhibitors).

CURRENT SUBMISSION
This resubmission to NDA 204569 contains the Applicant’s responses to the deficiencies outlined in the
FDA’s CR letter dated June 28, 2013, following review of the initial NDA submission of August 30, 2012.

In response to the FDA’s recommendation, the 30 mg and 40 mg strengths are no longer being planned for
marketing. Therefore, in the current resubmission, the Applicant is seeking approval of the 5 mg and 10
mg strengths of Suvorexant IR tablets. The following information was included to support the approval of
these two lower strengths:

» Side by side comparison of the formulations (components and composition)

» Dissolution profile comparisons in the QC media for two additional batches per strength

» In vivo dose-proportionality which included the two strengths under review. This study is being

reviewed by OCP.

! Biopharmaceutics review for NDA 204569 original submission entered in DARRTS by Sandra Suarez on
Sep 2012.
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The Biopharmaceutics review is focused on the review of the following:
1. Dissolution data supporting the proposed dissolution method
2. Acceptance of the proposed dissolution acceptance criterion
3. Additional dissolution profile comparisons

1. Dissolution Method and Acceptance Criterion:
The following method and acceptance criterion are been proposed for the 5 and 10 mg strengths for QC

purposes:
USP Spindle Medium Temperature Medium Acceptance
Apparatus Rotation Volume Criterion
II (paddle) 75 rpm 900mL 37°C 0.4% SDS in | Q=®® in 30 min
QLA sinker water

The dissolution method ®® js acceptable. The

method showed good discriminating ability towards several critical process parameters. In a teleconference
held on May 28, 2014, the Applicant agreed to revise the dissolution acceptance criterion to Q= ®% in 30
min and submit further justification to support it. The data submitted on June 30, 2014, further suppon the
implementation of the recommended dissolution acceptance criterion for both strengths.

It is noted that the setting of this criterion
was based on data linking the in vitro dissolution data to in vivo PK data’.

2. Dissolution Profile Comparisons
In response to the FDA’s requests sent on Dec 2013, the Applicant provided dissolution profiles
comparison for two additional batches per strength. The f2 similarity values for all the batches and
strengths were higher than 50, indicating that the lower strengths and the higher strengths have
proportional in vitro and in vivo performance.

RECOMMENDATION:

ONDQA-Biopharmaceutics has reviewed the resubmission to NDA 204-469 and its amendments
submitted on Feb 15, 2014 and June 6, 2014. The dissolution data and additional information provided in
all these submissions support the approval of 5 and 10 mg strengths.

The following dissolution method and acceptance criterion for the 5 mg and 10 mg the strengths of
Suvorexant IR Tablets are acceptable and have agreed upon with the Applicant (refer to submission dated
May 30, 2014):

USP Paddle Spindle Medium Temperature Medium Acceptance
Apparatus Rotation Volume Criterion
II (paddle) 75 rpm 900mL 37°C 0.4%SDSin | Q=®® in 30 min
QLA sinker water

From Biopharmaceutics perspective, the resubmission to NDA 204-469 is recommended for APPROVAL.

Sandra Suarez Sharp, Ph. D. Angelica Dorantes, Ph.D.

Biopharmaceutics Reviewer Biopharmaceutics Team Leader

Office of New Drug Quality Assessment Office of New Drug Quality Assessment
cc. RLostritto
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BIOPHARMACEUTICS ASSESSMENT

BACKGROUND

Suvorexant, also known as MK-4305 is a New Molecular Entity (NME). It is an orally
active, potent, and reversible orexin receptor antagonist (ORA) and is anticipated to be
the first in class ORA for the treatment of patients with insomnia. A CR letter was issued
on June 28, 2013 due to safety concerns. In the CR letter, FDA stated that the 10 mg tablet
strength must be available at time of approval as the starting dose and that the 5 mg tablet
strength is needed for patients expected to have significantly higher plasma levels of
suvorexant (e.g., patients taking concomitant CYP3A4 inhibitors).

Merck submitted to FDA a proposal for the development of the lower strengths, which
was discussed on June 19, 2013. The Applicant described their plans to develop 5 mg and
10 mg tablets o

and based on available CMC data on the 15 mg, 20 mg, 30 mg and 40 mg
tablets, the Applicant anticipated that information pertaining to manufacture and control
of the 5 mg and 10 mg strengths including in vitro dissolution and stability data would
support review and approval of these lower dose strengths, without additional clinical
data.

PREVIOUS COMMUNICATIONS BETWEEN APPLICANT and FDA
Meeting: The meeting package dated Aug 15, 2013 included several Biopharmaceutics
questions and the following comments were conveyed to the Sponsor on Sep 25, 2013:
1. The approved dissolution method for the higher strengths is appropriate for the
lower strengths provided that the following is met:
o The dissolution profiles for the 5 mg and 10 mg strengths do not differ
significantly from the higher strengths in such a way that the

discriminating ability is lost. o
4

o The dissolution acceptance criterion for these strengths should be set
based on the performance of the registration/commercial/ stability batches
and may not be the same as that approved for higher strengths

2. We remind you that if you are not planning on doing any dose proportionality
studies to support the approval of these strengths, a biowaiver request of the BA
studies should be included in the NDA submission. The biowaiver will be granted
if the following requirement are met:

= The proposed lower and higher strengths of your product have the same

dosage form;
®)@

= The lower and highest strength products have the same manufacturing
process; and
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= Dissolution profile comparisons between the higher and lower strengths in
three different media meet the f2 similarity requirements.

Teleconference: On a teleconference dated Sep 27, 2013, the FDA clarified that the
approved IVIVC cannot not be used as a surrogate for BA/BE given that it was a Level C
correlation which only took into consideration Cmax. Under these conditions, the
correlation could only be used to support the drug product specification ranges for some
attributes ®@ " Therefore, the approval of the lower strengths should be
based on a dose- proportionally study. Alternatively, this study could be waived if the
requirements stated in the submitted preliminary comments (as listed on the background
section) are met. FDA suggested that if /2 testing fails, the Applicant may consider
relying on in vivo data to justify/support the approval of these strengths in such a way
that if dissolution of the new strengths (5 mg and 10 mg) using the QC method is
demonstrated to be within the bounds established from pivotal clinical studies (e.g. 15 mg
data from Protocol 051), a new PK study may not be required.

Submission: On a submission dated Oct 28, 2013, the Applicant included dissolution
profiles comparisons with similarity testing (2 and multivariate) in three different media
as well as formulation information in support of the biowaiver of the BA/BE studies for
the 5 mg and 10 mg strengths. The reviewer” concluded that the data submitted support
the claim of 5 mg, 10 mg and 15 mg being dose proportional.

The submission package included the following questions which were conveyed to the
Applicant after a submission received in which the Applicant proposed to conduct an in
vivo dose-proportionality study:

Question 1: Does Agency agree that the similarity observed in the dissolution
data for 10 mg and the available clinical experience supports a biowaiver of
additional clinical characterization for the 10 mg strength?

Response:
Yes, we agree.

Question 2: Does Agency agree that the similarity observed in the dissolution
data for 5 mg and the available clinical experience supports a biowaiver of
additional clinical characterization for the 5 mg strength?

Response:
Yes, we agree.

Additional Comment to be conveyed to the Applicant:
Provide dissolution profile comparisons for two additional batches per strength at
the time of NDA resubmission.

? Biopharmaceutics Review entered in DARRTS by Dr. Suarez on Nov 2013.
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APPROVED DISSOLUTION METHOD AND ACCEPTANCE CRITERION
The following dissolution method and acceptance criterion was approved as a QC method
for the 15 mg. 20 mg, 30 mg and 40 mg strengths of Suvorexant IR, tablets’:

USP Spindle Medium Temperature Medium Acceptance
Apparatus Rotation Volume Criterion
1I (paddle) 75 rpm 900mL 37°C 04%SDSin | Q=®® in 30 min
QLA sinker water
DRUG PRODUCT

The components and composition of Suvorexant IR tablets are summarized in Table 1.

Table 1. SUVOREXANT TABLETS COMPOSITION

Amonnt per Amount per

Tablet (ng) Tablet (ng)
Components Smg 10 mg

Total Tablet Weight
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Current NDA Resubmission
The current resubmission contains the following information supporting the approval of
the 5 mg and 10 mg strengths:

1.

Reviewer’s Comments
This Reviewer agrees with the Applicant’s statement

2. Manufacturing processes
According to the Applicant, the manufacturing process for the 5 mg and 10 mg tablets is

considered identical to the 15, 20, 30, and 40 mg stren

This information needs to be qualified by the CMC reviewer and it
will be a review 1ssue.

3. Dissolution Profile Comparisons
In response to the FDA’s request submitted on Dec 18, 2013, dissolution profiles for two
additional batches each of 5 mg and 10 mg potencies with the filed QC dissolution
method were compared to dissolution profiles from 15 mg MK- 4305 tablets
(WL00036691) used in pivotal clinical studies PN028/P029 (phase III studies) and 15 mg
tablets (WL00041508) used in PNO51 (comparative bioavailability study between 2x15
mg vs. 30 mg and 2x20 mg vs. 40 mg).

Figure 1 shows that the dissolution profiles of the proposed new 5 mg tablets of lots
WL00053437 and WL00053438 in the QC release method were found to be identical to
the 15 tablet dissolution for the batch tested in PNO51 as all lots show dissolution

Similarly, Figure 2 shows the dissolution profiles of the
proposed 10 mg tablets of lots WL00053282 and WL00053284 in the QC method were
found to be similar to the dissolution profile of 15 mg tablet lot used in PN028/029. The
f2 similarity factors were 89 and 92 respectively.
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Figure 1. Average Dissolution Profile in QC Method: USP II, 0.4% SDS in USP Water, 75 rpm
for 5 mg tablets WL00053437, WL00053438, WL00053439 and 15 mg tablet WL00041508.

Figure 2. Average Dissolution Profile in QC Method: USP II, 0.4% SDS in USP Water, 75 rpm
for 10 mg tablets WL00053437, WL00053438, WL00053439 and 15 mg tablet WL00041508.

Conclusion

The dissolution data submitted on Oct 28, 2013 and additional information provided in
the present submission support the approval of the 5 and 10 mg.
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Dissolution Method and Acceptance Criterion for the New Strengths

The following method and acceptance criterion were originally proposed for QC purpose for the
two 5 and 10 mg new strengths:

USP Spindle Medium Temperature Medium Acceptance
Apparatus Rotation Volume Criterion
II (paddle) 75 rpm 900mL 37°C 04%SDSin | Q=®® in 30 min
QLA sinker water

The dissolution method 0@ o

acceptable. The method showed to have good discriminating ability towards several critical
process parameters.

In a teleconference dated May 28, 2014, the FDA communicated the Applicant the need
to tighten the acceptance criterion to Q= ®9 This original recommendation was

&)
based on data Ll

The Applicant proposed to consider the criterion to

Q: ® @ ®) @

m 30 min

The FDA agreed with the proposal and requested
the Applicant to submit their proposal in writing with supporting information. The data
submitted on May 30, 2014, further support the implementation of the recommended
dissolution acceptance criterion for both strengths. The data summarized on Table 2

shows that the 5 mg and 10 mg tablets were BE to the 20 mg tablet we

This criterion was also set based on data linking in vitro
dissolution to in vivo PK data’.

Table 2. Bioequivalence assessment for PNO55/PN056.

Reference ID: 3530470

AUC 0-last AUC 0-inf. Cmax
4x5mg (n=24) vs 96.13% (90.65% - 96.13% (90.53%- 106.83 % (99.14 —
1x20mg (n=23) 101.93%) 102.08%) 115.12%)

2x10mg (n=35) vs
1x20mg (n=35)

95.71% (91.54% -
100.06%)

96.65% (92.23% -
101.29%)

102.28% (94.97%-
110.15%)




Figure 3. Dissolution Profile of 5 mg, 10 mg, 20 mg, 30 mg, and 40 mg tablets from
Registration Stability Batches and PK batches. Data taken from the Aug 13, 2013 correspondence.

Conclusion and Recommendation

The dissolution data and additional information provided in the present resubmission support the
approval of 5 and 10 mg strengths. The resubmission of NDA 204-569 is recommended for
approval from the Biopharmaceutics perspective.
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

NDA 204569

End of Review Conference Type A
Sponsor: Merck & Co., Inc.

Drug: Suvorexant

Formulation: Tablets (15, 20, 30, 40 mg)
Indication: Insomnia

Submission Date: Aug 21, 2013
Internal Meeting Date: Sept 20, 2013
Sponsor Meeting Date: Sept 27, 2013
Reviewer: Hristina Dimova, Ph.D.
Team Leader: Angela Men, M.D., Ph.D.

1. Background

A New Drug Application (NDA) was submitted to the FDA on August 30, 2012 for
treatment of insomnia, characterized by difficulties with sleep onset and/or sleep
maintenance. A review of the suvorexant efficacy and safety data was completed by the
Peripheral and Central Nervous System (PCNS) Drug Advisory Committee Meeting
(ACM) on May 22, 2013. On June 28, 2013, the FDA issued a Complete Response
Letter, stating that the application cannot be approved in its present form and requested
the following:

. 10 mg tablet must be available at time of approval as the starting dose and
manufacturing data is need to support the application

. For patients expected to have significantly higher plasma levels of suvorexant
(e.g. patients taking concomitant CYP3A4 inhibitors), a 5 mg tablet strength is needed.
. A safety update is required in the resubmission to include all data from
nonclinical and clinical studies/trials under consideration, regardless of indication, dosage
form, or dose level.

The objectives of the meeting are to obtain input and agreement on the Sponsor’s plan to
address the deficiencies in the Complete Response Letter.

2. Development Plans
The sponsor proposes a series of plans (not in question format) for the clinical and non-
clinical sections of the re-submission.

® @
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Reviewer’s Comments: Need to update
mavailable at the time of the NDA submission. Include

if available.

Reviewer’s Comments: The sponsor needs to include _

if available at the time of the NDA submission
ClinPharm has not been asked to review this protocol.

LIST OF QUESTIONS

Question 1:

Does the FDA confirm that the proposed development plan and data package including in
vitro dissolution and stability are sufficient to support review and approval of the 5 mg
and 10 mg tablets?

Internal Meeting Discussion:
According to sponsor,

no clinical BE studies are needed. However, the
waiver for clinical BE studies needs to be supported by suvorexant dose proportionality
in the approved dose range (5 mg -20 mg). While suvorexant pharmacokinetics are less
than dose proportional over the 10 to 80-mg range (likely due to absorption limitations
with increasing doses), this seems to apply to higher than 30 mg suvorexant doses. The
relative bioavailability is predicted to be 83.9%, 98.4%, 69.9%, and 52.0% for 20-mg,
30-mg, 40-mg, and 60/80 in relation to a 10-mg suvorexant oral dose, which is set as a
reference (100% BA). Therefore, it is unlikely that there could be any dose
proportionality issues for the 5 -20 mg range.

FDA (CMC and ONDQA) Preliminary Response:

The proposed development plan and data package for 5 mg and 10 mg suvorexant tablets
is consistent with the proposal
for 10 mg tablets discussed in the June 19, 2013, teleconference between Merck and FDA
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representatives. We agree that our previous agreement regarding the development plan
and data package for the 10 mg tablet will extend to ®® 5 g tablet. The
adequacy of the data to support approval will be a matter for review.

Clinical Pharmacology Related Meeting Discussion:

If an additional in vivo PK evaluation (at the doses of 5 and 10 mg) is needed, the dose
proportionality of suvorexant in the dose range 5 to 20 mg can be assessed using a power
model.

Question 2:

If development of a 5 mg tablet requires additional formulation development (incurring a
significant delay compared to the 10 mg tablet) and differs from the other dose strengths
(10 mg, 15 mg, and 20 mg), 9 then Merck would propose to
provide a resubmission that would include data supporting only the new 10 mg tablet and
appropriate precautionary labeling around use with moderate CYP3A inhibitors. Merck
would also commit to a post approval submission of data supporting the 5 mg tablet.

a. Does FDA agree that suvorexant can be approved with the 10 mg dose strength
with appropriate label restrictions (e.g. statement that moderate CYP3A inhibitors are not
recommended, as with the strong CYP3A inhibitors) [see Section 5.1.2] until a 5 mg dose
strength 1s available for those receiving concomitant moderate CYP3A inhibitors?

Clinical Pharmacology Preliminary Response:
This 1s acceptable.

b. Does FDA agree with Merck’s proposal to commit to a subsequent post-approval
submission of data supporting the 5 mg tablet together with revised labeling in support of
approval of the 5 mg tablet?

Clinical Pharmacology Preliminary Response:
Yes, see response to 2a.

Question 3:
®@
®@
a. Does the Agency agree that can be
provided in the submission ©®9
Clinical Pharmacology Preliminary Response:
You will need to provide e
®@

if available at the time of the NDA submission and include
if available. No need to update the ®® jnformation
(summary tables, etc.) in CTD Module 2.7.2.
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b. Does FDA agree that revisions to the clinical CTD sections (Module 2.5, 2.7.1-
2.7.4 and integrated safety summaries) will not be required in the resubmission?

FDA Preliminary Response:
Yes.
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

NDA 204569

Protocol and Quality Submissions
Sponsor: Merck & Co., Inc.

Drug: Suvorexant

Formulation: Tablets (15, 20, 30, 40 mg)
Indication: Insomnia

Submission Dates: Oct 22 and Oct 28, 2013
Internal Meeting Date: Dec 18, 2013
Reviewer: Hristina Dimova, Ph.D.

Team Leader: Angela Men, M.D., Ph.D.

Background

A New Drug Application (NDA 204569) was submitted to the U.S. FDA on August 30,
2012 for treatment of insomnia, characterized by difficulties with sleep onset and/or sleep
maintenance. FDA issued a Complete Response Letter on June 28, 2013. FDA stated that
10 mg tablet strength must be available at time of approval as the starting dose and that 5
mg tablet strength is needed for patients expected to have significantly higher plasma
levels of suvorexant (e.g., patients taking concomitant CYP3 A4 inhibitors).

An End of Review Conference Type A meeting with FDA was held on September 27,
2013 to discuss the suvorexant NDA resubmission plans. The Agency confirmed that the
proposed quality development plan and data package for 5 mg and 10 mg suvorexant
tablets ®@ is consistent with the
proposal for 10 mg tablets discussed in the June 19, 2013, teleconference between Merck
and FDA representatives. At the End of Review Conference, FDA also clarified that
based on current CFR, f2 multimedia comparisons are needed to demonstrate dissolution
similarity in multimedia for a biowaiver. However, if {2 testing fails, the sponsor may
need to rely on in vivo data to justify/support the approval of the new strengths (5 mg and
10 mg). In addition, the agency clarified that the dose proportionality of suvorexant could
be addressed by either applying the bioequivalence or the power model approaches.

Current Submissions:

Oct 22, 2013 Submission

PK protocol p055 “A Study to Evaluate the Relative Bioavailability of a Suvorexant
Low Dose Formulation in Healthy Subjects under Fasting Conditions”

Objective: To evaluate the relative bioavailability of four suvorexant Smg tablets and one
suvorexant 20mg tablet after single dose administration in healthy subjects under fasting
conditions

Study design: Open-label, single-dose, randomized, two-period, two-treatment, two-
sequence, crossover, relative bioavailability study

Study Population: Twenty-four healthy, non-smoking, male and female subjects, from 18
to 55 years of age

PK Sampling Schedule: Prior to dosing (0-hour) and 0.25, 0.5, 1, 1.5, 2,2.5, 3,4, 6, 9,
12, 24, 48 and 72 hours post-dose
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Statistical Analysis

A linear mixed-effects model appropriate for this 2-period crossover design will be used
to estimate the relative bioavailability of 20 mg suvorexant administered as four 5-mg
tablets or one 20-mg tablet.

Individual AUCinf and Cmax values will be natural log transformed and analyzed
separately in linear mixed effects models with fixed effects for treatment and period.
Ninety percent (90%) confidence intervals (CI) will be constructed for the treatment
differences in LS means for both endpoints. Exponentiating the log-scale 90% CIs will
provide 90% CIs for the geometric mean ratios (four 5-mg tablets / one 20-mg tablet) for
AUCinf and Cmax.

Comment: No criteria for comparison, e.g. (80%, 125%) bounds.

Clinical Pharmacology comment to Protocol p055:

If the sponsor chooses to use the power model approach, they need to obtain AUC and
Cuax after 5 mg and 10 mg to compare with the pooled data from their 15mg and 20mg
tablets.

If the BE approach is used, the sponsor should define the criteria for comparison of the
four Smg tablets vs. one 20mg tablet, e.g:

Statistical Analysis

Log transformed AUC,s, and C,.x Will be analyzed using a mixed effect model with
sequence, day and treatment as fixed effects and patient within sequence as a random
effect. BE will be concluded if the 90% confidence intervals for the true ratio of adjusted
geometric means for both AUC;,s, and Cpx fall within (80%, 125%).

In addition, the sponsor needs to have similar comparisons for the 10 mg tablet it the 10
mg is not granted bio-waiver per ONDQA (Pleases refer to their section).

Oct 28, 2013 Submission

Per the agency feedback received on 25-Sep-2013 and 16-Oct-2013, the sponsor has
evaluated both in-vitro data for the 5 mg, 10 mg and 15 mg (reference) strength tablets
and clinical experience. The sponsor believes there is sufficient justification to request a
waiver of the CFR requirement to provide data from in vivo BA studies for the two lower
strengths, 5 and 10 mg of suvorexant tablets and provides supportive information. Please
refer to ONDQA review (Dr. Suarez) for detailed discussion on the supportive in vitro
dissolution information. In summary, according to Dr. Suarez:

The dissolution data provided on 10/28/13 support the approval of the 5 and 10 mg
strengths provided that the observed ba

1s not of clinical concern. Therefore, in vivo PK study
may not be needed.
e The difference in dissolution profile among strengths is unlikely to results in
differences in (dose adjusted) AUC since the extent of release is not being
affected.
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o Itis likely that the Cyax resulting from the 5 mg strength is similar to that of the
15 mg strength based on similar dissolution profiles. According to the sponsor,
the administration of a moderate CYP3A inhibitor with suvorexant significantly
increased suvorexant AUC., [GMR (90%CI): 2.05 (1.82, 2.30)]; by comparison,
there was a less pronounced effect on Cpax [1.22 (1.09, 1.36)]. Therefore,
although 5 mg suvorexant co-administered with moderate CYP3A inhibitors is
expected to provide a similar systemic exposure (AUC) to that following 10 mg
suvorexant alone, the C,.x would be less affected.

Clinical Pharmacology comments:

Agree with the second bullet point that Cy,,x would be less affected with co-
administration with moderate CYP3A inhibitors.

No in vivo PK study is needed as 1) the 5 mg tablet is being developed for dosing
adjustment purpose only, and AUC is not expected to be affected (e.g. the AUC after 5
mg is expected to be 2 of that after 10 mg);

and 2) AUC correlates better with next day residual AEs (somnolence), while Ciax
correlated better with sleep induction, therefore the safety (next day somnolence) is
unlikely to be affected even if Cy,ax after 5 mg + moderate CYP3A inhibitor is somewhat
higher than that after 10 mg suvorexant (with no CYP3A4 inhibitors).
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ONDQA BIOPHARMACEUTICS REVIEW
Office of New Drug Quality Assessment

Application No.: NDA 204-569 Reviewer:
Division: DNP Sandra Suarez Sharp, Ph.D.

Biopharmaceutics Team Leader:
Applicant: Merck Sharp & Dohme Corp. Angelica Dorantes, Ph.D

Trade Name: ®® Tablets Acting Biopharmaceutics Supervisor:

Richard Lostritto, Ph.D
. Suvorexant Film-Coated IR

Generic Name: Tablets Date Assigned: Oct 28.2013

Indication: Treatment of Insomnia . Dec 12,2013
Date of Review:

Formulation/strength Immediate Release Tablet/5 mg,

and 10 mg

Route of Administration Oral

SUBMISSIONS REVIEWED IN THIS DOCUMENT

Date of informal/Formal | Desired Completion Date

Submission Dates Consult

Oct 28, 2013 Oct 28, 2013 Nov 26, 2013

Type of Submission: Correspondence

Biopharmaceutics Review

Focus: e Dissolution data supporting the biowaiver request for the 5 mg and 10 mg tablets

SUMMARY OF BIOPHARMACEUTICS FINDINGS:

Background

NDA 204-569 for suvorexant (MK-4305) was submitted on Aug 30, 2012. Suvorexant, an orexin receptor
antagonist is being proposed for the treatment of insomnia. The original proposed dosing regimen for non-
elderly adults is 40 mg once daily immediately before bed time and 30 mg once daily for elderly adults.
The NDA was found acceptable from biopharmaceutics perspectivel; however, a CR letter was issue on
June 28, 2013 due to safety concerns. FDA stated that a 10 mg tablet strength must be available at time of
approval as the starting dose and that a 5 mg tablet strength is needed for patients expected to have
significantly higher plasma levels of suvorexant (e.g., patients taking concomitant CYP3A4 inhibitors).

Merck submitted a proposal to the Agency for development which was discussed on June 19, 2013. The
Sponsor plans to develop two additional strength, 5 mg and 10 mg tablets R

and based on available CMC data on the 15 mg,
20 mg, 30 mg and 40 mg tablets, the sponsor anticipates that information pertaining to manufacture and
control of the 5 mg and 10 mg strengths including in vitro dissolution and stability data will support review
and approval of these lower dose strengths, without additional clinical data.

In response to the questions contained in a meeting package dated Aug 15, 2013, several comments related
to the biopharmaceutics data needed to support the lower strengths were conveyed to the Sponsor on Sep
25,2013.

On a teleconference dated Sep 27, 2013, the FDA clarified that the approved IVIVC cannot be used as a
surrogate for BA/BE given that it was a Level C correlation which only took into consideration Cmax.

! Biopharmaceutics review for NDA 204569 original submission entered in DARRTS by Sandra Suarez on
Sep 2012.
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Under these conditions, the correlation could only be used to support the drug product specification ranges
for some attributes ®®  Therefore, the approval of the lower strengths should be based on a
dose- proportionally study. Alternatively, this study could be waived if the requirements stated in the
submitted preliminary comments (as listed on the background section) are met. FDA suggested that if /2
testing fails, the Applicant may consider relying on in vivo data to justify/support the approval of these
strengths in such a way that if dissolution of the new strengths (5 mg and 10 mg) using the QC method is
demonstrated to be within the bounds established from pivotal clinical studies (e.g. 15 mg data from
Protocol 051), a new PK study may not be required.

Present Submission

In the present submission, the Applicant included dissolution profiles comparisons with similarity testing
(/2 and multivariate) in three different media as well as formulation information in support of the
biowaiver of the BA/BE studies for the 5 mg and 10 mg strengths.

Review: This Biopharmaceutics review focuses on the evaluation of the acceptability of the data
(dissolution profile comparisons, formulation composition proportionality) submitted to support the
biowaiver of the BA/BE requirements for the 5 mg and 10 mg strengths.

Dissolution profile comparison in three different media between the 10 mg and 15 mg strengths met the 2
similarity and multivariate criteria, ®® 1t is noted that no statistical comparisons were
provided between the 5 mg and 10 mg strengths. It is likely, based on dissolution data, that the profiles are
not similar. However, the in vitro dissolution results are superseded by the results of the BE study PN051
in which BE was demonstrated between 2x15 mg vs. 30 mg and 2x20 mg vs. 40 mg tablets. Therefore, one
can conclude that the 5 mg, 10 mg and 15 mg are dose proportional based on the following:

* Cmax and AUC were similar between the 15 mg vs. 30 mg and between the 20 mg vs. 40 mg
strengths despite the pronounce difference in dissolution (e.g. f2 failed) suggesting that the QC
dissolution method is over-discriminating.

» The dissolution profile for the 5 mg tablet is comparable to that for the 15 mg strength, which was
shown to be BE to the 30 mg strength. The dissolution profile of the 10 mg strength is in between the
profiles for the 15 mg and 30 mg strengths and the dissolution rate difference between the 5 mg and 10
mg strengths is smaller than that for the 15 mg vs. the 30 mg strengths, suggesting that the 5 mg and 10
mg strengths are likely to be BE.

» The difference in dissolution profile among strengths is unlikely to results in differences in AUC since
the extend of release is not being affected.

» Based on similar dissolution profiles, it is likely that the Cmax resulting from the 5 mg strength is
similar to that of the 15 mg strength. According to the Applicant this seems to be of no clinical
relevance since although the administration of a moderate CYP3A inhibitor with suvorexant
significantly increases suvorexant AUCO-co [GMR (90%CI): 2.05 (1.82, 2.30)]; by comparison, there
is a less pronounced effect on Cmax [1.22 (1.09, 1.36)]. Therefore, the Applicant concludes that
although 5 mg suvorexant co-administered with moderate CYP3A inhibitors is expected to provide a
similar systemic exposure (AUC) to that following 10 mg suvorexant alone, the Cmax would be lower.
During a telephone conversation, Dr. Hristina Dimova (Clinical Pharmacology Reviewer) confirmed
the Applicant’s statement in terms of the likelihood for lower Cmax following the administration of the
5 mg strength compared to that for the 10 mg strength.

RECOMMENDATION:

ONDQA-Biopharmaceutics has reviewed the amendment to NDA 204-469 submitted on Oct 28, 2013. The
dissolution data and additional information provided in the present submission support the biowaiver
request for the in vivo BE studies for the 5 and 10 mg strength provided that the observed ]
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®@ which is highly likely to result in

an increase in Cmax comparable to the 15 mg strength, is not of clinical concern.

The following responses should be conveyed to the Applicant:

Question 1: Does Agency agree that the similarity observed in the dissolution data for 10 mg and the
available clinical experience supports a biowaiver of additional clinical characterization for the 10 mg
strength?

Response:
Yes, we agree.

Question 2: Does Agency agree that the similarity observed in the dissolution data for 5 mg and the
available clinical experience supports a biowaiver of additional clinical characterization for the 5 mg
strength?

Response:
Yes, we agree.

Additional Comment to be conveyed to the Applicant:
1. Provide dissolution profile comparisons for two additional batches per strength at the time of NDA

resubmission.
Sandra Suarez Sharp, Ph. D. Richard Lostritto, Ph.D.
Biopharmaceutics Reviewer Secondary Signature
Office of New Drug Quality Assessment Office of New Drug Quality Assessment

cc. ADorantes
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BIOPHARMACEUTICS ASSESSMENT

BACKGROUND

Suvorexant, also known as MK-4305 is a New Molecular Entity (NME). It is an orally
active, potent, and reversible orexin receptor antagonist (ORA) and is anticipated to be
the first in class ORA for the treatment of patients with insomnia. A CR letter was issue on
June 28, 2013 due to safety concerns. FDA stated that a 10 mg tablet strength must be
available at time of approval as the starting dose and that a 5 mg tablet strength is needed
for patients expected to have significantly higher plasma levels of suvorexant (e.g.,
patients taking concomitant CYP3 A4 inhibitors).

Merck submitted a proposal to the Agency for development which was discussed on June
19, 2013. The Sponsor plans to develop 5 mg and 10 mg tablets o

and based on available
CMC data on the 15 mg, 20 mg, 30 mg and 40 mg tablets, the sponsor anticipates that
information pertaining to manufacture and control of the 5 mg and 10 mg strengths
including in vitro dissolution and stability data will support review and approval of these
lower dose strengths, without additional clinical data.

In response to several biopharmaceutics related questions contained in a meeting package
dated Aug 15, 2013, the following comments were conveyed to the Sponsor on Sep 25,
2013:
1. The approved dissolution method for the higher strengths is appropriate for the
lower strengths provided that the following is met:
o The dissolution profiles for the 5 mg and 10 mg strengths do not differ
significantly from the higher strengths in such a way that the

discriminating ability is lost. o

o The dissolution acceptance criterion for these strengths should be set
based on the performance of the registration/commercial/ stability batches
and may not be the same as that approved for higher strengths

2. We remind you that if you are not planning on doing any dose proportionality
studies to support the approval of these strengths, a biowaiver request of the BA
studies should be included in the NDA submission. The biowaiver will be granted
if the following requirement are met:

= The proposed lower and higher strengths of your product have the same

dosage form;
)@

* The lower and highest strength products have the same manufacturing
process; and

= Dissolution profile comparisons between the higher and lower strengths in
three different media meet the f2 similarity requirements.
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On a teleconference dated Sep 27, 2013, the FDA clarified that the approved IVIVC
cannot be used as a surrogate for BA/BE given that it was a Level C correlation which
only took into consideration Cmax. Under these conditions, the correlation could only be
used to support the drug product specification ranges for some attributes o8
Therefore, the approval of the lower strengths should be based on a dose- proportionally
study. Alternatively, this study could be waived if the requirements stated in the
submitted preliminary comments (as listed on the background section) are met. FDA
suggested that if /2 testing fails, the Applicant may consider relying on in vivo data to
justify/support the approval of these strengths in such a way that if dissolution of the new
strengths (5 mg and 10 mg) using the QC method is demonstrated to be within the bounds
established from pivotal clinical studies (e.g. 15 mg data from Protocol 051), a new PK
study may not be required.

APPROVED DISSOLUTION METHOD AND ACCEPTANCE CRITERION
The following dissolution method and acceptance criterion was approved as a QC method
for the 15 mg. 20 mg, 30 mg and 40 mg strengths of Suvorexant IR, tablets':

USP Spindle Medium Temperature Medium Acceptance
Apparatus Rotation Volume Criterion
II (paddle) 75 rpm 900mL 37°C 0.4% SDSin | Q=®® in 30 min
QLA sinker water
DRUG PRODUCT

The components and composition of Suvorexant IR tablets are summarized in Table 1.
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Table 1. SUVOREXANT TABLETS COMPOSITION

Amount per Amount per
Quality Tablet (ng) Tablet (mg)
Components Reference Function Smg 10 mg

Suvorexant (MK-
4305)

Polyvinylpyrrolid
one/Vinyl Acetate USP-NF. Ph.
Copolymer Eur., JPE
(Copovidone)

Lactose USP-NF, Ph.
Monohydrate Eur.. JP
Microcrystalline USP-NF. Ph.

Cellulose Eur.. JP

Croscarmellose USP-NF. Ph.

Sodium Eur.. JP
e USP-NF, Ph.
Stearate (non- Eur. IP
ine) .

Total Tablet Weight

Present Submission

In the present submission, the Applicant included dissolution profiles comparisons with
similarity testing (2 and multivariate) in three different media as well as formulation
information in support of the biowaiver of the BA/BE studies for the 5 mg and 10 mg
strengths.

Data Supporting the Biowaiver Request
As noted above, the biowaiver for the 5 mg and 10 mg strengths will be granted if the
following requirements are met:

1.

The proposed lower and higher stren of your product have the same dosage

The lower and highest strength products have the same manufacturing process;
and;

3. Dissolution profile comparisons between the higher and lower strengths in three
different media meet the /2 similarity requirements;
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Reviewer’s Comments
The reviewer agrees with the Applicant’s statement

2. Manufacturing processes
According to the Applicant, the manufacturing process for the 5 mg and 10 mg tablets is

considered identical to the 15, 20, 30, and 40 mg stren

This information needs to be qualified by the CMC reviewer and it
will be a review issue.

3. Dissolution Profile Comparisons
Dissolution profiles comparisons were conducted in the following media:
= Approved QC media': USP II at 75 tpm. 0.4% SDS in Water:

The dissolution profiles were compared for one lot each of the 5 mg and 10 mg
registration stability lots (WL00053439 and WL00053283, respectively) with 15 mg lots

used in PN028/029 (WL00036691) and PNOS51 00041508). According to the
Applicant, both 15 mg lots were manufactured
h and exhibited dissolution profiles that based on PN051 data wo

be considered to result in bioequivalence.

Figures 1 to 4 show the dissolution profiles comparing the 5 mg, 10 mg, and 15 mg
tablets in the different media tested. Table 1 summarizes the f2 values for the
comparisons between the 10 mg vs. the 15 mg and the 5 mg and 15 mg strengths.
Likewise, Table 3 summarizes the results of the multivariate analysis for these
comparisons.
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Figure 1. Average Dissolution Profile in QC Method: USP II, 0.4% SDS in USP
Water, 75 rpm.

Figure 2. Average Dissoution Profile [
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Table 2. Summary of Comparative Dissolution, F2 Values

Table 3. Summary of Comparative Dissolution, Multivariate Analysis

Reviewer’s Comments

The results summarized on the data presented in Tables 2 and 3, suggest that, based on
the dissolution testing conditions, it is likely that the 5 mg and the 10 mg are not dose-
proportional to the 15 mg. In addition, it is likely that the 5 mg and the 10 mg strengths
are not dose-proportional either.
However, these results are
superseded by the results of the BE study PN051 in which BE was demonstrated between
2x15 mgvs. 30 mg and 2%20 mg vs. 40 mg tablets. One can conclude then that the 5 mg,
10 mg and 15 mg are dose proportional based on the following:
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Cmax and AUC were similar between the 15 mg and 30 mg tablets (Table 4, Figure
5), despite the pronounce difference in dissolution (Table 5 ) suggesting that the QC
dissolution method is over-discriminating.

The profile of the 5 mg tablet is comparable to that for the 15 mg strength, which was
shown to be BE to the 30 mg strength. The profile of the 10 mg strength is in between
the profiles for the 15 mg and 30 mg strengths and the dissolution rate difference
between the 5 mg and 10 mg strengths is smaller than that for the 15 mg vs. the 30 mg

strengths (Figure 5), suggesting that the 5 mg and 10 mg strengths are likely to be BE.

The difference in dissolution profile among strengths is unlikely to results in
differences in AUC since the extend of release is not being affected.

1t is likely that the Cmax resulting from the Smg strength is similar to that of the 15
mg strength based on similar dissolution profiles. According to the Applicant, the
administration of a moderate CYP3A inhibitor with suvorexant significantly increases
suvorexant AUCo-- [GMR (90%CI): 2.05 (1.82, 2.30)]; by comparison, there is a less
pronounced effect on Cmax [1.22 (1.09, 1.36)]. Therefore, although 5 mg suvorexant
co-administered with moderate CYP3A inhibitors is expected to provide a similar
systemic exposure (AUC) to that following 10 mg suvorexant alone, the Cmax would be
lower.

Table 4. Bioequivalence assessment (AUC and Cmax, GMR with 94.12% CI in parenthesis) for

PNO51*.
AUCO-t AUCO-inf Cmax
2x20 (n=59) vs 102.52% (99.08%- 102.33% (98.80%- 96.58% (90.96%-
1x40 mg (n=60) 106.07%) 105.99%) 102.55%)
2x15 (n=60) vs 99.71% (96.66%- 99.66% (96.52%- 108.74%(101.10%-
1x30 mg (n=59) 102.85%) 102.91%) 116.95%)

*Taken from reference number 1.

Table 5. Average (% RSD in parenthesis) Dissolution for Clinical Supplies used in PN0O51*

11
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Figure 5. Dissolution Profile of 5 mg and 10 mg Registration Stability Batch and
Batches Used in PNOS1.

Conclusion
The dissolution data and additional information provided in the present submission
support the approval of the 5 and 10 mg strength provided that the observed

is not of

clinical concern.

12
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1.1 PK and Initial Tolerability Studies

P001: A Randomized, Double-Blind, Placebo-Controlled, Alternating Panel, Single
Rising Oral-Dose Study to Evaluate the Safety, Tolerability, and Pharmacokinetics
of MK-4305 in Healthy Male Subjects

Objectives:

Part I: To evaluate the safety and tolerability of MK-4305 after administration of single
rising oral doses to healthy young adult male subjects.

Part 11: 1) To evaluate the safety and tolerability of MK-4305 after administration of
single rising oral doses to healthy young adult male subjects. 2) To determine the effect
of MK-4305 on power spectral density (e.g. delta band) of the waking
electroencephalogram (EEG) in the eyes closed condition.

Part I11: To investigate the potential effects of MK-4305 on QTc prolongation.

Study Design

This was a multi-part study. *

Part 1 was a randomized, double- blind, placebo controlled, alternating
panel, single oral rising dose study

Part Il was a randomized, double-blind, placebo-controlled, 4-period
crossover study to evaluate the effects of single oral doses of MK-4305
on EEG

Part 111 was a randomized, double-blind, placebo-controlled, 2-period
crossover study

Study Population

40 healthy male subjects, 18-45 years old (16 in Part I, 12 in Part 11 and
12 in Part 1)

Treatment Group

Part | consisted of Panels A and B, Part Il consisted of Panel C, and
Part 111 of Panel D *

Dosage and Administration

Part I, Panel A - single, oral doses of MK-4305 4 mg, 20 mg, 76 mg, 90
mg or matching placebo.

Part I, Panel B —single, oral doses of MK-4305 10 mg, 50 mg, 76 mg,
120 mg or matching placebo.

Part 11, Panel C —single, oral doses of MK-4305 20 mg, 80 mg or
matching placebo.

Part 111, Panel D -single, oral doses of MK-4305 120 mg or matching
placebo.

PK Sampling: plasma

Plasma samples were collected prior to MK-4305 dosing and at various
time points for 48 hours post-dose (Parts I and I1) and up to 72 h in Part
I11**, For the 80 mg single night-time dose in Part 1, only sparse
samples were collected.

PK Sampling: urine

For Panel A and Panel B, Period 2 and Period 4, urine for MK-4305
was collected at pre-dose and 0 to 4, 4 to 8, 8 to 12 and 12 to 24 hours
postdose. Only the urine from the highest dose of 90 mg Panel A
/Period 4 was assayed using an exploratory urine assay.

Analysis

Plasma: LC-MS/MS method for MK-4305
Range: 1 to 1000 ng/mL
Urine: exploratory urine assay for MK-4305

Reference ID: 3329971




PK Assessment Part I: Crax, tmax, AUCq.4, AUCq.24, AUCq.ins, t12 of MK-4305
Part Il and 111: Chax, tmaxs AUCq.ing, tr of MK-4305 (for the 80 mg
single night-time dose in Part 11, only t;, of MK-4305)

PD Assessment Part I1: Power spectral density on frequency bands measured by awake
electroencephalographic activity (QEEG) at pre-dose and up to 12 hr
post dose

Part I11: 12-lead ECGs recorded by Holter device for 12 hours postdose
All Parts: exploratory subjective measurements of the Bond and Lader
Visual Analog Scale (VAS)

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry

* All doses were administered in the fasted state, except for Panel B, Period 4, where one panel of 8
subjects received a 10-mg dose of MK 4305 or matching placebo following a standard high-fat breakfast.
All doses in Panels A and B were administered in the morning, except for Panel A, Period 5 and Panel C,
Period 4, subjects were dosed in the evening (PM). There was at least a 7-day washout between treatment
periods for any subject.

**0hr0.5hrl1hr1.5hr2hr4hr6hr7hr8hr10hr12hr 13 hr 16 hr 24 hr 48 hr 72 hr

Bioanalytical Assay:

Plasma samples were analyzed in accordance with protocol DM-909. The assay
performance during the validation was acceptable; details of the validation are presented
in Section 2.6.1 in QBR. Plasma samples were analyzed for MK-4305 using reversed
phase HPLC and tandem mass spectrometry in the positive ion mode and Multiple
Reaction Monitoring (MRM) mode after a liquid-liquid extraction of the drug from
plasma. The lower limit of quantitation (LLOQ) was 1 ng/mL with a linear calibration
range from 1 to 1000 ng/mL. Plasma concentrations were converted from units of ng/mL
to uM using the molecular weight of MK-4305 (MW = 450.932 g/mol).

Selectivity was good, pre-dose plasma samples and control plasma samples did not
contain detectable interferences at the retention times of MK-4305 or the IS.

Summary of the Validation Results for Suvorexant (MK-4305) Assay
Linear Range: 1.0 — 1000 ng/mL

DM-909

n Mean (%)
Intra-day Accuracy with Calibration Standards 6 95.6 —105.0
Intra-day Precision (CV) with Calibration Standards 6 4.1-10.0
Intra-day Accuracy with Quality Control Samples 5 96.7—109.5
Intra-day Precision (CV) with Quality Control Samples 5 42-6.7
Inter-day Accuracy with Calibration Standards ! 27 98.40 - 101.23
Inter-day Precision (CV) with Calibration Standards ' 27 1.98 — 4.46
Inter-day Accuracy with Quality Control Samples T 54 97.61 —103.82
Inter-day Precision (CV) with Quality Control Samples f 54 442 -7.29
Extraction Recovery of Analyte 6 50.5-57.2
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Urine samples were diluted 1:100 with control plasma to mimic plasma samples. The
diluted urine samples were then extracted and detected using the plasma assay as
described above. The lower limit of quantitation (LLOQ) for this method was 100 ng/mL
with a linear range from 100 to 100,000 ng/mL, corresponding to a linear range 100 times
higher than the plasma assay. The urine samples were analyzed for exploratory purpose
only (the method was not validated).

Pharmacokinetic Results:

Part I: Following fasted AM administration of the single doses from 4 mg to 120 mg,
MK-4305 was absorbed with a median Tmyax ranging from 1.0 — 2.0 hours and apparent
terminal half life t;, ranging from 8.5 to 15 hours.

Part Il: Following fasted administration of single 20 and 80 mg AM doses, MK-4305
pharmacokinetics were consistent with those observed in Part I. Median Tax was 1.0 —
2.0 hours and apparent t;, was 8.3 — 10 hours, while exposure and Cyax Were similar to
those observed at the same or similar dose levels in Part I. An 80 mg single night-time
dose was also administered in Part 11, however only apparent ty/, is reported due to sparse
PK sampling for this dose. The apparent t;, for the 80 mg single night-time dose was also
consistent with the half lives observed in Parts | and I1.

In Part 111, after administration of single fasted morning doses of 120 mg MK-4305, the
PK of MK-4305 was also consistent with that observed at the 120 mg dose in Part I.
Urine was screened for MK-4305 in Panel A, 90 mg dose level only; the urine
concentrations for MK-4305 were all below the limit of quantitation (BLOQ) for the
subjects in this Panel.

Effect of food: A standard high-fat meal did not result in a meaningful change in MK-
4305 AUC..,, however, the mean Cpax was lower and median Tpax was delayed by
approximately 3 hours for this formulation (T1, see section 2.5.2 of QBR) of MK-4305.
The geometric mean ratio GMR (fed/fasted) and for AUC.,, was 0.93 and 0.55 for Cpax.
The effect of circadian time on MK-4305 pharmacokinetics was also explored. Night-
time administration had no meaningful effect on AUC,..,, while the mean Cp.x was
decreased and median Tnax Was delayed by 1 hour. The GMR (PM/AM) for AUC,., was

1.00 and 0.64 for Cpax.
Papal 4
Paramsier dmg’ T6mg" Cimg’ GME. ¥ (00% CT) IMSE®
=8 =5 =8 (EMUAM)
ATC, ¥ (ub-hr) 1T{1313) IBO |,];= 358 I ML ] LTI 0 1IE 0.I8T
AUCe s ¥ (uM-hr) 0.5 (0.5, 0.8) 30 3868 0.58 (0.55,0.85) 0.212
AU, e.’(_.l‘qil'_r- 15 (1.3, 19) 1-; (114,17.8) 093 (0.20, 1.10) 0155
G ) 0236 (0.182, 0.307) 2026 (1538, 2660) 054 (0.52,0.78) 0198
Caw ¥ (UM 0112 (0086, 0.146) 1251 (0943, 1.638) 203 (14 0.77 (D.60, 0.98) 0241
T.. () 1.0 (0.5,2.0) 20 0540 20 ]lJ 20
Apparent terminal ty- ¥ () 8528 0.0 (3.8) 1[)-"(—]]
Papel B
Paramster 10 m, Shmg ™ 120mg™ GME. * (80%: CT) MSE*
W=a =8 =8 (Fed Fasted)
AUC, . ¥ (uM=hr) 5.1 (3.9.44) 172 (132,224 341 ( 62.444) 0.93 (0.72, 1.08) 0.162
AUC, 4 ¥ (uM-br) 16 (1.2,21) ib@Ee 7.1 (56,94 038 (031,047 0212
AUCe 0 ¥ (ubihr) 42 (34,52) 1; (10.7, 16.3) 19 ( 85,283 087 (0.74. 1.01) 0135
Cos F (UM 0.605 (0445, 0.788) | 0.330 (0234, 04 0y | 1999 (1.535.2 SIJ: 23507 (1826, 3.284) | 055 (D45, 0.66) 0198
C“,i(u_\n 0262 (0201, 0.341) | 0.332 0 235, 0.433) 0.853 (0 562. 1 1_-- 1 BE. (1448, 24580 | 127 (1.00, 1.61) 0241
o | (Br) 1.0 {1.0.2.0) 40 40,60 10(0 20 (10,60

-L,pmmmrm_l:ah ¥ihr) 2438 10.0 (4.00 11. f4lJ 150 (6.7

T Subjects in Panel A were given single dosss of 4 mg. 20 mz. 76 mg. 90 me oI ME4305 of placebe in the fas ter.sxnte in Penod 3, Panel A, subjects were given single dose of 78 mg ar
plucem in the evening (PM) in the fasted siate.

# Subjects in Papel B were given doses of 10 mg, 50 mg. 76 me. 120 mg of ME-4305 or placebe in fasted state; in Period 4, Panal B, subjacts were given single dose of 10 mg ME-4305
m the fed smte.
f GMR = Geometic Mezan Ratio
# (M3E: Square root of condifional mean squared emor {residual error) froom the linear mized effect mods]l fMSE* 100% approvwimates the within-subject OV on the mw scale for
AUC, . AUC 4 AUC 20 Cruw, Cae
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Reviewer’s note: The MK-4305 pharmacokinetic target value was 0.4 uM (based on
preclinical data). This plasma target was sustained from 6.8 to 30.7 hours for 20 mg to
120 mg of MK-4305 including AM and the 76 mg PM doses.

Timne First Achieved Humber of Hours Sustained
(Hours Postdose)

Diose Panel Nt Mean 05% CI Mean 95% CI
I mg Panel A 5 0.71 (047, 0.98) 5.85 (036, 13.35)
50 mg Panel B ] 0.21 (-0.01,0.43) 1188 (795, 19.81)
76 mg Panel A 5 0.31 (0.07, 0.58) 1236 (5.87, 18.86)
76 mg PM Panel A ] 0.78 (056, 1.00) 14.00 (8.16, 20.02)
76 mg Panel B ] 0.26 (0,04, 0.48) 18.13 (12.20, 24.06)
o0 mg Panel A ] 022 (0.00, 0.45) 18.65 (12.72, 24.50)
120 mg Panel B ] 0.22 (-0.01, 0.44) 30.68 (24.75, 36.61)
"N = oumber of subjects attaining target
COnly inchodes treatments artaining target (0.4 nd)

Pharmacodynamic (PD) Results:

Part Il examined the effect of MK-4305 on qEEG. Both 20 mg and 80 mg doses of MK-
4305 produces an increase in power spectral density in the delta band, compared to
placebo. There is a greater increase in delta power following 80 mg MK-4305 compared
to 20 mg MK-4305.

Part 11 examined the effect of MK- 4305 on QTc. No meaningful changes in QTcF were
observed. No subject on either MK-4305 or placebo had any QTcF change from baseline
value of 30 msec or more. No subject on either MK-4305 or placebo had any QTcF value
greater than 450 msec.

The PD effects of MK-4305 were also assessed using the exploratory subjective
measurements of the Bond and Lader VAS. The scale was administered at 2, 4, 8 and 24
hr post AM administration in Part I, and at 1.5, 4.5, 8.5, 12.5 and 24 hr post AM and PM
dosing in Part II.

The figure below displays the changes from baseline in alertness obtained in Part I.
Following single oral doses of MK-4305 of 4 mg to 120 mg in Panels A and B there was
increase in drowsiness (or alertness decreasing) at 2 hr post dose. Following 20 mg and
80 mg AM and PM in Part I1, there was also increase in drowsiness at 1.5 hr post dose.

Change (Mean +/- SD) from baseline of Alertness for Panel A of Part I Following
Single Oral Doses of MK-4305, 4 to 120 mg in Healthy Young Male Subjects
(N=6 per active dose)

Reference ID: 3329971



10.0

== Alert / Drowsy -

VAS Alertness Change from Baszeline

50

Time (hovrs)
Treatment C— Placebo (Fooled) ¥-— Placebo (FAM) % 4mg
20 mg ¥ Time ¥—— 76 me (PM)
4 —90me

Reviewer’s note: No effect on VAS at 4 mg, no dose-response after 20 ma.

Safety Results:
No serious clinical adverse experiences (AEs) were reported and no subject discontinued

because of an adverse experience. The most frequently reported AE was somnolence
(reported 1 or more times by 38 of 40 subjects). Five subjects reported inability to move
(broader term Movement Disorder) for approximately 1 minute following single dose of
MK-4305 at 80 or 120 mg, however the sponsor claims that these events should be
differentiated from cataplexy.
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P003: A Randomized, Double-Blind, Placebo-Controlled, Multiple Oral
Rising-Dose Study to Evaluate the Safety, Tolerability and Pharmacokinetics
of MK-4305 Administered to Healthy Male Subjects

Objectives:

Primary: To evaluate the safety and tolerability of rising multiple doses of MK-4305
administered to healthy young adult male subjects

Secondary: (1) To obtain preliminary plasma PK data of MK-4305 in the fasted state.
(2) To explore the time to attain the 0.4 uM plasma concentration target.

Exploratory: To explore the central PD effects of multiple doses of MK-4305 as
evaluated by cognitive, psychomotor and arousal assessments.

Study Design

Randomized, double-blind, placebo-controlled, sequential panel, single
and multiple oral rising-dose study in healthy male subjects.

Subjects were assigned to one of five panels (Panels A, B, C, D or E).
On Day 1, subjects were administered a single dose of MK-4305 or
matching placebo. There was a 120 h washout period between Day 1
and Day 6.

On Study Day 6 through Study Day 19 subjects received single oral
doses of MK-4305 or placebo for 14 consecutive days.

Study Population

40 healthy male subjects, 18-45 years, BMI<31 kg/m’, 8 per panel

Treatment Group

Five panels; each panel consisted of eight subjects (six subjects
received MK-4305, 2 placebo)

Dosage and Administration

Subjects received study drug following a 4 hour fast at ~ 9 PM.
Panel A: 10 mg MK-4305 or placebo

Panel B: 20 mg MK-4305 or placebo

Panel C: 40 mg MK-4305 or placebo

Panel D: 80 mg MK-4305 or placebo

Panel E: 100 mg MK-4305 or placebo

PK Sampling: plasma

Plasma samples were collected prior to MK-4305 dosing and at various
time points for 72 hours post-dose and up to 96 h on Day 19*.

PK trough concentration samples were collected on Days 6, 7, 9, 10,
11,12, 13, 14, 15, 16, 17 and 18.

Analysis

Plasma: LC-MS/MS method for MK-4305 and metabolite M9
Range: 1 to 1000 ng/mL for both analytes

PK Assessment

Cinaxs tmaxs AUCq.4, AUCq.04, AUCq.ins, 11, 0f MK-4305 and metabolite
M9

PD Assessment

Digit Symbol Substitute Test (DSST)

Cognitive Drug Research (CDR) tasks of Immediate Word Recall -
Accuracy, and Delayed Recall

Karolinska Sleepiness Scale (KSS)

Bond and Lader VAS

Safety Assessment

Adverse events, vital signs, electrocardiograms, clinical chemistry

* PK samples were collected at pre-dose and at 0.5, 1, 2, 4, 6, 8, 12, 16, 24, 48, 72 h post-dose (and 96 h

for Day 19)
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Bioanalytical Assay:

Plasma concentrations of suvorexant and the major human circulating metabolite M9
were determined using validated liquid chromatography-tandem mass spectrometric
detection (LC-MS/MS) methods (method DM-909 for suvorexant and DM-928 for M9).
The assay performance during the validation was acceptable; details of the validation are
presented in Section 2.6.1 in QBR.

Summary of the Validation Results for M9 Assay (DM-928)
Linear Range: 1.0 — 1000 ng/mL

DM-928

n Mean (%)
Intra-day Accuracy with Calibration Standards 6 96.0 — 103.8
Intra-day Precision (CV) with Calibration Standards 6 3.6-10.0
Intra-day Accuracy with Quality Control Samples 5 96.0 - 103.1
Intra-day Precision (CV) with Quality Control Samples 5 39-46
Inter-day Accuracy with Calibration Standards ' 21-24 | 98.00-103.31
Inter-day Precision (CV) with Calibration Standards ! 21-24 3.00 —5.47
Inter-day Accuracy with Quality Control Samples ! 48 100.33 - 103.79
Inter-day Precision (CV) with Quality Control Samples T 48 7.15-93
Extraction Recovery of Analyte 6 76.2 -804

The assay performance during the analysis of the plasma samples was acceptable.
MK-4305 and M9 plasma concentrations were converted from units of ng/mL to uM
using the molecular weights of MK-4305 (MW = 450.932 g/mol) and M9 (MW =
466.931 g/mol).

There were quantifiable pre-dose concentrations for the multiple dosing portion of this
study in 2 subjects at the 80 mg dose and 3 subjects at the 100 mg dose. Because the pre-
dose concentrations were all less than 1% maximum plasma concentration observed in
the subsequent concentration-time profile, PK parameters were calculated without
correcting for the quantifiable pre-dose concentrations.

In addition, metabolite profiling for plasma samples was performed. Circulating
metabolites at steady-state of MK-4305 were evaluated semi-quantitatively. Single dose,
Day 3, and Day 14 plasma samples from the 40, 80, and 100 mg doses were evaluated.
Plasma samples were pooled over the 0-24 hr collection period and the volumes of
samples used for pooling from each time point were proportional to the time of collection
so that the concentration of each component in the pooled sample is proportional to its
AUC. Samples were analyzed using HPLC coupled with radioactivity detection and high
resolution mass spectral detection (HPLC-HRMS) using electrospray ionization in
positive ion mode.

Reference ID: 3329971




Pharmacokinetic Results:

Following single- and multiple-dose PM administration, MK-4305 had a median Tmax
ranging from 1.5 — 4.0 h and apparent terminal half life ty;, ranging from 7.7 to 14.5
hours. Accumulation ratios for MK-4305 AUC_24 for the 10 mg to 100 mg doses

ranged from 1.21 to 1.60 and were dose-independent.

An exploratory assessment of dose proportionality on multiple dose Day 14 for MK-4305
suggests that plasma AUC.24nr and Cax both increased less than dose proportionally over
the range of doses studied (10 mg to 100 mg). MK-4305 median time to (90% of) steady
state ranged from 2 to 3 days; individual time to steady state ranged from 1 to 6 days.
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Summary of PK Parameters of MK-4305 Following a Single Dose and then Multiple
Dose Administration (Daily for 14 Days) of 10 mg to 100 mg in Healthy Male

Reference ID: 3329971

Subjects
Pharmacokinetic
Parameter 10 mg 20 mg 40 mg 80 mg 100 mg
Single dose
N=6 N=6 N=5 N=6 N=6
AUC,.. T (uM*hr) 3.94 (285, 597 (433, 10.84 (7.62, 1557 (1128, | 2795 (20.25,
5.43) 8.24) 1542) 21.48) 38.56)
AUC )4, | (UM*hr) 1.01 (0.80, 1.51 (1.19, 2.18 (1.68, 3.03 (239, 242 (191,
1.28) 1.91) 2.82) 3.83) 3.0M
AUCq24, " (WM*hr) 343 (2.62. 5.03 (384, 8.53 (645, 1148 (8.77, | 18.10 (13.83,
4.49) 6.58) 11.28) 15.01) 23.68)
Copa | (UM) 0.356 (0.288, 0572 (0463, 0.802 (0.640, | 1320 (1.075 | 1425 (1.152,
) 0.440) 0.708) 1.005) 1.644) 1.763)
Car ' (LN 0.254 (0.201, 0.347 (0.275. 0.612 (0479, | 0879 (0.696. | 1.248 (0.988,
0.321) 0.439) 0.781) 1.111) 1.577)
Coye | (UM) 0.038 (0.024. 0.068 (0.042, 0.121 (0,073, | 0.163 (0.101, | 0403 (0.249,
0.062) 0.110) 0.201) 0.264) 0.650)
Ty * (hr) 20 (1.0,4.0) 20 (1.0.4.0) 20 (05,40 20 (20,600 | 40 (20.6.0)
Apparent t)5 ¥ (ar) 77 (1.7 g4 (1.7 8.6 (1.1) 10,0 (5.2) 126 (7.0)
Multiple Dose Day 3
N=6 N=5 N=6 N=§ N=6
AUCj,g, | (UM*hr) 3.79 (2.90, 6.11 (4.67, 900 (6.88, 1407 (1144, | 2464 (1883,
4.96) 7.0} 11.78) 19.58) 32.23)
AUC, 4 | (UM*hr) 1.11 (0.88, 1.54 (1.22, 3.01 (237, 3.65 (2.88. 544 (4.29,
1.41) 1.95) 3.81) 4.63) 6.90)
Cpoe | (UM 0428 (0.346. 0.557 (0450, 1.091 {0882, | 1.288 (1.041, | 2,109 (1.705,
0.530) 0.688) 1.350) 1.593) 2.609)
Cae | (M) 0272 {0215, 0437 (0.346, 0564 (0447, | 1.023 (0810, | 1671 (1.323,
0.343) 0.552) 0.713) 1.292) 2.111)
Tz * (r) 20 (1.0,4.0) 30 (20.40) 1.5 (1.0.2.0) 20 (10,800 | 3.0 (10.6.00
Multiple Dose Day 14 (Last dose)
N=0 N=6 N=3 N=6 N=6
AUCq 34, T (uM*hr) 436 (3.33, 6.08 (4.60, 10.64 (8.13, 18.32 (14.00, | 27.62 (21.11,
5.70) 8.04) 13.92) 23.97) 36.14)
AUC) | (UM*hr) 1.09 (0.86, 1.50 (1.16, 313 (247, 443 (349, 549 (433,
1.38) 1.95) 397 5.61) 6.96)
Coax | (UM) 0414 (0335, | 0574 (0458, | 1.080 (0.873, | 1488 (1.203, | 2.085 (1.686,
0.512) 0.719) 1.336) 1.841) 2.579)
Cape | (M) 0.320 (0.261. | 0467 (0366, | 0.691 (0.347. | 1.274 (1.009, | 1.788 (1.415,
) 0.416) 0.596) 0.872) 1.609) 2.253)
Coan ' (UM) 0.063 (0.039, | 0.107 (0.064. | 0.192 (0.119, | 0395 (0.245. | 0.644 (0.399,
0.102) 0.178) 0.310) 0.638) 1.040)
Toa * (hr) 20(10.40) | 40 20,40y | 2.0 (1.0,2.0) | 2.0 (20.40) | 40 (20,8.0)
Apparent t,, ¥ (hr) 8.1 (23) 02 0.9 04 (1.5) 11.2 (5.3) 14.5 (7.0)
Linearity with time: Multiple Dose Day 14 AUC;.24/ Single Dose AUC... I
AUCy o4 / AUC. 1.11 (D87, 1.02 (079, 1.02 (0.79, 1.18 (093, 099 (0.78,
1.41) 1.32) 1.32) 1.50) 1.26)
11




Pharmacokinetic 10 mg 20 mg 40 mg 80 mg 100 mg
Paramerer
Accunmlation Ratio: Multiple Dose Day 14/ Single Dose |
N=6 N=5 N=6 N=06 N=6
AUC) 245 (UM *hr) 1.27 (1.06, 1.21 (1.00, 1.25 (1.03, 1.60 (1.33, 1.53 (1.28,
1.52) 1.45) 1.51) 1.91) 1.83)
AUC, o, (WM*hr) 1.08 (0.83, 1.00 (0.76, 1.44 (1.10, 146 (1.13, 227 (1.76,
1.39) 1.31) 1.38) 1.89) 2.92)
Coay (UM) 1.16 (0.98, 1.00 (0.83, 1.35 (1.12, 1.12 (0.94, 146 (1.23,
1.39) 1.21) 1.62) 1.34) 1.75)
Car (UM) 1.29 (1.10, 1.34 (1.13, 1.13 (0.95, 145 (1.23, 143 (1.21,
1.53) 1.60) 1.35) 1.71) 1.69)
Coge (M) 1.65 (1.12, 1.56 (1.03, 1.59 (1.05, 242 (1.64. 1.60 (1.08,
243 237 2.41) 357 2.36)

M9 exposure was similar to that observed for the parent compound MK-4305 after single
PM dosing of MK-4305, with metabolite/parent AUC.o4n, ratios ranging from 1.03 — 1.17
and declined to 76 — 92% of MK-4305 exposure by Day 14 of multiple MK-4305 dosing.
M9 Cax Was generally lower than MK-4305 Cax.
Median Tmax for M9, which ranged from 2.0 — 6.0 hours. The M9 mean ty,0f 8.7 —17.5 h
was similar to that for MK-4305. Accumulation ratios for M9 AUC.,4, for the 10 mg to

100 mg doses of MK-4305 were independent of dose and ranged from 0.97 for the 40 mg
treatment to 1.04 for the 100 mg treatment. Individual time to steady state ranged from 1

to 3 days.

Summary of PK Parameters of Metabolite M9 Following a Single Dose and then
Multiple Dose Administration (Daily for 14 Days) of MK-4035 10 mg to 100 mg in

Healthy Male Subjects

Pharmacokinetic
Parameter 10 mg 20 mg 40 mg 80 mg 100 mg
Single dose
N=6 N=6 N=5 N=6 N=6
AUC.. T (uM*hr) 445 (3.48, 702 (549, 1256 (9.59, 1723 (13,47, 30.53 (23.87,
5.69) 8.08) 16.45) 22.04) 39.05)
AUCq 24, T (uM*hr) 3.52 (2.85, 5.66 (4.59, 000 (7.94, 12.88 (10.44, 21.15 (17.14,
4.34) 6.98) 12.35) 15.89) 26.00)
Co | (M) 0.251 (0216, | 0472 (0405, | 0.737 (0.627, 1.142 (0.982, 1.585 (1.362,
0.293) 0.549) 0.867) 1.329) 1.844)
Coage | (UM) 0.060 {(0.041, | 0.089 (0.060, | 0.161 (0.1086, 0.191 (0.130, 0.398 (0.271,
0.089) 0.130) 0.243) 0.280) 0.584)
AUCy.. (M2 /ME- 1.13 {0.96, 1.17 (1.00, 1.16 (0.97, 1.11 (0.94, 1.09 {0.93,
4305)° 1.33) 1.38) 1.39 1.30) 1.28)
AUCq g4p (M9 / ME- 1.03 {0.88, 1.13 (D.96, 1.16 (0.99, 1.12 (0.96, 1.17 (1.00,
4305)° 1.20) 132 1.37) 131) 1.37)
Croy (MO /MEA305) | 0.707 (0551, | 0.824 (0.642. | 0.808 (0.684, 0.859 (0.670, 1.112 (0.867.
! 0.907) 1.058) 1.179) 1.103) 1.427)
T - (1) 50 (20,80) | 3.0 (2.0.400 | 4.0 (1.0,6.0) 4.0 (2.0, 8.0) 6.0 (4.0,8.0)
Apparent t; ; ¥ (hr) 87 (19) 9.0 (2.00 93 (1.1) 109 47 132 (5.1)

Reference ID: 3329971

12



Summary of PK Parameters of Metabolite M9 (cont.)

Pharmacokinetic

Parameter 10 mg 20 mg 40 mg 80 meg 100 mg
Multiple Dose Day 3
N=6 N=5 N=6 N=6 N=6
AUC) 3 | (UM*hr) 371 (3.01, 6.78 (5.0, 9.34 (757, 1372 (11.12, 24.30 (19.70,
4.58) 837 11.52) 16.93) 20.090)
Cpuze | (M) 0284 (0244, | 0502 (0432, | 0913 (0.784, 1.060 (0911, 1.719 (1478,
0.3300 0.584) 1.062) 1.233) 2.001)
AUC) 34, (M9 / MK- 098 (0.84, 1.11 (0D.95, 1.04 (0.89, 0.92 (0.79, 0.99 (0.84,
4305)° 1.14) 1.30% 1.21) 1.07) 1.15)
Cone (MO / MEA4305) 0.66 (0.52, 0.90 (0.70. 0.84 (0.65, 0.82 (0.64, 0.82 (0.64.
' 0.85) 1.16) 1.07) 1.06) 1.05)
Toae - (A1) 40 (20.60) | 40 2.0.6.0) 20 (20,400 | 40 40,120y | 40 (2.0,6.0)
Multiple Dose Day 14 (Last dose)
N=6 N=6 N=5 N=6 N=6
AUCq g, | (nM*hr) 3.53 (2.86, 5.61 (4.50, 955 (7.74, 13.94 {11.30, | 21.94 (17.78.
4.36) 7.00) 11.78) 17.20) 27.07)
Craw | (UM) 0.253 (0.217. 0.421 (0.338, 0856 (0.735, | 1.008 (0.866, | 1.513 (1.300,
0.294) 0.495) 0.996) 1.173) L7607
Coapr | (UM) 0.063 (0.043, 0.112 (0.074, 0166 (0.113, | 0272 (0.185, | 0482 (0328,
0.003) 0.169) 0.244) 0.400) 0.708)
AUC 1 (MO / ME- 0.81 (0.69, 0.92 (0.79, 0.90 (0.77, 0.76 (0.65, 0.79 (0.68.
4305) ' 0.95) 1.08) 1.05) 0.89) 0.93)
C oy (M9 / ME-4303) 0.611 (0476, 1.160 (0.884, 0.793 (0.618, | 0.677 (0.528, | 0.726 (0.566,
' 0.783) 1.523) 1.017) 0.869) 0.931)
Toe * () 40 (2.0,8.0) 4.0 (2.0,6.0) 20 (20,400 | 40 (40,80) | 6.0 (2.0, 80
Apparent t;5 | (hr) 02 (24 10.7 (1.2) 11.0 (2.0) 141 (6.9) 17.5 (7.3)
Accummlation Ratio: Multiple Dose Day 14 / Single Dose |
N=6 N=5 N=6 N=6 N=6
AUC) g (UM *hr) 1.00 (0.86, 0.99 (0.84, 0.97 (081, 1.08 (0.92, 1.04 (0.88,
1.18) 1.18) 1.14) 1.27) 1.22)
Cras (UM) 1.01 (0.88, 0.89 (0.77, 1.16 (1.01, 0.88 (0.77, 0.95 (0.83,
1.15) 1.03) 1.34) 1.01) 1.09)
Cogpe (uM) 1.05 (0.74, 1.26 (0.87, 1.03 (0.72, 1.43 (1.01, 1.21 (0.86,
1.47) 1.81) 1.49) 201) 1.70)

The time to achieve the pharmacokinetic target concentration value of 0.4 uM (based on
preclinical data) for MK-4305 was evaluated on multiple dose Day 14. The target
concentration for C4pr On day 14 was attained at doses ranging from 40 mg to 100 mg
(attainment of the target is based on the lower bound of the CI) and the time to reach the
target was observed to be 0.02 (for 100 mg) and 0.42 hours (for 40 mg). This target
concentration was sustained for 12.16 hours (for 40 mq) to 45.23 hours (for 100 mq).

Reviewer’s Comment: The above result suggesting that target suvorexant plasma levels
are sustained for more than 8 hours argues against recommending doses >20mg.

Reference ID: 3329971
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Multiple Dose Day 14 Geometric Means (GM) and 90% Cls for MK-4305 Cgnr (uM)
Following Multiple Dose Administration (Daily for 14 Days) of 10 to 100 mg in
Healthy Male Subjects

Dose (Panel) N GM T (90% CI)
10 mg (A) 6 0329 (0.271. 0.400)
20 mg (B) 5 0.467 (0.381. 0.572)
40 mg (C) 6 0.691 (0.568. 0.839)
80 mg (D) 6 1.274 (1.049, 1.548)
100 mg (E) 6 1.788 (1.472,2.172)
. Mean Time (hr) First Achieved Mean Number of Hours Sustained
Dose (Panel) N (95% CT) (95% CT)
40 mg (C) ] 0.42(0.15, 0.68) 12.16 (-4.19,28.51)
80 mg (D) 6 0.27(0.00, 0.54) 32.10(15.75,48.45)
100 mg (E) 6 0.02 (-0.25,0.28) 4523 (28.88, 61.58)
T Number of subjects who attained target.

Mean MK-4305 Plasma Concentrations (uM) Versus Time (hr) Following a Single
Dose then Multiple Dose Administration (Once Daily for 14 Days) of 10 mg to 100
mg in Healthy Young Male Subjects (N=6 per dose, N=5 for 40 mg Single Dose)
(Linear Scale)
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Metabolite Profiling Results

Single dose, Day 3, and Day 14 plasma samples (0-24 hr pooled) from the 40, 80, and
100 mg doses were evaluated. In addition to M9 and MK-4305, metabolite M17 became
more prevalent in Day 3 and Day 14 plasma compared to single dose. The structure of
M17 was determined to be a di-hydroxylated derivative of MK-4305 based on NMR
analysis and comparison of HPLC retention time and MS patterns with a synthetic
standard [For details, refer to the mass balance study report (P012)]. The concentration of
M17 in Day 14 samples was estimated to be <10% of the total drug related material
(ranging from 8.6— 9.8% for the three dose levels). In addition, based on the plasma
concentration on Day 3 (M17 accounted for ~6%), M17 approached steady-state by Day
14 following multiple daily dosing of suvorexant in human. M17 also only represents
<1% of the radioactive dose in human excreta.
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Pharmacodynamic Results:

Visual Analog Scale (VAS) and Karolinska Sleepiness Scale (KSS) were assessed 1, 2,
11.5, 16 and 24 hours post PM suvorexant dosing. Digit Symbol Substitution Test
(DSST) and Immediate and Delayed Word Recall (IDWR) both were assessed at pre-
dose Day 1 and 12 hr post PM dosing and Day 8, 13 and Day 19 12 hr post PM dosing.
The results for KSS (changes from baseline by dose and timepoint on day 1, 6 and 19) are
displayed in the Figure below. MK-4305 showed a dose dependent increase in
sleepiness/drowsiness as measured by the KSS. Following 12 hr post PM administration,
values for sleepiness/drowsiness were gradually returning to baseline.

Change (Mean +/- SE) from baseline of Karolinska Sleepiness Scale (KSS)
Following PM Single Dose (Study Day 1) and then Multiple Dose Administration
(Daily for 14 Days; Study Days 6 to 19) of 10 mg to 100 mg MK-4305 in Healthy

Male Subjects
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Safety Results:

No serious adverse experiences AEs were reported in this study. All clinical AEs were
transient in duration and were mild to moderate in intensity except for one subject
(ANO0026) in Panel D (80 mg) who reported a severe clinical AE of somnolence on five
separate occasions starting on Day 6 (MD day 1). Note: this subject did not have higher
MK-4305 plasma levels than the rest of the subjects in this group.

The most frequently reported clinical adverse experiences were somnolence (19 subjects
reported 51 occurrences), fatigue, and headache.

One subject (ANO0014) discontinued due to a clinical AE (maculo-papular rash) 15 hours
following administration of 20 mg MK-4305 on Day 10 (MD day 5) in Panel B. This
subject had no systemic or vital sign changes in association with the rash that lasted
approximately nineteen days. Note: this subject had MK-4305 plasma levels lower than
the mean values in this group.
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P011: A Single Dose Extension Study to Evaluate the Safety, Tolerability,
Pharmacokinetics, and Pharmacodynamics of Suvorexant (MK-4305)

Objectives:

Primary: To evaluate the safety and tolerability of single rising oral doses to healthy
young adult male and female subjects.

Secondary: To obtain preliminary plasma PK data of MK-4305 in the fasted state.
Exploratory: To explore the central PD effects of single doses of MK-4305 as evaluated
by cognitive, psychomotor and arousal assessments.

Study Design

Panel A: randomized, double-blind, placebo-controlled, single oral
rising dose, 4-period study in healthy, young, male subjects.

Panel B: randomized, double-blind, placebo-controlled, single oral
rising-dose, 3-period study in healthy, young, female subjects.
Panel A started and completed before Panel B.

Study Population

17 healthy subjects, 18-45 years, 8 males and 9 females*

Treatment Group

Two panels, 4 trt periods for panel A and 3 trt periods for panel B. For
both panels, in each treatment period, 6 subjects received active drug
and 2 subjects received placebo. There was a minimum 10-day washout
between each treatment period for each subject.

Dosage and Administration

All doses were administered in the morning after a minimum 8-hr fast.

Panel A: single doses of 150, 210, 240 and divided doses of 160 mg (80
mg at 0 hr and 80 mg at 1.5 hr)

Panel B: single doses of 120, 180 and 240 mg

PK Sampling: plasma

Plasma samples were collected prior to MK-4305 dosing and at various
time points for 144 hours post-dose. **

Analysis

Plasma: LC-MS/MS method for MK-4305
Range: 1 to 1000 ng/mL

PK Assessment

Cmax, tmax, AUCO_inf, tl/z Of MK'4305

PD Assessment

Divided Attention Task (DAT)

Choice Reaction Time Assessments (CRT)
Karolinska Sleepiness Scale (KSS)

Bond and Lader Visual Analog Scale (VAS)

Safety Assessment

Adverse events, vital signs, electrocardiograms, clinical chemistry

* One subject withdrew consent after Period 1 and was discontinued from the study. This subject was
replaced by another subject who completed Periods 2 and 3 of the same treatment regimen.
** PK samples were collected at pre-dose and at 0.5, 1, 2, 4, 6, 8, 12, 16, 24, 48, 72, 96, 120, 144 h post-

dose

Bioanalytical Assay:

Plasma samples were analyzed for suvorexant. M9 was not assayed. Plasma
concentrations of suvorexant were determined using validated LC-MS/MS method
(method DM-909). The assay performance during the validation was acceptable, details
of the validation are presented in Section 2.6.1 in QBR.

The assay performance during the analysis of the plasma samples was acceptable.
Representative chromatograms were provided by the sponsor.

Reference ID: 3329971
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Pharmacokinetic Results:

The doses originally proposed in this study were 150, 210, 270 and 330 mg suvorexant.
Based on safety evaluation in Periods 1 and 2 (150 and 210 mg), the dose for Period 3
was lowered to 240 mg. A divided dose, 160 mg (80 mg at 0 hr and 80 mg at 1.5 hr), was
evaluated in Period 4 to see whether higher C,.x would be achieved.

The plasma PK parameters of suvorexant following single (fasted AM) rising oral dose
administration to healthy young male subjects in Panel A and healthy young female
subjects in Panel B are summarized in the table below. Suvorexant was absorbed with a
median Tmax ranging from 1.0 to 3.0 hours. The Tyax Observed in healthy young female
subjects was similar to that observed in healthy young male subjects over a similar dose
range. Mean apparent terminal half life ranged from 12.1 to 14.5 hours in healthy young
male subjects, and from 14.4 to 15.8 hours in healthy young female subjects.

AUC.,, and Cnax appeared higher in females than in males.

Healthy young male subjects in Panel A were also administered 160 mg as a divided dose
of 80 mg at 0 hours and 80 mg at 1.5 hours. The median peak concentration occurred at
3.0 hours. The mean apparent terminal half life for this dose was 11.8 hours and is similar
to the terminal half life observed at over the 150 to 240 mg single dose range in this
study. The Cmax and exposure achieved at the 160 mg divided dose were similar to the
levels achieved with the single dose of 150 mg.

Summary Statistics of Suvorexant (MK-4305) PK Parameters Following Single
Fasted AM Oral Doses of 150 mg, 210 mg, 240 mg and 160 mg Divided Dose
Suvorexant in Young Healthy Male Subjects (Panel A) and Single Fasted AM Oral
Doses of 120 mg, 180 mg and 240 mg Suvorexant (MK-4305) in Young Healthy
Female Subjects (Panel B)

Male Female ?
150 mg Divided
150 me N0 me 40 mg Doze 10 mg 180 mg 24 mg

Paramater WN=8 M=4) [N =15) { IMSE” N=6) =8 =3 rMSE *
AUCL ¥ 3700 4983 4442 0.125 30.64 5116 5243 0128
(uM-hr) (25.43, 53.88) (3423, 72.59) (30.52, 64.57) [20.33,46.16) | (3395, 77.09) | (4131, 09434)
Coc ' (M) 1440 3.081 3.160 0117 1820 1268 3102 0360

(2.002,3.044) (2488, 3.708) (2.562,3.897) (1134, 2952) | (1406, 3.660) | (1261, 5.148)

Tow | (10) 1.5{0.52m 30010, 40) L5 (1.0, 2.00 LO(l0, 40 2000.0,4.00 21(1.0.40)
Apparent . 121 (1.8 14.0(2.3) 14.5(2.0) 14.7(1.5) 158(1l.7) 144(148)
terminal ty5
"hl-'n

rMSE: Square root of conditional mean squared error (residual error) from the linear
mixed effect model. rIMSE*100% approximates the within-subject CV on the raw scale
for AUCy... and Cpax

18

Reference ID: 3329971



Mean Suvorexant (MK-4305) Plasma Concentrations (uM) Versus Time (hr)
Following Administration of Single Fasted AM Oral Doses of 150 mg, 210 mg,
240 mg and 160 mg Divided Dose Suvorexant in Young Healthy Male Subjects

(Panel A) (Inset: Semi-log Scale) (n=6 per dose)

150 mg
210 mg
240 mg
160 mg divided dose

Mean Suvorexant Plasma Concentration (uh)

108 126 144

Mean Suvorexant (MK-4305) Plasma Concentrations (uM) Versus Time Following
Administration of Single Fasted AM Oral Doses of 120, 180 and 240 mg Suvorexant
in Young Healthy Female Subjects (Panel B) N=6 per dose, N=5 for 240 mg

] 18 36 54 72 90 108 126 144

10 —8— 120mg
—O— 180mg
. el 40 mg
— 1 1 =
= T -_.::‘JB e,
= h T
= 0.1 e e
E e
S Te g
& 0.01 ““‘»....
£
-]
= 0.001 T T T T T T T 1
g
P
E
=
=
@
5
[
=
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Pharmacodynamics:

Suvorexant at higher doses appeared to decrease alertness. There were no apparent effect
of suvorexant on VAS calmness and contentedness. There was an increase in sleepiness
as measured by KSS and decrease in alertness as measured by Bond and Lader VAS
following AM dosing of suvorexant which is consistent with the desired PD effects.

Safety:
No serious clinical adverse experiences were reported, no subjects died and no subjects

discontinued because of an adverse experience. The most frequently reported adverse
experience was somnolence. An increased number of subjects reported somnolence with
moderate intensity at higher doses.

Two female subjects reported sleep paralysis: AN 0012 reported sleep paralysis upon
awakening lasting 5 min following placebo, AN 0114 reported sleep paralysis lasting 10
min following a single dose of 240 mg suvorexant. Note: Subject AN 0114 did not have
higher MK-4305 plasma levels than the rest of the subjects in this group.
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P012: An Open-Label Study to Investigate the Absorption, Metabolism,
Excretion, and Mass Balance of a Single Oral Dose of [**C] MK-4305 in
Healthy Subjects

Objectives:
e To quantify total radioactivity and concentrations of MK-4305 and metabolite M9
in plasma after oral administration of a single dose of [**C]-MK-4305.
e To examine the metabolism of MK-4305 in humans and to identify major
metabolites in biological specimens.
e To investigate routes of elimination of MK-4305 in healthy subjects after oral
administration of a single dose of [**C]-MK-4305.

Study Design Single-dose, open-label study to investigate the absorption, distribution,
metabolism, and excretion (ADME) of [**C]-MK-4305

Study Population * 6 healthy male subjects, 18-45 years, BMI < 31 kg/m”

Treatment Group No trt groups, all subjects received [**C]-MK-4305

Dosage and Administration | A single oral dose of 50 mg (~200 pCi) [**C]-MK-4305 as five capsules
each containing 10 mg (~40 pCi per capsule).

The dose was administered orally with ~240 mL water, following an
overnight fast.

PK Sampling: plasma, Sample collection for plasma, urine and fecal was planned up to a
urine, fecal, CO, ** maximum period of 28 days post-dose. Radioactivity for plasma, urine
and fecal sample collection was measurable out to 15 Days (336 hours)
of post-dose. The CO, samples were not analyzed, as the recovery of
radioactivity was acceptable.

Analysis Plasma: LC-MS/MS method for MK-4305
Range: 1 to 1000 ng/mL
PK Assessment Crnaxs tmaxs AUCq.inf, t12 of MK-4305

AUCq. 1ast, Crmax, and T ey OF total radioactivity
MK-4305 metabolite profiling and/or identification in plasma

PD Assessment none

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry

* One subject discontinued from study due to personal reason on Day 10 after his early post-study visit.
The subject missed the last of 3 consecutive urine samples for radioactivity analysis per protocol. He was
included in the pharmacokinetic and radioactivity analysis because he had two prior consecutive intervals
with urine + feces recoveries <1% at his discontinuation.

** Blood, urine, fecal and CO, samples were collected until the majority of radioactivity was recovered to
evaluate [**C]-MK-4305 and metabolites up to a maximum period of 28 days post-dose. CO, samples were
collected for archive. Urine and fecal samples were analyzed using real-time monitoring for radioactivity.
Subjects were discharged when either one of these two criteria were satisfied: 1) total recovery > 90% or 2)
there was < 1% radioactivity in each of 3 consecutive samples from combined 24-hr urine and fecal
collections.

Blood collection times: Pre-dose, 30, 1, 2, 4, 6, 8, 12, 16, 24, 48, 72, 96, 120, 144 and 168 hours post-dose.
If discharge criteria is not met at Day 8 (168 hours post-dose), blood at every 24-hour time-point up to Day
11 and on Days 14, 17, 23, and the final day of study duration will be collected until the discharge criteria
is met, or a maximum stay of 28 days following study drug administration is reached.

Urine collection intervals: pre-dose (-2 to 0), 0to 4, 4to0 8, 8 to 12, 12 to 24, 24 to 48, 48to 72, 72 to 96, 96
to 120, 120 to 144 and 144 to 168 hours post-dose.
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Bioanalytical Assays:
Plasma samples were analyzed for suvorexant. M9 was not assayed. Plasma
concentrations of suvorexant were determined using validated LC-MS/MS method
(method DM-909). The assay performance during the validation was acceptable, details
of the validation are presented in Section 2.6.1 in QBR.
Quantification of radioactivity for plasma, urine and feces was performed
The concentration of radioactivity in plasma taken at predose, 0.5, 1, 2,
4,6,8,12,16, 24, 48, 72, 96, 120, 144, 168, 192, 216, 240, and 312 h postdose was
determined by liquid scintillation counting (LSC).
Metabolite profiling and/or identification for plasma, urine and feces were performed by
DMPK, MRL. Plasma samples were pooled over the 0-24 hr collection period and the
volumes of samples used for pooling from each time point were proportional to the time
of collection so that the concentration of each component in the pooled sample is
proportional to its AUC. Samples were analyzed using HPLC coupled with radioactivity
detection and high resolution mass spectral detection using electrospray ionization in
positive ion mode. Plasma samples from a separate multiple dose study in human (P003)
were also prepared for metabolite profiling. Day 1, 3, and 14 samples collected from 0-24
hr for the 100 mg dose group were pooled for each day across n=6 subjects. In addition,
Day 14 samples from the 40 and 80 mg dose groups were also pooled from 0-24 hr for
each dose group. All the samples were pooled using the “AUC” pooling method
described above.
Quantitative estimation of metabolites was done by multiplying the percentage of
radioactivity for a metabolite in a sample by the percentage of radioactive dose excreted
in the sample.

(b) (@)

Pharmacokinetic Results:

The summary statistics for MK-4305 and total radioactivity are presented in the table
below. M9 was quantitated using metabolite profiling.

Median plasma concentration Tmax of MK-4305 was 1.5 hr post dose and the mean
apparent terminal t, was 12.3 hr.

The concentration of [**C]MK-4305 derived radioactivity in plasma had a Tpax of 1.5 hr.

Summary of MK-4305 Pharmacokinetics Compared to Total Radioactivity and
Following a Single Dose Administration of [**C] MK-4305 50 mg in Healthy Male
Subjects (N=6)

.-'-'LU[:'[).H.]I Cm\_ T, a ]
{pmol=hr1 or (umola iy

AUCy= (pmol=hrl | AUC s (umol=hr/] t
pumol eqehr/l) | or pmol egl) (k) (hr)

or pmol eq=hr) or pmol eg=hr/1)

ME-4305 16.09+536 1602+537 1155362 | 172072 | 15(05.2.0) | 122=18
Total Radioactivity | 145.12+57.19 13227+ 51.76 5881=2715 | 498+242 | 15(1.0,20)