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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/m2

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 5mg) 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 AUC0-t, AUCinf, Cmax, Tmax and t1/2

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry 
PD Assessment None

* Subjects were randomly assigned to one treatment sequence:

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 
Curve:

Range:
R2:

1.00 to 1000.00 ng/mL 
>0.998

Precision: ≤ 3.0%
Accuracy: ≤ │2.5│%

LOQ: 1.00 ng/mL
QC: 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 Cmax value, therefore all pre-dose levels were maintained in 
the PK analysis without baseline correction. 

The pharmacokinetics of suvorexant following single-dose administration of four 5 mg 
tablets and one 20 mg tablet were similar, as assessed by AUC0-last, AUC0-inf and Cmax. 
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

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

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/m2

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 AUC0-t, AUCinf, Cmax, Tmax and t1/2

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry 
PD Assessment None

* Subjects were randomly assigned to one treatment sequence:

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  (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 
Curve:

Range:
R2:

1.00 to 1000.00 ng/mL 
>0.998

Precision: ≤ 3.5%
Accuracy: ≤ │1.8│%

LOQ: 1.00 ng/mL
QC: 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 AUC0-last, AUC0-inf and t½ 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

None of the subjects had pre-dose concentrations greater than 5% of their respective Cmax

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 AUC0-last, AUC0-inf and Cmax. 
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

Individual Subject Ratios, GMR and the 90% CI for MK-4305 (Suvorexant)
Contrast A vs. B
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Mean MK-4305 (Suvorexant) Plasma Concentration-Time Profiles
A: n = 35 / B: n = 35 (linear scale)

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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11

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.
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ONDQA BIOPHARMACEUTICS REVIEW
Office of New Drug Quality Assessment

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

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

Trade Name:   Tablets
Acting Biopharmaceutics Supervisor:
Richard Lostritto, Ph.D

Generic Name: 
Suvorexant Film-Coated IR 
Tablets Date Assigned:

Feb 15, 2014

Indication: 
Treatment of Insomnia

Date of Review:
June 23, 2014

Formulation/strength Immediate Release Tablet/5 mg, 
and 10 mg

Route of Administration Oral

SUBMISSIONS REVIEWED IN THIS DOCUMENT 

Submission Dates
Date of informal/Formal 

Consult
Desired Completion Date

Feb 15, 2014
May 30, 2014

Feb 15, 2014 June 25, 2014

Type of Submission: Resubmission

Biopharmaceutics Review 
Focus:

 Dissolution method and acceptance criterion
 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 perspective1; 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.

                                                
1 Biopharmaceutics review for NDA 204569 original submission entered in DARRTS by Sandra Suarez on 
Sep 2012.
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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  

 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 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

Reference ID: 3530470
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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 f2 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 (f2 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 reviewer2 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.

                                                
2 Biopharmaceutics Review entered in DARRTS by Dr. Suarez on Nov 2013.
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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 CYP3A4 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 f2 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 5mg 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

Reference ID: 3421066
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 It is likely that the Cmax 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 AUC0-∞ [GMR (90%CI): 2.05 (1.82, 2.30)]; by comparison, 
there was 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 less affected.

Clinical Pharmacology comments: 
Agree with the second bullet point that Cmax 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 ½ of that after 10 mg);
and 2) AUC correlates better with next day residual AEs (somnolence), while Cmax

correlated better with sleep induction, therefore the safety (next day somnolence) is 
unlikely to be affected even if Cmax 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:  
Sandra Suarez Sharp, Ph.D.Division: DNP

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

Trade Name:   Tablets
Acting Biopharmaceutics Supervisor:
Richard Lostritto, Ph.D

Generic Name: 
Suvorexant Film-Coated IR 
Tablets Date Assigned:

Oct 28. 2013

Indication: 
Treatment of Insomnia

Date of Review:
Dec 12, 2013

Formulation/strength Immediate Release Tablet/5 mg, 
and 10 mg

Route of Administration Oral

SUBMISSIONS REVIEWED IN THIS DOCUMENT 

Submission Dates
Date of informal/Formal 

Consult
Desired Completion Date

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

Type of Submission: Correspondence

Biopharmaceutics Review 
Focus:

 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 perspective1; 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  

 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. 

                                                
1 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 f2
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 
(f2 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 f2
similarity and multivariate criteria,  It 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 2×15 mg vs. 30 mg and 2×20 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 AUC0-∞ [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 CYP3A4 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  

 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 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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 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.

 It is likely that the Cmax resulting from the 5mg 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 AUC0-∞ [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 
PN051*.

AUC0-t AUC0-inf Cmax
2x20 (n=59) vs
1x40 mg (n=60)

102.52% (99.08%-
106.07%)

102.33% (98.80%-
105.99%)

96.58% (90.96%-
102.55%)

2x15 (n=60) vs
1x30 mg (n=59)

99.71% (96.66%-
102.85%)

99.66% (96.52%-
102.91%)

108.74%(101.10%-
116.95%)

*Taken from reference number 1.

Table 5. Average (% RSD in parenthesis) Dissolution for Clinical Supplies used in PN051*
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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 II: 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 III: To investigate the potential effects of MK-4305 on QTc prolongation. 
 
Study Design This was a multi-part study. * 

Part I was a randomized, double- blind, placebo controlled, alternating 
panel, single oral rising dose study 
Part II 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 III 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 II and 
12 in Part III) 

Treatment Group Part I consisted of Panels A and B, Part II consisted of Panel C, and 
Part III 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 II, Panel C –single, oral doses of MK-4305 20 mg, 80 mg or 
matching placebo.  

Part III, 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 II) and up to 72 h in Part 
III**. For the 80 mg single night-time dose in Part II, 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 
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PK Assessment Part I: Cmax, tmax, AUC0-4, AUC0-24, AUC0-inf, t1/2 of MK-4305 
Part II and III: Cmax, tmax, AUC0-inf, t1/2 of MK-4305 (for the 80 mg 
single night-time dose in Part II, only t1/2 of MK-4305) 

PD Assessment Part II: Power spectral density on frequency bands measured by awake 
electroencephalographic activity (qEEG) at pre-dose and up to 12 hr 
post dose 
Part III: 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. 
** 0 hr 0.5 hr 1 hr 1.5 hr 2 hr 4 hr 6 hr 7 hr 8 hr 10 hr 12hr 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 μM 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 
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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 Tmax ranging from 1.0 – 2.0 hours and apparent 
terminal half life t1/2 ranging from 8.5 to 15 hours.  
Part II: Following fasted administration of single 20 and 80 mg AM doses, MK-4305 
pharmacokinetics were consistent with those observed in Part I. Median Tmax was 1.0 – 
2.0 hours and apparent t1/2 was 8.3 – 10 hours, while exposure and Cmax 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 II, however only apparent t1/2 is reported due to sparse 
PK sampling for this dose. The apparent t1/2 for the 80 mg single night-time dose was also 
consistent with the half lives observed in Parts I and II.  
In Part III, 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 AUC0-∞, however, the mean Cmax was lower and median Tmax 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 AUC0-∞ was 0.93 and 0.55 for Cmax. 
The effect of circadian time on MK-4305 pharmacokinetics was also explored. Night-
time administration had no meaningful effect on AUC0-∞, while the mean Cmax was 
decreased and median Tmax was delayed by 1 hour. The GMR (PM/AM) for AUC0-∞ was 
1.00 and 0.64 for Cmax. 
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Reviewer’s note: The MK-4305 pharmacokinetic target value was 0.4 μM (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. 
 

 
 
Pharmacodynamic (PD) Results: 
Part II 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 III 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 II, 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) 
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Reviewer’s note: No effect on VAS at 4 mg, no dose-response after 20 mg. 
 
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 μM 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/m2, 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 Cmax, tmax, AUC0-4, AUC0-24, AUC0-inf, t1/2 of 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) 

 
 
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 μM 
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.  
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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 t1/2 ranging from 7.7 to 14.5 
hours. Accumulation ratios for MK-4305 AUC0-24hr 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 AUC0-24hr and Cmax 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 

Subjects 
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M9 exposure was similar to that observed for the parent compound MK-4305 after single 
PM dosing of MK-4305, with metabolite/parent AUC0-24hr 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 Cmax was generally lower than MK-4305 Cmax.  
Median Tmax for M9, which ranged from 2.0 – 6.0 hours. The M9 mean t1/2 of 8.7 – 17.5 h 
was similar to that for MK-4305. Accumulation ratios for M9 AUC0-24hr 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 
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Summary of PK Parameters of Metabolite M9 (cont.) 

 

 

 
 
The time to achieve the pharmacokinetic target concentration value of 0.4 μM (based on 
preclinical data) for MK-4305 was evaluated on multiple dose Day 14. The target 
concentration for C4hr 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 mg) to 45.23 hours (for 100 mg).  
 
Reviewer’s Comment: The above result suggesting that target suvorexant plasma levels 
are sustained for more than 8 hours argues against recommending doses >20mg. 
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Multiple Dose Day 14 Geometric Means (GM) and 90% CIs for MK-4305 C4hr (μM) 
Following Multiple Dose Administration (Daily for 14 Days) of 10 to 100 mg in 

Healthy Male Subjects 

 

 
 
Mean MK-4305 Plasma Concentrations (μM) 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) 

 
 
 
 
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 
(AN0026) 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 (AN0014) 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, AUC0-inf, t1/2 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. 
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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 Cmax 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 Tmax 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. 
AUC0-∞ and Cmax 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) 

rMSE: Square root of conditional mean squared error (residual error) from the linear 
mixed effect model. rMSE*100% approximates the within-subject CV on the raw scale 
for AUC0-∞ and Cmax 
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Mean Suvorexant (MK-4305) Plasma Concentrations (μM) 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) 

 
 

Mean Suvorexant (MK-4305) Plasma Concentrations (μM) 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   
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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 [14C] MK-4305 in 
Healthy Subjects 

 
Objectives: 

• To quantify total radioactivity and concentrations of MK-4305 and metabolite M9 
in plasma after oral administration of a single dose of [14C]-MK-4305.  

• To examine the metabolism of MK-4305 in humans and to identify major 
metabolites in biological specimens.  

• To investigate routes of elimination of MK-4305 in healthy subjects after oral 
administration of a single dose of [14C]-MK-4305. 

 
Study Design Single-dose, open-label study to investigate the absorption, distribution, 

metabolism, and excretion (ADME) of [14C]-MK-4305 
Study Population * 6 healthy male subjects, 18-45 years, BMI ≤ 31 kg/m2 
Treatment Group No trt groups, all subjects received [14C]-MK-4305  
Dosage and Administration A single oral dose of 50 mg (~200 μCi) [14C]-MK-4305 as five capsules 

each containing 10 mg (~40 μCi per capsule).  

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

PK Sampling: plasma, 
urine, fecal, CO2 ** 

Sample collection for plasma, urine and fecal was planned up to a 
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 CO2 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 Cmax, tmax, AUC0-inf, t1/2 of MK-4305 
AUC0-last, Cmax, and Tmax 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 CO2 samples were collected until the majority of radioactivity was recovered to 
evaluate [14C]-MK-4305 and metabolites up to a maximum period of 28 days post-dose. CO2 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), 0 to 4, 4 to 8, 8 to 12, 12 to 24, 24 to 48, 48 to 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. 
 
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 t1/2 was 12.3 hr. 
The concentration of [14C]MK-4305 derived radioactivity in plasma had a Tmax of 1.5 hr. 
 

Summary of MK-4305 Pharmacokinetics Compared to Total Radioactivity and 
Following a Single Dose Administration of [14C] MK-4305 50 mg in Healthy Male 

Subjects (N=6) 

 
 
The major route of elimination of MK-4305 was via metabolism.  
The major route of excretion of MK-4305-derived radioactivity was via feces (66% of the 
dose recovered in the feces and 23% of the dose was excreted in urine). The overall mean 
recovery of radioactivity in urine and feces was 90% over the 336 hr study, with majority 
of the radioactivity excreted in the first 144 hr post dose (82%). 
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Comparison of the plasma AUC0-last values of unchanged MK-4305 and plasma 
radioactivity indicated that about 12% of the plasma radioactivity was accounted for by 
unchanged MK-4305. 
MK-4305 and metabolite M9 were the predominant circulating entities following a single 
dose of MK-4305. Several minor metabolites including M4, M7a, M8, M10a, M12 and 
M17 were also detected in human plasma. All of the human circulating metabolites were 
also detected in the plasma of preclinical species including mouse, rat, rabbit, dog, and 
monkey, except for M17 which was not present in rat plasma. 
The most prevalent components in urine samples were the carboxylic acid derivative 
(M4) and its glucuronides (M19), accounting for 4.1 and 5.2% of the dose, respectively. 
Glucuronides of oxidized metabolites, M3 and M12, were also observed and accounted 
for 3.8 and 2.7% of the dose, respectively. In addition, M11, a glucuronide of M9, was 
detected, accounting for about 1% of the dose.  
The major component in feces was the carboxylic acid derivative, M4, accounting for 
17.0% of the dose. M18, which results from further oxidation of M4, was also a major 
metabolite observed in the feces, representing 10.6% of the dose. The benzyl alcohol, 
M9, and a metabolite resulting from hydroxylation of the methyldiazapane moiety, M10a, 
each accounted for about 9% of the dose. 
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Proposed Structures and Metabolic Pathways of MK-4305 in Human 

 
 

 
Distribution of Metabolites as Percent of Total MK-4305-Derived Circulating 

Material in Human Plasma (0-24 hr AUC Pool, Across n=6 Subjects) 
 

 
 
Reviewer’s Comments: 
1. M9 was a major circulating metabolite of suvorexant. However, M9 was found to be a 
P-gp substrate in human and is not expected to be active in vivo based on results from in 
vitro and EEG studies in dogs. 
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2. Circulating metabolites at steady-state of suvorexant were also evaluated semi-
quantitatively using HPLC-HRMS. Day 3 and 14 plasma samples (0-24 hr pooled) from a 
multiple dose human study (PN003) were evaluated. Compared with the plasma profile 
after a single dose, in addition to M9 and suvorexant, metabolite M17 became prevalent 
in Day 3 and Day 14 plasma. The structure of M17 was determined to be a di-
hydroxylated derivative of suvorexant based on NMR analysis. The level 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). Circulating level of M17 approached steady-state by 
Day 14 following multiple daily dosing of suvorexant in human (based on the plasma 
total plasma radioactivity t1/2 of 53 hr, M17 should have reached steady-state by Day 14), 
therefore its levels should not be expected to increase further. In addition, the in vitro 
potency of M17 was approximately 5-100-fold lower than that of suvorexant with Ki 
values of 355 and 46.5 nM for binding towards Orexin-1 and Orexin-2 receptors, 
respectively. Similar to M9, M17 was found to be a P-gp substrate in human. Based on 
the information above, M17 is unlikely to be present sufficiently in the CNS to contribute 
to the pharmacological activity of MK-4305 in humans. M17 did not show any activities 
in the Panlabs screen (secondary pharmacology). Since M17 in Day 14 samples was 
estimated to be less than 10% of the total drug related material and there were no notable 
findings in the primary and secondary pharmacology, M17 should not be considered a 
major human metabolite. 
3. M12, a glucuronide derivative of an oxidation product of suvorexant, was another 
human circulating metabolite (accounting for 12.2% of the total circulating suvorexant-
derived material). However, M12 is a glucuronide and is a much more polar compound; 
therefore, M12 is unlikely to have intrinsic pharmacological activity or to be brain 
penetrant. 
 
Safety: 
No serious clinical AEs were reported. No subjects discontinued the study due to an 
adverse experience. The most frequently reported clinical adverse experiences were 
somnolence (100% of subjects). No clinically significant abnormalities were noted in 
routine blood chemistry panels, hematology, ECG, or physical examinations including 
vital signs. 
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P018: A Study to Evaluate the Intravenous and Oral Dose Proportionality of 
Suvorexant (MK-4305) in Healthy Subjects 

 
Objectives: 
Part I: To determine the plasma pharmacokinetics of suvorexant and the dose 
proportionality of four, single, intravenous dose (IV) administrations of suvorexant.  
Part II: To determine the dose proportionality of single, oral dose administrations of 
suvorexant (MK-4305) over the range of 10 mg to 80 mg. 
 
Study Design Open-label, randomized, two-part study in healthy subjects 

Part I:  IV dose escalation study to assess the dose linearity of four IV 
doses of suvorexant. 
Part II: four-period cross over study to provide oral dose proportionality 
information using the final market image (FMI). 

Study Population 48 healthy subjects, 18-60 years 
Part I:  32 (18 males and 14 females) Part II: 16 (8 males and 8 females) 

Treatment Group Two panels (IV and oral), 4 trt periods for each panel  
Dosage and Administration All doses were administered in the morning after a minimum 8-hr fast. 

Part I (IV dose): 5 mg, 10 mg, 20 mg, and 30 mg  

Part II (oral dose): 10 mg, 20 mg, 40 mg and 80 mg  

PK Sampling: plasma Part I : predose, 15; 30; and 45 minutes, and 1; 1.25; 1.5; 2; 3; 4; 6; 9; 
12; 16; 24; 48; 72 and 96 hours following the initiation of IV infusion 
of study drug.* 

Part II : predose, 0.5; 1; 2; 4; 6; 9; 12; 16; 24; 48; 72 and 96 hours 
following oral dosing 

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

PK Assessment Part I: The dose proportionality of suvorexant AUC0-∞ administered IV 
over the dose range of 5 to 30 mg was assessed by fitting a power-law 
model. ** 
Part II: The dose proportionality of suvorexant AUC0-∞ over the dose 
range of 10 to 80 mg was assessed by fitting a power-law model under 
a mixed-effect modeling approach. *** 

PD Assessment Bond and Lader Visual Analog Scale (VAS) 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* For Panel 4, Part I, suvorexant plasma samples were obtained at: predose; 15 and 30 minutes, and 1; 1.25; 
1.5; 2; 2.5, 3; 4; 6; 9; 12; 16; 24; 48; 72 and 96 hours following the initiation of IV infusion of study drug. 
** The power-law model had the following form: ln(AUCi ) = μ + β ln[dosei] + εi, where μ was intercept, 
β the slope for the continuous covariate ln(dose) and εi was the random error. On the back-transformed 
scale, this model was: AUCi = Ci doseβ , where Ci was the proportionality constant. Assuming the power 
law model is an adequate fit to the data, β =1.00 under perfect dose proportionality. The deviation of β from 
1.00 reflects the degree of curvature in the dose-exposure relationship. 
*** The power-law model had the following form: ln(AUCij ) = Si + Pj + β ln[dose] + εij, where, Si was 
the random effect of subject i , pj the fixed effect of period j , β the slope for the continuous covariate 
ln(dose) and εij the random error. On the back-transformed scale, this model was: AUCij = Cij doseβ, 
where Cij was a function of the effect of subject, period and error. A check for the presence of a first-order 
carryover effect was conducted and found to be non-significant (hence, not included in the final model) . 
Assuming the power law model was an adequate fit to the data, β =1.00 under perfect dose proportionality. 
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The deviation of β from 1.00 reflects the degree of curvature in the dose-exposure relationship. A 90% 
confidence interval (CI) based on a t-distribution, was generated from the above mixed effects model for β. 
 
Bioanalytical Assay: 
Plasma samples were analyzed for suvorexant. M9 was not assayed. Plasma 
concentrations of suvorexant were determined using validated LC-MS/MS) methods 
(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 also provided. 
 
Pharmacokinetic Results: 
 
Part I - For the dose proportionality assessment of suvorexant following single dose IV 
administration of 5 mg to 30 mg, the slope (90%CI) from the power model was 0.84 
(0.69, 0.99) for AUC0-∞. Since the confidence interval for the slope lies below 1.0, there 
is evidence that increases in AUC0-∞ are less than strictly dose proportional over the IV 
dose range in this study. According to the sponsor, this is driven largely by the exposures 
observed at the 30 mg IV dose, which were lower than expected based on the 5 – 20 mg 
IV dose exposures. In comparison, following IV administration of suvorexant over the 
range of 5 to 20 mg, dose-proportional increase in AUC was observed with CL 
unchanged, suggesting absorption-rate limitations following oral administration rather 
than other nonlinear mechanisms.  
 
Summary of PK Parameters of Suvorexant (MK-4305) Following Administration of 

Single IV-Infusion Doses in Healthy Male and Female Subjects 

 
 
Part II – Following suvorexant single oral dose administration of 10 mg to 80 mg, the 
slope and 90% CI from the power model was 0.78 and (0.70, 0.86) for AUC0-∞. As the 
confidence interval for the slope lies below 1.0, this suggests less than dose proportional 
PK over the 10 mg to 80 mg range in this study. 
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Summary of Pharmacokinetic Parameters of Suvorexant (MK-4305) Following 
Single Oral Dose Administration of 10 mg to 80 mg in Healthy Male and Female 

Subjects (Part II) 

 
 

Assessment of Dose Proportionality of Suvorexant (MK-4305) Following Single Oral 
Dose Administration of 10 mg to 80 mg in Healthy Male and Female Subjects 

(N=16) (Part II) 

 
 

 
Absolute Bioavailability Estimate 
A population PK model-based approach was used to estimate the absolute bioavailability 
of suvorexant 10, 20, 40, and 80 mg oral doses with the IV and PO dose proportionality 
data from P018. Due to the unusual exposures observed at the 30 mg IV dose, where 
exposures were similar to those observed at the 20 mg IV dose despite dose proportional 
increases in exposure over the 5 to 20 mg IV doses, the estimation of bioavailability 
values was done excluding and including the data from the 30 mg IV arm as a sensitivity 
analysis. For details, refer to the Pharmacometric Review, Section 3.1.2. 
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Safety:  
Single oral and IV doses of suvorexant were generally well tolerated in healthy male and 
female subjects. No serious clinical or lab AEs were reported. The most frequently 
reported AE was somnolence. In Part I (IV administration), 100% of subjects receiving 
suvorexant 20 mg IV and 30 mg IV reported somnolence. 50% and 62.5% of the subjects, 
respectively reported somnolence after receiving 5 mg IV and 10 mg IV suvorexant. In 
Part II (oral administration), 56.3% and 75% of the subjects respectively reported 
somnolence after receiving 10 mg and 20 mg suvorexant and 87.5% of the subjects 
reported somnolence after receiving 40 mg and 80 mg suvorexant. 
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1.2 Intrinsic Factor PK Studies 
 

P004: A Double-Blind, Randomized, Placebo-Controlled, Single-Dose Study 
to Investigate the Safety, Tolerability, and Pharmacokinetics of MK-4305 in 
Healthy Elderly Male and Female Subjects 

 
Objectives: 
Primary: To evaluate the safety and tolerability of single doses of MK-4305 in healthy 
male and female elderly subjects following daytime administration of a single oral dose. 
Secondary: To compare the single-dose pharmacokinetic parameters of MK-4305 in 
healthy elderly subjects to those obtained from healthy young male subjects (historical 
controls from Protocol 001). 
 
Study Design Double-blind, randomized, placebo-controlled, single-dose study in 

healthy, elderly, male and female subjects. 
Study Population 10 male and 10 female, 65-77 years old 
Treatment Group 2 panels, 1 treatment period in each panel 

Panel A: males, Panel B: females 
Dosage and Administration Eight subjects received active drug (a single 16 mg oral dose of MK-

4305) and two (2) subjects received placebo, of each gender. All doses 
in Panels A and B were administered in the fasted state. 

PK Sampling: plasma Pre-dose, 0.5; 1; 2; 4; 6; 8; 12; 16; 24; 48; and 72 hours 

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

PK Assessment AUC0-∞, C4hr, Cmax, Tmax, and apparent t½ of  MK-4305 and M9 
PD Assessment* CDR System composite scores for Power of Attention, Continuity of 

Attention, Quality of Episodic Secondary Memory (long-term 
memory), Quality of Working Memory and Speed of Memory  
Digit Symbol Substitution Test (DSST) 
Bond and Lader Visual Analog Scale (VAS)  
Karolinska Sleepiness Scale (KSS) 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry 
* CDR Cognitive Tests and DSST were administered at pre-dose, and at 2 and 24 h post-
dose. KSS and VAS were administered at pre-dose, and at 1, 2, 4, 6, 8 and 24 h post-dose 
 
Bioanalytical Assay: 
 
Plasma concentrations of suvorexant and the major human circulating metabolite M9 
were determined using validated 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. 
The assay performance during the analysis of the plasma samples was acceptable.  
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Pharmacokinetic Results: 
 
The PK data from young male subjects (historical control from P001) were normalized to 
16 mg after establishing dose proportionality in the dose range 4- 20 mg and pooled 
across the 4, 10, and 20 mg doses. Only data from healthy elderly male subjects was used 
for comparison to young male subjects. 
The AUC0-∞ and Cmax ratios of geometric means (GMs) for healthy elderly female 
subjects /healthy elderly male subjects were 1.55 and 1.29, respectively. The AUC0-∞ and 
Cmax ratios of GMs for the comparison of healthy elderly male subjects with healthy 
young male subjects were 0.92 and 0.72, respectively.  
The AUC0-∞ and Cmax ratios of GMs for the comparison of M9 following 16 mg of MK-
4305 in healthy elderly female subjects with healthy elderly male subjects were 1.38 and 
1.05, respectively. 
 

Summary Statistics for MK-4305 Pharmacokinetic Parameters Following Single 
Oral Dose Administration of MK-4305 16 mg in Healthy Elderly Male, Elderly 

Female, and Young Male Subjects 

 
 
 

Summary Statistics for M9 Pharmacokinetic Parameters Following Single Oral 
Dose Administration of MK-4305 16 mg in Healthy Elderly Male and Elderly 

Female Subjects 
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Arithmetic Mean MK-4305 Plasma Concentrations (μM) Following Single Oral 
Dose Administration of MK-4305 16 mg in Elderly Male, and Elderly Female 

Subjects (Inset=Semilog Scale) 

 
 

Geometric Mean, 95% Confidence Intervals and Individual Plasma MK-4305 
AUC0-∞ Values Following Single Oral Dose Administration of MK-4305 16 mg in 
Elderly Male (N=8), and Elderly Female (N=8) and Young Male Subjects (N=26 
from P001 pooled across MK-4305 4, 10 and 20 mg, dose normalized to 16 mg) 
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Arithmetic Mean M9 Plasma Concentrations (μM) Following Single Oral Dose 
Administration of MK-4305 16 mg in Elderly Male and Elderly Female Subjects 

(Inset=Semilog Scale) 

 
 
Reviewer’s Comment: The results from this study suggest that elderly females have 
higher suvorexant exposure than elderly males: the AUC0-∞ in elderly females is 
approximately 55% higher than that observed in elderly males. Suvorexant exposure in 
healthy elderly men was similar to that in healthy young males through cross-study 
comparison. 
 
Pharmacodynamic Results: 
 
The PD effects of MK-4305 were assessed using the subjective measurements of the 
Bond and Lader VAS following single dose AM administration of MK-4305 16 mg in 
healthy elderly male and female subjects. The scale was administered at 1, 2, 4, 6, 8 and 
24 hr post AM administration.  
For the elderly females there appeared to be a decrease in alertness factor (or drowsiness 
increasing) at 2 hr post dose consistent with desired PD effect of MK- 4304. In elderly 
males there were minimal to no effects on alertness factor. 
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Mean Change from Baseline (+/- SE) for VAS Alertness Following Single Oral Dose 
Administration of MK-4305 16 mg or Placebo in Elderly Male (N=8 Active, N=2 

Placebo) and Elderly Female (N=8 Active, N=2 Placebo) Subjects 

 
 
The Karolinska Sleepiness Scale (KSS) was administered at 1, 2, 4, 6, 8 and 24 hr post 
AM administration. 
Following an AM oral doses of 16 mg, elderly males and elderly females experienced a 
small effect of increased in sleepiness at 1 and 2 hr post dose respectively. Also, 
following AM oral doses of placebo (n=2), elderly males experienced a small effect of 
increased sleepiness. These findings suggest a small effect on alertness based on KSS 
consistent with the desired PD endpoints for MK-4305. 
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Mean Change from Baseline (+/- SE) for KSS Following Single Oral Dose 
Administration of MK-4305 16 mg or Placebo in Elderly Male (N=8 Active, N=2 

Placebo) and Elderly Female (N=8 Active, N=2 Placebo) Subjects 

 
 
Summary statistics for the DSST endpoints of number correct are provided in the table 
below. There were no decreases in the number correct which suggests no apparent 
impairment of 16 mg MK-4305 on DSST. 
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Summary Statistics for DSST (Number Correct) Following Single Oral Dose 
Administration of MK-4305 16 mg in Healthy Elderly Male and Elderly Female 

Subjects 

 
 
 
Safety results: 
 
No serious clinical adverse experiences (AEs) were reported. No subjects discontinued 
the study due to an AE. All clinical adverse experiences were mild in intensity. The most 
frequently reported clinical adverse experience was somnolence (40% of subjects). All 
subjects who reported somnolence received MK-4305; 6 females reported somnolence 
while 2 males reported somnolence. 
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P005: A Double-Blind, Randomized, Placebo-Controlled, Alternating Panel, 
Single Rising Oral Dose Study to Evaluate the Safety, Tolerability, 
Pharmacokinetics and Pharmacodynamics of Suvorexant (MK-4305) in 
Healthy Japanese Male Subjects 

 
Objectives: 
Primary: To evaluate the safety and tolerability of suvorexant (MK-4305) after 
administration of single rising oral doses to healthy Japanese male subjects. 
Secondary:  To compare the effects of a standardized Japanese breakfast on the plasma 
PK of suvorexant to those in the fasted state after oral administration of single doses of 
suvorexant to healthy Japanese male subjects. 
Exploratory: To compare plasma PK after oral administration of single doses of 
suvorexant in healthy Japanese male subjects and non-Japanese subjects using data from 
Protocol 001. 
 
Study Design Two-part, randomized, double-blind, placebo-controlled, alternating 

panel, single oral rising dose study 
Study Population 32 healthy Japanese male subjects, 8 per panel, 20-45 years 
Treatment Groups * Two parts, 2 panels in each part, 4 trt periods for each panel. For all 

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* 

Part 1, panel A: 4 mg, 20 mg, 76 mg AM, 76 mg PM or matching 
placebo  

Part 1, panel B: 10 mg, 50 mg, 100 mg, 10 mg fed or matching placebo 

Part 2, Panel C: 4 mg, 20 mg, 76 mg AM, 76 mg PM or matching 
placebo 

Part 2, Panel D: 10 mg, 50 mg, 100 mg, 10 mg fed or matching placebo 

All doses were in the fasted state, except for 10 mg in panels B and D. 

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

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

PK Assessment Cmax, C4h, tmax, AUC0-inf, t1/2 of MK-4305  
PD Assessment Karolinska Sleepiness Scale (KSS)  

Bond and Lader Visual Analog Scale (VAS) 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* Dosing was discontinued after Panel A, Period 3 and Panel B, period 2 based on preliminary evaluation 
of somnolence related AEs and the neurological exams in Part 1, which raised clinical concerns. Therefore, 
the protocol was amended to conduct Part 2. An additional 16 subjects were enrolled in two panels, Panel C 
(4 mg, 20 mg, 76 mg AM, 76 mg PM or matching placebo) and D (10 mg, 50 mg, 100 mg, 10 mg fed or 
matching placebo), each of which was to contain 4 treatment periods. 
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Bioanalytical Assay: 
Plasma samples were analyzed for suvorexant. M9 was not assayed. Plasma 
concentrations of suvorexant were determined using a 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 bioanalytical assay performance during analysis of the samples was acceptable.  
 
Pharmacokinetic Results: 
 
Suvorexant had a median Tmax ranging from 1.0 – 4.0 hours and an apparent terminal half 
life ranging from 7.3 to 9.3 hours over the single dose range of 4 mg to 100 mg, 
following fasted AM administration based on Parts 1 and 2 combined. 
 
Parts 1 and 2: Summary Statistics of Plasma Suvorexant (MK-4305) PK Parameters 

Following Single Oral AM Doses of 4 to 100 mg or Single Oral PM Dose of 76 mg 
Suvorexant (MK-4305) in Japanese Healthy Young Male Subjects 

 
 

The effect of food on suvorexant pharmacokinetics was explored. A standard Japanese 
breakfast resulted in a similar Cmax; however, the mean AUC0-∞ was higher and median 
Tmax for suvorexant was delayed by approximately 1 hour. The GMR (fed/fasted) for 
AUC0-∞ and Cmax were 1.34 and 0.88, respectively.  
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Mean Plasma Concentration-Time Profile Following Administration of a 10-mg 
Single Oral Dose of Suvorexant (MK-4305) to Japanese Healthy Young Male 

Subjects in the Fasted State and Following a Standard Japanese Breakfast 
(N=6, Inset: Semi-Log Scale) 

 
 
The effect of circadian time on suvorexant pharmacokinetics was also explored. Night-
time administration resulted in a similar AUC0-∞, while the mean Cmax was decreased 
slightly and median Tmax was delayed by approximately 2 hours. The GMR (PM/AM) for 
AUC0-∞ and Cmax were 1.05 and 0.71, respectively. 
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Part 2: Mean Plasma Concentration-Time Profile Following Administration of a  
76-mg Single Oral Dose of Suvorexant (MK-4305) in the PM and AM to Japanese 

Healthy Young Male Subjects in the Fasted State (N=6, Inset: Semi-Log Scale) 

 
 
The dose to achieve pharmacokinetic target concentration, C4hr, above 0.4 μM (based on 
preclinical EEG data) for suvorexant was evaluated after fasted morning administration, 
after fed morning administration and after night-time administration. All doses from 50 
mg to 100 mg achieved C4hr above 0.4 μM. 
 
Parts 1 and 2: Geometric Mean (90% CI) of C4hr (μM) and Following Single Oral 

Doses of 4 to 100 mg Suvorexant (MK-4305) in Japanese Healthy Young Male 
Subjects 

 
 
An exploratory analysis suggested that dose proportionality could not be concluded for 
plasma AUC0-∞ and Cmax over the range of doses studied (4 to 100 mg). Narrower dose 
ranges were further explored for AUC0-∞ and Cmax. There were no dose ranges observed 
consistent with strict dose proportionality. 
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Parts 1 and 2: Assessment of Similarity of AUC0-∞ and Cmax Following Single Oral 
Fasted AM Doses of Suvorexant (MK-4305) 4 to 120 mg between Japanese and non-

Japanese Healthy Young Male Subjects 

 
 
 
Pharmacodynamic Results: 
 
Part 1 data, the VAS questionnaire had incomplete linguistic validation.  
Summary statistics and changes from baseline were provided for Part 2 data only for the 
Bond and Lader derived factors of alertness, calmness and contentedness from the VAS 
as well as the Karolinska Sleepiness Scale (KSS measured from sleepy to alert).  
Following single oral AM fasted doses of suvorexant 4 to 100 mg, the drowsiness 
generally peaked at 1.5 hours post-dose. 
Plot of changes in KSS from baseline is provided below.  
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Change (Mean +/- SE) from Baseline for KSS Alertness for Panel D Following 
Single Oral Doses of Suvorexant (MK-4305) 10 to 100 mg in Japanese Healthy 

Young Male Subjects (N=6 per active dose, N=6 pooled placebo, N=2 Fed placebo) 

 
 
Reviewer’s Comment: The change in sleepiness was more pronounced after 10 mg 
suvorexant in the fasted state than after 10 mg suvorexant in the fed state and the peak 
occurred earlier in the fasted state. 
 
Safety:  
For Part 1, somnolence adverse experiences based on neurologic exams were not 
consistently recorded by the study site and this was considered an incomplete assessment 
of safety. The adverse experiences and assessment of laboratory, ECG and vital signs for 
Part 1 were recorded, there were no findings from Part 1 that were of clinical concern or 
precluded proceeding to Part 2.  
In Part 2, no serious clinical AEs were reported and no subject discontinued because of 
an AE. The most frequently reported AEs was somnolence (reported 1 or more times by 
16 of 16 subjects). It was reported by subjects following all doses of suvorexant, and also 
reported by all 12 subjects who received placebo. All AEs were rated mild or moderate in 
intensity. The duration of the somnolence events tended to be longer in the higher doses. 
Three subjects reported fatigue following a single dose of suvorexant 50 mg. One subject 
reported paralysis following a single dose of suvorexant a 100 mg. AN 0028 reported 
paralysis at a similar time as somnolence (at about 0.5 hr following suvorexant 
administration). The paralysis event occurred as the subject was falling in sleep which 
was consistent with "sleep paralysis"; and it was not preceded by any emotional trigger, 
and, according to the sponsor, should be differentiated from cataplexy. 
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P017: A Single Dose Study to Investigate the Pharmacokinetics of MK-4305 
in Patients With Hepatic Insufficiency 

 
Objectives: 
Primary: To compare the plasma concentration-time profile and pharmacokinetics after 
administration of a single 20 mg dose of MK-4305 to patients with moderate hepatic 
insufficiency with that of the healthy matched (race, age, gender, body mass index) 
control subjects. 
Secondary:  To evaluate the safety and tolerability of MK-4305 in patients with hepatic 
insufficiency, and in healthy subjects, after administration of a 20 mg single oral dose. 
Exploratory: To evaluate plasma protein binding of MK-4305 and determine the unbound 
area under the curve for each individual and compare with healthy matched controls. 
 
Study Design Open-label, 2-part study* 
Study Population 8 healthy (5 male and 3 female)  and 8 subjects with moderate hepatic 

impairment, 51-65 years 
Treatment Groups  2 groups, 1 treatment /group  
Dosage and Administration 20 mg suvorexant in the fasted state (fasted at least 8 h prior to dosing) 

PK Sampling: plasma Plasma 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** 

Blood samples were collected at pre-dose for the in vitro determination 
of total protein binding and unbound fraction of MK-4305 

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

PK Assessment Cmax, C4h, tmax, AUC0-inf, t1/2 of MK-4305 and M9 
AUC0-∞(unbound) and Cmax(unbound) for MK-4305 

PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* In Part I, patients with moderate hepatic insufficiency (Child-Pugh scores of 7 to 9) were enrolled. If the 
pharmacokinetics of MK-4305 in healthy matched control subjects and patients with moderate hepatic 
insufficiency were similar as defined by a true ratio of the geometric mean AUC (moderate hepatic 
insufficiency patients / healthy matched control subjects) of no more than 2.00, then the study was 
complete. Part II was to be conducted to evaluate the pharmacokinetics of MK-4305 in patients with mild 
hepatic insufficiency based on the safety, tolerability, and pharmacokinetics from Part I. Part II was not 
conducted. 
** 96, 120, 144 h for hepatic patients only 
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Bioanalytical Assay: 
Plasma concentrations of suvorexant and the major human circulating metabolite M9 
were determined using validated 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. 
The assay performance during the analysis of the plasma samples was acceptable. 
Representative chromatograms were also provided. 
MK-4305 plasma protein binding analysis was performed on pre-dose blood samples 
taken from each patient/subject using an ultracentrifugation method. Each sample was 
spiked with 2 μM [14C]MK-4305 by adding 5.0 μL of a 0.4 mM [14C]MK-4305 stock 
solution (50% acetonitrile:water) to 3.0 mL polyallomer Microfuge® tubes containing 
1.0 mL of plasma. The samples were centrifuged at approximately 4°C and 3000 rpm 
(1500 x g) for 15 minutes. The plasma was then removed and placed into polypropylene 
tubes (2 aliquots per subject) and frozen at -70 °C until shipped (on dry ice) at the end of 
the study. Blood samples were also collected at 2 and 24 hours post MK-4305 dose for 
possible determination of the in vivo protein binding of MK-4305. Plasma samples for in 
vivo binding were not assayed, as the percent of MK-4305 bound to plasma proteins did 
not appear to change over the MK-4305 concentration range observed in the clinical 
studies. 
 
Pharmacokinetic Results: 
For patients with hepatic insufficiency, certain prescription medications used to treat 
manifestations of hepatic disease (e.g., diuretics, lactulose, etc.) were allowed during the 
study, but the patient was required to be on a steady dose, drug, and regimen for ~1 
month prior to study drug administration. However, subjects could not use any 
medication known to be an inducer or inhibitor of the cytochrome P-450 CYP3A enzyme 
system, which cannot be discontinued at least 2 weeks prior to the study start and 
throughout the study. Generally, any concomitant medication was prohibited on the day 
of dosing. If medically necessary, thiazide and other diuretics could be administered 4 to 
6 hours postdose; however, loop diuretics (e.g., furosemide) were not permitted the day 
of dosing. 
Note: Upon enrollment, Subject AN (allocation number) 0003 was taking 20 mg Lasix® 
(furosemide) twice daily for high blood pressure and ascites. Subject AN 0003’s Lasix® 
doses were held on Day 1 due to MK-4305 administration on Day 1; the Lasix® therapy 
resumed on Day 2 and was recorded as a concomitant medication. Given the short half-
life of furosemide, this concomitant medication was not expected to affect the assessment 
of the study objectives.  
 
In patients with moderate hepatic insufficiency MK-4305 exposure (AUC0-∞) was similar 
to that observed in healthy matched control subjects following a single 20 mg oral dose 
of MK-4305. The AUC0-∞ ratio of geometric means (patients with moderate hepatic 
insufficiency / healthy matched control subjects) and corresponding 90% CI were 1.03 
and (0.74, 1.43). Since the upper limit of the 90% CI was less than 2.00, the primary 
hypothesis, that AUC0-∞ of MK-4305 in patients with moderate hepatic insufficiency is 
similar to that observed in healthy matched control subjects, was supported and Part II 
(patients with mild hepatic insufficiency) was not conducted.  
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The GMR for Cmax (patients with moderate hepatic insufficiency / healthy matched 
control subjects) was 0.94. Median Tmax remained unchanged while the apparent terminal 
t1/2 was increased from 14.7 to 19.1 hours in healthy subjects versus patients with 
moderate hepatic insufficiency.  
There were insufficient data to make any inference between the Child-Pugh scores and 
MK-4305 AUC0-∞ values.  
MK-4305 plasma protein binding was approximately 99%, with individual %fu ranging 
from 0.61% to 1.14% in patients with moderate hepatic insufficiency, and from 0.66% to 
1.94% in the healthy matched control subjects. The GMR (patients with moderate hepatic 
insufficiency / healthy matched control subjects) was 0.90 for AUC0-∞(unbound) and 0.82 for 
Cmax(unbound). 
 

Summary of Pharmacokinetic Parameters of MK-4305 Following a Single Dose of 
20 mg MK-4305 Administered to Patients With Moderate Hepatic Insufficiency and 

to Healthy Matched Control Subjects 
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Mean Plasma Concentration-Time Profiles of MK-4305 Following a Single Dose of 
20 mg MK-4305 Administered to Patients With Moderate Hepatic Insufficiency and 

to Healthy Matched Control Subjects (inset=semilog scale) 

 
 
 

Individual MK-4305 AUC0-∞ (μM•hr) Values, Geometric Means and 95% CIs 
Following a Single Dose of 20 mg MK-4305 Administered to Patients With 

Moderate Hepatic Insufficiency and Healthy Matched Control Subjects 

 
 
Reviewer’s Comment: higher variability in patients with moderate hepatic impairment. 
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Metabolite M9: 
Following a single 20 mg MK-4305 dose, the M9 GMR (patients with moderate hepatic 
insufficiency / healthy matched control subjects) for AUC0-∞ and Cmax were 1.32 and 
0.95, respectively. 
 

Summary of PK Parameters of M9 Following a Single Dose of 20 mg MK-4305 
Administered to Patients With Moderate Hepatic Insufficiency and to Healthy 

Matched Control Subjects 

 
 
Mean Plasma Concentration-Time Profiles of M9 Following a Single Dose of 20 mg 

MK-4305 Administered to Patients With Moderate Hepatic Insufficiency and 
Healthy Matched Control Subjects 

 
 
Reviewer’s Comments: The apparent terminal t1/2 of both suvorexant and M9 were 
increased in patients with moderate hepatic insufficiency compared to healthy subjects.  
In addition, even though the GMR for AUC0-∞ (patients with moderate hepatic 
insufficiency / healthy matched control subjects) was 1.03, the variability in patients with 
moderate hepatic impairment was higher. 
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In order to assess the effect of moderate hepatic impairment on the steady state 
suvorexant exposure, simulations based on nonparametric superposition were performed 
by the pharmacometrics reviewer Dr. Brar. 
The ratios for the main PK parameters at steady state for moderate hepatic impairment vs. 
healthy subjects are provided below: 
 
Steady state                                      Ratio 
AUC(tau)                                         1.17 
C9hr                                                   1.12                                         
Cmax                                                  1.02 
 
Conclusion: Based on these simulations, no dose adjustment is needed in subjects with 
moderate hepatic impairment. 
 
Safety results: 
No serious adverse experiences were reported in this study and no subject or patient 
discontinued because of an AE. All AEs were mild in intensity. Somnolence, reported by 
6 of the 8 patients with moderate hepatic insufficiency and 5 of the 8 healthy matched 
control subjects, was the most common AE in this study.  
No laboratory adverse experiences were reported. Patients with hepatic insufficiency had 
some abnormalities in laboratory safety parameters at pre-study that were consistent with 
their disease state (e.g., AST and/or ALT, PT, platelets) and a single 20 mg dose of MK-
4305 did not appear to have any impact on these laboratory parameters. 
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P023: A Single Dose Study to Investigate the Pharmacokinetics of 
Suvorexant (MK-4305) in Patients with Impaired Renal Function 

 
Objectives: 
Primary: To compare the plasma concentration-time profile and pharmacokinetics after 
administration of a single 20 mg dose of MK-4305 to patients renal impairment with that 
of healthy matched (race, age, gender, body mass index) control subjects. 
Secondary:  To evaluate the safety and tolerability of suvorexant after administration of a 
single oral dose of suvorexant (MK-4305) to patients with impaired renal function and to 
healthy subjects. 
 
Study Design Open-label, 2-part study* 
Study Population 8 subjects with severe renal impairment **, 6 male and 2 female, 29-66 

years and 8 matched healthy subjects  
Treatment Groups  2 groups, 1 treatment /group  
Dosage and Administration 20 mg suvorexant in the fasted state (fasted at least 8 h prior to dosing) 

PK Sampling: plasma Plasma samples were collected at pre-dose and at 0.5, 1, 2, 4, 6, 9, 12, 
16, 24, 48, 72, 96, 120 h post-dose 

Blood samples were collected at pre-dose for the in vitro determination 
of total protein binding and unbound fraction of MK-4305 and at 2 h 
and 24 h post-dose for in vivo protein binding of MK-4305. 

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

PK Assessment Cmax, C4h, tmax, AUC0-inf, t1/2 of MK-4305 and M9 
AUC0-∞(unbound) and Cmax(unbound) for MK-4305 

PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* Part II (Panels C, D, E, F) consisting of 8 patients with moderate renal impairment and 8 patients with 
mild renal impairment and the same number of healthy matched control subjects was planned but not 
conducted. Part II was contingent on the results from Part I. 
** A 24-hour urinary CrCL <30 mL/min was the inclusion criteria for patients with severe renal 
impairment.  
 
Bioanalytical Assay: 
 
Plasma concentrations of suvorexant and the major human circulating metabolite M9 
were determined using validated 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. 
The assay performance during the analysis of the plasma samples was acceptable.  
 
Plasma for In Vitro and In Vivo Protein Binding 
Whole blood for in vitro (drawn before drug administration) and in vivo protein binding 
analysis (drawn at time points indicated above), were collected in plastic tubes containing 
K2EDTA as the anticoagulant and placed on ice until plasma was separated. Blood 
samples were centrifuged at 3000 rpm for 15 minutes at 4°C. Plasma was transferred to 
polypropylene tubes (2 aliquots per patient/subject) and stored at -70°C until transferred 
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to Merck. Only the in vitro samples were assayed. The in vivo samples for protein 
binding were archived. 
Suvorexant plasma protein binding analysis was performed using an ultracentrifugation 
method. Each sample was prepared at a concentration of 2 μM [14C] suvorexant by 
adding 5.0 μL of a 0.4 mM [14C] suvorexant stock solution (50% acetonitrile:water) to 
3.0 mL polyallomer Microfuge® tubes (Beckman) containing 1.0 mL of plasma. 
 
Pharmacokinetic Results: 
 
A total of 16 subjects/patients, 8 patients with severe renal impairment and 8 healthy 
matched control subjects were enrolled; all 16 subjects/patients completed the study.  
Patients with severe renal impairment were allowed the use of various concomitant 
therapies (e.g., ACE inhibitors, angiotensin II receptor antagonists, beta-blockers, 
diuretics) provided the patients were on a stable regimen for at least 1 month prior to 
study drug administration and if these agents were not strong inhibitors of CYP3A4. As 
per protocol, diuretics were held for 4 hours prior to dosing.  
No prior therapies were reported by matched healthy subjects. Three matched healthy 
subjects reported concomitant therapies for the treatment of headache (acetaminophen) 
during the study.  
 
Following single dose administration, suvorexant had a median Tmax of 2.0 hours in 
patients with severe renal impairment and 1.0 hour in matched healthy control subjects. 
The mean apparent terminal half life was 13.5 hours for both populations. 
The ratio of geometric means GMR (severe renal impairment patients/matched healthy 
control subjects) for the unbound AUC0-∞ and Cmax were 1.18 and 1.10, respectively. 
Suvorexant plasma protein binding was similar in severe renal impairment patients and 
matched healthy control subjects (ranged from 0.9 to 1.3% in severe renal impairment 
patients and 0.9 to 1.5% in matched healthy control subjects). 
 

Summary of the Plasma Pharmacokinetic Parameters of Suvorexant (MK-4305) 
Following a Single Dose of 20-mg Suvorexant (MK-4305) Administered to Patients 

with Severe Renal Impairment and to Healthy Matched Control Subjects 

 
 
The GMR for AUC0-∞ and Cmax of metabolite M9 were 0.88 and 0.77, respectively. 
The statistical analysis output for pharmacokinetic data is provided below.  
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Summary of the Plasma Pharmacokinetic Parameters of Metabolite M9 Following a 
Single Dose of 20-mg Suvorexant (MK-4305) Administered to Patients with Severe 

Renal Impairment and to Healthy Matched Control Subjects 

 
 

 
Mean Plasma Concentration-Time Profiles for Suvorexant (MK-4305) Following a 
Single Dose of 20-mg Suvorexant (MK-4305) Administered to Patients with Severe 

Renal Impairment and to Healthy Matched Control Subjects (Inset: Semi-log Scale) 
(N = 8 per Group) 
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Individual Suvorexant (MK-4305) Plasma AUC0-∞ Values Following a Single Dose 
of 20-mg Suvorexant   Administered to Patients with Severe Renal Impairment and 

to Healthy Matched Control Subjects (N = 8 per Group) 

 
 
 
The relationship between suvorexant pharmacokinetics and renal insufficiency were 
visually assessed by scatter plots of the unbound AUC0-∞ and Cmax versus estimated CrCL 
by Cockcroft-Gault (and versus eGFR by MDRD) for the patients with severe renal 
impairment and for the healthy matched controls. The unbound AUC0-∞ and Cmax versus 
the estimated CrCL, either by Cockcroft-Gault or by MDRD, indicated no relevant 
difference in the PK between the two populations. 
Formal modeling of the relationship between the estimated values of CrCL/ eGFR and 
PK was not performed, as only Part I of the study was conducted. Therefore, no data are 
available for the estimated CrCL/ eGFR values in the moderate renal impairment range. 
Higher variability of PK observed in severe renal impairment. 
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Scatter Plot of Individual Unbound AUC0-∞ Values versus estimated CrCL by 
Cockcroft-Gault (mL/min) Values Following a Single Dose of 20-mg Suvorexant 
Administered to Patients with Severe Renal Impairment and to Healthy Matched 

Control Subjects (N = 8 per Group) 

 
 

Scatter Plot of Individual Unbound AUC0-∞ Values versus eGFR by MDRD 
(mL/min/1.73m2) 

 

 
Safety:  
No serious adverse experiences were reported and no subjects discontinued due to an AE. 
Four healthy subjects reported 5 AEs (headache n=3 and dry mouth n=2). Two patients 
with severe renal impairment reported a total of 2 AE (somnolence and 
oligomenorrhoea). No laboratory AEs were reported. 
 
Conclusion: No dose adjustment is needed for patients with renal impairment. 
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P027: A Multiple Dose Study of MK-4305 in Elderly Subjects 

 
Objectives: 
Primary: Panels A and B: To evaluate the safety and tolerability of multiple oral doses of 
suvorexant (MK-4305) for seven consecutive days in healthy elderly subjects. 
 Panel A only (Panel B had limited PK sampling): To obtain preliminary PK data (AUC0-

24h, etc. and accumulation ratio) of suvorexant in the fasted state  
Panel D: To evaluate the safety and tolerability of single oral doses of suvorexant QD for 
twenty-one consecutive days in healthy elderly subjects and obtain preliminary PK data 
(accumulation ratio [Day 21 AUC0-24h/ Day 1 AUC0-24h]) of suvorexant  
There were no secondary objectives.  
Exploratory: To explore the PD effects of multiple doses of suvorexant in elderly subjects 
as evaluated by cognitive, psychomotor and subjective/somnolence assessments. 
 
Study Design * Double-blind, randomized, placebo-controlled, sequential panel, 

multiple dose study 
Study Population: elderly 
(65-77 years old) 
BMI ≤ 33 kg/m2 

Panel A: 22 (eight subjects of each gender received 40 mg suvorexant 
and three subjects of each gender received matching placebo) 
Panel B: 22 (eight subjects of each gender received 40 mg suvorexant 
and three subjects of each gender received matching placebo) 
Panel D: 30 subjects (10 of each gender received 30 mg suvorexant and 
five of each gender matching placebo) 

Treatment Groups  3 panels, 1 treatment /panel 
Dosage and Administration Suvorexant in the fasted state (fasted at least 4 h prior to dosing): 

Panels A and B: 40 mg suvorexant or matching placebo QD for 7 days. 
Panel C was not conducted; was replaced by Panel D.  

Panel D:  30 mg suvorexant or matching placebo QD for 21 days. 

PK Sampling: plasma Plasma samples were collected at pre-dose and at 0.5, 1, 2, 4, 6, 10, 16, 
24 (48, 72, 96, 120, 144 h post-dose) ** 

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

PK Assessment Cmax, C4h, tmax, AUC0-inf, t1/2 of MK-4305 and M9 
Panel A: Suvorexant accumulation ratio [Day 7 AUC0-24h/ Day 1 
AUC0-24h]) 
Accumulation ratio [Day 21 AUC0-24h/ Day 1 AUC0-24h]) of 
suvorexant (panel D) 

PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* In Panel A subjects received 40 mg suvorexant/ matching placebo at approximately 9:30 PM in a fasted 
state (4 hours) and went to bed approximately 120 minutes after dosing. In Panel B subjects received 40 mg 
suvorexant /placebo at 9:30 PM in a fasted state and went to bed approximately 30 minutes after dosing. In 
Panel D subjects received 30 mg suvorexant/placebo at 9:30 PM in a fasted state and went to bed 
approximately 30 minutes after dosing.  
** Up to 24 h. On the last dosing day only up to 144 hours post-dose in Panels A and B and up to 132 
hours post-dose in Panel D.  
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Note: No medications, including prescription and non-prescription drugs or herbal 
remedies were allowed in this study. 
Subjects with CrCL of ≤60 mL/min (based on the Cockcroft-Gault equation) were 
excluded. 
 
Bioanalytical Assay: 
Plasma concentrations of suvorexant and the major human circulating metabolite M9 
were determined using validated 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. 
The assay performance during the analysis of the plasma samples was acceptable.  
 
Pharmacokinetic Results  
Four subjects discontinued this study; 2 subjects from Panel B and 2 subjects from Panel 
D. For Panel A, all subjects completed. 
For Panel B, AN 0028 discontinued due to personal reasons, after receiving 4 daily doses 
of suvorexant 40 mg. AN 0028 was replaced by AN 0128 who completed the study. 
AN 0024 discontinued due to possible sleep apnea which was not disclosed at screening, 
after receiving 4 daily doses of suvorexant 40 mg. Note: This subject did not have high 
suvorexant levels on Day 4. 
For Panel D, two subjects, AN 0417 and AN 0421 discontinued due to laboratory AEs, 
elevated amylase and lipase after receiving 20 daily doses of suvorexant 30 mg. 
Note: These subjects did not have high suvorexant levels on Day 21. 
The PK data of two subjects in Panel D, AN 0408 and AN 0425, did not match the dose 
prescribed by the allocation schedule, due to a likely protocol deviation (AN 0425 was to 
receive placebo but had detectable concentrations of suvorexant in all plasma samples; 
AN 0408 was to receive 30 mg suvorexant but had no detectable levels of suvorexant in 
all plasma samples). These two subjects in Panel D were excluded from the PK and PD 
analysis but not from the safety analysis. 
 
Following multiple dose PM administration of 30 and 40 mg suvorexant (Panels A and 
D), suvorexant had median Tmax values of 2.0 hours and mean apparent terminal half-life 
ranging from 16.4 to 18.4 hours for the combined gender population. The mean 
accumulation ratios for suvorexant AUC0-24hr for the 30 to 40 mg doses ranged from 1.34 
to 1.45 for the combined genders. 
Note: Females had higher AUC and longer t1/2 than males in Panels A and B but not in 
Panel D. 
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Summary of PK Parameters of Suvorexant Following Multiple Dose PM 
Administration of 40 mg, Once Daily for 7 Days in Panel A, or 30 mg, Once Daily 

for 21 Days in Panel D in Healthy Elderly Male and Female Subjects 
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Summary of PK Parameters of Suvorexant Following Multiple Dose PM 

Administration of 40 mg, Once Daily for 7 Days in Panel B, Healthy Elderly Male 
and Female Subjects 

  
 

Mean Suvorexant Plasma Concentrations (μM) Versus Time (hr) Following 
Multiple PM Dose Administration of 40 mg, Once Daily for 7 Days (Panel A-B), or 

30 mg, Once Daily for 21 Days (Panel D) in Healthy Elderly Male and Female 
Subjects (N=16/Panel A, N=17/Panel B, N=19/Panel D) (Linear Scale) 
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Pharmacodynamic Results:  
 
For Panel A (lights out 2 hr after dosing), the scale was administered predose on day 1, at 
1 hr postdose on days 1, 4, 5, 6 and 7, 10 hrs postdose on days 4, 5 and 6. In Panel A, 40 
mg suvorexant given in the PM (lights-out 2 hr after dosing) for 7 days appeared to 
decrease alertness and increase sleepiness at 1 hr after dosing as measured by VAS and 
KSS. This decrease in alertness and increase sleepiness appeared to diminish at 10 hr post 
dose.  
For Panel B and D (lights out 30 min after dosing), the scale was administered predose on 
day 1, at 0.5 hr (just prior to lights out) postdose on days 1, 4, 5, 6, and 7 (or 21, panel D) 
and 10 hrs postdose on days 4, 5 and 6 (or 21, panel D). 
In Panels B and D, suvorexant given in the PM (lights-out 0.5 hr after dosing) for 7 and 
21 days, respectively did not appear to result in a decreased alertness or increased 
sleepiness as measured by VAS and KSS at any time point postdose. 
Note: The effect of suvorexant appears to occur about 1 h post dose.   
 

Change (Mean ± SD) from Baseline for Alertness in Panel A Following Multiple 
Dose PM Administration of 40 mg once daily for 7 days (lights out 2 hours post 

dose) in Healthy Elderly Male and Female Subjects 
(N=8 per each gender, N=6 pooled placebo) 
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Change (Mean ± SD) from Baseline for Alertness in Panel B Following Multiple 
Dose PM Administration of 40 mg once daily for 7 days (lights out 30 minutes 

postdose) in Healthy Elderly Male and Female Subjects (N=8 females, N=9 males 
with only N=7 males Days 5 to 7, N=6 pooled placebo) 

 
 

Safety: 
The most frequently reported clinical adverse experience was somnolence, reported by a 
total of 25 subjects: 100% (16 subjects) on 40 mg suvorexant in Panel A (with lights out 
at 2 hr after dosing), 0% or no subjects who received 40 mg suvorexant in Panel B (with 
lights out at 30 min after dosing), 20% (4 subjects) on 30 mg suvorexant with lights out at 
30 min, and 22.7 % (5 subjects) who received placebo (all panels combined). The 
duration of somnolence was generally 7 hours.  
Note: This argues against taking the drug immediately before going to bed. 
 
Five subjects experienced laboratory AEs: three had elevated amylase and lipase. Upon 
retesting (two days later), the serum amylase declined to within normal limits, but lipase 
remained slightly elevated. Two subjects: AN 0042 (40 mg suvorexant) and AN 0041 
(placebo) had glomerular filtration rate decreased (as estimated by Cockcroft and Gault) 
and both AEs were considered not drug related.  
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1.3 Extrinsic Factor PK Studies 
 

P010: A Study to Evaluate the Effect of Alcohol on the Single Dose 
Pharmacokinetics and Pharmacodynamics of MK-4305 

 
Objectives: 
Primary: (1) To investigate the safety and tolerability of single dose of 40 mg MK-4305 
alone and in combination with alcohol. (2) To investigate the effect of alcohol (0.7 g/kg) 
on psychomotor/cognitive performance of MK-4305 as measured by CDR cognitive 
testing battery. 
Secondary: To evaluate the PK parameters of a single dose of 40 mg MK-4305 when 
administered in the presence and absence of alcohol. 
Exploratory: (1) To explore the PD effects of MK-4305 alone or in combination with 
alcohol on other cognitive tests (e.g. CRT, IDWR, numeric working memory). (2) To 
investigate the effect of a single dose of 40 mg MK-4305 alone and in combination with 
alcohol (0.7 g/kg) on postural stability. 
 
Study Design Randomized, double-blind, double-dummy, placebo-controlled, four 

period crossover study 
Study Population 31 healthy male (19) and female (12) subjects, 19-43 years,  

29 completed the study 
Treatment Group 4 treatments in a cross-over manner, see below 

Dosage and 
Administration* 

Treatment A:  MK-4305 placebo and oral placebo alcohol solution  

Treatment B:  40 mg MK-4305 and oral placebo alcohol solution 

Treatment C:  MK-4305 placebo and oral solution of alcohol (0.7 g/kg) 

Treatment D: 40 mg MK-4305 and an oral solution of alcohol.  

There was at least 5 days of washout between each treatment period. 

PK Sampling: plasma Plasma samples for MK-4305 ** 

Serum samples for Alcohol concentrations ** 

Analysis Plasma: LC-MS/MS method for MK-4305  
Range: 1 to 1000 ng/mL  
Whole blood alcohol concentrations per the local standard operating 
procedures 

PK Assessment Cmax, tmax, AUC0-24, AUC0-inf, t1/2 of MK-4305  
 

PD Assessment Digit Vigilance Test (DVT) 
Digit Symbol Substitute Test (DSST)  
Bond and Lader Visual Analog Scale (VAS) 
Postural stability assessed using Accusway 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* The dose of alcohol administered in this study (0.7 g/kg body weight) has reliably demonstrated 
impairment on cognitive testing battery and postural stability in other alcohol interaction studies with CNS 
depressants 
** PK samples were collected at pre-dose and at 0.5, 1, 2, 3, 5, 9, 16, 24, 48, 72 h post-dose (and 96 h for 
Day 19) 
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Bioanalytical Assay: 
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.  
 
Whole Blood for Alcohol Assay 
Whole blood samples were collected into plastic vacutainers containing potassium EDTA 
(K2EDTA) and processed for the analysis of whole blood alcohol concentrations by the 
laboratory at the Clinical Research Unit as per the local standard operating procedures. 
Note: No details of the assay were provided in the report, only alcohol concentrations 
were provided in Appendix 16.1.11.1. 
 
Suvorexant Pharmacokinetic Results 
 
There was no PK interaction between alcohol and suvorexant. The mean plasma 
concentration profile of suvorexant when administered with or without alcohol is 
provided below. 
 
Arithmetic Mean Plasma Concentration-Time Profile of Suvorexant Following AM 

Administration of a Single Dose of 40 mg Suvorexant (MK-4305) when  
Co-administered With and Without Alcohol in Healthy Young Subjects  

(Inset: Semi-log Scale) (N=30) 
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Statistical 
Summary for Pharmacokinetic Parameters of Suvorexant (MK-4305) Following 
AM Administration of a Single Dose of 40 mg Suvorexant When 

Co-administered With and Without Alcohol in Healthy Young Subjects 

 
 

 
Alcohol PK Results 

 
Statistical Summary for Pharmacokinetic Parameters of Alcohol Following AM 
Administration of Alcohol when Co-administered With and Without Suvorexant 

(MK-4305) in Healthy Young Subjects 

 
 

 
Pharmacodynamic Results  
 
When suvorexant 40 mg was co-administered with alcohol (0.7 mg/kg), an additive effect 
on psychomotor performance alcohol and suvorexant was demonstrated. Alcohol 
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impaired sustained attention/vigilance as assessed by DVT, whereas suvorexant alone did 
not produce impairment on DVT. Co-administration of suvorexant and alcohol produced 
additive impairment as compared to suvorexant alone or alcohol alone on sustained 
attention/vigilance as assessed by DVT (speed) at 2 hours post-dose. The co-
administration of suvorexant with alcohol also produced additive impairment on working 
memory as assessed by numeric working memory tests.  
For body sway tests, there was statistically significant impairment observed with 
suvorexant alone versus placebo, and with alcohol alone versus placebo at 1 h and 2 h 
post-dose. There was also statistically significant impairment observed for suvorexant 
with alcohol versus suvorexant alone comparison, and suvorexant with alcohol versus 
alcohol alone comparison at 2 hours postdose. These data suggests there was an additive 
impairment on balance when suvorexant is co-administered with alcohol. 
For DSST number correct, there were statistically significant decreases in number correct 
for alcohol at 1 hour postdose compared to placebo, for suvorexant alone versus placebo 
and for suvorexant with alcohol compared to alcohol alone at 5 hour postdose. Decreases 
in the number of correct digit substitutions are indicative of impairment. 
 

 
Mean ± SE for Digit Vigilance Reaction Time (msec) Change from Baseline after 

Administration of a Single Dose of 40 mg Suvorexant (MK-4305) When 
Coadministered With and Without Alcohol in Healthy Young Subjects 

(N=30) 

 
 
 

Mean ± SE for Body Sway A95 Eyes Closed Fold-Change from Baseline after AM 
Administration of a Single Dose of 40 mg Suvorexant (MK-4305) When 
Coadministered With and Without Alcohol in Healthy Young Subjects 

(N=30) 
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Mean ± SE for Digit Symbol Substitution Test Number Correct Change from 

Baseline after Administration of a Single Dose of 40 mg Suvorexant (MK-4305) 
When Coadministered With and Without Alcohol in Healthy Young Subjects 

(N=30) 
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Summary of Statistically Significant Impairment for Between-Treatment 
Comparisons for Pharmacodynamic Tests Following AM Administration of a Single 

Dose of 40 mg Suvorexant (MK-4305) When Co-administered With and Without 
Alcohol in Healthy Young Subjects 

 
 

Safety:  
MK-4305 alone and in combination with alcohol was generally safe well tolerated in 
healthy young male and female subjects. There were no serious adverse experiences 
(SAE) or laboratory adverse experiences reported. One subject (AN 0026) discontinued 
on Day 2 in Period 3 (approximately 16 hours following 40 mg MK-4305) due to a 
clinical adverse experience of upper abdominal pain. This subject had a history of gastric 
ulcers. The investigator determined the event to be moderate in intensity and not related 
to study drug. This subject also reported clinical experiences of chest pain and dyspnea 
around the same time on Day 2 in Period 3, and both of the events were considered not 
related to study drug by the investigator.  
The majority of the clinical AEs (67 reported by 18 subjects) reported were considered to 
be possibly or definitely drug-related by the principal investigator. The most frequently 
reported AEs were headache, somnolence, nausea, dizziness and feeling drunk. 
 
Conclusions: 
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There was no PK interaction between alcohol and suvorexant, however co-administration 
of alcohol with suvorexant produced additive impairment as compared to suvorexant 
alone on sustained attention/vigilance as assessed by Digit Vigilance Test (DVT), on 
balance as assessed by body sway and on working memory. 
Suvorexant should not be co-administered with alcohol. 
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P008: A Study to Evaluate the Effect of Multiple Doses of Ketoconazole on 
the Single Dose Pharmacokinetics of MK-4305 

 
Objectives: 
(1) To assess the effect of multiple doses of ketoconazole, a strong CYP3A4 inhibitor, on 
the single-dose pharmacokinetic profile of MK-4305 (AUC0-∞, Cmax, Tmax, and apparent 
terminal t½);  
(2) To evaluate safety and tolerability of a single oral dose of MK-4305 when co-
administered with multiple oral doses of ketoconazole. 
 
Study Design Open-label, 2-period, fixed-sequence study 
Study Population 10 healthy male subjects, 22-45 years 
Treatment Group 1 group, 2 periods. Subjects received all treatments.  

Dosage and Administration Period 1: 4 mg MK-4305  

Period 2: ketoconazole 400 mg for 11 days and a single dose of 4 mg 
MK-4305 on Day 2. 

There was at least a 5-day washout between the MK-4305 dose in 
Period 1 and the first dose of ketoconazole in Period 2. 

PK Sampling: plasma Plasma samples for MK-4305 and M9 * 

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

PK Assessment Cmax, tmax, AUC0-24, AUC0-inf, t1/2 of MK-4305 and M9 after suvorexant 
administration with and without ketoconazole 

PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* PK samples were collected at pre-dose and at 0.5, 1, 2, 3, 4, 6, 8, 12, 16, 24, 48, 72 (and 96, 120, 144, 
168, 192, 216 and 240 h post-dose  in period 2) 
 
 
Bioanalytical Assay: 
Plasma concentrations of suvorexant and the major human circulating metabolite M9 
were determined using validated 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 the QBR. 
The assay performance during the analysis of the plasma samples was acceptable.  
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Study Design Rationale 
According to the literature reference1 provided by the sponsor, the duration of 
ketoconazole dosing was long enough to ensure maximal CYP3A4 inhibition: co-
administration of midazolam with ketoconazole on Day 2 of multiple dose ketoconazole 
administration increased the midazolam AUC and Cmax 13.14- and 5.2-fold respectively, 
which were indistinguishable from that observed with co-administration on Day 5 (AUC 
increase 13.96-fold and Cmax increase 5.0-fold).  
Therefore, two days of dosing with ketoconazole would be sufficient to achieve CYP3A4 
inhibition prior to dosing with MK-4305 for characterization of the potential drug-drug 
interaction pharmacokinetic data. Due to the 240-hour PK sampling for characterization 
of MK-4305, and the need to ensure continued ketoconazole-mediated CYP3A4 
inhibition throughout the sample duration, ketoconazole was dosed for an additional 9 
days past the dosing of MK-4305. CYP3A4 activity returns to baseline within 7 days of 
discontinuing ketoconazole dosing. 
Note: Agree with this DDI study design. 
 
Pharmacokinetic Results 
Ketoconazole significantly increased suvorexant systemic exposure (AUC0-∞) and t1/2. 
Only a 23% increase in suvorexant Cmax was observed with prolongation in mean Tmax.  
The increase in suvorexant AUC, with minimal increases in Cmax, suggests that 
ketoconazole inhibits systemic clearance of suvorexant. 
 

Summary of Pharmacokinetic Parameters of MK-4305 Following a Single Oral 4 
mg Dose of MK-4305 Administered With and Without Multiple 400 mg 

Ketoconazole Doses to Healthy Subjects 
 

 
 

Following co-administration of suvorexant with ketoconazole, M9 exposure (AUC) 
increased 1.80 while Cmax slightly decreased (0.71). Similar increases in t1/2 and Tmax of 
M9 to those reported for the parent were observed. However, the metabolite/parent ratio 
decreased from 0.88 to 0.57 with ketoconazole coadministration. 
The decreased M9/MK-4305 ratio and the increased M9 t1/2, indicates that both the 
formation and metabolism of M9 are inhibited by ketoconazole. 
 
 
1Bjornsson TD, Callaghan JT, Einolf HJ, Fischer V, Gan L, Grimm S, et al. The conduct 
of in vitro and in vivo drug-drug interaction studies: a PhRMA perspective. J Clin 
Pharmacol 2003;43:443-69. 
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Summary of Pharmacokinetic Parameters of M9 Following a Single Oral 4 mg Dose 
of MK-4305 Administered With and Without Multiple 400 mg Ketoconazole Doses 

to Healthy Subjects 

 
 
Mean Plasma Concentration-Time Profile of MK-4305 Following a Single Oral 4 mg 

Dose of MK-4305 Administered With and Without Multiple 400 mg Ketoconazole 
Doses to Healthy Subjects (Inset: Semi-log Scale) (N=10) 

 
 

Mean Plasma Concentration-Time Profile of M9 Following a Single Oral 
4 mg Dose of MK-4305 Administered With and Without Multiple 400 mg 

Ketoconazole Doses to Healthy Subjects (Inset: Semi-log Scale) (N=10) 

 
 
 

Reference ID: 3329971



 71 

 
Safety: 
There were no serious adverse experiences and no subjects discontinued due to an AE in 
this study. A total of 14 AEs were reported in 7 subjects. The most common adverse 
experience was somnolence. There were no laboratory adverse experiences. 
 
Recommendations: Suvorexant exposure was significantly (3-fold) increased with 
concomitant administration of a strong CYP3A inhibitor. Suvorexant should not be co-
administered with strong CYP3A inhibitors. 
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P013: A Study to Evaluate the Effect of Multiple-Doses of MK-4305 on the 
Pharmacokinetics of Oral Contraceptives in Healthy Female Subjects 

 
Objectives: 
Primary: To evaluate the effect of multiple-dose administration of suvorexant (MK-4305) 
on the PK of oral contraceptive components, ethinyl estradiol (EE) and norelgestromin 
(NGMN) the active metabolite of norgestimate, after co-administration of Ortho Cyclen 
Secondary: To assess the safety and tolerability of the co-administration of suvorexant 
(MK-4305) and oral contraceptives in healthy adult female subjects. 
(2) To assess the pharmacodynamic effects of suvorexant (MK-4305) on the level of 
alertness/somnolence by subjective evaluations on the KSS and Bond-Lader VAS scales. 
 
Study Design Open-label, randomized, 2-period, crossover study 
Study Population 20 healthy female subjects, 24-44 years 
Treatment Group Each subject received two different treatments, Treatment A: a 

single oral dose of Ortho Cyclen on Day 1 and Treatment B: daily 
oral doses of 40 mg suvorexant on Days 1-18 with Ortho Cyclen 
co-administered with suvorexant on Day 14. 

Dosage and Administration Treatment A: a single oral dose of Ortho Cyclen on Day 1 
Treatment B: daily oral doses of 40 mg suvorexant for 18 days 
with Ortho Cyclen co-administered with suvorexant on Day 14. 

Ortho Cyclen tablets: EE (0.035 mg) and norgestimate (0.250 mg, 
NGT) 

In each treatment period, study drug was administered at approximately 
9:00 pm, following a ~4 hour fast.  

There was a minimum 10-day washout between each treatment period. 

PK Sampling: plasma EE and NGMN: Plasma was collected for the analysis of EE and 
NGMN pre-dose in Treatments A and B and at specified time points 
through 96 hours post Day 1 dosing in Treatment A and Day 14 dosing 
in Treatment B. * 

Plasma was collected for analysis of suvorexant at pre-dose in 
Treatments A or B and at specified time points through 96 hours post 
Day 18 dosing in Treatment B. ** 

Trough Levels *** 

Analysis: plasma LC-MS/MS method for MK-4305 Range: 1 to 1000 ng/mL  
LC-MS/MS method for EE  Range: 2 to 500 pg/mL  
LC-MS/MS method for NGMN Range: 0.02 to 10 ng/mL 

PK Assessment Cmax, tmax, AUC0-24, AUC0-inf, t1/2 of suvorexant  
Cmax, tmax, AUC0-inf, t1/2  of ethinyl estradiol (EE) and 
norelgestromin (NGMN) 

PD Assessment Bond and Lader Visual Analogue Scale (VAS)  
Karolinska Sleepiness Scale (KSS) 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* PK samples for EE and NGMN were collected at pre-dose and at 0.25 and 0.75 1, 1.5, 2, 3, 4, 6, 8, 12, 
16, 24, 48, 72 and 96 post-dose   
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** PK samples for suvorexant were collected at pre-dose and at 0.5, 1, 2, 3, 4, 6, 8, 12, 16, 24, 48, 72 and 
96 h post-dose 
*** Suvorexant Plasma Collection for Trough Levels: Days 2, 3, 4, 5, 7, 9, 11, 13, 14, 15, 16, and 17 
EE and NGMN Plasma Collection for Trough Levels: Days 15, 16, 17, and 18 only 
 
Bioanalytical Assays: 
Suvorexant: 
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 the QBR. 
The assay performance during the analysis of the plasma samples was acceptable.  
 
EE and NGMN Assays: 
Whole blood samples were collected in vacutainer tubes containing 15.0 mg sodium 
fluoride and 12.0 mg potassium oxalate and centrifuged at 2000-3000 rpms for 10-15 
minutes. Plasma was stored at -70oC and processed for the analysis of EE and NGMN 
plasma concentrations  
The analytical methods for the determination of concentration of EE and NGMN were 
based on a liquid-liquid extraction, separation by reversed phase HPLC and detection by 
tandem mass spectrometry in Multiple Reaction Monitoring (MRM) mode. Both methods 
were validated. The lower limit of quantitation (LLOQ) for the ethinyl estradiol method 
was 2 pg/mL with a linear calibration range from 2 to 500 pg/mL; the LLOQ for the 
norelgestromin method was 0.02 ng/mL with a linear calibration range from 0.02 to 10 
ng/mL. The performance assays during the analysis of the plasma samples was 
acceptable. 
One subject (AN0013) was excluded from all PK analyses because of a non-zero pre-
dose EE plasma concentration in Period 1 prior to administration of any treatment and 
fluctuations in plasma concentration beyond 10 hrs postdose. 
 
Study Design Rationale  
This study was designed to evaluate the potential for a drug interaction effect of 
suvorexant on EE and NGMN (the primary active metabolite of the norgestimate 
component of Ortho Cyclen ) following co-administration of suvorexant with Ortho 
Cyclen. 
Based on in vitro data, suvorexant had the potential to be an inducer of Phase II 
metabolic enzymes. Based on a prior drug interaction study (P017), suvorexant dosed 
once daily for fourteen days was a weak inhibitor of CYP3A. Therefore, the duration of 
suvorexant dosing in the present study was fourteen days prior to co-administration of 
Ortho Cyclen to ensure that any potential time dependent effects of suvorexant on 
metabolic enzyme activity involved in the biotransformation of Ortho Cyclen 
components can be evaluated. This design is appropriate. 
 
Pharmacokinetic Results:  
No subject reported prior drug therapy usage within 14 days prior to the start of the study. 
Administration of acetaminophen, or products containing acetaminophen, was not 
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allowed within 24 hours prior to dosing of the Ortho Cyclen on Day 1 (Treatment A) and 
Day 14 (Treatment B) and for 96 hours after administration of Ortho Cyclen , since 
acetaminophen is known to affect the pharmacokinetics of oral contraceptives. 
Ibuprofen was allowed at the investigator’s discretion during the study for mild 
symptoms (e.g., headaches) in place of acetaminophen. 
One subject (AN0013) was excluded from all PK analyses because of a non-zero pre-
dose EE plasma concentration (see above). In addition, two subjects (AN 0003 and 0016) 
discontinued prematurely after receiving the Ortho Cylen alone treatment. 
 
Pharmacokinetics of Ethinyl estradiol and Norelgestromin 
Following the co-administration of single dose Ortho Cyclen (containing ethinyl 
estradiol and norgestimate) with 40 mg suvorexant on day 14 of once daily dosing of 
suvorexant alone for 18 days, the exposures of ethinyl estradiol and norelgestromin were 
similar to these when Ortho Cyclen was administered alone. The geometric mean ratio 
(Ortho Cyclen with suvorexant / Ortho Cyclen alone), and the corresponding 
90% confidence interval for ethinyl estradiol AUC0-∞ was 1.07 and for norelgestromin 
AUC0-∞ was 1.16. In addition, no appreciable changes in Tmax or in the apparent terminal 
half-life of ethinyl estradiol and norelgestromin were observed. 
 
Summary of Pharmacokinetic Parameters of Ethinyl estradiol and Norelgestromin 
Following a Single Oral Dose of Ortho CyclenTM Alone or Coadministered on Day 
14 of 18 Days of Once Daily PM Dosing of Suvorexant in Healthy Female Subjects 
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Arithmetic Mean Plasma Concentration-Time Profile of Ethinyl Estradiol (above) 
and Norelgestromin (below) Following a Single Oral Dose of Ortho Cyclen Alone or 

Coadministered on Day 14 of 18 Days of Once Daily PM Dosing of Suvorexant in 
Healthy Female Subjects (Inset:Semi-log Scale) (N=19/ Ortho Cyclen Alone, N=17/ 

Ortho Cyclen + Suvorexant) 
 

 
 

 
 

 
Pharmacokinetics of Suvorexant 
The pharmacokinetics of 40 mg of suvorexant administered once daily for 18 days, when 
Ortho Cyclen was co-administered on day 14, was also evaluated in this study. The 
statistical summary for the suvorexant PK parameters is presented in the table below. 
Healthy female subjects in this study achieved 90% of steady state suvorexant levels by 
Day 3 of multiple once daily dosing. 
The mean accumulation ratio was 1.53 for AUC0-24hr, consistent with the mean t1/2 of 15.4 
hours observed in this study. 
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Summary of Pharmacokinetic Parameters of Suvorexant (MK-4305) On Day 1 and 
Day 18 Following Once Daily PM Dosing of 40 mg Suvorexant, with a Single Oral 
Dose of Ortho CyclenTM Co-administered on Day 14 in Healthy Female Subjects 

 

 
 

Mean Plasma Concentration-Time Profile of Suvorexant Following Once Daily PM 
Dosing of 40 mg Suvorexant, with a Single Oral Dose of Ortho Cyclen Co-

administered on Day 14 in Healthy Female Subjects (Linear Scale) (N=19/ Day 1, 
N=17/ Day 18) 

 
 
 

Pharmacodynamic Results: 
The KSS Scale and Bond & Lader VAS were both administered at predose, 1 hr and 
10 hr postdose on days 1, 3, 6, 9, 14 (suvorexant coadministered with OC), 15 and 18. 
Mean and standard error were calculated by timepoint, and plots were provided. Changes 
from baseline by day and timepoint for days 1, 9, 14 (when suvorexant was co-
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administered with OC) and day 18 were plotted. Baseline was the pre-dose at each period 
for each treatment.  
Suvorexant 40 mg, both administered alone (day 1, 9, 18) and with Ortho Cyclen (day 
14), showed an increase in sleepiness/drowsiness as measured by both scales (VAS and 
KSS) at 1 and 10 h post-dose. Note: Increase in sleepiness at 10 h post dose argues 
against 40 mg dosing in this population (non-elderly females). 
The changes from baseline by day on day 1, 9, 14 and 18 for KSS are presented below. 
For the KSS scale, 1 is very alert and 9 is very sleepy, great effort to keep awake.  
 

Change (Mean +/- SE) from baseline of Karolinska Sleepiness Scale (KSS) 
Following Once Daily PM Dosing of 40 mg Suvorexant, with a Single Oral Dose of 

Ortho Cyclen Co-administered on Day 14 in Healthy Female Subjects  
(N = 19 Day 1, N=17 Day 14) 

 
 

Safety: 
Suvorexant was generally well tolerated in healthy young females. One serious clinical 
AE of appendicitis, was reported and was considered not drug related.  
The most frequently reported AEs for subjects treated with 40 mg suvorexant on Days 1-
13 were constipation and headache. The most frequently reported AEs for subjects 
treated with 40 mg suvorexant and Ortho Cyclen on Day 14 was nausea. 
 
Conclusion: The results of this study indicate that impairment of contraceptive efficacy is 
unlikely. Co-administration of this oral contraceptive did not influence the 
pharmacokinetics of suvorexant. 
Recommendations: No dose adjustment is needed for oral contraceptives when given in 
combination with suvorexant. No dose adjustment is needed for suvorexant when co-
administered with oral contraceptives. 
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P015: A Study to Evaluate the Effect of Multiple Doses of MK-4305 on the 
Pharmacokinetics of Midazolam in Healthy Subjects 

 
Objectives: 
Primary: To evaluate the effect of multiple-dose MK-4305 on the pharmacokinetics of 
single-dose midazolam in healthy male and female subjects. 
Secondary: To assess the safety and tolerability of multiple doses of MK-4305 when co-
administered with an oral 2 mg dose of midazolam in healthy male and female subjects. 
(2) To evaluate the effect of a single dose of MK-4305 on the pharmacokinetics of single-
dose midazolam 
 
Study Design* 2-part *, open-label study in healthy male and female subjects 
Study Population 12 healthy male (10) and female (2) subjects, 23-48 years, BMI < 31 

kg/m2 
11 completed the study 

Treatment Group Each subject received all treatments, see below. 

Dosage and Administration 2 mg midazolam HCl syrup on Study Days 1, 3, 6, and 16 

Multiple daily 80 mg oral doses of MK-4305 on Study Days 3 through 
16 (14 total days of MK-4305 administration).  

On concomitant dosing days (Study Days 3, 6, and 16), the 2 mg 
midazolam dose was given 2 hours following the oral 80 mg dose of 
MK-4305.  

All drug doses were administered with 240 mL of water following an 
overnight fast. 

PK Sampling: plasma Midazolam: Plasma for midazolam analysis was collected pre-dose and 
at selected time points over 24 hours following administration of 
midazolam doses (Study Days 1, 3, 6, and 16). ** 

Plasma was collected for analysis of suvorexant at pre-dose and at 
selected time points *** over 72 hours following the 14th day of 
multiple daily MK-4305 dose administration (Study Day 16). 
Additionally, plasma for MK-4305 trough level analysis was collected 
prior to MK-4305 dosing on Study Days 3, 4, 5, 6, 8, 10, 12, 14, and 15  

Analysis: plasma LC-MS/MS method for MK-4305 Range: 1 to 1000 ng/mL  
LC-MS/MS method for midazolam  Range: 0.1 to 100 ng/mL  

PK Assessment Cmax, tmax, AUC0-24, AUC0-inf, t1/2 of suvorexant  
Cmax, tmax, AUC0-inf, t1/2  of midazolam 

PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* The conduct of Part II of the study (40 mg of MK-4305) was contingent on the preliminary results of the 
pharmacokinetics of midazolam in subjects enrolled in Part I (80 mg of MK-4305). Part II was not 
conducted. 
** Pre-dose, 15 min, 30 min, 1, 1.5, 2, 4, 6, 8, 12, 16, and 24 hours post midazolam dosing 
*** PK samples for suvorexant were collected at pre-dose and at 0.5, 1, 2, 4, 6, 8, 12, 16, 24, 48, and 72 h 
post-dose 
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Bioanalytical Assays: 
Suvorexant: 
Plasma concentrations of suvorexant were determined using validated LC-MS/MS 
methods (method DM-909). The assay performance during the validation was acceptable; 
details of the validation are presented in Section 2.6.1 in the QBR. 
The assay performance during the analysis of the plasma samples was acceptable.  
 
Midazolam Assay: 
Whole blood samples were collected in sodium heparinized tubes and centrifuged at 
2500-3000 rpms at 4oC for 10 minutes. Plasma was stored at -70oC and processed for the 
analysis of midazolam plasma concentrations  
Plasma concentrations of midazolam were determined using validated method of liquid-
liquid extraction, followed by evaporation and reconstitution, with subsequent residue 
analysis via HPLC with tandem mass spectrometry. The lower limit of quantitation for 
midazolam was 0.10 ng/mL. The analytical range of quantitation was 0.10 to 100 ng/mL. 
Midazolam-d4 maleate was used as internal standard (IS). 
An assessment for potential interference of midazolam on MK-4305 was conducted, no 
interference was observed. 
Note: In the NDA submission, the 2 reports (MK-4305 and Midazolam) are switched, 
e.g. 16.1.11.1 Midazolam Bioanalytical Report is actually the MK-4305 Bioanalytical 
Report. The Midazolam Bioanalytical Report can be found under 16.1.11.2. 
The performance assays during the analysis of the plasma samples was acceptable.  
 
Study Design Rationale  
Suvorexant has shown in vitro DDI potential on CYP3A4, CYP2C19, or CYP1A2, 
through either inhibition or induction of these enzymes. Suvorexant was administered as 
multiple, daily doses for 14 days at doses that have generally been safe and well 
tolerated. It was expected that 2-3 days will provide sufficient time to attain steady state, 
and 14 days will provide sufficient time to maximally induce the CYP450 system. 
Two different dose levels of MK-4305 (80 mg and 40 mg) were to be sequentially 
evaluated in this study. Per protocol, if there was no significant effect on midazolam 
during Part I of the study (80 mg suvorexant), evaluation of the lower dose (40 mg) of 
suvorexant would not be pursued. Based on the results from Part I of this study, Part II 
(40 mg dose level) was not conducted.  
Note: This design is appropriate for achieving the objectives of this DDI study. 
 
Pharmacokinetic Results:  
Midazolam systemic exposure (AUC0-∞ and Cmax) was similar after co-administration of 
midazolam with single dose suvorexant (Study Day 3) compared to midazolam 
administered alone. Midazolam Tmax and t1/2 estimates were similar under both 
conditions. Therefore, suvorexant has minimal potential for clinically meaningful 
reversible inhibition of CYP3A.  
After co-administration of midazolam on Day 14 (Study Day 16) of multiple daily doses 
of suvorexant, midazolam AUC0-∞ increased by 47% compared to midazolam 
administered alone. The AUC0-∞ for midazolam following co-administration on Day 4 
(Study Day 6) of multiple daily doses of 80 mg suvorexant increased approximately 25% 
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compared to midazolam administered alone. Generally, the effects on midazolam Cmax 
were less than those observed for AUC0-∞. Midazolam t1/2 was also increased following 
coadministration with multiple daily doses of suvorexant. These results suggest that 
suvorexant is a weak, time-dependent CYP3A inhibitor.  
 

Statistical Comparisons of Midazolam Plasma Pharmacokinetic Parameters in 
Healthy Male and Female Adult Subjects Following the Single-dose Administration 
of 2 mg Midazolam Alone, 2 mg Midazolam Co-administered With the First Dose of 

Multiple Dose 80 mg MK-4305, and 2 mg Midazolam Co-administered Following 
Days 4 and 14 of Multiple Doses of 80 mg MK-4305 Q.D. 
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Individual Midazolam AUC0-∞ Ratios, Geometric Mean Ratios, and 90% CI for a 
Single-dose Administration of 2 mg Midazolam Co-administered With 80 mg MK-
4305 on Days 1, 4, and 14 of Multiple MK-4305 Doses Relative to a Single Dose of 2 

mg Midazolam Administered Alone in Healthy Male and Female Adult Subjects  
(N = 12) 

 
 
Recommendations: No dose adjustment is needed for CYP3A substrates when co-
administration with suvorexant. The results of this study demonstrated that the exposure 
of CYP3A substrates could be increased by 47% after co-administration with multiple 
doses of 80 mg suvorexant. As the recommended dose of suvorexant now is 10-20 mg, its 
effect on CYP3A substrates is expected to be even less. 
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Suvorexant Plasma Concentrations  
The mean trough concentrations as well as the mean Day 14 plasma suvorexant 
concentration-time profile are presented below. Suvorexant concentrations after multiple 
daily doses of 80 mg suvorexant were consistent with historical results. 
 
Mean Trough (Predose) and Day 14 Plasma MK-4305 Concentration-time Profile in 

Healthy Male and Female Adult Subjects Following Multiple Daily Dose 
Administration of 80 mg MK-4305 for 14 Days Co-administered With Single Oral 

Doses of 2 mg Midazolam on Days 1, 4, and 14 (N = 12)  

  
 

Note: Subject AN 0011 withdrew consent from study participation on Study Day 17 due 
to a personal reason unrelated to the study. This subject received all scheduled doses of 
suvorexant and midazolam prior to study withdrawal; however, the last 2 suvorexant 
blood sampling draws in the Study Day 16 (Day 14 of suvorexant dosing) were not 
obtained.  
 
Safety:  
Suvorexant was generally well tolerated in the healthy subjects in this study. No serious 
clinical laboratory or other significant AEs were reported during the study. Mild 
somnolence (100% of subjects) was the most frequently reported AE. One subject (AN 
0012) failed to disclose a history of chronic schizophrenia at screening; this subject was 
treated on an out-patient basis with olanzapine for the adverse experience of acute 
psychosis on Day 22 through Day 24. No clinically meaningful relationships were 
observed for differences between clinical laboratory, vital signs, orthostatic vital signs, 
physical examinations, and ECGs as a function of treatment.  
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P016: A Study to Evaluate the Effect of Multiple Doses of MK-4305 on the 
Single Dose Pharmacokinetics of Digoxin 

 
Objectives: 
Primary: To evaluate the effect of multiple-dose MK-4305 on the pharmacokinetics of 
single-dose digoxin in healthy male and female subjects. 
Secondary: To assess the safety and tolerability of multiple doses of MK-4305 co-
administered with a 0.5 mg of digoxin dose in healthy male and female subjects.  
 
Study Design Open-label, randomized, 2-period crossover study 
Study Population 20 healthy male (12) and female (8) subjects, 22-50 years,  

19 completed the study 
Treatment Group Subjects received 2 different treatments, Treatment A (0.5 mg digoxin 

on Day 1) and Treatment B (oral doses of 40 mg MK-4305 
administered once daily for 11 days with co-administration of a single 
oral dose of 0.5 mg digoxin on Day 4), in a randomized crossover 
design.  

Dosage and Administration Treatment A: single oral dose of 0.5 mg digoxin on Day 1. 

Treatment B: suvorexant 40 mg, QD for 11 days with co-administration 
of a single oral dose of 0.5 mg digoxin on Day 4 (when suvorexant had 
reached steady state).  

There was a minimum washout of 10 days from the last dose of study 
drug in Period 1 (either digoxin in Treatment A or suvorexant in 
Treatment B), to the first dose of study drug in Period 2. All doses were 
administered with 240 mL of water in the fasted state. 

PK Sampling Digoxin plasma samples were obtained for up to 120 hours (Treatment 
A) following the administration of digoxin. Digoxin plasma samples 
were obtained for up to 192 hours (Treatment B) following the co-
administration of digoxin with MK-4305 (Day 4). * 

Urine was collected and assayed in both Treatments A and B for up to 
48 hours post-dose for analysis of digoxin. ** 

Suvorexant: PK samples were collected just prior to suvorexant 
administration on Days 1, 2, 3, and 4 and on Day 12 for archive. 

Analysis  LC-MS/MS method for MK-4305 Range: 1 to 1000 ng/mL  
Digoxin was quantified in plasma by radioimmunoassay employing an 
iodinated digoxin tracer. The range of quantification was 0.150 to 8.00 
ng/mL. 
Digoxin was quantified by radioimmunoassay directly from human 
urine that has been diluted 1:10 with human serum. Range for urine 
samples: 1.00 to 40.0 ng/mL  

PK Assessment Cmax, tmax, AUC0-inf, t1/2 , Clr and fe  of digoxin 
PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* Blood samples for the digoxin assay were collected at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 48, 72, 96, 
120 (144, 168 and 192 hrs postdose, Trt B). 
** Urine was collected pre-dose and post-dose over the following time intervals: [0 to 12], [12 to 24], [24 
to 36], and [36 to 48] hours after digoxin administration on Day 1 and Day 4 
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Bioanalytical Assays: 
Suvorexant: 
Plasma samples for suvorexant concentrations were archived and were not assayed. 
 
Plasma for Digoxin Assay: 
Whole blood (4mL) samples were collected into vacutainer containing sodium heparin as 
the anticoagulant and inverted 5 to 8 times. Immediately after collection, the blood 
containing tubes were placed on ice and centrifuged promptly at 1450 g for 15 minutes at 
4oC to 10oC. After separation of the whole blood, the plasma was transferred in cryotubes 
and store at -80°C until transferred   
Digoxin was quantified directly from heparinized human plasma. The plasma was 
pipetted into antibody coated tubes and quantified by a validated radioimmunoassay 
employing an iodinated digoxin tracer specific for digoxin. The assay required 100 μL of 
sample and the range of quantification was 0.150 to 8.00 ng/mL. Assay selectivity for the 
analyte at the radioimmunoassay conditions was met. An analyte interference check was 
performed to determine if samples fortified with MK-4305 interfered with the 
quantitation of digoxin in human plasma; no interference was observed. 
 
Urine for Digoxin Assay 
The total urine voided within the specified timed intervals was collected in a volumetric 
container. The total volume of urine collected during each timed interval and the exact 
start and stop times of each interval were recorded. Approximately a 4-mL aliquot was 
transferred to a properly labeled round bottom cryotube vial and stored at -80°C until 
shipment   
Digoxin was quantified directly from human urine that has been diluted 1:10 with human 
serum. The diluted urine was pipetted into antibody-coated tubes and quantified by a 
validated radioimmunoassay using an iodinated tracer specific for digoxin. This assay 
required 200 μL sample volume of human urine diluted 1:10 in human serum. Samples 
were analyzed in duplicate and results are reported as the mean of the two wells analyzed. 
The range of quantification was 1.00 to 40.0 ng/mL. 
The performance assays during the analysis of the samples was acceptable.  
 
Study Design Rationale  
Suvorexant is an inhibitor of human P-gp in vitro (IC50 19 μM). This study evaluated the 
potential for co-administration of suvorexant to alter the pharmacokinetics of digoxin, a 
P-gp substrate. Since digoxin has a narrow therapeutic margin, a formal drug interaction 
study was conducted to evaluate the DDI potential of suvorexant. In order to evaluate the 
maximum potential for interaction, a single dose of digoxin was co-administered when 
suvorexant was at steady-state after 4 days of once daily dosing, and suvorexant 
administration continued for 7 days following digoxin treatment, while digoxin 
pharmacokinetic samples were being collected.  
Note: This design is appropriate for achieving the objectives of this DDI study. 
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Pharmacokinetic Results:  
One subject (AN 0019) discontinued. This subject did not have PK samples obtained 
prior to his discontinuation and was not included in the analysis. 
The renal clearance was calculated by dividing the total amount of digoxin excreted in 
urine over the 48 hour collection period by the plasma digoxin AUC0-48hr. The fraction 
excreted was calculated by dividing the total digoxin excreted in urine over the 48 hour 
collection period by the dose administered. 
For the digoxin + MK-4305 treatment, 2 subjects (AN 0008 and AN 0016) had missing 
urine PK samples for the 36 to 48 hour time interval. Renal clearance was calculated by 
taking the quotient of the total digoxin excreted in urine over the 0 to 36 hour collection 
periods and plasma digoxin AUC0-36hr for these 2 subjects.  
 
Concomitant administration of a single dose digoxin 0.5 mg with multiple daily doses of 
suvorexant 40 mg slightly increased AUC0-last by 27% and Cmax by 21%. There was no 
statistically significant change in digoxin renal clearance when administered with 
suvorexant. The geometric mean ratio (digoxin with suvorexant/ digoxin alone) for renal 
clearance with corresponding 90% confidence intervals were 0.94 and (0.82, 1.08). The 
increase in digoxin concentrations in the presence of suvorexant generally occurred 
within the first 6-hours, while plasma concentrations in the terminal phase were 
unchanged. 
 
Summary of Plasma PK Parameters of Digoxin Following a Single Oral Dose of 0.5 
mg Digoxin Administered With and Without Multiple Doses of 40 mg Suvorexant 

(MK-4305) to Healthy Subjects 
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Summary of Urinary PK Parameters of Digoxin Following a Single Oral Dose of 0.5 
mg Digoxin Administered With and Without Multiple Doses of 40 mg Suvorexant 

(MK-4305) to Healthy Subjects 

 
 

Mean Plasma Concentration-Time Profile of Digoxin Following a Single Oral 
Dose of 0.5 mg Digoxin Administered With and Without Multiple Doses of 

40 mg Suvorexant (MK-4305) to Healthy Subjects (N=19) 

 
 
Recommendations: No dose adjustment is needed for digoxin when co-administered with 
suvorexant.  
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P024: A Study to Evaluate the Effect of Multiple Doses of Suvorexant (MK-
4305) on the Single Dose Pharmacokinetics and Pharmacodynamics of 
Warfarin in Healthy Subjects 

 
Objectives: 
Primary: 1) To determine the effect of suvorexant at steady state on the plasma 
pharmacokinetics of warfarin for the R(+) and S(-)enantiomers of warfarin) following co-
administration of a single dose of warfarin to healthy subjects. 2) To assess the safety and 
tolerability of administration of multiple doses of suvorexant with co-administration of a 
single dose of warfarin administered to healthy subjects.  
Secondary: To determine the effect of suvorexant at steady state on the 
pharmacodynamics of warfarin as assessed by the International Normalized Ratio (INR) 
for prothrombin time following single-dose warfarin administration. 
 
Study Design Open-label, randomized, 2-period crossover study 
Study Population 14 healthy male (12) and female (2) subjects, 23-50 years,  

13 completed the study 
Treatment Group Subjects received 2 different treatments, Treatment A and Treatment B, 

in a randomized crossover design 

Dosage and Administration Treatment A: a single oral dose of 30 mg warfarin 

Treatment B: daily oral doses of 40 mg suvorexant for 20 consecutive 
days with co-administration of a single oral dose of 30 mg warfarin on 
Day 14.  

There was a minimum of 14 days from the last dose in Period 1 to the 
first dose in Period 2. All doses were administered in the fasted state 
with 240 mL of water. 

PK Sampling Blood samples for for R(+) and S(-) warfarin enantiomers were 
collected up to 168 h after warfarin administration* 

Suvorexant: PK samples for suvorexant were collected during 
Trearment B  for archive only. 

Analysis  LC-MS/MS method for MK-4305 Range: 1 to 1000 ng/mL  
R(+) and S(-) warfarin: LC/MS/MS. Range 10 to 2500 ng/mL for both 

PK Assessment Cmax, tmax, AUC0-inf, t1/2  of R(+) and S(-) warfarin 
PD Assessment Plasma coagulation rate as measured by the prothrombin time [PT and 

International normalized ratio (INR) values] ** 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* Blood samples for for R(+) and S(-) warfarin enantiomers were collected at 0.5, 1, 2, 4, 12, 24, 48, 72, 96, 
120, 144, 168 h post (warfarin) dose  
** Samples for PT and INR were collected at pre- (warfarin) dose and at 1, 2, 4, 12, 24, 48, 72, 96, 120, 
144, 168 h postdose in both trt periods 
 
 
Bioanalytical Assays: 
Suvorexant: 
Plasma samples for suvorexant concentrations were archived and were not assayed. 
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Warfarin Assay: 
Blood for determination of warfarin enantiomer plasma concentrations was drawn in 
sodium heparin containing tubes. The samples were immediately centrifuged (within 30 
minutes) at 3000 rpm for 15 minutes at 4°C. The plasma was separated into cryotubes 
and stored at -20°C.  
Plasma samples for R(+) and S(-) warfarin concentrations were analyzed  

 using a validated method with turbo ion spray liquid LC/MS/MS and 
selected reaction monitoring (SRM) detection. The range of quantitation of the assay was 
10 to 2500 ng/mL for both analytes. 
The performance assays during the analysis of the samples was acceptable. The inter-
assay precision (CV) of QC1, QC2, and QC3 samples was 5.9% for (R)-warfarin and 
6.4% for (S)-warfarin. The inter-assay accuracy (%Dev) of the QC samples ranged from -
0.5 to 7.0% for (R)-warfarin and from -4.0 to 9.0% for (S)-warfarin. No chromatographic 
interferences from MK-4305 were detected. 
 
Blood for Prothrombin Time Determination (INR) and PT values 
Blood was collected for measurement of prothrombin time determination (INR and PT 
values) in appropriate citrate tubes. The tubes were centrifuged immediately after 
collection for 15 minutes at 2000 rpm at room temperature. The plasma was either placed 
on ice for immediate testing or was transferred to a clean tube and refrigerated (for not 
more than 2 hours) until testing for the prothrombin time determination. 
 
Study Design Rationale  
The results of the in vitro induction studies indicated that suvorexant has potential to 
induce CYP3A4 and CYP1A2 mRNA, with lower induction potential for CYP2C9 
mRNA. The degree to which the induction of new mRNA for the individual CYP enzyme 
leads to an increase in specific activity of the CYP enzyme is not known for CYP1A2 and 
CYP2C9. Although the likelihood for a clinically meaningful effect of suvorexant 40-
mg/day on warfarin is low, the sponsor conducted a clinical drug interaction study due to 
the narrow therapeutic margin of warfarin. Previous studies have demonstrated that a 
sampling period of 168 hours was appropriate for assessing the pharmacokinetics of 
warfarin. A 14-day washout interval between periods was adequate given the t1/2 of 
warfarin. If the 90% CIs for the AUC0-∞ geometric mean ratio (warfarin with 
suvorexant/warfarin alone) for both R(+) and S(-) warfarin fell within the bounds of 
[0.80, 1.25], then it was concluded that there is no evidence for a clinically meaningful 
PK interaction between warfarin and suvorexant. The bounds proposed for warfarin 
enantiomer PK are consistent with regulatory guidance for a narrow therapeutic index 
agent. In addition, the influence on steady-state concentrations of suvorexant on warfarin 
pharmacodynamics (INR values) was to be assessed in this study. 
All prior medications were discontinued within 14 days or 5 half-lives of study start.  
Medications of particular concern for this study which were not permitted and were 
criterion for exclusion were NSAIDs, Al- or Mg-containing antacids, metal cations such 
as iron, multivitamins containing iron or zinc, or any medication which was an inducer or 
inhibitor of CYP3A4. Additionally, the maximum amount of vitamin K permitted in any 
multivitamin tablet was 25 μg. 
This design is appropriate for achieving the objectives of this DDI study. 
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Pharmacokinetic Results:  
 
All 14 subjects completed Treatment B of the study (suvorexant 40 mg + 30 mg warfarin) 
and were included in the PK and PD analysis of the of this treatment period. Thirteen of 
the 14 subjects completed Treatment A of the study (single dose warfarin 30 mg) and 
only these 13 subjects were included in the PK and PD analysis of this treatment period. 
In addition, S(-) warfarin apparent terminal half-life and AUC0-∞ were not reported for 
one subject, AN 0012. Due to a long terminal half life, there were insufficient time points 
in the terminal phase to characterize this subject’s half-life; only 12 subjects were 
included in the analysis of t1/2 and AUC0-∞ for S(-) warfarin. 
The R(+) and S(-) enantiomers AUC and Cmax values were similar when warfarin was 
administered in combination with suvorexant, compared to warfarin alone. 
The geometric mean AUC0-∞ ratio (warfarin with suvorexant/warfarin alone) and 
corresponding 90% CI were 0.99 and (0.94, 1.04) for R(+) warfarin and 0.99 and (0.95, 
1.04) for S(-) warfarin. Since these confidence intervals are within the bounds 0.80 and 
1.25, the conclusion that there is no evidence for a clinically meaningful PK interaction 
between warfarin and suvorexant is supported.  
 
Summary of PK Parameters of Warfarin Following Administration of a Single Oral 
Dose of 30 mg Warfarin and Daily Oral Doses of 40 mg Suvorexant (MK-4305) for 

20 Days with Co-administration of a Single Oral Dose of 30 mg Warfarin on Day 14 
(N=14 Warfarin with Suvorexant, N=13 Warfarin Alone) 

 

 
 
Pharmacodynamic Results:  
 
The geometric mean INR AUC0-168hr ratio (warfarin with suvorexant/warfarin alone) and 
90% confidence interval were 1.06 and (1.03, 1.09), respectively. The geometric mean 
INRmax ratio (warfarin with suvorexant/warfarin alone) and 90% confidence interval 
were 1.09 and (1.05, 1.14), respectively. The lower limits of the 90% confidence intervals 
do not include one for both INR endpoints, indicating a statistically significant effect. 
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Summary of INR AUC0-168h and INRmax Following Administration of a Single Oral 
Dose of 30 mg Warfarin and Daily Oral Doses of 40 mg Suvorexant (MK-4305) for 
20 Days with Coadministration of a Single Oral Dose of 30 mg Warfarin on Day 14 

 

 
 
The slight increase in AUC0-168h and INRmax, 6% and 9%, respectively, following co-
administration of warfarin with suvorexant is not considered to be clinically meaningful. 
Note: This was confirmed with the Clinical Division (Dr. Illoh). 
 
Safety: 
One subject (AN0001) discontinued due to a lab AE (elevated AST) that occurred 
approximately 14 days after the last dose of 40 mg suvorexant. This subject completed all 
study procedures per protocol for Period 1 (warfarin and suvorexant) but not did 
participate in Period 2 (warfarin alone). The investigator rated this event as not related to 
study drug. The most frequently reported AE was somnolence (92.9% of subjects) during 
daily oral doses of 40 mg suvorexant for 20 consecutive days with co-administration of a 
single oral dose of 30 mg warfarin on Day 14. 
One subject reported a brief episode (15 seconds) of muscle weakness, which began 1 
hour and 8 minutes post dosing on Day 11 of 40 mg suvorexant dosing. According to the 
sponsor, this transient muscle weakness occurred during period of sleepiness and is 
inconsistent with cataplexy. (Cataplexy is a suddenly onset of muscle weakness that 
occurs during wakefulness and is usually triggered by strong emotion).  
There were no bleeding related adverse events during treatment with warfarin when given 
alone or with suvorexant. 
 
Recommendations: No dose adjustment is needed for warfarin when given in 
combination with suvorexant.  
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P026: A Study to Evaluate the Effect of Paroxetine on the Safety, 
Tolerability, Pharmacokinetics and Pharmacodynamics of MK-4305 

 
Objectives: 
Primary: 1) To assess the safety and tolerability of the concurrent multiple-dose 
administration of suvorexant and paroxetine in healthy subjects. 
2) To determine the effect of multiple-doses of paroxetine on the multiple-dose plasma 
concentration profile (AUC0-24hr) of suvorexant in healthy subjects. 
Secondary: To determine the effect of multiple-dose paroxetine dosing on the Digit 
Vigilance Test (DVT), a cognitive psychomotor test, following multiple-dose 
administration of suvorexant. 
 
Study Design* Randomized, double-blind, placebo-controlled, 3-period, fixed-

sequence, parallel-group study in healthy subjects 
Study Population 24 healthy male (14) and female (10) subjects, 21-64 years,  

22 completed the study 
Treatment Group Subjects were randomized to 2 treatment sequences: Treatment 

Sequence 1 (ACD) or Sequence 2 (BCC). 

On Days 1 - 4, subjects received oral doses of 40 mg suvorexant 
(Treatment A) or placebo (Treatment B). On Days 6 - 15, all subjects 
received daily oral doses of 20 mg paroxetine and placebo (Treatment 
C). On Days 16 - 19, subjects received either Treatment C or daily oral 
doses of 20 mg paroxetine and 40 mg suvorexant (Treatment D). All 
subjects received a single dose of 20 mg paroxetine on Day 20.  

Dosage and Administration Treatment A: 40 mg suvorexant 

Treatment B: placebo 

Treatment C: daily oral doses of 20 mg paroxetine and placebo 

Treatment D: daily oral doses of 20 mg paroxetine and 40 mg 
suvorexant 

All doses of suvorexant were administered at approximately 10 pm, 30 
minutes prior to lights out and all doses of paroxetine were 
administered in the morning (approximately 8 am). 

PK Sampling Suvorexant: PK samples for suvorexant were collected pre-dose and up 
to 24 h post-dose** 

Blood samples for paroxetine were collected pre-dose and up to 24 
hours after dosing with paroxetine*** 

Analysis  LC-MS/MS method for MK-4305 Range: 1 to 1000 ng/mL  
Paroxetine: LC-MS/MS. Range 0.250 to 50.0 ng/mL 

PK Assessment Cmax, tmax, AUC0-24h, for suvorexant and paroxetine 
PD Assessment CDR computerized battery (DVT, CRT, SRT, IDWR) **** 

DSST **** 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* see Study Design Rationale for details 
** Days 1, 2, 3 predose; Day 4: predose, 0.5, 1, 2, 3, 4, 6, 9, 16 and 24 hours 
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*** Days 6, 10, 12, 13, 14, 15 pre-dose and Day 15: 0.5, 1, 1.5, 2, 4, 6, 8, 12, 16, 20 and 24 hours after 
dosing with paroxetine 
**** At pre-dose and 9 h post-dose 
 
Bioanalytical Assays: 
Suvorexant: 
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.  
 
Paroxetine Assay: 
Whole blood samples were collected into plastic vacutainers containing sodium heparin 
and processed for the analysis of paroxetine plasma concentrations.  
The samples were centrifuged at approximately 4°C to 8°C at between 650-1450 RCF 
(x g) for 10 to 15 minutes. The plasma was transferred into cryotubes and stored at -20oC. 
The analytical method for the determination of paroxetine concentrations is based on a 
solid-phase extraction of drug from human plasma. The drug and internal standard 
(paroxetine-d6) were separated using reversed phase HPLC and detected with tandem 
mass spectrometry in the MRM mode. The method was validated with with a linear 
calibration range from 0.250 to 50.0 ng/mL. The analysis was performed   
The performance assays during the analysis of the samples was acceptable. No 
chromatographic interferences from MK-4305 were detected. 
 
Study Design Rationale  
Sleep disturbances are common among patients with depression, thus, it is likely that 
suvorexant and an SSRI would be co-administered. This study was conducted to assess 
mainly the performance on psychomotor interaction between suvorexant and paroxetine, 
a SSRI. Paroxetine does not adversely affect performance on psychomotor and 
neurologic tests in healthy subjects, therefore, it would be anticipated that paroxetine 
administration alone will not impact psychomotor performance.  
The study design in this protocol was consistent with the designs from 3 published 
zolpidem-SSRI studies: fixed sequence [sedative treatment followed by SSRI + sedative-
hypnotic treatment]. 
Subjects were randomized into 1 of 2 treatment sequences. Subjects were randomized to 
Treatment Sequence 1 (ACD) or Sequence 2 (BCC). The purpose of Sequence 2 was for 
blinding of suvorexant treatment.  
Subjects received Treatments A or B in Period 1 (Days 1 to 4). All subjects received 
Treatment C in Period 2 (Days 6 to 15), followed by either Treatments C or D in Period 3 
(Days 16 to 19). On Day 20, a single dose of paroxetine was administered. 
Blood samples for plasma suvorexant and paroxetine concentrations were collected at 
pre-dose and at specified time points over 24 hours. Pharmacodynamic assessments were 
performed approximately 9 hours following the suvorexant dose on the previous day, and 
prior to paroxetine dosing. 
Four training sessions for the cognitive and psychomotor tests were completed by each 
subject during the pre-study visit. 
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Note: Study design is appropriate for achieving the objectives of this DDI study. 
 
Pharmacokinetic Results:  
 
There was no PK interaction between paroxetine and suvorexant. The absence of a PK 
drug interaction between paroxetine and suvorexant is consistent with the lack of 
potential for paroxetine for CYP3A mediated drug interactions (suvorexant is primarily 
metabolized by CYP3A) and the lack of potential for suvorexant for CYP2D6 mediated 
drug interactions (paroxetine is a CYP2D6 substrate). 
 

Summary of PK Parameters of Suvorexant Following Multiple 40 mg Doses of 
Suvorexant Administered With and Without Multiple 20 mg Doses of Paroxetine to 

Healthy Subjects 
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Mean Plasma Concentration Profiles of Suvorexant Following Multiple 40 mg Doses 
of Suvorexant Administered With and Without Multiple 20 mg Doses of Paroxetine 
to Healthy Subjects (N=21 for Suvorexant Alone, N=18 for Suvorexant+Paroxetine, 

Linear Scale) 

 
 

 
Summary of PK Parameters of Paroxetine Following Multiple 20 mg Doses of 

Paroxetine Administered With and Without Multiple 40 mg Doses of Suvorexant to 
Healthy Subjects 

 
 

 
Mean (± SD) Plasma Concentration Profiles of Paroxetine Following Multiple 20 mg 

Doses of Paroxetine Administered With and Without Multiple 40 mg Doses of 
Suvorexant to Healthy Subjects (N=18 for Paroxetine Alone, N=18 for Suvorexant + 

Paroxetine, Linear Scale) 
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There was a high degree of intersubject variability in paroxetine concentrations and most 
subjects had paroxetine concentration-time profiles with increasing concentrations at 20 
and 24 hours postdose. However, this was also observed for subjects in both the 
paroxetine alone and suvorexant with paroxetine treatments and in subjects receiving 
paroxetine and placebo in Sequence 2, suggesting that this behavior is not related to co-
administration of suvorexant. 
 
Pharmacodynamic Results:  
 
There was no clinically significant pharmacodynamic interaction between suvorexant and 
paroxetine. The summary statistics for DVT reaction time are displayed in the Table 
below. No statistically significant difference was observed in the suvorexant alone 
treatment compared to suvorexant with paroxetine treatment. 
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Summary Statistics for “Digit Vigilance Reaction Time (msec)” Following Multiple 
40 mg Doses of Suvorexant Administered With and Without Multiple 20 mg Doses 

of Paroxetine to Healthy Subjects 

 
Higher values indicate increased impairment. 
§ Baseline is measurements on Day -1. 
† LS Mean: Least-square mean. 
‡ rMSE: Square root of conditional mean squared error (residual error) from the linear mixed effect model. 
 
Safety: 
No serious adverse experiences (SAE) or laboratory AEs were reported. One subject 
discontinued on Day 3 in Period 1 (after receiving 2 PM doses of 40 mg suvorexant) due 
to abdominal pain. The subject had a history significant for multiple episodes of 
abdominal pain. The Investigator determined the event to be moderate in intensity and 
probably not related to study drug. 
Fourteen (14) subjects reported a total of 58 clinical adverse experiences, of which 56 
were mild and 2 were moderate in intensity. The most frequently reported AEs in the 
suvorexant (n=22), suvorexant + paroxetine (n=22), and paroxetine+ placebo groups 
were somnolence (13.6%), headache (13.6%), and headache (39.1%), respectively. 
 
Recommendations: A general precaution should be advised when suvorexant is co-
administered with drugs that produce CNS depressant effects due to potential additive 
effects (similar to the label of zolpidem). 
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P038: A 2-Part Study to Assess the Effects of Multiple Oral Doses of 
Rifampin and Diltiazem on the Single-Dose Pharmacokinetics of Suvorexant 
(MK-4305) 

 
Objectives: 
Primary: Part I: To assess the effect of multiple doses of rifampin, a strong CYP3A4 
inducer, on the single-dose pharmacokinetic profile of suvorexant  
Part II: To assess the effect of multiple doses of diltiazem, a moderate CYP3A4 inhibitor, 
on the single-dose pharmacokinetic profile of suvorexant  
Secondary: To evaluate safety and tolerability of a single oral dose of suvorexant when 
co-administered with multiple oral doses of rifampin/ diltiazem. 
 
Study Design Two-part, open-label, fixed-sequence, randomized study in healthy 

subjects 
Study Population 30 healthy subjects: 10 in part 1 and 20 in part 2 

male (22) and female (8) subjects, 18-50 years  
27 completed the study 

Treatment Group Part I [Period 1: Suvorexant Alone (Treatment A) and Period 2: 
Suvorexant with Rifampin (Treatment B)] 

Part II [Period 1: Suvorexant Alone (Treatment C) and Period 2: 
Suvorexant with Diltiazem (extended release) (Treatment D)] 

Dosage and Administration Treatment A: a single 40 mg oral dose of suvorexant on Day 1.   

Treatment B: daily oral doses of 600 mg rifampin for 17 days with co-
administration of a single 40 mg oral dose of suvorexant on Day 14. 

Treatment C: a single 20 mg dose of suvorexant on Day 1.  

Treatment D: daily oral doses of 240 mg diltiazem for 6 days with co-
administration of a single 20 mg oral dose of suvorexant on Day 2.  

There was a minimum 5 day washout between dosing in Period 1 and 
Period 2 in Part 1 and 4 days washout between dosing in Period 1 and 
Period 2 in Part 2. All study medications were administered in an open-
label fashion, following an overnight fast in the morning. 

PK Sampling Suvorexant: PK samples for suvorexant and M9 were collected pre-
dose and up to 96 h post-dose* 

Plasma samples for rifampin and diltiazem were archived and were not 
analyzed. 

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

PK Assessment Cmax, tmax, AUCinf, for suvorexant and M9 
PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* at pre-dose and at 0.5, 1, 2, 4, 6, 9, 12, 16, 24, 36, 48, 72 and 96 hours after suvorexant dosing  
 
 

Reference ID: 3329971



 98 

Bioanalytical Assay: 
Plasma concentrations of suvorexant and M9 were determined using validated 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. 
The assay performance during the analysis of the plasma samples was acceptable.  
 
Study Design Rationale  
In vitro and in vivo preclinical data suggest that the primary clearance mechanism for 
suvorexant in humans is metabolism mediated by CYP3A4. This study was conducted to 
assess the effect of a potent CYP3A4 inducer (rifampin) and moderate CYP3A4 inhibitor 
(diltiazem) on suvorexant PK. 
Rifampin is recognized to particularly increase hepatic and intestinal CYP3A4 expression 
by several folds via the binding and activation of the pregnane X receptor (PXR), thereby 
augmenting CYP3A4 gene transcription and subsequent protein synthesis. The dose of 
rifampin chosen for this study (600 mg administered once daily), is sufficient to potently 
induce the CYP3A4 system. For maximal induction of the CYP system with rifampin, 
dosing durations of 12-16 days are usually needed, as shown using verapamil. 
Diltiazem is a moderate inhibitor of CYP3A4 both in vitro and in vivo. Diltiazem 
inhibition of CYP3A4 is noncompetitive and irreversible. Multiple oral dosing of 
diltiazem increased the plasma AUC of midazolam, an established probe drug for testing 
CYP3A4 inhibitors, by 3.7-fold. The suvorexant dose for this part of the study was 20 mg 
to provide a safety margin. The duration of diltiazem dosing prior to suvorexant dosing 
was 1 day. According to the sponsor, 1 day is long enough to ensure substantial CYP3A4 
inhibition based on the recently completed study evaluating the effect of diltiazem pre-
treatment duration on midazolam metabolism. The study showed that 1-day vs. 4-day 
pretreatment of diltiazem did not reveal a significant difference on midazolam exposure. 
Diltiazem was co-administered with suvorexant on Day 2, and for 4 subsequent days 
following the suvorexant administration in order to ensure continued diltiazem-mediated 
CYP3A4 inhibition during the entire 96-hr suvorexant PK sampling scheme in Period 2. 
Note: Study design is appropriate for achieving the objectives of this DDI study. 
 
Pharmacokinetic Results: 
  
Three subjects discontinued the study: AN 0016 discontinued at post-study visit after 
completing treatments for Periods 1 and 2, AN 0020 discontinued due to difficulty with 
venipuncture after completing Day 1 treatment, AN 0023 discontinued due to family 
emergency after completing Period 1 treatment.  
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Part 1 PK Results: 
Following once-daily dosing of 600 mg rifampin, suvorexant exposure (AUC0-∞) was 
significantly reduced. The impact on Cmax was slightly less than that on AUC.  
M9 AUC0-∞ and Cmax were also significantly decreased after coadministration with 
rifampin, consistent with CYP3A involvement in the biotransformation of M9.  
Although rifampin induces other CYP450s and P-gp, suvorexant is not a P-gp substrate, 
therefore the reported results are likely attributable to CYP3A mechanisms. 
 

Summary of Pharmacokinetic Parameters of Suvorexant (MK-4305) and M9 
Following a Single 40 mg Dose of Suvorexant Alone or Following Concomitant 
Administration with Multiple Doses of 600 mg Rifampin in Healthy Subjects 

 
 

 
 

Arithmetic Mean Plasma Concentration-Time Profile of Suvorexant (MK-4305) 
Following a Single 40 mg Dose of Suvorexant (MK-4305) Alone or Following 

Concomitant Administration with Multiple Doses of 600 mg Rifampin in Healthy 
Subjects (Inset: Semi-log Scale) (N=10) 
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Part 2 PK Results: 
Administration of diltiazem with a single 20 mg dose of suvorexant significantly (2-fold) 
increased suvorexant AUC0-∞ with a less pronounced effect on Cmax (1.22). Suvorexant 
mean t1/2 values were slightly prolonged while Tmax remained generally unaffected.  
Co-administration of diltiazem also increased M9 AUC0-∞ (1.36), with a decrease in Cmax 
observed. Similar trends in mean apparent t1/2 and median Tmax of M9 to those reported 
for the parent were observed.  
 

Part II: Summary of Pharmacokinetic Parameters of Suvorexant (MK-4305) and 
M9 Following a Single 20 mg Dose of Suvorexant Alone or Following Concomitant 

Administration with Multiple Doses of 240 mg Diltiazem in Healthy Subjects 
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Mean Plasma Concentration-Time Profile of Suvorexant (MK-4305) Following a 
Single 20 mg Dose of Suvorexant (MK-4305) Alone or Following Concomitant 
Administration with Multiple Doses of 240 mg Diltiazem in Healthy Subjects  

(Inset: Semi-log Scale) (N=20 for Suvorexant (MK-4305) Alone, N=18 for 
Suvorexant (MK-4305) Coadministered with Diltiazem) 

 
 
 

Safety: 
There were no serious adverse experiences (SAE) or laboratory AEs in this study. No 
subject discontinued because of an AE.  
The most frequently reported clinical AEs were somnolence (N=10 subjects in Part I; 
N=20 subjects in Part II), and abnormal dreams (N=4 subjects in Part I; N = 2 subjects in 
Part II). Two subjects reported three events of abnormal dreams after receiving 
suvorexant 20 mg and rifampin 600 mg in period 2 day 14. Two subjects reported two 
events of abnormal dreams after receiving suvorexant 20 mg in period 1 day 1.  
In Part II, two subjects reported three events of abnormal dreams. One subject reported 
the event of abnormal dreams following suvorexant 20 mg SD; one subject experienced 2 
occurrences of abnormal dreams following a single 240 mg dose of diltiazem plus a 
single 20 mg dose of suvorexant on Day 2 of Period 2.  
Five clinical adverse experiences (4 in Part I and 1 in Part II) were considered Events of 
Clinical Interest: Part I: euphoric mood (n=1), sleep paralysis (n=1), hypnogogic 
hallucination (n=1), and hypnopomic hallucination (n=1). All 4 ECIs occurred in Period 
1, when subjects received a single 40 mg oral dose of suvorexant (AM dosing). One ECI 
(n = 1), euphoric mood, was reported in Part II. This ECI occurred on Day 2 in Period 
2 when the subject received a single 20 mg oral dose of suvorexant plus a 240 mg oral 
dose of diltiazem. 

 
Recommendations: The suvorexant dose in subjects receiving moderate CYP3A4 
inhibitors needs to be reduced by half.  The sponsor needs to develop a lower strength 
tablet. 
The efficacy of suvorexant dose in subjects receiving CYP3A4 inducers may be 
decreased. 
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1.4 Healthy Subjects PD and PK/PD Studies 
 

P002: A Randomized, Double-Blind, Placebo-Controlled Five Period, 
Crossover, Study to Evaluate the Effects of Single Doses of MK-4305 on 
Polysomnogram (PSG) in Healthy Male Subjects 

 
Objectives: 
Primary: To determine the effect of a single dose of MK-4305 on Slow Wave Activity 
(SWA) in healthy male subjects 
Secondary: To determine the effect of a single dose of MK-4305 on REM sleep duration 
Exploratory: 1) To determine the PK profile of MK-4305 during night time 
administration. 2) To explore the effects of MK-4305 on sleep parameters in healthy 
subjects by objective PSG 
Study Design* Single-dose, randomized, double-blind, placebo-controlled, 5-period 

crossover study  
Study Population 22 healthy male subjects (18-44 years), 19 completed 
Treatment Group In treatment Periods 1 -4, subjects were to receive: Treatment A (MK-

4305, 10 mg), Treatment B (MK-4305, 50 mg), Treatment C (MK-
4305, 100 mg), Treatment D (Placebo). In Treatment Period 
5, subjects were to receive either Trt A , Trt B or Trt C, based on the 
allocation schedule.  

Dosage and Administration MK-4305 or placebo was administered at night for all treatment periods 
after ≥ 4-hour fast. There was at least a 96 hour wash-out between each 
treatment period for any given subject. 

Treatment A: 10 mg MK-4305  

Treatment B: 50 mg MK-4305  

Treatment C: 100 mg MK-4305  

Treatment D: placebo  

PK Sampling: plasma Treatment periods 1-4: PK samples were collected at pre-dose and at 
0.5, 1, 12, 16, 24, 48 h post-dose 

Treatment period five: at pre-dose and at 0.5, 1, 2, 4, 6, 8, 12, 16, 24 
and 48 h post-dose 

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

PK Assessment Cmax, C4h, tmax, AUC0-24, AUC0-inf, t1/2 of MK-4305 and metabolite M9 
PD Assessment Polysomnography (PSG) ** 

Power spectral analysis of EEG data was performed to determine SWA 
(delta power) in the first 1/2 of the night, as well as power in other 
frequency bands by treatment.  
Karolinska Sleepiness Scale (KSS)  
Bond and Lader Visual Analog Scale (VAS) 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* Lights were turned out after 1 hour post-dose 
** PSG recording started one hour post drug administration and lasted for 8 hours 
throughout the night. 
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Bioanalytical Assay: 
Plasma concentrations of suvorexant and the major human circulating metabolite M9 
were determined using validated 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. 
The assay performance during the analysis of the plasma samples was acceptable.  
 
Pharmacokinetic Results: 
 
No subjects reported taking prior medications. Nineteen of the 22 subjects who 
completed the study (and had complete PK and PD data) were included in the PK and PD 
analysis. The total number of subjects in this study were divided among the three doses to 
obtain full concentration-time profiles for each subject in Period 5 (N=5 in 10 mg, N=7 in 
50 mg and N=7 in 100 mg). 
The MK-4305 and M9 pharmacokinetic parameters from Period 5 are summarized in the 
Table below. 
 

Summary for MK-4305 and M9 Pharmacokinetic Parameters Following Single 
Dose Administration of 10 mg, 50 mg and 100 mg MK-4305 in Healthy Male 

Subjects (Period 5) 
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Mean MK-4305 Plasma Concentrations (μM) Versus Time (hr) Following a Single 
Dose Administration of 10 mg, 50 mg or 100 mg MK-4305 in Healthy Young Male 

Subjects, Period 5 (N=5 for 10 mg, N=7 for 50 and 100 mg) (Semi-log Inset) 
 

 
 

Mean MK-4305 Plasma Concentrations (μM) Versus Time (hr) Following a Single 
Dose Administration of 10 mg, 50 mg and 100 mg MK-4305 in Healthy Young Male 

Subjects, Periods 1-4 (N=21 for 10 mg, N=20 for 50 and 100 mg) 
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Pharmacodynamic Results: 
 
The primary endpoint in this study was SWA in the first half of the night (μV2/Hz; 
micro-voltage squared per Hz), which was defined as the power spectral density of delta 
frequency band in the first 4-hr of the 8-hr PSG recording. The secondary endpoint was 
REM sleep duration (min) during the 2nd half of the night (REM2) which was defined by 
the duration of REM Stage during the second 4-hr during the 8-hr PSG recording. 
The primary hypothesis, that at least one dose of MK-4305 (10, 50 or 100 mg) produces 
an increase in slow wave activity (> 20% increase) in the first half of the night compared 
to placebo during PSG assessment, and the secondary hypothesis, that at least one dose of 
MK-4305 (10, 50 or 100 mg) produces an increase in REM2 duration (>20% increase) in 
the second half of the night compared to placebo during PSG assessment, were not 
satisfied. 
 

Summary Statistics for SWA Data During the First Half of the Night and REM 
Data During the Second Half of the Night Following a PM Single Dose 

Administration of 10 mg, 50 mg or 100 mg MK-4305 in Healthy Young Male 
Subjects 

 
 

PSG parameters were exploratory endpoints in this study. Latency to persistent sleep 
(LPS) measured sleep onset, and wake after sleep onset (WASO) measured sleep 
maintenance. MK-4305 dose dependently decreased LPS and WASO. A corresponding 
increase in sleep efficiency (SE) was observed.  
Additional exploratory PD endpoints included psychomotor performance tests such as 
Simple Reaction Time (SRT), Choice Reaction Time (CRT), and Digit Symbol 
Substitution Test (DSST). The effects of MK-4305 on psychomotor performance were 
evaluated at 10 hr post dose as exploratory measurement of next-day residual effect. At 
100 mg, there was a small statistically significant increase on reaction time (msec) for 
both SRT and CRT. There was no statistically significant change on SRT, CRT, and 
DSST at 10 and 50 mg. 
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Summary Statistics for Sleep Endpoints LPS, WASO, SEI Following a PM Single 
Dose Administration of 10 mg, 50 mg or 100 mg MK-4305 in Healthy Young Male 

Subjects 

 
 

Summary Statistics for Simple Reaction Time (SRT), Choice Reaction Time (CRT) 
and Number Correct for Digit Symbol Substitution Test (DSST) Following a PM 

Single Dose Administration of 10 mg, 50 mg or 100 mg MK-4305 or Placebo in 
Healthy Young Male Subjects 
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PD Conclusions: 
• MK-4305 did not enhance slow wave activity during the first half of the sleep 

period in healthy male subjects at doses up to 100 mg.  
• MK-4305 did not enhance REM sleep duration during the second half of the sleep 

period in healthy male subjects at doses up to 100 mg. 
• MK-4305 significantly reduced wake after sleep onset (WASO) (p<0.05). The 

geometric mean for WASO (MK-4305 dose/placebo) was 0.80, 0.70, and 0.68 at 
10, 50 and 100 mg of MK-4305, respectively.  

• At 50 and 100mg, MK-4305 also significantly reduced latency to persistent sleep 
(LPS) and increased sleep efficiency (SEI) (p<0.05). 

• There was no clear evidence of next-day residual effect of MK-4305 at 10 and 50 
mg, whereas 100 mg was associated with mild next-day residual effect as 
assessed by objective and subjective measurements. 

 
 
Safety:  
No serious clinical AEs were reported. No subjects discontinued due to an AE. The most 
frequently reported adverse experiences were somnolence and headache. Somnolence 
was reported in the morning after PM administration of MK-4305 or placebo, and was 
more frequently reported (20%) by subjects receiving MK-4305 100 mg than by subjects 
receiving 50 mg, 10 mg MK-4305 or placebo (<5%). One subject reported a rash on 2 
occasions: 3 and 8 days following 100 mg and 10 mg MK-4305 respectively. Both rashes 
were rated as mild in intensity and were considered to be probably not related to study 
drug by the investigator. 
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P021: A Single Dose Study to Evaluate the Effects of Single Doses of MK-
4305 Versus Active Comparator on Safety and Psychomotor Performance in 
Healthy Elderly Subjects 

 
Objectives: 
Primary: To evaluate the safety and tolerability of a single oral dose of MK-4305 
administered at bedtime in healthy elderly male and female subjects. 
Exploratory: (1) To assess the effects of single doses of MK-4305 30-mg and zolpidem 5-
mg administered at bedtime on Choice Reaction Time (CRT), and Immediate and 
Delayed Word Recall (IDWR) in healthy elderly male and female subjects  
(2) To assess the effects of single doses of MK-4305 30-mg and zolpidem 5-mg 
administered at bedtime on body sway in healthy elderly male and female subjects 
 
Study Design Single-dose, randomized, double-blind, double-dummy, placebo-

controlled 3-period crossover study  
Study Population 12 healthy elderly male (7) and female (5) subjects (65-76 years), 11 

completed 
Treatment Group Subjects were randomized to receive a sequence of 3 treatments: 30 mg 

MK-4305, 5 mg zolpidem or placebo. Subjects were awakened at two 
times in the middle of the night (1.5 and 4 hours post-dose) and in the 
morning (8 hours post-dose).  

Dosage and Administration All treatments were administered at ~9 PM after a 4 hour fast and lights 
out in the clinic was ~30 minutes post-dose. 

Treatment A: 30 mg MK-4305 

Treatment B: 5 mg zolpidem  

Treatment C: placebo  

PK Sampling: plasma PK samples were collected at pre-dose and at 1.5, 4 and 8 h post-dose 
for the analysis of MK-4305 and possible analysis of zolpidem 

Analysis Plasma: LC-MS/MS method for MK-4305  
Range: 1 to 1000 ng/mL for MK-4305 
Samples were not analyzed for zolpidem. 

PK Assessment C1 5h, C4h, C8h of MK-4305  
PD Assessment CRT test at pre-dose and at 1.5, 4 and 8 h post-dose 

IDWR test at pre-dose at 4 h post-dose 
Body sway test at pre-dose and at 1.5, 4 and 8 h post-dose 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
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Bioanalytical Assay: 
PK samples were not analyzed for zolpidem. 
Plasma concentrations of suvorexant were determined using validated LC-MS/MS 
methods (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.  
 
Pharmacokinetic Results: 
Patients were permitted to take concomitant therapies, mostly for the treatment of 
symptoms associated with influenza and cold. These medications were judged not to have 
an effect on the assessment of the study objectives. 
Mean suvorexant plasma concentrations (μM) versus time plot following a single dose 
administration of 30 mg daily in healthy elderly male and female subjects is presented 
below. 
 

Mean (SD) Suvorexant Plasma Concentrations (μM) Versus Time Following a 
Single Dose Administration of 30 mg Suvorexant in Healthy Elderly Male and 

Female Subjects (N=11)  
 

 
 
Pharmacodynamic Results: 
Body sway  
For zolpidem (5 mg) versus placebo comparison, there was a statistically significant 
impairment on body sway as measured by A95 (for both Eyes Open and Eyes Closed 
conditions) with zolpidem at 1.5 hours. The effects were not statistically significant at 4 
and 8 hour post-dose. 
For suvorexant (30 mg) versus placebo comparison, there was a statistically significant 
impairment on body sway as measured by A95 in the Eyes Open condition at 1.5 hours. 
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However, there was no statistically significant difference between suvorexant and 
placebo at 1.5 hours in the Eyes Closed condition. The impairment with suvorexant was 
less than zolpidem on A95 at 1.5 hr (for Eyes Closed). 
The effect of suvorexant on body sway was not statistically significant at 4 and 8 hours 
post-dose in either condition.  
 

Summary Statistics for Body Sway Following a Single PM Dose of 30 mg 
Suvorexant (MK-4305), 5 mg Zolpidem or Placebo in Healthy Elderly Male and 

Female Subjects  
 

Body Sway Endpoint A95 - Eyes Open (cm2) 

 
 

Body Sway Endpoint A95 - Eyes Closed 
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CRT 
Suvorexant 30 mg statistically significantly increased Total Reaction Time at 1.5 hours 
whereas no specific trend was observed for zolpidem 5 mg. None of the comparisons for 
Immediate Word Recall – Number Correct and Delayed Word Recall – Number correct 
were statistically significant. 
 
PD Conclusions: 

• Following Zolpidem 5mg, at 1.5 hour post-dose, body sway as measured by A95 
increased by 97% and 113% at eyes-open and eyes-closed conditions, 
respectively, indicating impaired balance. There were no statistically significant 
differences from placebo at 4 or 8 hours post-dose. 

• Following suvorexant 30mg, at 1.5 hours post-dose, A95 increased 49% at eyes-
open condition only with no statistically significant difference from placebo at 
eyes-closed condition. There were no statistically significant differences from 
placebo at 4 or 8 hours post-dose. 

• Neither MK-4305 30 mg nor zolpidem 5 mg impaired episodic memory at 4 hour 
post dose. 

• MK-4305 30 mg significantly prolonged reaction time indicating slowed 
information processing and impaired attention at 1.5 hour, but not at 4 and 8 hour 
post dose.  

 
 
Safety: 
 
MK-4305 and zolpidem were generally safe and well tolerated in healthy elderly 
subjects. There were no serious adverse experiences (SAE) or laboratory adverse 
experiences reported. Of the twelve (12) subjects randomized, 11 completed and 1 
discontinued. Subject AN 0009 discontinued due to the clinical adverse experience of 
erythematous rash, which occurred in Period 1, 1.5 hours after dosing with placebo.  
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P022: A Randomized, Double-Blind Study to Assess the Effect of MK-4305 
on corrected QT Intervals in Healthy Male and Female Subjects 

 
This was a double-blind, randomized, placebo-controlled, 4-period, crossover study in 
healthy male and female volunteers was conducted to evaluate the potential effects of a 
60 mg dose and supratherapeutic doses (150 mg and 240 mg combined) of suvorexant on 
ventricular repolarization by quantitative analysis of corrected QT intervals in healthy 
subjects.  
 
This study has been reviewed by the Interdisciplinary Review Team. 
Interdisciplinary Review Team Summary: The largest upper bounds of the 2-sided 
90% CI for the mean difference between Suvorexant and placebo were below 10 ms, the 
threshold for regulatory concern as described in ICH E14 guidelines. The largest lower 
bound of the two-sided 90% CI for the ΔΔQTcF for moxifloxacin was greater than 5 ms, 
and the moxifloxacin profile over time is adequately demonstrated, indicating that assay 
sensitivity was established. 
 
PK Summary: 
The results for plasma Suvorexant pharmacokinetic parameters following single doses of 
suvorexant (60, 150 and 240 mg), are summarized in the table below. 
 

Summary Suvorexant Pharmacokinetic Parameters for Subjects Following Single 
Doses of 240-mg, 150-mg, or 60-mg Suvorexant in Healthy Male and Female 

Subjects 
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P025: A Study to Evaluate the Abuse Potential of MK-4305 
 
Objectives: 
Primary: (1) To assess the relative abuse liability of suvorexant compared to placebo in 
recreational polydrug users, as measured by Drug Liking VAS. (2) To confirm the abuse 
liability of zolpidem compared to placebo as measured by the Drug Liking VAS, in order 
to confirm study validity. 
 
Study Design 2-part*, Single-dose, randomized, double-blind, balanced, placebo- and 

active comparator controlled 6-way crossover study 
Study Population 73 healthy male (38) and female (35) recreational polydrug users 

(20-53 years),  36 completed Part II (main part of the study) 
Treatment Group 6 Treatment Sessions: 

1. Placebo 
2. zolpidem 15 mg 
3. zolpidem 30 mg 
4. suvorexant 40 mg 
5. suvorexant 80 mg 
6. suvorexant 150 mg 

Dosage and Administration Treatment Periods were separated by at least 10 days to minimize 
potential carry-over effects.  

All study drug was administered in the fasted state (8 hours prior to and 
4 hours after dosing). 

PK Sampling: plasma PK samples were collected at pre-dose and at 1.5 h post-dose for the 
analysis of MK-4305 and possible analysis of zolpidem 

Analysis Plasma: LC-MS/MS method for MK-4305  
Range: 1 to 1000 ng/mL for MK-4305 
Samples were not analyzed for zolpidem. 

PK Assessment C1 5h of MK-4305  
PD Assessment assessed from 0.5 to 24 hours post dose using ARCI scales and VASs 

for High and Alertness/Drowsiness, Drug Liking, Good Effects, Bad 
Effects, Any Effects, Overall Drug Liking’, Take Drug Again’, Bowdle 
VAS, Subjective Drug Value and Drug Similarity, Choice Reaction 
Time, Divided Attention Test. 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* Part I was conducted to ensure that subjects who are enrolled in Part II demonstrate 
liking and tolerability to the primary active comparator and an appropriate placebo 
response. 
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Bioanalytical Assay: 
PK samples were not analyzed for zolpidem. 
Plasma concentrations of suvorexant were determined using validated LC-MS/MS 
methods (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.  
 
Pharmacokinetic Results: 
Blood samples for pharmacokinetic archive were collected in Part II of the study at pre-
dose and at 1.5 hours post-dose in each period for suvorexant and/or zolpidem 
quantitation. Suvorexant samples were analyzed for compliance to confirm the exposure 
of suvorexant. No PK parameters were calculated. 
Suvorexant plasma concentrations following single dose administration of suvorexant in 
healthy recreational polydrug users were in line with those observed in other studies: 
mean values at 1.5 h post-dose of 1.12, 1.73 and 2.48 µM after suvorexant 40, 80 or 150 
mg, respectively. 
Analysis of zolpidem plasma samples was to be contingent upon the PD results. Since the 
PD results were consistent with the anticipated outcomes and those reported in the 
scientific literature, zolpidem samples were not analyzed. 
 
Pharmacodynamic and Safety Conclusions: 

• Suvorexant and Zolpidem demonstrated greater abuse potential than placebo in 
recreational polydrug users, as measured by the “Drug Liking" VAS. 

• Suvorexant showed similar abuse potential as zolpidem as measured by the “Drug 
Liking" VAS. 

• Both suvorexant and zolpidem showed greater abuse potential than placebo on 
other positive measures of drug abuse potential; the effects of suvorexant were 
generally similar to zolpidem abuse potential. However, on High VAS, ARCI 
MBG subscale and Bowdle VAS, all doses of suvorexant showed statistically 
significantly less effect than zolpidem 30 mg. 

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

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

• Suvorexant (40, 80 and 150 mg) and zolpidem (15 and 30 mg) were generally 
well tolerated in recreational polydrug users following single dose administration. 
The incidence of abuse potential AEs was generally lower following 
administration of suvorexant than zolpidem. 
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P035: A Multiple Dose Study to Evaluate Next Day Effects of MK-4305 
(Suvorexant) on Driving Performance in Healthy Non-Elderly Subjects 

 
Objectives: 
Primary: To evaluate the next day residual effects of suvorexant as assessed by highway 
driving performance after single dose administration in healthy non-elderly male and 
female subjects. 
Secondary: 1. To investigate the next day effects of zopiclone 7.5 mg on mean standard 
deviation of lateral position (SDLP) in highway driving tests in healthy non-elderly 
subjects and demonstrate assay sensitivity of the clinical trial. 
2. To evaluate the next day residual effects of suvorexant as assessed by highway driving 
performance after repeated dose administration in healthy non-elderly male and female 
subjects. 
 
Study Design Randomized, double-blind, double-dummy, placebo and active 

controlled, multiple oral dose, 4-period crossover study 
Study Population 28 healthy subjects (21-64 years) : male (13) and female (15)  
Treatment Group Treatment A: 40 mg suvorexant for 8 days,  

Treatment B: 20 mg suvorexant for 8 days,  
Treatment C: 7.5 mg zopiclone on Day 1 and Day 8 only,  
Treatment D: placebo for 8 days 

Dosage and Administration All doses of study drug were administered in the evening at bedtime.  

On Day 1 and Day 8, study drug was administered after an approximate 
4 hour fast. On Days 2 - 7, there was no restriction of food and water to 
study drug administration.  

There was a minimum 7-day washout between each treatment dosing 
period for any given subject. 

PK Sampling: plasma PK samples were collected at pre-dose and at 11 h post-dose on Day 2 
and Day 9 for the analysis of MK-4305 and zopiclone 

Analysis: Plasma LC-MS/MS method for MK-4305. Range: 1 to 1000 ng/mL  
Zolpidem: LC-MS/MS method with a linear calibration range from 
0.30 to 150 ng/mL 

PK Assessment C11h of MK-4305 and zolpidem on Day 2 and Day 9 
PD Assessment Highway Car Driving Assessment*, Driving Instructor VAS, Body 

Sway Test, Bond-Lader VAS, Word Learning Test, and DSST 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* The Car Driving Assessment occurred within 15 minutes of the 9 hour post-dose time 
point (e.g., latest 9 hours and 15 minutes postdose). 
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Bioanalytical Assay: 
 
Plasma concentrations of suvorexant were determined using validated LC-MS/MS 
methods (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.  
 
Plasma concentrations of zopiclone were determined using a validated method with 
liquid-liquid extraction of drug from human plasma. The drug and internal standard were 
separated using reverse-phase HPLC and detected with LC-MS/MS. The LLOQ for this 
method was 0.30 ng/mL with a linear calibration range from 0.30 to 150 ng/mL.  
The assay performance during the analysis of the plasma samples was acceptable. 
Zopiclone plasma concentrations were reported in units of ng/mL. 
 
Pharmacokinetic Results: 
 
Pharmacokinetic samples for suvorexant and zopiclone determinations were not collected 
from subject AN0007 due to phlebotomy difficulties. 
For the 40 mg suvorexant treatment, a plasma concentration value BLQ for AN0005 
(Day 2, 11 hours post Day 1 dose) was excluded from the calculation of summary 
statistics.  
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Individual Suvorexant Plasma Concentrations Following PM 
Administration of Suvorexant (MK-4305) 20 mg and 40 mg Multiple Doses Once 

Daily for 8 Days in Healthy Non-Elderly Subjects (N=27) 

 
 
Pharmacodynamic Results: 
Driving performance after both single dose and multiple repeated doses of suvorexant 
were assessed in this study to evaluate whether there might be initial residual effects 
followed by tolerance. 
The primary endpoint was SDLP (in centimeters) from the highway driving test. In the 
standardized highway driving test, subjects operated a specially instrumented vehicle 
over a 100 km primary highway circuit to maintain a constant speed of 95 km/h and a 
steady lateral position between the delineated boundaries of the slower traffic lane.  
SDLP was calculated as the square root of the pooled lateral position variance. SDLP is 
an integrated measure of road tracking error or "weaving".  
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Zopiclone was used as an active control as it had consistently shown an increase on 
SDLP (~2.5 cm) in the highway driving tests at 10 hours postdose comparable to those 
found for alcohol when blood alcohol concentration is 0.5 g/L or more. Alcohol at a 
blood concentration of 0.5 mg/mL, which is the legal level in many countries, produced a 
mean increase on SDLP of ~2.4 cm. Therefore, 2.4 cm was used as the non-inferiority 
bound in the current study. SDLP was analyzed both by mean analysis and symmetry 
analysis. The symmetry analysis was conducted to evaluate potential effects on the 
population distribution:  for each treatment comparison it was determined if there was a 
significant difference in the number of individuals with an increase in SDLP >2.4 cm 
(worsening) vs. the number of subjects who had a decrease in SDLP below -2.4 cm 
(improvement).   
Based on mean SDLP analysis, suvorexant did not impair highway driving performance 
following single- and multiple- 20 mg and 40 mg doses. However, the symmetry analysis 
of SDLP revealed that there was a statistically greater number of subjects with SDLP 
treatment difference of >2.4 cm than those with SDLP <-2.4 cm on Day 2 for both 
suvorexant doses and for zopiclone. On Day 9 (following 8 consecutive days dosing), 
there was a significantly greater number of subjects with SDLP treatment difference of 
>2.4 cm than those with SDLP <-2.4 cm after 40 mg but not after 20 mg suvorexant. 

 
 
The treatment difference of SDLP was generally larger with the high dose (40 mg) than 
low dose (20 mg). The treatment difference on Day 9 was smaller for both suvorexant 
doses as compared to Day 2, suggesting tolerance effects. 
In addition, there was a statistically significant increase in standard deviation of speed 
(SDS) on Day 2 for zopiclone, 20 mg suvorexant and 40 mg suvorexant compared to 
placebo, suggesting impairment on driving performance. On Day 9, only 40 mg 
suvorexant had a statistically significant effect on SDS compared with placebo. 
Statistically significant decreases in delayed recall were observed on Day 2 for zopiclone 
and 40 mg suvorexant, but not on Day 9. 
 
Four female subjects prematurely stopped the driving test due to somnolence after driving 
for 29 to 57 minutes: three subjects following 40 mg suvorexant on Day 2 (AN0006, 
AN0007 and AN0016); two subjects following 20 mg suvorexant, one each on Day 9 
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(AN0007) and on Day 2 (AN0021). Among them, AN0016 had the highest C11h levels in 
the group, Subjects AN0006 and AN021 had comparable C11h levels with the other 
subjects in the group and subject AN0007 had no PK samples collected. 
 
Pharmacokinetic and pharmacodynamic plots of the individual SDLP differences from 
placebo and suvorexant plasma concentrations (C11hr) on Days 2 and 9 are presented 
below. Subjects exceeding 2.4 cm SDLP difference from placebo on Day 2 or Day 9 
following 20 mg or 40 mg suvorexant administration are identified with a shaded symbol. 
There was no apparent trend between suvorexant plasma concentration and SDLP 
difference from placebo. 
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P039: A Multiple Dose Study to Evaluate Next Day Effects of MK-4305 
(Suvorexant) on Driving Performance in Healthy Elderly Subjects 

 
Objectives: 
Primary: To evaluate the next day residual effects of suvorexant as assessed by highway 
driving performance after single dose administration in healthy elderly male and female 
subjects. 
Secondary: 1. To investigate the next day effects of zopiclone 7.5 mg on mean standard 
deviation of lateral position (SDLP) in highway driving tests in healthy elderly subjects 
and demonstrate assay sensitivity of the clinical trial. 
2. To evaluate the next day residual effects of suvorexant as assessed by highway driving 
performance after repeated dose administration in healthy elderly male and female 
subjects. 
 
Study Design Randomized, double-blind, double-dummy, placebo and active 

controlled, multiple oral dose, 4-period crossover study 
Study Population 24 healthy elderly subjects (65-76 years): 14 male and 10 female   
Treatment Group Treatment A: 30 mg suvorexant for 8 days,  

Treatment B: 15 mg suvorexant for 8 days,  
Treatment C: 7.5 mg zopiclone on Day 1 and Day 8 only,  
Treatment D: placebo for 8 days 

Dosage and Administration All doses of study drug were administered in the evening at bedtime 
~11:15 p.m.  

On Day 1 and Day 8, study drug was administered after an approximate 
4 hour fast. On Days 2 - 7, there was no restriction of food and water to 
study drug administration.  

There was a minimum 7-day washout between each treatment dosing 
period for any given subject. 

PK Sampling: plasma PK samples were collected at pre-dose and at 8 h and 11 h post-dose on 
Day 2 and Day 9 for the analysis of MK-4305 and zopiclone and at 8 h 
post-dose on Day 5 for the analysis of MK-4305 only 

Analysis: Plasma LC-MS/MS method for MK-4305. Range: 1 to 1000 ng/mL  
Zolpidem: LC-MS/MS method with a linear calibration range from 
0.30 to 150 ng/mL 

PK Assessment C8h and C11h of MK-4305 and zolpidem on Day 2 and Day 9 
C8h of MK-4305 on Day 5 

PD Assessment Highway Car Driving Assessment*, Driving Instructor VAS, Body 
Sway Test, Bond-Lader VAS, Word Learning Test, and DSST 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* The Car Driving Assessment occurred within 15 minutes of the 9 hour post-dose time 
point (e.g., latest 9 hours and 15 minutes postdose). 
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Bioanalytical Assay: 
Plasma concentrations of suvorexant were determined using validated LC-MS/MS 
methods (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.  
Plasma concentrations of zopiclone were determined using a validated method with 
liquid-liquid extraction of drug from human plasma. The drug and internal standard were 
separated using reverse-phase HPLC and detected with LC-MS/MS. The LLOQ for this 
method was 0.30 ng/mL with a linear calibration range from 0.30 to 150 ng/mL.  
The assay performance during the analysis of the plasma samples was acceptable. 
Zopiclone plasma concentrations were reported in units of ng/mL. 
 
Pharmacokinetic Results: 
The individual suvorexant plasma concentrations and summary statistics for all subjects 
are presented below.  
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Pharmacodynamic Results: 
 
Based on mean SDLP analysis, suvorexant at did not impair highway driving 
performance in elderly subjects following single- and multiple- 15 mg and 30 mg doses. 
However, based on symmetry analysis of SDLP, it appears that there was a greater 
number of subjects with SDLP treatment difference of >2.4 cm than those with SDLP <-
2.4 cm on Day 2 for the high (30 mg) suvorexant dose and for zopiclone. 
 

 

 

Suvorexant (15 mg and 30 mg) did not show any statistically significant effect on SDS, 
word recall and body sway area, following single and multiple dose administration. 

Plasma concentrations at 11 hr postdose were measured in both driving studies (035 and 
039) and the PK/PD relationship was explored for SDLP. There was a dose response on 
SDLP (especially for the non-elderly study), but a weak correlation between C11hr and 
treatment difference on SDLP. 

SDLP Differences From Placebo vs Suvorexant Plasma Concentrations (C11hr) in 
Non-Elderly and Elderly Subjects on Day 2 (left panel) and Day 9 (right panel).  
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Subjects whose driving was prematurely stopped due to somnolence were identified (no 
PK sample was available for AN007, AN016 repeat period data is shown) 
 
Adverse Experiences of Special Interest 
 
AN 0033, a 72-year-old white female, experienced two episodes of non-serious, moderate 
adverse experiences of cognitive impairment after administration of zopiclone 7.5 mg 
tablet in Treatment Period 1 and after administration of suvorexant 30 mg tablet in 
Treatment Period 3 that were considered by the Investigator to be probably related to 
study drug. The first episode of cognitive impairment (following zopiclone 7.5 mg 
treatment) occurred approximately 8.5 hours after Day 8 dosing in the beginning of the 
car driving assessment.  
The second episode of cognitive impairment (following suvorexant 30 mg treatment) 
occurred approximately 10 hours after Day 8 dosing about 50 minutes into the car driving 
assessment. In both episodes, the subject caused several dangerous situations during the 
car driving assessment which led the principle investigator to believe that she may have 
had some cognitive impairment. 
Note: This subject had the highest suvorexant plasma levels of all subjects (1.275 µM). 
 
Conclusion: Based on the results of the two highway driving studies (035 and 039), the 
only suvorexant dose, which did not cause next-day impairment on driving performance, 
is 15 mg.  
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P040: A Study to Evaluate the Respiratory Safety of MK-4305 (Suvorexant) 
Following a Single Dose Administration in Healthy Subjects 

 
Objectives: 
Primary:  
To evaluate the effect of a single dose of suvorexant on mean oxygen saturation (SaO2) 
during total sleep time (TST) as measured by pulse oximetry. 
Secondary: 
To evaluate the proportion of the night in which SaO2 is less than 90% following a single 
dose administration of suvorexant and placebo. 
 
Study Design Double-blind, placebo-controlled, 3-period crossover study in healthy 

subjects 
Study Population 12 healthy nonsmoking subjects (25-50 years): 8 male and 4 female   
Treatment Group Subjects received 3 different treatments, Treatments A, B, and C, in a 

randomized crossover design.  
Treatment A: a single oral supratherapeutic dose of 150 mg suvorexant; 
Treatment B: a single therapeutic dose of 40 mg suvorexant;  
Treatment C: placebo.  

Dosage and Administration All study drugs were administered in the evening after ~4-hour fast. 

Study drug or placebo was administered in the evening at 
approximately 0.5 hours before bedtime ("lights off"). 

PK Sampling: plasma* Blood samples for determination of suvorexant concentrations were 
collected at predose and at specified time points: pre-dose, 0.5 h, 1, 2, 
3, 4, 6, 9, 12, 16, 24, 36, 60 and 84 hours post-suvorexant dose in each 
treatment period. 

Analysis: Plasma LC-MS/MS method for MK-4305. Range: 1 to 1000 ng/mL  
PK Assessment Cmax, tmax, AUC0-4, AUC0-24, AUC0-inf, t1/2 of MK-4305 
PD Assessments 8-hour PSG recording and SaO2 monitoring 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* Plasma samples were collected “through the wall” during the PSG recordings (1, 2, 3, 
4, and 6-hour time points); unsuccessful PK samples were not repeated. 

 
Bioanalytical Assay: 
 
Plasma concentrations of suvorexant were determined using validated LC-MS/MS 
methods (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.  
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Pharmacokinetic Results: 
 
All 12 subjects were included in the PK analysis, however some subjects (listed in Table 
below) had missing samples and did not have an AUC, Cmax, or Tmax calculated. All 
subjects with missing samples had an apparent terminal t½ calculated. 
 

Subjects With Missing Pharmacokinetic Samples by Treatment 

 
 
Mean plasma concentration-time profiles of suvorexant for subjects with complete PK 
profiles were compared with those from all available data following administration of a 
40 mg or a 150 mg single dose of suvorexant and are presented in the figures below. 
Missing pharmacokinetic samples during the "through the wall" collection period did not 
appear to have an impact on the mean plasma concentration-time profiles for either dose. 
The summary of suvorexant plasma PK parameters following single-dose administration 
of 40 mg or 150 mg suvorexant is presented in the table below. 
 
Mean (± SD) Plasma Concentrations (μM) of Suvorexant of Subjects With Full PK 
Profiles Only Compared With Mean of All PK Data Following Administration of a 

40 mg Single Dose of Suvorexant to Healthy Subjects  
(Linear Scale; Inset=Semi-Log) 
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Mean (± SD) Plasma Concentrations (μM) of Suvorexant of Subjects With Full PK 
Profiles Only Compared With Mean of All PK Data Following Administration of a 

150 mg Single Dose of Suvorexant to Healthy Subjects 
(Linear Scale; Inset=Semi-Log) 

 
 
 

Plasma Pharmacokinetic Parameters Following Single-Dose 
Administration of 40 mg or 150 mg Suvorexant to Healthy Subjects 

 
 

Pharmacodynamic Results 
Single-dose suvorexant did not produce a clinically significant reduction of mean SaO2 
during TST in healthy subjects, as compared to placebo. The least-squares mean 
difference between 150 mg suvorexant and placebo was 0.00 and the corresponding 90% 
confidence interval was (-0.90, 0.90). The least-squares mean difference between 40 mg 
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suvorexant and placebo was -0.33. In both cases, the lower bound of the 90% confidence 
interval fell completely above -5%. Similar comparisons for mean SaO2 during wake, 
NREM, and REM sleep stages were also done. The mean SaO2 during wake, NREM, and 
REM sleep stages, following a single dose of suvorexant, was generally similar to that 
observed in the placebo group. 
 

Statistical Analysis of Pharmacodynamic Endpoints Following Single-Dose 
Administration of 150 mg Suvorexant, 40 mg Suvorexant, or Placebo to Healthy 

Subjects (N=12) 

 
 

One subject, AN0005, had SaO2 values less than 90% in both suvorexant treatment 
groups. The percentage of time for SaO2 below 90% ranged from 0.1% to 0.3% of total 
sleep time, except for AN0011 in the 40 mg suvorexant treatment with 12.4% of total 
sleep time below 90%, but this subject did not have SaO2 values less than 90% on 
150 mg. 
Note: Suvorexant exposure in Subject AN0005 was close to the average exposure for the 
treatment group after both 40 and 150 mg doses. There was no PK data for Subject 
AN0011 after suvorexant 40 mg. 
In addition, since the confidence intervals for the mean between-treatment difference in 
AHI change from baseline include zero, it was concluded that there was no statistically 
significant increase in AHI for either suvorexant dose relative to placebo. 
 
Safety: 
No serious clinical, laboratory, other significant AEs were reported during the study. 
There were no discontinuations due to an adverse experience.  
Dizziness (3 subjects), headache (2 subjects), and somnolence (2 subjects) were the most 
frequently reported adverse experiences following 150 mg suvorexant.  
All AEs were rated mild in intensity.  
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1.5 Efficacy and Safety Studies 
 

P006: A Phase IIb, Multicenter, Randomized, Double-Blind Placebo 
Controlled, 2-period Adaptive Crossover Polysomnography Study to 
Evaluate the Safety and Efficacy of MK-4305 in Patients with Primary 
Insomnia 

 
Objectives: 

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

• To evaluate the safety and tolerability of MK-4305 
 
Study Design* Randomized, multicenter, double-blind (with in-house blinding), 

placebo-controlled, 2-period cross-over PSG study to assess the safety, 
and efficacy of four doses of suvorexant (10, 20, 40, and 80 mg) in the 
treatment of patients with primary insomnia* 

Study Population** 254 male and female patients in the U.S. and Japan, 228 completed  
Treatment Group See treatment sequence below***  
Dosage and Administration Treatment A: 10 mg MK-4305  

Treatment B: 20 mg MK-4305  

Treatment C: 40 mg MK-4305  

Treatment D: 80 mg MK-4305 

Treatment E: placebo  

PK Sampling: plasma  9 h post-dose (C9h) 

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

PK Assessment C9h 
PD Assessment PSG parameters: sleep efficiency (SE), total sleep time (TST), wake 

after sleep onset (WASO), and latency to persistent sleep (LPS) 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
 
* This design was equivalent to four separate 2-treatment 2-period crossover trials with 
patients in each trial receiving one of the four MK-4305 doses and placebo.  
Duration of each treatment period was 4 weeks, with a single-blind placebo run-in period 
prior to treatment period 1 and a single-blind placebo washout of a minimum of 7 days 
between treatment period 1 and treatment period 2. 
Each treatment period included 3 visits: occurring on Night 1, Day 14, and Night 28. On 
Nights 1 and 28 (at the beginning and end of each treatment periods) patients stayed 
overnight for an 8-hour PSG recording and were instructed to administer study drug 30 
minutes prior to the PSG recording. On non-PSG nights, patients were instructed to take 
study drug once nightly, immediately (within 5 to 10 minutes) prior to lights out, 
throughout the entire study. 
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** Study Population: 

 
 
 
*** Treatment Sequence: 

 
 
Bioanalytical Assay: 
 
Plasma concentrations of suvorexant were determined using validated LC-MS/MS 
methods (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.  
 
Pharmacokinetic Results: 
 
Individual and geometric mean suvorexant plasma C9hr values following single and 
multiple dose (treatment day 28) administration (10 – 80 mg) in pooled non-Japanese and 
Japanese primary insomnia patients are presented below. 
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Individual and Geometric Mean MK-4305 Plasma C9hr Values (μM) Versus Dose 
Following Single (Left) and Multiple-Dose (Right) Administration of 10 to 80 mg in 

Pooled Non-Japanese and Japanese Primary Insomnia Patients 

 
 

Summary of Pharmacokinetic Parameters of MK-4305 Following Oral Dose 
Administration of MK-4305 10- to 80-mg for 28 Days in Pooled non-Japanese and 

Japanese Primary Insomnia Patients 

 
 
Comment: Less than dose proportional increase in C9h. 
 
Pharmacodynamic Results: 
 
All doses of suvorexant (10 mg, 20 mg, 40 mg and 80 mg) were superior to placebo in 
improving insomnia as measured by the primary efficacy endpoint, sleep efficiency (SE), 
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at Night 1 and Week 4, and as measured by the secondary efficacy endpoint, wakefulness 
after persistent sleep onset (WASO), at Night 1 and Week 4.  
No dose of MK-4305 was superior to placebo in improving sleep onset as measured by 
the secondary efficacy endpoint, latency to onset of persistent sleep (LPS); however, 
since there was evidence of a carryover effect for LPS (Period 1 improvement in LPS did 
not diminish in period 2 even though patients were on placebo), analysis of Period 1 only 
showed evidence of efficacy for all doses, including 10 mg: 
 

*nominal p-values 

Percent decrease in latency to persistent sleep
Night 1 Week 4

10 mg 49% p = 0.02* 58% p = 0.02*
20 mg 51% 67%
40 mg 68% 54%
80 mg 54% 58%

 
 
Safety: 
 
No serious adverse events were reported in this study.  
The percent of patients with drug-related AEs after the low doses (10 and 20 mg) was 
comparable to placebo: 4.8%, 6.6% and 6.8% for suvorexant 10 mg, 20 mg and placebo, 
respectively, and significantly higher for the higher MK-4305 doses: 20.3% and 23.0% 
for suvorexant 40 mg and 80 mg. 
In addition, the following AEs of concern were reported in this study: 
Sleep paraysis in 2 Asian males, on MK4305 80mg and 40mg 
Hallucination in 1 Asian male on MK4305 40mg and 1 White female on 80mg 
Excessive Daytime Sleepiness of severe intensity: 63 year old White female on 80mg 
 
Reviewer’s Comment: The efficacy and safety data from this study suggest little benefit 
of suvorexant doses higher than 10-20mg. 
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Phase 3 Studies (P028 and P029): Phase III, Multicenter, Randomized, 
Double-Blind, Placebo-Controlled, Parallel Group, Study to Evaluate the 
Safety and Efficacy of MK-4305 in Patients with Primary Insomnia 

 
These confirmatory efficacy trials were similarly designed to evaluate the efficacy and 
safety of suvorexant in replicate core 3-month Treatment Phases.  
Patients were recruited to either the Questionnaire-only cohort (Q-Cohort) or the PSG 
plus-Questionnaire cohort (PQ-Cohort). Overall, 75% of the patients in the study were to 
be randomized to the PQ-cohort. Patients in both cohorts completed daily sleep 
questionnaires via an electronic diary (e-diary). Patients in the PQ-Cohort additionally 
underwent PSG assessments.  
Patients were randomized in a 3:2:3 ratio to receive either suvorexant HD, suvorexant 
LD, or placebo. A of total 916 and 881 patients completed P028 and P029, respectively. 
The dose of suvorexant received was determined by age group as follows: 
Non-elderly (18 to <65 years): suvorexant HD (40 mg) or LD (20 mg) 
Elderly (≥ 65 years): suvorexant HD (30 mg) or LD (15 mg) 
During the Treatment Phase, all patients returned to the clinic after randomization for 
visits at the end of Week 2, and the end of Months 1, 2, and 3. For patients in the PQ-
Cohort, the visits at Night 1 and the end of Months 1 and 3 were overnight PSG visits. 
Treatments Administered: 
Patients were instructed to take study medication nightly, immediately prior to bedtime 
(within 5-10 minutes). During PSG visits for patients in the PQ-Cohort, study medication 
was orally administered approximately 30 minutes before bedtime. 
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Bioanalytical Assay: 
Plasma concentrations of suvorexant were determined using LC-MS/MS methods 
(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.  
 
Pharmacokinetic Results: 
In the PQ cohort, PK samples were collected at approximately 9 hours post-dose at Night 
1, Month 1, and Month 3. Pharmacokinetic samples obtained at Week 2 in this cohort 
could have been collected at any time of the day during the Week 2 visit (floating 
sample).  
In the Q cohort, all PK samples (Week 2, Month 1, and Month 3) were intended to be 
floating samples.  
Individual suvorexant plasma concentration values falling within the 7 – 13 post-dose 
time range following suvorexant administration in non-elderly (20 and 40 mg) and 
elderly (15 and 30 mg) primary insomnia patients are presented in the tables below for 
non-Japanese (PQ Cohort) and Japanese subjects (Q cohort). 
 
Individual Plasma Concentrations of Suvorexant (MK-4305) in the 7 - 13 post-dose 

Time Range Following Once Daily Oral Dose Administration of Suvorexant in  
Non-Japanese Primary Insomnia Patients in the PQ Cohort 
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Individual Plasma Concentrations of Suvorexant (MK-4305) in the 7 - 13 post-dose 
Time Range Following Once Daily Oral Dose Administration of Suvorexant in 

Japanese Insomnia Patients in the Q Cohort 
 

 
 
Within each cohort and at each dose, suvorexant plasma concentration values were 
largely similar across the duration of treatment (Week 2, Month 1 and Month 3). No 
formal statistical evaluation was performed, however visual inspection of Japanese and 
non-Japanese data suggests that suvorexant plasma concentrations are comparable 
between groups. 
 
Efficacy Analyses Results 
 
In the primary efficacy analyses on the objective (polysomnography [PSG]) measures of 
sleep onset and sleep maintenance (LPS and WASO), both dose groups showed 
statistically significant effectiveness compared to placebo in both elderly and non-elderly 
patients on days 1, 28 and 90. 
Evaluation of suvorexant LD efficacy in the Phase 3 program was a secondary objective 
in one of the confirmatory trials (P028) and both studies were underpowered for the 
comparison of LD to placebo. The similarity of the efficacy study designs (P028 and 
P029) allowed for a pooled analysis of suvorexant LD compared to placebo, which 
provided adequate power for exploratory analyses. The results of the Phase 3 trials as 
well as the analysis of the pooled population (P028+P029) suggest efficacy for 
suvorexant LD. 

 
 

Estimated Difference and 95% Confidence Intervals for Change from Baseline in  
Sleep Onset Efficacy Endpoints (Pooled P028+P029) 
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MK-4305 Low Dose (LD) versus Placebo 

 

 
MK-4305 High Dose (HD) versus Placebo 
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Estimated Difference and 95% Confidence Intervals for Change from Baseline in  
Sleep Maintenance Efficacy Endpoints (Pooled P028+P029)  

 
MK-4305 Low Dose (LD) versus Placebo 

 
 

 
MK-4305 High Dose (HD) versus Placebo 

 
 
Safety: 
Overall, the incidence of one or more AEs reported at the LD was similar to placebo and 
increased at the HD.  
Residual effect AE terms of somnolence and fatigue (<13% for somnolence and <4% for 
fatigue), exhibit a dose dependency in rate (PBO≤LD<HD). 
 
For dose/exposure-response and dose/exposure safety relationships, please refer to the 
Pharmacometrics Review and the QBR, Sections 2.2.3 through 2.2.5. In summary, for all 
objective measures of sleep maintenance and onset (e.g. WASO, LPS) the dose 
(exposure) -response relationship was flat in the 15-40 mg range, although there was a 
dose-dependent improvement in some subjective measures of sleep maintenance (e.g., 
sWASO).  
 
Reviewer’s Comments:  
No clear dose/exposure-response relationship was observed for the objective measures of 
sleep and there was no significant difference in exposure between elderly (15 mg) and 
non-elderly patients (20 mg). Based on the reviewer’s analyses, the dose of 15 mg would 
be reasonable starting dose for both elderly and non-elderly patients. 
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4.1.6 Biopharmaceutics Studies 
 

P007: A 5-Period, Crossover, Single Dose Study to Evaluate the Comparative 
Pharmacokinetics of 4 Formulations of MK-4305 

 
Objectives: 

• To assess and compare the pharmacokinetics (AUC0-∞, Cmax) of three new solid 
dose formulations (P1, P2 and P3) of MK-4305 compared to the reference MK-
4305 oral-compressed tablet (Formulation T1) following single 60-mg oral doses 
administered to healthy subjects.* 

• To assess the effect of a standard high-fat breakfast on the plasma PK parameters 
of MK-4305 (Formulation P1, P2 and P3) under fed versus fasted conditions 
following single oral dose (60 mg) administration to healthy subjects 

 
Study Design Randomized, Open-Label, Partially-Fixed Sequence, 5-Period 

Crossover study in healthy male subjects  
Study Population 18 male healthy subjects, 22-45 years, 17 completed  
Treatment Group Treatment A: 60 mg T1 

Treatment B: 60 mg P1 
Treatment C: 60 mg P2 
Treatment D: 60 mg P3 

Dosage and Administration In Periods 1 to 4, subjects received one of the four formulations (T1, 
P1, P2 or P3) as a single oral dose of 60 mg MK-4305 in the fasted 
state. In Period 5, 18 subjects were divided into 3 groups of six 
subjects. Each group received a single dose of Formulation P1, 
Formulation P2 or Formulation P3 as a single oral dose of 60 mg MK-
4305 following a standard high-fat breakfast.  

There was a minimum 96 hour washout between study drug 
administrations in each treatment period for any subject. 

PK Sampling: plasma PK samples for suvorexant were collected at pre-dose and at 0.5, 1, 2, 
4, 6, 8, 12, 24, 48, and 72 h post-dose 

Analysis Plasma: LC-MS/MS method for suvorexant 
Range: 1 to 1000 ng/mL  

PK Assessment AUC0-∞, AUC0-4hr, C4hr, AUC0-24hr, Cmax, Tmax, and apparent terminal t½ 
PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
 
* Food had an effect on the PK profile of the initial Phase I formulation T1: a high-fat 
meal decreased suvorexant AUC0-∞ by 7.0% and Cmax by 46%. The data obtained from 
this study was used to support Phase II clinical development with a new biocomparable 
and stable formulation with a similar pharmacokinetic to the reference initial Phase I 
formulation (T1) with less food effect. 
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Bioanalytical Assay: 
 
Plasma concentrations of suvorexant were determined using a 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.  
 
Pharmacokinetic Results: 
 
Seventeen of the 18 subjects who completed the study (and had complete PK data) were 
included in the primary analysis of pharmacokinetics. Subject AN0015 discontinued after 
the completion of Period 3 (before Periods 4, 60 mg P3 and 5, P3 fed). Due to the 
concomitant use of indomethacin to treat an AE, data from Period 3 was excluded from 
the PK analysis. This was the only use of concomitant therapy during the study. For AN 
0015, only period 1 and 2 data were included in the PK analysis. 
 
Summary of Pharmacokinetic Results Following Single-Dose AM Administration in 

the Fasted and Fed State of Three Formulations of 60 mg MK-4305 to Healthy 
Subjects 
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Summary of PK Results Following Single-Dose AM Administration in the 
Fasted State of Four Formulations of 60 mg MK-4305 to Healthy Subjects 

 
 
PK Summary:  
Formulation P2 was chosen for Phase II/III for the following reasons:  
P2 demonstrated less PK variability with fasted administration compared to P1. 
P2 also exhibited smaller effects on Tmax and acceptable variability of the fed/fasted ratios 
for AUC0-∞ and Cmax following a high fat meal. The performance of P2 was in good 
agreement with the pH-insensitive nature of the formulation design for P2. 

Reference ID: 3329971



 140 

The comparison of the plasma concentration-time profiles of T1 and P2 formulations 
showed that they are similar, with a GMR for suvorexant AUC0-∞ = 1.03. Although there 
was a reduced GMR suvorexant Cmax = 0.72 for P2 compared to T1, the reduced 
variability of the PK profile for AUC0-∞, Cmax and C4hr for P2 under both fasted and fed 
conditions supports its selection as the suvorexant clinical formulation for Phase II/III. 
 
Safety:  
No serious clinical AEs were reported. The most frequently reported AEs were 
somnolence (100% of subjects) and dizziness (34% of subjects). One subject (AN0015), 
a 41 year old white man, discontinued due to an episode of gout 4 hours following a 
single dose of MK-4305 60 mg T1 in Period 3. The investigator rated this event as 
moderate in intensity and probably not related to study drug. The subject had a history of 
gout that was not revealed to the site during the screening. 
No laboratory AEs were reported. 
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P020: A Study to Evaluate the Effect of Food on the Pharmacokinetics of 
MK-4305 (Suvorexant) in Healthy Subjects 

 
Objective: 
To compare the effect of a high-fat breakfast on the plasma pharmacokinetics of 
suvorexant final market image (FMI) tablet to pharmacokinetics in the fasted state after 
administration of a single oral dose of suvorexant 40 mg FMI tablet in healthy adult 
subjects. 
 
Study Design Open-label, 2-period, randomized, crossover study in healthy subjects  
Study Population 9 male and 5 female healthy subjects, 19-48 years, 12 completed*  
Treatment Group Treatment A, a single oral dose of 40 mg suvorexant following an 8-

hour fast.  
Treatment B, a single oral dose of 40 mg suvorexant following a 
standard high-fat breakfast 

Dosage and Administration Treatment A: 40 mg suvorexant in the fasted state 

Treatment B: 40 mg suvorexant in the fed state 

There was a minimum of 6 days between the doses in Periods 1 and 2  

PK Sampling: plasma PK samples for suvorexant were collected at pre-dose and at 0.5, 1, 2, 
4, 6, 9, 12, 24, 48, 72 and 96 h post-dose 

Analysis Plasma: LC-MS/MS method for suvorexant 
Range: 1 to 1000 ng/mL  

PK Assessment AUC0-∞, Cmax, Tmax, and apparent terminal t½ 
PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
*Two subjects did not return for dosing in Period 2 due to lack of transportation and were excluded from 
the PK analysis. 
 
 
Bioanalytical Assay: 
 
Plasma concentrations of suvorexant were determined using a 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.  
 
Pharmacokinetic Results: 
 
In a previous phase 1 biocomparison study (Study P007) in a limited number of subjects 
(n=6), a small food effect on suvorexant pharmacokinetics was found following a single 
60 mg dose (formulation PMF) administered following a high-fat breakfast relative to the 
fasted state, with an approximately 20% increase in Cmax and no apparent effect on AUC. 
The current study was conducted to determine the effect of a standard high-fat breakfast 
on the pharmacokinetics of suvorexant following a single 40 mg dose of the FMI tablet 
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formulation, which is the maximum Phase III clinical dose. The P2 (FMI) formulation, 
used in the Phase 3 trials (P028, P029), was slightly modified from the P2 (PMF) 
formulation used in the Phase IIb study (P006) and Phase 3 Long Term Safety Study 
(P009). The FMI formulation is the commercial formulation; it is compositionally 
identical to the PMF (see QBR, Section 2.5.2 for details). 
 
Results from this study indicate that there is no food effect on the overall suvorexant 
exposure at the highest proposed clinical dose. The GMR and 90% confidence interval 
[Fed / Fasted] for AUC0-∞ was 0.98 (0.91, 1.07).  
Suvorexant absorption was largely unchanged, with GMR and 90% confidence interval 
(Fed / Fasted) for Cmax of 1.09 (0.90, 1.33). There was a statistically significant increase 
in Tmax from 1.5 hours in the fasted state to 3.0 hours in the fed state. 
 
Summary of Pharmacokinetic Parameters of Suvorexant Following Administration 

of a Single Oral Dose of 40 mg Suvorexant (MK-4305) Following High-Fat 
Breakfast or Fasted States (N=12) 

 
 
Conclusion: The results from this study indicate that there is no food effect on the overall 
suvorexant exposure, however the Tmax was increased by 1.5 h with food. For faster 
sleep onset, suvorexant should not be administered with or immediately after a meal. 
 
Comment: The lower strengths to be developed (5 and 10 mg) should have proportional 
composition and other CMC supportive info in order to claim that the food effect on 
40mg can be applied to them. 
 
Safety: 
 
Suvorexant was generally well tolerated in the healthy young men and women in this 
study. All clinical adverse experiences were considered to be mild or moderate. Mild 
somnolence, reported by 13 subjects, was the most frequently reported AE. No serious 
clinical, laboratory, other significant adverse experiences were reported during the study.  
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Bioanalytical Assay: 
 
Plasma concentrations of suvorexant were determined using LC-MS/MS methods 
(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.  
 
Pharmacokinetic Results: 
 
The summary statistics for suvorexant PK parameters to assess the biocomparability of 
each of the test formulations relative to the reference is presented below.  
The overall exposure (AUC0-∞) was generally similar for each of the test formulations 
relative to reference. The observed mean Cmax for the test formulations  

 (D, E) were ~13-14% less than that for the mean of the reference (C), whereas 
the observed mean Cmax for the test formulation  (A) was ~7% greater 
than that for the mean of the reference (C). 
 

Statistical Analysis of Suvorexant Pharmacokinetics Following Single Dose 
Administration of 40 mg MK-4305 as Three Test Formulations (A, D, E) and 

Reference Phase III Formulation (C) to Healthy Subjects (N=12) 
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P042: A Trial to Evaluate the Pharmacokinetics and the Effect of Food on 
Pharmacokinetics of Suvorexant (MK-4305) Final Market Image (FMI) 
Tablet in Japanese 

 
Objective: 
To assess the effect of a standard Japanese breakfast on suvorexant pharmacokinetic 
parameters after the administration of single 40 mg oral dose of suvorexant (FMI tablet) 
in healthy Japanese subjects 

 
Study Design* Open-label, 2-period, randomized, crossover study in healthy Japanese 

subjects*  
Study Population 6 male and 6 female healthy Japanese subjects, 21-48 years, all 12 

completed the study 
Treatment Group Treatment A, a single oral dose of 40 mg suvorexant following an 8-

hour fast.  
Treatment B, a single oral dose of 40 mg suvorexant following a 
standard Japanese breakfast 

Dosage and Administration Treatment A: 40 mg suvorexant in the fasted state 

Treatment B: 40 mg suvorexant in the fed state 

There was a minimum of 6 days between the doses in Periods 1 and 2  

PK Sampling: plasma PK samples for suvorexant were collected at pre-dose and at 0.5, 1, 2, 
3, 4, 6, 9, 12, 24, 48, 72 and 96 h post-dose 

Analysis Plasma: LC-MS/MS method for suvorexant 
Range: 1 to 1000 ng/mL  

PK Assessment AUC0-∞, Cmax, Tmax, and apparent terminal t½ 
PD Assessment none 
Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
* This study was not conducted as a randomized study. Treatments in a given treatment period 
were to be randomly assigned according to a computer-generated allocation schedule and both 
males and females should have been allocated to both treatment sequences. 
However, in this study all males were assigned to the AB sequence (fasted Period 1 and fed 
Period 2), and all females to the BA sequence (fed Period 1 and fasted Period 2) because a 
computer allocation schedule was not requested in error. 
 
Bioanalytical Assay: 
 
Plasma concentrations of suvorexant were determined using LC-MS/MS methods 
(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.  
 
Pharmacokinetic Results: 
 
The summary statistics for suvorexant PK parameters following administration of a 
single dose of 40 mg suvorexant with a standard Japanese breakfast or in the fasted state 
to Japanese healthy subjects is provided below. The geometric mean ratio (fed / fasted) 
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and 90% confidence intervals for AUC0-∞ and Cmax were 1.10 (1.02, 1.19) and 1.23 (1.02, 
1.49), respectively. Median Tmax was 3.0 hours after a standard Japanese breakfast and 
1.5 hours in the fasted state. Mean apparent terminal t1/2 was generally unchanged after 
administration with a standard Japanese breakfast compared to administration in the 
fasted state. 
 

Summary of Suvorexant Plasma PK Parameter Values and Ratios (Fed/Fasted) 
Following Administration of a 40 mg Single Oral Dose of Suvorexant to Japanese 

Healthy Subjects in the Fasted State and Following a Standard Japanese Breakfast 
(N=12) 

 
 
Since the study was not conducted as a randomized study (allocation was conducted with all 
males assigned to AB sequence and all females to BA sequence) (see section 9.4.3, the 
effects of gender and treatment sequence were completely confounded and could not 
clearly be separated in the statistical analysis. To evaluate the potential influence of the 
confounding, additional stratified analysis of AUC0-∞, Cmax and Tmax was conducted. 
The fed/fasted ratios between male and female subjects were largely comparable.  
The median difference in Tmax between administration with a standard Japanese 
breakfast or in the fasted state was 1.0 for both male and female subjects. 
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Summary of Pharmacokinetic Parameters of Suvorexant Following Administration 
of a Single Oral Dose of a 40 mg Single Oral Dose of Suvorexant to Japanese 

Healthy Subjects in the Fasted State and Following a Standard Japanese Breakfast 
by Gender 

 
 

In addition, PSR (Proportion of Similar Responses) method was used to quantitatively 
assess the overlap between male and female subjects for AUC0-∞ and Cmax after fed or 
fasted administration. PSR can range from 0 to 1, with a value of 0 indicating no overlap 
and a value of 1 indicating complete overlap of distributions. On AUC0-∞, the values of 
PSR were 0.97 for fasted and 0.79 for fed. On Cmax, the values of PSR were 0.83 for 
fasted and 0.99 for fed, suggesting a largely overlapping distribution of data between 
males and females within a treatment.  
PSR was also applied to assess the overlap between males and females on individual 
ratios of AUC0-∞ and Cmax, the values of PSR were 0.70 for AUC0-∞ and 0.88 for Cmax, 
suggesting high degree of overlap between males and females subjects. 
According to the sponsor, although this study was not conducted in a randomized 
manner, the above analyses show that the GMs and GMRs of PK parameters are similar 
across gender, thus supporting the validity of the overall treatment comparison. 
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Individual Suvorexant AUC0-∞ and Cmax Ratios (Fed/Fasted), Geometric Mean 
Ratios, and 90% Confidence Intervals Following Single Oral Doses of Suvorexant 

40mg in Japanese Healthy Subjects (N=12) 

 
 
 
Safety: 
 
Suvorexant was generally well tolerated in the healthy young Japanese men and women 
in this study. No serious clinical, laboratory, other significant adverse experiences were 
reported during the study. There were no discontinuations due to an adverse experience. 
Mild somnolence (100% of subjects) was the most frequently reported adverse 
experience. Onset of the somnolence episodes generally occurred within 2 hours 
following suvorexant administration and resolved within 22 hours. The majority of the 
somnolence episodes had duration of less than 8 hours.  
The incidence of somnolence was similar for both the fed and fasted treatments.  
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1.7  IN VITRO STUDIES 
 
Study PK013: In Vitro Metabolite Profiling of MK-4305 in Rat, Dog, and Human 
Objective: to compare the metabolic profiles of MK-4305 in different species 
Method: 
Microsomes: Pooled liver microsomes from male Sprague-Dawley rat (n=68), male 
beagle dog (n=8), and human (mixed gender; n=150) were used. [14C]MK-4305 (10 µM) 
was incubated at 37°C in a final volume of 0.5 mL of 0.1 M potassium phosphate buffer 
(pH 7.4) containing 1 mg/mL (dog, human) or 0.25 mg/mL (rat) microsomal protein, and 
1 mM NADPH. Reactions were terminated by the addition of ice cold acetonitrile at 30 
minutes for rat and 60 minutes for dog and human. Samples were centrifuged and an 
aliquot of supernatant was injected for LC-RAM-MS (LC-MS/MS-Radiometric 
Analysis). 
Hepatocytes: Cryopreserved pooled primary hepatocytes from male Sprague-Dawley rat 
(n=14), dog (n=3), and human (n=10) were used. [14C]MK-4305 (10 µM) was incubated 
at 37°C for 1 hour with 1 million cells/mL (dog and human) or 0.5 million cells/mL (rat) 
hepatocytes in William’s E medium fortified with L-glutamine (0.5 mL total volume). 
After incubation, samples were centrifuged and an aliquot of supernatant was analyzed 
by LC-RAM-MS analysis. 
 
Results: Rat hepatocytes and liver microsomes displayed the highest rate of metabolism 
compared with dog and human. The major routes of metabolism in liver microsomes 
from all three species were oxidative, with metabolites formed through hydroxylation at 
the benzylic carbon of the triazolebenzyl moiety (M9, L-002015883), monooxidation of 
the chlorobenzoxazole group (M8) and hydroxylation at the diazapan moiety (M10a, L-
002083792). Other metabolic pathways included further oxidation of M9 to a carboxylic 
acid (M4) and di- and tri-hydroxylation (M6a, c, M7a, b, and M13b).  
 
Table 1. Summary of [14C]MK-4305 Metabolites Formed in SD Rat, Dog, and Human 
Liver Microsomes 
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Figure 1. Representative Radiochromatograms of [14C]MK-4305 (10 µM) Incubated in 
the Presence of Human Liver Microsomes 

 
 
(The unit of y-axis is radioactivity (cpm), ranging from 10 to 200, with an increment step of 10. The unit of 
x-axis is minute, ranges from 5 to 50, with an increment step of 5.) 
 
In human hepatocytes, the major metabolites observed were the oxidative metabolite M9, 
M4, and a di-oxidation (M7b). Additional metabolites detected in rat and dog hepatocytes 
included a glucuronide of M9 (M11) and an apparent water addition (M20). 
 
Table 2. Summary of [14C]MK-4305 Metabolites Formed in Sprague-Dawley Rat, Dog, 
and Human Hepatocytes 

 
 
Figure 2. Representative Radiochromatograms of [14C]MK-4305 (10 µM) Incubated in 
the Presence of Human Hepatocytes 
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(The unit of y-axis is radioactivity (cpm), ranging from 10 to 220, with an increment step of 10. The unit of 
x-axis is minute, ranges from 5 to 50, with an increment step of 5. M3 is a glucuronide conjugate of M8. 
M12 is a glucuronide conjugate of M10a.) 

 
 
Study PK002: In Vitro Drug Metabolism Studies of MK-4305, L-002015883 (M9), 
and L-002440877 (M17)  
 
Note: This study is composed of a number of sub-studies with diversified objectives and 
designs. Therefore, the review will be written separately for each sub-study. 
 
1. CYP Reaction Phenotyping 
Objective: To identify the human CYP isoforms mediating the metabolism of MK-4305 
Methods:  
Immuno-inhibition.  Study was conducted with specific anti-CYP1A2, 3A4/5, 2C8/9/19, 
and 2D6 monoclonal antibodies. Human liver microsomes (0.5 or 0.1 mg/mL protein) 
were pre-incubated with the monoclonal antibodies for 15 minutes at room temperature. 
[14C]MK-4305 (final concentrations at 2 and 20 μM) and NADPH (1 mM) were then 
added and the reactions were terminated after 15 and 30 minutes, respectively, by adding 
cold acetonitrile. The samples were centrifuged and the supernatants were analyzed by 
HPLC with simultaneous mass spectral and radiometric monitoring. The column effluent 
was mixed with scintillation cocktail for radiochemical detection. The parent and 
metabolite radioactive peaks were integrated for each sample and compared with the 
control (vector antibody). 
 
Recombinant CYPs.   Recombinant CYP enzymes (15 pmol/mL for CYP3A4 and 35 
pmol/mL for 2C19, 2C9, 2C8, 2D6, and 1A2) were pre-incubated with 1 µM MK-4305 
in 100 mM potassium phosphate buffer and 10 µM MgCl2 (pH 7.4) at 37°C for 5 minutes 
before adding 1 mM NADPH. After the addition of NADPH, the reactions were stopped 
at 0, 5, 10, 20, and 40 minutes with the addition of acetonitrile containing labetalol 
(internal standard). The samples were centrifuged and the supernatants were subject to 
HPLC-MS/MS analysis by determining the peak area ratios of MK-4305 to the internal 
standard.  
 
Chemical Inhibitors.   Human liver microsomes (0.5 mg/mL) were pre-incubated with 
ketoconazole (1 µM, CYP3A4 inhibitor) or N-3-benzyl-phenobarbital (5 µM, CYP2C19 
inhibitor) and 2 or 20 µM MK-4305 at 37°C for 5 minutes before the addition of 1 mM 
NADPH. After the addition of NADPH, the reactions were stopped at 40 minutes with 
the addition of acetonitrile containing labetalol. The samples were analyzed by HPLC-
MS/MS. Peak area ratios of metabolites M9 (L-002015883) and M10a (L-002083792) to 
the internal standard were determined. 
 
Formation of M9.   Enzyme kinetic studies were conducted using pooled human liver 
microsomes (HLM), recombinant CYPs 3A4, 3A5, and 2C19. A serial of MK-4305 
concentrations, ranging from 0.02 µM to 100 µM, were used. The rate of M9 formation 
was linear with regards to both the enzyme concentration and incubation time. The 
enzyme concentrations for HLM, rCYPs 3A4, 3A5, and 2C19 were 0.04 mg/mL, 20, 20, 
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and 120 pmol/mL, respectively. The incubation time was 10 min for HLM, rCYPs 3A4 
and 3A5, and 20 min for rCYP2C19. 1 mM NADPH was used in the incubations. The 
formation of M9 was monitored using the HPLC-MS/MS method as described above. 
 
Results: 
Immuno-inhibition.  Three oxidative metabolites (M8, M9, and M10a) were formed in 
human liver microsomes, with M9 (L-0021015883) being the predominant one. Anti-
CYP3A4/5 monoclonal antibody inhibited formation of M8 and M10a by 82-100% at 2 
and 20 µM MK-4305 concentrations. Formation of M9 was inhibited 80% and 65% by 
anti-CYP3A4/5 antibody at 2 and 20 µM MK-4305 concentrations, respectively, while 
anti-CYP2C8/9/19 antibody inhibited M9 formation by up to 30% at the two substrate 
concentrations. The anti-CYP1A2 and 2D6 antibodies had little effect.  
 
Table 3. Inhibition of [14C]MK-4305 (20 µM) Metabolite Formation (mean ± SD, n=3) in 
Human Liver Microsomes (0.5 mg/mL) in the Presence of Inhibitory Antibodies  

 
NI: no inhibition. 
 
Table 4. Inhibition of [14C]MK-4305 (2 µM) Metabolite Formation (mean ± SD, n=3) in 
Human Liver Microsomes (0.1 mg/mL) in the Presence of Inhibitory Antibodies 

 
 
Recombinant CYPs.   To identify the specific CYP isoforms responsible for the oxidation 
of MK-4305, the substrate turnover in several recombinant CYP enzymes was measured. 
Only CYP3A4 and 2C19 demonstrated measurable turnover of MK-4305. No measurable 
turnover was observed with CYP2C8, 2C9, 2D6, or 1A2. 
 
Chemical inhibitors.   Ketoconazole inhibited formation of M9 and M10a by 82-85% at 2 
µM of MK-4305 concentration and 70-74% at 20 µM. N-3-benzyl-phenobarbital 
inhibited the formation of M9 and M10a by 2-6% at 2 µM, and 20-28% at a 20 µM 
concentration of MK-4305.  
 
Table 5. Inhibition of MK-4305 Metabolite Formation (mean ± SD, n=3) in Human Liver 
Microsomes (0.5 mg/mL) in the Presence of Chemical Inhibitors 
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Taken together, these results indicate that MK-4305 is primarily metabolized by 
CYP3A4/5 with some contribution from CYP2C19 at higher MK-4305 concentrations. 
 
Formation of M9    Kinetic analysis (Eadie-Hofstee plots) revealed that the formation 
rates of M9 were not consistent with a Michaelis-Menton kinetics model, but were better 
described using a substrate inhibition model for HLM, rCYP3A4, and rCYP2C19, and an 
auto-activation (Hill) model for rCYP3A5. Based on these models, the Km values for M9 
formation was 1.7, 0.9, 2.5, and 8.0 µM for HLM, rCYPs 3A4, 3A5, and 2C19, 
respectively. The substrate inhibition constant Ks,i ranged from 19 to 600 µM for HLM, 
rCYPs 3A4, and 2C19, and the inhibition is unlikely to have in vivo consequences at the 
clinically efficacious dose. 
 
 
2. Inhibition of CYP Mediated Reactions in Human Liver Microsomes 
Objective: To investigate the inhibition potential of MK-4305 and its metabolites on 
major CYP isoforms 
Methods: 
Reversible Inhibition Studies with MK-4305     The studies were conducted in pooled 
human liver microsomes (0.25 mg/mL) at 37°C in a 0.2 mL reaction mixture containing 
the appropriate CYP probe substrate and MK-4305 (0.05 to 100 µM), 100 mM potassium 
phosphate buffer (pH 7.4), 3 mM MgCl2, and an NADPH-generating system (3 mM 
glucose 6-phosphate, 1 mM NADP, and 1.4 units/mL glucose 6-phosphate 
dehydrogenase). The substrate concentrations (near to their Km values) and incubation 
times were as follows: phenacetin O-deethylation (100 µM, 10 min), bupropion 
hydroxylation (180 µM, 10 min), paclitaxel 6α-hydroxylation (10 µM, 10 min), 
diclofenac 4’-hydroxylation (10 µM, 10 min), S-mephenytoin 4’-hydroxylation (30 µM, 
20 min), dextromethorphan O-demethylation (10 µM, 20 min), and testosterone 6β-
hydroxylation (50 µM, 10 min). The resulting samples were subjected to LC-MS/MS 
analysis after sample preparation by acetonitrile precipitation.  
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Reversible Inhibition Studies with L-002015883 (M9)    The IC50 values were determined 
after incubation with a single concentration of isoform-selective substrate and varying 
concentrations of positive control inhibitor or M9. The substrate concentrations used 
were similar to published Michaelis constants (Km) for each of the respective reactions. 
The reaction mixtures (200 µL final volume) contained approximately 100 mM 
potassium phosphate buffer (pH 7.4), 3.14 mM MgCl2, 2.82 mM G6P, 1.25 mM NADP, 
1.34 units G6PDH/mL, and 0.25 mg microsomal protein/mL. 

 
 
The samples were analyzed by LC-MS/MS as below. 

 
 
Reversible Inhibition Studies with L-002440877 (M17)      The studies were conducted in 
pooled human liver microsomes (0.2 mg/mL) at 37°C in a 50 µL reaction mixture 
containing the appropriate CYP probe substrate and L-002440877 (0.05 to 100 µM), 100 
mM potassium phosphate buffer (pH 7.4), 3.25 mM MgCl2, and an NADPH-generating 
system (3 mM glucose 6-phosphate, 1.3 mM NADP, and 1.4 units/mL glucose 6-
phosphate dehydrogenase). The substrate concentrations (close to their Km values) and 
incubation times were as follows: diclofenac (20 µM, 10 min), dextromethorphan (40 
µM, 10 min), and testosterone (100 µM, 10 min). The resulting samples were subjected 
to LC-MS/MS analysis after sample preparation by acetonitrile precipitation. 
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Time-Dependent Inhibition of CYP3A4 with MK-4305 and L-002015883 (M9)     Pooled 
human liver microsomes (1 mg/mL) were pre-incubated at 37°C with 2, 5, 10, 20, 30, 50, 
and 100 µM of MK-4305 or 10 and 50 µM L-002015883 in 100 mM potassium 
phosphate buffer (pH 7.4) with 1 mM EDTA, 6 mM MgCl2, and an NADPH-generating 
system for a duration ranging from 5 to 30 min. The incubation mixtures were diluted 10-
fold with the same buffer containing 250 µM testosterone and an NADPH-generating 
system. The incubation was continued for an additional 10 min. The resulting samples 
were subjected to LC-MS/MS analysis to measure the formation of 6β-hydroxy 
testosterone. The first order rate constants (kobs) for inactivation at various 
concentrations were calculated from the negative slope of the lines by using linear 
regression analysis of the logarithm of the remaining activity as a function of time. The 
kinact and KI values for MK-4305 were calculated by nonlinear regression analysis. 
 
 
Results:  
MK-4305 showed weak reversible inhibition of CYP1A2, 2B6, 2C8, 2C9, and 2D6 
mediated reactions with IC50 values of 74, 64, 15, 15, and 17 µM, respectively. MK-4305 
was a moderate inhibitor of CYP2C19 and 3A4 with IC50 values of 5.3 and 4.0 µM, 
respectively. 
 
Table 6. Effect of MK-4305 on Cytochrome P450 Marker Enzyme Activities in Pooled 
Human Liver Microsomes (Reversible Inhibition) 

 
a. IC50 values represent the average value from duplicate determinations. 
b. MBA: N-(α-methylbenzyl)-1-aminobenzotriazole. 
c. NBPB: (-)-N-3-Benzyl-phenobarbital. 
 
Similarly, M9 (L-002015883) was a weak reversible inhibitor of CYP1A2, 2B6, 2C8, 
2C9, 2C19, or 2D6, with IC50 values of >100, 44, 37, 47, 35, and 39 µM, while it was a 
moderate reversible inhibitor of CYP3A4 (IC50 = 11 µM for testosterone and 26 μM for 
midazolam). 
 
Table 7. Effect of L-002015883 on Cytochrome P450 Marker Enzyme Activities in 
Pooled Human Liver Microsomes (Reversible Inhibition) 
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M17 was a weak inhibitor of CYP2C9, 2D6 and 3A4, with IC50 values of > 50 µM for 
CYP2C9 and 2D6, and 28 µM for CYP3A4. 
 
In addition, MK-4305 was shown to be a time-dependent inhibitor of CYP3A4 with 
kinact and KI values of 0.136 ± 0.007 min-1 and 11.6 ± 1.9 µM, respectively. M9 was also 
a time-dependent inhibitor of CYP3A4 with kobs values of 0.052 and 0.078 min-1 
obtained at 10 and 50 µM, respectively. kinact and KI values were not calculated for M9. 
 
Figure 3. Time-Dependent Inhibition of Testosterone 6β-Hydroxylation by MK-4305 in 
Human Liver Microsomes 
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3. PXR Transactivation 
Objective: to evaluate to induction potential of MK-4305 mediated by activation of a 
nuclear receptor – PXR 
Method: The species specific PXR (Pregnane X receptor) receptors and pFR-UASLUC 
reporter constructs were transiently transfected into HepG2 cells. After overnight 
recovery, the transfected cells were split into 24-well plates (300,000 cells/well) and 
treated with test compounds or DMSO vehicle (0.1%) for 48 hours. In the case of human, 
rhesus, and dog PXR, rifampicin and hyperforin served as controls. For rat PXR, 
dexamethasone and dexamethasone-t-butyl acetate were employed as positive controls. 
After the incubation, the cells were lysized, with the lysates tested with Luciferase assay 
and measured for the luminescence. 
Results: MK-4305 displayed a concentration-dependent activation of rat, monkey, and 
human PXR. At 10 µM, the response to MK-4305 was ~33% of rifampicin.  
 
Figure 4. Assessment of MK-4305 in Human PXR Transactivation Assay 

 
 

4. Human Hepatocyte Induction (CYP3A4, 1A2, and 2B6) 
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Objective: to evaluate the induction potential of MK-4305 on CYP1A2, CYP2B6 and 
CYP3A4 
Method: Cryopreserved human hepatocytes were cultured for 24 or 48 hours prior to 
initiation of the study. The hepatocytes were then treated for 48 hours with vehicle 
control 0.1% (v/v) DMSO, MK-4305 (0.1-20 µM, or 0.1-100 µM for the "RIS calibrated" 
hepatocyte lots), or the positive control inducers rifampicin (10 µM), omeprazole (50 
µM), or phenobarbital (1000 µM), with all solutions being replaced with fresh solutions 
at 24 hours. At the end of the 48-hour incubation, whole cell-based CYP3A4, CYP1A2, 
or CYP2B6 enzyme activity was determined using HPLC-MS/MS, and total RNA was 
isolated for quantitative PCR analysis of CYP3A4, CYP1A2, or CYP2B6 mRNA 
expression. Changes in the measured responses following treatment with test compounds 
were reported as fold changes (response to test compound relative to vehicle control) and 
as percent positive control, using the following relationship: 

 
 

Results: 
CYP1A2    The highest increase (4.8-fold) in CYP1A2 mRNA after the 48-hour 
incubation occurred at 5 µM MK-4305 and averaged 20% of the omeprazole (positive 
control) response. An accompanying increase (up to 2.7-fold) in CYP1A2 activity was 
observed with increasing concentrations of MK-4305, which was up to 11% of the 
omeprazole response. 
 
Table 8. Assessment of MK-4305 as a Potential Inducer of CYP1A2 in Human 
Hepatocytes (Average from n=3 Donors) 

 
a. Fold – represents the mean fold change of treated samples compared to vehicle control samples. 
b. % PC – represents the percent of induction relative to positive control omeprazole corrected for vehicle 
control. 
c. NR - not reported since response was less than vehicle control. 
 
CYP2B6    CYP2B6 mRNA showed the highest increase (2.4-fold) at 5 µM MK-4305 
and was 19% of the phenobarbital (positive control) response. An increase in CYP2B6 
activity (up to 2.3-fold) was also observed, corresponding to 23% of the phenobarbital 
response.  
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Table 9. Assessment of MK-4305 as a Potential Inducer of CYP2B6 in Human 
Hepatocytes (Average from n=3 Donors) 

 
a. Fold – represents the mean fold change of treated samples compared to vehicle control samples. 
b. % PC – represents the percent of induction relative to positive control phenobarbital corrected for vehicle 
control. 
c. NR - not reported since response was less than vehicle control. 
* Value represents average of two values, or only one value, as at least one donor was reported as NR. 
 
CYP3A4    The highest increase (22-fold) in CYP3A4 mRNA occurred at 5 µM and 
averaged 43% of the rifampicin (positive control) response. A decrease in CYP3A4 
enzyme activity was observed with increasing MK-4305 concentrations, most likely due 
to concurrent time-dependent inhibition.  
 
Table 10. Assessment of MK-4305 as an Inducer of CYP3A4 in Human Hepatocytes 
(Average from n=3 Donors) 

 
 
Additionally, MK-4305 caused a concentration-dependent induction response of 
CYP3A4 mRNA in both donors of the "RIS calibrated" cell lots (RIS: the relative 
induction score) with the maximal effect observed at 20 µM. An EC50 of 14.5 µM and an 
Emax of 12.7-fold over the solvent control was obtained with Lot HIE, with Lot Hu8064 
yielding an EC50 of 13.4 µM and an Emax of 9.3-fold over the solvent control (Figure 5). 
Similar to the above experiment, a decline in enzyme activity was observed in both cell 
lots.  
 
Figure 5. Induction Titration Curve of MK-4305 in Cyropreserved Human Hepatocytes 
(Left panel: Donor HIE; Right panel: Donor Hu8064) 
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The relative induction score (RIS) model was established using a total of 12 known 
CYP3A inducers (including rifampicin, phenytoin, carbamazepine, pioglitazone, 
nifidipine, and phenobarbital, and 6 internal compounds from the sponsor) where clinical 
induction DDI results with midazolam were available. Using human hepatocytes and 
CYP3A mRNA as the readout, induction Emax and EC50 for each of the calibrator 
compounds were determined using a Hill equation. The RIS was then calculated by 
incorporating the free Cmax (Cmax,u) for each compound, with RIS = (Emax x 
Cmax,u)/(EC50 + Cmax,u). A calibration curve that is described by a 3-parameter Hill 
model was then established between the RIS value of each calibrator compound and the 
corresponding decrease in midazolam AUC observed in clinical DDI studies. A 
representative calibration curve is shown below. This was similar as what shown in a 
literature paper (Drug Metab Dispos. 2008 Sep;36(9):1971-4. Left panel of Figure 1.)  
 
Figure 6. A Representative Calibration Curve Showing the Relationship Between RIS 
Values and Clinically Observed Midazolam AUC Decreases for 12 Calibrator 
Compounds in Hepatocyte Lot 8064 

 
 
For MK-4305, the RIS values were 0.003 and 0.004 for the two lots of hepatocytes 
studied (Donors HIE and Hu8064). Using the RIS calibration curve, the modeled AUC 
decrease for midazolam was predicted to be 0% for both lots of hepatocytes.  
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Table 11. RIS Modeling of MK-4305 as Potential CYP3A4 mRNA Inducer in 
Cryopreserved Human Hepatocytes 

 
 
Induction potential of M9 was not evaluated separately. As shown in Study PK013, M9 
was present as a predominant metabolite in human hepatocytes after incubation with MK-
4305 (Figure 2). M9 represented the major metabolite in the incubation media, with the 
level reaching 42% of MK-4305. Thus, the observed induction effects on CYP 
isoforms in the hepatocytes treated with MK-4305 may include the contribution (if any) 
of M9. 
 
 
5. In Vitro P-Glycoprotein Transport and Inhibition Studies 
Objective: To investigate whether MK-4305 and its metabolites are substrates of P-gp 
and whether they are P-gp inhibitors 
Methods: 
In Vitro Transcellular Transport Studies.        LLC-PK1 (porcine renal epithelial cells), L-
MDR1 (LLC-PK1 transfected with human P-gp), L-mdr1a (rat P-gp), and Mdr1 
(cynomologous P-gp) cells were plated at a density of 9.0 x 104

 cells/0.15 mL/well on 
porous (0.4 µm) polycarbonate membrane filters in a feeder tray with 25 mL of culture 
medium. Cells were used for the transport study on the 4th day after plating. About 1 
hour before the start of the transport experiment, the medium was aspirated and the cells 
were washed with 0.15 mL transport buffer (serum-free Hanks’ balanced salt solution, 
HBSS, containing 10 mM Hepes (pH=7.4)) added to both cell culture insert (apical; A) 
and reservoir (basal; B) sides. The transport experiment was then initiated by replacing 
the medium in each compartment with 0.15 mL of transport buffer with and without test 
compounds (0.1, 0.5, 1, or 5 µM). Directional transport of [3H]verapamil (1 µM) was run 
in parallel as a positive control for P-gp activity. 
 
For [14C]MK-4305, after 3-hour incubation at 37°C, 50 µL aliquots were taken from the 
apical and basolateral sides and the radioactivity was measured by liquid scintillation. For 
L-002015883 and L-002440877, the aliquots were analyzed by HPLC-MS/MS.  
 
The apparent permeability coefficient (Papp in x 10-6

 cm/s) was calculated: 
Papp = Transported amounts (pmol/well) /sum of the concentration in the donor and 
receiver compartments after 3-hrs incubation (nM) /surface area (0.11 m2/well) 
/incubation time (3 hrs). 
The basal-to-apical (BA) versus apical-to-basal (AB) ratio (BA/AB) was calculated as 
follows: 

BA/AB ratio = mean Papp (BA) / mean Papp (AB) 
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P-gp Inhibition Studies.     The LLC-MDR1 and LLC-PK1 cell lines were cultured in 24-
well transwell culture plates. [3H]Digoxin (0.1 µM) and the inhibitors were prepared in 
transport buffer (Hanks buffer with 10 mM HEPES, pH 7.4). MK-4305 was tested at 0, 1, 
5, 10, 25, 50, 100 µM and L-002015883 at 0, 1, 5, 10, 30, 100, and 300 µM. Prior to each 
transport study, cells were washed three times with transport buffer. Substrate solution 
(500 µL) was added to either the A or B compartment of the culture plate, and buffer 
(500 µL) was added to the compartment opposite to that containing the compound. The 
inhibitor at various concentrations was added to both compartments. At t=3 hr, 50 µL of 
sample was taken out from both sides and the radioactivity was determined by liquid 
scintillation. IC50 values for inhibition of P-gp-mediated digoxin transport by MK-4305 
and L-002015883 were obtained by fitting the data to equation 1: 

% Control = 100 / (1 + I / IC50)                        Eq. (1) 
Where I was the inhibitor concentration; percent control was calculated according to 
equation 2: 

% Control = (RI / R0) x 100                              Eq. (2) 
Where RI represents net transport of digoxin measured in the presence of various 
concentrations of inhibitor; R0 represents the net transport of digoxin in the absence of 
inhibitor. Where net digoxin transport in LLC-MDR1 was calculated according to 
equation 3: 

Net digoxin transport = (% Transport B-A) - (% Transport A-B)         Eq. (3) 
Percentage of transport was calculated by dividing the concentration of compound 
measured in the receiver compartment by the sum of the concentrations measured in the 
receiver and donor compartments (x 100%). 

Percent Transport A to B = A→B x 100% / (A + A→B) 
Percent Transport B to A = B→A x100% / (B + B →A) 

 
The apparent permeability (Papp) was calculated by the following formula for samples 
taken at t = 3 hr: 

 
 
Where volume of Receptor Chamber is 0.5 ml; Area of membrane is 0.7 cm2; Δ in 
concentration is concentration in the receiver compartment at 3 hr; and Δ in Time is the 
incubation time (3 x 60 x 60 = 10800 s).  
The B-A/A-B ratio was calculated by dividing the Papp from B to A by the Papp from A 
to B at t = 3 hr: 

 
 
Results:  
Substrate Assessments      At concentrations of 0.5, 1, and 5 µM, MK-4305 was not a 
substrate for either rat or human P-gp, as shown by net efflux ratios ranging from 0.8 to 
1.5. In contrast, the positive control, verapamil (a known P-gp substrate), showed net 
efflux ratios of 3.4 or 3.9 for human P-gp, and 4.8 or 6.0 for rat P-gp, confirming the P-gp 
activity in the cell systems used. The net efflux ratio is calculated in the following 
equation: 
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(R) = (RT) / (Rw) 
where (RT) and (RW) are the permeability ratios (i.e., BA/AB ratio) for the transfected 
and the non-transfected lines (i.e., LLC-PK1 cells), respectively. 
 
In addition, the passive permeability for MK-4305 was high (Papp = 22.8 – 34.6 x 10-6 
cm/s in LLC-PK1 cells), suggesting that passive permeation may be predominant in the 
transport process of MK-4305 across cell membranes and transporters may only play a 
limited role. 
 
Table 12. Assessment of [14C]MK-4305 as a Substrate for Rat (LLC-Mdrla) and Human 
(LLC-MDR1) P-gp  
 
A: with 0.1% BSA 

 
 
B: without 0.1% BSA 

 
 
In contrast to MK-4305, M9 was a substrate for human and rat P-gp. M9 (L-002015883) 
showed net efflux ratios of 3.7-5.4 in human and 3.4-4.3 in rat, which were similar to 
verapamil (with net efflux ratio of 4.2 for human P-gp and 3.7 for rat P-gp). M17 (L-
002440877) was transported by both human and cynomologous monkey P-gp, with net 
efflux ratios of 3.8-4.8 and 7.8-9.9, respectively, which were comparable or higher than 
those of verapamil (with net efflux ratio of 3.2 and 3.7 for human and monkey P-gp, 
respectively). These data indicate that neither M9 nor M17 are likely to have good brain 
penetration in humans. This was also supported by findings in P-gp knock-out mice study 
(PK011) as described later. 
 
Table 13. Assessment of L-002015883 as a Substrate for Rat (LLC-Mdrla) and Human 
(LLC-MDR1) P-gp 
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Table 14. Assessment of L-002440877 as a Substrate for Rat (LLC-Mdr1a), Human 
(LLC-MDR1), and Cynomologous Monkey (LLC-MDR1) P-gp 

 
 
Inhibition Potential Assessments       
Digoxin showed a significant P-gp-mediated efflux transport with net efflux ratios of 3.9 
and 3.4. MK-4305 inhibited human P-gp mediated digoxin transport with a calculated 
IC50 of 18.7 ± 3.3 µM. M9 (L-002015883) inhibited human P-gp an IC50 of 73 ± 16 µM. 
 
Table 15. Effect of MK-4305 on Bi-Directional Transport of [3H]Digoxin (0.1 μM) in 
LLC-MDR1 Cells 

 
 
Table 16. Effect of L-002015883 on Bi-Directional Transport of [3H]Digoxin (0.1 μM) in 
LLC-MDR1 Cells 
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6.  Blood to Plasma Distribution Ratio 
Objective: To determine the blood to plasma ratio of suvorexant (MK-4305) 
Method:  
MK-4305.  The distribution of [14C]MK-4305 between red blood cells and plasma of rats, 
dogs, monkeys, and humans was determined in freshly drawn blood. The concentration in 
plasma was measured by adding [14C]MK-4305 as a stock solution in 50% acetonitrile to 
pre-warmed rat, dog, monkey, and human blood to give final concentrations of 1, 10, and 
25 µM (final organic concentration was 0.5%). After 30 minutes incubation at 37°C, 
plasma was obtained by centrifugation for 5 minutes at 4000 rpm. Aliquots of plasma 
were then added to scintillation cocktail and counted using a liquid scintillation counter. 
As a surrogate to experimentally determine the initial whole blood concentration, 
[14C]MK-4305 was added to pre-warmed rat, dog, monkey, and human plasma for final 
concentrations of 1, 10, and 25 µM. Aliquots of plasma were transferred to scintillation 
vials and counted to represent the whole blood concentration. The blood to plasma ratio 
was calculated by dividing the "whole blood" concentration by the plasma concentration. 
 
L-002015883 (M9).  Similarly, the distribution of L-002015883 between red blood cells 
and plasma of humans was determined at a concentration of 1 µM. Samples were 
analyzed by HPLC-MS/MS. Peak area ratios of L-002015883 to internal standard 
(labetalol) were determined. The blood to plasma ratio was calculated by dividing the 
"whole blood" peak area ratio by the plasma peak area ratio. 
 
Results: 
The blood to plasma ratios for [14C]MK-4305 in rat, dog, monkey, and human blood were 
~0.6 for all species over the concentration range of 1 to 25 µM, indicating that MK-4305 
was distributed to red blood cells but not bound extensively to blood components. Similar 
results were obtained in human blood for metabolite M9 (L-002015883), in which the 
B/P ratio was 0.6 at a concentration of 1 µM. 
 
Table 17. Blood-to-Plasma Concentration Ratios of [14C]MK-4305 and L-002015883 in 
Human, Rat, Dog, and Monkey 

 
The blood to plasma ratios are obtained using an average of n=3 measurements of blood 
concentration and an average of n=3 measurements of plasma concentration. 
 
 
7. Plasma Protein Binding 
Objective: To determine the protein binding of MK-4305 in plasma of different species 
Method:  
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MK-4305. The binding of [14C]MK-4305 to plasma proteins was determined by 
ultracentrifugation. The plasma samples spiked with [14C]MK-4305 were incubated for 
30 minutes at 37°C. Triplicate aliquots of each sample were taken and counted by liquid 
scintillation counting (LSC) to determine the total plasma concentration. The remaining 
plasma was divided into triplicate samples and centrifuged for 18 hours at 37°C at 58000 
rpm (180,000 x g). After 18 hours, the centrifuge was allowed to stop without braking to 
minimize the sample turbulence. Successive 100 µL aliquots were pipetted from the top 
to the bottom of each sample and counted. The aliquots containing the lowest levels of 
radioactivity were considered to be protein-free sections. The fraction of [14C]MK-4305 
unbound was calculated as:      
% fu = [dpm/mL in protein-free section] / [dpm/mL in plasma] x 100% 
 
L-002015883 (M9).  The procedures were the same as those described above, except that 
L-002015883 samples were analyzed by HPLC-MS/MS. A standard curve was prepared 
at concentrations of L-002015883 ranging from 0.005 µM to 2 µM. Labetalol was used 
as internal standard. The aliquots containing the lowest levels of L-002015883 were 
considered to be protein-free sections. The fraction L-002015883 unbound was calculated 
as: % fu = [L-002015883] in free section / [L-002015883] in plasma x 100% 
 
L-002440877 (M17).  The binding of L-002440877 to plasma proteins was determined 
by equilibrium dialysis. L-002440877 was added as a stock solution in DMSO to rat and 
human plasma to produce a final concentration of 2.5 µM. The plasma samples were 
transferred to the top half of the wells of a Dialysis plate. Phosphate buffer was added 
into all the bottom half locations. The plate was then covered and incubated at 37°C for 
20 hours. After equilibration, samples were analyzed by HPLC-MS/MS. A standard 
curve was prepared at concentrations ranging from 0.0025 µM to 2.5 µM L-002440877. 
The fraction L-002440877 unbound was calculated as: 
% fu = 100 * (Fc/Tc)  
Tc = Total compound concentration as determined by the calculated concentration on the 
plasma side of the membrane. 
Fc = Free compound concentration as determined by the calculated concentration on the 
buffer side of the membrane 
 
Results:  
MK-4305 was extensively bound to rat, dog, monkey, mouse, rabbit, and human plasma 
proteins. The protein bound of MK-4305 in human plasma was 99.5% or more. 
Metabolites M9 (L-002015883) and M17 (L-002440877) exhibited even higher protein 
bound, with unbound fraction of 0.2% in human plasma.  
 
Table 18. Protein Binding (mean ± SD, n=3) of [14C]MK-4305, L-002015883, and L-
002440877 in Rat, Dog, Monkey, Mouse, Rabbit, and Human Plasma 
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Study PK009: In Vitro Protein Binding of MK-4305 in Plasma from Healthy and 
Hepatic Insufficient Human Subjects, Human Serum Albumin and α1-Acid 
Glycoprotein 
 
Methods: Ultracentrifugation was utilized to measure protein binding of MK-4305 in 
plasma from patients with moderate hepatic insufficiency and matching healthy controls 
(Protocol MK-4305-017). Pre-dose plasma sample from each subject (0001-0016) was 
spiked with [14C]MK-4305 and incubated at 37°C for 30 minutes followed by procedures 
as described in Study PK002. Same method was also used to determine the binding of 
MK-4305 with 40 mg/mL human Serum Albumin (HSA) or 1 mg/mL α1-Acid 
Glycoprotein (AAG).  
 
Results: 
At a MK-4305 concentration of 2 µM, the mean unbound fraction in plasma from the 
patients with moderate hepatic insufficiency was 0.77±0.18%, slightly lower than that in 
the healthy matched subjects (1.00 ± 0.41%).  
 
Table 19. Human Plasma Protein Binding of 2µM [14C] MK-4305 (Fraction Unbound %) 
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At a MK-4305 concentration of 2 µM, the mean unbound fraction in HSA and AAG was 
2.80 ± 0.05% and 0.40 ± 0.007%, respectively, indicating MK-4305 is highly bound to 
both types of proteins.  
 
 
Study PK010: In Vitro Protein Binding of MK-4305 in Plasma from Healthy and 
Renal Insufficient Human Subjects 
 
Methods: Ultracentrifugation was utilized to measure protein binding of MK-4305 in 
plasma from patients with severe renal insufficiency and matching healthy controls 
(Protocol MK-4305-023). Pre-dose plasma sample from each subject (0001-0016) was 
spiked with [14C]MK-4305 and incubated at 37°C for 30 minutes followed by procedures 
as described in Study PK002.  
 
Results: At a MK-4305 concentration of 2 µM, the mean unbound fraction in plasma 
from the patients with severe renal insufficiency was 1.1 ± 0.2%, similar to that in the 
healthy matched subjects (1.1 ± 0.2%).  
 
Table 20. Human Plasma Protein Binding of 2 µM [14C]MK-4305 (fraction unbound %) 

 
 
 
Study PK015: In Vitro Studies of MK-4305 and L-002015883 (M9) on Inhibition of 
human BCRP, OATP1B1, and OCT2 
 
Objective: To evaluate the inhibition potential of MK-4305 and its metabolite M9 on 
transporters, BCRP, OATP1B1, and OCT2 
 
Method:  
BCRP       The inhibitory effect of MK-4305 and L-002015883 on ATP-dependent uptake 
of methotrexate by BCRP was conducted in Sf9 membrane vesicles containing BCRP. 20 
µg BCRP containing membrane vesicles (2 mg protein/mL) were pre-incubated for 3 
minutes at 37°C with 10 µM [3H] methotrexate with the presence of various 
concentrations of MK-4305 or L-002015883 (0.1–15 µM for both compounds), or 1 µM 
Ko143 (prototypic BCRP inhibitor), which were dissolved in transport buffer (0.25 M 
sucrose, 10 mM Tris-HCl buffer (pH 7.4), 10 mM MgCl2). Uptake was initiated by the 
addition of ATP regenerating reagent (5 mM ATP, 10 mM creatine phosphate and 100 
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µg/mL creatine phosphokinase) or transport buffer, followed by incubation at 37°C for 5 
minutes. After stopping the incubation, the reaction mixture was transferred to filter plate 
and washed with ice-cold stop buffer for five times. The filter plate containing the 
membrane vesicles was counted with radioactivity determined by liquid scintillation 
counting. ATP-dependent uptake was calculated by subtracting the uptake in the absence 
of ATP from that in the presence and data were normalized to % control, where uptake in 
the absence of test compound was 100%. 
 
OATP1B1     The inhibitory effect of MK-4305 and L-002015883 on OATP1B1-
mediated pitavastatin uptake was conducted in MDCKII cells and MDCKII cells stably 
transfected with OATP1B1. Cells were treated with 10 mM sodium butyrate 24 hours 
prior to the experiment to increase expression of OATP1B1. On the day of experiment, 
cells were suspended at a density of 0.4 x 106 cells/well in 96-well plates. Uptake was 
initiated by the addition of 0.1 µM [3H] pitavastatin containing various concentrations of 
MK-4305, L-002015883 (0.1–15 µM for both compounds), or 5 µM cyclosporin A 
(prototypic OATP1B1 inhibitor) dissolved in HBSS buffer with 10 mM Hepes, pH 7.4. 
Cells were then incubated for 5 minutes at 37°C and uptake was stopped by the addition 
of ice cold PBS. Cells were centrifuged, followed by washing of the cell pellets for 4 
times. Cell pellets were resuspended in 50% acetonitrile and the radioactivity was 
determined by liquid scintillation counting. OATP1B1-mediated pitavastatin uptake was 
calculated by subtracting the uptake of pitavastatin into MDCKII cells from that observed 
in MDCKII-OATP1B1 cells and data were normalized to % control, where uptake in the 
absence of test compound was 100%.  
 
OCT2      The inhibitory effect of MK-4305 and L-002015883on OCT2-mediated 
metformin uptake was conducted in CHO-K1 cells and CHO-K1 cells stably transfected 
with OCT2. Cells were suspended at a density of 0.4 x 106 cells/well in 96-well plates. 
Uptake was initiated by the addition of 1 µM [14C] metformin containing various 
concentrations of MK-4305, L-002015883 (0.1–15 µM for both compounds), or 5 µM 
decynium 22 (prototypic OCT2 inhibitor) dissolved in HBSS buffer with 10 mM Hepes, 
pH 7.4. Cells were then incubated for 5 minutes at 37°C and uptake was stopped by the 
addition of ice cold PBS. Cells were centrifuged, followed by washing of the cell pellets 
for 4 times. Cell pellets were resuspended in 50% acetonitrile and the radioactivity was 
determined by liquid scintillation counting. OCT2-mediated metformin uptake was 
calculated by subtracting the uptake of metformin into CHO-K1 cells from that observed 
in CHO-OCT2 cells and data were normalized to % control, where uptake in the absence 
of test compound was 100%. 
 
Results: 
Inhibition of BCRP    In the absence of inhibitors, [3H] methotrexate (10 µM) showed 
significant uptake transport in BCRP-expressed vesicles at rate of ~120 pmol/mg/min. At 
10 µM and 15 µM, MK-4305 inhibited 45% and 62% of ATP-dependent methotrexate 
uptake, respectively, suggesting that the IC50 is in the range of 10-15 µM. Similarly, at 15 
µM, M9 inhibited 46% of ATP-dependent methotrexate uptake, suggesting the IC50 to be 
~15 µM. Near complete inhibition of BCRP by 1 µM Ko143 (a known BCRP inhibitor) 
was observed, confirming functionality of the vesicles in both MK-4305 and M9 assays.  
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The steady-state plasma Cmax of MK-4305 following 40 mg once-daily dosing in non-
elderly subjects is predicted to be 1.17 μM based on a population PK analysis. Thus, the 
Cmax /IC50 ratio will be less than or just around 0.1, suggesting that MK-4305 is unlikely 
to inhibit BCRP at its systemic circulation level. However, MK-4305 has the potential to 
inhibit BCRP present on the gut wall, since the [I2[/IC50 ratio (I2= Dose/250 mL) with 40-
mg dose is about 28, higher than the cut-off value of 10. It should be noted that such 
inhibition potential decreases when lower dose of MK-4305 is administered. For a dose 
of 15 mg, the [I2[/IC50 ratio is 10.6, just on the margin of the cut-off value, indicating that 
at this dose level, MK-4305 is less likely to result in clinically significant inhibition on 
BCRP.  
 
Table 21. Summary of IC50 Values of MK-4305 and Metabolite M9 (L-002015883) as 
Inhibitors of Human BCRP, OATP1B1, and OCT2 

 
 
Inhibition of OATP1B1     In the absence of inhibitors, [3H] pitavastatin (0.1 µM) showed 
significant uptake transport in MDCKII-OATP1B1 cells at a rate of approximately 0.3 
pmol/million cells/min. At 10 µM, MK-4305 inhibited 48% of OATP1B1-mediated 
pitavastatin uptake. L-002015883 (M9) showed less inhibitory effect with ~40% 
inhibition observed at 15 µM. Near complete inhibition of OATP1B1 by 5 µM 
cyclosporine A (a known OATP1B1 inhibitor) was observed, confirming functionality of 
the cells in both MK-4305 and M9 assays. 
 
Inhibition of OCT2       In the absence of inhibitors, [14C] metformin (1 µM) showed 
uptake transport in CHO-K1-OCT2 cells at a rate of approximately 0.3-0.4 pmol/million 
cells/min. MK-4305 showed concentration-dependent inhibition on OCT2-mediated 
uptake with an IC50 of 1.3 ±0.3 µM. On the contrary, L-002015883 (M9) showed 
minimal inhibitory effect of OCT2 activity, where ~30% inhibition was observed at 15 
µM. Near complete inhibition of OCT2 by 5 µM Decynium 22 (a known OCT2 inhibitor) 
was observed, confirming functionality of the cells in both MK-4305 and M9 assays. 
 
 
Study PK011. In Vitro Evaluation of MK-4305 Metabolite M9 (L-002015883) as a 
Substrate of Mouse P-gp and In Vivo Brain Penetration of M9 in CF-1 Mice 
 
Method: 
In Vitro: M9 was evaluated as a P-gp substrate in LLC-PK1 cells overexpressing mouse 
(Mdr1a) P-gp. The procedures were the same as described in Study PK002.  
In Vivo: Groups of P-glycoprotein competent (+/+) and deficient (-/-) CF-1 mice 
received an IV dose of 3 mg/kg M9 via the tail vein. Animals (n=3 at each time point) 
were sacrificed at 0.25, 0.5, and 1 hr post-dose. The concentration of M9 in plasma, CSF, 
and brain homogenate was determined by LC-MS/MS. 
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Results:  
Transport of M9     At concentrations of 0.1, 0.5, and 1 µM of M9, the net efflux ratios 
ranged from 5.8 to 7.2, higher than that (5.1) for verapamil (positive control), indicating 
M9 is a substrate of mouse P-gp.  
 
Table 22. Assessment of M9 (L-002015883) as a Substrate for Mouse (LLC-Mdrla) P-gp 

 
 

Brain Penetration     The plasma concentrations of M9 were similar in the two types of 
mice. In the P-gp (+/+) mice, brain concentrations ranged from 0.05 to 0.27 µM, while in 
the P-gp deficient (-/-) mice brain concentrations ranged from 0.66 to 2.96 µM, which 
were about 10-fold more than those in the (+/+) mice. Consistently, the average brain to 
plasma ratio of M9 was about 0.07 in the (+/+) mice, and increased to approximately 0.9 
in (-/-) mice, suggesting that P-gp limits brain penetration of M9 in wild-type mice. 
Moreover, the CSF concentrations ranged from 0.01 to 0.03 M in the (+/+) m   
in the (-/-) mice, the CSF levels were 2-3 fold higher. In the P-gp (-/-)mice, the M9 CSF 
concentrations are ~2% of those in plasma, which is similar to the M9 free fraction in 
mouse plasma (1.8%, see Table 18), indicating that there is no apparent efflux of M9 in 
the absence of P-gp. 

 
Table 23. Concentrations of MK-4305 Metabolite M9 (L-002015883) in Plasma, Brain 
Homogenate, and CSF from P-Glycoprotein Competent (+/+) CF-1 Mice Following an 
IV Dose of M9 

 
 

Table 24. Concentrations of MK-4305 Metabolite M9 (L-002015883) in Plasma, Brain 
Homogenate, and CSF from P-Glycoprotein Deficient (-/-) CF-1 Mice Following an IV 
Dose of M9 

 
 

Reference ID: 3329971



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

HRISTINA DIMOVA
06/21/2013

XINNING YANG
06/21/2013

YUXIN MEN
06/21/2013

Reference ID: 3329971



























 13

using data from different IR formulations which were manufactured to exhibit different 
dissolution profiles  as shown by the in vitro dissolution 
testing using the proposed QC dissolution method (Figure 7). The IVIVC model 
correlated dissolution at different time points with Cmax (Table 4), but NOT with AUC, 
given that all the batches were found BE to the target profile formulation in terms to 
AUC (Table 5). 
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The Cmax of the target formulation was predicted by the model and an interval was 
generated between ±10% of the target value, represented by the green dash horizontal 
lines in Figure 7.  

Figure 7.  Model Predicted Cmax values overlapped with observed values (*Source: Dr. Duan’s 
review for IND 101847/SDN-1751). 
 
Based on the IVIVC model, a dissolution profile can be generated representing the border 
line for bioequivalence to the targeted formulation as shown in the Figure 8, which is the 
purple thick dashed line overlapped with the profiles of the other 4 batches.  

 
Figure 8. Predicted (purple dashed-line) dissolution profiles based on IVIVC Model to be within 
10% of the Mean Cmax Relative to Reference (Source: Adapted from Dr. Duan’s review for IND 
101847/SDN-1751). 
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Reviewer’s Comments 
The Applicant proposed dissolution acceptance criterion is based on the IVIVC model 
predictions. However, since the model is NOT a “Level A” correlation and AUC is not 
part of the correlation, it is uncertain if the proposed dissolution specifications will be 
able to screen for batches that are not BE containing inadequate amount of  

. Figure 5 indicates that the proposed acceptance criterion of Q= % at 30 min 
is not able to reject for batches containing , suggesting a lack of discriminating 
ability of the dissolution specifications (method and acceptance criterion) in terms of 

 content. This reviewer is of the opinion that by tightening the acceptance 
criterion the discriminating power could be increased. Therefore, the following requests 
were conveyed to the Applicant as part of the mid-cycle IR letter: 
 

Your proposed dissolution acceptance criterion is based on IVIVC model 
predictions. However, since the model is NOT based on a “Level A” correlation and 
AUC is not part of the correlation, it is uncertain if the proposed dissolution 
specifications will be able to reject batches that are not bioequivalent because they 

  Figure 9, (ref. 00002, dissolution 
method development report) clearly indicates that your proposed acceptance criterion 
of Q= % at 30 min is not able to reject batches containing , suggesting 
the lack of discriminating ability of the dissolution method in terms of  
content. Since  content is likely to be a major factor affecting dissolution 
and therefore the bioavailability of your product, we recommend that one of the 
following approaches be used for the setting of the dissolution acceptance criterion 
of your product: 

a) If you select to monitor  content  set the 
dissolution acceptance criterion based on the performance of the pivotal 
phase 3 clinical trial batches only. A wider dissolution acceptance 
criterion should be supported by BE studies. 

o Submit the dissolution profile data (individual and mean 
values in tabulated and graphical form) from the pivotal 
phase 3 clinical batches. 

 
b) If you select to monitor  using dissolution testing, set the 

dissolution acceptance criterion based on the ability of the dissolution 
test to reject batches  
(refer to our comments in 1a). 

 
Also, when setting the dissolution acceptance criterion you need to take 
into consideration that Tmax plays an important role in the onset of 
action for this drug product. Since Tmax is dependent on the rate of in 
vitro an in vivo drug release, setting a specification at 30 min may allow 
for higher variability on the onset of action. 

 
The following response (summarized) was received on March 12, 2013: 
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1.0 EXECUTIVE SUMMARY 

 
The sponsor is seeking an approval of suvorexant, an orally active, reversible antagonist 
for orexin receptors, for the treatment of insomnia. By transiently blocking the binding of 
the wake-promoting neurotransmitters orexin A and orexin B to orexin receptors OX1R 
and OX2R, suvorexant inhibits activation of wakefulness-promoting neurons of the 
arousal system. This binding facilitates the physiological process by which the brain 
transitions from wake to sleep.  
The proposed dosing regimen is 40 mg in non-elderly and 30 mg in elderly patients. 
Suvorexant is formulated for oral administration as an immediate-release tablet (15 mg, 
20 mg, 30 mg, and 40 mg).  
Thirty one Phase 1 studies have been conducted to evaluate the initial safety and 
tolerability, PK and PD of suvorexant in healthy subjects and special populations as well 
as drug-drug interaction (DDI) potential studies (a total of 802 subjects). 
Four Phase 2b/3 program in patients with primary insomnia (a total of 2809 patients) 
have been completed to support the insomnia indication: one Phase 2b dose-finding 
clinical trial, one Phase 3 Long Term Safety Trial and two Phase 3 efficacy and safety 
trials in patients with primary insomnia. The Phase 3 trials (P028/P029) were double-
blind, placebo-controlled, parallel group trials in patients with primary insomnia. Patients 
aged 18 to <65 years (non-elderly) were randomized to receive suvorexant 20 mg (low 
dose) or 40 mg (high dose) QD. Patients aged ≥65 years (elderly) were randomized to 
receive suvorexant 15 mg (low dose) or 30 mg (high dose) QD.  In the primary efficacy 
analyses on the objective (polysomnography [PSG]) measures of sleep onset and sleep 
maintenance (Latency to onset of Persistent Sleep [LPS] and Wakefulness after persistent 
sleep onset [WASO]), both dose groups showed statistically significant effectiveness 
compared to placebo in both elderly and non-elderly patients on days 1, 28 and 90. No 
clear dose/exposure-response relationship was observed for the objective measures of 
sleep and there was no significant difference in exposure between elderly (15 mg) and 
non-elderly patients (20 mg). Based on the reviewer’s analyses, the dose of 15 mg would 
be reasonable starting dose for both elderly and non-elderly patients. 
  

 
1.1 RECOMMENDATION 

 
The Office of Clinical Pharmacology (OCP/DCP I) has reviewed the clinical 
Pharmacology and Biopharmaceutics sections of NDA 204569. The submission is 
acceptable from a Clinical Pharmacology and Biopharmaceutics point of view provided 
the sponsor agrees with the Agency’s dosing and labeling recommendations. 
 
Post-Marketing Commitment: 
1) Develop lower strengths tablets: 7.5 mg and 10 mg. 
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1.2   OVERALL SUMMARY OF CLINICAL PHARMACOLOGY AND 
BIOPHARMACEUTICS FINDINGS 
 
The findings from overall clinical pharmacology and biopharmaceutics section are as 
follows: 
 
Exposure-Response for Effectiveness: 
Data obtained from two Phase 3 studies in patients with primary insomnia were used for 
E-R analysis. A total of 2809 non-elderly and elderly patients with chronic insomnia 
participated in the phase 3 program (1784 patients treated with suvorexant, including 160 
patients treated for at least one year).  
In the phase 3 trials, patients aged 18 to <65 years (non-elderly) randomized to 
suvorexant received 20 mg (low dose) and 40 mg (high dose) QD. Patients aged ≥65 
years (elderly) randomized to suvorexant received 15 mg (low dose) or 30 mg (high dose) 
QD.  In the primary efficacy analyses on the objective measures of sleep (LPS and 
WASO), both dose groups showed statistically significant effectiveness compared to 
placebo in both elderly and non-elderly patients on days 1, 28 and 90.  No clear 
dose/exposure-response relationship was observed for the objective measures of sleep. 
Therefore, the high dose did not provide additional benefits relative to the low dose for 
both elderly and non-elderly patient, based on the objective sleep maintenance (WASO) 
and onset (LPS) measures. 
There was no significant difference in exposure between elderly (15 mg) and non-elderly 
patients (20 mg). Based on the reviewer’s analyses, the dose of 15 mg would be 
reasonable starting dose for both elderly and non-elderly patients, although 15 mg was 
not studied in non-elderly patients. 
 
Exposure-Response for Safety: 

 The risk of somnolence increases with suvorexant concentrations  
 Non-elderly patients showed higher probability of somnolence than elderly 

patients 
 The results from the highway driving studies suggested that elderly subjects may 

be less sensitive than non-elderly subjects to the impairment on driving 
performance  

    
General Pharmacokinetics (ADME characteristics) of suvorexant 
Absorption:  
Suvorexant is a Class 2 drug substance according to the Biopharmaceutics Classification 
System (high permeability, low solubility). 
After oral administration of suvorexant median peak plasma concentrations occur 
approximately 2 hours (range: 0.5 to 6.0 hours) after dosing of 40 mg under fasted 
conditions. The estimated absolute bioavailability (F) for 40 mg is approximately 47%. 
Distribution:  
The absolute volume of distribution was estimated to be 48.6 L following a 20-mg 
suvorexant IV dose. The total V/F was estimated to be 105.9 L following oral 
administration of suvorexant.  
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Plasma protein binding for suvorexant is high (99.5%) and is independent of 
concentration over the range of 1 to 25 μM. Suvorexant is highly bound to both human 
serum albumin and to 1-acid glycoprotein. 
Metabolism:  
Suvorexant is eliminated almost entirely through metabolism in humans, primarily by 
cytochrome P450 3A (CYP3A), with less contribution by CYP2C19. The predominant 
metabolic pathway of suvorexantin human is hydroxylation (formation of M9) followed 
by further oxidation to the carboxylic acid derivative (M4). 
M9 was the major circulating metabolite, present to approximately equal concentrations 
to parent under steady-state conditions. However, unlike suvorexant, M9 is a substrate of 
P-gp and does not penetrate the brain. M9 is not expected to be active in vivo based on 
results from in vitro and EEG studies in dogs.  
Elimination: 
Suvorexant was eliminated primarily in the form of metabolites. 
The primary route of excretion is through feces, approximately 66% of the suvorexant 
dose recovered in the feces and 23% recovered in the urine. 
The mean terminal half-life (t1/2) for suvorexant is 12.2 hours. The terminal half-life for 
M9 is similar to that observed for suvorexant. 
Steady-state of suvorexant was reached by 3 days of once-daily dosing, consistent with 
its terminal half-life. Estimates of suvorexant AUC and Cmax accumulation, based on the 
increase from single to multiple-dose, approximates 1.2 to 1.6.  
 
Single dose and multiple dose pharmacokinetics: 
Suvorexant pharmacokinetics has been characterized in healthy men and women over a 
single-dose range of 4 mg to 240 mg.  Additionally, the pharmacokinetics of suvorexant 
has been assessed in clinical trials of patients with insomnia following administration of 
multiple doses up to 80 mg administered once daily at bedtime.  
A population approach was used to evaluate the pharmacokinetics of suvorexant in 
healthy subjects from 16 Phase 1 studies (12 single-dose and 4 multiple-dose) with dense 
pharmacokinetic sampling following doses ranging from 10 to 80 mg administered under 
fasted conditions. The population PK model that best characterized the Phase 1 data was 
a 3-compartment model with dose-dependent F1, sigmoidal absorption (with lag time), 
linear distribution into the first peripheral compartment (Vp1/F) and and first-order 
elimination from the central compartment (Vc/F). The plasma clearance of suvorexant 
was estimated to 2.92 L/hour following an IV dose of 20 mg. Following oral 
administration of suvorexant, the typical CL/F is in general agreement with that 
following IV dosing adjusting for absolute bioavailability. 
 
Dose proportionality:  
Suvorexant pharmacokinetics are less than dose proportional over the 10 to 80-mg range, 
likely due to absorption limitations. 
 
Pharmacokinetics in patients:  
The systemic exposure to suvorexant in patients is similar to that in healthy subjects.  
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Intrinsic Factors: 
Gender 
Suvorexant exposure was higher in females than in males. The apparent oral clearance of 
suvorexant was 20.5% lower in females compared to males. No dose adjustment for 
suvorexant is needed based on gender only.  
  
Weight and Body Mass Index (BMI) 
Apparent oral clearance of suvorexant was inversely related to BMI. Obese females have 
~ 1.5-1.6 fold higher exposure compared to the majority population studied in the pivotal 
Phase 3 trials. 
Suvorexant dose in obese females should be reduced, e.g. 10 mg starting dose if the 
recommended suvorexant dose is 15mg.  
As the lowest proposed marketed strength is 15 mg, the sponsor needs to develop a lower 
strength tablet for this patient population. (PMC) 
 
Age 
The lower doses for the elderly in the phase 3 trials were selected based on the belief that 
elderly subjects may be more sensitive to hypnitics than non-elderly subjects. However, 
data from the phase 1 suvorexant driving studies and the sponsor’s PK/PD Analysis of 
Adverse Effects (AEs) from the Phase 2 and 3 trials did not indicate that age has an effect 
on suvorexant PK and PD. Elderly patients are predicted to have ~15% increased C9hr 
relative to non-elderly. In addition, the results from the highway driving studies 
suggested that elderly subjects may be slightly less sensitive than non-elderly subjects to 
the impairment on driving performance. No dose adjustment for suvorexant is 
recommended based on age. 
 
Pediatrics 
The safety and effectiveness of suvorexant in pediatric patients under 18 years of age 
have not been established.  
 
Race:  
There is no significant impact of race on the PK of suvorexant obsereved.  
No dose adjustment for suvorexant is recommended based on race. 
 
Hepatic impairment 
Systemic exposure (expressed as unbound and bound) to suvorexant in subjects with 
moderate hepatic impairment was similar to that in matched healthy subjects. However, 
suvorexant half-life was increased (from 14.7 to 19.1 h) in subjects with moderate hepatic 
impairment. Suvorexant pharmacokinetics were not evaluated in subjects with severe 
hepatic impairment. 
Suvorexant is not recommended in subjects with severe hepatic impairment.  
No dose adjustment for suvorexant is needed in subjects with mild and moderate hepatic 
impairment. 
 
Renal impairment: 
Severe renal impairment does not have significant impact on the PK of suvorexant. 
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No dose adjustment is required in patients with renal impairment. 
 
Extrinsic Factors: 
In Vitro Studies: In vitro metabolism studies demonstrate that suvorexant has a potential 
to inhibit CYP3A, intestinal P-gp and BCRP; however, suvorexant is unlikely to cause 
clinically significant inhibition of human CYP1A2, CYP2B6, CYP2C8, CYP2C9, 
CYP2C19 or CYP2D6. In addition, no clinically meaningful inhibition of OATP1B1 and 
OCT2 transporters is anticipated. At clinically recommended doses, suvorexant does not 
exhibit an induction potential for CYP3A4, CYP1A2, and CYP2B6. M9 did not show in 
vitro inhibition potential for any of the CYPs (CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, and 
3A). M9 is a P-gp substrate. 
 
In Vivo Studies: 
In Vivo drug-drug interaction (DDI) studies have been conducted with ketoconazole 
(strong CYP3A and/or P-gp inhibitor), diltiazem (moderate CYP3A inhibitor) and 
rifampin (strong CYP3A inducer) to evaluate the DDI potential of other drugs on 
suvorexant PK. In addition, clinical PK studies were conducted to determine the DDI 
potential of suvorexant on midazolam (sensitive CYP3A substrate), oral contraceptives 
(CYP3A, UGT and SULT substrate), warfarin (CYP2C9 substrate), and digoxin (P-gp 
substrate). The results from these studies and the dose adjustments proposed by the 
sponsor are presented below. 
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Due to potential additive CNS effects, clinical studies have been conducted to evaluate 
the potential for PK and PD drug-drug interactions between suvorexant and CNS-active 
agents, including alcohol and paroxetine, a commonly prescribed selective serotonin 
reuptake inhibitor (SSRI).  
The co-administration of suvorexant with alcohol produced additive impairment on on 
psychomotor performance. There was no PK interaction between alcohol and suvorexant.  
There was no PK or PD interaction between suvorexant and paroxetine.  
 
OPC Recommendations:  

 Suvorexant should not be co-administered with strong CYP3A inhibitors. 
 The suvorexant dose in subjects receiving moderate CYP3A4 inhibitors should be 

reduced by half. If the recommended suvorexant dose is 15 mg, the sponsor needs 
to develop a lower strength tablet for dose adjustment in patients receiving 
moderate CYP3A4 inhibitors. (PMC) 

 The efficacy of suvorexant dose in subjects receiving CYP3A4 inducers may be 
decreased. 

 No dose adjustment is needed for CYP3A substrates, however patients on 
sensitive CYP3A substrates with narrow therapeutic range (e.g., alfentanil, 
cyclosporine, ergotamine, fentanyl, pimozide, quinidine, sirolimus, tacrolimus) 
should be closely monitored.  

 No dose adjustment is needed for oral contraceptives when given in combination 
with suvorexant. 

 No dose adjustment is needed for warfarin when given in combination with 
suvorexant. 

 No dose adjustment is needed for digoxin when co-administered with suvorexant, 
however serum digoxin concentrations should be monitored as clinically 
indicated. 
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 Alcohol should not be co-administered with suvorexant due to the additive CNS 
effects. 

 A general precaution should be advised when suvorexant is co-administered with 
drugs that produce CNS depressant effects due to potential additive effects. 

 
Biopharmaceutics: 
BCS Class:  
Suvorexant can be considered a Biopharmaceutical Classification System (BCS) Class II 
drug (low solubility, high permeability). 
Bioequivalence:  
The Final Market Image (FMI), which is the intended commercial formulation, was used 
in the Phase 3 trials, therefore no bioequivalence study is required. 
Food Effect:  
Suvorexant can be administered without regards to meals or meal types. For faster onset 
of sleep suvorexant should not be administered with or immediately after a meal as Tmax 
is delayed ~1 hour by food. 
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2.1.3 Proposed dosages and route of administration:  
Suvorexant is orally-administered as an immediate-release tablet. Four strengths (15 mg, 
20 mg, 30 mg and 40 mg) are proposed to match the intended daily dosage based on age 
and tolerability/efficacy considerations. 
Sponsor’s proposed dosages: Non-elderly Adults: 40 mg once daily immediately before 
bedtime, can decrease to 20 mg in case of tolerability issues. Elderly Adults: 30 mg once 
daily immediately before bedtime, can decrease to 15 mg in case of tolerability issues. 
Reviewer’s proposed dosages: 15 mg starting dose for both elderly and non-elderly 
patients, if tolerable, can increase to 30 mg in case of lack of efficacy. 
    
 

2.2  GENERAL CLINICAL PHARMACOLOGY 
 

2.2.1 What are the clinical studies used to support dosing or claims and what are 
their design features?  
 
Four Phase 2b/3 program in patients with primary insomnia have been completed to 
support the insomnia indication: a Phase 2b dose-finding clinical trial (Protocol 006), one 
Phase 3 Long Term Safety Trial (Protocol 009), and two Phase 3 efficacy and safety trials 
in patients with primary insomnia (Protocols 028 and 029).  A total of 2809 non-elderly 
and elderly patients with chronic insomnia participated in the phase 3 program (1784 
patients treated with suvorexant, including 160 patients treated for at least one year).  
In the two confirmatory efficacy trials (P028 and P029), efficacy and safety of suvorexant 
were evaluated in replicate core 3-month Treatment Phases. These trials were similarly 
designed as combined-age (with enrollment of both non-elderly and elderly adults) and 
combined-measure studies (with data collected for both objective and subjective efficacy 
measures) placebo-controlled, parallel group, multi-center/multi-national trials.  
Based on the results of the Phase 2b dose-ranging clinical trial (P006), the Phase 3 dose 
of primary focus in non-elderly patients (< 65 years) was 40 mg (referred to as high dose 
[HD]). Based on initial evidence for slightly higher exposures in elderly patients in Phase 
1 studies, suvorexant HD in elderly patients was 30 mg. A lower dose (LD) of 20 mg in 
non-elderly and 15 mg in elderly was also evaluated in these two trials, but with a smaller 
sample size than HD with intention of pooling sample across the two studies for more 
precise estimation of LD effects. Exposure-response analyses were performed by the 
sponsor (and the pharmacometrics reviewer) based on the Phase 2/3 studies. 
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Summary of Design Features of Phase 2b/3 Clinical Trials With Suvorexant 

 

 
 
 
Suvorexant pharmacokinetics has been characterized in healthy men and women over a 
single-dose range of 4 mg to 240 mg and over a multiple-dose range of 10 to 100 mg/day. 
The clinical pharmacology program includes thirty one Phase 1 studies to evaluate the 
initial safety and tolerability, PK and PD of suvorexant in healthy subjects and special 
populations (a total of 802 subjects). 
Additionally, the pharmacokinetics of suvorexant has been assessed in clinical trials of 
patients with insomnia following administration of doses up to 80 mg administered once 
daily at bedtime.  
An overview of all clinical pharmacology studies is presented below. 
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List of Suvorexant Clinical Pharmacology Studies 
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2.2.2 What are the clinical end points and how are they measured in clinical 
pharmacology and clinical studies? 
 
The efficacy evaluation included analyses of improvement in sleep maintenance and 
sleep onset as evidenced by both objective assessments by polysomnography (PSG) and 
subjective patient reports. Wakefulness after persistent sleep onset (WASO) and latency 
to onset of persistent sleep (LPS) are considered the primary endpoints for the objective 
evaluation of sleep maintenance and onset, respectively, while weekly means (of the 
daily e-diary) for mean subjective total sleep time (sTSTm) and mean subjective time to 
sleep onset (sTSOm) are considered the primary endpoints for the subjective evaluation 
of sleep maintenance and onset, respectively. Supportive analyses of mean subjective 
wake time after sleep onset (sWASOm) were also provided, as further evidence for the 
efficacy of suvorexant in sleep maintenance. 
Key safety evaluations included Adverse Effects (AEs) analysis, next-day effects on 
digital symbol substitution test (DSST), an objective measure in Phase 3 studies. 
 
2.2.3 What are the characteristics of exposure/effectiveness relationships?  
 
Dose-response analyses were conducted on pooled data from the phase 3 trials 028 and 
029. Both LD and HD showed significant effectivelness compared to placebo group. No 
apparent exposure-dependent improvement was observed in both sleep maintenance and 
onset measurements over the dose range of 15 mg to 40 mg, based on the independent 
analyses performed by the pharmacometrics reviewer.  
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Figure 1 presents the dose-response relationship for sleep maintenance (ΔWASO) and 
onset (ΔLPS) from the phase 3 trials.  It shows little difference in effectiveness between 
the two dose groups for both elderly and non-elderly patients.  

Figure 1: LS mean with 95% CI for Δ WASO (top) and Δ LPS (bottom) vs. Dose by 
day.  LS means were adjusted by baseline value, age group, region and gender 

Elderly  
Non-Elderly 

 

Elderly  
Non-Elderly 

 
The pharmacometrics reviewer further looked into the same endpoints related to AUC0-24 

which was predicted from the sponsor’s model. AUC0-24 was categorized by 6 bins with 
same number of patients at each bin. All placebo patients were grouped in the first bin. 
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As shown in Figure 4, the probability of somnolence increases with increase of 
suvorexant concentrations.  In addition, non-elderly patients showed higher risk of 
somnolence at the same concentration compared to elderly patients.  

Figure 4: Left: Overall model-predicted relationship for probability of somnolence 
and suvorexant concentration (C9hr). Right: model-predicted relationship for 
probability of somnolence and suvorexant concentration (C9hr) by elderly and non-
elderly patients  

 

 
In elderly patients dose dependent (30 mg vs. 15 mg relative to placebo) decrease in 
DSST was observed (Figure 5). However, the magnitude of difference did not seem to be 
noticeable, and DSST score did not show clear concentration-dependent relationship. 
 

Figure 5: Dose vs. ΔDSST (top) and C9hr vs. ΔDSST (bottom) relationship by elderly 
and non-elderly patients  

 

Elderly  
Non-Elderly 
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Elderly  
Non-Elderly 

 
The potential for next day residual effects of suvorexant was also evaluated in two 
Highway Car Driving Studies in healthy non-elderly and elderly subjects (P035 and 
P039). 
Both studies had a similar design: randomized, double-blind, placebo- and positive-
controlled, 4 period crossover studies. Zopiclone 7.5 mg, administered double-blind as a 
single dose on Day 1 and again on Day 8, was included as an active control. The primary 
endpoint was standard deviation of lane position (SDLP), a measure of road tracking 
error or "weaving," on Day 2 (after a first, ie. single dose) and Day 9 (after 8 consecutive 
doses). An increase in SDLP of 2.4 cm or greater is considered clinically meaningful, 
based on literature data indicating a blood alcohol concentration of 0.05%  increases 
SDLP by 2.4 cm.  Twenty-eight healthy non-elderly male and female subjects (21 to 64 
years old, inclusive) received two dose levels of suvorexant (20 mg and 40 mg) or 
placebo consecutively for 8 days in Study P035;  twenty-four healthy elderly male and 
female subjects (65 to 80 years) received 15 mg and 30 mg suvorexant in Study P039.  
The primary endpoint was standard deviation of lane position (SDLP) from the driving 
test. SDLP was analyzed both by mean analysis and symmetry analysis. The symmetry 
analysis was conducted to evaluate potential effects on the population distribution:  for 
each treatment comparison it was determined if there was a significant difference in the 
number of individuals with an increase in SDLP >2.4 cm (worsening) vs. the number of 
subjects who had a decrease in SDLP below -2.4 cm (improvement).  Standard deviation 
of speed (SDS), memory, balance, psychomotor tests and PK were also assessed. 
 
Highway Car Driving Study P035 Results: 
Based on mean SDLP analysis, suvorexant did not impair highway driving performance 
following single- and multiple- 20 mg and 40 mg doses. However, the symmetry analysis 
of SDLP revealed that there was a statistically greater number of subjects with SDLP 
treatment difference of >2.4 cm than those with SDLP <-2.4 cm on 
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Suvorexant (15 mg and 30 mg) did not show any statistically significant effect on 
SDS, word recall and body sway area, following single and multiple dose administration. 
 
Plasma concentrations at 11 hr postdose were measured in both driving studies and the 
PK/PD relationship was explored for SDLP. There was a dose response on SDLP 
(especially for the non-elderly study), but a weak correlation between C11hr and treatment 
difference on SDLP. 
 

SDLP Differences From Placebo vs Suvorexant Plasma Concentrations (C11hr) in 
Non-Elderly and Elderly Subjects on Day 2 (left panel) and Day 9 (right panel). 

Subjects whose driving was prematurely stopped due to somnolence were identified 
(no PK sample was available for AN007, AN016 repeat period data is shown) 

 
 
Conclusion: Based on the results of the highway driving studies, the only suvorexant 
dose, which did not cause next-day impairment on driving performance, is 15 mg.  
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2.2.5 Are the proposed dosage regimens adequately supported by the clinical trials 
and consistent with the dose-response relationship? 

 
No. All objective measures of sleep maintenance and onset (e.g. WASO, LPS) the dose 
(exposure) -response relationship was flat in the 15-40 mg range (see Figure 1) although 
there was a dose-dependent improvement in some subjective measures of sleep 
maintenance (e.g., sWASO). 
Based on the sponsor’s PK/PD analyses, suvorexant ED50 was estimated in the 10-20 mg 
range for sTSOm, WASO, and sTSTm consistent with a value at the lower end of the 
dose range evaluated clinically. The maximal drug effect was greatest on Night 1/Week 1 
with approximately 2/3rd of the maximal response maintained at Month 1 and Month 3. 
For LPS, the ED50 could not be estimated, consistent with a flat response curve within the 
clinical dose range, suggesting the maximal drug effect is observed at the lowest dose 
studied (i.e., 10 mg). 
Therefore, no additional efficacy is expected for suvorexant doses higher than 15-20mg. 
 
In addition, the lower doses for the elderly in the phase 3 trials were based on the belief 
that elderly subjects may be more sensitive to sleep medicationss than non-elderly 
subjects.  
However, the data from the phase 1 suvorexant PK and driving studies and the PK/PD 
analysis of AEs from the Phase 2 and 3 trials did not indicate that age has an effect on 
suvorexant PK and PD: 

 Age was not shown to have an effect on suvorexant PK (elderly patients are 
predicted to have ~15% increased C9hr relative to non-elderly patients based on a 
combination of covariate effects of age, BMI, and creatinine clearance),  

 In addition, the results from the highway driving studies suggested that elderly 
subjects may be slightly less sensitive than non-elderly subjects to the impairment 
on driving performance.  

 The PK/PD analysis of AEs from the Phase 2 and 3 trials performed by the 
sponsor did not identify patient age (elderly vs. non-elderly) as a statistically 
significant covariate indicating that elderly patients are not more sensitive to 
somnolence than non-elderly [Section 5.3.5.3.4.4]. At the Phase 3 doses studied in 
elderly, somnolence incidence is predicted to be 9.4% and 6.9% at 30 and 15 mg 
respectively. Thus, the lower doses given to elderly in Phase 3 resulted in lower 
somnolence rates in elderly relative to 40 and 20 mg doses in non-elderly (10.6% 
and 7.9%). 

Considering that age did not show an effect on suvorexant PK (elderly patients are 
predicted to have ~15% increased C9hr relative to non-elderly patients) and PD (elderly 
patients are not more sensitive to somnolence than non-elderly), there is no justification 
for recommending different doses for the elderly.  
 
2.2.6 Does Suvorexant prolong QT or QTc interval? 
 
A double-blind, randomized, placebo-controlled, 4-period, crossover study in healthy 
male and female volunteers was conducted to evaluate the potential effects of a 60 mg 
dose and supratherapeutic doses (150 mg and 240 mg combined) of suvorexant on 
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ventricular repolarization by quantitative analysis of corrected QT intervals in healthy 
subjects.  
Interdisciplinary Review Team Summary: The largest upper bounds of the 2-sided 90% 
CI for the mean difference between Suvorexant and placebo were below 10 ms, the 
threshold for regulatory concern as described in ICH E14 guidelines. The largest lower 
bound of the two-sided 90% CI for the ΔΔQTcF for moxifloxacin was greater than 5 ms, 
and the moxifloxacin profile over time is adequately demonstrated in Figure 5, indicating 
that assay sensitivity was established. 
 
2.2.7 Are the active moieties in the plasma (or other biological fluid) appropriately 

identified and measured to assess pharmacokinetic parameters? 
 
Plasma concentrations of suvorexant and the major human circulating metabolite M9 
were determined using a validated liquid chromatography-tandem mass spectrometric 
detection (LC-MS/MS) method. The method was linear in the range of 1.0 – 1000 ng/mL 
for both analytes. Bioanalytical stability studies were of sufficient scope and duration to 
assure the concentration values determined for pharmacokinetic samples collected during 
the development program are valid for all conditions experienced. A method report was 
also generated for each clinical study. 
Details pertaining to assay methodology, assay validation, acceptance criteria, and 
stability are provided in Section 2.6 and the individual study reviews. 
Several drug-drug interaction studies were conducted with medications that were 
coadministered with suvorexant. Information regarding the analytical methods used to 
support the analysis of co-administered compounds can be found in the individual study 
reviews (P008, P013, P015, P016, P024, P026 and P038). 
 
2.2.8  What are the general ADME characterstics of Suvorexant? 
 
Absorption: 
 
Suvorexant is a low solubility drug substance that is highly permeable across biological 
membranes. Therefore, this drug substance is a Class 2 according to the 
Biopharmaceutics Classification System (high permeability, low solubility). 
After oral administration of suvorexant median peak plasma concentrations occur 
approximately 2 hours (range: 0.5 to 6.0 hours) after dosing of 40 mg under fasted 
conditions. The estimated absolute bioavailability (F) for 40 mg is approximately 47% 
(5th to 95th percentile: 41% to 53%) based on IV and oral administration data. 
The results of a crossover study (P018) suggest that suvorexant pharmacokinetics are less 
than dose proportional over the 10 to 80-mg range, likely due to absorption limitations 
(dose-dependent reduction in suvorexant plasma exposure with increasing doses; 
whereas, similar terminal elimination slopes were observed across all doses, suggesting 
reduction in relative bioavailability with higher 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-
mg doses in relation to a 10-mg suvorexant oral dose, which is set as a reference (100% 
BA). 
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The extent of suvorexant absorption following administration with either a high-fat or 
low-fat meal is similar to that following administration in the fasted state. Suvorexant 
may be administered without regard to food and this is consistent with the dosing 
instructions for Phase 2 and pivotal Phase 3 studies. However, for faster sleep onset, 
suvorexant should not be administered with or immediately after a meal as Tmax is 
delayed ~1 hour. The food effect study results are listed in Section 2.5.3. 
 
Distribution: 
 
The absolute volume of distribution was estimated to be 48.6 L following a 20-mg 
suvorexant IV dose. Following oral administration of suvorexant, the total V/F was 
estimated to be 105.9 L. These data are consistent with extensive distribution of 
suvorexant beyond the extracellular fluid space (~10-14 L). 
Plasma protein binding for suvorexant is high (99.5%) and is independent of 
concentration over the range of 1 to 25 μM. Suvorexant is highly bound to both human 
serum albumin and to 1-acid glycoprotein and is not preferentially distributed into red 
blood cells (blood/plasma concentration ratio of 0.59). Similarly, the in vitro human 
plasma protein binding of the major circulating metabolite, M9, is high (99.8%) with a 
blood/plasma concentration ratio of 0.60. 
 
Metabolism: 
 
The metabolism and excretion of suvorexant were evaluated in six healthy male subjects 
who received [14C] Suvorexant as a 50 mg oral dose containing 200 Ci of radioactivity. 
The mean (n=6) total recovery of radioactivity in the excreta was 90%, with biliary/fecal 
route as the main route of elimination of MK-4305- derived material. Similar to in 
animals, suvorexant was eliminated almost entirely through metabolism in humans, 
primarily by cytochrome P450 3A (CYP3A), with less contribution by CYP2C19. The 
predominant metabolic pathway of suvorexantin human is hydroxylation of the 
triazolebenzyl group (formation of M9) followed by further oxidation to the carboxylic 
acid derivative (M4). 
M9 was the major circulating metabolite. The average metabolite/parent ratio was 
approximately 0.6 to 1.2, demonstrating that both suvorexant and its major metabolite are 
present to approximately equal concentrations under steady-state conditions. However, 
M9 is not expected to be active in vivo based on results from in vitro and EEG studies in 
dogs. The affinity of M9 for Orexin receptors 1 and 2 was approximately 10-fold lower 
than the affinity of MK-4305.  The only other affinity of M9 was at the dopamine 
transporter (8 M).  In addition, the results from in vitro studies showed that, in contrast 
to suvorexant, M9 is a substrate of P-gp, suggestsing that M9 will not penetrate the brain. 
M9 was not found to be active in canine sleep studies.  
Other hydroxylated metabolites of suvorexantand conjugated and oxidated derivatives of 
M9 were also identified (M4, M7A, M8, M10A, M12 and M17).  
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Proposed In Vitro and In Vivo Pathways of Metabolism for [14C]Suvorexant 
 

 
 
Circulating metabolites at steady-state of suvorexant were also evaluated semi-
quantitatively using HPLC-HRMS. Day 3 and 14 plasma samples (0-24 hr pooled) from a 
multiple dose human study (PN003, healthy young male subjects, n=6, 40, 80, and 100 
mg) were evaluated. Compared with the plasma profile after a single dose, in addition to 
M9 and suvorexant, metabolite M17 became prevalent in Day 3 and Day 14 plasma. The 
structure of M17 was determined to be a di-hydroxylated derivative of suvorexant based 
on NMR analysis. The level 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). Circulating 
level of M17 approached steady-state by Day 14 following multiple daily dosing of 
suvorexant in human (based on the plasma total plasma radioactivity t1/2  of 53 hr, M17 
should have reached steady-state by Day 14), therefore its levels should not be expected 
to increase further. In addition, the in vitro potency of M17 was approximately 5-100-
fold lower than that of suvorexant with Ki values of 355 and 46.5 nM for binding towards 
Orexin-1 and Orexin-2 receptors, respectively. Similar to M9, M17 was found to be a 
good P-gp substrate in human. Based on the information above, M17 is unlikely to be 
present sufficiently in the CNS to contribute to the pharmacological activity of MK-4305 
in humans. M17 did not show any activities in the Panlabs screen (secondary 
pharmacology). Since M17 in day 14 samples was estimated to be less than 10% of the 
total drug related material and there were no notable findings in the primary and  
secondary pharmacology, M17 should not be considered a major human metabolite. 
M12, a glucuronide derivative of an oxidation product of suvorexant, was another human 
circulating metabolite (accounting for 12.2% of the total circulating suvorexant-derived 
material). However, M12 is a glucuronide and is a much more polar compound; 
therefore, M12 is unlikely to have intrinsic pharmacological activity or to be brain 
penetrant. 
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Elimination: 
 
The primary route of excretion is through feces, with approximately 66% of the [14C]- 
Suvorexant dose recovered in the feces and 23% recovered in the urine. 
Suvorexant was eliminated primarily in the form of metabolites. There was no unchanged 
[14C]- Suvorexant detected in human feces. Similarly, <1% of the dose excreted in urine 
was unchanged suvorexant, indicating negligible renal clearance. 
The plasma clearance of suvorexant was estimated to be 2.92 L/hour following 20 mg IV 
dose. Following oral administration of suvorexant, the typical CL/F was in general 
agreement with that following IV dosing, adjusting for absolute bioavailability. 
Based upon the mean CL/F value and the blood/plasma concentration ratio of 0.59, the 
corresponding blood CL/F was estimated to be 2.89 L/h, which is <5% of hepatic blood 
flow, indicating that suvorexant is a low hepatic clearance drug. Furthermore, the 
moderate DDI effect observed following coadministration with ketoconazole is consistent 
with suvorexant being a low clearance compound.  
The mean terminal half-life (t1/2) for suvorexant is 12.2 (95% CI: 12.0 to 13.1) hours 
following 40 mg administration. The terminal half-life for M9 is similar to that observed 
for suvorexant, suggesting that metabolite elimination is formation-rate limited. 
Steady-state of suvorexant was reached by 3 days of once-daily dosing, consistent with 
its terminal half-life. Estimates of suvorexant AUC and Cmax accumulation, based on the 
increase from single to multiple-dose, approximates 1.2 to 1.6 and consistent with that 
predicted based upon the t1/2 of suvorexant. Negligible accumulation of M9 was observed 
following multiple-dose administration of suvorexant.  
 
 
2.2.9 What are the basic pharmacokinetic parameters of Suvorexant  after single 
and multiple doses?  
 
Single Dose Pharmacokinetics: 
 
Suvorexant pharmacokinetics has been characterized in healthy men and women over a 
single-dose range of 4 mg to 240 mg.  Additionally, the pharmacokinetics of suvorexant 
has been assessed in clinical trials of patients with insomnia following administration of 
doses up to 80 mg administered once daily at bedtime. 
A composite analysis of conventional, non-compartmental pharmacokinetic data pooled 
from 10 clinical pharmacology studies including up to 116 healthy subjects was 
performed by the sponsor. These data are summarized below.  
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Descriptive Statistics of Pharmacokinetic Parameters Following Administration of 
40-mg and 20-mg Single Oral Dose of Suvorexant Under Fed and Fasted Conditions 

from Composite Analysis 

 
 

Mean (SD) Plasma Concentration Profiles for Suvorexant Following Administration 
of Single Oral Doses to Healthy Fasted Male and Female Subjects, Study P018 

(N=16) (Inset: Semi-Log Scale) 

 
 
 
Multiple Dose Pharmacokinetics: 
 
Suvorexant pharmacokinetics has been characterized in healthy subjects over a multiple-
dose range of 10 to 100 mg/day. Additionally, the pharmacokinetics of suvorexant has 
been assessed in clinical trials of patients with insomnia following administration of 
doses up to 80 mg administered once daily at bedtime. A population approach was used 
by the sponsor to evaluate the pharmacokinetics of suvorexant in healthy subjects from 
16 Phase 1 studies (12 single-dose and 4 multiple-dose) with dense pharmacokinetic 
sampling following doses ranging from 10 to 80 mg administered under fasted 
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conditions. The population PK model that best characterized the Phase 1 data was a 3-
compartment model with dose-dependent F1, sigmoidal absorption (with lag time), linear 
distribution into the first peripheral compartment (Vp1/F) and and first-order elimination 
from the central compartment (Vc/F). The plasma clearance of suvorexant was estimated 
to 2.92 L/hour (95% CI: 2.34 to 3.63) following an IV dose of 20 mg. Following oral 
administration of suvorexant, the typical CL/F is in general agreement with that 
following IV dosing adjusting for absolute bioavailability. 
Based upon the mean CL/F value and the blood/plasma concentration ratio of 0.59, the 
corresponding blood CL/F is estimated to be 2.89 L/h, which is <5% of hepatic blood 
flow, suggesting that suvorexant is a low hepatic clearance drug. 
 
Population PK model predicted steady-state suvorexant AUC0-24, Cmax and C9hr values 
following 40 mg dosing in non-elderly subjects represented in the Phase 2/3 population 
are 15.895 μM•h/L, 1.171 μM and 0.647 μM, respectively. 
In the pooled data from Phase 2 and Phase 3, geometric mean (CV%) C9hr was 0.555 
(58.3) μM at steady-state in non-elderly patients receiving 40 mg and 0.563 (48.3) μM in 
elderly patients receiving 30 mg. 
 

Simulated Steady-State Suvorexant Concentrations (Median, 90% Prediction 
Interval [90% PI]) Versus Time Since Last Dose in a Non-Elderly Population 

Representative of Phase 1 Subjects Following Daily PM Administration of 20-mg 
and 40-mg Suvorexant Doses 
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Summary of Pharmacokinetic Parameters of Suvorexant Following Multiple Dose 
PM Administration of 40 mg, Once Daily for 7 Days, in Healthy Elderly Male and 

Female Subjects (P027) 

 
 

P013: Mean Plasma Concentration-Time Profile of Suvorexant Following Once 
Daily PM Dosing of 40 mg Suvorexant (MK-4305), with a Single Oral Dose of Ortho 

Cyclen™ Co-administered on Day 14 in Healthy Female Subjects (Linear Scale)  
(N=19/Day 1, N=17/Day 18) 
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2.2.10 Do the pharmacokinetic parameters change with time following chronic 
dosing? 
No. Pharmacokinetics of suvorexant following multiple-dose administration were 
consistent with those observed after single-dose administration, indicating time-
independent pharmacokinetics of suvorexant. The results from Study P013 show that 
suvorexant trough concentrations remained stationary after steady state has been reached 
(see Figure above p. 32). In addition, the results of Study P003 showed that accumulation 
ratios for suvorexant AUC0-24hr ranged from 1.21 to 1.60 and were independent of dose. 
Assessments of linearity were not indicative of auto-induction or auto-inhibition as AUC 
ratios remained stationary across the dose range evaluated. 
 

P003: Summary of Accumulation and Linearity Assessments of Suvorexant (MK-
4305) Following a Single Dose and then Multiple Dose Administration (Daily for 14 

Days) of 10 to 100 mg in Healthy Male Subjects 
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2.2.11  What is the variability in the PK data? 
 

The variabilities of CL/F and Cmax are summarized below: 
Inter-subject Variability in CL/F: 21.77% (popPK) 
Inter-subject Variability in Cmax: 39% (for fasted or fed, study P020) 
 
Parameter Estimates and Standard Errors from the Final Pharmacokinetic Model 

 
 

 
2.2.12 How do the pharmacokinetics of the drug in healthy volunteers 

compare to that in patients? 
 
The C9hr values in patients from the Phase 2 study (P006) are comparable to those for 
healthy subjects from the definitive dose-proportionality study (P018) over a similar dose 
range as seen in the figure below. These results suggest that systemic exposure to 
suvorexant in patients is similar to that in healthy subjects receiving equivalent doses.  
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Assessment of Dose Proportionality of Suvorexant (MK-4305) Following Single Oral 
Dose Administration of 10 mg to 80 mg in Healthy Male and Female Subjects 

(N=16) 

 
 
In comparison, following IV administration of suvorexant over the range of 5 to 20 mg, 
dose-proportional increase in AUC was observed with CL unchanged, suggesting 
absorption-rate limitations following oral administration rather than other nonlinear 
mechanisms.  
 

P018: Summary of PK Parameters of Suvorexant (MK-4305) Following 
Administration of Single IV-Infusion Doses in Healthy Male and Female Subjects 

 
 
 
Suvorexant bioavailability F1 decreases with increasing dose. For a typical subject, F1 is 
predicted to be 83.9%, 80.3%, 69.9%, and 52.0% for 20-, 30-, 40-, and 60/80-mg doses in 
relation to a reference 10-mg suvorexant oral dose, which was set as 100% BA.  
 
In the pooled analysis of C9hr in insomnia patients from Phase 2 (P006) and Phase 3 
(P009, P028, P029) trials, the slope (95% CI) from the power model of combined Day 1 
and steady-state data was 0.67 (0.63, 0.71). This result is similar to that obtained in the 
Phase 1 dose proportionality assessment and indicates that suvorexant in healthy subjects 
and insomnia patients has a similar, less than proportional behavior over the dose range 
10 to 80 mg. 
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Day 1 and Steady State C9hr in Insomnia Patients (10, 20, 40 and 80mg in Non-
elderly and 15mg and 30mg in Elderly) 

 

 

 
 
 

2.3 INTRINSIC FACTORS 
 
2.3.1 What intrinsic factors influence exposure and/or response and what is the 
impact of any differences in exposure on the pharmacodynamics? Based on what is 
known about exposure response relationships and their variability, is dosage 
adjustment needed for any of the subgroups? 
 
2.3.1.1  Gender 
 
The comparisons of PK following single dose administration of suvorexant to healthy 
young male subjects (18 - 45 years) and elderly male and female subjects (65 - 77 years) 
in Study P004 suggested that suvorexant exposure was higher in elderly females 
compared to elderly males. The female/male ratio of geometric means GMR (90% CI) for 
AUC was 1.55 (1.17, 2.06) and 1.29 (1.08, 1.54) for Cmax. In the same study, suvorexant 
exposure was comparable between elderly male and young male subjects with the GMR 
(90% CI) for AUC and Cmax 0.89 (0.58, 1.35) and 0.89 (0.66, 1.20), respectively. The 
Body Mass Index (BMI) was < 31 kg/m2 for the subjects in the study. 
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Suvorexant PK Parameters Following Single Oral Dose Administration of 
Suvorexant 16 mg in Healthy Elderly Male, Elderly Female, and Young Male 

Subjects 

 
 
 
Likewise, following once-daily multiple-dose administration of 40 mg suvorexant to 
healthy elderly male and female subjects (Study P027), steady-state AUC and Cmax 
appeared higher in elderly female subjects with female/male GMR (90% CI) for AUC 
and Cmax 1.52 (1.22, 1.90) and 1.39 (1.07, 1.80), respectively.  
 
However, based on the composite analysis of pooled 40-mg pharmacokinetic data and the 
population PK model, the apparent oral clearance (CL/F) of suvorexant in females is 
predicted to be 20.5% lower compared to that in males. The higher exposure reported in 
Studies P004 and 027 in elderly subjects might be due to the confounding effect of BMI. 

 
Recommendations: No dose adjustment for suvorexant is needed based on gender.   

 
2.3.1.2  Weight and Body Mass Index (BMI) 
 
A population-based nonlinear mixed-effects model identified BMI to be statistically 
significant predictor of suvorexant CL. Apparent oral clearance (CL/F) of suvorexant was 
inversely related to BMI, with population mean CL/F decreasing from 8.07 L/h to 3.32 
L/h for a typical male and from 6.42 L/h to 2.64 L/h for a typical female with BMI values 
ranging from 17 kg/m2 (underweight) to 35 kg/m2 (overweight). 
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Forest Plot of Steady-State Suvorexant AUC0-24 Based Upon Gender and BMI 
Category in Non-Elderly Subjects Administered Daily 40 mg Suvorexant 

 
 

In the Dose-C9hr modeling of Phase 2 and 3 data, C9hr is predicted to be ~19% higher in 
obese patients relative to normal BMI patients. This C9hr effect is not expected to be 
clinically meaningful. In addition, in the phase 3 studies, somnolence rates were not 
higher in obese subjects compared to non-obese subjects.   

 
Somnolence Events in Non-Obese, Over-Weight, and Obese Subjects in the 

Combined 0-3 Months Population (P028, P029, and P009) 

 Placebo Suvorexant LD Suvorexant HD 

Somnolence in Non-Obese 
Subjects (BMI <25) 
 

2.2% (10/449) 
 

7.4% (18/243) 
 

11.0% (56/509) 
 

Somnolence in Over-weight 
Subjects (BMI 25-30) 
 

3.0% (12/405) 7.2% (14/194) 8.9% (49/548) 

Somnolence in Obese 
Subjects (BMI >30) 
 

5.3% (9/170) 1.8% (1/56) 13.4% (31/232) 

 
However, the combined gender and BMI effect could be clinically meaningful.  
The population PK model predicts 20.5% lower suvorexant CL/F in females compared to 
males. CL/F decreases with increasing BMI, according to a power function, resulting in 
the lowest CL/F in the heaviest female patients. An approximate 2- to 3-fold reduction in 
CL/F is expected when comparing men with relatively low BMI versus obese women. 
Per the Figure above, obese females have ~ 1.5-1.6 fold higher exposure compared to the 
majority population studied in the pivotal Phase 3 trials. 
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Therefore, the dose of suvorexant for obese women should be reduced to 10mg.  
 
Recommendations: Suvorexant dose in obese females should be decreased. If the 
recommended suvorexant dose is 15 mg, the sponsor needs to develop a lower strength 
tablet, e.g 10 mg for this patient population. (PMC) 
 
2.3.1.3  Age 
 
Inter-study comparisons of PK following single dose administration to healthy young 
male subjects (18 - 45 years) and elderly male and female subjects (65 - 77 years) did not 
suggest higher suvorexant exposure in elderly compared to non-elderly: AUC and Cmax 
estimates appeared comparable between elderly male and young male subjects with the 
GMR (90% CI) for AUC and Cmax being 0.89 (0.58, 1.35) and 0.89 (0.66, 1.20), 
respectively, see Section 2.3.1.1.  
In addition, the population-based nonlinear mixed-effects model did not indicate a 
significant effect of age on suvorexant CL/F and systemic exposure: elderly patients are 
predicted to have ~15% increased C9hr relative to non-elderly patients based on a 
combination of covariate effects of age, BMI, and creatinine clearance.  
 

Scatter Plot of Individual Cmax vs. Age Following Administration of 40-mg Single 
Oral Dose of Suvorexant (N=140) 

 
 
The lower doses for the elderly in the phase 3 trials were based on the belief that elderly 
subjects may be more sensitive to hypnitics than non-elderly subjects.  
However, data from the phase 1 suvorexant driving studies and the sponsor’s PK/PD 
Analysis of Adverse Effects (AEs) from the Phase 2 and 3 trials did not indicate that age 
has an effect on suvorexant PK and PD: 
• Age was not shown to have an effect on suvorexant PK (elderly patients are 
predicted to have ~15% increased C9hr relative to non-elderly) 
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• Contrast to the general belief, comparison of the results of the highway driving 
studies 035 (non-elderly subjects) and 039 (elderly subjects) revealed that elderly 
subjects may be slightly less sensitive than non-elderly subjects to the impairment on 
driving performance  
• PK/PD Analysis of AEs from the Phase 2 and 3 trials (P006, P009, P028, and 
P029) did not identify patient age (elderly vs. non-elderly) as a statistically significant 
covariate, indicating that elderly patients are not more sensitive to somnolence than non-
elderly. In the Phase 3 trials, somnolence incidence was 8.8% and 5.4% at 30 and 15 mg, 
respectively in elderly. Thus, the lower doses given to elderly in Phase 3 resulted in lower 
somnolence rates in elderly relative to 40 and 20 mg doses in non-elderly (12.5% and 
7.6%). 
Recommendations: No dose adjustment for suvorexant is recommended based on age. 
 
2.3.1.4 Pediatrics: 
 
The PK of suvorexant have not been evaluated in pediatric subjects.  
The safety and effectiveness of suvorexant in pediatric patients under 18 years of age 
have not been established.   
 
2.3.1.5 Race: 
 
The majority of subjects represented in the population pharmacokinetic analysis and 
composite PK analysis were White (>60%), with Black, Asian and Other (including 
Native American) subjects representing ≥10% of the subject population. No influence of 
race on suvorexant disposition was identified from the population pharmacokinetic 
analysis. Similarly, no statistical differences were observed in suvorexant Cmax or Tmax 
between races (Black/White and Asian/White) based upon the composite analysis of 
pooled 40 mg pharmacokinetic data. 
In the Dose-C9hr modeling of Phase 2 and 3 data, race [White (n=1249), Black (n=98), 
Asian (n=176), or Other (n=62)] was not a statistically significant predictor of C9hr.  
Based on the composite analysis of pooled pharmacokinetic data, no statistical 
differences were observed in Cmax or Tmax of suvorexant between Japanese (n=24) and 
non-Japanese (n=116) subjects. 
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Scatter Plot of Individual Cmax vs. Japanese Race Following Administration of  
40-mg Single Oral Dose of Suvorexant 

 
Recommendations: No dose adjustment for suvorexant is recommended based on race. 

 
2.3.1.6 Hepatic Impairment: 
 
A single dose study (P017) was conducted to assess the effect of hepatic impairment on 
suvorexant PK. A single 20 mg suvorexant dose was administered to 8 healthy adults and 
8 subjects with moderate hepatic impairment (Child-Pugh, 7 to 9 points). The results of 
the study indicated that suvorexant systemic exposure, expressed as unbound and bound, 
in subjects with moderate hepatic insufficiency is similar to that in matched healthy 
subjects. However, suvorexant half-life was increased from 14.7 h in healthy subjects to 
19.1 h in subjects with moderate hepatic impairment. 

 
Summary of Pharmacokinetic Parameters of Suvorexant Following a Single Dose of 
20 mg MK-4305 Administered to Patients With Moderate Hepatic Impairment and 

to Healthy Matched Control Subjects 

 
 
The exposure (AUC) and half-life of the metabolite M9 was increased in subjects with 
moderate hepatic impairment compared to healthy subjects.  
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Suvorexant pharmacokinetics were not evaluated in subjects with severe hepatic 
impairment (Child-Pugh 10-15 points).  
In the population pharmacokinetic analysis of subjects receiving suvorexant doses of 10 
to 80 mg and the statistical evaluation of Phase 2/3 data from patients with insomnia, 
Child-Pugh data were not collected and could not be evaluated in the covariate analyses. 
In addition, patients with evidence of clinically significant hepatobiliary disease or an 
ALT/AST >3 times the upper limit of normal were excluded from participation in 
Phase 2/3 Studies and thus, no data are available from these patients.    
Recommendations:  
Suvorexant is not recommended in subjects with severe hepatic impairment.  
No dose adjustment for suvorexant is needed in subjects with moderate hepatic 
impairment. 
 
2.3.1.7 Renal Impairment: 
 
A single dose study (P023) was conducted to assess the effect of renal impairment on 
suvorexant PK. A single 20 mg suvorexant dose was administered to 8 healthy subjects 
and 8 subjects with severe renal impairment (defined as 24 hr urinary creatinine clearance 
CrCL≤ 30 ml/min.). The results of the study indicated that suvorexant systemic exposure, 
expressed as unbound and bound, in subjects with severe renal impairment was similar to 
that in matched healthy subjects.  
 
Plasma Pharmacokinetic Parameters of Suvorexant and M9 Following a Single Dose 
of 20-mg Suvorexant Administered to Patients with Severe Renal Impairment and 

to Healthy Matched Control Subjects 
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The ratio of geometric means (severe renal impairment patients/matched healthy control 
subjects) for plasma unbound AUC0-∞ and 90% CI were 1.18 and (0.83, 1.67). The GMR 
and 90% CI for plasma unbound Cmax were 1.10 (0.91, 1.34). The GMR and 90% CI for 
AUC0-∞ were 1.22 and (0.93, 1.60) and Cmax were 1.15 and (0.98, 1.34).  
Suvorexant plasma protein binding was similar in severe renal impairment patients and 
matched healthy control subjects. The plasma fraction unbound of suvorexant based on in 
vitro assessments ranged from 0.9 to 1.3% in severe renal impairment patients and 0.9 to 
1.5% in matched healthy control subjects. 
Recommendations:  
No dose adjustment for suvorexant is recommended in subjects with renal impairment. 
 
 

2.4     EXTRINSIC FACTORS 
 
2.4.1 Is suvorexant a substrate, inhibitor or inducer of CYP enzymes?  
 
Yes. Metabolism of suvorexant was mediated primarily through oxidative processes. 
Three oxidative metabolites (M8, M9 and M10a) were formed in human liver 
microsomes with M9 being the predominant one. The formation of M9 was mainly 
mediated through CYP3A4/5 with CYP2C19 contributing to a lesser extent. CYP3A4/5 
was also responsible for most of the formation of M8 and M10a. 
Suvorexant was a weak reversible inhibitor of CYP1A2, 2B6, 2C8, 2C9 and 2D6 (IC50 ≥ 
15 µM), and had more potent effects on CYP2C19 and CYP3A4 with IC50 of 5.3 and 4.0 
µM, respectively. Suvorexant was also shown to be a time-dependent inhibitor of 
CYP3A4 with Kinact and KI values of 0.136 min-1 and 12 µM, respectively. The major 
metabolite, M9, was a weak reversible inhibitor of CYP1A2, 2B6, 2C8, 2C9, 2C19, and 
2D6 with IC50 ≥ 35 µM, and had more potent effect on CYP3A4 with IC50 of 11 µM or 
26 µM. M9 was also a time-dependent inhibitor of CYP3A4.  
Induction effects of suvorexant on CYP3A4, 1A2 and 2B6 were examined using 
cryopreserved human hepatocytes. The highest mRNA increase was 22-fold for CYP3A4 
induced by 5 µM MK-4305 (43% of that achieved with rifamipicin), followed by 4.8-fold 
for CYP1A2 (20% of the effect of omeprazole) and 2.4-fold for CYP2B6 (19% of the 
fold induced by phenobarbital). The enzyme activities for CYP1A2 and 2B6 were 
increased by up to 2.7-fold and 2.3-fold, respectively (11% and 23% of the effects of 
omeprazole and phenobarbital, respectively). There was a decrease of CYP3A4 activity, 
probably due to the concomitant inhibitory effect of suvorexant on CYP3A4.  
 
2.4.2 Is suvorexant a substrate and/or inhibitor of p-glycoprotein transport 

processes or any other transporter system?  
 
 P-gp substrate Inhibitor (Transporter, IC50, substrate) 
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Suvorexant No 

The passive permeability across LLC-
PK1 cells was high (apparent 
permeability Papp = 22.8 - 34.6 × 10-6 
cm/s) at concentrations from 0.5 µM to 
5 µM. The efflux ratio (Papp, B-to-A/Papp, A-

to-B) across LLC-PK1-MDR1 cells 
transfected with human P-gp was 1.0-
1.6. The efflux ratio for the positive 
control, verapamil, was 3.1 or 3.4.  

P-gp:  19 µM (digoxin) 

BCRP: 10-15 µM (methotrexate) 

OATP1B1: 10 µM (pitavastatin) 

OCT2: 1.3 µM (metformin) 

M9 Yes 

The efflux ratio was 3.2-4.3 at a 
concentration range from 0.1 µM to 1 
µM. 

P-gp: 73 µM (digoxin) 

BCRP: ~15 µM (methotrexate) 

OATP1B1: > 15 µM (pitavastatin) 

OCT2: > 15 µM (metformin) 

 
 
2.4.3 Is there an in vitro basis to suspect drug-drug interaction?  
 
Metabolism: Since suvorexant is mainly metabolized by CYP3A4, in vivo drug-drug 
interaction is expected when it is concomitantly used with CYP3A4 inhibitors and 
inducers. Studies have been conducted to evaluate the effects of strong CYP3A4 inhibitor 
(ketoconazole), moderate inhibitor (diltiazem), and strong CYP3A4 inducer (rifampicin) 
on PK of suvorexant.  
 
Inhibition of CYPs: Suvorexant and M9 are not expected to significantly inhibit major 
CYP isoforms in humans except CYP3A4/5. The steady state Cmax following 40 mg 
suvorexant dosing in non-elderly subjects is predicted to be 1.17 μM based on a 
population PK analysis. The ratio of Cmax/IC50 of suvorexant for CYP1A2, 2B6, 2C8, 
2C9 and 2D6 is less than 0.1, suggesting suvorexant is unlikely to inhibit these CYP 
isozymes in vivo. The maximum concentration of suvorexant at the inlet to the liver 
(Iin,max= fu,p(Cmax+FakaDose/Qh/(B/P)); fu,p is 0.01; absorption fraction (Fa) is set 
as the estimated absolute bioavailability – 0.47; absorption constant (ka) is estimated as 
1.97 hr-1 from the popPK analysis; liver blood flow (Qh) is 1500 ml/min; Blood-to-
plasma ratio (B/P) is 0.6) is estimated to be 2.71 μM. Since suvorexant is highly protein 
bound (≥99%), the free Iin,max is 0.027 μM or less. Thus, the R-value (i.e., 1+ (fu,p  
Iin,max /IC50)) is less than a cut-off value of 1.25, indicating that suvorexant is not likely to 
be an inhibitor of CYP2C19 in vivo. The major metabolite, M9, is a weaker inhibitor of 
these CYP enzymes and has a Cmax lower than that of suvorexant. Therefore, M9 is not 
expected to inhibit these CYPs in vivo, either. Suvorexant and M9 are time-dependent 
inhibitors of CYP3A4. Thus, there is possibility of CYP3A4 mediated drug-drug 
interaction after administration of suvorexant in humans. This has been evaluated in a 
study using a probe CYP3A4 substrate, midazolam.   
 
Induction of CYPs: Suvorexant is not expected to significantly induce CYP1A2, 2B6 and 
3A4 in humans. At a concentration of 1 μM, surorexant induced CYP1A2 and CYP2B6 
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mRNA levels by 2.2-fold and 1.2-fold, respectively, less than a cut-off of 4-fold 
suggested by literature (Fahmi OA, et al., Drug Metab Dispos. 2010 Sep;38(9):1605-11). 
In addition, the induction effects of suvorexant as measured by CYP1A2 and CYP2B6 
activities were 2.2% and 9.7% of the corresponding positive controls, respectively. Thus, 
suvorexant is unlikely to induce CYP1A2 or 2B6 in humans. The induction effect of 
suvorexant on CYP3A mRNA expression has been futher characeterized by estimating its 
EC50 (14.5 or 13.4 M) and Emax (12.7- or 9.3-fold) in two livers. Based on these values 
and the free Iin,max concentration of suvorexant, a R3 value was calculated as 0.98 
(R3=1/(1+d Emax  [I]/( EC50 + [I]), d is assumed as 1), which is above a cut-off value of 
0.8. Thus, suvorexant is not expected to significantly induce CYP3A in humans. Effects 
of 40 mg suvorexant on CYP2C9 have been investigated in humans using warfarin as a 
substrate. The study did not show signicant change of S-warfarin exposure, indicating 
that suvorexant does not induce CYP2C9 in vivo, either.  
 
 
Substrate of Transporters: Suvorexant is not a P-gp substrate. Studies have not been 
conducted to evaluate whether suvorexant is a substrate of BCRP, OATP1B1, OATP1B3, 
OAT1, OAT3, or OCT2. Unchanged suvorexant excreted into urine after oral dose is 
negligible, indicating that OAT1, OAT3 and OCT2 play a minimal role in elimination of 
suvorexant. Since suvorexant has high permeability across LLC-PK1 monolayer, it is 
likely that passive permeability is predominant in entry of suvorexant into hepatocytes, 
and thus active uptake by OATPs may only play a limited role. For the same reason, 
absorption of suvorexant in gastrointestinal tract may be mainly due to its passive 
permeation across apical membrane of enterocytes. Thus, significant drug-drug 
interactions between suvorexant and inhibitors of these transporters are not expected.  
 
Inhibtion of Transporters: Though the Cmax/IC50 ratio of suvorexant on P-gp is less than 
0.1, the [I]2/IC50 ratio is more than the cut-off value of 10 ([I]2 = 40 mg / 250 mL, as an 
estimate of drug concentration in the gut for a dose of 40 mg suvorexant), indicating that 
suvorexant has the potential to inhibit P-gp at intestine level. Similarly, suvorexant had a 
Cmax/IC50 ratio around or less than 0.1 for BCRP, but the [I]2/IC50 ratio is larger than 10, 
suggesting that suvorexant may also be able to inhibit BCRP present at the intestine. 
Effect of 40 mg suvorexant on the PK of a P-gp substrate, digoxin, has been examined in 
an in vivo study, which showed that digoxin AUC and Cmax were increased by 27% and 
21%, respectively, consistent with the prediction from in vitro results. Therefore, though 
in vivo study was not conducted with BCRP substrates, significant PK interactions of 
suvorexant with those substrates are possible, which could increase their exposure.  
 
Suvorexant or M9 is unlikely to inhibit OATP1B1 in vivo, as the R-value (i.e., 1+ (fu,p  
Iin,max /IC50) is less than a cut-off value of 1.25. Though the IC50 of suvorexant or M9 on 
OATP1B3 is not measured, the potential of OATP1B3 inhibition by either moiety is low, 
considering that the estimated unbound Iin,max for suvorexant or M9 is very low, 0.027 
μM or less. Suvorexant or M9 is unlikely to inhibit OCT2 in humans, either, since the 
unbound Cmax/IC50 ratio (0.009 for suvorexant) is more than 10-fold lower than the cut-
off value 0.1. Though the IC50 of suvorexant or M9 on OAT1 or OAT3 has not been 
measured, they are not expected to have signicant inhibiton effects on OAT1 or OAT3 in 
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vivo, as both compounds are highly protein bound and thus the unbound Cmax is very low 
(0.0117 µM or lower).  
 
2.4.4 What extrinsic factors (such as herbal products, diet, smoking and alcohol) 
influence exposure and or response and what is the impact of any differences in 
exposure on pharmacodynamics? 
 
Due to potential additive CNS effects, clinical studies have been conducted to evaluate 
the potential for PK and PD drug-drug interactions between suvorexant and CNS-active 
agents, including alcohol and paroxetine, a commonly prescribed selective serotonin 
reuptake inhibitor (SSRI).  
 

 46

Reference ID: 3300926



 
Suvorexant and Alcohol Interaction Study (P010) 
This was a randomized, double-blind, double-dummy, placebo-controlled, 4-period 
crossover study to evaluate the PK and PD interaction of suvorexant when 
coadministered with alcohol.  
Subjects (28 healthy male and female subjects) received each of 4 treatments (suvorexant 
40 mg, alcohol 0.7 g/kg, suvorexant + alcohol, placebo) which were administered in a 
randomly assigned order. This level of alcohol has reliably demonstrated impairment on 
cognitive testing battery and postural stability in other alcohol interaction studies with 
CNS depressants. At pre-determined time points postdose (1, 2, 5, and 9 hours), PK, PD 
and safety and tolerability assessments were performed. There was a 5 days of washout 
between each treatment period. The primary endpoint in this study was digit vigilance 
test (DVT) - reaction time. Other psychomotor/cognitive performance tests included 
Choice Reaction Time, Immediate and Delayed Word Recall, Numeric Working Memory 
and Digit Symbol Substitution Test (DSST). In addition, balance and the subjective 
alertness were evaluated. 
When suvorexant 40 mg was coadministered with alcohol (0.7 mg/kg), an additive effect 
on psychomotor performance alcohol and suvorexant was demonstrated. 
Coadministration of suvorexant and alcohol produced additive impairment as compared 
to suvorexant alone or alcohol alone on sustained attention/vigilance as assessed by DVT 
(speed) at 2 hours postdose. The co-administration of suvorexant with alcohol also 
produced additive impairment on balance and working memory as assessed by body sway 
and numeric working memory tests, respectively.  
There was no PK interaction between alcohol and suvorexant.  
 

PK Parameters of Suvorexant (MK-4305) Following Administration of a Single 
Dose of 40 mg Suvorexant With and Without Alcohol in Healthy Young Subjects 

 
 

PK Parameters of Alcohol Following Administration of Alcohol With and Without 
Suvorexant (MK-4305) in Healthy Young Subjects 

 
 
Recommendations: Alcohol should not be co-administered with suvorexant due to the 
additive CNS effects. 
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Suvorexant and Paroxetine DDI Study (P026)  
This was a randomized, double-blind, placebo-controlled, 3-period, fixed sequence, 
parallel group study in healthy male or female subjects (N=24) to determine the effect of 
steady-state paroxetine on suvorexant pharmacokinetics and pharmacodynamics as 
measured by the DVT, a psychomotor performance test. Four treatments (A, B, C, D) 
were administered in the study. Subjects received Treatments A (40 mg suvorexant) or B 
(suvorexant placebo) once-daily 30 minutes prior to bedtime (approximately 10 PM) for 
4 nights in Period 1 (Days 1 - 4). All subjects received Treatment C (20 mg paroxetine 
and suvorexant placebo) once-daily at approximately 8 AM for 10 days in Period 2 (Days 
6 to 15), followed by Treatments C or D (D: 20 mg paroxetine and 40 mg suvorexant). 
 

 
 
There was no PK interaction between paroxetine and suvorexant. The absence of a PK 
drug interaction between paroxetine and suvorexant is consistent with the lack of 
potential for paroxetine for CYP3A mediated drug interactions (suvorexant is primarily 
metabolized by CYP3A) and the lack of potential for suvorexant for CYP2D6 mediated 
drug interactions (paroxetine is a CYP2D6 substrate). 
 

Summary of PK Parameters of Suvorexant Following Multiple 40 mg Doses of 
Suvorexant Administered With and Without Multiple 20 mg Doses of Paroxetine to 

Healthy Subjects 
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Summary of PK Parameters of Paroxetine Following Multiple 20 mg Doses of 

Paroxetine Administered With and Without Multiple 40 mg Doses of Suvorexant to 
Healthy Subjects 

 
 
In addition, there was no clinically significant pharmacodynamic interaction between 
suvorexant and paroxetine.  
Recommendations: A general precaution should be advised when suvorexant is co-
administered with drugs that produce CNS depressant effects due to potential additive 
effects. 
 
2.4.5 Are there any in-vivo drug-drug interaction studies that indicate the 
exposure alone and/or exposure response  relationships are different when drugs are 
coadministered? If yes, is there a need for dosage adjustment? 
 
2.4.5.1  Influence of other drugs on suvorexant: 
 
Suvorexant and Ketoconazole DDI Study (P008) 
An open-label, 2-period, fixed-sequence study was conducted in healthy male subjects 
(n=10) to evaluate the impact of ketoconazole, a strong CYP3A and P-gp inhibitor, on 
suvorexant PK. In Period 1, subjects were administered a single dose of 4 mg suvorexant 
only. In Period 2, subjects were administered ketoconazole 400 mg once daily for 11 days 
(Days 1 to 11) and a single dose of 4 mg suvorexant on Day 2. There was at least a 5-day 
washout between the last dose in Period 1 and the first dose of ketoconazole in Period 2. 
Pharmacokinetic samples were obtained for suvorexant and M9 quantitation up to 72 
hours (Period 1) and 240 hours (Period 2) following suvorexant administration. 
 
Summary of PK Parameters of Suvorexant (MK-4305) Following a Single Oral 4 mg 
Dose of Suvorexant Administered With and Without Multiple 400 mg Ketoconazole 

Doses to Healthy Subjects 
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Summary of PK Parameters of M9 Following a Single Oral 4 mg Dose of 
Suvorexant Administered With and Without Multiple 400 mg Ketoconazole Doses  

 
 

Ketoconazole significantly increased suvorexant systemic exposure (AUC0-∞) and t1/2. 
Only a 23% increase in suvorexant Cmax was observed with prolongation in mean Tmax.  
The increase in suvorexant AUC, with minimal increases in Cmax, suggests that 
ketoconazole inhibits systemic clearance of suvorexant. 
Following co-administration of suvorexant with ketoconazole, M9 exposure (AUC) 
increased 1.80 while Cmax slightly decreased (0.71). Similar increases in t1/2 and Tmax of 
M9 to those reported for the parent were observed. However, the metabolite/parent ratio 
decreased from 0.88 to 0.57 with ketoconazole coadministration. 
The decreased M9/MK-4305 ratio and the increased M9 t1/2, indicates that both the 
formation and metabolism of M9 are inhibited by ketoconazole. 
Recommendations: Suvorexant should not be co-administered with strong CYP3A 
inhibitors. 
 
Suvorexant- Rifampin and Diltiazem Interaction Study (P038) 
As the effect of strong CYP3A inhibitors on suvorexant PK was confirmed in study P008 
(ketoconazole interaction study), this study was designed to further assess the effect of a 
moderate inhibitor (diltiazem) of CYP3A and a strong CYP3A inducer (rifampin) on 
suvorexant PK. This was a two-part, open-label, fixed-sequence, randomized study in 
healthy male or female subjects. 
In Part I, subjects (n=10) were administered a single 40-mg dose of suvorexant only 
(Period 1) on Day 1; subjects received a dose of 40 mg suvorexant co-administered with 
rifampin (600 mg) on Day 14 of a 17-day (Days 1 to 17), once-daily rifampin dosing 
regimen (Period 2). There was at least a 5-day washout between the dose in Period 1 and 
the first dose of rifampin (Day 1) in Period 2. Pharmacokinetic samples, for suvorexant 
and M9 quantitation, were obtained predose to suvorexant administration and at selected 
time points up to 96 hours (Periods 1 and 2) following suvorexant administration. 
In Part II, subjects (n=20) were administered a single 20-mg dose of suvorexant only 
(Period 1) on Day 1, subjects were administered diltiazem 240 mg once-daily for 6 days 
(Days 1 to 6) and a single dose of 20 mg suvorexant on Day 2 (Period 2). There was at 
least a 4-day washout between the dose in Period 1 and the first dose of diltiazem (Day 1) 
in Period 2. Pharmacokinetic samples, for suvorexant and M9 quantitation, were obtained 
predose to suvorexant administration and at selected time points up to 96 hours (Period 1) 
and 120 hours (Period 2) following suvorexant administration. 
Following once-daily dosing of 600 mg rifampin, suvorexant exposure (AUC0-∞) was 
significantly reduced. The impact on Cmax was slightly less than that on AUC.  
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M9 AUC0-∞ and Cmax were also significantly decreased after coadministration with 
rifampin, consistent with CYP3A involvement in the biotransformation of M9.  
Although rifampin induces other CYP450s and P-gp, suvorexant is not a P-gp substrate, 
therefore the reported results are likely attributable to CYP3A mechanisms. 
 

Summary of Pharmacokinetic Parameters of Suvorexant (MK-4305) and M9 
Following a Single 40 mg Dose of Suvorexant Alone or Following Concomitant 
Administration with Multiple Doses of 600 mg Rifampin in Healthy Subjects 

 
 

 
 
Administration of diltiazem with a single 20 mg dose of suvorexant significantly (2-fold) 
increased suvorexant AUC0-∞ with a less pronounced effect on Cmax (1.22). Suvorexant 
mean t1/2 values were slightly prolonged while Tmax remained generally unaffected.  
Co-administration of diltiazem also increased M9 AUC0-∞ (1.36), with a decrease in Cmax 
observed. Similar trends in mean apparent t1/2 and median Tmax of M9 to those reported 
for the parent were observed.  
 

Part II: Summary of Pharmacokinetic Parameters of Suvorexant (MK-4305) and 
M9 Following a Single 20 mg Dose of Suvorexant Alone or Following Concomitant 

Administration with Multiple Doses of 240 mg Diltiazem in Healthy Subjects 
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Recommendations: The suvorexant dose in subjects receiving moderate CYP3A4 
inhibitors should be reduced by half. If the recommended suvorexant dose is 15 mg, the 
sponsor needs to develop a lower strength tablet for dose adjustment in patients receiving 
moderate CYP3A4 inhibitors. (PMC) 
The efficacy of suvorexant in subjects receiving CYP3A4 inducers may be decreased. 

 
2.4.5.2  Influence of suvorexant on other drugs 
 
Suvorexant and Midazolam Interaction Study (P015) 
Based on in vitro data, suvorexant appeared to have the potential for inhibitory and 
inductive effects on CYP3A4.  A clinical study was conducted to assess the CYP3A4 
inhibitory potential of suvorexant on midazolam (a sensitive CYP3A4 substrate) 
pharmacokinetics. This was a 2-part, open-label, study in healthy male and female 
subjects (n=12) to evaluate the effect of steady-state suvorexant on single doses of oral 
midazolam (2 mg). In Part 1, subjects were administered a single dose of 2 mg 
midazolam (Day 1), followed by multiple once-daily doses of 80 mg suvorexant for 14 
days (Days 3 to 16) and a single dose 2 mg midazolam on Days 3 and 16. On 
concomitant dosing days (Days 3, 6, and 16), midazolam was given 2 hours following the 
oral 80-mg dose of suvorexant. Blood samples were collected for midazolam PK up to 24 
hours following midazolam administration on Days 1, 3, 6 and 16. 
Pharmacokinetic samples for suvorexant quantitation were obtained predose to 
suvorexant administration and at specified time points up to 72 hours following 
suvorexant administration on Day 16. Additional suvorexant predose samples were 
collected during multiple-dose administration (Days 3, 4, 5, 6, 8, 10, 12, 14 and 15). 
Part II (suvorexant 40 mg with or without co-administration of midazolam) was not 
conducted based on the minimal effect of suvorexant on midazolam in Part I. 
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Midazolam systemic exposure (AUC0-∞ and Cmax) was similar after co-administration of 
midazolam with single dose suvorexant (Study Day 3) compared to midazolam 
administered alone. Midazolam Tmax and t1/2 estimates were similar under both 
conditions. Therefore, suvorexant has minimal potential for clinically meaningful 
reversible inhibition of CYP3A.  
After co-administration of midazolam on Day 14 (Study Day 16) of multiple daily doses 
of suvorexant, midazolam AUC0-∞ increased by 47% compared to midazolam 
administered alone. The AUC0-∞ for midazolam following co-administration on Day 4 
(Study Day 6) of multiple daily doses of 80 mg suvorexant increased approximately 25% 
compared to midazolam administered alone. Generally, the effects on midazolam Cmax 
were less than those observed for AUC0-∞. Midazolam t1/2 was also increased following 
coadministration with multiple daily doses of suvorexant. These results suggest that 
suvorexant is a weak, time-dependent CYP3A inhibitor. 
 
Statistical Comparisons of Midazolam Plasma PK Parameters in Healthy Male and 

Female Subjects Following the Single-dose Administration of 2 mg Midazolam 
Alone, 2 mg Midazolam Co-administered with the First Dose of Multiple Daily 

Doses of 80 mg Suvorexant (MK-4305), and 2 mg Midazolam Co-administered on 
Days 4 and 14 of Multiple Daily Doses of 80 mg Suvorexant 

 
 

 53

Reference ID: 3300926



Recommendations: No dose adjustment is needed for CYP3A substrates, however 
patients on sensitive CYP3A substrates with narrow therapeutic range (e.g., alfentanil, 
cyclosporine, ergotamine, fentanyl, pimozide, quinidine, sirolimus, tacrolimus) should be 
closely monitored. 
 
Suvorexant and Oral Contraceptives (OC) Interaction Study (P013) 
This was an open-label, randomized, 2-period, crossover study in healthy female subjects 
(n=20) to evaluate the effect of multiple-dose (40 mg) suvorexant on oral contraceptive 
Ortho Cyclen™ (ethinyl estradiol 0.035 mg and norgestimate 0.250 mg). Additionally, 
the single- and multiple-dose PK of suvorexant when coadministered with oral 
contraceptives was assessed.  
In Treatment A, subjects were administered a single dose of Ortho Cyclen™ alone on 
Day 1 in the evening. In Treatment B, subjects were administered suvorexant 40 mg 
once-daily for 18 days (Days 1-18) and a single dose of Ortho Cyclen™ was co-
administered with suvorexant on Day 14. There was at least a 10-day washout between 
each treatment period. Plasma was collected for ethinyl estradiol (EE) and norelgestromin 
(NGMN; is an active metabolite of norgestimate) PK evaluation predose and up to 96 
hours following Ortho Cyclen™ administration (Treatments A and B). Blood samples for 
suvorexant quantitation were obtained predose to suvorexant administration (Treatments 
A and B) and at specified time points up to 96 hours following suvorexant administration 
on Day 18 (Treatment B). 
The mean EE and NGMN AUC0-∞ values were slightly increased by 7% and 16%, 
respectively, during coadministration with 40 mg suvorexant. The EE and NGMN Cmax 

values were similar when Ortho Cyclen™ was given in combination with suvorexant, 
compared to oral contraceptive alone.  
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These data are consistent with a low potential for suvorexant to alter the activities of 
CYP3A, uridinediphosphoglucuronosyltransferases (UGTs) and sulfotransferases 
(SULTs). 
The pharmacokinetics of 40 mg of suvorexant administered once daily for 18 days, where 
Ortho CyclenTM was co-administered on day 14, was also evaluated in this study. The 
summary for the suvorexant PK parameters is presented below. Healthy female subjects 
achieved 90% of steady state suvorexant levels generally by Day 3 of multiple once daily 
dosing, with a mean accumulation ratio of 1.53 for AUC0-24, consistent with the mean 
terminal half life of 15.4 hours observed in this study. 
 

Summary of PK Parameters of Suvorexant (MK-4305) On Day 1 and Day 18 
Following Once Daily PM Dosing of 40 mg Suvorexant, with a Single Oral Dose of 

Ortho CyclenTM Co-administered on Day 14 in Healthy Female Subjects 

 
 
The results of this study indicate that impairment of contraceptive efficacy is unlikely. 
Coadministration of this oral contraceptive did not influence the pharmacokinetics of 
suvorexant. 
Recommendations: No dose adjustment is needed for oral contraceptives when given in 
combination with suvorexant. No dose adjustment is needed for suvorexant when co-
administered with oral contraceptives. 
 
Suvorexant and Warfarin Interaction Study (P024) 
Although the results from an in vitro human microsome study suggested that significant 
inhibition of CYP2C9 by suvorexant is unlikely (the IC50 for inhibition of CYP2C9 was 
15 μM with steady-state suvorexant Cmax being approximately 14-fold lower than the 
IC50), the sponsor conducted a DDI study with warfarin since warfarin has a narrow 
therapeutic index and there is potential for concomitant use in the target patient 
population.  
This was an open-label, randomized, 2-period cross-over study in healthy male or female 
subjects (n=14), evaluating the effect of steady-state suvorexant on the R(+) and S(-) 
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enantiomers of warfarin following a single dose of warfarin. In Treatment A, subjects 
were administered a single dose of 30 mg warfarin only. In Treatment B, subjects were 
administered suvorexant 40 mg once-daily for 20 consecutive days (Days 1 to 20) with 
co-administration of a single dose of 30 mg warfarin on Day 14. There was at least a 14-
day washout between the last dose in Period 1 and the first dose in Period 2. Blood PK 
samples were collected pre-dose and at selected timepoints up to 168 hours (Periods 1 
and 2) following warfarin administration for R(+) and S(-) enantiomer quantitation. In 
addition, blood samples for determination of prothrombin time (PT) as measured by 
International Normalized Ratio (INR) values were collected at predose and up to 168 
hours following warfarin administration in each treatment period. 
 
Summary of PK Parameters of Warfarin Following Administration of a Single Oral 
Dose of 30 mg Warfarin and Daily Oral Doses of 40 mg Suvorexant (MK-4305) for 
20 Days with Co-administration of a Single Oral Dose of 30 mg Warfarin on Day 14 

(N=14 Warfarin with Suvorexant, N=13 Warfarin Alone) 
 

 
The R(+) and S(-) enantiomers AUC and Cmax values were similar when warfarin was 
administered in combination with suvorexant, compared to warfarin alone. 
 
Summary of INR AUC0-168h and INRmax Following Administration of a Single Oral 
Dose of 30 mg Warfarin and Daily Oral Doses of 40 mg Suvorexant (MK-4305) for 
20 Days with Coadministration of a Single Oral Dose of 30 mg Warfarin on Day 14 

 
 
The slight increase in AUC0-168h and INRmax, 6% and 9%, respectively, following co-
administration of warfarin with suvorexant is not considered to be clinically meaningful. 
Note: This was confirmed with the Clinical Division (Dr. Illoh). 
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Recommendations: No dose adjustment is needed for warfarin when given in 
combination with suvorexant.  
 
Suvorexant and Digoxin Interaction Study (P016) 
As potential inhibition of P-gp transporters by suvorexant could not be ruled out based on 
the in vitro transporter evaluations, a clinical DDI study with digoxin (a P-gp substrate) 
was conducted.  
This was open-label, randomized, 2-period cross-over study in healthy male or female 
subjects (N=20) to determine the effect of steady-state suvorexant on digoxin 
pharmacokinetics. In Treatment A, subjects were administered a single dose of 0.5 mg 
digoxin. In Treatment B, subjects were administered suvorexant 40 mg once daily for 11 
consecutive days (Days 1 to 11) with co-administration of a single dose of 0.5 mg 
digoxin on Day 4. Blood samples for determination of digoxin concentrations were 
collected at pre-dose and at selected timepoints up to 120 hours (Treatment A) and up to 
192 hours (Treatment B) following digoxin administration. Urine for digoxin quantitation 
was collected predose and up to 48 hours (Treatment A and B) following digoxin 
administration. 
 
Summary of Plasma PK Parameters of Digoxin Following a Single Oral Dose of 0.5 
mg Digoxin Administered With and Without Multiple Doses of 40 mg Suvorexant 

(MK-4305) to Healthy Subjects 

 
 

Summary of Urinary PK Parameters of Digoxin Following a Single Oral Dose of 0.5 
mg Digoxin Administered With and Without Multiple Doses of 40 mg Suvorexant 

(MK-4305) to Healthy Subjects 

 
 
Concomitant administration of a single dose digoxin 0.5 mg with multiple daily doses of 
suvorexant 40 mg slightly increased AUC0-last by 27% and Cmax by 21%. There was no 
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statistically significant change in digoxin renal clearance when administered with 
suvorexant. The geometric mean ratio (digoxin with suvorexant/ digoxin alone) for renal 
clearance with corresponding 90% confidence intervals were 0.94 and (0.82, 1.08). The 
increase in digoxin concentrations in the presence of suvorexant generally occurred 
within the first 6-hours, while plasma concentrations in the terminal phase were 
unchanged. 
 

Mean Plasma Concentration-Time Profile of Digoxin Following a Single Oral 
Dose of 0.5 mg Digoxin Administered With and Without Multiple Doses of 

40 mg Suvorexant (MK-4305) to Healthy Subjects (N=19) 

 
 
Recommendations: No dose adjustment is needed for digoxin when co-administered with 
suvorexant, however serum digoxin concentrations should be monitored as clinically 
indicated. 
 
 
 

2.5 GENERAL BIOPHARMACEUTICS 
 
2.5.1 Based on the BCS principles, in what class is this drug and   
 formulation? What solubility, permeability and dissolution   
 data support this classification? 
 
According to the Biopharmaceutics Classification System (BCS) definition, a drug 
substance is considered highly soluble when the highest dose strength is soluble in ≤250 
mL of aqueous media over the pH range of 1 to 7.5. Based on this definition, suvorexant 
is classified as “low solubility”, with aqueous solubility  for  
drug substance found in the drug product formulation. Suvorexant shows very minor pH 
dependent solubility with slightly higher solubility at acidic pH values. However, overall 
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The validation results from suvorexant and M9 bioanalytical assays are are considered 
acceptable and the results are presented in the table below. 
 

Method DM-909: Suvorexant (MK-4305) Plasma Assay 
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Method DM-928: M9 Plasma Assay 

 
 
Several drug-drug interaction studies were conducted with medications that were 
coadministered with suvorexant. Information regarding the analytical methods used to 
support the analysis of co-administered compounds can be found in the individual study 
reviews (P013, P015, P016, P024, P026). 
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3.0  DETAILED LABELING RECOMMENDATION 
 

 
The clinical pharmacology labeling changes will be made after agreement for the dosing regimen 
is reached at the Advisory Commetee Meeting. 
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1 SUMMARY OF FINDINGS 

 

1.1 Key Review Questions 

The purpose of this review is to address the following key questions. 

1.1.1 Is there any significant dose/exposure-response relationship? And does the 
relationship support the proposed dose?  

No, there is no clear dose/exposure-response relationship for sleep onset (Latency to 
onset of persistent sleep: LPS) and sleep maintenance (Wakefulness after persistent sleep 
onset: WASO). However, the incidence of somnolence appears to be increasing with 
higher concentrations of suvorexant.  

Sponsor conducted two Phase III studies (P028 and P029) and one Phase II dose-ranging 
study. The Phase III studies (P028/P029) were double-blind, placebo-controlled, parallel 
group trials in patients with primary insomnia. Patients aged 18 to <65 years (non-
elderly) randomized to suvorexant, received 20 mg (low dose) and 40 mg (high dose) QD. 
Patients aged ≥65 years (elderly) randomized to suvorexant, received 15 mg (low dose) 
or 30 mg (high dose) QD.  In the primary efficacy analyses on WASO and LPS, both 
dose groups showed statistically significant effectiveness compared to placebo in both 
elderly and non-elderly patients (p-vlaue < 0.00001) on days 1, 28 and 90.   
 
The Phase II dose-ranging study (P006) was a double-blind, two-period crossover, 
polysomnograhic study in patients with primary insomnia. The design consisted of four 
2-period crossover periods, wherein each patient received placebo or one of four 
suvorexant dose levels corresponding to 10, 20, 40, or 80 mg QD. 
 
The sponsor conducted dose-response analyses on pooled data from the 1st period of the 
study 006 and data from the studies 028 and 029.  The sponsor’s dose-response analysis 
showed:  
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(A) Flat dose-response relationship for LPS over the dose range of 10 mg to 80 mg  
(B) Dose dependent changes for WASO in both elderly and non-elderly patients. 
 
For reviewer comments on sponsor’s dose-response analysis, please refer to reviewer’s 
comments on Section 3. 
 
The reviewer conducted independent analyses to assess whether the sponsor’s proposed 
dosing regimen is reasonable or not. The data from only Phase III studies (P028 and 
P029) were pooled for the reviewer’s assessment as there are differences between the 
Phase II study and Phase III studies in many aspects such as the study duration (1 month 
vs. 3 month) and population enrolled (non-elderly patients only vs. both elderly and non-
elderly patients).  The change from the baseline in two objective measures (ΔWASO, 
ΔLPS) were the endpoints used to assess the efficacy of suvorexant.  
  
Figure 1 represents the dose-response relationship for sleep maintenance (ΔWASO) and 
onset (ΔLPS).  It shows little difference in effectiveness between two dose groups for 
both elderly and non-elderly patients.  

Figure 1: LS mean with 95% CI for Δ WASO (top) and Δ LPS (bottom) vs. Dose by 
day.  LS means were adjusted by baseline value, age group, region and gender 

Elderly  
Non-Elderly 
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Elderly  
Non-Elderly 

 

As a next step, the reviewer further looked into the same endpoints related to AUC0-24 
which was predicted from the sponsor’s model. AUC0-24 was categorized by 6 bins with 
same number of patients at each bin. All placebo patients were grouped in the first bin.  

Figure 2 shows the distribution of the predicted AUC0-24. The median AUC0-24 at Day 1 
are 6 μM*hr, 7 μM*hr, 10 μM*hr, 11 μM*hr at 15mg, 20mg, 30mg and 40mg, 
respectively. As suvorexant PK reaches steady-state around day 3, AUC0-24 at Day 28 and 
Day 90 appears to be similar: 8 μM*hr, 8 μM*hr, 14 μM*hr, 14 μM*hr at 15mg, 20mg, 
30mg and 40mg, respectively. Please note that the distributions of AUC0-24 for elderly 
and non-elderly patients are comparable.  

Figure 2: Distribution of predicted AUC (μM*hr) at each dose by day  
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For the safety analysis, the reviewer analyzed the relationship between C9hr (Surovexant 
concentrations at 9h post-dose) and incidence of somnolence and digital symbol 
substitution test (DSST) score. As shown in Figure 4 the probability of somnolence 
increases with higher suvorexant concentrations go up.  In addition, non-elderly patients 
showed higher risk of somnolence at the same concentration compared to elderly 
patients.  

 

 

 

Figure 5 presents dose / concentration and Δ DSST relationship. In elderly patients dose 
dependent (30 mg vs. 15 mg relative to placebo) decrease in DSST was observed.  

  

 

 

 

Table 1, shows the proportion of patients who got impaired after suvorexant 
administration (Δ DSST <0).  However, the magnitude of difference does not seem to be 
noticeable, and DSST score does not show clear concentration-dependent relationship 
either. 

Figure 4: Left: Overall model-predicted relationship for probability of somnolence 
and suvorexant concentration (C9hr). Right: model-predicted relationship for 
probability of somnolence and suvorexant concentration (C9hr) by elderly and non-
elderly patients  
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Figure 5: Dose vs. ΔDSST (top) and C9hr vs. ΔDSST (bottom) relationship by elderly 
and non-elderly patients  

 

Elderly  
Non-Elderly 

Elderly  

Non-Elderly 
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Table 1: Percent of patients who got impaired in DSST score compared to their 
score at baseline (ΔDSST < 0)   

  Elderly Non-Elderly 

  PL 15mg 30mg PL 20mg 40mg 

Day 1 24% 32% 32% 28% 33% 34% 

Day 28 32% 32% 39% 33% 35% 36% 

Day 90 28% 26% 35% 31% 30% 34% 

 

In conclusion:  

 The high dose relative to low dose, for both elderly and non-elderly 
patients, do not provide additional benefit based on the objective sleep 
maintenance (WASO) and onset (LPS) measures. 

 The risk of somnolence increases with suvorexant concentrations.  

 Non-elderly patients showed higher probability of somnolence than 
elderly patients. 

 There is no significant difference in exposure between elderly and non-
elderly patients.  

 The dose of 10 mg also showed similar efficacy to 20 mg in sleep 
maintenance.  There is no dose/exposure-dependent relationship for sleep 
onset in the study 06 but the data is too limited to make definitive 
conclusion (see section 4. Reviewer’s analysis) 

 Based on the reviewer’s analyses, the dose of 15 mg would be reasonable 
starting dose for both elderly and non-elderly patients, although 15 mg 
was not studied in non-elderly patients (it is expected that 5 mg lower dose 
in non-elderly patients will not make much difference in suvorexant 
exposure based on population PK results and distribution of exposure at 
10mg and 20mg from the study 006 (top panel of Figure 23). 

1.1.2 Is there a need for surovexant dose adjustment based on intrinsic /extrinsic 
factors such as gender, age, body weight? 

Age was the major factor that required the adjustment of dose.  This was accounted for in 
the conduct of the Phase 3 studies where elderly individuals (≥65 years) were 
administered a 30 mg maximum dose while non-elderly were given 40 mg. The rationale 
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for this dosing adjustment is based on early phase 1 data, in which elderly subjects 
appeared to have modestly higher exposures compared to non-elderly subjects. Moreover, 
it is suspected that elderly individuals are more sensitive to the effects of suvorexant. 
Figure 6 depicts the concentration vs. time profile of suvorexant after the administration 
of 30 mg to elderly patients and 40 mg to non-elderly patients.  A similar exposure to 
plasma suvorexant is obtained with non-elderly individuals having higher Cmax.    

  

Figure 6:  Suvorexant plasma concentration vs. time for elderly (solid circles) and 
non-elderly (squares).  The symbols represent the mean (+/- 95%CI) observations 

at the corresponding time.  

 

 

Although there were other intrinsic and extrinsic factors that affected the PK of 
suvorexant, the magnitude of the difference does not warrant a dose adjustment. After 
dose adjustment for age, there was no significant influence race or renal function on 
suvorexant PK found. 

1.2 Recommendations 

 

The Division of Pharmacometrics has reviewed the submission (NDA 204569), and there 
is one recommendation on the dosing regimen as follows; 
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2 PERTINENT REGULATORY BACKGROUND 

The sponsor is seeking the approval for suvorexant for the treatment of patients with 
insomnia, characterized by difficulties with sleep onset and/or sleep maintenance. 
Suvorexant is a highly selective antagonist for orexin receptors OX1R and OX2R. By 
blocking the binding of the wake-promoting neurotransmitters orexin A and orexin B to 
orexin receptors OX1R and OX2R, suvorexant inhibits activation of  wakefulness 
promoting neurons of the arousal system, and thereby facilitates the physiological process 
by which the brain transitions from wake to sleep, enabling sleep to occur. The sponsor 
proposed dosing regimen as 40 mg QD for non-elderly adults and 30 mg QD for elderly 
adults before bedtime.  
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3 RESULTS OF SPONSOR'S ANALYSIS 

3.1 Population PK analyses 

 
The sponsor has submitted two (2) population pharmacokinetic analysis reports: 

 “Population Pharmacokinetic Evaluation of Suvorexant Using Data From Phase 1 
Studies” (Report 613) – This report summarizes the development of a population 
PK model of suvorexant.  
 

 “Suvorexant (MK-4305) Absolute Bioavailability Estimate” (Report 611) – This 
report summarizes the use of a population PK model-based approach to estimate 
the absolute bioavailability of suvorexant 10, 20, 40, and 80 mg oral doses with 
the IV and PO dose proportionality data. 

 

3.1.1 Population Pharmacokinetic Evaluation of Suvorexant Using Data From 
Phase 1 Studies (Report 613)  

 
The objective of this analysis was to develop a population PK model of suvorexant using 
full-profile data from doses ranging from 10 mg to 80 mg in 16 Phase 1 studies. 
Moreover, a covariate analysis was performed to quantify the effect of select subject 
demographic factors, clinical laboratory tests, timing of dosing, and other relevant 
clinical factors on the variability in PK parameters. Data for population PK model 
development were obtained from 16 densely sampled Phase 1 studies sponsored by 
Merck & Co. Inc. In addition, data from 4 sparsely sampled Phase 1 studies were 
explored graphically. 
 
A 3-compartment mammillary model with sigmoidal absorption (with lag time), linear 
distribution into the first peripheral compartment (Vp1/F) and saturable distribution into 
the Vp2/F, and first-order elimination was found to be the most appropriate model to fit 
these PK data. A schematic representation of the model structure is provided in Figure 7. 
An exponential model was used to describe the IIV in first-order absorption rate constant 
(ka), F1, CL/F, and Vc/F. A log error model (additive error model using logarithmically 
transformed concentrations) was used to describe the residual error. The parameter 
estimates for the final PK model, including associated precision estimates (%SEM), are 
provided in Table 2. The corresponding goodness-of-fit plots, stratified by dose amount 
(including single versus multiple dose), were presented by the sponsor.  Representative 
diagnostic plots are shown in Figure 8 and Figure 9. 
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Figure 7.  Schematic representation of the suvorexant popPK model structure 
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Table 2.   Parameter estimates for the Full popPK model 

 
 
 
Figure 8.  Goodness-of-fit plots for final popPK model, by dose (40 mg multiple dose 

presented only) 
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Figure 9.  Goodness-of-fit plots – Representative Individual Suvorexant PK profiles. 

Circles represent observed data, dashed line represents individual prediction and 
solid line represents population prediction.     

 

 
Four covariates were added to the model during the covariate analysis process. Gender 
and BMI were both found to be statistically significant predictors of CL/F. The effect of 
AM/PM dose time was found to be statistically significant on F1 and ka. The impact of 
time of dosing on F1 was confounded by dose because all dose levels, with the exception 
of 40 mg, were exclusively administered AM or PM. Relative bioavailability was 
predicted to be 22.6% higher following AM dosing compared to PM dosing. Therefore, 
the estimates of F1 values reflect a mix of dose-dependent differences in the extent of 
absorption combined with the influence of AM/PM dose time. The estimated F1 was 
102.9% for 20 mg (AM), 98.4% for 30 mg (PM), 85.7% for 40 mg (AM), 69.9% for 40 
mg (PM), and 63.8% for 60/80 mg (AM) doses, respectively (with F1 fixed to 100% for 
the 10-mg [AM] dose reference group). Age, race, and renal function were not found to 
be significant predictors of IIV in suvorexant pharmacokinetics. The equations to predict 
the typical values for F1, ka, and CL/F are provided in Equation 1, Equation 2, and 
Equation 3, respectively. 
 

F1i = F1Dose × (1+ flagAMi × 0.226)      (1) 

kai =1.97×(1+ flagAMi ×1.29)      (2) 

   CL/Fi = 4.81 x (BMIi/25.9) –1.23 x (1 – flagFemalei x 0.205) (3) 
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Where: 
F1i = relative bioavailability in the ith subject 
F1Dose = typical relative bioavailability for a specific dose 
flagAMi = flag variable for dose taken in the AM in the ith subject (0 for no; 1 for yes) 
kai = first-order absorption rate constant in the ith subject 
CL / Fi = apparent clearance (L/h) in the ith subject 
BMIi = body mass index (kg/m2) in the ith subject 
flagFemalei = flag variable for gender of the ith subject (0 for male; 1 for female) 
 
The suvorexant CL/F for a male subject with a median BMI of 25.9 kg/m2 is estimated at 
4.81 L/h. A 20.5% reduction in CL/F is predicted in female subjects, resulting in a 
suvorexant CL/F of 3.82 L/h for a typical female with the same median BMI of 25.9 
kg/m2. Suvorexant CL/F is negatively related to BMI, with the decrease in CL/F 
described by a power function as BMI increases. To illustrate the impact of these 2 
significant covariates on the population mean CL/F and resultant drug exposure, the 
typical CL/F and steady-state AUC0-24 (for a 40-mg dose), graphically displayed as a 
function of BMI and gender, are provided in Figure 10. As these plots, along with 
Equation 3 indicate, the population mean CL/F will decrease from 8.07 L/h to 3.32 L/h 
for a typical male and will decrease from 6.42 L/h to 2.64 L/h for a typical female with 
BMI values ranging from 17 kg/m2 to 35 kg/m2.   
 

Figure 10.  Plots of Population Mean for CL/F (left plot) and AUC0-24 (right plot) for 
a 40 mg dose as a function of BMI and Gender 

 

The statistically significant covariates included in the final PK model (BMI, gender, and 
AM dosing), as well as other plausible covariate predictors were assessed to determine if 
they exhibited a clinically relevant impact on suvorexant exposures  a forest 
plot was constructed to communicate the relative differences in suvorexant exposure 
(geometric mean ratio of AUC0-24 and Cmax) as a consequence of intrinsic demographic 
features (age, BMI, and gender and race). The corresponding values for the geometric 
mean ratios (including 90% CI) for this series of covariates are provided in Figure 11. 
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The sponsor concludes the following: 
 
 The PK of suvorexant are described by a 3-compartment mammillary model with 

sigmoidal absorption (with a lag time), dose dependent F1, saturable distribution into 
the deep-tissue compartment, and linear elimination. 

 The F1 decreases with increasing dose, and is impacted by AM versus PM dosing. 
For a typical subject, F1 following PM dosing is predicted to be 83.9%, 80.3%, 
69.9%, and 52.0% for 20-, 30-, 40-, and 60/80-mg doses in relation to a 100% 
bioavailability for a reference 10-mg suvorexant oral dose. The corresponding typical 
F1 following AM dosing is predicted to be 102.9%, 98.4%, 85.7%, and 63.8% for 20, 
30-, 40-, and 60/80-mg doses. 

 Apparent oral clearance for a typical subject is 4.81 L/h, with 21.77 %CV 
unexplained IIV. There was no detectable evidence of time-dependent changes in 
CL/F in these data, indicating a minimal likelihood of considerable auto-inhibition of 
clearance impacting suvorexant elimination. 

 Suvorexant distributes in the body beyond the systemic circulation, as evidenced by 
an estimated Vc/F of 58.3 L (with 14.25 %CV IIV) and Vp1/F of 47.6 L. 

 The absorption for suvorexant is relatively rapid and best described by a sigmoidal 
function, representing zero-order release of drug from the tablet formulation followed 
by first-order absorption. The estimated first-order absorption t1/2 was 0.35 h for a 
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typical subject; the estimated IIV in the first-order absorption process was 156.84 
%CV. 

 No statistically significant influence of age, race (including Japanese race), or renal 
function on suvorexant PK was found. 

 Administration of suvorexant in the AM is predicted to increase F1 by 22.6% and 
increase ka by 129% compared to PM administration. 

 Apparent oral clearance of suvorexant is lower by 20.5% in females compared to 
males and decreases with increasing BMI, according to a power function, resulting in 
the lowest CL/F in the heaviest female patients. An approximate 2- to 3-fold 
reduction in CL/F is expected when comparing men with relatively low BMI versus 
obese women. 

 No statistically significant covariates were determined to exhibit a clinically relevant 
impact on suvorexant PK based on clinical bounds of 0.5 and 1.7 for geometric mean 
ratios of AUC0-24. 

 
Reviewer’s comments:  A population PK analysis, utilizing rich PK data from 16 
suvorexant Phase 1 studies, was performed. A sophisticated PK model was generated to 
characterize the sharp peaks observed during the absorption phase and the dose 
dependent bioavailability of suvorexant.  Residual diagnostics based on the sponsor’s 
analyses showed that the model fitted the data reasonably well. The reviewer reproduced 
a similar analysis. With regard to the covariates chosen, the analysis concluded similar 
results with similar parameter estimates. However, to determine the clinical relevance of 
the covariate effects on exposure, the sponsor has chosen a somewhat arbitrary clinical 
bound of 0.5 to 1.7 for the geometric mean ratios.  The reviewer will defer to the 
comments from the exposure-response analysis to assess the importance of the clinical 
bounds.  
   
The reviewer concludes the analysis, and the corresponding conclusions and 
interpretations, presented by the sponsor is reasonable.  Plots depicting the covariate-PK 
parameter relationships are shown in the reviewer’s analysis.       
 

3.1.2 Suvorexant (MK-4305) Absolute Bioavailability Estimate 

 
The objective of this analysis was to use a population PK model-based approach to 
estimate the absolute bioavailability of suvorexant 10, 20, 40, and 80 mg oral doses with 
the IV and PO dose proportionality data from P018. Due to the unusual exposures 
observed at the 30 mg IV dose, where exposures were similar to those observed at the 20 
mg IV dose despite dose proportional increases in exposure over the 5 to 20 mg IV doses, 
the estimation of bioavailability values was done excluding and including the data from 
the 30 mg IV arm as a sensitivity analysis. This analysis was based on the PK data from 
the Oral and IV Dose Proportionality Study (P018). This study was an open-label, 
randomized, two-part study in healthy male and female subjects (n=48) to determine 
proportionality of MK-4305 following intravenous (IV) and oral (PO) administration.    
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Densely sampled PK data from the IV and PO doses of P018 were pooled to obtain 
estimates of absolute bioavailability for each of the oral doses (10, 20, 40, and 80 mg) 
using a population pharmacokinetic approach. Log transformed individual plasma 
concentration-time profiles were fit with a 3-compartment mamillary model based on the 
base structural model chosen in the "Population Pharmacokinetic Evaluation of 
Suvorexant Using Data From Phase 1 Studies" (Report 613).   
 
The absolute bioavailability of the 40 mg dose was estimated, while the bioavailabilities 
of the 10, 20 and 80 mg doses were estimated as fractional changes relative to the 
bioavailability at 40 mg as follows: 

F140mg = θ1 

F110mg = F140mg*(1+ θ2*flag10) 

F120mg = F140mg*(1+ θ3*flag20) 

F180mg = F140mg*(1+ θ4*flag80) 

where F1 is the bioavailability at each dose level, θ1 is the bioavailability at the 40 mg 
dose, θ2-4 are the fractional changes in bioavailability for the 10, 20, and 80 mg doses 
relative to 40 mg, and the flag terms are indicators for the dose (flag10=1 for the 10 mg 
dose and 0 for all other doses, etc.). 

 
The estimated bioavailability for the 10, 20, 40, and 80 mg doses with and without the 30 
mg IV arm are listed in Table 3 (reported as median and 90% percentiles based on the 
uncertainty in the parameter estimates). To obtain these values, 1000 sets of parameter 
estimates (F1 for 40 mg and fractional changes relative to 40 mg for all other doses) were 
sampled from the variance/covariance matrix for the final models assuming a 
multivariate normal distribution. The increases in the bioavailability estimates with 
inclusion of the 30 mg IV arm are at most ~6% and roughly within the standard error of 
the bioavailability estimates. 

 

Table 3: Bioavailability Estimates for the 10, 20, 40, and 80 mg Oral Dose of 
Suvorexant 
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Inclusion or exclusion of the 30 mg IV arm, in a sensitivity assessment, had minimal 
impact on the absolute bioavailability estimates for the 10, 20, 40, and 80 mg doses. The 
absolute bioavailability at the 10, 20, 40, and 80 mg doses excluding the 30 mg IV arm 
were 0.82, 0.63, 0.47, and 0.37. Including the 30 mg IV arm, the absolute 
bioavailabilities at the 10, 20, 40, and 80 mg doses were 0.88, 0.68, 0.52, and 0.41. In 
both cases, the absolute bioavailability estimates indicate that suvorexant has a moderate 
bioavailability. The result excluding the 30 mg IV arm is used as the definitive 
bioavailability assessment, because it is unclear if the exposures observed in that arm 
accurately reflect the true exposure at that dose level. The range of absolute 
bioavailability estimates are consistent with those estimated based on IV and oral 
exposures at each dose level and are consistent with those observed for preclinical 
species. Lastly, the decreasing absolute bioavailability with increasing dose are consistent 
with the less than strictly dose proportional increases observed in clinical studies for 
suvorexant. 
 
Reviewer’s comments:  Using the population PK model generated from the 16 pooled 
Phase 1 studies, the sponsor attempted to estimate the absolute bioavailability of 
suvorexant 10, 20, 40, and 80 mg oral doses with the IV and PO dose proportionality 
data.  Based on the range of data, the reviewer concurs that the use of the prior model was 
appropriate to ascertain suvorexant bioavailability. With anomalous exposures seen with 
the 30 mg IV dose, the sensitivity analysis was performed with and without the 30 mg IV 
dose data.  The reviewer concurs that exclusion of this data has a nominal effect on the 
bioavailability estimation.  Thus, the reviewer concludes the analysis, and the 
corresponding conclusions and interpretations, presented by the sponsor is reasonable.     
 

3.2 Exposure-Response Analyses 

3.2.1 Efficacy 

 
The sponsor’s exposure-response analyses included data from a Phase 2B dose-ranging 
trial (P006, first period only) and the two pivotal Phase 3 trials (P028 and P029). 
Table 4 summarizes the design for each study included in the sponsor’s exposure-
response analyses.  
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Table 4: Summary of study design for studies P006, P028 and P029  

 
 
The sponsor evaluated subjective measures such as sTSTm (Weekly mean of subjective 
total sleep time), sTSOm (Weekly mean of subjective time to sleep onset) and 
sWASOm(Weekly mean of subjective wakefulness after sleep onset) as well as objective 
measures such as WASO (Wakefulness after persistent sleep onset), LPS (Latency to 
onset of persistent sleep) related to suvorexant dose or exposure. In addition to these, 
DSST (Number of correct responses in the digital symbol substitution test) was analyzed 
as an objective measure of next day residual effect.  
 
For the objective measures, separate time-dependent placebo and drug effects were 
estimated for each of the 3 measurement visits since post-baseline time points were 
limited to Days 1, 28 and 90; whereas, for subjective measures, continuous functions of 
time (typically exponential relationships) were postulated for the weekly averages of the 
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subjective measures to describe the time-course of placebo response and the potential 
attenuation of the drug effect over time. Interindividual random effects were included on 
baseline, placebo and drug model parameters either as additive (normal) or exponential 
(log-normal) effects. The additive models assumed a normal (additive) residual error 
model while the multiplicative models assumed a log-normal residual error model. The 
key assumptions and limitations in the modeling approach were: 
• Assumed potency (ED50 or EC50) is time-invariant 
• Assumed covariate effects are time-invariant (i.e., no covariate by time interactions) 
• Time course of subjective measures beyond 12 weeks not evaluated due to difficulties 
in pooling the long term safety study with the 3-month treatment phase from the double-
blind efficacy studies 
• Limited exposure-range in the elderly (only 15 and 30 mg doses evaluated – data 
limited to Phase 3) 
 
The sponsor evaluated both dose and C9hr concentrations (9 hours post dose) as potential 
predictors of the exposure-response model for each measure, and the sponsor found dose 
better predictor of response than C9hr. 
Dose was normalized by creatinine clearance (CrCL) to facilitate interpretation of the 
CrCL effect as pharmacokinetic effect as given by the expression: 

 
 
For each endpoint model, age was included as a structural covariate on baseline and ED50 
and Emax parameters. Covariate effects on baseline and drug parameters were also 
evaluated for baseline body weight, gender, race, ethnicity, creatininine clearance, and 
study cohort (Qcohort – patients recruited for the questionnaire only cohort, PQ-cohort – 
patients recruited to participate in the polysomnographic procedures as well as the sleep 
questionnaire) during the covariate model development step. 
Table 5 and Table 6 present the summary statistics of each covariates which was 
evaluated in the sponsor’s exposure-response analyses for objective and subjective 
measures.  
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Table 5: Summary of covariates included in the sponsor’s exposure-response 
analyses for objective measures  
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Table 6: Summary of covariates included in the sponsor’s exposure-response 
analyses for subjective measures 

 
 
 
The sponsor’s exposure-response analyses showed that  
 

 For WASO, the predicted ED50 for a 40 year old patient weighing 70 kg was 11.4 
mg and the predicted ED50 for elderly and heavier (90 kg) patients was 16.8 and 
18.0 mg, respectively. 
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 For LPS, the ED50 could not be estimated due to the flat response curve within the 
dose range suggesting the maximal drug effect is observed at the lowest dose 
studied (10 mg) 

 
 For sWASOm, exposure-response relationship was adequately characterized by 

an additive model with instantaneous and time-dependent placebo effects and 
linear dose-response drug model for the non-elderly and a constant drug effect 
assuming the maximum drug effect is achieved at the lowest dose (15 mg) in the 
elderly. 

 
 For sTSTm , exposure-response relationship was adequately characterized by an 

additive model with instantaneous and time-dependent placebo effects and an 
Emax dose-response drug model that attenuates with time. The predicted ED50 
for both non-elderly and elderly patients was 14 mg. 

 
 For sTSOm, exposure-response relationship was adequately characterized by a 

multiplicative model with instantaneous and time-dependent placebo effects and 
an Emax dose-response drug model that attenuates with time. The predicted ED50 
for non-elderly and elderly patients was 18 and 52 mg, respectively. 

 
 For DSST, the exposure-response was characterized by a linear model in C9hr 

concentration with a slope that was invariant with time. 
 

 Many of the covariate effects including gender, race, ethnicity and cohort for 
certain response measures had an influence on baseline but not on the drug effect 
parameters. Table 7 shows listing of covariate effects for each response measures.  

 

Table 7:  Summary of covariates effects for each response variable in the sponsor’s 
exposure response analyses. B, D, and P indicate the effect at baseline, drug and 
placebo; NS represent no effect for any of component; NE means that the covariate 
was not evaluated in the model. 

 
 
The final models were used in simulations to provide dose predictions for non-elderly 
and elderly patients and the combined results are presented Figure 12 and 

 26

Reference ID: 3300926



Figure 13.  
 
 
Figure 12: Mean Placebo-Corrected Change from Baseline (PC-CFB) Dose-
Response of Onset, Maintenance, and Residual Effects in Non-Elderly Adults at 
Month 3 based on the sponsor’s final models for each endpoint  
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Figure 13: Mean Placebo-Corrected Change from Baseline (PC-CFB) Dose-
Response of Onset, Maintenance, and Residual Effects in Elderly Adults at Month 3 
based on the sponsor’s final models for each endpoint  

 
 
 

3.2.2 Safety 

 
The sponsor investigated the occurrence of somnolence, sedation, fatigue, and excessive 
daytime sleepiness (EDS) using the data from one Phase IIb (P006) and three Phase III 
studies (P009, P028, and P029). .  
 
Suvorexant plasma concentrations the morning after evening dosing (at ~9 hours post-
dose –C9hr) was used for the exposure in the sponsor’s exposure-response analyses.  
The individual steady-state C9hr values were determined as the geometric mean of all 
concentrations obtained in that individual that were obtained between 7 and 13 hours 
postdose on treatment day 3 or later. In some instances, if only one value is available, that 
value was used as the steady-state C9hr values. If no values are available in a subject, C9hr 
were treated as missing. Days 3+ were chosen because the pharmacokinetics were 
expected to be at steady-state in this period.  
 
Table 8 summarizes the event rate for each adverse event along with summary statistics 
of C9hr. Based on exploratory evaluations, formal PK/AE model development was 
developed for somnolence and fatigue, but evaluation of sedation and EDS were limited 
to the exploratory work, as the small number of patients with occurrence and the lack of 
apparent strong relationships with C9hr precluded meaningful model development. 
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Table 8: Summary statistics for each adverse events and C9hr from observed data  

 

 
 
Each adverse event was counted as 1 if this was reported at any time during treatment 
regardless of severity or duration of the adverse event, otherwise 0.  
 
The somnolence incidence rates with C9hr were described by an Emax structural logistic 
regression model. The final parameter estimates corresponded to an incidence rate of 
~2.7% in placebo patients rising to ~24.5% at maximal drug. The EC50 for this 
relationship was 0.60 μM, which is the mean C9hr value obtained at ~38 mg suvorexant. 
 
Fatigue incidence vs. C9hr was described by bi-phasic structural logistic regression model, 
consistent with the incidence of fatigue initially increasing with increasing C9hr, but then 
falling at higher C9hr values. The biphasic structural form could be interpreted as 
describing the interplay of two drug effects (one positive and one negative) that create a 
rise and fall in probability, such as the interplay could arise if the risk for fatigue was 
increased by residual drug concentrations present in the morning and the risk for fatigue 
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was also decreased by beneficial treatment of the underlying insomnia condition. The 
final parameter estimates corresponded to a peak incidence rate of ~6% occurring at a 
C9hr value of 0.67 μM (mean C9hr at ~45 mg). The incidence of fatigue by dose was 
predicted to be fairly flat in the clinical range with fatigue incidence rates of 3.3%, 1.9%, 
and 1.5% at doses of 40 and 20 mg and placebo, respectively, in non-elderly adults. 
 

Figure 14: The predicted exposure-adverse event relationships for somnolence and 
fatigue from the sponsor’s model. Each dot and bar represents the observed 
incidence rates with 95% CI at 10 bins of C9hr  

 
 
Reviewer’s comments:  

 
 It would not be adequate to pool data from phase II study and phase III studies as 

there are many differences in the study design 
 The sponsor’s final models for two objective measures (LPS, WASO) are 

questionable in terms of predictability.  
o Shrinkage estimates for Emax parameters for LPS and WASO were 

reported as 100% and 81%, respectively, meaning that 
  Individual parameter estimates for Emax are not reliable or 
 The final model may not be correct as it is well-known that 

shrinkage can be falsely induced covariate relationship.  
o The sponsor’s model’s prediction is not consistent with the observed mean 

for both endpoints.  
 As shown figures below, the sponsor’s model under- and over-

predicts WASO in non-elderly and elderly patients, respectively, 
which is also reflected in prediction for WASO in Figure 12 and 
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Figure 13.    
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APPEARS THIS WAY ON ORIGINAL



 

  
Observed data represented by symbols, observed geometric mean (solid line), observed 

10th 

(lower dashed line) and 90th (upper dashed line) percentiles. The shaded grey areas 

correspond 

to the 90% prediction intervals for geometric mean (middle shaded area) and 10th (lower 

shaded 

area) and 90th (upper shaded area) percentiles. 
Source: the sponsor’s report, page 61.  
 

 

The histograms summarize the distribution of the arithmetic mean ΔΔWASO predictions 
from 

1000 simulated trials. The dashed lines correspond to the 5th and 95th percentiles of 

the 

predictions. The solid line corresponds to the observed arithmetic mean response. 

Source: the sponsor’s report, page 62.  
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4 REVIEWER’S  ANALYSES 

 

4.1 Objectives 

 

To assess whether the sponsor’s proposed dosing regimen is acceptable given benefit 
and risk profile of suvorexant by the reviewer’s independent analyses 
To determine if there is a need for surovexant dose adjustment based on 
extrinsic/intrinsic factors such as age, gender, body weight. 

 

4.2 Methods 

 

Population PK analysis 

The reviewer produced a similar covariate analysis using the reviewed suvorexant popPK 
model. Univariate graphical analysis was performed to evaluate trends in the covariate-
exposure relationships. The same covariates and similar criteria for covariate selection 
was chosen for the backward and forward stepwise covariate modeling (p-value <0.1 
deemed to be a significant covariate).   

 

Exposure-Response analyses 

For the efficacy analyses, unlike the sponsor’s analyses, the reviewer pooled data from 
two Phase III studies (P028 and P029) as the study of P006 is different from two Phase 
III studies in terms of study design and patients included in the study; the study of P006 
is a two-way crossover study with only 1 month study duration and only non-elderly 
patients were included.  

The reviewer analyzed the primary endpoint, the change from the baseline for all efficacy 
measures and the predicted AUC 0-24 was used for the exposure measure. AUC 0-24 was 
predicted the sponsor’s model which was based on the data from 15 Phase I studies. The 
sponsor’s final model is presented below; 

 

Where Y0: intercept, Fr10mg: 10 mg dose effect on intercept, Fr20mg: 20mg dose effect 
on intercept, FrPM: PM dosing effect on intercept, Frpre-obese: Pre-obese BMI effect on 
intercept.  The parameter estimates are presented in the appendix.  

 

The sponsor’s model shows good agreement between AUC 0-24 (μM*hr) and C9hr (μM) 
in Phase III studies as well as Phase I studies (Figure 15).  
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Figure 15: The correlation between predicted AUC0-24 (μM*hr) and C9hr (μM).  

The left graph shows the relationship in Phase I studies which came from the 
sponsor’s analysis, and the right graph is based on the data from two Phase III 
studies.  

 

 

Through the series of internal team meetings there was an agreement that we should rely 
more on the objective efficacy measures (WASO, LPS) than the subjective measures 
(sTSOm, sTSTm and sWASOm) as the subjective measures could be influenced by a 
patient’s personal mood.  The reviewer’s analyses for the subjective measures are 
consistent with the sponsor’s analyses.  The reviewer will present the results only for the 
objective measures in the exposure-efficacy analyses.  

For the safety analysis, the reviewer focused on the incidence of somnolence, and C9hr 

was used as an exposure. The reviewer observed that the majority of the incidence of 
somnolence occurred before day 3 (Figure 16).  Hence, the concentrations measured at 
day 1 were linked to the incidence of somnolence if it occurred before day 3, and 
concentrations at steady state (geometric mean of two concentrations at day 28 and day 
90) were related to the incidence otherwise.  The logistic regression model was applied.  
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Figure 16: Time-profile of incidence of somnolence by dose  

 

 

4.2.1 Data Sets 

 

Data sets used are summarized in Table 9. 

Table 9:  Analysis Data Sets 

Study Number Name  Link to EDR 

Pooled phase 1 
studies 

Study 06 

Study 028 

Study 029 

poolpk1.xpt   

WASO.xpt 

LPS.xpt 

\\Cdsnas\pharmacometrics\Reviews\Ongoing 
PMReviews\Suvorexant_NDA204569_JYL\PPK 
Analyses\613\datasets 

\\Cdsnas\pharmacometrics\Reviews\Ongoing 
PMReviews\Suvorexant_NDA204569_JYL\ER 
Analyses 

Psg028.sas7bdat 

Psg029.sas7bdat 
 Dsst.xpt 

Ae,xpt 

 

 

4.2.2 Software 

SAS 9.2 and R 2.5 were used for the analysis.  

4.2.3 Model Results 

 

Population PK analyses  
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Figure 17.  Influential covariates on Bioavailability (F1) top, Clearance (CL) middle, and 
Absorption Rate (Ka) bottom. Dose is in mg, AM refers to AM dosing (0 or 1 = yes or no), 

SEXF refers to sex female as reference (0 or 1 = yes or no), and BMI (kg/m2) 

  

 
 

  
Note: For covariate-PK parameter relationships, blue circles represent individual parameter estimates and 
the solid black symbols on box-plots represent the median. For continuous covariates, the solid red line 
represents the moving average smoother. 
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Exposure-Response Analyses 

 

The top panel of Figure 1 presents the least square mean (LS mean) with 95 % CI of 
change from the baseline in WASO (hereafter Δ WASO) by dose group at each time 
point.  Overall there is no apparent dose-dependent relationship shown for both elderly 
and non-elderly patients, which is consistent with the sponsor’s efficacy analysis where 
high dose was compared to low dose with 95% CI including 0.    

 

As a supplementary analysis, the reviewer made cumulative distribution which shows the 
percent of patients at each ΔWASO values ranged from -200 minutes to 200 minutes. For 
example, in elderly patients about 60 % and 80 % of patients in placebo and suvorexant 
groups had better sleep maintenance compared to baseline (ΔWASO < 0) whereas about 
80 % and 90% of patients in placebo and suvorexant groups showed improvement in 
sleep maintenance in non-elderly patients. However, there is little difference between 
dose groups.  

Figure 18: Cumulative distribution of ΔWASO  

Xaxis is the value of ΔWASO, Yaxis is the percent of patients achieving 
corresponding ΔWASO on Xaxis by dose at day 90.  

 

  

 

The bottom panel of Figure 1 shows dose-response profile in change from the baseline in 
LPS (hereafter Δ LPS) with no dose-response relationship for both elderly and non-
elderly patients.  
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Based on the observations from dose-response relationship, the reviewer further 
examined whether the sleep onset or sleep maintenance would be improved in the 
exposure-dependent manner. Figure 19 presents the distribution of observed C9hr by 
dose at each day. Note that the distribution of concentration appears to be comparable 
between elderly and non-elderly patients at the same dose level.  Also, the median C9hr 
is a bit higher in female patients than that in male patients but overall distribution seems 
to be comparable (Figure 20).  As explained before, AUC0-24 was used for the exposure 
measure in the analyses. AUC 0-24 was categorized by 6 bins with same number of 
patients at each bin. All placebo patients were grouped in the first bin. The median AUC0-

24 at day 1 are 6 μM*hr, 7 μM*hr, 10 μM*hr, 11 μM*hr at 15mg, 20mg, 30mg and 40mg, 
respectively. As suvorexant PK reaches steady-state around day 15, AUC0-24 at day 28 
and 90 appears to be similar: 8 μM*hr, 8 μM*hr, 14 μM*hr, 14 μM*hr at 15mg, 20mg, 
30mg and 40mg, respectively. Please note that the distributions of AUC 0-24 for elderly 
and non-elderly patients are comparable (Figure 2). 

 

Figure 19: Suvorexant C9hr (concentration post 9 hour dosing) distribution by dose 
at each measured day. The doses of 15 mg and 30 mg were assigned to elderly 
patients, and 20 mg and 40 mg were assigned to non-elderly patients.  
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Figure 20: Suvorexant C9hr (concentration post 9 hour dosing) distribution by dose 
and gender  

 

 

Figure 21 presents the exposure-response relationship for ΔWASO which shows no clear 
exposure-dependent improvement over the dose range of 10 mg to 40 mg.   

The top panel of Figure 3 shows the results by elderly and non-elderly patients where 
non-elderly patients seems to get better benefit in ΔWASO compared to elderly patients 
but there appears to be still no clear exposure-dependent relationship in both populations.  
Note that the reviewer could not fit the model due to the flat exposure-response 
relationship.  
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As there is little difference shown in both sleep maintenance and onset measures between 
two dose groups the reviewer further looked into the effectiveness of dose of 10 mg using 
data from the study 006 which is Phase II dose-ranging study. As the sponsor provided 
the data from the 1st period of study, the analysis was performed with only 1st period data. 
Also note that the patients enrolled in the study 06 were only non-elderly patients and the 
duration of study was 1 month.  So the reviewer could evaluate the effectiveness only for 
non-elderly patients at day 28 (month 1).  

The graph on the left panel of Figure 23 shows the dose-proportionality of suvorexant 
over the dose range of 20 mg to 80 mg.  The median AUC 0-24 for 10 mg dose was 5.3 
μM*hr in comparison to 6.3 μM*hr for 20 mg.  

Based on the exploratory look at the data from the study 06, the effectiveness at 10 mg 
seems to be little different from 20 mg in terms of both sleep maintenance and onset 
measures. However, this finding is not conclusive due to the limited data from the study 
006.  

Figure 23: The distribution of AUC0-24 (μM*hr) at each dose (top), the mean ± SE of 
ΔWASO (middle) and the mean ± SE of ΔLPS (bottom). The data came from only 
1st period of the study 006. The dotted horizontal lines on the top indicate the 
median AUC0-24 at each dose: The median AUC0-24  are 5 μM*hr, 6 μM*hr, 12 
μM*hr and 21 μM*hr at 10mg, 20mg, 40mg and 80mg, respectively.   
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Somnolence 

The results from the reviewer’s safety analysis are presented in Figure 4. Being consistent 
with the sponsor’s analysis result, the incidence of somnolence appears to increase as the 
residual concentration goes high. Given the same residual concentration non-elderly 
seems to have higher risk compared to elderly patients.  

 

Number of correct responses in the Digital Symbol Substitution Test (DSST) 
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 43

The reviewer also analyzed the data from digital symbol substitution test (DSST), 
which is one of objective psychometric measures.  

 

 

Figure 5 presents the results from the analyses.  In elderly patients dose dependent 
(30 mg vs 15 mg relative to placebo) decrease in DSST was observed.   

 

 

 

Table 1, shows the proportion of patients who got impaired after suvorexant 
administration (Δ DSST <0).  However, the magnitude of difference does not seem to be 
noticeable, and DSST score does not show clear concentration-dependent relationship 
either. 

 

 

 

 

Table 1 displays the percent of patients who got worsened in DSST score compared to 
the baseline. Being consistent with the previous analysis, more elderly patients at high 
dose got impaired in DSST score than low dose at months 1 and 3 but there is little 
difference between two doses in non-elderly patients.  

   

5 LISTING OF ANALYSES CODES AND OUTPUT FILES 

File Name Description Location in 
\\cdsnas\pharma
cometrics\ 

WASO.primary.SAS 

LPS.primary.SAS 

AE.SAS 

DSST.SAS 

 E-R analysis for WASO 

E-R analysis for LPS 

E-R analysis for somnolence 

E-R analysis for DSST 
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