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REVIEW OF FIRM’S RESPONSE TO GENERAL CORRESPONDENCE

Background of 1.0 mg Dosage Strength

The original NDA proposed EstorraTM 2.0 and 3.0 mg dosage strengths for
commercialization. In addition, information for 1.0 mg dosage strength was also

included in the original NDA in the Pharmaceutical Development Overview section

{Section 4.A.3.4.4; cmc\product\product.pdf, page 13). As described in Section

4.A.3.4.4, the components of the 1.0 mg core tablets were the same as the 2.0 and 3.0 mg
strengths, with a slight difference in the amount of active ingredient, which is

quantitatively offset by an _ — to maintain a
target core weight of — (ie., , less than SUPAC Level 1 change) . In-process and release
data from four batches were also provided. These batches were produced at the same scale as the
registration batches for 2.0 and 3.0 mg (i.e., —_ or and utibized —

— film coating. These batches have also been placed in ICH stablhty studies, utilizing a study
plan essentially identical to the 2.0 and 3.0 mg studies.

The formulation and manufacturing process for the proposed commercial batches w1ll be
identical to the 1.0 mg development batches with the exception that a —_

film coating will be used for product differentiation purposes. Please note that this
approach was discussed during the Pre-NDA CMC meeting on September 28,2001. The
Division agreed with Sepracor's plans to differentiate the additional dosage strength with
a new color and stated that adding a new color to the coating of an immediate release
formulation is usually not an issue {refer to FDA minutes issued March 6, 2002).

Based upon the requested formulation of this 1.0 mg strength and that a formal waiver for this
strength should be submitted to the FDA, the following comments were sent to the firm.

FDA Comment 1:

1. The sponsor should submit a formal request to the FDA for waiver of the mn vivo
bioequivalence requirements for their proposed 1 mg tablet (see CFR 320.22(d)}.

Firm’s Reply:
Formal Request for Waiver




As discussed in the May 4, 2004, End-of-Review Conference, a request for a waiver of the in
vivo bioavailability requirements for the proposed commercial 1.0 mg eszopiclone product is
provided in this submission, as an attachment to the cover letter (Cover Letter Attachment).

We believe that the 1.0 mg strength meets the conditions described in 21 CFR

§320.22(d)}(2)(ii) when compared with the 2.0 and 3.0 mg strengths. The 1.0 mg strength meets
the same acceptance criteria, uses the same to-be-approved in vitro dissolution test method, and
1s proportionally similar in its active and inactive ingredients to the 2.0 mg and 3.0 mg strength
tablets, as defined in CDER s Guidance for Industry: Bioavailability and Bioequivalence Studies
for Orally Administered Drug Products General Considerations (March 2003).

FDA Comment 2:

2. The sponsor should supply dissolution data for the new formulations using the following
method which was used in the original NDA submission.

Summary of Drug Product Dissolution Method and Specification

Dosage Form Esopiclone Tablets

Strengths 2.0 and 3.0 mg

Apparatus USP Type 2 apparatus {paddie)
Media -

Volume -

Speed of Rotation -

Acceptance Criterion Q=" at 30 minutes

Firm’s Reply:

2. Dissolution Data for 1.0 mg Product

In accordance with 21 CFR §320.22(d)(2)(ii), the 1.0 mg drug product meets an appropriate in
vitro test namely, the same dissolution analytical method and acceptance criterion proposed
for the 2.0 and 3.0 mg drug products and summarized in the Action Letter dated February 27,
2004. Dissolution data for the 1.0 mg strength are provided below as follows:

¢ Development tablets used in clinical studies, formulated with —  coating of
batches FO408001 (Table 1) and F0844001 (Table 2)

* Proposed commercial tablets, formulated with light blue coating of batches
F1466001 (Table 3), F1469001 (Table 4), and F1477001 (Table 5). Analytical data show
that each of these 1.0 mg batches meets the proposed dissolution acceptance criterion of Q =

~ at 30 minutes. '

Please note: All dissolution Tables are in Appendix L.

FDA Comment 3:




3.The sponsor should consider scoring the 2 mg tablet as an alternative source for the proposed
new | mg tablet.

Firm’s Reply:

This comment was not sent to the firm in the Action letter.

Comment To the Firm:

The I mg commercial Esopiclone tablet is compositionally proportional to the commercial 2 mg
Esopiclone tablet which has been shown to be Bioequivalent to the 2 mg clinical Esopiclone

tablet. Therefore the waiver of in vivo bioequivalence requirements for the | mg commercial
Esopiclone tablet is granted.
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Table 1. Dissolution Profiles for 1.0 mg —  Drug Product Batch F0408001

Ratch F0408001/ % Diissolved in Stated Time (Minutes)

Tablet No. 5 1w T 20 T 3 | 4

Rl END R 3 RO Y S AR ] oY B

12

High (%) S
Low (%) /

| Avcrage (%) 80.8 888 94.9 98.0 100.4

| RS (%) 11.7 8.5 5.3 39 3.6

Table 2. Dissolution Profiles for 1.0 mg© — ; Drug Product Batch FO844001

Batch FO844001/ % Dissolved in Stated Time {Minutes}
Tablet No. 3 i 10 | 20 [ 3 | 45
1
2
E
4
3
6
7
8 .
9
10
i
i2
High (%) ' /
Low {%)
Average (%) 75.4 g8 88.2 21 | 954
RSD (%) H1R 87 6.2 5.3 44




Table 3. Dissolution Profiles for 1.0 mg (Light Blue) Drug Product Batch F1466001

Batch F1466001/ % Dissolved in Stated Time (Minutes)
TFablet No. 5 | 10 | 20 30 45
I
2
3
4
s /
&6
7
8
9
10
11
12
High(%) ] /
Low (%)
Average (%) 75.5 $3.0 88.5 91.9 94.3
RSD (%) 6.4 5.0 43 3.8 3.6

Table 4. Dissolution Profiles for 1.0 mg {Light Blue) Drug Product Batch F1469001

Batch Fi469001/
Tablet No.

e | Ul | b | e

e

~J

% Dissolved in Stated Time {Minutes)

o

&

10
11
12

o]

20

30

45

High (%)
Low (%)

Average (%)

4.1

89.6

931

94 8

RSD (%)

14.8

3.3

4.3

3.5




Table 5. Dissolution Profiles for 1.0 mg (Light Blue) Drug Product Batch F1477001

Batch F1477001/ % Dissolved in Stated Time (Minutes)
Tablet No. 5 | _w [ 2 ] 3 | 4
i
2
3
4
5
6
7
)
9
10
i
12
High (%)
Low (%) )
Average (%) 75.6 840 | 907 93.7 96.8
RSD (%) 9.9 6.0 3.5 2.7 2.6
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

DRUG: Estorra ® (Eszopiclone) PRIMARY REVIEWER: Andre Jackson

NDA: 21476 TYPE: NDA

FORMULATION: Oral Tablet STRENGTH: 2 mg, 3 mg

APPLICANT: Sepracor Inc. Submission Date; January 30, 2003
March 25, 2003

June 13, 2003
July 13, 2003

INDICATIONS: Insomnia
Generic Name: Eszopiclone

1.0 Exccutive Summary
Racemic (RS)-zopiclone was originally developed by Rhone-Poulenc Rorer (RPR) and is
currently marketed by RPR in 85 countries, including Great Britain, France, Germany,
Canada, Norway, Sweden, and Japan under the trade names Amoban®, Datolan®,
Datovane®, Foltran®, Tmovane®, Limovanem, Siaten®, Ximovan®, and Zimovane®.

Zopiclone is a cyclopyrrolone derivative and as such, belongs to a chemical class that is
structurally unrelated to other existing hypnotic drugs. Zopiclone is believed to act as a
positive allosteric agonist at GABAA receptors. The GABAa-macromolecular complex
mediates the majority of inhibitory neurotransmission in mammalian brain and comprises
a class of ligand-gated ion channels that control chloride ion flux across neuronal cell
membranes. Drugs interacting with these receptors exert a wide spectrum of
pharmacological effects, including regulation of anxiogenic and epileptogenic activities,
as well as states of vigilance, sedation, and muscle tension.

Zopiclone is the S-isomer of racemic zopiclone. The NDA was submitted for the
treatment of insomnia utilizing the 2 mg and 3 mg tablet strengths of zopiclone tablets.

The in vitro pharmacodynamics of racemic zopiclone were characterized as
stereoselective, with the affinity for the (S)-enantiomer determined to be ~50 times
greater than the (R)-enantiomer.

Six randomized double-blind placebo control parallel group clinical studies were
submitted to support the insomnia indication. The key efficacy measures for Eszopiclone
( the product is aiso referred to by the firm as zopiclone, esopiclone and (S)-zopiclene)
were objective latency to persistent sleep (LPS), objective sleep efficiency, objective
wake lime after sleep onset (WASQO), subjective sleep latency, and subjective total sleep
time.

Twenty Phase I studies have been conducted by Sepracor, Inc. to describe the human
pharmacology and bioavailability/bioequivalence of esopiclone and its inactive
metabolites, (S)-desmethylzopiclone and N-oxide-zopiclone, following oral
administration. Further, there were 8 drug-drug interaction studies.

The focus of this NDA is the active moiety, i.e. the parent drug.



Esopiclone was rapidly absorbed following oral administration, with tmax occurring at |
hour post-dose in healthy subjects. Esopiclone is 52-59% bound to plasma proteins in
healthy subjects with red cell partioning of 0.31-0.34 over the concentration range of -
500 ng/ml.. Esopiclone is metabolized by CYP3A4 and CYP2E! to (8)-
desmethylzopiclone and N-oxide-zopiclone. Renal excretion is the principal route of
elimination of esopiclone and its metabolites. Up to 75% of an oral dose of racemic '*C-
zopiclone was excreted in the urine primarily as metabolites. A similar excretion profile
would be expected for esopiclone, because of the observed equivalency in the metabolic
clearance of esopiclone in the presence or absence of (R)-zopiclone and the formation of
the same metabolites. Less than 10% of the dose was excreted in the urine as unchanged
drug. The pharmacokinetics for esopiclone are linear. The plasma concentration profile
of esopiclone was characterized by a bi-exponential decline with an apparent terminal
phase t¥2 of approximately 6 hours. Esopiclone exhibited dose-proportional
pharmacokinetics over the range of 1.0 to 6.0 mg QD. No accumulation of esopiclone
was observed following 7 days of once daily drug administration in normals. However an
accumulation ratio of approximately 1.6 was observed for AUC in elderly.

At steady-state females had a 25% higher exposure than males based upon AUC(0-tau).
There were no other noteworthy gender or racial differences in other pharmacokinetic
parameters.

Plasma concentrations of (8)-zopiclone were greater than (R)-zopiclone and the t1/2 of
(S)-zopiclone was about twice that of (R)-zopiclone. A similar pattern was observed for
the (S)-desmethylzopiclone metabolite. There was no interconversion between (S)-
zopiclone and (R)-zopiclone.

Systemic exposure increased by 41% in the elderty (2 63 years of age) compared to non-
elderly adults. It appears that a decrease of esopiclone dose from 3.0 to 2.0 mg is
warranted in the elderly. No dose adjustment appears necessary for subjects with mild or
moderate hepatic impairment. Systemic exposure increased by 2 fold in subjects with
severe hepatic impairment.  Systemic exposure increased by 47% in subjects with severe
renal impairment. No dosage adjustment appears necessary in subjects with renal
impairment since less than 10% of esopiclone is excreted unchanged in the urine,
however, these subjects should be closely menitored.

There was a 2 fold increase in AUC and a 1.5 fold increase in Cmax for esopiclone in the
presence of steady-state ketoconazole levels. There was also a 15% decrease in AUC and
a 20% decrease in Cmax for ketoconazole in the presence of steady-state esopicione
levels. A reduction in esopiclone dose to 2.0 mg is proposed upon co-administration with
potent CYP3A4 inhibitors.

The pharmacokinetics and anticoagulant properties of (RS)-warfarin were not affected by
co-administration of esopiclone. A dose adjustment of (RS)-warfarin is not required
when co-administered with esopiclone. Esopiclone had no effect on the pharmacokinetics
of digoxin. A dose adjustment for digoxin is not required upon co-administration with
esopiclone. There was a 20% decrease in Cmax for esopiclone in the presence of




lorazepam. The administration of esopiclone with lorazepam as the substrate resulted in
a 20% decrease in Cmax for lorazepam,

There was no effect of paroxetine on esopiclone pharmacokinetics and also no effect of
esapiclone on paroxetine as the substrate.

(S)-zopiclone did not mhibit the in vitro activities (IC50) of CYP450 1A2, 2A6,
2C9, 2C19, 2D6, 2E1, and 3A4 in human hepatocytes.

Cmax levels are towered 22% by food while Tmax was delayed by 1 hour.

The to-be marketed 2 mg and 3 mg tablets were determined to be bioequivalent to the
clinical batches. Zopiclone dissolution was investigated in 3 media and a dissolution
method and specification are being set in this NDA.

1.1 RECOMMENDATIONS

1. The Clinical Pharmacology and Biopharmaceutics section of NDA 21-476 is
acceptable to OCPB.

1.2 COMMENTS TO THE CLINCIAL DIVISION/MEDICAL OFFICER
1. Please verify the following statement in labeling:

Olanzapine

Co administration of eszopiclone 3 mg and olanzapine 10 mg produced a decrease in
DSST scores.

2. The firm is encouraged to develop a lower strength and or a scored 2 mg tablet, In
liver patients only the 2 mg dose was studied which resulted in a 2 fold increase in
exposure. If a lower dose were available OCPB would have recommended that this dose
be used in severely hepatically impaired patients.

1.3 COMMENTS TO THE SPONSOR

1. The sponsor is requested to adopt the following dissolution method and specification
for the 2mg and 3 mg strengths of esopiclone tablets

Summary of Drug Product Dissolution Method and Specification

Dosage Form Esopiclone Tablets

Strengths 2.0and 3.0 mg

Apparatus USP Type 2 apparatus (paddie)
Media i

Volume /

Speed of Rotation

Acceptance Criterion Q= -~ at 30 minutes




2. Please incorporate OCPB labeling text and changes from pages 32-34, 43 and 51 into

your final labeling for esopiclone.
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2.0 INTRODUCTION

(8)-Zopiclone is the active enantiomer of (RS)-zopiclone, a short-acting hypnotic agent.
Racemic (RS)-zopiclone was originally developed by Rhéne-Poulenc Rorer (RPR) and is
currently marketed by RPR in 85 countries, including Great Britain, France, Germany,
Canada, Norway, Sweden, and Japan under the trade names Amoban®, Datolan'”,

Datovane®, Foltran®, Imovane®, Limovane®, Siaten®, Ximovan®, and Zimovane®

Zopiclone is a cyclopyrrolone derivative and as such, belongs to a chemical class that is
structurally unrelated to other existing hypnotic drugs. Zopiclone is believed to act as a
positive allosteric agonist at GABAA receptors. The GABAa-macromolecular complex
mediates the majority of inhibitory neurotransmission in mamemalian brain and comprises
a class of ligand-gated ion channels that control chloride ion flux across neurcnal cell
membranes. Drugs interacting with these receptors exert a wide spectrum of
pharmacological effects, including regulation of anxiogenic and epileptogenic activities,
as well as states of vigilance, sedation, and muscle tension. A variety of distinct
modulatory binding sites have been identified on GABAA receptors, including those for
anesthetics, barbiturates, alcohol, benzodiazepines and non-benzodiazepine hypnotics,
and neurosteroids. Although zopiclone can displace benzodiazepines from central binding
sites, it is not certain that cyclopyrrolones and benzodiazepines bind to the same site
within the GABA receptor complex, or whether they interact allosterically via closely
located binding domains. In fact, several studies showed that zopiclone was not bound to
the benzodiazepine binding site, but rather to a related site on the GABAA complex . In
in vitro studies, zopiclone showed high affinity for binding sites in the cerebral cortex,
hippocampus, and cerebelium. No information is presently available as to the
stereoselectivity of any of these characteristics of zopiclone. So far, only the in vitro
pharmacedynamics of zopiclene has been characterized as being stereoselective. The
affinity has been determined to be approximately 50 times greater for (S)-zopiclone than
(R)-zopiclone. Another study indicated that (8)-zopiclone had approximately twice the
potency of the racemate at benzodiazepine binding sites. Thus, due to the greater affinity
of (S)-zopiclone for the binding site associated with hypnotic/anxiolytic activity, it is
presumed that (S)-zopiclone accounts for most of the pharmacological activity of (RS)-
zopiclone.

3.0 QUESTION BASED REVIEW

3.1 General Attributes

What are the highlights of the chemistry and physical-chemical properties of the drug
substance, and the formulation of the drug product? What is the proposed mechanism of
drug action and therapeutic indications? What is the proposed dosage and route of
administration?



ESTORRA (eszopiclone) is a nonbenzodiazepine anti-insomnia agent, which is a
pyrrolopyrazinc derivative of the cyclopyrrolone class. The chemical name of
eszopiclone is {+)-{55}-6-(chioropyridin-2-yl}-7-0x0-6,7-dihydro-SH-pytrolof 3 4-
blpyrazin-5-yl 4-methylpiperazine- 1 -carboxylate. ts molecular weight is 388.81 and its
empirical formala is C,5H5CIN:Os. Eszopiclone has a single chiral center with an
(S)-configuration. It has the following chemical structure:
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Eszopiclone is a white to light yellow crystalline solid. Eszopiclone is slightly soluble in
ethanol, and very slightly soluble in water.

Eszopiclene is formuiated as film-coated tablets for oral administration. ESTORRA
tablets contain either 2 mg or 3 mg eszopiclone.

It has a chemical structure unrelated to pyrazolopyrimidines, imidazopyridines,
benzodiazepines, barbiturates, or other drugs with known hypnotic properties.
Cyclopyrrolones interact with GABA-receptor macromolecular complexes at binding
domains located close to or allosterically coupled to benzodiazepine receptors. They act
1o potentiate increased GABA-evoked chloride conductance resulting in neuronal
hyperpolarization and thereby inhibiting neuronal transmission and causing sleep.

Racemic zopiclone has been marketed (primarily outside the US) since 1987, primarily at
a dose of 7.5 mg (3.75 mg for the elderly and in patients with impaired liver function or
chronic respiratory insufficiency).

What eificacy and safety information (e.g., biomarkers, surrogate endpoints, and
clinical endpoints) contribute to the assessment of clinical pharmacology and
biopharmaceutics study data ?

The key efficacy measures include objective latency to persistent sleep (LPS), objective
slecp efficiency, objective wake time after sleep onset (WASO), subjective sleep latency,
and subjective total sleep time. The primary efficacy endpoint was objective latency to




persistent sleep (LPS), defined as the time from lights owut to the first of 20 consecutive
30-second epochs (10 minutes) of sleep. Hypnotic efficacy was measured objectively
[polysomnographic (PSG) recording] and subjectively (morning questionnaires).
Centralized scoring was used for evaluation of the PSG recordings. Objective sleep
efficiency, defined as the total sleep time expressed as a percent of the total recording
time, was the key secondary endpoint. Other secondary efficacy endpoints included
objective number of awakenings (number of times awake during sleep) and other
objective and subjective sleep parameters.

Several studies specifically evaluated withdrawal and next day performance effects.
These were accomplished through additional assessments, such as Cognitive Drug
Research (CDR) measures, Digit Symbol Substitution Test (DSST), and subjective
measures.

3.2 GENERAL CLINICAL PHARMACOLOGY

What is the basis for selecting the response endpoints, i.e., clinical or surrogate endpoints,
or biomarkers (pharmacodynamics, PD} and how are they measured in clinical
pharmacology and clinical studies?

3.2.1 EFFICACY ENDPOINTS

These measures were selected to support the indication for reduced sleep latency and
improved sleep maintenance. Primary Endpoint for studies with objective measures (190-
026, 190-045, and 190-046), objective latency to persistent sleep (LPS) was the primary
efficacy measure. LPS and objective sleep efficiency were co-primary measures in Study
190-047. For Studies 190-048 and 190-049, subjective sleep latency was the primary
efficacy measure. For Studies 190-026, 190-046, and 190-045, objective sieep
efficiency was a key secondary efficacy measure. Objective wake time after sleep
{WASQ ) onset was designated as a key secondary measure for studies 190-043, 190-
046, and 190-047. For the entirely subjective studies, 190-048 and 190-049, subjective
total sleep time was designated as the key secondary efficacy measure. Hypnotic efficacy
was measured objectively [polysomnographic (PSG) recording] and subjectively
(morning questionnaires). Other secondary endpoints included objective wake time
before persistent sleep; objective and subjective wake time after sleep onset; objective
and subjective number of awakenings; objective wake time during sleep; objective wake
time after sleep; objective total time and percent of sleep time in NREM Stage 1, 2, and
3+4; objective total time and percent of sleep time in REM sleep; subjective quality of
steep; and subjective depth of sleep,

3.2.2 EXPOSURE RESPONSE RELATIONSHIPS



Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure
response relationships?

The metabolites for (S) zopiclone i.e., (8) desmethylzopiclone and N-oxide-zopiclone are
inactive although the firm did develop an analytical method suitable for parent drug and
metabolites. The active moiety is the parent drug.

3.2.3 DOSE PROPORTIONALITY

What is the degree of linearity or nonlinearity in the dose-concentration -
relationship?

Table 1 : Dose Proportionality of (8)-Zopiclone AUCinf following Oral
Administration of (8)-Zopiclone at single doses between 1.0 and 7.5 mg and (RS)-
Zopiclone at doses between 2.5 and 7.5 mg.

(Sy-Zopiclone }-Zopiclone
Slope Estimate 1.071 1.119
Slope Std Error 0.065 0.103
95% C1 0.941-1.202 0.901-1.337

The slopes indicate linear kinetics following single doses.
Cmax values following single dosing were also dose proportional.

Table 2. Siope Estimates and 95% Confidence Intervals from the Assessment of Dose
proportionality following muitiple dosing (1-6 mg) in healthy normals using the power
model. ‘

lope Estimates and Confidence Intervals
ay 1| Day 7
L i 95% CI 95% CI
lAnalyte Parameter [Estimate’ [Lower pper Estimate' L ower Upper
(S)-Zopiclone Cmax 0.91 .78  ]1.05 1.06 0.87 1.12
AUC(0-24)0.98 0.84 11.13 1.00 0.85 1.15

' Slope estimate (b) from power model, log (parameter) = a + b * log (dose) + error.

Siopes indicate linear kinetics for AUC (0-24hrs) and Cmax following multiple dosing.

Linear kinetics for AUC (0-t) and Cmax were also exhibited for the elderly following
single dosing of (8)-zopiclone in study 190-005.

3.2.4 GENERAL PHARMACOKINETICS AND CHRONIC DOSING



Do PK parameters change with time following chrouaic dosing?

Table 3. Accumulation Ratios for (S)-Zopiclone in healthy normals

Multiple Dose
Period 2, Day 7 (Fasted)
Analyte Parameter  Statistic Img B mg |6 mg
8)-Zopiclone RAUC n 6 - it 12
(ng*hr/mL) Mean  [1.06 1.07_ {1.09
8D 0.18 0.18 .13
RCmax 1] 11 12 12
(ng*hr/mL) Mean 0.97 1.04 .15
SD 0.24 .17 .37

RAUC: Accumnlation ratio for AUC({0-24) calculated as [AUC(0-24) Period 2, Day 7]/

[AUC(0-24) Period 2, Day 1].

RCmax: Accumulation ratio for RCmax calculated as [RCmax Period 2, Day 7}/

{RCmax Period 2, Day t].

Table 4. Accumulation Ratios for (S)-Zopiclone for elderly based upon mean data

(Day7/Dayl)
Muitiple Dose
Period 2, Day 7 (Fasted)
Analyte Parameter Statistic || mg Zmg Bmg [Smg
S)-Zopiclone UC(0-inf)
(ng*hr/mL) Mean  |1.38 1.58 |1.56 1.36
RCmax
ng*hr/mi.) Mean  {1.13 .21 41.27 1.07

Theoretical accumulation ratios based upon 1/1-e*™" were 1.01 for normals (average
half-life 4 hrs) and 1.06-1.18 for elderly with average half-lives from 6-9 hrs.

3.2.4.1 Gender and Race

Results from a meta analysis of the data indicated that at steady-state there was a 25%

increase in dose normalized (i.e., to 1 mg) AUC (0-tan) in females compared to males
for all races. There was one caucasian fetnale age 76 that was dosed with 3 mg of (S)-
zopiclone with a normalized AUC (0-tau) value of 224 ngxhr/ml which tended to

increase the mean for all females and caucasians. There was a 12% decrease in dose

normalized AUC (0-tau) in black males and females compared to caucasians. All

changes in Cmax for race and gender were less than 12%.



31.2.58 AND R INTERCONVERSION

Was there any evidence of in vive interconversion between S and R Zopiclone?

Studies were done (N=6, at each dose) using an oral solution with doses of 2.5 mg, 5.0
mg and 7.5 mg of RS-zopiclone and doses of 1.0mg, 2.0 mg, 2.5 mg, 3.0 mg, 3.75 mg,
5.0 mg and 7.5 mg of S-zopiclone. R and S zopiclone were measured for the racemic
mixture. The racemic mixture doses of 7.5 mg and 5.0 mg were compared with the S-
zopiclone 3.75 mg and 2.5 mg doses respectively.

Table 5. Summary of mean (S)- zopicione ratios following oral administration for the 7.5
mg and 5.0 mg dose racemic tablets compared to the 3.75 mg and 2.5 mg S zopiclone

tablets respectively.

Parameter 7.5mg solution RS Zopiclone | 5.0mg solution RS
/3.75 mg solution S Zopiclone /2.5 mg
Zopiclone solution S Zopiclone

Cmax 36.47/24.78=1.47 20.83/27.07=0.76

AUCt 255.8/217.3=1.17 149.2/155.9=0.95

AUCinf 267.5/232.5=1.15 160.0/174.4=0.91

Table 6. Summary of mean S/R zopiclone ratios for Cmax following oral administration
of the 2.5 mg, 5.0 mg and 7.5 mg dose racemic solutions.

Dose RS S-zopiclone | R-zopiclone | RatioS/R
ng/ml-Cmax | ng/ml-Cmax

25 mg 11.42 8.13 1.4

5.0 mg 20.83 12.36 1.68

7.5 mg 36.47 2542 1.43

Table 7. Summary of mean S/R zopiclone AUC(0-t) ratios following oral administration

of the 2.5 mg, 5.0 mg and 7.5 mg dose racemic solutions.

Dose RS S-zopiclone | R-zopiclone | RatioS/R
ng/mixhr ng/mixhr
AUCt AUCt

2.5 mg 67.1 25.7 2.6

5.0 mg 149.2 55.8 2.6

7.5 mg 255.8 104.5 24

There was no evidence of R-S interconversion since constant dose independent S/R ratios

were observed for the different dosage formulations.

3.2.6 MAJOR ROUTES OF ELIMINATION
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What is the proposed metabolic scheme for (S)-zopiclone?
CYP3A4 appears to be responsible for about 40% of both N-oxidation (XIIT) and N-

desmethylation (XII) of zopiclone while the CYP2E1 subfamily accounts for about 40%
of N-desmethylation.

Do Mass Balance studies suggest renal or hepatic route as the major voute of
elimination?

A study was done in 6 male volunteers. Each subject recetved a single 7.5 mg oral dose
of l"C-Zo;:)i(:lv.me as a gelatin capsule.

The per cent recovery of radioactivity as per cent of dose was:




Feces-15.8%
Urtne-75%

Less than 6% of the drug is excreted in the urine as (S)-zopiclone.

What are the important in vitro intrinsic factors related to the exposure of
eszopiclone?

3.3 IN VITRO PERFORMANCE

3.3.1 PROTEIN BINDING AND RED CELL PARTIONING

What was the protein binding and red cell partitioning for esopiclone?

In vitro blood-to-plasma partitioning ratios in humans were 0.31-0.34 over the
concentration range of 5-500 ng/mL. In vitro plasma protein binding of (S)-zopiclone in
humans was 53-59% over the concentration range of 5-500 ng/mL.

3.3.2IN VITRO DRUG INTERACTIONS

Did 2ny in vitro hepatocyte studies indicate whick CYP enzyme systems would be
involved in esopiclone metabolism?

In vitro hepatocyte studies using a 15 min pre-incubation with 5 uM of ketoconazole
indicated that the rate of parent drug disappearance decreased to 72%, 45% and 64% for
esopiclone concentrations of 10 uM (3880 ng/mi)-(level is 100x Cmax observed for
clinical doses} , 100uM and 200 uM respectively. This result indicated that CYP3A4
may be involved in esopiclone metabolism.

Another study pre-incubating microsomes with 100 uM of 4-methylpyrazole indicated
that the rate of parent drug disappearance decreased to 62%, 71% and 74% for esopiclone
concentrations of 10 uM, 100uM and 200 uM respectively indicating that CYP 2E1may
be involved in esopiclone metabolism.

Is the drug an inhibitor and/or an inducer of CYP enzymes?

Esopiclone did not show any inhibitory potential on CYP450 1A2, 2A6, 2C9, 2C19, 2D6,
2E1, and 3A4 in cryopreserved human hepatocytes.

3.4 EXTRINSIC FACTORS

What type of drug-drug interactions were investigated for Esopiclone?

The following drug-drug interaction studies were done for esopiclone:



Drug Study #
Ketoconazole(antifungal) 190-023
Warfarin(anticoagulant)  190-021
Digoxin{cardiac glycoside) 190-022
Olanzapine(schizophrenia) 190-018
Lorazepam(antianxiety) 190-019
Paroxetineg(depression) 190-020
Ethanol 190-015-Clinical Study-No PK

Were there any study design issues related to the drug-drug interaction studies?

The drug-drug interaction studies were designed in accordance with the actual clinical
use of the interacting drug.

Drug Recommended Regimen NDA Dosing

Ketoconazole Single Daily Doses 200 mg  Single Daily Doses 400 mg

Warfarin Individualized Single Daily Dose 25 mg

Digoxin Titrated Day 1 Daily Dose of 0.5 mg as bid then

Day 2-7 Single Daily Doses of 0.25 mg
Olanzapine Single Daily Dose 5-10 mg  Single Daily Dose 10 mg
Lorazepam 2-6 mg/day divided doses Single Daily Dose 2 mg
Paroxetine  Single Daily Dose 20-30 mg  Single Daily Dose 20 mg

The design of the drug-drug interaction studies were consistent with the dosage
recommendations except for ketoconazole where the higher dose of ketoconazole was
used to allow complete inhibition of CYP3A4.

In the case of Warfarin the prothrombin time and international normalization ratic were
measured to show that there were no pharmacodynamic interactions. A point that should
be noted in all of these studies was that although esopiclone will be administered
clinically in the evening all drug-drug interaction studies were done in the morming,.
Therefore any of the observed drug-drug interactions may be impacted due to diurnal
effects which were not investigated.

Are there any in vivo drug-drug interaction studies that indicate the exposure alone
and/or exposure-response relationships are different when drugs are co-
administered?

3.4.1Ketoconazole-Study 190-623

Ketoconazole, a broad-spectrum antifungal agent, is known to be a potent inhibitor of the
CYP3A4 enzyme system and affects the metabolism of a variety of drugs including
cyclosporine and phenytoin. The study was done as a single-center, inpatient, three-way
crossover, open-label, multiple dose study. Subjects were randomized to receive a
sequence of the following treatments: 400 mg of ketoconazole (2 x 200 mg tablets) daily




for five days (Treatment A), 3 mg e¢sopiclone (2 x 1.5 mg tablets) daily for five days
(Treatment B), or 3 mg of esopiclone (2 x 1.5 mg tablets) co-administered with 400 mg
of ketoconazole (2 x 200 mg tablets) daily for five days (Treatment C).

Was there a significant effect of Ketoconazole on esopiclone as the substrate or of
esopiclone on ketoconazole when esopiclone is the interacting drug?

Table 8: Treatment Comparison of Esopiclone Pharmacokinetic Parameters in the
presence of Ketaconazole.

Geometric [Combination versus
Monotherapy
IParameter [Treatment N
IS Mean
Ratio (%) 0% CI
AUC0tay) Escpicione 17 R250.8 - -
hr*ng/ml) Esopictone + 18 [563.3 224.63 208.5, 242.0)
Ketoconazole
Cmax Esopiclone 17 BEé - -
ng/ml) [Esopiclone + 18 [552 143.09 (130.0, 157.5)
Ketoconazole
ki/2 Esopiclone 17 7.0 - -
(hr) FHsopiclone + 18 92 [31.83 124.7, 139.4)
K etoconazole
tmax’ [Esopiclone 17 [1.0 - L
(hr) Esopiclone + 18 1.0 - -
Ketoconazole
" tmax is rank-transformed and median is presented instead of
geometric LSmean.

Table 9: Treatment Comparison of Ketoconazole Pharmacokinetic Parameters in the
presence of Esopiclone.

Combination versus
Monotherapy
Comparison
Parameter [Treatment Geometric
LS Mean
Ratio (%)[90% CI
AUC(0-1) Ketoconazole 18 168.3 - -
hr*pg/ml) Esopiclone + 18 597 87.51 (73.7,103.9)
Ketoconazole )
Cmax Ketoconazole 18 P.1 F -




(s1g/ml) Esopiclone ¥ 18 [4 k195 [709,94.7)
etoconazole

tl/2 Ketoconazole i8 5.2 - -

(hr) Esopiclone + 18 54 102.92 k90.1, 117.5)
Ketoconazole

kmax” Ketoconazole 18 PO - -

(hr} Esopiclone + 18 R.0 - L
Ketoconazole

® ttnax is rank-transformed and median is presented instead of
ecometric LSmean.

1. There was a 2 fold increase in AUC and a 1.5 fold increase in Cmax for esopiclone in
the presence of steady-state ketoconazole levels.

2. There was a 10% decrease in AUC and a 20% decrease in Cmax for ketoconazole in
the presence of steady-state esopiclone levels.

3. The results indicate that the esopiclone dose could be reduced when any drug which is
an inhibitor of CYP3A4 15 administered concomitantly.

3.4.2 Lorazepam- Study 190-914

Was there a significant drug effect of esopiclone on Lorazepam or Lorazepam on
esopiclone?

The study was done as a single-center, inpatient, randomized, daytime dosing, single-

blind, four-arm, parallel, single dose study using oral doses of 3 mg ($)-zopiclone and 2
myg lorazepam in 36 healthy volunteers ages 21-64 years.
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Table 10. Esopiclone parameters in the presence of lorazepam.

Combination versus Monotherapy comparison
Parameter Treatment N Mean €S0 | Geometric | Ratio (%)’ | 90% C for | pvalue
LS mean® Ratio
Cran {$)-Zopiclone 9 3509 + 974 69 . - -
{ng/mi) (SkZopiclone + Lorazepam 9 2928 = 7.09 8.5 T7.40 162.3, 9.1} | 00552
AUC 1o (S)-Zopiclone 9 248.72 £ 47,61 2 - . -
{ng*hrml} | (S)}-Zopiclone + Lorascpam 49 216.46 = 69.53 22 2.9 [754, 1147} 05542
1, (S)-Zopickne 9 570+ 098 i6 - - -
{hr} (S)-Zopiclone + Locascpam 9 573 +0.91 5.7 1461 [87.6, 115.5}[ 49397
[ {$)-Zopicione 9 1.0 - - -
{hr) {8)-Lopiclone + Lorazepam 9 1.00 — - - 07115

"Lua provided as Median {Range}
“Geometric LS mean: Geometric least-squares mean. Al parameters except Ly, were log. transformed. Values of

ey Were rank-transformed prior 1o the analysis.

“Ralio (%) of the geometric least-squares means (LS means) for the log, transiormed analysis.

Table 11. Lorazepam parameters in the presence of esopiclone.

Cambination versus Manotherapy camparison

Paranwter Treatment N Mean + SD' Geometric { Ratio (%)° | 90% CI for p-rvalue
L8 mean” Ratio
Crun Lorazepam 9 2780+ 11.56 26,1 - - -
(ng'mb) | (SrZopiclone « Lorazepam | 9 2157+ 75 20.6 78.68 [59.5, 104.0] | 01532
AUC ) Lorazepam 9] 32085 + 10512 4o - - -
(ng*he/ml) | (S)-Zopiclone + Lorazepam | ¢ IBT.51 + B6.6T 27548 AR [69.1.1184] | 05260
LI Lorazepam 9 15692 533 4.9 - - -
thri (8)-Zopiclone + | orascpam 9 1991 = 7.87 18.8 125.61 [95.1. 1659} | 0.1720
Trvas Lorazepam 9§15 - i . - . R
() {S)-Lopicione + Loraacpam | 9 | i1.5% — - - 0.5302

!

"la provided as Median [Range|
“Geometric LS nican: Geometric least-squares mean.  All parameters except L, were log, transformed.
Values of t, were rank-transtormed prior to the analysis,
“Ratio (%) of the geometric least-sawares means (LS meanst for the log. transformed analvsis,




1. The co-administration of (S)-zopiclone (substrate) with lorazepam decreased the (S)-
zopiclone mean Cmax by 23% (90% CI: 62.3, 96.1). There was a 5% decrease in AUC.

2. There was no difference in the median tmax of (8)-zopiclone when administered as
(8)-zopiclone monotherapy or concomitantly with lorazepam (median tmsx = 1 hour). The
mean t12 for (8)-zopiclone was not affected by co-administration of lorazepam (mean ti2
= 5.70 hours and 5.73 hours, respectively).

3. The co-administration of lorazepam (substrate) with (S)-zopictone decreased the
lorazepam mean Cmax by 22% (90% CI: 59.5, 104.0) and the lorazepam mean AUC (0-
last) by 10% (90% CI: 69.1, 118.4).

4. Based upon the observed changes in esopiclone levels in the presence of lorazepam
and when lorazepam was the substrate, there does not appear to be a need to change the
dose for either drug in the presence of the other.

3.4.2 OLANZAPINE- Study 198-018

Was there a significant drug effect of esopiclone on Olanzapine or for Olanzapine
on esopiclone?

The study was done as a single center, inpatient, randomized, four-arm paraliel, daytime
administration, single-dose, single-blind study in 40 healthy adult volunteers.

Administered doses were : Placebo esopictone; esopiclone 3.0 mg (2 x 1.5 mg);

Olanzapine 10 mg (1 x 10 mg); Olanzapine (1 x 10 mg) plus esopiclone 3.0 mg{2x 1.5
mg).

Table 12: Treatment Comparison of Esopiclone Pharmacokinetic Parameters

Parameter Treatment N (l"‘;o::::l::' Cnmljinatiu:n VETSus Mnnmh(‘:rapy Comparison
< Ratio (%) 90% C1 p-value
AUC 1) 2‘;’:;‘:’%?{;: :g ;3;2 106.02 (89.9,125.1) ]
Con :J::::f;ﬁgi :g ;_“}j 97.08 (81.3. 115.9)
s g‘;’:;hn%“ﬁ = 2 106.72 (90.6, 125.6) ;
S B T : ' 0463

*Greometric .S mean: Geometric least-squares mean, ami-log of least squares means derived from the linear model.

" Ratio (%} of the geometric means (LS means) for the loy, transformed analysis.

* ey was analyzed by the Wilcaxon Rank-Sum test and the median is reported under the Geometrie LS
Mean.



Table 13. Treatment Comparison of Olanzapine Pharmacokinetic Parameters

. Geometric | Combination versus Monotherapy Comparison
Parameter | Comparison N LS o
mean Ratio (%" W% Cl p-vatue
X Combination 10 5095 < -
AUC 01y v oy o 319 95.56 (81.1. 112.6} .
Combination 9 16.6
"an %164 7471125 -
¢ Monotherapy 9 18.1 { ! '
Combination 19 38.7 1
: 8.34 87.1, 1348
N Monotherapy 114 35.8 1083 ( 48)
. Combination 9 6.0
K . - 0777
L™ Monotherapy 5 30 0.077
“ Geometric 1.§ mean: Geometric least-squanes mean. anti-log of least syuares means derived from the lincar
model.

" Ratio (%} of the geomelric means (LS means) for the log, tansformed analysis.

Ly was malyzed by the Wilcoxen Rank-Sum test and the median is reported under the Geometric
LS Mean,

Olanzapine following a single dose of 10 mg did not have an effect on esopiclone plasma
parameters. Also a 3 mg single dose of Esopiclone had no effect on Olanzapine plasma
concentrations. No dose adjustment is required for either esopiclone or Olanzapine.

3.4.3 PAROXETINE Study 190-020

Was there a significant drug effect of esopiclone on paroxetine or paroxetine on
esopiclone?

This was a single-center, inpatient, randomized, four-arm parallel, daytime
administration, single-dose, single-blind study in normal healthy male and female
volunteers. Forty subjects were enrolled. Subjects received placebo, 3 mg esopiclone
alone and 20 mg paroxetine alone and 3 mg esopicione with 20 mg paroxetine. An
original 24 subjects were dosed and additional 16 were dosed several months after the
original cohort.
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Table 14. Esopiclone Pharmacokinetic Parameters in the presence of paroxetine.

Paranl'.‘tcf TFreatment N (li—cqo:::::;::: < :-- ;‘:‘ versus M ‘L- — (.om‘pnrimn
Ratio (%) 9% Cl p-valus
AUC 10 :“‘fmgz . g;::l 109,25 00.3,1322) | 0.4306
Con z’m‘:ﬁ‘:ﬁ 1 i;:; 111.63 (948 131.4) | 02482
Ls z';’n‘:‘:l'l‘l‘;';“kl”z :g g:g 116.53 95.7. 1418 | 01930
.,
b Comhms—1 0¥ 10000

*Geometsic LS mwan: Geometric least-<quares mean, anti-fop of feast squares moeans derived from the lincar modcl,
"Ratio (%] of tie geomelric incans (LS owans) for the kg, transformed aalysis,
"ty Was rank-translormed

* Median

“p-value for ihe testing ihe dilference o dhe medians.

Table 15. Paroxetine Pharmacokinetic Parameters in the presence of esopiclone.

. Geomelric Combination versus Monotherapy Comparison
Parameter Comparison N LS mean’
+» mean Ratio (%" 0% (1 p-value
AUCw 1o ’(‘_"““:_"“"_’"y ::' ;‘;‘; 96.45 (340.273.9) | 09527
ombination 1
Com Monotherapy 1 0 101.62 (52.5.196.5) | 09606
Combination 9 7.1
[’ Monotherapy 8 0.5 9943 (56.5. 175.0) Q.9RSK
Consbination 4 1.5
[ Monotherapy 1t 440 ) 03249
Combination 9 40" .

* Geometne 1.8 nean: Geometric least-squares mean. anti-log of least squares nicans derived from the lincar smadel.

“ Ratio (%] of the geomstric means (LS meanst for the fog, transtonncd analy sis,
" Loy, Was rank-transformed

T Modin

“ pryvalue for the resting the difference in The medians.

Paroxetine following a single dose of 20 mg did not have an effect on esopiclone
(substrate) plasma parameters. Also a 3 mg single dose of esopiclone had no effect on
paroxetine (substrate) plasma concentrations therefore, no dose adjustment is required
for either drug.

3.4.4 DIGOXIN- PROTOCOL NO.: 199-022

Was there a significant drug effect of esopiclone on digoxin?
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This was a single-center, in-patient, open label, multi-daytime-dose study in healthy male
and female subjects between the ages of 21 and 64, inclusive. Twelve subjects were
enrolled and received two 0.5 mg doses of digoxin on Day I, taken 12 hours apart,
followed by single daily doses of 0.25 mg digoxin from Day 2 through Day 7. On Day 7,
subjects received digoxin in combination with a single 3 mg oral dose of {S)-zopiclone.

Table 16: Treatment Comparison of Digoxin Pharmacokinetic Parameters

Geometric LSmean '

Parameters Comparison (S)-Zapiclonc « . Ratio Y% Ci p-value
AT Ihgoxin Alone
Digoxin
Chn Combination/Alone 20 23 87.7 (80.1,96.1) aue
AUC w0 Combination/Alom 208 210 9.2 (%69, 101.6) —ae—
[ Combination/Alone 1.0 1.0 - - §.0684

¥ Civomerric 1.5mean: ami-log of least-squares means dedived from the lincar model on log-transformed data,
Fort,,.. the median and the p-value for drcatment cflect from the ANOY A moded were presenitod.

The 90% confidence intervals of the ratios for Cmax (Ratio: 87.7; 90% CI: 80.1, 96.1) and
AUCq-y (Ratio: 99.2; 90% CI: 96.9, 101.6) were within the 80-125% range
demonstrating that the pharmacokinetic profile of digoxin was not affected when digoxin
was taken with (S)-zopiclone. The effect of digoxin on esopiclone was not studied.

3.4.5(R, S} WARFARIN- PROTOCOL NO.: 190-021

Was there a significant drug effect of esopiclone on warfarin ?
This was a single-center, in- and out-patient, randomized, multipte daytime dosing,
complete cross-over, two-treatment, open-label study in healthy adults. Subjects were

randomized to receive one of the following treatment sequences AB or BA in a crossover
fashion with a 14-day washout between treatments,

Appecf S Th;s ch
On Origingy
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TS’::':::: Visi¢ 2 Visit 3

5x daily doses of 3 mg esopiclone,
with (R,S)-warfarin 25 mg dose in
combination with the last esopictone
dose (Treatment B)

(R.S)-Warfarin
I Single 25 mg dose
(Treatment A)

5x daily doses of 3 mg esopiclone,

N . . (R,S}-Wartarin
1| Combination with the 1o ssopilone. | Sinel 25 mg dose
(Treatment A)

dose (Treatment B)

Pharmacokinetic data are presented in the Appendix,

The pharmacokinetics of (R)-warfarin following a single dose (R, S)-warfarin given
alone were not statistically significantly different to those following a single dose of
(R,5)-warfarin given in combination with esopiclone at steady state. The 90%
confidence intervals of ratios of geometric least squared means of a single dose of (R,S5)-
warfarin given with esopiclone to a single dose of (R,S)-warfarin alone for AUC 0ss)
(93.7%, 102.8%) and Cumax (82.5%, 100.6%) fell between 80 and 125%.

The pharmacokinetics of (S)-warfarin following a single dose (R,S)-warfarin given alone
were not statistically significantly different to those following a single dose of (R.5)-
warfarin given in combination with esopiclone at steady state. The 90% confidence
intervals of ratios of geometric least squared means of a single dose of (R,S)-warfarin
given with esopiclone to a single dose of (R,S)-warfarin alone for AUC(-s0 (92.6%,
104.9%) and Cmax (81.9%, 101.5%) fell between 80 and 125%.

For AUCing and INRaax, the 90% confidence intervals for the ratios of geometric least
squared means of (R,S)-warfarin in combination with esopiclone to (R,S)-warfarin alone
were lying between 80 and 125%. INRumax was not significantly different following
(R,S)-warfarin in combination with esopiclone as compared to a single dose (R,S)-
warfarin alone.

The effect of warfarin on esopiclone was not studied.
3.4.6 FOOD EFFECT-Study 190-002

To determine the effect of a high fat meal on the pharmacokinetics of single doses of (S)-
zopiclone a study was done in healthy adult volunteers. The study used an oral solution.
The study was done as a two-center, daytime administration, randomized, double blind,
placebo-controlled, parallel-group, in-patient study in healthy male and female
volunteers. There were two study perieds. During Period 1, subjects were randomized
to receive either placebo or one of three dose levels of (S)-zopiclone following a high fat
breakfast. Period 2, subjects were dosed with the same dose as in Period 1 in the fasted
state,
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Table 17: {S)-Zopiclone pharmacokinetics with and without food

Single Dose Single Dose % Decrease (% Decrease P4 Decrease
ed/Fasted [Fed/Fasted [Fed/Fasted
Period 1, Day ¥ (Fed) Period 2, Day 1 (Fasted)
Parameter [Statistic Img Bmg pmg [lmg PB mg  Hmg | mg B mg 6 mg
Cmax N 12 12 12 Ll 12 12
kng/mL) Mean  §.i5 1988 {028 1020 P548 [54.68 40 D2 26
sSD .12 Hi4 10.83 P69 {708 19.14
fmax IN 12 i2 i2 Il 12 12 T a—
hr) Median .0 2.0 3.0 1.0 1.0 1.5
ange —_—
IAUC 6.ine) E i0 12 12 1l 12 12
ng*homL)Mean  [58.24  [183.02 (36827 [62.85 [195.74 M06.67 1.3 6.4 0.4
SD 1408 15057 p8.14 [15.71 6437 [120.81
IAUC(0-24)n 5 12 12 6 11 i2
(ng*h/mL}Mean  154.76 [166.21 1338.26 |62.96 [187.76 PB79.04
BD 806 H9.03 P0.10 RB42 4975 11025

Cmax levels for a 3 mg dose are lowered 22% by food whereas there was no effect of
food on AUC. Tmax was delayed by 1 hour with food.

3.4.7 ALCOHOL- Study 190-015
ALCOHOL INTERACTION WITH (S)-ZOPICLONE IN HEALTHY SUBJECTS

To determine the effects of esopiclone and alcohol during the daytime when administered
alone and in combination on cognition and postural stability in healthy subjects.

This was a single center, inpatient, double-blind, randomized, 4-way crossover, placebo-
controlled, single-dose study in normal healthy subjects. Twenty-four subjects were
planned and enrolled.

Each sequence included four treatment regimens: A = placebo tablets plus alcohol
placebo; B = placebo tablets plus alcohol, 0.7 g/kg; C = esopiclone, 3.5 mg plus alcohol
placebo; and D = esopiclone, 3.5 mg, plus alcohol, 0.7 g/kg. The CDR {Cognitive drug
research) system test battery was administered 1 hour pre-dose and 1, 2, 4, 8, and 12
houts post-dose on Study Day 1 and 24 hours post-dose on Study Day 2. There was a 7-
day washout period between doses. A subject’s total study participation was
approximately seven weeks.

This study demonstrated that there was psychomotor performance impairment following
co-administration of esopiclone and alcohol that was approximately additive. These
effects were most apparent during the approximate period of peak drug effect (I-4 hours
post dosing) and diminished with time.
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3.5 INTRINSIC FACTORS- Study 190-005

What are the important in vivo intrinsic factors studied by the sponsor e.g., age,
liver disease and renal disease

351 AGE

A 36 subject study compared (S)-zopicione doses of 2.0 mg and 3.0 mg in individuals
from ages 65-78 to (8)-zopiclone pharmacokinetics in young subjects.

Table 18. Summary statistics for a single dose of (S)-Zopiclone Pharmacokinetic
Parameters Following Single and Multiple (7 day administration ) Oral Doses of 3 mg
(8)-Zopiclone in normals and in the elderly.

3 mg Single Dose
Parameter Normals Elderly % Change Normal—sElderly
Cmax ng/mi 24.6(2.74) 29.50(8.20) 20 Increase )
AUCinf 193.3(54) 296.02(103.72) | 55 Increase
ng/mlxhr
T1/2 hr 5.79(1.75) 9.05(2.39) 36 Increase

2 mg Single Dose
Parameter Normals Elderly % Change Normal—sElderly
Cmax ng/mi 17.13(3.01) 15.32(3.37) 10 Decrease
AUCinf 118.7(18.6) 149.31(22.86) 26 Increase
ng/mlxhr
T1/2 hr 5.53(1.64) 8.97(1.86) 62 Increase

3 mg Multiple Dose Day 7

Parameter Normals Elderly % Change Normal—sElderly
Cmax ng/ml 26.18(6.56) 37.6(6.11) 45 Increase
AUC(0-tau) 191.07(60.88) 368.79(161.13) | 93 Increase
ng/mixhr
T1/2 hr 7.03(4.00) 9.55(2.82) 36 Increase

Following the 3 mg multiple dosing, the elderly AUC(0-tau) is twice normals and Cmax
was increased by 45%. It appears that (S)-zopiclone clearance is reduced in the elderly.
Therefore, the recommended dose for (S)-zopiclone in the elderly should be 2 mg.

3.5.2 LIVER DISEASE-Study 190-013

The study was done in 16 normals with each of 8 subjects in the mild, moderate and
severe liver disease groups recciving 2 mg of (8)-zopiclone. Mean Child-Pugh
classification for the hepatic groups were 5.0, 8.0 and 10 respectively.

Table 19: Mean +5D Pharmacokinetic Parameters of Esopiclone Following Oral

Administration of 2 mg of Esopiclone in Normal Subjects and Subjects with Mild,
Moderate, and Severe Hepatic Impairment
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il-lepatic Function Group Per cent change
Normal ®Severe
Parameter Normal id Moderate Severe
(N=16) =8} =8) (N=8)
Cmax 25.1 £8.0 23.0+7.0 20.6 £ 6.7 20.5+9.3 |18.3 Decrease
(ng/mL)
IATIC(0-last) 17224722 {1650+ 50.1 1952+ 756 3256+ 89 Increase
ng h/mL) 204.8
AUC(0-inf) 188.1+75.0 [1793+505 2214391.7° Re42+ 94 Increase
(ng h/mL) 1209.0
/2 ﬁ.6612.14 6.79£1.75 11.05+5.64% ]15.34 + 6.06{130 Increase
(h)
Utine recovery % [5.69 £ 1.64 7.43 + 4.01 5.78 £3.72 6.96 + 4.34
a N=7
1000 !
— o Mild ‘ f
TE’ 800 ¥  Moderate J v j
E v Severe ; {
5 1 .
= 600 :
8 :
O |
2 o |
2 490 - . N '1
3 v Yoo T
k= O !
L% 200 - SRS AR A :
1 . ,g T v v
. ] v
R — . - |
0 2 4 ] 8 10 12

Child-Pugh Score

25



Further analysis of the regression of AUC(0-t) was done following climination of the
subject with a severe classification and AUC(0-t) of 797 ng/mixhr. The resulting
regression equations for Child-Pugh Score vs AUC(0-t) were:

Slope Intercept Rsq
AUC(0-1)-All 28.09 14.39 0.20
Data
AUC{0-t)> 500 17.85 74.85 0.25
deleted
Cmax -0.31 23.70 0.008

Deletion of this subject primarily impacted the intercept resulting in a large change in
predicted AUC (0-t) values for subjects with lower Child-Pugh Scores.

Subjects with mild and moderate Child-Pugh Scores were comparable to normals
whereas subjects classified as severe had AUC and half-life values twice those observed
in normals.

Therefore subjects with severe liver damage should only receive the lower 2 mg dose of
esopiclone with caution since their exposure level would be comparable to a 4 mg dose in
normals,

3.5.3 RENAL DISEASE-Study 190-014

The study was done as a multicenter, inpatient, open-fabel, single-dose study in subjects
with renal impairment (mild, moderate, or severe) and gender-, age-, height- and weight-
matched healthy subjects. The study was done in 40 subjects. Subjects were classified
into renal function groups by urine creatinine clearance test results.

The following table summarizes the mean baseline creatinine clearance by renal function

group.
broup reatinine Clearance
. {mL/min)
1 (normal) > 80
(mild) 50 < 80
3 (moderate) 30 <50
¢ (severe) < 30

Table 20: Mean + SD Pharmacokinetic Parameters of (S)-zopiclone Following Oral
Administration of 3.0 mg (S)-zopiclone in Normal Subjects and Subjects with Mild,
Moderate and Severe Renal Impairment

enal Function Group [P'er cent Changes
INormal —» Severe

IParameter

Normal (n=16) Mild (n=8) Moderate (n=8) [Severe (n=8)
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Crmax
(ng/mL) B6.7£11.4 M3.1£10.6 324+ 78 434+ {5.4 18
IAUC (0-1asty
Kng hr/mL) 271.0+87.3 3723+ 1182 [B04.7+77.8 3856+ 1394 M2
A UC(0-00)

ng he/mL) 2845+ 914 3883+ 119.6 [319.1+£78.5 H00.8 = 141.6 41
ti

hr) 0.12+1.94 730+ 1.09 7.60 £ 1.66 8.16 + 2,59 22
fmax® 125 1.00 1.00 1.00

hr P r - - —

ICle

(L/hr) 0.811+0.471°  0.564+0.593  [0.614 £ 0.440 0496 £ 0.396
Recovery% 16.76 + 3.53° 6.75 + 6.65 5.91 + 3.81 4.92+2.13

expressed as median [range].

n=14

cn=15

Since only 6% of an administered dose is excreted unchanged in the urine, results from
the renal factor studies indicated that there is no adjustment required for subjects with
severe renal impairment

3.5.4 Meta Analysis -Study 190-000-K01

The primary objective of these analyses was to evaluate the effect of age, race, gender,

and weight on exposure (Cmax and AUC) to (S)-zopiclone following single and multiple

dosing. Data from 11 phase | studies presented in this NDA were combined and

analyzed.

The modeling process included the selection of a statistical base model, expansion of the
base model by step-wise selection of covariates (“step-up™ procedure), refinement of this

fuli model by step-wise deletion of non-significant terms (“step-down™ procedure),
assessment of interactions, and establishment of a final model. The same modeling

process was utilized for single-dose and steady-state AUC and Coux dependent variables.

Once the modeling process was completed, the effect of each demographic variable in
the final model on exposure te esopiclone was evaluated.

in addition, a supplemental analysis was carried out to further investigate age effects.

This suppiemental assessment of the effect of age on exposure was carried out by

comparing demographically matched elderly subjects with non-elderly controls.

The only demographic variable with a substantial effect on exposure was age. The
multipte dose findings of the different analyses with respect to age group are summarized

in the following Table.
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Parameter Statistic Meta-Analysis Matched
Analysis**
**Under 65 vs over 65

Steady-State | Ratio 141 1.56 -
AUCy., (elderly/mon-clderly)
(ngelw/mil P-value <0.001 0.002 --
per mg) .
Steady-State Ratio . 1.21 -
Con {elderly/non-elderly)
{ng/mL per P-value NS 0.021 -
mE)
* Not included i the final mode] for the meta-analysis or subsct analysis
MS= No significant
Nate; the presenied ratios from the imeta-analysis and subset analysis were abtsined by back wansfonhing
(ie. exp iating) the predicted coefficient estimate of age group effect.  The ratia for the maiching

analysis is the geometric mean ratia.

At steady-state, both the meta-analysis and the matched analysis demonstrated that the
elderly had a higher (41-56%) AUCq.,) than the non-elderly. A higher Coax (21%) in the
elderly was seen in the matched analysis, but not in the meta-analysis.

3.5.5 DOSING RECOMMENDATIONS

Are the dose and dosing regimen consistent with the known relationship between
dose-concentration-response, and are there any unresolved dosing or administration
issues?

The proposed dosage regimen of 3 mg in healthy normals and a decreased dose of 2 mg
in elderty (i.e., due to their greater exposure) is supported by the Clinical Pharmacology
data.

3.6 GENERAL BIOPHARMACEUTICS

3.6.1 RELATIVE BIOAVAILABILITY- Study 190-010

What is the relative bioavailability of the (S)-zopiclone tablet compared to a solution
of (S)-zopiclone.

This was a single-center, inpatient, single-dose and multiple-dose, three period complete
crossover, random sequence, open-label study in 18 healthy males and females between
the ages of 21 and 45 years, inclusive. Subjects were enrolied in two groups of nine. A
subject’s participation involved four visits: a screening visit plus three multiple-day
inpatient visits.
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Product Administered:

A = Liquid (8)-zopiclone, 3.5 mg single dose;

B = Tablet (S)-zopiclone, 3.5 mg daily for 4 days (2x1.0 mg and 1x1.5mg);
C = Tablet racemic zopiclone (Imovane), 7.5 mg daily for 4 days

S-zopiclone was measured for all formulations administered.
The relative BA was 1.00 (tablevliquid) following single and multiple dosing for AUC(0-
t) and Cmax. Also the (S)-zopiclone tablet is BE to the (S)-zopiclone solution.

3.6.2 BIOEQUIVALENCE OF CLINICAL VS TO-BE- MARKETED
FORMULATION- Study 190-011

This was a two-center, in-patient, randomized, two-way cross-over (within a group),
open-label, single dose study in healthy adults. Subjects in Group A received, in random
sequence, a 2 mg single oral dose of esopiclone clinical service formulation tablet (2x
Img) and a 2 mg single oral dose of the intended-for-market formulation tablet. Subjects
in Group B received, in random sequence, a 3 mg, single oral dose of esopiclone clinical
service formulation tablet (2x1.5 mg) and a 3 mg, single oral dose of the intended-for-
market formulation tablet. There were 20 enrolled in each study group.

The 3 mg to-be-marketed tablet was BE to 2x1.5 mg of the clinically studied tablet and
the 2 mg to-be-marketed was BE to 2x1.0 mg of the clinically studied tablet.

3.6.2.1Formulation Information:

Table 21:Composition of Eszopiclone Investigational Tablet Formulations

Amount (mg/tablet)
Component
10mg ;. 15mg zomg 3.0 mg

i B Streagth | Strength | Strength® | Streagth®

Eszopiclone R __I 1.0 1.3 ] 2.0 0

Microcrystalline Cellulose ‘

~ NF
- Caletum Phosphate

S

Croscarmellose Sodium NFF

Colloidal Silicon Dioxide NF

Magnesium Stearate NF

— H

~ — 1

-—

- -blue?

--—- = not applicable
' Funher information regarding the
Section 4.A4.3.2 Inactive Components

.

coating materials is provided in
i}
¥
warresponds exactly to the proposed commercial product.
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3.6.2.2 Dissolution Data

1. The dosage form dissolution characteristics were evaluated over the pH range of

. .. Accordingly, a single-point dissolution
acceptance criterion at a lower limit is warranted. —

/ -

2. Thus, subsequent evaluation was based exclusively upon dissolution data at pH
3. Dissolution conditions and specifications are presented in the following table.

Summary of Drug Product Dissolution Method and

Specification
Dosage Form Eszopiclone Tablets
Strengths 2.0and 3.0 mg
Apparatus USP Tvne 2 annaratuc /paddie)
Media o '
Volume /
Speed of Rotation /
Sampling Time(s) 5. 10. 20, 30, and 45 minutes

Brief Description of the
Dissolution Method

Recommended Disselution  Conforms to USP <711>,
Acceptance Criterion Apnaratus 2
Q= = at 30 minutes

The dissolution profile for the 2 mg batch(F0468003) and the 3 mg batch (F0548002)
used in the pivotal BE studies were developed using these conditions and the data are
presented in the Appendix.

Based on the data provided, the firm’s proposed dissolution method and specification are

acceptable to OCPB.

3.7 ANALYTICAL
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What is the analytical methodology and is the method sufficiently robust to support the

data presented.
Parameter (S)-Zopiclone (R-)&(S-)Zopiclone Zopiclone
Method LCMSMS LC/MS/MS LC/MS/MS
Freeze-thaw ~ — - —_—
Benchtop | -—--- - —
Stability at
RT
Long term at - - —
-20°C
Recovery Parent R-Parent | S-Parent RS-Parent
Low
Med /
r 4

The analytical methed can analyze __
acceptable. -

What analytical methods were used and were they acceptable?

Several different analytical methods were used:

of (S) zopiclone in plasma and is

Analyte Method | Assay Sensitivity ng/ml
Zopiclone LC/MS/MS

Ketaconazole ' /

(R,S)Warfarin f

Digoxin | Immunoassay

Olanzapine '

Lorazepam [

Paroxetine ) o {

4.0 LABELING

4.1 OCPB LABELING

ESTORRA™ (eszopiclone) TABLETS 3 mg, 2 mg
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6.0 APPENDIX

6.1 NDA ASSAY VALIDATION-Plasmal

Parameter (s)-Zopiclone (R-)Zopiclone

Zopicione

Method LC/MS/MS LC/MS/MS

LC/MS/MS

Freeze-thaw

Benchtop
Stability at

‘ Long term at
-20°C .

[

RT__I_ I e I

—

Recovery |
Low
Med
High

1.Validation data

| RS-Parent

/

| R-Parent

/

S-Parent

/

for metabolites s-desmethylzopiclone and N-oxide-zopiclone were not

presented although analyzed by the firm since they were both inactive

6.2 NDA ASSAY VALIDATION-Urine

Parameter

Zopiclone

Method

LC/MS/MS

Freeze-thaw

—

Benchtop
Stability at
RT

Long term at
-80° C i
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Recovery RS-Parent |

Low
Med /

High

6.3 PHARMACOKINETIC STUDIES

6.3.1 Individual Study Report- Study 190-010-Relative Bioavailability of Two Formulations
for 5-Zopiclone and Imovane in Healthy Subjects

Study Introduction and Objectives
i$)-Zopcloac has pecvicusly beea adminisicred in a fiquid formulation. Becausc
Sepracor Inc. was interested in & cloping ¢51-zopiclonc in a3 tablct formulation and
demonsirating that (R)-zopiclonc has titke or ne effect upon the metabalism of
(8)-zopiclonc or uts primary mcisboliies, the current bioavasdabilsy swdy (10101 was
conducted

STUDY OBJECTIVES

« To compare the pharmacokinetic profiles of (§)-zopiclone and its metaboliles
tollowing daytime oral administration of liquid and tablet (S)-zopiclone 3.5 mg
and tablet racemic zopiclone (Imovane®) 7.5 mg.

= To establish the relative bioequivalence between single doses of the liquid and
tablet formulations of (S)-zopiclone 3.5 mg.

Study Design
This was a single-center, inpatient, singfe-dose and muitiple-dose, three period complete
crossover, random sequence, open-label study in 18 healthy males and females between the ages
of 21 and 45 years, inclusive. Subjects were enrolled in two groups of nine. A subject’s
participation involved four visits: a screening visit plus three multiple-day inpatient visits.

Product Administered:

A = Liquid (S)-zopiclone, 3.5 mg single dose;

B = Tablet (S)-zopiclone, 3.5 mg daily for 4 days ;

C = Tablet racemic zopiclone, 7.5 mg daily for 4 days

Demographics
Table |A Demographic and Baseline Characteristics For All Subjects And By Treatment Sequence

Characteristic All Subjects ABC ACB BAC BCA CAB CBA
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(N=18) (N=3) {N=3) (N=3) {N=3) (N=3) ({N=3)
Age (yrs)
N 18 3’ 3 3 3 3 3
Mean 304 34.0 29.0 29.7 29.7 287 3.7
5D 7.8 10.5 6.1 11.0 10.3 1.5 0.3
Gender N{(%)
Male 13 (72%) I(A00%)  2(67%)  3(100%)  3(I00%)  2(67%) 0
Female 5(28%}) 4] 1(33%) 0 1] 1 {33%) 3 (100%)
Race N(%) .
Caucastan 9 (50%) 2(67%) 2(67%) 2(67%) 2 (67%) 0 1 (33%)
Black 6 (33%) 1(33%)  1(33%) 0 1(33%)  3(100%) 0
Asian 1 {6%) 0 0 0 0 0 1 (33%)
Hispanic 1(6%) 0 0 1(33%) 0 0 0
Other 1 (6%) 0 0 0 0 0 [ (33%)
Height (cm)
N IR 3 3 3 3 3 3
Mean 174 179.1 169.0 1783 178.7 179.7 159.0
SD 93 39 6.0 7.0 4.5 8.4 5.2
Median 175.2 179.0 169.0 178.0 [R0.5 181.5 161.5
Min 153 175 163 172 174 171 153
187 183 E75 186 182 187 163
Weight (kg)}
N 18 3 3 3 3 3 3
Mean 75.8 849 678 777 90.5 76.3 57.6
sSD 134 7.2 59 11.6 6.2 99 1.2

Eighteen subjects were randomized to receive one of the six possible treatment sequences (ABC,
BCA, CAB, ACB, BAC, or CBA) over three periods (Visits 2, 3, and 4), with the treatments
defined as follows: A = Liquid (S)-zopiclone, 3.5 mg single dose; B = Tablet (S)-zopiclone, 3.5
mg daily for 4 days ; C = Tablet racemic zopiclone, 7.5 mg daily for 4 days

Sample Collection and Handling
Day 1

Post-Dose -Obtained a blood sample (5 mL) for plasma zopiclone levels at +30 minutes, +60
minutes, +30 minutes, +2 hours, +3 hours, +4 hours, +6 hours, +8 hours, +12 hours and +16
hours.

Day 4
Obtained a blood sample (5 mL) for plasma zopiclone levels at -15 minutes.

Post-Dose - Obtained a blood sample (5 mL) for plasma zopiclone levels at +30 minutes, +60
minutes, +90 minutes, +2 hours, +3 hours, +4 hours, +6 hours, +8 hours, +12 hours and +16
hours.

Day 5
The following procedures were performed relative to the time of dosing on Day 4.

Obtained a blood sample (5 mL) for plasma zopiclone levels at +24 hours, +30 hours and +36
hours.
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Bioanalytical Methods
Studied Period (years): Clinical Conduct : June 28, 2000 - September 11, 2000
Analysis of plasma sampies was conducted from
Theoretical Storage time:

————

Quality Control (QC) Samples

Precision of Standards (% CV)

Precision of QC Samples (%CV)

Accuracy of Standards (%)

Accuracy of QC Samples (%)

Statistical Analysis

Parameter S{+)Zapiclone R{-)Zopiclone
Method LC/MS/MS LC/MS/MS
Sensitivity/LOQ . — ng/mL ", ng/mL
Linearity (Standard curve samples) | ng/mL ag/mL

For each analyte, the following PK parameters were determined after a single dose
administration (Day 1) of the liquid and tablet formulation of (S)-zopiclone, and tablet
formulation of racemic zopiclone:
Single Dosing Parameters

Cmax —
Maximum observed
concentration.

Tmax -
Time of occurrence
of Cmax.

Clast-
The last post-dose
quantifiable concentration.

ttast -

The time of the last
post-dose quantifiable
concentration.

.y
Elimination rate
constant

tha -

Termina! half-life,
calculated as In(2)/
vy

AUC(0-last) Area under
the plasma conceutration-
time curve from time zero
to the time of the last post-
dose quantifiable plasma
concentration

AUC(0-inf) Area
under the plasma
concentration-time
curve for the 0-
infinity

Clast /= 2 is the extrapolated area under the curve from tlast to infinity. If this quantity was
greater than 30% of AUC(0-inf), then AUC(0-inf) was to be considered to be missing.
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For each analyte, the following PK parameters were determined after multiple dose
administration (Day 4) of the tablet formulation of (S)-zopiclone and racemic zopiclone:
Cmax, tmax, Clast, tlast,lz, t%5, AUC(0-last), and AUC(0-inf) as defined above.

s AUC(0-+3- R -Cmax -

Nominal dosing interval, Area under the plasma Ratio of Cmax on the last and
concentration time curve over | first day of the multiple dosing
the dosing interval (1), regimen, RCmax = Cmax(4) /
calculated using the linear Cmax(1), where 1 and 4 refer
trapezoidal rule, based on to the first (Day 1) and last
actual sample times (Day 4) days of drug

administration.

R AUC - RAUC = AUC(0-+}4) / AUC(0-t)(1), where | and 4 refer to the first
(Day 1) and last (Day 4) days of drug administration.

For the analyte (8)-zopiclone AUC(0-+% and Cmax values for tablet {S)-zopictone were dose
adjusted through multiplication by 1.07 (3.75/3.5) prior to comparison with racemic zopiclone.
These dose adjustments were made for use in assessing bloequivalence only (since the racemic
dose for (S)-zopiclone was 7.5 mg/2=3.75), and not applied to descriptive statistics for PK
parameters. The analyses were conducted using an analysis of variance (ANOVA) model with
treatment, sequence, period, and first-order carryover as fixed effects, and subject nested within
sequence as a random cffect. The analyses were performed after transformation of the data using
the natural logarithm (loge). A test for first-order carryover effect was conducted at the 5%
stgnificance level. If the test was not statistically significant, the first-order carryover effect
terms was dropped from the model for the final analysis. The log-transformed results were
transformed back to the original scale by exponentiation to obtain geometric least squares means
for each treatment. Two one-sided hypothesis tests at the 0.05 level of significance were
performed by constructing 90% confidence intervals (CI) on the ratio of the geometric means for
the treatment comparisons mentioned above.

RESULTS

Table 2A (S)-Zopiclone PK Parameters Following Administration of Liquud and Tablet (S)-
Zaopiclone and Tablet Racemic Zopiclone
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Ligquid (S -Zopickous Tablet (ShZuopickni levovane” Tablet
Patamecier St [y 1 Day ! Dy d Day | Pay 4
~N 13 16 16 7 V7
C e Moean 37 32M 333e 378 3558
(gl ) Sud Dev 2l 1367 1456 161 470
N 1% 1t 33 17 17
A”C«m Muoan 1490 18 196 61 nia Fad sl 1524
(hr*ng/ml.) Sud D ] 6453 07 045 4794
~N 1% 1 1.1 b 17
o Mzan 27 R0 XM O 76 a2z
(he} Sad Den 191 1.7 135 1.7% 400
N I te £ 17 17
[ Median [RE] LLT 1.00 10 150
(hr Range —
~N NA NA 113 NA 17
R man Mcan A A 1.8 NA 12
Sed Dev NA NA 1w NA 0na7
~ NA A 18 NA 17
RJ“( Afean NA Ny Lix MNA 1.10
Sig ey NA NA i NA Q.1
e—
Sote: Vadues ware mit dose adjusted.

Table 3A Relative Bioavailability Between Multiple Doses of the Tablet Formulations of
(S)-Zopiclone and Racemic Zopiclone (Imovane).

Paramueier’ C Rkt Tablet Tublat Ratio Ul P-Vatuir
S-dopictone Racemic
Crametric Z opicione
| SAfean Crvinetne
L xMean
—
C e 15 pfopicloneRacemic Zopicione (RN 44 LT X6 (128 08937
AU oy, (SHAopiclme/Racomic £opreiine pEERI a3 49 s WET UK 04129
1 - {8 Lopclons Racemi Lopreione 6.4 i V3.7 BLE 034 02631
T | (N FFapclone Rag eavie £ opiclons 1o 15 - - GAARS
Rewn 15p2opichoneRacemie Sopiclone 12 L1 HIR R G4 124 61227
Ry R Lapickw Racavic Zopiohone [KE 14 e g T NIRG 3735

 Units: AUC,, ,, is measured in nptheml, €, inngid and iy, and 1, in he.

¥ Hatia (%) of greometric means | SMeans) for the fon «teanstomied analy sis.

" Hvatue for treatment effect from e ANDY A miode)

* WAl OF ty, were tanketransiosmed pron 1o ihe artaly s and e madians ol 1l ar
fredlipeits,

Nute: Values were dose adjustedd per Sectlon 9.7.2.2

Iy alies were reported (o she

Table 4A Relative Bioavailability Betwecn Single Doses of the Liquid and
Tablet Formulations of (S)-Zopiclone
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Analyte Parameter 1] 90% CI
(S)-zopiclone Cmax {943, 124.5)

AUC(0-t (92.5,109.6)
Comments:

L.Based upon the 90% CI for Rayc and R cma; there appeared to be little accumulation in
noermals.

2.The tablet formulation of §-Zopiclone had a relative bioavailability (i-e., Feabiet/Fsotution) of
1.03 compared to the liquid.

APPEARS THIS way
ON ORIGINAL

APPEARS THIS WAY
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6.3.2 Individual Study Report- Study 190-011 -BE STUDY BETWEEN CLINICAL AND
TO-BE-MARKETED PRODUCTS

Study Introduction and Objectives

This trial was conducted to establish the bioequivalence between single doses of the clinical
service formulation tablets (2 mg and 3 mg) of esopiclone and the intended-for-market
formulation tabiet (2 mg and 3 mg, respectively) of esopiclone.

STUDY OBJECTIVES

The objectives were:

1.To establish the bioequivalence between single doses of the 2 mg clinical service formulation
tablet of esopiclone and the 2 mg (batch #F0468003) intended-for-market formulation tablet of
esopiclone.

2.To establish the bicequivalence between single doses of the 3 mg clinical service formulation
tablet of esopiclone and the 3 mg (batch # F0548002) intended-for-market formulation tablet of
esopiclone.

Study Design

This was a two-center, in-patient, randomized, two-way cross-over (within a group), open-label,
single dose study in healthy adults. Subjects were in 1 of 2 groups (A or B). Group A was at
one investigator site and Group B was at another investigator site. Subjects in Group A received,
in random sequence, a 2 mg single oral dose of esopiclone clinical service formulation tablet and
a 2 mg single oral dose of the intended-for-market formulation tablet. Subjects in Group B
received, in random sequence, a 3 mg, single oral dose of esopiclone clinica! service formulation
tablet and a 3 mg, single oral dose of the intended-for-market formulation tablet. Subjects were
assigned to receive one of the following two treatments during each treatment period in a
randomized cross-over fashion.

Treatment Period 1: Group A: A single oral dose of 2 mg clinical service tablets (2 x | mg
tablets) administered under fasted conditions. Group B: A single ora! dose of 3 mg clinical
service tablets (2 x 1.5 mg tablets) administered under fasted conditions.

Treatment Period 2: Group A: A single oral dose of 2 mg intended-for-market formulation
tablets (1 x 2 mg tablets) administered under fasted conditions. Group B: A single oral dose of 3
myg intended-for-market formulation tablets (1 x 3 mg tablet) administered under fasted
conditions.

Demographics
Table 5SA° Demographic and Baseline Characteristics (Safety Population)
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Treatment Sequence*
Characteristic | Statistic m 1 Hiav vl All
o200 | =200 | @=200 | (a=19) [ Swblects
(a=79)
Age Mean {y1) 42K 9.4 42.5 306 it9
SD (ye) 153 13.0 16.9 137 153
Min. Max 20, 62 19, 64 It 64 .59 19. 64
Gender
Male n (%) 12 160.0} 11 ¢55.0) 9 45.0 8i42.1) | 40 (50.6)
Female n{%) R (40.00 9(45.0 THS5.00 | 11(57.9}) | 39(49.9)
Race
Caucasian n{%) 16 {80.0) 15 (.o 1995.0) | 18(94.7) | 6R{%6.1)
Black n (%) 3.0} ¢4{0.0) 0(0.0) 0(0.0) R
Asian n (%) 0 (0.0 1¢10.0) 0 (0.0} 0¢0.0} 2¢2.5)
Hispanic n (%) (1508 1150 0 (0.6} 1(5.3) 7(89)
{her n{%) {00 0.0 150 o (0} {13}

Sample Collection and Handling

A blood sample for pharmacokinetic assessments was obtained at +0.50 hr, +1 br,+1.5 hr, +2 hr,
+3 hr, +4 hr, +6 hr, +8 hr, +12 hr and +16 hr post dose

Linearity (Standard curve samples)

Quality Control (QC) Samples

Precision of Standards (%CV)

Precision of QC Samples (%CV

Accuracy of Standards (%)

Accuracy of QC Samples (%)

92

Bioanalytical Methods-
Parameter Zopiclone
Method LC/MS/MS
Sensitivity/LOQ
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Studied Period (years): Clinical Conduct March 19, 2001 to May 21, 2601

Analysis of plasma samples was conducted from S—
Theoretical Storage time:  —

Statistical Analysis

The following PK parameters were determined after a single dose administration of 2 mg and or
3 mg to-be-marketed tablet formulations.

b A

to the time of the last post-
dose quantifiable plasma
concentration

| Cmax - Tmax - Clast- tlast -
Maximum observed | Time of occumrence | The last post-dose The time of the last
concentration. of Cmax. quantifiable concentration. | post-dose quantifiable
concentration.
vy - tY2 - AUC(0-last) Area under AUC(0-inf) Area
Elimination rate Terminal half-life, the plasma concentration- | under the plasma
constant calculated as In(2)/ time curve from time zero | concentration-time

curve for the Q-
infinity

Clast /+ z is the extrapolated arca under the curve from tlast to infinity. If this quantity was
greater than 30% of AUC(0-inf), then AUC(0-inf) was to be considered to be missing.

RESULTS

Table 6A Mean Plasma Concentrations of Esopiclone Following Treatment with a Single 2 mg
Dose of Esopiclone as a Clinical Service Formulation (CSF) or an Intended-For-Market

Formulation (IMF)

APPEARS THIS WAY
ON ORIGINAL
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Esopiclone concentration {ng/ml)
Day Time {hr) N Clinical Service Intended-For-Market
Formulation Formulation
Mean s Mean sD
I Pre-dose 40 BLQ - BLOQ .

0.5 40 12.54 9.13 18.58 10.30

1 40 19.87 5.87 22.41 5.54

1.5 40 19.83 4.67 20.76 4.04

2 40 18.63 382 19.37 4.04

3 40 16.46 2.94 16.58 330

40 14.52 275 [4.69 .00

6 40 10.73 248 10.53% 2.08

8 40 8.17 219 8.44 20

12 40 459 .58 4.86 1.534

16 40 292 1.45 293 1.29

2 24 40 BLQ - 111 1.00

BLQ: Below limit of guantification (-

Table TA Mean + SD Pharmacokinetic Parameters of Esopiclone Administered as a Single 2 mg

Dose as CSF or IMF

a—
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Mean + SD

Intended-For-

Parameter N Clinical Service N Market
Formulation »
Formulation
C s
max 4 ) . b
oanh 40 | 22454550 | 40 2510 £ 6.98
AUC(O—h‘ili g 2
et 40 | 160984208 | 40 | 168.95£42.80
AUCi.) 40 | 176.02+46.64 | 40 | 18494 +47.51
(hr*ng/ml)
L 10 5.51 +1.38 40 573+ 148
{hr)
tmzlxa | —
(o) 40 [ Logr = ;i 40 Lo0 ;

* expressed as median (range}

Table 8A Statistical Treatment Comparison of Esopiclone Pharmacokinetic Parameters

(Single 2 mg Dose)
Parameter | Treatment L.SMean Ratio (%) (T/R) 9% CI
Cinax Clinical Service Formulation 21.9
Intended-for-Market 242 110.8 (103.9,118.2)
Formulation
AUC1sy | Clinical Service Formulation 155.6
Intended-for-Market 163.4 105.0 (100.0, 110.3)
Formulation
tin Clinical Service Formulation 53
Intended-for-Market 5.5 103.8 (998, 108.0)
Formulation
trmax Clinical Service Formulation 1.0
[ntended-for-Market 1.0 - -
Formulation o
AUCw.ing | Clinical Service Formulation 170.0
Intended-for-Market 178.5 105 .1 {100.5, 109.8)
Formulation ]
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Table 9A Mean Plasma Concentrations of Esopiclone Following Treatment with a Single 3 mg
Dose of Esopiclone as a Clinical Service Formulation (CSF) or an Intended-For-Market
Formulation (IMF)

Esopiclone concentration (ng/ml)
ony | i | N | e i o
Mean SD Mean SD
I Pre-dose 39 BL.O - BIQ -
0.5 39 2845 15.51 26.32 11.66
1 39 36.85 12.55 3876 10.92
13 39 36.36 11.72 36.40 10.38
2 39 34.77 .81 3425 10.60
3 39 2071 R.64 30.54 8.68
4 39 25.46 6.84 26.18 8.10
6 39 19.40 4.75 18.85 591
8 39 1494 422 14.97 5.30
{2 39 891 3.40 8.45 3.18
16 39 5.65 2.60 5.0 2.08
2 24 39 246 169 22% I 32
BLQ- Below limit of quantification | emes

Table }0A Mean + SD Pharmacokinetic Parameters of Esopictone Administered as a Single 3
mg Dose as CSF or IMF

Bloars Thig Way

On‘ginq!
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Mean £ SD
Parameter N | Clinical Service | | epded-Tor-
Formulation .
Formulation
C e 39 4369+ 11.41 39 43.16 + 10.22
(ng/ml}
AUC‘(H“,,
(hr*ng/mi) 39 | 305.98+80.65 | 39 | 301.11483.44
AUC0my | riekso
(hr¥ng/ml) 39 | 33495410010 ) 39 324.68 1.18
tin 39 6.12+ 148 9 508+ 1.16
{hr}
t b ]
(hr) 39 L0374 — | 39 1.04 .

* expressed as median (range)

Table 11A: Statistical Treatment Comparison of Esopiclone Pharmacokinetic Parameters (Single

3 mg Daose)
Treatment LSMean Ratio (%) (T/R) 90% CI
_ Coax Clinical Service Formulation 421
Intended-for-Market 42.1 100.1 (908, 110.2)
Formulation
AUC g1y { Clinical Service Formulation 295.0
Intended-for-Market 291.1 98.7 (90.1,108.1)
Formulation
W Clinical Service Formulation 59
[ntended-for-Market 59 98.6 (95.0,102.4)
Formulation
tmax Clinical Service Formulation 1.0
[ntended-for-Market 1.0 - -
Formulation
AUCnn | Clinical Service Formulation 320.0
Intended-for-Market 3135 98.0 (89.3,107.4)
Formulation
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Comments:
1.The to-be-marketed 2 mg and 3 mg tablets are BE to the clinical service formulations at 2x1.0
mg and 2x1.5 mg respectively.

APPEARS THIS waY
ON ORIGINAL
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6.3.55 MASS BALANCE STUDY-RPR ZD-0608
Individual Study Report-

Study of the metabolism of zopiclone (27.267 R.P.) and the
elimination of radiolahelied products in man following a single
oral dose (7.5 mg) of ~ "C-zopiclone.

Ohinctives
Results

Blood and plasma

The concentrations of zopiclone in whole bleod reached maximum
from 15 min. to 3 hours. The peak concentration was 79.9 ¢+

2.2 ng - eq./ml

The mean maximum concentration for plasma was [03.3 + 24.0

ng - eq./mi
The T varied from — . with a mean
of [.7 TS,

The mean blcod 1o plasma ratio was 0.82 + 0.04

The mean AUC value in blood was 1780 + 678 ng/mi-h and
for pfasma 2{11 » 503 ng/mi-h.

The resulys are summarized in table 1.

Table |
Mean values for the parameters calculated from total radio-
activity

Blood Plasma
C pax. 79.9 ag/ml 103.3 ng/ml
Tmax. 1.9h 1.7 h
AUC . 1780 ng]ml—h 2111 ngfml-h

R '
T W2 58.4 h 540 h
S

Expired air

The radicactivity of expired air for the two subjects (G-¢8 h)
was as follows:

Subject 1 -  =gqual to 0.68% of the
wuae administered

Subject 2; =~ equal to 0.06% of the
agse administered
Urine

The mean amount of zopiclone excreted Into urine during
120 hours was 74.8 + 9.3% (5.5 + 0.7 mg ~ equivalent zopiclone)
of the total dose administered.




Faeces

The mean total recovery of radioactivity in the faeces was
15.8 + 2.8% (1.2 + 0.2 - equivalent zopiclona) of the total
dose administered.

Conclusions

The authors conciude the following: The study provided useful
Information on total radicactivity of zopiclone in blood and
plasma and on the elimination of the radivactivity in urine
and faeces after a single dose of 7.5 mg.

It confirms that the size of biclogical samples was large enough
to allow metabolism of the drug to be folfowed.

APPEARS THIS WAY
0N ORIGINAL
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6.3.4 Individual Study Report- Study 190-001-A DAYTIME, DOUBLE-BLIND,
RANDOMIZED,PLACEBO-CONTROLLED, SINGLE DOSE-RISING SAFETY AND
PHARMACOKINETIC STUDY OF (5)-ZOPICLONE IN HEALTHY VOLUNTEERS

Study Introduction and Objectives

The current study was designed to determine the safety and tolerability of (8)-zopiclone, It also
determined the pharmacokinetic (PK) profile of (S)-zopiclone alone, the PK profile of (S)-
zopiclone with the presence of (RS)-zopiclone, and the pharmacodynamic (PD} profiles of (S)-
zopiclone, {RS)-zopiclone, and zolpidem.

PRIMARY AND SECONDARY OBJECTIVES

- To determine the safety and tolerability of single escalating doses of (S)-zopiclone compared
to placebo in healthy adult volunteers.

» To determine the PK profile of single escalating doses of {S)-zopiclone in healthy volunteers.

« To determine the PK profile of (S)-zopiclone in the presence of (R)-zopiclone.

Study Design
The dosage form used in this study was an oral solution. This was a single-center, daytime,
randomized, double-blind, placebo-controlled, single dose escalation, in-patient study in healithy
male and female subjects. Doses evaluated included 1.0, 2.0, 2.5,3.0, 3.75, 5.0, and 7.5 mg of
{S)-zopiclone, 5 and 10 mg of zolpidem , and 2.5, 5.0, and 7.5 mg of (RS)-zopiclone, Dose
escalation in (8)-zopiclone was accomplished by evaluating sequential panels of nine subjects
cach, six of whom were randemized to receive active drug or, in the case of the 7.5 mg (S)-
zopiclone panel, 15 subjects, 10 of whom were randomized to receive active drug. If a dose
showed dose-limiting toxicity, the higher doses were not to be studied. Racemic zopiclone was
included to compare the PK profiles and an active control, zolpidem was included as a reference.

Demographics
Demographic and Baseline Characteristics
[Fart 1 of 2] |
Rll Subjects Who Received Study Dzug
(8) -Zopiclone Panels
1.0 mg 220 mg 2.5 mg 3.0 mg .75 mg E70 mg
Petive : (N=6) (N=6) (N=6} (] {N=6) (H=6)
KCharacteristic reatment Statistic |Placebo: {N=3) {N=3) (N=1) {H=3) (H=3) iN=3}
page {yrs} Bt ive mn & 6 € 3 15, 3
Mean 8.8 [25.3 32 3 23.7 23.7 R&6.3
5td Dev B.& 6.7 7.9 8.2 8.7 5.2
Placebo in 3 3 3 2 3 3
Mcan 243 34.3 23 .3 Bo. 7 pi.3 28.0
IsStd Dev 5.0 H.G 1.5 La.2 11.7 2.6
Gender 1
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Female Peotive n (%) 2 { 23w} R [ 33%) { 50%) 2 [ 33%) D { SOk} R { 31¥)
Male B (Y H { 67%) M [ E7%} { 50%) 4 [ 67%) B ( 50%; H { 67%)
Female lacebo n (¥) 1 { 33%) {23%) i { 33%) 1 { 23%) L ( 33%) 1]

ale n (¥ R { 67%) [ 67%) B {67T%) R { &6T%) 2 { 67%) 3 (100%}
thnic Origin

Asian hctive n_ (%) 0 I 0 K I 1 { [17%)
Black n (¥ 1 ([ 17%) B { 50%) [BEELD] 1 { 17%) R { 33w) 3]
Caucasian n (v} I5 ( B3t} 3 { 50%) { 50%) 5 { B3%) Mo ETY) B { 67%)
Rispanic n (%) ] o {178 P 1 L [ 17%)
Nat:ive American (%} 1o K 0 1o 0 1o

Lther n (%) o 10 o ] 0 I

Asian IPlacebo (%} 4 3] 0 ] 0 G

Black (%} o o 1 { 33%) ] 0 o
Caucasian LI B {100%) B {100%) R { 47%) P {(100%) 5 (100%) B (100%)
hispanic () 1] 0 o 0 10
Wative American n (%) 0 0 lo 7] o 0

prher (%) o o o o o 0
Sample Collection and Handling

Samples were collected at 0.25,0.5,1, 1.5,2, 3,4,5,6,7.8,9, 10, 11, 12, 14, 16,24, 30, 36, and 48

hours.

Bioanalyticai Methods-

Studied Period (years): Clinical Conduct August 22, 1999-December 22, 1999
Analysis of plasma samples was conducted from
Theoretical Storage time:

Linearity (Standard curve samples)

Quality Control (QC) Samples

Precision of Standards (%CV)

Precision of QC Samples (%CV)

Accuracy of Standards (%)

Accuracy of QC Samples (%)

/

n

S -

Parameter S{+)Zopiclone R{-)Zopiclone
Method LC/MS/MS LC/MS/MS
Sensitivity/LOQ B

/S




Statistical Analysis

The following pharmacokinetic parameters were estimated for each analyte: the peak
concentration (Cmax}, time to reach the peak concentration (tua), the terminal rate “***Q;), the
terminal half-life (t»s), the area under the concentration-time curve from zeto to the last
measurable time point (AUCs), the area under the concentration-time

curve from zero to infinity (AUCus), and the fraction of AUCinf due to extrapolation

{AUCex).

Descriptive statistics (number of subjects, mean, median, standard deviation, minimunm,
maximum, and %CV) of PK parameters were computed separately by dose group and treatment
{(S}-zopiclone and (RS)-zopiclone]. PK parameter ratios of (8)-zopiclone to (R)-zopiclone were
determined for subjects receiving oral administration of (RS)-zopiclone. Mean or geometric
mean (as appropriate) PK parameters for (S)-zopiclone dosed as the single enantiomer or as the
racemate wete compared by an ANOVA and determination of 95% confidence intervals.

The following pharmacokinetic parameters were estimated for each analyte:

- The peak concentration (Cmax} and time to peak concentration {tmax)

« The elimination rate constant’ A,

« The terminal half-life ()

»  The area under the concentration-time curve to the last measurable time point (AUCias)

Additionally, the area under the plasma concentration-time curve from zero to infinity
(AUCinf).

- Dose proportionality between all doses of ($)-zopiclone was assessed for each analyte using
a power model. Cmax, AUCs, and AUCinf for each analyte was tested for dose proportionality
using the following model: log (parameter) = a + b * log (dose) + etror where a is the intercept

and b is the slope. Dase proportionality was assessed based on whether the 95% confidence

interval constructed for the estimate of b included the value of 1.0.

RESULTS
Table 12A: Maximum Concentration (Cmax) For $ Zopiclone after S zopiclone administration
and R and S Zopiclone following administration of the racemic product

(S)-Zopicione Dose (RS)-Zopiclone Dose
(mg) (mg)
Dose Group 1.0 Po0 pP5 Bo0 PBIS S0 N5 25 Ko 178
S)_zopic]one IN 0 6 5] 6 6 §] 10 ] 6 6
ng/mL) Mean [8.52 [17.13 27.07 R4.60 P4.78 B5.82 5325 [1142 D083 [36.47
5D P00 Bol 961 R4 B23 B43 (1001 P95 567 767
R}-zopiclone IN 16 6 6
ng/mL) Mean  [NA INA INA NA [NA INA [NA  RBI13 [12.36 P5.42
SD NA INA [NA [NA JNA NA |NA ]3.26 341 138
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Table 13A : AUCinf For S Zopiclone after oral administration of S zopiclone and R and S
Zopiclone following the oral administration of the racemic product

S)-Zopiclone Dose KRS)-Zopiclone
(mg) Dose (mg)

Dose Group 10 Re ps5s Bo .75 B.6 7.5 RS 50 115
S)_Zopiclone N 6 6 ] 6 6 6 10 6 ] 6
ng*hr/miL) Mean 52.1 [118.7 [174.4 193.3 232.5 B604 U739 [77.2 (1600 2675

SD 119 186 P06 /540 [68.1 1309 1572 [133 PB28 bos

(R)-zopiclone ; 4 6

ng*hr/mL) Mean INA INA NA NA [NA [Na [NA B19 b22 (1112
5D NA INA [NA [NA [NA [NA [NA [75 17.7 22,6

Table 14A: Half-life (t) For S Zopiclone after oral administration of S zopiclone and R and S
Zopiclone following the orat administration of the racemic product

S)-Zopicione Dose RS)-Zopiclone Dose
(mg) (mg)
Dose Group 10 2.0 ps B BI5 Bo [.5 PS5 5.0 7.5
S)-zopiclone N 6 6 6 6 10 6 6
hr) Mean A48 553 623 579 P42 786 633 B9y 557 [5.76
SD 1.03 {164 204 (175 [i.57 [1.89 P90 P70 [t36 [1.40
R)-zopiclone IN 4 6
hr) Mean INA_ INA [NA NA NA INA NA P57 p9 o3
SD NA~ NA  NA [NA [NA [NA {NA 06 102 P50

Table §5A : Dose Proportionality of (S)-Zopiclone Cmax Following Oral
Administration of (8)-Zopiclone and (RS)-Zopiclone

{S)-Zopiclone

RS)-Zopiclone

Slope Estimate 0.860 1.044
Slope Std Error 0.060 0.138
85% CI 740-0.980 .752-1,337 ]

Table 16A: Dose Proportionality of (S)-Zopiclone AUClast Following Orat
Administration of (S)-Zopiclone and (RS)-Zopiclone

S)-Zopiclone (RS)-Zopiclone
Slope Estimate 1.133 1.214
Slope Std Error 0.067 0.112
05% CI 0.998-1.268 0.978-i.451

Table 17A: Dose Proportionality of (S)-Zopiclone AUCinf Following Oral
Administration of (S)-Zopiclone at doses between 1.0 and 7.5 mg and {RS}-Zopiclone at doses

between 2.5 and 7.5 mg.
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(S)-Zopiclone y-Zopiclone
Blope Estimate 1.071 1119
Blope Std Emror 0.965 0.103
25% CI 0.941-1.202 0.901-1.337

Was there any evidence of in vivo interconversion between S and R Zopiclone.

Table 18A: Summary of mean (S)- zopiclone ratios following oral administration for the 7.5 mg
and 5.0 mg dose racemic tablets compared to the 3.75 mg and 2.5 mg S zopiclone tablets

respectively,

Parameter 7.5mg tablet RS Zopiclone 5.0mg tablet RS
/3.75 mg tablet S Zopiclone | Zopiclone /2.5 mg tablet
S Zopiclone
Cmax 1.47 0.76
AUCinf 1.15 6.91

Table 19A: Summary of mean $/R zopiclone ratios following oral administration for the 2.5 mg,
5.0 mg and 7.5 mg dose racemic tablets for Cmax

Dose RS S-zopiclone | R-zopiclone | RatioS/R
ng/mi-Cmax | ng/mi-Cmax

2.5 mg 11.42 8.13 1.4

5.0 mg 20.83 12.36 1.68

15mg 3647 2542 1.43

Table 20A: Summary of mean S/R zopiclone ratios following oral administration for the 2.5 mg,
5.0 mg and 7.5 mg dose racemic tablets for AUCt

Dose RS S-zopiclone | R-zopiclone | RatioS/R
ng/mixhr ng/mlxhr
AUCt AUCt
2.5 mg 67.1 25.7 2.6
5.0mg 149.2 55.8 2.6
7.5 mg 255.8 104.5 2.4

Table 21A: Half-life (t») For § Zopiclone after oral administration of § zopiclone and R and S
Zopiclone following the single dose oral administration of the racemic product in healthy

normals
S)-Zaopiclone Dose RS)-Zopiclone Dose
(mg) mg) .
Dose Group 1.0 2o 5 3.0 BIS B0 75 ]s 5.0 [7.5
S)-zopiclone N 6 6 6 3 3 6 0k 6 6
hr) BMean 48 [5.53 k23 [579 742 17.86 16.33 K93 5.57  |5.76
SD 1.03 |1.64 [2.04 .75 |L.57 |1.89 £0.90 .70 1.36 1.40
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Comments:

I. S-zopicione does not show any in vivo interconversion to R zopiclone based upon the AUC
results. Coefficients of variation of 21-35% result in overlapping values.

2. The pharmacokinetics of single doses of (S)-zopiclone between 1 to 7.5 mg is linear.
3. Half-life of (S)-zopiclone is 4-8 hrs in healthy volunteers for doses up to 7.5 mg,

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS waY
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6.3.5 Individual Study Report- Protocol 190-002

A DAYTIME, DOUBLE-BLIND, RANDOMIZED, PLACEBO

CONTROLLED, PARALLEL-GROUF, MULTIPLE DAILY DOSE SAFETY AND
PHARMACOKINETIC STUDY OF (S)-ZOPICLONE IN HEALTHY VOLUNTEERS

STUDY INTRODUCTION

A single dose-rising study in humans has been completed (Study 190-001), in which single doses
up to 7.5 mg (S)-zopiclone were safe and well tolerated when administered to normal, healthy
subjects. The more common adverse events (AE) were predominantly related to the expected
pharmacological activity of zopiclone (i.e. sleepiness/drowsiness) or were a known side effect of
racemic zopiclone (i.e. unpleasant taste). These and other AEs were more prominent at the
higher doses of (§)-zopiclone. For this reason, three lower doses (1, 3, and 6 mg) of (S)-
zopiclone were chosen for the current study in which the pharmacokinetics of multiple dosing,
and food effect, were deterttined.

STUDY OBJECTIVES To determine the safety, tolerability and PK profile of seven daily
doses of (S)-zopiclone (1, 3, 6 mg) compared to placebo in healthy adult voiunteers.

To determine the effect, if any, of a high fat meal on the pharmacokinetics of single doses of (S)-
zopiclone in healthy adult volunteers.

Secondary Objectives

To determine the effect on daytime sleepiness and psychomotor performance of seven daily
daytime doses of (8)-zopiclone compared to placebo in healthy adult volunteers.

Study Design
An oral solution was used in this study. This was a two-center, daytime administration,
randomized, double blind, placebo-controlled, parallel-group, in-patient study in healthy male
and female volunteers. There were two study periods. During Period 1, subjects were
randomized to receive either placebo or one of three dose levels of (S)-zopiclone following a
high fat breakfast. PK samples were collected and subjects were discharged following their 48-
hour PK blood sampie and safety assessments. On Day 7 of Period 1, subjects retumed for
Period 2, Day -1 assessments. On Day 1 of Period 2, subjects were dosed with the same dose as
in Period | in the fasted state and PK blood samples were collected for 24 hours. Subjects were
dosed on each of Days 2-7 with the same dose as in Period | and as on Day 1 of Period 2. On
Day 7, prior to and following the dose, PK blood samples were collected through 48 hours post-
dosing. Subjects were discharged from the study on Day 9 afier review of safety assessment
data.

Table 22A: Subject Demographics and Baseline Characteristics
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I Period 1* Pericd 2
Parameter Pxﬁsﬁc Lmg Bmg b mg Placebe 1 mg i] b mp Placehe
N=12} {N=12) =12) [=12) N=11} N=12) =12) (N=11)
Age (yrs) PMean 0.8 0.6 7.8 p8.? 1.8 0.6 7.8 09.5
sD B.2 .3 o1 6.6 7.7 9.3 &1 6.3
IGender
Male N (%) 8 (66.7) b {75.0) b (75.0) B (75.0) 76360 B {i50) B (756) P18
Female N (%) H(333) 13 (250 5 (25.0) B (25.0) 4(GE6a) PBSO) B (25.0) R (18.2)
Race
Caucasian N (%) 0 (75.0) 10(833)  16(833) 1 @7 BT 10{83.3) Jl0(83.3) 10 (50.9)
Black N (%) 1(8.3) b{67) B (16.7) | (3.3) 1(5.1) b (i6.7) 5 (16.7) 1(9.1)
kfispanic N (%) 1(8.3) o b 1 191} 1 1 o
Other N (%) 1(8.3) b o o 1(5.0) b b o
FSingle dose administration a high fat breakfast.
‘Multiple dose administration after fasting (QD Days 1-7).

Sample Collection

Plasma samples were drawn from subjects at the following times: Period 1, Day 1 pre-dose and
at0.5,1,1.5,2,3,4,6,8, 12, 16, 24, 30, 36, 48 hours post-Day 1 dosing; Period 2, Day 1 pre-
dose, and at 0.5, 1, 1.5, 2, 3, 5, 6, 8, 14, and 16 hours post-dosing; Period 2 Day 7 pre-dose and at

0.5,1,1.5,2,3,4,6,8, 12, 16, 24, 30, 36, 48 hours post-Day 7 dosing.

Bioanalytical Methods-

Studied Period (years): Clinical Conduct November 15, 1999 to January 15, 2000
Analysis of plasma samples was conducted from
Theoretical Storage time:

Linearity (Standard curve samples)

Quality Control (QC) Samples

Precision of Standards (%CV)

Precision of QC Samples (%CV)

Accuracy of Standards (%)

Accuracy of QC Samples (%)

Parameter S(+H)Zopiclone
Method LC/MS/MS
Sensitivity/LOQ
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Statistical Analysis

The following PK parameters were estimated for each analyte in each treatment:

» The peak concentration (Cmax) and time to peak concentration (Tmax) for all analytes (Period
1, Day 1 ard Period 2, Days 1 and 7).

* The terminal rate, A2, was estimated for each analyte

* Trough (8)-zopiclone, concentrations (1) were determined immediately before dosing on
Days 2 through 8 of Period 2 and tested for attainment of steady-state. The measured
accumaulation ratios, Rauc and Romax, on Day 7 were calculated as:

Rauc=AUC(0-24)day7/ AUC(0-24)day] and RCmax=Cmaxday7/Cmax dayl

If AUC029) was not able to be calculated on either Day | or Day 7, then Rauc was not estimated.
(8)-Zopiclone trough concentrations on Days 2 through 8 of Period 2 were tested within each
dosage group (using a repeated measures ANOV A model with subject and day effects) to
determine whether steady-state was attained by Day 7. The most conservative approach using
the last three days (Days 6, 7, and 8) of the interval was be tested first for attainment of
steady-state. If steady-state was deemed to have been achieved (p-value for day effect >0.05),
the previous day was added (e.g. Days 5, 6, 7 and 8) and the statistical analysis rerun. This was
done sequentially until a statistically significant difference was found. Steady-state was to be
defined as having been achieved on the last day where statistically significant differences were
not obtained.

® Area under the plasma concentration-time curve from time zero to the time of the last
post-dose quantifiable plasma concentration was calculated using the linear trapezoidal method,
namely:

The area under the concentration-time curve to 24 hours {AUC0-24), the area under the
concentration-time curve to the last quantifiable concentration {AUClast), and the area
under the concentration-time curve to infinity (AUCinf) was calculated.

for each analyte.

AUCo-24, AUCksr and AUCinf were calculated for the fed single dose, fasted single dose, and
fasted multiple dose treatments. AUCo.2¢ (representing the dosing interval) was the parameter
that was used for the multiple dose treatment comparisons; AUCo24, AUChs, and AUCinf were
reported for the single dose treatments.

* For the multiple dose profiles, dose proportionality between 1.0, 3.0, and 6.0 mg of (8)-
zopiclone was assessed for each analyte using a power model. Cwax and AUCc24 for each
analyte were tested for proportionality using the following model:

log (parameter) = a + b * log (dose) + error

where a is the intercept and b is the slope.
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Linearity was assessed based on whether 95% confidence intervals constructed for the estimate
of b included a value of 1.0

RESULTS
Table 23A: Descriptive Statistics of Cmax and Tmax values for (S)-zopiclone
1 ] ! |
[Single Dose [Single Multiple Dose
Dose
Period 1, Day 1 (Fed)  [Period 2, Day | (Fasted) [Period 2, Day 7 (Fasted)
Parameter[Statistic (| mg} mg mg | mg B mg bmg |Im mg mg
Cmax n 12 12 12 3] 12 12 11 {2 t2
ng/mL} Mean §.i5 [19.88 40.28 10.29 25.48 54.68 [0.58 R6.18 {59.63
SD 1.12 4.14 16.83 2.69 [7.08 19.14 [L.79 6.56  19.23
kmax n 12 12 12 il 12 12 1 12 12
hr) Median 3.0 2.0 3.0 o o i.5 0.5 [.0 1.0
ge i et
f l | I l |
Table 24A: Descriptive Statistics of AUC (0-24) and AUC(0-inf) for {S)-zopiclone
[ ingle Dase Fingle Dase l Multiple Dose
Period 1 (Fed) Period 2, Day | (Fasted) Period 2, Day 7 (Fasted)
|Analyte Parameter Batistic limg [mg 6 mg 1 mg B g | mg B mg b mg
S)-Zopiclons  {AUCie n 1 iz 12 7] 12 i2 NA Na INA
kg trfmL} Mean  [8.24 [183.02 DPe827 285  [195.74 H06.67
D 1408 [50.57 D84 1571 B437 12081
AliC0ra i g 17 12 3 1 12 7 iz 12
ng*tr/mL} Mean  [S476 16621 [338.26 6296  [1§7.76 B79047 605 [19107  [#09.31
5D 806 }0.03  poio 842  Wo.75 11025~ h90 ki2s L1685 |

Table 25A: Slope Estimates and 95% Confidence Intervals from the Assessment of Dose
proportionality using the power model

lope Estimates and Confidence Entervals
Day | y 7
] 5% CI 5% CI
[Analyte Parameter [Estimate]l  Lower pper | Lower [Upper
S}-Zapiclone K .51 0.78 1.05 1.00 .87
AUCw.20  0.98 .84 1.13 1.00 k.85
! Slope estimate (b} from power model, log {p y=a+b* log(dose} + ervor.
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Table 26A: Geometric Least Squares Mean Ratios and 90% Confidence Intervals for the fed and

fasted studies.
1 mg (S)-Zopicione B mg (5)-Zopiclone mg {S)-Zopiclone
| | |
Ratio' 90% CI (%) [Ratio" 90% CI (%) tio' 90% CI (%)
[Analyte arameter (%) (%) (%)
Lower [Upper Lower [Upper Lower [Upper
S)-zopiclone [Cmax 60.6 524 [70.1 [78.6 7.7 ®13 [T49 635 B34
AUC(0-24) NC NC INC P15 824 ]i0i.8 893 [82.5 p6.6
AUC(0-inf) 90.6 [79.8 1029 955 [87.1 [I04.8 ©90.7 841 B7.38
t1/2 114.1 964 [135.0 [108.9 P44 [125.5 [106.4 6.5 1173
' Geometric least squares mean ratio
(fed/fasted)
INC = Not Calculated sufficient data were not available for
statistical analysis.

Table 27A: Accumulation Ratios for (8)-Zopiclone

B Multiple Dose

Period 2, Day 7 (Fasted)
Analyte Parameter  {Statistic Il mg B mg 6 mg
S)-Zopiclone RAUC IN 6 11 12

ng*hr/mL) Mean  [1.06 1.07  1.09

SD 0.18 0.18 0.13

RCmax N 11 12 12

{ng*hr/mL) Mean 0.97 1.04 |1.15

SD 0.24 0.17 0.37

NA = Not Applicable. NC = the summary statistics were not computed for n<3.

RAUC: Accumulation ratio for AUC(0-24) calculated as [AUC(0-24) Period 2, Day 71/
{AUC(0-24) Period 2, Day 1}.

RCmax: Accumulation ratio for RCmax calculated as [RCmax Period 2, Day 7]/ [RCmax Period
2, Day 1].

Comments:

1.Based upon RAUC and RCmax values there is no accumulation for S-zopiclone following
multiple dosing

2.(8)-zopiclone pharmacokinetics are dose proportional between 1-6 mg following multiple
dosing.

3.Cmax levels for the 3 mg dose are lowered 22% by food whereas extent of absorption is
unchanged.
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6.3.6 Individual Study Report-Study 190-005 - A DAYTIME, DOUBLE-BLIND,
RANDOMIZED, PLACEBO-CONTROLLED, RISING DOSE, MULTIPLE DAILY
DOSE SAFETY AND PHARMACOKINETIC STUDY OF (S)-ZOPICLONE IN
HEALTHY EL.DERLY SUBJECTS

Study Introduction and Objectives

The present study assessed the safety and tolerability of a once daily dose of

(8)-zopiclone for seven days of daytime administration of 1.0, 2.0, 3.0, and 5.0 mg of (S)-
zopiclone compared to placebo and to determine the pharmacokinetic profile in healthy elderly
subjects.

OBJECTIVES

The primary objective was to determine the safety and tolerability of a once daily dose of (S)-
zopiclone for seven days compared to placebo and to determine the pharmacokinetic profile in
healthy elderly subjects administered during the daytime.

A secondary objective was to determine the effect on daytime sleepiness and psychomotor
performance of a once daily dose of (S)-zopicione for seven days of (S)-zopiclone compared to
placebo in healthy elderly subjects.

Study Design

This was a two-center, daytime administration, randomized, double-blind, placebo-centrolled,
rising, multiple dose in-patient study in 36 healthy male and female elderly subjects ages 65 to
79 years old. Doses evaluated were 1.0, 2.0, 3.0, and 5.0 mg of (S)-zopiclone. Dose escalation
in (5)-zopiclone was accomplished by evaluating sequential panels of nine subjects each, six of
whom were randomized to receive active drug and three to receive placebo. No subject was
tepeated in a subsequent panel. In each dosage group, subjects received one daily dose for seven
days. A panel was not dosed until the safety results from the preceding lower group had been
reviewed and it was agreed by the Investigators, the Project Medical Officer (PMO), and the
Medical Monitor that it was safe to proceed to the next higher group.

Study medication was administered as a solution of (8)-zopiclone in sodium phosphate buffer,
pH 2.7-2.8.

Sample Collection and Handling

Blood samples (5 mL) were collected in lithium heparin coated tubes at the following times:

O Days | and 7, prior to dosing and at 30, 60, and 90 minutes and 2. 3, 4, 6, 8, 12,
and 16 hours post-dosing;

0 Days 2-6, prior to dosing;

O Day 8, 24, 30, and 36 hours following the last dose (Day 7);

) Day 9, 48 hours following the last dose (Day 7).

Samples were kept on ice until centrifuged.
Table 28A: Demographic and Baseline Characteristics
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ITr Group
[Placebo KS)-Zopiclone (S)-Zapiclone (S)-Zopiclone _ [S)-Zopiclone
ICharacteristic (N=12) 1 mg (N=6) 2 mg (N=6) B mg (N=6) 5 mg (N=6)
iGender N 6 (50%)
{Female 2 (33.3%) 0%) 5 (83.3%) M(66.7%)
(%)
Male 5(50%) K(66.7%) 6{100%) 1 {16.7%) 233.3%)
ce N
ICaucasian 12(100%) _ |6(100%) J6(L00%) _ 6(100%) 15(100%)
k%)
lage (yrs) Mean (ﬁ SD) [70.2 (3.6) 69.2 (3.5} 68.5 (3.4) 73.8 (4.7) [72.2{4.4)
PMin, Max 65, 77 65, 75 65, 73 67,79 68,78

Bioanalytical Methods-

Studied Period (years): Studied Period (years): Clinical Conduct March 7, 2000 to May 18,

2600

Analysis of plasma samples was completed September 2000

Theoretical Storage time-

Quality Control (QC) Samples

Parameter 8(+)Zopiclone
Method LC/MS/MS
Sensitivity/LOQ /
Linearity (Standard curve samples)

/

Precision of Standards (% CV)

Precision of QC Samples (%CV)

Accuracy of Standards (%)

Accuracy of QC Samples (%)

Statistical Analysis

Individuai (S)-zopiclone, plasma concentrations were determined by validated methods at a
contract analytical laboratory. (S)-zopiclone urine concentrations were also determined. The
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following pharmacokinetic parameters were determined for each treatment and anatyte by non-
compartmental methods using WinNonlin® Professional based on the individual plasma
concentration-time data collected after single dose and at steady-state after multiple dose
administration.

Cmax  Maximum plasma concentration obtained from inspection of individual concentration-
time profiles.

tmax  Time of occurrence of Cmax.

Cust  The last post-dose quantifiable concentration.

Tus  The time of the last post-dose quantifiable concentration.

Az Elimination rate constant obtained from a linear regression of the natural loge
transformed concentration versus time data in the terminal phase.

AUC(0-16} Area under the plasma concentration-time curve from time 0 to
16 hrs, calculated using the linear trapezoidal rule, based on actual sampling times. No
interpolation or extrapolation was used in calculating AUC(0-15).

T Nominal dosing interval.

AUC-n Area under the plasma concentration-time curve over the dosing interval (1), calculated
using the linear trapezoidal rule, based on actual sample times. No interpolation or extrapolation
was used in calculating AUC©-n. Ifhe st plasma concentration for the dosing interval was BLQ,
then AUC.1) was calculated up to the time of the last quantifiable concentration during the
dosing interval; if, however, the time of this fast concentration was less than 16 hours, then
AUC0-1 was considered missing,

AUC(0-int) Area under the total plasma concentration-time curve for the G-infinity interval,
was calculated by summing the area under the curve from time zero to the time of the last
quantifiable concentration (tlst) and the extrapolated AUC from tiast.

Aco2y  The cumulative amount of the analyte excreted in the urine during the time interval 0
to 24 hours.

Renal clearance for an anatyte was estimated as the ratio: Cle = Ae 0.24) / AUC (o)

Remax  Ratio of Cmax on the last and first days of a multipie dosing regimen, Remax = Crmax(7) /
Cemax(1), where 1 and 7 refer to the first and last days of drug administration, respectively.

Ravc  RAUC = AUC(0-tH7) / AUC(C-T}(1), where 1 and 7 refer to the
first and last days of drug administration, respectively.

RESULTS
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Table 29A: Mean + SD (S)-Zopicline plasma concentrations following Oral dosing of (S)-
Zopiclone solution.

(S)-Zopiclone Dose
[Time
reatment
Post-Dose
Day 1.0 mg 2.0 mg B.0 mg 5.0 mg
(hu)
N=6 IN=6 IN=6 IN=6
Day 1 o BLQ BLQ LOQ BLO
0.5 9.18 + 1.41 10.72 £ 5.54 R5.65+ 11.80 36.77 + 18.60
1 9.83 + 238 13.79 £ 4.86 24.63 + 4.99 39.72 £ 10.39
1.5 7.47 + 1.68 1427£2.77 25.20 £ 4.08 [36.42 = 10.59
2 7.49£2.19 1207 £ 1.87 P23.55+3.46 35.93 £ 10.58
13 6.18 + .35 1112 £ (.54 R1.27+ 5,10 B537+12.04
4 5.25 £ 1.41 .62+ 1.7 17.88 + 4.85 26,70+ 6.31
6 4.02 +1.35 6.73 = 1.07 13.42:+2.34 [21.03 £ 6.85
B 3.45 +0.96 6.23 £ 0.99 10.92 + 3.24 15.45 + 6.09
12 1.90 + 0.7t 3.89 +0.92 8.63+2.89 10.18 £ 547
16 1.09 +0.89 3.07 £0.56 5.32+2.98 F.60 +3.77
24 BLQ 1.69 +0.47 3.61+1.87 52+£247
Day 7 0 BLQ R.95+£1.16 5.09 = 3.57 [5.75 £ 3.53
.5 9.48 £ 1.40 11.05 +5.03 RE73x7.79 H1.48+ 1533
[ 11.26 £ 4.01 17.10 £ 3.86 36.22 + 5.65 46.83 £ 12.64
1.5 9.41 + 3.46 18.03 +3.59 1383+ 7.30 4437+ 13.44
2 8.75 £ 2.80 17.07 £2.43 P6.08 + 9.59 4523 £ 13.51]
o] 7.50 +2.43 15.43 £2.07 P1L17+£9.77 B233+12.14
4 6.46 + 1.56 1468 +2.23 28.80 + 9.54 B5.28 + 10.69
6 I5.18 + 1.58 LL.78 £ 1.90¢ 21.22 + 9.09 2533+ 7.88
-3 4.6l £1.56 9.35+ 1.30 18.54 + 8.37 2220+ 7.41
12 2.84 + 1.06 6.34 £ 0.90 12.93 + 8.00 1394 +582
16 1.76 + 0.98 5.01 +£1.35 B.46 £ 5.33 10.68 + 5.62
24 1.04 +.0.82 B.00+1.15 6.17+4.86 I5.82 £ 3.57
30 BLQ 1.91 +0.98 H.I0+£3.75 £.96+230
36 BLGQ BLQ P44 +3.12 1.53 £ 1.52
M8 BLGQ BLQ BLQ BLQ
BLQ = Below the limit of guantitation

Table 30A: Mean + SD (8)-Zopiclone Urine Amounts (ug) Following Oral Dosing of (S)-

Zopiclone
S)-Zopiclone Dose
[Treatment Time
Day [Interval 1.0 mg 2.0 mg 3.0 mg 5.0 mg
N=6 N=6 N=6 IN=




Day 1 G 6hr Mo + 32 BL+21 B3 53 130 + 70
6 24 br B0 + 25 B3£33 125 £ 61 169 £ 75
Day 7 B 6he Bs+19 63 + 33 74 % 34 113 £ 41
& 24 hr M4+ 21 151+ 38 155 £38 163 £ 76

Table 31 A: Summary Statistics of (S)-Zopiclone Pharmacokinetic Parameters Following Oral
Dose of (S)-Zopiclone solution.

Day 1 Day 7
[Paramieter
10mg POmg POmg BSOmg [10mg POmg BOmg [SO0mg
Cmax N 3 6 3 b 6 6 6 3
(ng/mL) Mean  [10.58 15.32 [29.50 6.98 1597 £8.67 B7.60 50.28
5D 1.76 3.37 .20 11.52 P49 .98 .11 12.47
Tmax N 3 6 6 6 6 3
(hl‘) Median [0.75 1.25 1.04 1.00 75 1.50 1.00 L.00
Range o
AUC N 4 6 6 15 6 6 6
(0-+3
(ng“‘hr/mL) Mean  [75.90 126,67 R43.74  [337.93  ps5.77 192.17 P68.79  W47.31
SD L2719 18.04 67.15 12237 789 29.94 161.13 142 50
AUC N 3 6 6 3 3 3 6 3
0-inf)
(ng*hr/mL) Mean  [75.90 149.3} 29602 p74.86 (10499 [D36.04 H[H63.06 [S11.44
sD 24.19 22.86 103.72  [136.15 p5.51 158.42 [262.22 188.64
it]/2 IN 6 6 6 6 6 6 6 6
h!’) Mean  6.40 8.97 .05 .56 [7.83 0.85 9.55 [7.52
5D [2.02 1.86 [2.39 1.30 1.57 2.48 2.82 1.67
ClIr N f 3 3 3 5 6 6 6
E/hr) Mean  [1.26 1.06 0.85 0.91 0.92 150 b.67 0.61
sD .82 0.24 .34 .40 .15 0.17 .19 0.07
Recovery N 3 6 6 6 3 6 6 o i
%) Mean  6.95 61 16.93 .98 7.57 10.68 [7.65 15.52
5D [5.59 1.62 3.25 .76 D17 2.90 189 2.08
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Table 32A: Dose Proportionality of (S)-Zopiclone Cmax and AUC(0-t) Following Oral
Administration of (8)-Zopiclone in the elderly

Cmax AUC(0-t)
Day t Day 7 Day 1 Day 7
Slope Estimate D.95 bos .95 .99
Slope Std Error 0.09 p.og l.09 bz
B5% CI 077, 1.13 b7, 112 .76, 1.15 0.74,1.24

Table 33A: Accumulation Ratios for (S)-Zopiclone for elderly based upon mean

data(Day7/Dayl)
Multiple Dose
Period 2, Day 7 (Fasted)
‘Analyte arameter Statistic |1 mg 2mg Bmg [Smg
(5)-Zopiclone UC{0-inf)
(ng*hr/mL}) Mean  |1.38 1.58 |1.56 1.36
RCmax
(ng*hr/mL) Mean  |1.13 1.21 {127 1.07
Comments:

1.The pharmacokinetics of esopiclone in the elderly appear to be linear based upon the log
model.

2.The half-life varies between 6-10 hrs in the elderly, which appears to be longer than that
observed in healthy normals 4-8 hrs.

3.6-10% of the drug is excreted in the urine unchanged.
4.There is drug accumulation in the elderly population since the theoretical value based

upon (1/1-e “*** } was calculated to range from 1.08-1.22 dependent upon half-life
(6hr-19 hrs).
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6.3.7 Individual Study Report- PROTOCOL NO: 190-013

PHARMACOKINETICS OF ORALLY ADMINISTERED ESOPICLONE IN SUBJECTS
WITH MILD-TO-MODERATE AND MODERATE-TO-SEVERE HEPATIC
DYSFUNCTION

Study Introduction and Objectives

To describe and compare the pharmacokinetics of esopiclone and its metabolite in subjects with
impaired hepatic function and gender-, age-, and weight-matched normal subjects.

To describe and compare the safety and tolerability of a single dose of esopiclone in subjects
with impaired hepatic function and gender-, age-, and weight-matched normal subjects.

Study Design

This was a multicenter open-label study. A fotal of 24 subjects with hepatic impairment (8
subjects each with mild-to-moderate, moderate-to-severe, and severe impairment) and 16
healthy subjects were enrolled and completed. The study consisted of a screening visit (Visit 1)
and a treatment visit (Visit 2). At Visit i, subjects were evalnated for eligibility, and their degree
of hepatic impatrment was assessed based on the Child-Pugh classification system. Eligible
subjects received a single oral dose of esopiclone 2 mg at Visit 2. Subjects were sequentially
dosed, beginning with those who had a Child-Pugh score of 5 or 6, followed by those who had a
Child-Pugh score greater than 6, those who had a Child-Pugh score greater than 8, and those with
normal hepatic function. Subjects remained in the clinic for approximately 120 hours following
dosing. During this time, subjects provided blood and urine samples for pharmacokinetic
analysis and underwent safety assessments.

Product Administered: 2 x 1.0 mg tablets of esopiclone
The following Child-Pugh classification was used:

Table 34A: Child-Pugh Classification System of Chronic Liver Disease

[Risk Factor Score
1 2 B
JAscites IAbsent Slight Moderate
Neurologic symptoms JAbsent [Fransient or mild [Hepatic coma
Prolongation of <4 f-6 P
rothrombin time vs
control {s)
Secum bilirubin (mg/dl) <2 [2-3 )
[Serum bilirunin for l<4 4-10 P10
pubjects with primary
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biliary cirrhosis {mg/dL)

Serum albumin {g/dL) 3.5 2.8-3.5

2.8

IA: Total score=5 to 6 (mild hepatic impairment)

B: Total score=7 to 9 (moderate hepatic impairment)

IC1: Total score=10 to 12 (severe hepatic impaitment)

IC2: Total score>13 {exclude)

Sample Collection and Handling
Day 1

Serial blood samples were collected for pharmacokinetic analysis at 0.5, 1, 1.5, 2,4, 6, 8, 12, and

16 hours postdose.

Day 2

Blood samples were collected for pharmacokinetic analysis at 24, 30, and 36 hours postdose.

Days 3-6

Blood samples were collected at the following 48, 72, 96, and 120 hours.

Urine samples for determination of esopiclone were collected at the following postdose intervals:

-B-to-0, 0-24, 24-48, 48-72, 72-96, and 96-120 hours.

Table 35A: Baseline Age, Height, Weight, and Child-Pugh Classification by Hepatic Function

Group

Normal Mild Moderate [Severe F)verall
Parameter KN=16) (N=8) (N=8) (N=8) -value
lAge (years)
BAean (SD) H2.1(12.0) |7.6(10.5) 57.5 (6.5) 146.6 (3.5) 0.010
pvin, max 23, 56 B4, 66 49, 68 41, 52
[Height (cm)
Mean {SD} 173.1 (7.9 167.0(10.2) 174.2 (7.6) 169.6 {11.5) pa1g
Pin, max 153, 182 158, 188 163, 183 155,184
Weight (kg)
Mean (SD) 78.8 (13.2) 80.3 (10.8) 97.8(22.2) 73.4 (18.0) 10.183
hdin, max 50, 101 58, 92 69, 127 51,94
IChild-Pugh classification
IMean (5D) IND 5.0 (0.0) 8.0 (0.9) 2.9 (0.6) IND
Min, max IND 5,5 17,9 g, k1
[Note: ND=not determined.

Bieanalytical Methods-

Studied Period (years):; Clinical Conduct October 12, 2000- August 13, 2001

Analysis of plasma samples was conducted from
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Theoretical Storage time:  —

Parameter Zopiclone-Plasma (8)- Zopiclone-Urine
Method LC/MS/MS LC/MS/MS
Sensitivity/LOQ

Linearity (Standard curve _

samples)

Quality Control (QC) Samples

Precision of Standards (%CV

Precision of QC Samples
(% CV)

Accuracy of Standards (%)

Accuracy of QC Samples (%)

Statistical Analysis
Pharmacokinetic Analysis
For each analyte, individual plasma concentrations at each time blood samples were collected
and pharmacokinetic parameters were summarized by hepatic function group using descriptive
statistics [number of subjects, mean, median, standard deviation, CV (%), minimum, and
maximum]. Individual and mean pharmacokinetic profiles were plotted on linear and
logarithmic coordinates. Individual urine amount and concentrations during each collection
interval were also summarized by hepatic function group using descriptive statistics.
The analysis of the effect of hepatic impairment on the pharmacokinetics of oral esopiclone was
conducted using the esopiclone and (S)-desmethylzopiclone pharmacokinetic parameters Cmax,
tmax, AUCH-last), AUC(0-00), AUC(t1-12), Clr, t1/2, and % recovery of esopiclone in urine.

Visual assessment of the effect of hepatic impairment was performed for each analyte by
examining plots of pharmacokinetic parameters versus hepatic impairment group and by plotting
selected pharmacokinetic parameters versus Child-Pugh scores. Primary Pharmacokinetic
Analysis: The primary analysis was conducted using the esopiclone PK parameters AUC(0-1asy
and Cmax. The effect of hepatic impairment was assessed using a one-way analysis of variance
(ANOVA/ANCOVA) with hepatic impairment group as the single factor. If age, height, or
weight differed significantly across hepatic impairment groups, it was added as a covariate to the
model. The pharmacokinetic parameter data were natural log-transformed before analysis. From
this ANOVA, least squares means for each group, estimated group differences, and 90%

120




confidence intervals for group differences were calculated. These results were transformed to the
original scale by exponentiation to obtain geometric least square means, ratios of geometric least
squares means, and 90% confidence intervals of these ratios. Each of the three hepatic
impairment groups was compared to the normal healthy subject group as the reference. If the
90% confidence intervals for comparing each of the three hepatic impairment groups to the
normal healthy subject group fell within 80-125% for AUC(-tes) and Cmax, then it was concluded
that hepatic impairment did not affect the pharmacokinetics of esopiclone.

RESULTS

Table 36A: Mean+SD Plasma Concentrations of Esopiclone Following Oral Administration of 2
mg of Esopiclone in Normal Subjects and Subjects with Mild-to-Moderate, Moderate-to-Severe,
and Severe Hepatic Impairment

IEsmpiclone concentration {ng/ml)

Day Time Normal Mild [Moderate Severe

Xh) Moderate Kevere
=16) (N=5) (N=8) N=8)

1 Predose BLQ IBLQ BLQ BLQ
0.5 17378 11.2+8.8 14.5+ 4.8 13.7+£12.6
1 231 +78 P0.5+7.2 17.0+ 8.6 16.7 £ 10.5
1.5 [20.6 £ 5.2 19.7 £ 6.2 156+ 5.1 175+ 10.8
2 RlLi1£54 19.2 6.0 153+£5.1 18.1 £ 9.2
4 148+ 58 12837 13.3£6.0 1681 7.1
& 10.0 + 4.1 9.7 £25 D4+34 141 £70
B 8.0 =34 [78=22 B4+34 12.1 £6.0
12 4.7 = 2.5 B.7+15 5.4+20 9.5+52
16 TThaiia Baxil 432 7338

R 24 1.3£1.5 1.4+1.1 P7+13 5.5 £ 3.7
o IBLQ BLO POx14 38+29
pé [BLQ BLQ BLQa 2.5+2.0

B 18 BLOQ BLQ [BLQa 1.5£1.5

u [72 IBLGQ IBLQ BLQa [BLQ

15 96 BLO BLO (BLQa [BLQ

6 120 [BLQ [BLO IBLQa [BLQ

INotes: Mean (15D values were calculated when at least 3 subjects had measurable concentrations for a

iven timepoint.
BLQ=below limit of quantification -_
p N=7 ! | [

Table 37A: Mean+SD Esopiclone Urine Amounts (pg) Following Oral Administration of 2 mg
of Esopiclone in Normal Subjects and Subjects with Mild-to-Moderate, Moderate-to-Severe, and
Severe Hepatic Impairment

[Hepatic Function Group
[Time Interval{h) Normal IMild [Moderate [Severe
(N=16) N--§) (N=8) (N-8)
[Predose BLY® BLQ* BLQ BLQ
0 24 108.9 £ 294 1446+ 728 [1048x62.5 89.0+41.5
[24 48 5.0+ 12.7 BOx 113 10.7 £ 164 $4.8 +£34.0




Mg 72

BLQ

BLO®

11.7+27.6

7296

BLQ"

B.6 + 10.0

56 120

BLQ

LQ*

BLQ®

Note: BLQ=below limit of quantification.

a N=13

b N=14

c N=4

k N=6

e N=7

Table 38A: MeantSD Pharmacokinetic Parameters of Esopicione Following Oral

Administration of 2 mg of Esopiclone in Normal Subjects and Subjects with Mild-to-Moderate,
Moderate-to-Severe, and Severe Hepatic Impairment

Hepatic Function Greup
[Parameter [Normal Mild Moderate [Severe
(N=16) =8) KN=8) (N=8)
Cmax,(ng/mlL.) 25.1 £8.0 23.0+ 7.0 20.6 £ 6.7 0.5+53
IAUC(0-last) 1722722 165.0 + 50.1 195.2+£ 756 B25.6 £ 204.8
ng h/mL})
IAUC(0-) 188.1 £ 75.0 179.3 £50.5 D214+91.7° B64.2 £209.0
ng h/mL)
/2 6.66 + 2.14 6.79 £ 1.75 11.05+ 5.64" 15.34 + 6.06
h}
kmax" 1.0 .00 1.040 1.50
h) ’ — p— o — [
Clr
0.727 £ 0.39%° 0.899 + (.359 0.682 + 0.323° 0.460 + 0.318
E/h)
Urine recovery
[5.69 + 1.64 [7.43+4.01 15.78 + 3.72 .96 £ 4.34
(%)
b Expressed as median [range].
b N=7
kN=15 |

Table 39A: Statistical Comparison of Esopiclone Pharmacokinetic Parameters Between Subjects

with Hepatic Impairment and Normal Subjects

iParameter roup IN IComparison Ratio (%) 20% CT

ICmax P IMean [

ng/mL) Mild 8 [21.9 Mild Normal 186.76 [67.5, [11.6]
Moderate 179 Moderate/Normal [70.79 [53.0,94.5)
Bevere 18.9 Severe/Normal 175.00 58.4, 96.3]
INormal 113 5.2

AUC(0-last) Mild 8 157.8 Mild/Normal 95.66 [69.6, 131.5]

ng-h/mL) Moderate |8 167.1 Moderate/Normal 101.29 [70.3, 145.9]
Severe 8 287.2 Severe/Normal 174.09 [£27.0, 238.7]
Normal 16 165.0
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A UC(0-inf)

ng-h/mL) Mild 8 172.5 Mild/Normal 95,52 70.1, 130.1]
Moderate 7 189.2 Moderate/Normal _ {104.80 172.0, 152.5]
Severe B 253 Severe/Normal 180.15 N132.6,244.7)
Normal 6 180.6

Clr Mild B 0.817 Mild/Normal 130.35 81.1, 209.6)

L/h) Moderate  [7 0.649 Moderate/Normal  [103.50 59.6, 179.9]
[Severe B 0.337 Severe/Normal 53.71 #33.5, 86.1]
Normal lis 0.627

Figure 1A: Plot of Esopiclone AUC0-12sy versus Baseline Child-Pugh Score
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Further analysis of the regression of AUC(0-t) was done following elimination of the subject
with a severe classification and AUC(0-t) of 797 ng/mlxhr. The resulting regression equations
for Child-Pugh Score vs AUC(0-t) were:

Slope Intercept Rsq
AUC(0-t)-All 28.09 14.39 0.20
Data
AUC(0-t)> 500 | 17.85 74.85 0.25
deleted
Cmax -0.31 23.70 0.008

An additional analysis was done by the reviewer to compare the total sleep time for normals and
elderly to determine what AUClast values seemed to be associated with skeep time at the 2 mg
dose. A proc univariate analysis was also done to determine the 75" percentile for the data set to
see which values were the extremes for each group. The dose vs sleep time plot are presented in
Figures 2A  and 3A. .

Figure 2A: Total sleep time vs dose in normals
Figure 3A: Total sleep time vs dose in elderly
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Table 40A. Comparison of the sleep time, extreme AUClast, 75™ percentile for AUClast and the
firm’s recommended dose for each treatment group.

Dose=2 mg TOTAL SLEEFP EXTREME 75T PERCENTILE | RECOMMENDED
TIME AUClast AUClast DOSE

NORMALS 412 MIN 131 NG/ML X HR 123 NG/ML X HR 2-3 MG

ELDERLY 383 MIN 147 NG/ML X HR 139.6 NG/ML X HR | 2 MG

SEVERE LIVER N/A 797.4 NG/ML X HR | 234 NG/ML X HR 2MG

DAMAGE

Comments;

1. The storage time for the samples in this study was 13 months {October 2000-November 2001).
However the firm’s assay validation only covered a period of C -

2. The firm's plasma assay for study 013 lists Zopiclone as the analyte in plasma however, in
urine they list (8)-Zopiclone. This needs to be clarified as to which species is being analyzed in
plasma and urine.

3.The pharmacokinetics was comparable between the mild and modetate hepatic dysfunction
patients versus normals. However, in the severe disease group the AUC was almost double
compared to normals. It seems appropriate to consider a lower than 2 mg dose for individuals
with severe liver impairment and that may also be for the elderly. Currently there is no scored
tablet or lower strength available other than the 2 mg tabiet..

125




6.3.8 Individual Study Report- PHARMACOKINETICS OF ORALLY ADMINISTERED (S)-
ZOPICLONE IN SUBJECTS WITH MILD TO SEVERE RENAL INSUFFICIENCY

STUDY 190-014

Study Introduction and Objectives

The primary objective was to describe and compare the pharmacokinetic profiles of esopiclone
and (S)-desmethylzopiclone following a single, 3 mg dose of esopiclone in subjects with renal
insufficiency and normal renal function. The secondary objective was to evaluate the safety and
tolerability of a single, 3 mg dose of esopiclone in subjects with normal renal function and
subjects with renal insufficiency.

Study Design
This was an open-label, single-dose study conducted at multiple inpatient clinical sites enrolling
a total of 40 subjects, who were categorized into one of four groups by creatinine clearance {i.e.,
three groups of 8 subjects with renal impairment (mild, moderate, or severe) and one group of 16
healthy subjects). Subjects were categorized into one of the four groups based on creatinine
clearance at the time of screening as outlined in the Guidance for Industry —“Pharmacokinetics in
Patients with Impaired Renal Function-Study Design, Data Analysis, and Impact on Dosing and
Labeling” issued by the Food and Drug Administration.

The following Table summarizes the mean baseline creatinine clearance by renal function

group.
Group Creatinine Clearance
mL/min)
| (normal) > 80
2 (mild) >50 < 80
3 (moderate) P30 <50
# {(severe) <30
Table 41A: Demographic and Baseline Characteristics
| Renal! Function Group
ICharsacteristic tatistic Normal Mitd IModerate  [Severe value”
(N=16) (N =8) KN =8) (N =§)
Age Mean (yr) 43.6 50.1 19.3 51.8 0.317%
SD {yr) 119 9.4 0.8 1.1
Min, Max 23,58 18, 61 32, 64 B2,62
Gender
Male N (%) 9(56.3%)  6(75.0%) [6(75.0%) |5(62.5%)
Female N (%) 7(43.8%)  [2(25.0%) [2(25.0%) [3(37.5%)
Race
Caucasian N (%) 15(93.8%) [7(87.5%) |5(625%) [6(75.0%)
Black IN (%) 1 (6.3%) 1(12.5%) [(250%) [1(135%)
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[Asian N (%) (0.0%) P(0.0%) D©00%) pO0%)
Hispanic N (%) I (0.0%) 0(0.0%) [1(125%) |t (12.5%)
Other N (%)} 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 {0.0%)
Height Mean {cm) 170.6 167.5 177.2 170.2 0.1419
BD (cm) 8.1 6.8 3.1 12.3
Min, Max 152, 182 160, i79 163, 185 154, 191
Weight Mean (kg) 63.8 712 o0 4 3.5 0473
SD (kg) 11.4 8.7 223 21.0
Min, Max 52, 92 63, 78 46, 114 He, 122
BMI Mean (kg/mg2) 3.6 25.4 28.5 26.9
5D (kg/mg2) B0 b5 5.0 5.5
Min, Max R0, 30 23,29 17,36 I8, 36
Baseline CLer, IN 16 8 ] n
fMean (mL/min) 1120.6 66.9 6.0 22.4
BD {mL/min) 28.2 126 10.9 5.5
Min, Max o —
h Statistical inference for age, weight, and height was performed using Kruskal- Wallis test,
Reference: Table 14.1.2. | [

Treatment Administered:
Study medication (2 x 1.5 mg tablets) was administered orally on Day 1. The tablets were taken
with 240 mL of water,

Sample Coliection and Handling

Plasma samples for PK analysis were drawn from subjects at the following times:

Day 1 (Visit 2) pre-dose and at +0.5, +1, +1.5, +2, +4, +6, +8, +12, +16 hours post-dose

Day 2 (Visit 2) at +24, +30, and +36 hours post-dose

Day 3 (Visit 2) at +48 hours post-dose

Day 4 (Visit 2) +72 hours post-dose.

Urine samples for PK analysis were collected from subjects as follows:

A 24-hour urine sample was collected at Screening (Visit 1)

A urine sample was collected within | hour prior to dosing at Day 1 (Visit 1)

A 0-6 hour cumulative sample was collected at Day 1 (Visit 2)

A 6-24 hour cumulative sample was collected from Day | to Day 2(Visit 2)

A 24-48 hour cumulative sample was collected from Day 2 to Day 3(Visit 2)

A 48-72 hour cumulative sample was collected from Day 3 to Day 4(Visit 2)
Bioanalytical Methods-

Studied Period (years): Clinical Conduct October 10, 2000- August 2, 2001
Analysis of plasma samples was conducted from _—

Theoretical Storage time: —
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Parameter {S)- Zopiclone-Plasma | (S)- Zopiclone-Urine
Method LC/MS/MS LC/MS/MS
Sensitivity/LOQ A

Lingarity (Standard curve

samples)

Quality Control (QC)

Samples

Precision of Standards }
(%CV)

Precision of QC Samples
(%CV)

Accuracy of Standards (%)

Accuracy of QC Samples

Statistical Analysis
The foliowing pharmacokinetic parameters, determined by non-compartmental methods
usingWinNonlin® Professional, version 3.1 were based on the individual esopiclone and {S)-
desmethylzopiclone concentration-time data collected after a single oral dose administration.

Crmax Maximum observed concentration.

tmax Time of occurrence of Cmax

Clast : The tast post-dose quantifiable concentration

tlast The time of the last post-dose quantifiable concentration

Az Elimination rate constant obtained from a linear regression of the natural
log (Ia) transformed cancentration versus time data in the terminal phase.

12 Terminal phase half-life,

AUC(0-last) Area under the plasma concentration-time curve from time zero to the

time of the last post-dose quantifiable plasma concentration

AUC0+) Area under the plasma concentration-time curve for the 0-infinity interval,
AUCu-) Area under the plasma concentration time curve from time ti to t2,
calculated using the linear trapezoidal rule, based on actual sample times.

Aeil-ay The cumulative amount of the analyte excreted during the time interval t1
to t2
Cle Renal clearance for an analyte was estimated as the ratio:
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Clr = A2y / AUCuy

Urine Recovery The urine recovery was calculated as (Aefo-tas / Dose) * 100.

RESULTS
Table 42A: Mean + SD Plasma Concentrations of Esopiclone Following Oral Administration of

3.0 mg Esopiclone in Normal Subjects and Subjects with Mild, Moderate and Severe Renal
Impairment

Esopiclone concentration
ng/mL)
Day Time (hr)
Normal Mild Moderate Severe
(n=16) (n=8) (n=8) (n=8)

1 Pre-dose  [BLQ BLQ BLQ BLQ
0.5 2234196204+ 179 PRLI£152 PR5S4+163
1 BO5£11.6P37.8+£11.7 R794+100 H15+157
1.5 293+74 B65+8.7 28.1+ 8.6 34.8+ 3.0
2 P82+75 B3.0+79 26.8 +£6.2 352+ 10.3
4 R2.7+6.5 267+46 23.8+4.5 7.8 484
6 174+56 223+48 18.6 +3.7 2.0+ 8.7
) 131+44 |168+5.2 13.5+3.1 16.8+58
12 7.7+33 [10.8+44 830 11.1£39
16 4523 .1+£27 6.0+ 2.0 6.8 +3.4

2 24 2lx14 [39+1.8 2.9+1.0 Ho+23
30 BLQ 20+1.5 1.7£0.9 2.5+1.6
36 BLQ BLQ BLQ 1.2+ 1.1

3 18 BLQ BLQ BLQ BLQ

4 72 BLQ BLQ BLQ BLQ

BLQ: Below limit of quantification /¥ —— ).

Table 43A: Mean + SI} Esopiclone Urine Amounts (pg) Following Oral Administration of 3.0
mg Esopiclone in Normal Subjects and Subjects with Mild, Moderate and Severe Renal
Impairment

Renal Function Group

Time
Interval

Normal Mild Moderate Severe

(n=16) (n=8) n=8§) (n=8)
0 6hr 107.7+ 694" POEB+1106 [77.7+393 47321
6 24 hr 1.4+ 52.1 948+873 85.1+68.0 [74.7+30.5
24 48 hr 3.5+£9.7 16.8 +20.3 145+£21.4 ®3+12.0
48 72 he INQ INQ INQ INQ
IN(): Not quantifiable.
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Table 44A: Mean * SD Pharmacokinetic Parameters of Esopiclone Following Oral
Administration of 3.00 mg Esopiclone in Normal Subjects and Subjects with Mild, Moderate and

Severe Renal Impairment

Renat Function Group.

Parameter Normal (n=16) Mild (n=8) Moderate (n=8) Severe (n=8)
Cmax 36.7+11.4 43.1 £10.6 324+78 434+ 154
(ng/mi)

AUC0-1as) 271.0+£87.3 3723+ 1182 [B04.7+77.8 385.6+139.4
ng hr/ml)

IAUC(0-00) 284.5+914 3883+ 1196 [319.1£78.5 400.8 £ 141.6
ng hr/mL)

iz 6.12 + 1.94 730+ 1.09 7.60 + 1.66 8.16 +£2.59
hr)

tmax* 1.25 1.00 1.00 1.60

(hr) d -—

Cle 0.811+0.471° 0.564 £0.593 [0.614 + 0.440 |0.496 +0.396
L/he)

Recovery 6.76 + 3.53° 6.75 + 6.65 5.91 +3.81 4.92 +2.13
%)

[ expressed as median [range],

Pn=14

Fn=15

Table 45A.: Statistical Comparison of Esopiclone Pharmacokinelic Parameters Between Subjects

with Renal Impairment and Normal Subjects

Geometric
Parameter Group n Cormparison Ratio (%)  90% Cl
LS Mean
Cmax Mild 8 40.5 Mild/Nomal 122.4% [97.5,153.8]
{ng/mL)
Moderate 8 355 Moderate/Normal 88.28 {83.1, 139.2]
Severe 8 414 Severe/Normal 125.24 f99.1, 158.2]
Normal 16 330
AUC(0-last) Mild 8 349.0 Mild/Normal 141.20 [108.8, 183.2]
(ng-hr/mL)
Moderate 8 319.7 Moderate/Nommal 129,35 [96.3, 173.7]
Severe 3 362.2 Severe/Normal 146.54 {112.2,191.5]
Normal 16 2472
AUC(0-e0) Mild 8 365.2 Mild/Nomal 140.22 [108.9, 180.6)
{ng-hr/mL)
Moderate 3 334.0 Moderate/Normal 128.25 [96.3, 170.8]
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Severe ) 3778 Severe/Normal 145.05 [111.9, 188.1]

Normal 16 2605

/2 Mild 8 7.29 Mild/Normal 121.95 [101.4, 146.7]1

hr

= Moderate 8 7.23 Moderate/Normal 120.89 [98.1, 149.0]
Severe 8 7.76 Severe/Normal 129.77 [107.4,156.9]
Normal 16 598 :

Clr Mild 8 0.387 Mild/Normal 46.69 [25.5, 85.6]

(L/hr)
Moderate 8 0.267 Moderate/Normal  32.23 [16.4, 63.4]
Severe 8 0374 Severe/Normal 4522 [24.4, 83.9]

Normal 14 0828

Table 46A: Slope Parameter from the Regression Analysis between Esopiclone Pharmacokinetic
Parameters and Baseline Creatinine Clearance

Parameter Estimate SE 95% CI r
Cmax 0.025 0.043 [-0.112, 0.062] H0L10
(ng/mL)

IAUC(0-last) -01.851 0.396 [-1.654, -0.047) 10.33
(ng hr/mL)

Clr 0.0031 0.0017 {-0.0004, 0.0066] 0.29
(L/hr)

Comments:

1.The storage time for the samples in this study was 13 months {October 2000-November 2001).
However the firm’s assay validation only covered a period of ~—

2. There was a 45% increase in AUC between normals and individuals with severe renal

impairment. However, since there is only 6% of unchanged (8)-eszopiclone excreted in the
urine an adjustment in dose is not required for people with severe renal impairment.

6.4 NONCLINICAL ABSORPTION, DISTRIBUTION, METABOLISM, AND
EXCRETION STUDIES OF ESOPICLONE UTILIZING HUMAN BIOMATERIALS

6.4.1 PERMEABILITY
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Sepracor Document No, 190-542. Evaluation of permeability classification for (S)-
zoviclone using the Caco-2 in vitro model of epithelial monolayers. —*
— Study No. =~ LAN-2001-0298-ADM, 2001

The purpose of this study was to determine the permeability of (8)-Zopiclone across
human intestinal Caco-2 monolaycrs.

Method: Caco-2 cells were grown or —

days to form confluent monolayers with tight cetlular junctions and functional brush
borders. Caco-2 model absorptive standards were run in the apical to basolateral
direction prior to running ($)-Zopiclone experiments to determine the quality of Caco-2
monolayers. The Papp values for the permeability standards mannitol {low permeability)
and ketoprofen {high permeability) werc 0.63+0.16 E-06 cm/sec and 70.70+17.56 E-06
cm/sec, respectively. 1.-Phenylalanine the active transport standard had a Papp valucs of
20.60+1.69E-06 cm/sec. All three standards were within the acceptable range for this
model. Vinblastine sulfate (high e¢fflux) transport was used to monitor the quality of the
secretory cfflux mechanisms for these Caco-2 moriolayers. Vinblastine sulfate had a
secretory efflux ratio of 9.40 comparced to the negative efflux standard mannitol with an
efflux ratio of 0.40.

Results: An initial portion of this study was to run 2 mannitol integrity test in the
presence of (S)-Zopiclonc at the high transport target concentration of 100 uM. Mannitol
transport across the Caco-2 monolayers was determined in the absence and presence of
(8)-Zopiclone. Mannitol percent transport was not significantly increased with 100 uM
(S)-Zopiclone in cither transport direction.

Caco-2 permeability of (§)-Zopiclone in the absorptive transport direction was
60.80+10.41, 59.48+6.51, and 73.95+2.70 E-06 cm/sec at 1, 10, and 100 pM,
respectively. These values were greater than the high permeability standard ketoprofen
with a Papp valuc of 44.25+15.61 E-06 cm/sec indicating that {S)-Zopictone is a highly
transported compound across Caco-2 monolayers,

Seeretory efflux of (8)-Zopiclonc was similar or less than its absorptive transport. The
efflux ratios (Bl to AP/AP to BL) were 0.87. 1.02, and (.71 with L. 10, and 100 uM(S)-
Zaopiclone. An efflux ratio of 1.0 or less indicates that therc is no active cfflux
mechanism for (8)-Zopiclone at the concentrations {csted.

Conclusion: ($)-Zopiclone did not have any effect on the integrity betwceen the Caco-2
cell monolayers at the highest test concentration. {8)-Zopiclonc exhibited high
absorptive and seeretory permeability at all three test concentrations. (8)-Zopiclone did
not exhibit any active transport mechanisms in either the absorptive or sccretory
directions.
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6.4.2 Sepracor Study Document No. 190-528. ["*C]-(S)-Zopiclone: in vitro blood-to-plasma
partitioning and plasma protein binding in the mouse, rat, dog and human.

Objective:
This study was designed to determine blood-to-plasma partitioning ratios and the percent of
binding of ['*C]-(S)-zopiclone to protein in mouse, rat, dog and human plasma using

ultrafiltration methods.

Methods:

APPEARS TiliS WAY
ON ORIGINAL

APPEARS THIS way
ON ORIGINAL
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2.74.

2.7.5.

Results:

In vitro blood-to-plasma partitioning ratios in humans were 0.31-0.34 over the concentration
range of 5-500 ng/mL. In rat, mouse and dog, the partitioning ratios were 0.50-0.55, 0.46-0.58
and 0.44-0.52, respectively, over the concentration range of 10-10000 ng/mL. In vitro plasma
protein binding of (S)-zopiclone in humans was 52.2-58.9% over the concentration range of 5-
500 ng/mL. The protein binding values in the rat, mouse, and dog were 28.8-46.7, 36.7-56.5 and

BLOOD-TO-PLASMA PARTITION STUDY

Blood samples were spiked with [“C]-(S)-zopiclone as described
in Section 2.8.3 at the appropriate concentrations and incubated at
approximately 37°C for approximately 30 minutes.

Three aliquots (10-100 ul) of the spiked blood at each
concentration level were placed on . - , air-dried and
combusted in a — The samples were
analyzed for radioactivity as described as in Section 2.8.9.

The remaining spiked blood at each concentration was centrifuged
at approximately 37°C for 10 minutes at approximately 3000 rpm.
Three aliquots of each harvested plasma sample were analyzed for
radicactivity, as described as in Section 2.8.9. Aliquots of blood
and plasma taken for radicanalysis were measured using a
positive-displacement pipette. The size of all aliquots was
recorded.

PROTEIN BINDING STUDY

Plasma samples were spiked with [“C]-(8)-zopiclone as described
in Section 2.8.3 at the appropriate concentrations and incubated at
approximately 37°C for approximately 30 minutes.

Three aliquots {10-100 uL) of each incubated spiked plasma
sample were analyzed for radicactivity, as described in Section
289

Three | mL sub-samples of each incubated plasma sample were
ultrafiltered, as described in Section 2.8.6., and single aliquots of
each ultrafiltrate were analyzed for radicactivity, as described in
Section 2.8.9. The size of all aliquots were recorded.

31.9-43.5%, respectively over the concentration range of 10-10000 ng/mL.
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6.4.3 Sepracor Study Document No. 2000-007.Evaluation of the effects of CYP450 1A2,
2A6, 2C8, 209, 2C19, 2D6, 2E1 and 3A4 inhibitors on S-zepiclone metabolism in human
microsomes.

Objective:

To determine the relative contribution of different CYP45( isoforms to the metabolism of
S-zopiclone and human liver microsomes in the presence or absence of selective P-450
isoform inhibitors.

Metabolic Scheme:
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CYP3A4 appears to be responsible for about 40% of both N-oxidation (XIII) and desmethylation
(XII) of zopiclone while the CYP2E! subfamily accounted for about 40% of N-desmethylation.
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Methods:
Incubation Procedures

Main Study

Incubation mixtures were prepared in Tris buffer to contain 1 mg/ml. microsomal
protein, NADPH regenerating system (NRS), and either Tris only (negative
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control, NC), or one of the following P450 inhibitors: 5 uM furafylline (CYPIAZ),
250 uM tranylcypromine (CYP2AS6), 10 uM omeprazole (CYP2C19), 1 uM
quinidine (CYP2D6), 100 uM 4-methylpyrazole (CYP2E!), or 5 uM ketoconazole
(CYP3A4). After 2 15-minute preincubation, (S)-zopiclone was added to each
incubation mixturc at each of 3 concentrations, and the incubation was continued
for an additional 30 minutes. Incubation reactions were terminated with the

addition of an equal volume of acetonitrile.
CYP2CS8 Study

An additional experiment was conducted to assess the role of CYP2C8 in
(S)-zopiclone metabolism. Incubation mixtures were prepared as described above
using quercetin {100 uM), a known inhibitor of CYP2C8, and (S)-zopiclone

(10 uM).

Control Incubations
Chromatographic Interference Controi (CIC)

T'o investigate the possibility of chromatographic interference by each inhibitor and
its metabolites, microsomes were preincubated with NADPH regenerating system
{NRS) and each respective inhibitor for 15 minutes, then DMSO (10 uL) was
added to the samples and incubated for 30 minutes.

Metabolic Positive Control (MPC)

To determine the metabolic activity of the test systera, microsomes were
preincubated with NRS for 15 minutes, then spiked with 10 uL of 100X
7-ethoxycoumarin (7-EC) solutien and incubated for 30 minutes. The final 7-EC
concentration was 190 uM.

Metabolic Negative Controt (MNC)

To detect the spontancous formation of metabolites from a non-biological
pathway, microsomal protein (1 mg/mL) was preincubated with Tris buffer for

15 minutes, then the test article was added (at the appropriate concentration). The
incubation was continued for 30 minutes, then the reaction was terminated with
acetonitrile.
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Negative Control (NC)

To determine the specific effects of the test article as compared to the effects of
the other controls on the test system, incubation mixtures were prepared in Tris
buffer to contain | mg/mL microsomal protein, 1% DMSO, NRS, and the test
article at each of the 3 tested concentrations for the main study, or a single
concentration of 10 uM for the CYP2CR study, then incubated for 30 minutes.

Results:

The esopiclone concentrations investigated, 10uM to 200uM, were within the range for those
observed in the pharmacokinetic studies. The ketaconazole concentration was 5uM which is 5x
the recommended concentration in the in vitro drug-drug interaction guidance page 5.

Table 47A: Control and test article metabolism in pooled human microsomes,

e e e e wTTMATE AR W L ALS bh et Ae——— myem e -

Test/Control Conc. Inlibitor Conc. {8)-Zopiclone (Parent)
Article uM) ID (uM) Present (nmol) Metabolized % of NC
- {nmol)

(S)-Zopiclone 10 FUR 5 14l + 036 587 172
100 s 12.8 = L7 74.5 121

200 5 315 + 7.1 134 16

10 TRAN 250 L.57 + 0.12 57 167

100 250 17.5 + 2.0 69.8 113

200 250 496 + 4.6 125 105

16 SULF 50 135 + 0.4 593 173

0 50 i57 % 5.1 1.6 116

200 50 401 + 2.1 135 113

16 OME 10 0950 + 0.170 6.33 i85

100 10 152 + 2.0 721 117

200 10 242 1+ 134 151 127

16 QUIN 1 147 = 0.20 5.81 170

100 1 i7.7 + 3.1 69.6 113

200 1 690 x 55.0 106 89.2

10 4-METH 100 5.14 + (.32 2.14 62.6

130 10 431 + 142 44.2 7.5

200 100  87.0 + 32,0 88.0 74,0

10 KTZ 5 481 + 0.24 2.47 2

100 5 604 + 165 26.9 43.5

200 5 98.8 + 7.3 76.2 64.1

Values are mean = standard deviativn based on N — 3 replicates for experimmentol groups and
N = § replicates for controls.

Abbreviations: Conc., concentration: NC, negative control; MNC, metabolic negative control;
CIC, chromatographic interferenice control; NA, not applicable; FUR, furafylline; TRAN,
tranylcypromine; SULF, sulfaphenazole; OME, omcprazole; QUIN, quinidine; 4-METH,
4-methylpyrazole; KTZ, kvtoconuzole.

* No cofactor present in MNC,



CYP2EL

The rate of parent disappearance for the test article decreased to 62.6, 71.5, and
74.01% of the NC at the tested concentrations of 10, 100 and 200 uM,
respectively, in pooled human hepatocytes preincubated with 100 uM
4-methylpyrazole, selective inhibitor of CYP2E1. This indicates CYP2E1 may be
responsible for the metabolism of (S)-zopiclone. (Table 1).

CYP3A4

The rate of parent disappearance for the test article decreased to 72.2, 45.5, and
64.09% of the NC at the tested concentrations of 10, 100 and 200 uM,
respectively, in pooled human hepatocytes preincubated with 5 uM ketocopazole,
selective inhibitor of CYP3A4. This indicates CYP3A4 may be responsible for the
metabolism of (S)-zopiclone. (Table 1).
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6.3.4 Sepracor study No. 190-518. Determination of the inhibitory potential of (S)-
zopiclone on CYP450 1A2, 2A6, 2C9, 2C19, 2D6, 2E1, and 3A4 in cryopreserved human
hepatocytes.

A — Study No. M-2000-010, 2000
Objective:

The purpose of this study was to determine the IC50 of (8)-zopiclone against CYP450 isoforms.
The specific-substrates used to determine the IC30 of against CYPP450 were 50

UM phenacetin (1A2), 50 uM coumarin (2A6), 75 uM tolbutamide (2C9}, 50 uM S-mephenytoin
(2C19), 8 M dextromethorphan (2D6), 50 uM chlorzoxazone (2E1), and

50 uM testosterone (3A4),

Method: The isolated hepatocytes, prepared and pooted from 3 male and 2 female donors, were
diluted with suspension media. Yield was counted and viability was measured using Trypan
Blue" ™ exclusion. Each well of a 24-well plate contained 0.5 x 106 cells (>70% viability) in a
total final volume of 0.5 mL after the addition of the test article or known positive control. The
samples were pre-incubated on an orbital shaker for I5 min. After the pre-incubation,
.appropriate 2X probe substrates (100X chlorzoxazone) were added to the groups, and the
samples incubated for an additional 2 hours (1 hour for testosterone).

(8)-Zopiclone was added to the hepatocyte suspensions achieved final incubation concentrations
of 1,3.3,10,33.3, and 100 uM. The positive controls were incubated with hepatocytes at final
concentrations of 13 UM furafylline (1A2), 50 uM diethyidithiocarbamate (2A6), 1 UM
sulfaphenazole {2C9), 10 uM omeprazole (2C19), 14M quinidine (2D6), 100 uM 4-
methylpyrazole (2Et), and | pM ketoconazole (3A4). A negative control was the incubation of
hepatocytes with media.

The activity of the P450 isozymes was determined by measuring the rate of metabolism for the
respective probe substrates. The activities were analyzed using HPLC method; metabolite
production was quantified using internal standards and standard curves prepared in buffer.

Results: (8)-Zopiclone had no inhibitory effects on coumarin 7-hydroxylation (2A6), S-
mephenytoin 4-hydroxylation (2C19), chlorzoxazone 6-hydroxylation (2E1), and 6¢-
testosterone (3A4). Dose-dependent inhibition with estimated IC50 greater than the
highest tested concentration of 100 UM was observed on 7-ethoxyresorufin O-dealkylation
(1A2), tolbutamide 4-hydroxylation (2C9) and dextromethorphan O-demethyiation (2D6).

Conclusion: (S)-Zopiclone did not inhibit the activities (IC50) of CYP450 1A2, 2A6,
2C9, 2C19, 2D6, 2E1, and 3A4 in human hepatocytes.
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6.3.5 Comparative in vitro metabolism in mouse, rat, dog and human hepatocytes

Sepracor Document 190-536. In vifre metabolism of {S)-zopiclone in freshly
prepared mouse hepatocytes and cryopreserved male Sprague-Dawley rat
hepatocytes, dog hepatocytes, and human hepatocytes - . Study No.
00207, 2001

The purposc of this study was te compare the in vitra metabolism of (S)-zopiclone in
animals and human hepatocytes in the absence or presence of ( R)-zopiclone.

Method: ['*C}(S)-2opiclone (50 and 100 1M for mouse, rat and dog, and | and 2 uM for
human) and a mixture of [“C](S)-zopicionc and (R)-zapiclone (50/50 uM for mouse, rat,
and dog and 1/1 uM for human) were incubated with mouse, rat. dog, and human
hepatocytes in a humidified incubator at 37°C and 95% 02/5% CO2 for 4 hours.
Incubation was terminated by adding 2X volume of acetonitrile. After centrifugation to
separatc the supematant and hepatocytes, ! mL aliquot of the supernatant was evaporated
to dryness and reconstituted in 300 pL of ACN:water (15:85) mixturc. The reconstituted
solution was immediately subjected for radio-IIPLC profiling. The percent distribution
of radioactivity was dctermined for ["*C|(S)-zopiclone and its metabolites. Another
aliquot of reconstituted solution was immediately analyzed by 1.C/(-+)ESL-MS to
characterize and/or identify zopiclone and its metabolites. A total of 14 regiomns,
corresponding to {"*C](S)-zopiclone and its known and unknown metabolites, were
integrated. Zopiclone and four metabolites, 2-amino-chloropyridine (APC), (S8)-
desmethyl zopiclone, zopiclone N-oxide, and lactamol, were confirmed by the
comparison of - results between the incubation mixtures and respective
standards.

Resuits: The radio-HPLC chromatograms showed the radioactivity profiles of {HC](S)-
zopiclone were very similar between the incubation mixtures with or without (R)-
zopiclone in the mouse, rat, dog, and human hepatocytes. The percent distribution of
radioactivity determined from radio-HPLC profiles were comparable for [*Cls)-
zopiclone and metabolites, desmethy! zopiclone, N-oxide zopiclone and lactamol, The
percent of radioactivity for most of unknown metabolites was within 2% of [MCKs)-
zopiclone incubation dose with the cxception that the degradation products/metabolites,
obscrved in both K-H buffer and incubation mixtures at Rt — accounted for 19.01-
23.80% of the total radioactivity after 4 h incubation.

Conclusion: The results suggested that (R)-zopiclone imposed no significant effects on
the in vitfo metabolism of ["C}(S)-zopiclonc in mousc, ral, dog, and human hepatocytes.

.\
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6.5 IN VIVO DRUG INTERACTION STUDIES

6.5.1 Individual Study Report- PHARMACOKINETIC INTERACTION STUDY
BETWEEN (S)-ZOPICLONE AND KETOCONAZOLE -PROTOCOL NO.: 190-023

Introduction

Ketoconazole, a broad-spectrum antifungal agent, is known to be a potent inhibitor of the
CYP3A4 enzyme system and affects the metabolism of a variety of drugs including
cyclosporine, phenytoin and warfarin. /n vitre data suggests that ketoconazole impairs the
synthesis of ergosterol, which is a vital component of fungal cell membranes. The most
frequent adverse reactions reported were nausea and vomiting in approximately 3%, abdominal
pain in 1.2 %, and pruritis in 1.5%. Rare cases of fatal hepatotoxicity have been reported related
to ketoconazole therapy. These have been uncommen at the starting dose, but occur more
frequently if dose escalation is required for clinical reasons. Esopiclone is not a substrate for p-
glycoprotein (pGp). However, in vitro metabolism data have shown esopiclone to be a substrate
for CYP3 A4, consequently an in vivo drug-drug interaction may occur. Because ketoconazale is
known to be a potent inhibitor of the CYP3A4 enzyme system and affects the metabolism of a
variety of drugs, this trial was conducted to study the pharmacokinetic interaction of esopiclone
and ketoconazole.

Objectives

To evaluate the pharmacokinetic interaction of multiple oral doses of 3 mg of esopiclone with
multiple doses of 400 mg of ketoconazole in healthy volunteers.

Study Design

This was a single-center, inpatient, three-way crossover, open-lfabel, muitiple dose study.
Subjects were randomized to receive a sequence of the following treatments: 400 mg of
ketoconazole (2 x 200 mg tablets) daily for five days (Treatment A), 3 mg esopiclone (2 x 1.5
mg tablets) daily for five days (Treatment B), or 3 mg of esopiclone (2 x 1.5 mg tablets) co-
administered with 400 mg of ketoconazole (2 x 200 mg tablets) daily for five days (Treatment
C). Eighteen subjects were enrolled. Up to 24 subjects were allowed. Six treatment sequences
were used (ABC, ACB, BAC, BCA, CAB, and CBA), with three of the eighteen subjects
randomized to each sequence. A 14-day washout period was scheduled between each treatment
sequence.

Demographics

Table 48A: Demographic and Baseline Characteristics
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| Treatment Sequwence
Characteristic Statistic IABC BCA ICAB C CBA ACB Al
Kn=3) n=3) kn=3) n=3) (n=3) (a=3) Subjects
Ko=18)
lAge Mean {yr) B2.0 8.7 Bs3 B9.3 h9.3 Bs.7 B6.7
SD.(vr) 10.6 1.5 12.1 11.7 13.3 18.6 13.0
Min, Max R4, 44 P2, 42 P6, 49 bs, 48 38, 64 R3, 57 R2, 64
jGender )
Male h (%) b (66.7) R(66.T)  R(667)  P(66.7) B (100.0) i (33.3) {12(66.T)
Female h (%) 133.3) 133.3) i3y 1333 D0 2(66.7)  6{33.3)
ucasian (%) B {100.0) D667y 2(66.7) P(66.7) P(667) PB(100.0) {14(77.8)
Black (%) b 0.0} 1(33.3)  H(333) {(33.3) [1(33.3) (00)  HW(222)
Height ean (cm) 1783 171.5 1718 176.1 177.7 1718 174.5
5D (cm) 1.1 12.6 5.9 15.3 b.4 b2 o7
IMin, Max 166, 185 158,182 (165,176 [i60, 191 |t70, 188 [167. 183 |158, I91
Weight Mean (kg) i82.7 74.9 [78.3 77.0 79.8 73.1 7.6
5D (kg) 128 183 6.5 5.5 5.8 6.0 10.5
Min, Max 70, 95 54, B9 712, 85 60, 89 74, 86 k6, 77 54, 95

Dose Selection:

Ketoconazole has been used in many clinical studies at the dose of 400 mg per day given in
divided doses. It has been shown to be well tolerated and safe at this dose. At 400 mg per day
there is almost complete inhibition of CYP3A4.

Dosing was at 8:00 am.

Sample Collection and Handling

APPEARS THIS way
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Visit 1
Screening Visit

«Intbrmed Consem

LCG, Vinal Signs

«Clinical Labs

*Medical/Psyvchiatric History

-Phyvsical Examination

-Homberg Neurological

Iixam

«Heel-To-Toe Ciall Test

SUDSCoinine

-Serum FPregnancy Test
{females only)

-Hepartis B and O Lesting

LUpwe

Days

Visit 2
[ray - b Dy ?
Dose (Days 1-5Y

~BECU, Vital Signs

-Clinical |abs

«Physical Examination
“Romberg Neurological Exam
~Heel-To-Toe Gait l'est
-UDSCotinine

«Urine Pregnancy Test
Cemiades of Chitdbearing
potential enty)

-AE Concom Med Monitaring
-Serial PR assessments

Washoul

14

Days

Visit 3
Day -T1oDay 7
Dose (Days 1-5)*

-Vital Signs

-Physical Lxamination
-Clinical Labs

-Rombery, Newrological Fxam
<Heel-To-Toc Gait Test
-UDS:Cotinine

-Urine Pregnancy Test
{females of childbearing
potential unly)

-AE7 Concom Med Munitoring
-Serial PK assessments

Washout

14

Days

Visit 4
Day -1 to Day 7
Dose ¢Days 1-5)°

-ECG, Vital Signs

-Clinical Labs

+Physical Examination

-Ronberg Newrological Exam
-Heel-To-Toe Gait Test
£JDSICatinine

+Eirine Pregnancy Test (temales off
Childbearing potential only)

AL/ Concom Med Monitoring
=Serial PK assessmenis

* Cighteen subjects were randomized o receive vre of six selected treatment sequences (ABC, ACB, BAC. BCA, CAB, and CBA) over the three study visits (1, 2 and 31,
with the three treatments defined as lotlows,
A - ketoconazole 400 my (administered as two 200 my 1ablets) daily for 5 days

Stl

13 - esopiclone 3 my (adminisiered as two 1.5 my tablets) daily for § days
€ cwpidone 3 ing daily in combinatiun with ketocunasole J00 my duily for 3 dass

Seriat bload draws for PK analysis were performed at +0.8, =1 180 =20 23, <4, 46,48, =12, 16 Day £ after dosing. PX blood draws were also obtained +24 , + 30, and
- 36 hours (i.e.. Day 6) atier dosing und at 48 hours atter dosing (i.c., D 7).




Bioanalytical Methods-

Studied Period : Clinical Conduct Qctober 12, 2000- December 20, 2000
Analvsis of plasma samples for eszopiclone were conducted from —

Analysis of plasma samples for ketaconazole were conducted from

—

Theoretical Storage time: _ for eszopiclone and ketaconazole,

Eszopiclone Ketaconazole
Method | LC/MS/MS | LC/MS/MS |
Sensitivity/LOQ
Linearity (Standard curve
samples)
Quality Control (QC)
Samples

Precision of Standards
(%CV)

Precision of QC Samples
{(%CV)

Accuracy of Standards (%)

Accuracy of QC Samples (%)

Comments:

I.The analytical limit for run ~— ) wassetat —iince the — standards could not be
analyzed.

2.The firm also seeded ketoconazole samples with eszopiclone and desmethylzopiclone and
showed that there was no interference.

Statistical Analysis
For each analyte, the following PK parameters were determined:

Cinax Maximum observed concentration.
tmax Time of oceurrence of Cemax.
Cast The last post-dose quantifiable concentration.
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tlast The time of the last post-dose quantifiable concentration.
Az Elimination rate constant
172 Terminal phase half-life, calculated as In{2)/ Az.
AUC(0-last) Area under the ptasma concentration-time curve from time zero to the
time of the last post-dose quantifiable plasma concentration
T Noeminal dosing interval.
AUC(0-1) Area under the plasma concentration time curve over the dosing interval (1).

If the last plasma concentration for the dosing interval was BLQ, then AUC(-v was calculated up
to the time of the last quantifiable concentration during the dosing interval; if, however, the time
of this last concentration was substantially less than T, then AUC(s-n may have been considered
to be missing, at the discretion of the pharmacokineticist.

AUCp-) Area under the plasma concentration-time curve for the O-infinity interval,
calculated by summing the area under the curve from time zero to the time of the ast
quantifiable concentration (tiast) and the extrapolated AUC from tias

The verification of achievement of steady-state was accomplished by examination of the
graphical display of mean trough esopiclene, (S)-desmethylzopiclone, and ketoconazole
concentrations over time, and this estimation was guided by statistical testing.

RESULTS

Table 49A: Mean Esopiclone Plasma Concentration Over Time Following Multiple Oral
Administration of 3 mg Esopictone Monotherapy or in Combination with 400 mg Ketoconazole

L [Esopiclone Concentration (ng/m) |
Visit [
[Time (hr} N Esopiclone Esopiclone + Ketoconazole
day)
Mean D fviean 8D
1 [Pre-dose 18 LQ k LOQ -
2 Pre-dose 18 1.94 1.13 l5.84 B.25
] Pre-dose 18 2.04 1.23 B8.51 4.91
4 Pre-dose 18 2.33 1.41 B.33 i5.00
5 [Pre-dose 18 2.52 .39 .92 15.86
p,s 17 32.68 14.19 43.27 18.71
1 17 B5.18 6.31 52.96 14.81
1.5 17 F!l.ZZ 5.44 149,85 13.10
2 17 29,11 4.92 47.97 9.95
3 17 P4.21 A.75 317 12,72
4 17 20.39 14.89 39.09 12.39
6 17 16.09 4.12 34.37 11.45
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] 17 12.08 k.09 29.33 [9.68

12 17 21 .60 P27 18.35

16 17 k.63 1.88 15.66 l6.23
5 b4 17 2% 1.29 R.70 5.30

i 17 BLG L 5.95 R.82

36 17 BLQ L B.62 .74
7 18 17 BLQ E 1.53 1.79
[BLQ: Below limit of quantification © == .

Table 50A: Esopiclone Pharmacokinetic Pararneters (Mean + SD) Following Multiple Oral
Administration of 3 mg Esopiclone Monotherapy or in Combination with 400 mg Ketoconazole

Mean + SD
Parameter
N Esopiclone N Esopiclone +
Ketoconazole
Cmax 17 3984860 {18 (56.81 £+ 14.63
(ng/ml)
IAUC(0-1) 17 260.95 £64.05 (18 588.23 + 196.03
hr*ng/ml)
IAUC(0-1ast) 17 270.93 £ 75.07 |18 69035 + 268.53
hr*ng/ml)
IATIC(0-00) 17 28645 +£79.47 |18 724.69 + 293 .83
(hr*ng/ml)
t1/2 17 7.21 £1.25 18 044 +2.12
hr)
tmax * 17 1.00 (0.38-2.05)/18 1.00 (0.50-2.00)
hr)
® tmax is presented as median
(range)

Table 51A: Treatment Comparison of Esopiclone Pharmacokinetic Parameters

Geometric Combination versus
B o Monotherapy
[Parameter Treatment N
.S Mean
Ratio (%) 190% CI
IAUC 0.0y Esopicione 17 2508 - -
(hr*ng/ml) Esopictone + 18 1563.3 224 .63 208.5, 242.0)
K etoconazole
Cmax FEsopiclone 17 B8.6 - -
(ng/ml) Esopiclone + 18 155.2 143.09 (130.0, 157.5)
K ctoconazole
t1/2 Esopiclone 17 7.0 o, -
(hr) [Esopiclone + 18 B.2 131.83 (124.7, 139.4)

t48




Ketoconazole
tmax” Esopiclone 17 1.0 - L
(hr) Esopiclone + 18 (1.0 - -
Ketoconazole

F tmax is rank-transformed and median is presented instead of
eometric LSmean.

Table 52A: Mean Ketoconazole (Substrate) Concentrations Over Time Following Multiple Oral
Administration of 400 mg Ketoconazole Monotherapy or in Combination with 3 mg Esopiclone

{Interacting Drug).

Ketoconazole Concenteation (pg/ml) |
Day Time (hr) K etoconazole Esopiclone + Ketoconazole
| N Mean sD N Mean  §SD
1 Pre-dose |18 BLQ E 18 BLQ -
2 Pre-dose |18 BLQ - 18 BLQ |
3 Pre-dose |18 0.19 0.17 18 0.23 0.23
o Pre-dose |18 .27 0.28 18 10.35 0.32
15 Pre-dose |18 10.28 02218 .33 0.29
0.5 18 [2.58 1.41 |18 2.80 1.69
| 1.0 18 6.76 2.95 {18 5.75 2.50
1.5 18 R.36 25318  6.53 2.36
2.0 17 9.26 3.05 |18 7.41 2.73
3.0 18 [7.84 2.60 118 6.75 2.67
| 4.0 18 16.88 247 118 6.135 2.31
6.0 18 [5.50 2.34 |18 4.95 2.05
8.0 18 H.16 2.11 |I8 3.7t 1.57
12.0 18 2.27 1.50 |18 1.98 1.14
16.0 18 {1.20 0.98 |18 1.02 0.72
6 24.0 18 0.42 039 1§ 0.38 0.34
30.0 18 0.18 0.18 18 0.19 0.19
36.0 18 10.08 09 18 009 0.10
7 48.0 18 BLOQ = 18 BLQ -
BLQ: Below limit of quantificatior _

Table 53A: Ketoconazole Pharmacokinetic Parameters (Mean = SD) Following Multiple Orai
Administration of 400 mg Ketoconazole Monotherapy or in Combination with 3 mg Esopiclone

Mean +

SD
Parameter Esopiclone +
- N Ketoconazole [N K etoconazole
Cmax 18 ©.58+3.02 [8 7.99 £ 2.76
(ug/ml)
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AUC(0-1) 18 [75.63+32.88 8 65.73 £ 27.15
(hr*pg/mi)

AUC(0-last) 18 [18.67+3563 I8 68.64 +29.23
(hr*pg/mi)

AUC(0-o0) 18 [795+3576 I8 69.59 +29.52
(hr*pg/mi)

T Y (hr) 18 5.90 £3.51 18 6.00  3.07

tmax® 18 poo. — g POOr —— |
hr)

F Expressed as median

Table 54A: Treatment Comparison of Ketoconazole Pharmacokinetic Parameters

(Combination versus
Monotherapy
Comparison
Geometric
Parameter [Treatment N
LS Mean Ratio (%)90% ClI
AUC(0-1) Ketoconazole 18 8.3 - -
hr*pg/mi) Esopiclone + 18 597 87.51 73.7,103.9)
[Ketoconazole
Cmax Ketoconazole 18 ©.1 - -
(pg/mi) Esopiclone + 18 [7.4 81.95 (709,94.7)
Ketoconazole
1172 etoconazole 18 5.2 - L
(hr) sopiclone + 18 5.4 10292 (90.1,117.5)
Ketoconazole
tmax” Ketoconazole 18 2.0 L . |
(hr) Esopiclone + 18 2.0 L -
K etoconazole
" ‘max is rank-transformed and median is presented instead of
geometric LSmean,

Comments:

1.Systemic exposure (AUC(0-1)) to esopiclone was increased on average by approximately
2.2 fold for the esopiclone co-administered with ketoconazole group when compared to the
esopiclone monotherapy group. The maximum concentration of esopiclone with the
combination treatment was approximately 43% greater on average than the Cmax achieved by
esopiclone monotherapy. Half-life increased 2 hrs in the presence of ketoconazole.

2. The maximum concentration of ketoconazole attained with the combination treatment was

approximately 17% lower on average than Cmax achieved by ketoconazole monotherapy.
Systemic exposure (AUC(0-1)) to ketoconazole was aiso slightly reduced by approximately
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12% following the co-administration with esopiclone when compared to ketoconazole
monotherapy.

3. There is the possibility that the drug effect of ketaconazole on eszopiclone (i.c., greater

systemic exposure} may be exacerbated due to a diumnal effect which the firm has not
investigated since dosing was dene at 8:00am.
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6.5.2 Individual Study Report- PHARMACODYNAMIC AND PHARMACOKINETIC
INTERACTION STUDY BETWEEN (S)-ZOPICLONE AND (R,5)-WARFARIN IN
HEALTHY SUBJECTS -PROTOCOL NO.: 190-021

Study Introduction

(R,S)-Warfarin is a widely prescribed anticoagulant that is indicated for the prophytaxis and
treatment of venous thrombosis, thromboembolic complications associated with atrial fibrillation
and cardiac valve replacement, and is indicated to reduce recurrent myocardial infarction. (R,S)-
Warfarin is rapidly absorbed after oral administration with peak concentrations reached within
the first 4 hours. At steady state, the half-life of (S)-warfarin is 21-43 hours and of (R)-warfarin
1s 79-83 hours.

The results of an in vitro CYP450 study indicated that esopiclone would not be expected to affect
the metabolism of (R,S)-warfarin. Nevertheless, an in vivo pharmacokinetic / pharmacodynamic
interaction study was initiated in healthy subjects because (R,S)-warfarin has a narrow
therapeutic index and in vitro studies are not always predictive of in vivo results. The current
study evaluated the pharmacodynamic and pharmacokinetic interactions of multiple doses of
esopiclone on a single dose of (R,S)-warfarin in healthy volunteers.

STUDY OBJECTIVES

Primary:

To evaluate the pharmacodynamic effect (interaction) of multiple doses of esopiclone on a single
dose of (R,S)-warfarin in healthy volunteers.

Secondary:
To evaluate the pharmacokinetic effect (interaction) of multiple doses of esopiclone on a single
dose of (R,8)-warfarin in healthy volunteers.

Study Design

This was a single-center, in- and out-patient, randomized, multiple daytime dosing, complete
cross-over, two-treatrnent, open-label study in healthy adults. Subjects were randomized to
receive one of the following treatment sequences AB or BA in a crossover fashion with a 14-day
washout between treatments.

pears This Way
On Original
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Treatment

Sequence Visit 2 Visit 3

5x daily doses of 3 mg esopiclone,
with (R,S)-warfarin 25 mg dose in
combination with the last esopiclone
dasc (Treztment B)

(R.S}-Warfarin
i Single 25 mg dose
(Treatment A)

5x daily doses of 3 mg esopiclone,

with (R,S)-warfarin 25 mg dosc in | o) Warfarin
H combination with the last esopiclone Single 23 mg dose
(Treatment A)

dose (Treatment B)

Sample Collection and Handling

Plasma samples, analyzed for (R,S)-warfarin, were drawn from subjects after dosing with (R,S)-
warfarin alone and after dosing with (R,S)-warfarin in combination with esopiclone at the
following times: at pre-dose and at 0.5, 1.0, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, 72, 96, 120, and 144
hours post-dosing. Plasma samples, analyzed for esopiclone, were drawn from subjects prior to
dosing with esopiclone on Visit 3, Days 17, 18, and 19 for Treatment Sequence [ and on Visit 2,
Days 3, 4, and 5 for Treatment Sequence I1.

Pharmacodynamic Sampling for PT/INR(prothrombin time and international normalization ratio)

Visit 2 (days -1, 1, 2,3,4,5.6,7)
day 1- 2,6, 8, and 12 hrs)

day2-24 hrs
day3-48 hrs
day4-72 hrs
day5-96 hrs
day6-120hrs
day7-144hrs

The same sampling pattern was followed on Visit 3(days 14-22).

Demographics-

Demographic and Baseline Characteristics
(All Subjects Who Received Study Drug)

Treatment SJquence
All Subjects[B BA
Characteristic |Statistic {(N=12) (N=6) {(N=6)
ge (yrs) N 12 & 6
Mean 37.8 33.0 42 .5
S5td Dev 14.1 15.4 12 .2
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Median B4.0 27.5 49.5

Min 21 21 24

Max 62 62 51
Gender
Male m {%) 8 ((66.7%) 5 { 83.3%) B ( 50.0%)
Female m (%) 4 (0 33.3%) 11 (16.7%) 3 ( 50.0%)
Race
Caucasian n (%) 6 ( 50.0%) 2 ( 33.3%) W ( 66.7%)
Black n (%) 5 ( 41.7%) 3 { 50.0%) 2 ( 33.3%)
Asian m {%) 0 ( 0.0%) C ( 0.0%) 0 { 0.0%)
Hispanic n (%) 1 ( 8.3%) i (16.7%) [0 ( 0.0%)
Other m {%) 0 ( 0.0%) 0 { 0.0%) 0 ( 0.0%)
Height {(cm) iy 12 & 6

Mean 174 .6 175.3 173.8

Std Dev 8.6 8.6 9.3

Median 174.3 175.3 174 .3

Min 162 166 162

Max 186 185 186
Weight (kg) N 12 5 6

Mean 76 .3 77.7 74 .9

Std Dev 11.7 13.3 10.9

Median 74 .7 78.6 74 .7

Min 60 60 61

Max 95 95 S3

Note: A=Single administration of 25 mg Warfarin. B=Single administration of
in combination with 3 m g (5)-zopiclone following four once daily 3 m g dos

zopiclone.

(R,S)-Warfarin is marketed for anticoagulation. In drug-interaction studies with other currently
marketed hypnotic drugs, 25 mg doses of (R,S)-warfarin have been used without warfarin-related

adverse events.

Study medication was administered at approximately 08:00 of dosing day. Subjects took study
medication, with water after fasting approximately 9 hours .

aterijal [Manufacturer Lot Number(s)
(S)-Zopiclone 1.5 mg tablets ' FO410001
Coumadin {(R,S)-warfarin) 25 mg /
10 mg tablets [ IENF3I81A
5 mg tablet [ENE256A
I
Bioanalytical Methods-

Studied Period (years): Clinical Conduct September 21, 2000 to November 2, 2000
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Analysis of plasma samples was conducted from _—

Theoretical Storage time: 3 months
R-Warfarin S-Warfarin
Method | LC/MS/MS | LCMS/MS i
Sensitivity/LOQ T
Linearity (Standard curve
samples}
Quality Control (QC)
Samples

Precision of Standards
{(%CV)

Precision of QC Samples
(%CV)

Accuracy of Standards (%)

Accuracy of QC Samples (%) [

Stability

Recovery

15 ng/ml

250 ng/mi

800 ng/mil .

Freeze-Thaw o I

The firm has also conducted studies to show that eszopiclone does not interfere with the analysis
of warfarin,

-4

Statistical Analysis
The primary outcome variable was the pharmacodynamic parameter:

INR International Normalization Ratio=(Patient PT/Mean Normal PT)™™!
Where ISI=Intemational Sensitivity Index

AUCHr Area under the INR-time curve from time zero (t1) to the time of the last
post-dose INR value

The INR is for anticoagulant monitoring.
INRmax = Also known as Emax, was the largest INR (effect) value observed.

INRimax = Also known as tEmax, was the time at which the INRmax occurred.
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The pharmacokinetic variables included the following for (R)- and (S)-warfarin:

Crmax Maximum observed concentration.

tmax Time of cccurrence of Cmax.

Ciast The last post-dose quantifiable concentration.

tlast The time of the last post-dose quantifiable concentration
Az Elimination rate constant

th Terminal phase half-life

AUC(0-1ast) Area under the plasma concentration-time curve from time

zero {t1) to the time of the last post-dose quantifiable plasma
concentration

AUC0-) Area under the plasma concentration-time curve for the 0-infinity

interval.

Initially, trough values from Days 17, 18, 19 (Treatment Sequence ) or Days 3, 4, 5 (Treatment
Sequence II) were included in the analysis. The null hypothesis that the slope of the line through
the time points was zero was tested at the two sided 10% significance level. If the null
hypothesis was rejected, then a test for linear trend would be conducted with the first time point

removed from the contrast. If the nuil hypothesis was stifl rejected, it would be concluded that
steady-state was not obtained. The steady-state trough concentration was estimated using the
observed mean for all time poiats in the final linear trend test.

RESULTS

Table 55A; Mean + SD (R)- and (S)-Warfarin Plasma Concentration Over Time Following Oral
Dosing of (R,S)-Warfarin or the Combination of (R,S)-Warfarin plus Esopiclone

[Treatment

[Time post- (R,S)-Warfarin (25 mg)
(R,S)-Warfarin (25 mg)
dose {(hr) + Esopiclone (3 mg)
R)-warfarin S)-warfarin R)-warfarin S)-warfarin
ng/mL} ng/ml) ng/mL) (ng/mL)
[Pre-dose 10.0+12.4* 5.5 £7.5* 5.3+7.3* BLQ
0.5 1394.7 + 553.8 1477.9 1 592.7 1193.7+ 544.0 1287.8 £596.9
1 1693.9 £ 4614 1740.0 £ 457.3 1449.3 £ 385.3 1496.6 £ 391.5
1.5 1544.3 £ 368.7 1553.34£ 3904 1449.8 £415.0 1440.3 £378.9
2 1491.4 £313.2 1500.5+ 313.8 1466.0 £ 356.9 1458.3 £333.1
3 1246.1 +207.9 1247.9 £ 225.0 1239.6 £ 254.7 1231.2 +246.2
i 1192.5+218.7 1182.9 42303 1241.84£251.0 1217.6 £241.0
6 1200.3 £ 264.0 1137.3£271.9 1154.4 £ 258.0 1099.8 £ 249.1
8 11363 +177.6 10329+ 185.8 1123.8£210.3 1013.4+ 1893
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12 |1042.S +172.3 03.5+ i75.9 1124.5+2006 B62.8 + 185.8
24 44.8 + 308.7 752742320 028.4+175.3 73431 178.8
b 614.3 + 143.7 - 427.8 + 148.1 612.7 + 164.2 M24.1 % 135.5
72 d14.3 £146.2 244.1 + 107.1 M28.8+ 116.8 254.5+ 110.8
96 B312.5+122.2 172.6 £ 98.2 273.0 +99.7 147.9+ 76.6
120 218.9+97.4 106.0 £ 59.5 182.2+94.9 96.1 + 69.4
144 165.41+77.7 75.7+43.7 141.6+ 79.2 [70.3+47.5

[* - There was residual cammyover from previous treatiment €

Table 56A: Descriptive Statistics of Pharmacokinetic Parameters for (R)-Warfarin Following
Oral Dosing of (R,8)-Warfarin or the Combination of (R,S)-Warfarin pius Esopiclone

Treatment Comparisons

[

Geometric Ratio of
Treatment . Least atio @
Parameter =12 Mean + SD Squared Geometric . alue
q . 9% CI p-ralue
Mean Least Squared
Means
c (R.S)-warfarin 8133 + 3676 17422
s — 911 {82.3.100.6) { G.1208
(ngfml) | (RShwarlarin+ |00 v im0 | 16239
esopiclone
ALC {R,S)-warfarin | 771368 + |8559.1 753090
ety 982 (93.7. 102.8) | 04869
e - - 2 32,100, .
thrtog/ml) | (RSyvarfarin + 4o o001y eas g | 730368
esopicione
AUC (R.S)warlanin | 900211 + 26031 4 R70528
(he*n g:'::l),l S 94.6 (90.1.99.3) | 0.0663
e 847440 £ 227842 1 B235%0
esopiclone
L (R.S)-wartarin 1o, — |* -
. 0.5
(hr) (R, S)-warlarin + T SR
csupicione i !
. (R.S)-warlarin MRE110 497
' - —— 812 (70,0, 96,5y | nose
(hr) (R.fﬂ—\\.d.riarm + 43+ 141 104
csopiclone

* Median [Range] instead of Mean +SD

Table 57A: Descriptive Statistics of Pharmacokinetic Parameters for (8)-Warfarin Following
Oral Dosing of (R,8)-Warfarin or the Combination of (R,S)-Warfarin Plus Esopiclone
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Geometric Treatment Comparisons”
Treatment Least Ratio
Parameter Mean + 5D . f ;
(n=12) ‘s:{u:;:d u(;:’ﬁ“::f | 0% | pvalue
Mcans
¢ (R.S)-warfarin 1884.2 £ 391.0 1850.5
- . 9.2 (81.9, 101.3) ] 0.1493
/L. oy
(ng/nl) ‘“‘i’(,;’iﬁf:l“* 1736724203 | 16872
AUy (R.S)-warfarin | 56445.3 £ 158944 | 54584.2
Wl — oR.6 (92,6, 104.9) | 0.6859
hr*ng/mL e : < 10, :
(hr*ng/ml.) (R'fs’o;‘:flg’;“ * | 534803 + 145754 | 5380038
AUCe (R.S)-warfarin | 60748.4 + 18639.3 | S8383.3
A&y - 57.4 (917, 103.4) | 0443}
et S . 7. 103, .
(he*ng/mL} [R':s)o;“i‘:'lm" " { 59080.3+ 17503.8 | 56859.0
(R, S}warfarin rLor — ¢ -
s . 0.1970
(hr) (R.S)-wartfarin + P B ’
esopiclone i | i
. (R, S)-warfann 375377 36.7
s Syt ies _ 209 176.4.98.8) | D.075%
csapiclome T ?

* Median [Range] instead o Mean £ SD

Table 58A: Descriptive Statistics and Treatment Comparisons of Pharmacodynamic Parameters
Following Oral Dosing of (R,S)-Warfarin or the Combination of (R,S)-Warfarin plus Esopiclone

Treatment Comparison”

Geometric Ratio of
Treatment Least
p ’ .
arameter (n=12) Mean + SD Squared Geometric 9% €1 | p-value
M {.cast Squared
ean
Means
. {RS)warfarin § 2199+ 429 216.6
AUC N
& 02 4 (98.6, 106.3)

(hr*INR) {(R.S)-warfarin +

esopiclone
INR (R.S)ywarfarin 21207 L0
(NR) [ (RS)warfarin = - t03.9 {969, 111.4)
) 2.1%05 21
esopiclone
e B A
INR e {R.S)-warfarin {48.0° __ - ) 05848
(hr) (R,S)-warfarin + A ) ) N
. 48.0 -
esopiclone

¥ Muedian [Range] insuead af Mean # 8D
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Comments

1. The pharmacokinetics of (R)-warfarin following a single dose (R,S)-warfarin given alone were
not statistically significantly different to those following a single dose of (R,S)-warfarin given in
combination with esopiclone at steady state. The 90% confidence intervals of ratios of
geometric least squared means of a single dose of (R,S)-warfarin given with esopiclone to a
single dose of (R,5)-warfarin alone for AUCe-tast) (93.7%, 102.8%) and Cmax (82.5%, 100.6%)
felt between 80 and 125%.

2. The pharmacokinetics of (8)-warfarin following a single dose (R,S)-warfarin given alone were
not statistically significantly different to those following a single dose of (R,S)-warfarin given in
combination with esopiclone at steady state. The 90% confidence intervals of ratios of
geometric least squared means of a single dose of (R,S)-warfarin given with esopiclone to a
single dose of (R,S)-warfarin alone for AUC-lasty (92.6%, 104.9%) and Cmax (81.9%, 101.5%)
fell between 80 and 125%.

3. For AUCmr and INRmax, the 90% confidence intervals for the ratios of geometric least squared
means of (R,S)-warfarin in combination with esopiclone to (R,S)-warfarin alone were lying
between 80 and 125% (and the original limits of 70% to 143% as set in the protocol). INRunax
was not significantly different following (R,S)-warfarin in combination with esopiclone as
compared to a single dose (R,S)-warfarin alone.

APPEARS Ty
S WA
ON ORiGINA '
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6.5.3 Individual Study Report- PHARMACOKINETIC INTERACTION STUDY
BETWEEN (8)-ZOPICLONE AND DIGOXIN IN HEALTHY SUBJECTS
PROTOCOL NO.: 190-022

Study [ntroduction

Digoxin is one of the cardiac (or digitalis) glycosides, a closely related group of drugs having in
common specific effects on the myocardium. Digitalis is being prescribed for congestive heart
failure, paroxysmal supraventricular tachycardia, atrial fibrillation and atrial flutter. Following
oral administration, peak serum concentrations of digoxin occur at 1 to 3 hours. Digoxin has a
half-life of 1.5 to 2 days. Commonly observed adverse events include arthythmia, fatigue,
generalized muscle weakness, agitation, hallucination, anorexia, nausea, yellow-green halos
around visual images and blurred vision. Less frequently occurring adverse events include
headache, dizziness, vertigo, stupor, paresthesia, light flashes, photophobia, diplopia, vomiting
and diarrhea. Digoxin produces PR prolongation and ST segment depression, which should not
by themselves be considered digoxin toxicity. There are no published data that address the
interaction of cither (S)- or (R,S)-zopiclone with digoxin. Because digoxin is commonly used in
the adult population, this trtal was conducted to study the pharmacokinetic interaction of (S)-
zopiclone and digoxin at steady state.

Objectives:
The primary objective was to evaluate the pharmacokinetic interaction of a single oral dose of 3
mg (S)-zopiclone and digoxin at steady state in healthy volunteers.

Study Design

This was a single-center, in-patient, open label, multi-daytime-dose study in healthy male and
female subjects between the ages of 21 and 64, inclusive. Twelve subjects were enrolled and
received two 0.5 mg doses of digoxin on Day 1, taken 12 hours apart, followed by single daily
doses of 0.25 mg digoxin from Day 2 through Day 7. On Day 7, subjects received digoxin in
combination with a single 3 mg oral dose of clinical service formulation (S)-zopiclone.
Pharmacokinetic and safety assessments were collected throughout the study and continued until
at least 24 hours post-dose of the combination treatment. All medications were taken with 240
mL of water.

Digoxin (Lanoxin ®) is a marketed compound and the dosing regimen of 1 mg loading dose and
0.25 mg daily maintenance dose has been reported to be well tolerated.

Table 59A: Subject Demographics
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All Subjects
(N=12)

Age

Mean (SD) years 40.7 (13.8)

Min, Max 24, 64
Gender

Male; n (%) 7 (58.3%)

Female; n (%) 5(41.7%)
Race

Caucasian; n (%) 1t (91.7%)

Black; n (%) 1 (8.3%)

Asian; n (%) 0 (0.0%)

Hispanic; n (%) 0 (0.0%)

Other; n (%) 0 (0.0%)
Height; mean (SD) cm 171.2 (6.9)
Weight; mean (SD) kg 70.9 (12.3)
BMI; mean (SD) kg/m’ 24.1 (3.4)

Sample Collection and Handling

Plasma digoxin pharmacokinetic samples were drawn at Day 1 (baseline) and pre-dose on Days
4 through 7. On Days 6 and 7, digoxin pharmacokinetic samples were collected at +1, +2, +4,
+6, +8, and +12 hours post-dosing. On Day 8, a final plasma sample was collected at 24 hours
post the final dose (Day 7) for digoxin pharmacokinetic sampling.
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Bioanalytical Methods-
Studied Period (years): Clinical Conduct October 4, 2000-October 26, 2000

Analysis of plasma samples was conducted from —

Theoretical Storage time: —_

Method —
| iImmunoassay !

Sensitivity/LOG
Linearity (Standard curve
samples)

Quality Control (QC)
Samples

Precision of Standards
(%CV)

Precision of QC Samples
(%CV)

Accuracy of Standards (%)

Accuracy of QC Samples (%) |

Recovery

Statistical Analysis

The foltowing pharmacokinetic parameters were determined for digoxin at steady state for each
freatment;

Crmax Maximum observed concentration.
tmax Time of occurrence of Cmax.
Clast The last post-dose guantifiable concentration {see note below). tiast

The time of the last post-dose quantifiable concentration.

Az Elimination rate constant for the terminal phase

t1/2 Terminal half-life, calculated as In(2)/ Az.
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AUC(0-1ast)

T
AUCi09

AUC(0-)

The verification of steady-state trough concentrations was accomplished by examination of the
graphical display of mean digoxin trough concentrations (C24hr) over time but this verification

Area under the plasma concentration-time curve from time zero
to the time of the last post-dose quantifiable plasma concentration
Nominal dosing interval.

Area under the plasma concentration time curve over the dosing

interval (t}.

Area under the plasma concentration-time curve for the 0-infinity

interval .

was guided by statistical testing. Trough concentrations were defined as pre-dose digoxin

concentrations obtained on Days 4 through 7. The statistical analysis was conducted via a step-
wise procedure to test for linear trend using contrasts in an analysis of variance (ANOVA) model

containing terms for subject and day effects.

RESULTS
Table 60A: Mean = SD Plasma Concentration (ng/mL) of Digoxin at Steady-State by Treatment
(n=12)
Digoxin alone (Day 6) (8)-Zopiclone + Digoxin (Day 7)
Time Post-Dosc
(hr}
Meun sD Mcean sD
Pre-dose 0.71 0.84 0.72 0.16
1 232 0.62 .96 0.60
2 1.82 0.45 1.79 0.43
4 1.10 0.24 1.20 0.2t
(4] 0.82 ¢.12 }.89 0.09
¥ 0.78 0.11 0.78 0.07
i2 0.68 011 0.66 .08
24 0.72 016 0.68 0.11

Note: N=12 at all time points listed except for the 12 hour time point for Day 7 (i.e.. (S)-Zopiclone +
Digoxin) where N=11. The digoxin concentration for the 12 hour past-dose sample of Subject 188003
was missing due to an inadequate sample volume.,

Table 61 A:

Pharmacokinetic Parameters of Digoxin by Treatment
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Parameter

- Statistics {S)-Zopiclene + Digoxin
(umit)
Caan N 12
{ng/mi) Mean 2l
sD 0o
YV 280
Median 2
Minimum
Maxinium /
AUC N 13
{ng*hr/ml) Mean 0
5D 21
Kkl 12.7
Median 0.5
Minimum
Maximum /
Lo N 12
the) Mcan 1.2
sSD 0.4
%0V 371
Median L0
Minimum
Maximum /

S = seandard deviation

Table 62A: Treatment Comparison of Digoxin Pharmacokinetic Parameters

Paranwters

Comparison

Cicometric L.Smean '

Con Combananon Along

AUC.., Combination. Alone

L=

Combination’ Alone

190.9.101.6)

¥ Geomctric | Smean: anti-hoy of least-squares mcans dered Fon the Yncar imodel on log-transiormed data.

" For Lo, the median and the p-value for treatmient elfect from the ANOV A model were presented,

Comments:

1.The 0% confidence intervals of the ratios for Cmax (Ratio: 87.7; 90% CI: 80.1, 96.1) and
AUCp-y (Ratio: 99.2; 90% CI: 96.9, 101.6) were within the 80-125% range demonstrating that
the pharmacokinetic profile of digoxin was not affected when digoxin was taken with {(8)-

zopiclone.



6.5.4 Individual Study Report- Pharmacodynamic and Pharmacokinetic Interaction Study
Between (S)-Zopiclone and Olanzapine in Healthy Subjects
PROTOCOL NO: 190-018

Study Introduction

Olanzapine is a marketed antipsychotic agent used predominantly in the treatment of
schizophrenia and acts as a selective monoaminergic antagonist. Olanzapine is well absorbed
and reaches peak concentrations approximately 6 hours following an oral dose. It is eliminated
cxtensively by first pass metabolism with approximately 40% of the dose metabolized before
reaching the systemic circulation. It displays linear kinetics over the clinical dosing range. Its
half-life ranges from 21 to 54 hours and its apparent plasma clearance ranges from 12 to 47 L/hr.
Commonly observed adverse events of olanzapine use, with incidences of 5% or greater, are:
postural hypotension, constipation, weight gain, dizziness, personality disorder, and akathisia.
Less frequent adverse events associated with olanzapine use include: headache, fever, dry mouth,
joint pain, somnolence, agitation, insomnia, nervousness, hostility, anxiety, rthinitis, increased
cough, pharyngitis, and amblyopia. Because there is the possibility that the two drugs may be
coadministered in this patient population, the current study evaluated the pharmacokinetic and
pharmacodynamic interactions of coadministration of single doses of esopiclone and olanzapine.

STUDY OBJECTIVES

To evaluate the pharmacokinetic interactions of single oral doses of 3 mg of esopiclone and 10
mg of olanzapine by comparing monotherapy to combination treatment.

Study Design
This was a single center, inpatient, randomized, parallel, daytime administration, single-dose,
single-blind study in healthy male and female subjects. Forty subjects were enrolled.

Schedule: Study participation involved 2 visits: a screening visit and 1 multi-day in-patient visit,
Screening (Visit 1) occurred no more than 21 days prior to dosing. Subjects who qualify were
admitted on Day -1 of Visit 2. On Day [ of Visit 2, they were randomized to ore of four
treatments: placebo, esopiclone, olanzapine or esopiclone in combination with olanzapine. A
subject s total study participation was up to 26 days. Visit 2: The in-clinic visits began with
admission on the morning before the scheduled dosing. Subjects remained in the Phase I clinic
for 4 days post-dosing of placebo, esopiclone monotherapy, olanzapine monotherapy, or
esopiclone in combination with olanzapine for safety, pharmacokinetic, and clinical laboratory
assessments.

Figure 2A: Study Schematic
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Yisit 1 | Visit 2

Screening
21 days
maxinmm

Days 1.2, 3,4

Day -t 72 hours serial PK

Day 1 Dischaege
Dose

Table 61A: Demographic and Baseline Characteristics

Placcho Esopiclone Olanzapine ESOP":!OI?C
+ Olanzapine
{N=10) (N=10) {N=10) (N=10)
Age
Mean (SD) years 43.7(12.00 39.4 (12.9) 41.8(10.5) 421 (11.5)
Min, Max 23,62 22,60 25,57 25,57
Gender
Male 3 (30.0%) 2 (20.0%) 4 (40.0%) 3 (30.0%)
Female 7 (70.0%) 8 (80.0%0) 6 (60.0%) 7 (70.0%)
Race
Caucasian 9 (90.0%) 100100.0%) | 9(90.0%) 9 (90.0%)
Black [ (10.0%) 0(0.0%) 1 (10.0%) 1 (10.0%)
Height; mean (§D) cm 1725061} 169.8 (5.5) 172.1 (9.4} 1704 (5.9)
Weight; mean (SD) kg 76.0 (12.8} 67.8(9.2) 72.2(15.0) 75.5(12.5)
BMI: mean {SD) kg/m” 25.4(3.6) 23.5(3.0) 24.2 (3.4) 25.9(3.5)

TREATMENTS ADMINISTERED

This was a single-blind study. Depending on the randomization, each subject received one of the
following:

. Placebo esopiclone 6.0 mg (4 x 1.5 mg)

. Active esopiclone 3.0 mg (2 x 1.5 mg) plus placebo esopiclone 3.0 mg (2 x 1.5 mg).
. Olanzapine 10 mg {1x 10 mg) plus placebo esopiclone 3.0 mg (2 x 1.5 mg).

. Olanzapine 10 mg (1x 10 mg) plus active esopiclone 3.0 mg (2 x 1.5 mg).

The treatment received was either a single dose of placebo, 3 mg esopiclone, 10 mg olanzapine,
or 3 mg of esopiclone in combination with 10 mg of olanzapine.
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Dose Selection
Olanzapine {Zyprexa ®) is marketed to treat schizophrenia and the target dose of 10 mg has been
well tolerated .

Sample Collection and Handling

Plasma samples were drawn from subjects at the following times: Day 1 (Visit 2) pre-dose and at
05,1,15,2,3,4,6,8, 12, 16, and 24 hours (Day 1 [Visit 2]) post-dose. Samples wete analyzed
for esopiclone and olanzapine. |

Bioanalytical Methods-
Studied Period (years): Clinical Conduct August 30, 2000-January 30, 2001
Analysis of plasma samples was conducted from - o
Theoretical Storage time: — 5
Eszopiclone Olanzapine
Method LC/MS/MS | LC/MS/MS |
Sensitivity/LOQ )

Linearity (Standard '
curve samples} .
Quality Control (QC) !
Samples ’ f

Precision of Standards
%CV)

Precision of QC
Samples (%CV)

Accuracy of Standards
(%}

Accuracy of QC
Samples (%)

Freeze Thaw

Statistical Analysis
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The pharmacokinetic variables included the following for each analyte [esopiclone and

olanzapine]:

Conax Maximum observed concentration

tmax Time of occurrence of Cmax.

Clast The last post-dose quantifiable concentration.

tast The time of the last post-dose quantifiable concentration.
Az Elimination rate constant

Lt Terminal phase haif-life, calculated as 1n(2)/ A=

AUC(0-last) Area under the plasma concentration-time curve from time zero to the
time of the last post-dose quantifiable plasma concentration .

AUC0-29 Area under the plasma concentration-time curve from time zero to 24 hour post
dose.

AUC(0-2c)  Area under the plasma concentration-time curve for the 0-infinity interval.
RESULTS

There were a couple of important protocol errors which resulted in subjects getting the wrong

formulation. However, each subject's data were included in the treatment group of the study
medication the subject received.

Table 62A: Mean Plasma Concentrations (ng/mL) of Esopiclone Administered Monotherapy and
in Combination with Olanzapine

anm

a“.-v-n-’-’“ -

APPEARS THIS WAY
ON ORIGINAL
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Treatment
. Esopiclone +
Time (hr) Esopiclone Olalzlzapine
(n=10) (n=10)
Mean sSD Mean Sb
Pre-Dose BLO - BLQ) -
0.5 31.74 16.39 30.65 15.05
1 34.00 5.89 34.00 6.28
1.5 31.85 5.08 31.18 5.95
2 29.73 5.33 29.03 4.49
3 24.11 5.10 23.52 3.55
4 19.27 4.17 19.36 2.87
6 14.42 3.76 14.55 2.09
8 10.60 3.41 10.97 1.94
12 5.89 2.80 6.73 1.37
16 3.74 2.09 4.04 0.79
24 1.51 1.46 1,90 0.51
48 BLQ - BLQ -
72 BLQ - BLQ -

BLO Below limit of auantification (<10 ne/mlLy

Table 63A: Mean (SD) Pharmacokinetic Parameters of Esopiclone Administered Monotherapy

and tn Combination with Olanzapine

Treatment
Parameter
Esoni Esopiclone +
sopiclone .
(n=10) Olanzapine
{n=1})
Conax 3932 - 3843 —
(ng/mL) | T
AUC{(}-Iasn 2 / ~
(ng*he/ml.) 23447¢ - 24293 _
AUC‘(}-w) —
| (ng*hr/mL) 25438 ¢ 26090,
tmax* 077« _— ) 1.0G T
hr) ’ ) hal
tlf'_’ .
i - . —
(hr) 6.12 6.39{

* Values expressed as median {range)

Table 64A: Treatment Comparison of Esopiclone Pharmacokinetic Parameters
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r ; Combination versus Monotherapy Comparison
Parameter Treatment N i?mmf
mean Ratio (%) 20% Cl p-value
Monotherapy 10 227.0 106.02 9.9, 1251 |
AUC1u0 Combination 10 240.7 96 (89.9.125.1)
Coe z‘mﬁz :g ;g-: 97.08 (81.3.115.9) -
Monotherapy 10 59
. 106.72 90.6. 125.6 .
b Combination 10 6.3 { )
¢ Monotherapy 10 0.8 ; 0.468
i Combination 10 10 A6R3

* Gieometric LS mean: Geometric least-squares mean, anti-log of least squares means derived from the lineac modet.
" Ratio (%) of the geometric means {1.$ means) for the log, transformed analysis.
o, Wats analyzed by the Wilcoxon Rank-Sum test and the median is reported under the Geometric LS

Mean.

Table 65A: Mean Plasma Concentrations (ng/mL) of Olanzapine Monotherapy Coadministered

with Esopiclone

APPEARS THIS WAY
ON ORIGINAL
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Treatment

Olanzapine Esopiclone +
Time (hr) (n=10) Olanzapine
(n=10)
Mean SD Mean SD

Pre-Dose | BLQ? - BLQ* |-

0.5 0.21 0.16 0.62° 1.15

1 1.81 0.78 2.69° 2.71
1.5 8.25° 5.26 5.26 4.87
2 12.57 467 9.75? 6.66

3 1486° 333 13.54° | 4.69
4 16.69° 4.59 14.39* 5.41
6 15.71° | 3.85 15.06" |2.75
8 14.20° | 3.00 13.92° |28l
12 11.51° 2.10 11.26* [3.83
16 9,93 2.62 9.61 2.86
24 9.51° 4.03 8.41° 2.64
48 5.13 0.57 5.47 1.32
72 345 0.74 3.60 1.39

"n=9
"n=8

BLQ Below limit of quantification

APPEARS THIS WAY
ON ORIGINAL
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Table 66A: Mean {SD) Pharmacokinetic Parameters of Olanzapine Monotherapy and
Coadministered with Esopiclone




Parameter Olanzapine Esopiciane +
(n=10) Olanzapine (n=10)
Cmax @ '3
b
(0g/mL) 18.36 (3.24) 17.13 {4.32)
AUC gy 5
(hr*ng/mL.) 542.89(114.81) 521.37(124.50)
AUC{(]_W' : h C
(ag*hr/mL) 704.57 (137.38} 645.44 (169.90)
d
;"h';’; 400 (200-8007 | 6.00(2.00-12.07)
L2
() 36.78 (9.70) 40.59 (13.79})
* n=9: | subject excluded (insuflicient data around the peak plasma concentrationy
* n=8: 2 subjecis excluded (% extrapolation > 30%)
: n = 7; 3 subjects excluded (% extrapolation = 30%)

Valucs expressed as median (range)

Table 67A: Treatment Comparison of Olanzapine Pharmacokinetic Parameters

. . Geomewig | Combination versus Monotherapy Comparison
Parameter Comparison N < mcan’
LA mean” [ potio ¢%)" %% O pvalue
. Combination 19 3093
AUC 1, = 95.56 8iLT1126
et T notherapy 110 3329 ¢ i
Combination 9 16.6 <
Co 4164 7471125 -
> Monotherapy 9 18.1 ) =51
Combination 1] 37 N
15 Los.54 7B 1348
' Monotherapy 10 358 ’ ( 34.8)
. Comhination ¢ 6.0
- - 00777
- Monotherapy 9 4.0

*Ceonclric LS mean: Ceometric Wast-squares min, anti-lag of leost syuares mcuns derived from the lincar

moedel.

"Ratio (%) of the geometric means (1.5 awansi for he log, ranstormed analy sis.
* oy Wik analyzed by the Wilcakon Rank-Sum test and the median is reported under the Geometrk:

LS Mean.

Comments:

L.Systemic exposure for esopiclone was not affected by coadministration with olanzapine, as
evidenced by the 90% Cls for the ratio of LS means of AUC01asy and Cmax of the combination

compared to monotherapy that were essentially within 80-125%,
Esopiclone was rapidly absorbed following administration of a single 3.0 mg dose both

menotherapy and in combination with 10 mg olanzapine, and time to maximum esopiclone
plasma concentration was unaffected by coadministration with olanzapine (p = 0.4683). The

elimination half-lives of esopiclone following monotherapy and coadministration with
olanzapine were also virtually identical.
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2.Systemic exposure for Olanzapine was comparable between treatments, as evidenced by the
90% Cls for the ratio of LS means of AUC-1asn for the combination compared to monotherapy
that were included within 80% to 125%. Although the lower bound of the 90% CI for Cmax was
slightly below the 80% limit, the 90% CI included 100%, suggesting that estimates of Cmax were
somewhat variable but similar on average. Olanzapine was gradually absorbed following
administration of a single 10 mg dose alone or coadministered with 3.0 mg of esopiclone, and
time to maximum olanzapine plasma concentration was unaffected by coadministration with
esopiclone (p = 0.0777). Estimates of tiz were also similar on average.

3. There is the possibility that the drug effect of eszopiclone on Olanzapine may be exacerbated
due to a diurnal effect which the firm has not investigated since dosing was done at 8:00am.,

APPEARS THIS WAY
ON ORIGINAL
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6.5.5 Individual Study Report- PHARMACODYNAMIC AND PHARMACOKINETIC
INTERACTION STUDY BETWEEN (5)-ZOPICLONE AND LORAZEPAM
PROTOCOL NO.: 190-019

Study Introduction

Lorazepam is a marketed anxiolytic used in the treatment of anxiety disorders. Lorazepam is
readily absorbed with peak plasma concentrations reached approximately 2 hours following
administration. The mean t12 of lorazepam in human plasma is approximately 12 hours.
Commonly observed adverse events include sedation, dizziness, weakness, and unsteadiness.
Less frequent adverse events include disorientation, depression, nausea, change in appetite,
headache, sleep disturbance, agitation, dermatological symptoms, eye-function disturbance, and
various gastrointestinal symptoms. A previously conducted randomized, placebo-controlled,
double blind, single-dose, cross-over study found that the elimination pharmacokinetics of (RS)-
zopiclone (7.5 mg) was not affected by diazepam (5 mg) or lorazepam (1 mg) and that the
elimination of these benzodiazepine anxiolytics was not altered by (RS)-zopiclone. Furthermore,
adverse events experienced after the administration of the active treatments were not
significantty different from those experienced after administration of placebo. Because
lorazepam is often used in the treatment of anxiety and will therefore potentially be administered
concomitantly with (8)-zopiclone, this trial was conducted to study the pharmacodynamics and
pharmacokinetics of (8)-zopiclone and lorazepam when administered concomitantly.

Objectives

To evaluate the pharmacedynamic {primary objective} and pharmacokinetic (secondary
objective) interactions of single oral doses of 3.0 mg (8)-zopiclone and 2 mg lorazepam in
healthy volunteers.

Study Design
This was a single-center, inpatient, randomized, daytime dosing, single-blind, four-arm, parallel,
single-dose study in healthy adults. Screening Visit (Visit 1) was completed a maximum of 21
days prior to the first dose. Visit 2: Subjects returned to clinic the day prior to dosing. Subjects
were randomly assigned to one of four treatments: placebo, 3 mg {S)-zopiclone, 2 mg lorazepam,
or 3 mg (8)-zopiclone and 2 mg lorazepam co-administered. Subjects remained in the Phase [
unit for two days following dosing for safety, pharmacodynamic, pharmacokinetic, and clinical
laboratory assessments. For each subject, the total time of participation was up to 24 days,
including screening.

Dosing was done at 8:00 AM.

TREATMENTS ADMINISTERED
Depending on the randomization, each subject received one of the following:

s Placebo (S)-zopiclene (4 tablets)

* Active (S)-zopiclone (2 x 1.5 mg) and matching placebo (2 tablets).
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Lorazepam (2 x 1.0 mg) and placebo (2 tablets)

Lorazepam (2 x 1.0 mg) and active (S)-zopiclone (2 x 1.5 mg)

Dose Selection:

In this study, 3.0 mg (S)-zopiclone was utilized, as this is approximately equal to the amount of
(S)-zopiclone in the recommended dosage of the marketed racemic product. The 2 mg dose of

lorazepam is a commonly marketed dose and is well tolerated.

Table 68A: Subject Demographics

Placebo {S)-Zopiclone | Lorazepam (f }:f?;;':;gr:
N=9 N=9 N=9 N=0
(%) (%) (%) (%)
Age
Mean (8D} years 40.0{17.4) 33.4(13.9) 31.2(10.3) JILO(L2)
Min, Max 23, 64 20, 62 22,52 22, 56
Gender
Male 2(22.2%) 3(33.3%) 6 (66.7%) | 4 (44.4%)
Female 7(778%) | 6(66.7%) 3(33.3%) | 5(55.6%)
Race
Caucasian 6 (66.7%) 7(77.8%) 9 (100.0%) 7(77.8%)
Biack 2(22.2%) 1{11.1%) 0 (0.0%) 0 (0.0%)
Asian 0 ( 0.0%) 0(0.0%) 0 (0.0%) 1 (11.1%:)
Hispanic 1{11.1%) 1{11.1%) 0 (0.0%) F(11.1%)
Other 0( 0.0%) ¢ 0.0%) 0 (0.0%) 0 (0.0%)
Height; mean (SD)em | 169.9(11.1) 163.7 (6.7) 173.0 (9.0} 170.8 (11.8)
Weight; mean (SD) kg | 70.7(13.1} | 61.2(11.4) | 729¢11.7) |  72.2(18.1)
BMI; mean (SD) kg/m” | 24.3 (2.0) 22.8(3.3) 243 (2.9) 24.1(3.4)

Sample Collection and Handling
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Plasma samples were drawn from subjects at the following times: Day 1 (Visit 2) pre-dose and
at0.5,1,1.5,2,3,4, 6,8, 12, 16, and 24 hours (Day 1 [Visit 2]} post-dose. Samples were
analyzed for (S)-zopiclone and lorazepam.




Bioanalytical Methods-Eszopiclone and Lorezepam

Studied Period: August 16-September 24, 2000

The study sample analysis for Eszopiclone and Lorezepam were done between

Theoretical storage time:

iy

—

Eszopiclone Lorazepam

Method

LC/MS/MS | LCMSMS ]

Sensitivity/LLOQ

Linearity (Standard
curve samples)

Quality Control (QC)
Samples

Precision of Standards
(%CV)

Precision of QC
Samples (2%CV)

Accuracy of Standards
(%)

Accuracy of QC
Samples (%)

Recovery

Freeze-Thaw

Statistical Analysis

The pharmacokinetic parameters were considered secondary outcome variables and inciuded the
following for each analyte [(S)-zopiclone and lorazepam]:

Comax
tmax

Clast

last

Maximum observed concentration.
Time of occurrence of Ciax.

The last post-dose quantifiable concentration.

The time of the last post-dose quantifiable concentration.
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Az Elimination rate constant

LY Terminal half-life, calculated as In(2)/ A=.

AUC(0-tast) Area under the plasma concentration-time curve from time zero
to the time of the last post-dose quantifiable plasma concentration

AUC(0-00)  Area under the plasma concentration-time curve for the  to infinity interval.

s The effect of lorazepam on the pharmacokinetics of {S)-zopiclone was evaluated by compating the
above mentioned PK parameters following a single oral dose of 3 mg (8)-zopiclone in the
absence of lorazepam versus 3 mg (S)-zopiclone and 2 mg lorazepam in combination, with
monotherapy as the reference.

s The effect of (S)-zopiclone on the pharmacokinetics of lorazepam was evaluated by comparing the
same PK parameters following a single oral dose of 2 mg lorazepam in the absence of (S)-
zopiclone versus 3 mg (8)-zopiclone and 2 mg lorazepam in combination, with monotherapy as
the reference.

RESULTS

Table 69A: (S)-Zopiclone Plasma Concentration Over Time (Mean + SD)

APPEARS THIS way
ON ORIGINAL
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Pl

Treatment

Time post-dose (S)-Zopiclone (S)-Zopiclone
(hr) (ng/ml) + Lorazepam

(ng/mi)

Pre-dose BLQ BLQ

0.5 255+ 174 16.8+9.7

1 35.7+9.5 27.3+£9.2

I.5 320+ 62 264 +4.2

2 293 +4.5 249+5.0

3 252+4.0 229+5.0

4 21.1£34 21.3£5.5

6 16.4 +3.6 16.2+5.0

8 11927 122+ 4.6

12 6.5+ 1.6 7.1+3.3

16 4.0+1.2 42+22

24 1.8+£0.9 19+1.3

NOTE: Number of subjects = 7 at the 0.5- and 1.5-hr time points, and 9 at
all other time points (as per Section 9.8.1 and 10.2).

Table 70A: (S)-Zopiclone Pharmacokinetic Parameters

APPEARS THIS WAY
ON ORIGINAL
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Combination versus Monotherapy comparison
Parameter Treatment Mean = SD' | Geomerric | Ratio (%) | 99% CE for | p-vatue
LS mean® Ratio
Con (S)-Zogiclone 3209 £9.75 369 - B -
(ng/mi) {S-Fopictone + Lomsapam 29.28 + 7.09 85 7740 [62.3.96.1] | 00552
AUC gt (S)-Zopichone 248.72 = 47.61 3345 - - -
{ng*hc/ml} § (S}-Zopiclone + Lorasepam 236,46 « 69.53 23713 92.99 {754 114.7] | 0.5542
[T {S)-Zopickne 570 + 098 56 . - -
(hir) (S+Zopiclone + Lorazepam AT+ 09 87 HE LR [R7.6, 115.5§] 0.9397
[N (8)-Zopiclone LOO 0.5, 2.00] - -
{hr} {5)-Zopiclone + Larascpam 1.00 |0.52, 1.03] - 07118

"o provided as Median [Range|
“Geometric LS mean: Geometric feast-squares mean. All parameters excepl .., were log, transformed. Values of

Ly, WeTC rank-transformed prior to the analysis.

“Ratio (%) of the geometric least-squares means (LS means) for the log, transformed analysis,

Table 71A: Lorazepam Plasma Concentration Over Time (Mean + SD)

17%
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Treatment
Time post-dose Lorazepam (S)-Zopiclone +

(hr) (ng/ml) Lorazepam

(ng/ml)

Pre-dose BLQ BLQ

0.5 10.0 £ 6.3 10.3+4.6

] 226+78 19.1 £8.5
1.5 248+ 11.0 199+73

2 254+ 12.0 18.7£5.1
3 23.9+9.7 17.8 + 4.4
4 18.7 + 3.6 16.6 £42
6 17.3+4.1 15344
8 16.7+7.8 138+34
12 11.7+£37 1L6£35

16 95437 93+35

24 8.0+3.6 8.0+32

Note: Number of subjects = 14 (7 per treatment group) at the 0.5- and 1.5-hr
time points, and 18 (9 per treatment group) at all other time points (as per
Section 9.8.1 and 10.2).

Table 72A: Lorazepam Pharmacokinetic Parameters

APPEARS THIS wWAaY
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Combination versus Monotherapy comparison
Parameter Yreatment N Mean+ SD' | Geomaric | Ratio (%) § 90% Clifor | pevalue
LS mean” Ratio
Cr Lorzepam 9 17804 1156 26.1 - - -
(ng/ml) | (Si-Zopiclone + Lorazcpam|] 9 | 21.57:754 046 7868 | [59.5,104.0] | 0.1532
AUC,, 1 Lorazepam 9 [3708%5+10512] 3049 ; - .
(ng*hr/mi.) | ($)-Zopiclone + Lorazepam| 9 28751 = R6.67 2759 9048 [69.1,1184] { 45260
e [orazepam 9 1569 = 5.33 149 - - .
{hr) (Sy-Zopiclone + Lorazepam | 9 1991 = 787 18.8 12561 {95.1,1659] | 0.172¢
Tman | orazepam G [1.M, = . B B _
(hr) (S)-Zopiclosre * Lorazepam | 9 [1.55° = - - - 14,5302

Luas, provided as Median [Range]

“(Gieometric LS mean: Geometiic least-squares mean. All parameiers excepl Iy, were fog, transformed.
Values of 1, were rank-transformed prior to the analysis.

*Ratio (%! of the geometric least-sauares means (LS means) for the loe. transformed analvsis,

Comments:

1. The co-administration of (S)-zopiclone (substrate) with lorazepam (interacting drug)
decreased the (8)-zopiclone mean Cmax by 22.6% (90% CI: 62.3, 96.1). There was a 7.01%
decrease in AUC.

2. There was no difference in the median tmax of (S)-zopiclone when administered as (S)-
zopiclone monotherapy or concomitantly with lorazepam {median tmax = | hour). The mean ti2
for (S)-zopicione was not affected by co-administration of lorazepam (mean ti2 = 5.70 hours and
5.73 hours, respectively).

3. The co-administration of lorazepam (substrate) with (S)-zopiclone (interacting drug)
decreased the lorazepam mean Cmax by 21.3% (90% CI: 59.5, 104.0) and the lorazepam mean
AUC{0-1ast) by 9.5% (90% C1: 69.1, 118.4).

4. The median tmax for lorazepam was not affected by co-administration of (S)-zopiclone
{median tmax = 1.50 hours and 1.55 hours, respectively). The mean t112 for lorazepam was
slightly greater when (S)-zopiclone was co-administered {mean 12 = 15.69 hours-alone and
19.91 hours -combination, respectively); however, this difference was not statistically
significant.

5. There 15 the possibility that the drug interaction may be exacerbated due to a diurnal effect
which the firm has not been investigated since dosing was done at 8:00am.
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6.5.6 [nd;lvidual Study Report PHARMACODYNAMIC AND PHARMACOKINETIC
INTERACTION STUDY BETWEEN (8)-ZOPICLONE AND PAROXETINE IN
HEALTHY SUBJECTS-PROTOCOL NO: 190-026

Study Introduction

Paroxetine is a widely prescribed antidepressant that acts as a selective serotonin reuptake
inhibitor. In studies where healthy subjects received daily doses of paroxetine for thirty days,
steady state paroxetine concentrations were achieved by approximately 10 days. At steady state,
the mean half life of paroxetine is 21 hours. Paroxetine is extensively metabolized by
cytochrome P-450 (CYP) 2D6 after oral administration. Commonly observed adverse events
foliowing paroxetine usc are asthenia, sweating, nausea, decreased appetite, somnolence,
dizziness, insomnia, trernor, nervousness, sweating, decreased libido, ejaculatory disturbance,
and impotence. No new adverse events are expected with the combined dosage of esopiclone
and paroxetine. Because paroxetine is a CNS-active drug, a commonly used antidepressant and is
extensively metabolized by CYP 2D6, this trial was conducted to study the single dose effect
primarily on the pharmacodynamics and secondarily on the pharmacckinetics of esopiclone and
paroxetine when administered concomitantly. No pharmacokinetic interactions were expected,
as esopiclone is not metabolized by or an inhibitor of CYP 2D6. In addition, because the adverse
event of somnolence is commonly observed following paroxetine use, this trial was conducted to
study this parameter.

Objectives

The primary objective was to evaluate the pharmacodynamic interaction of single oral doses of 3
mg esopicltone and 20 mg paroxetine in healthy voluateers. The secondary objective was to
cvaluate the pharmacokinetic interactions of single oral doses of 3 mg esopiclone and 20 mg
paroxetine in healthy volunteers.

Study Design

This was a single-center, inpatient, randomized, four-arm parallel, daytime administration,
single-dose, single-blind study in normal healthy male and female volunteers. Forty subjects
were enrolled. Dropouts were not to be replaced. Study participation invelved 2 visits: a
screening visit and one multi-day inpatient visit. Screening (Visit 1) occurred no more than

21 days prior to the inpatient confinement for Visit 2 dosing. Subjects who qualified were
admitted on Day -1 of Visit 2 and randomized to one of four treatments: placebo, esopiclone,
paroxetine or esopiclone and paroxetine combination therapy. The inpatient visit (Visit 2) began
with clinic admission no later than 10:00 on the morning before the scheduled dosing. The
subjects remained in the Phase I clinic for 2 days post-dosing for safety, pharmacodynamic,
pharmacokinetic, and clinical laboratory assessments. A subject s total study participation was
up to 24 days, from screening to study termination.

Amendment to Study Design

Amendment | was created to allow up to 40 subjects (an additional 16 subjects) to be dosed.
The purpose of the additional subjects was to increase the power. The additional 16 subjects

182




were to be dosed at the same site as the original 24, but occurred several months after the initial
cohort was done. The cohort and cohort by treatment effect were assessed in addition to
performing the analysis planned in the protocol. Analysis of the cohort and cohort by treatment
effects were performed.

TREATMENTS ADMINISFTERED
Depending on the randomization, each subject received one of the following:

* Placeboe esopiclone (4 tablets)
* Active esopiclone (2 x 1.5 mg) and matching placebo (2 tablets).
» Paroxetine (2 x 10 mg) and placebo (2 tablets)

¢ Paroxetine (2 x 10 mg) and active esopiclone (2 x 1.5 mg)

Dose Selection

In this study, 3 mg esopiclone was utilized, as this is approximately equal to the amount of
esopiclone in the recommended dosage of the marketed racemic product. Paroxetine (Paxil®) is
marketed for depression and 20 mg has been well tolerated.

Based on the clinical condition being studied (i.e., insomnia), esopiclone is being developed as a
once-a-day formulation. Study medication was administered at approximately 08:00 AM of the
dosing day.

Subject Demographics

APPEARS THIS way
ON ORIGINAL
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. . Esopiclone
Placebo Esopiclone Paroxetine . Pafoxetine
(N=:10) {N=10) (N=10) (N=10)

Age

Mean (SD) vears 325(9.3) 36.7(1 19 329 (8.3) 30.8 (9.8}

Min, Max 21,51 21,52 21,47 23,55
Gender

Male 6 (60.0%) 7{70.0%) 7 (70.0%) 7(70.0%)

Female 4 (40.0%) 3 {30.0%) 3 (30.0%) 3(30.0%)
Race

Caucasian 6 (60.0%) 10 (100.0%) 8 (80.0%) 8 (80.0%)

Black 3 (30.0%) 0 (0.0%} 1 {10.0%) 3 (0.0%)

Asian ! (10.0%) 0 {0.0%) 0(0.0%) 1 (10.0%)

Hispanic 0 (0.0%) 0(0.0%) 1(10.0%) 1 (10.0%)

Other 0 {0.0%) 0 (0.0%) 0 {0.0%) 0(0.0%)
Height: mean (SDYem 174.8 (9.2) 174.4 (8.9) 172.5¢10.4) | 1713 (13.1)
Weight; mean (SD) kg 76.4 {14.9) 77.5 (9.9) 77.4¢103) | 72.3(16.3)
BMI; mean (SD) kg/m® 24.8(3.1) 25.5(2.6) 26.0(2.4) 24.2(2.2)
Phenotype

Extensive Metabolizer | 10 (100.0%) | 10 {100.0%) 9 (90.0%) 9 (H).0%)

Poor Metabolizer 0 (0.0%) 0 (0.0%) 1 (10.0%) 1 {10.0%}

Sample Collection and Handling
Plasma samples were drawn from subjects at the following times: Day | (Visit 2) pre-dose and at

0.5,1,1.5,2,3,4,6,8, 12, 16, and 24 hours (Day 1 {Visit 2]} post-dose. Samples were analyzed
for esopiclone and paroxetine.

Bioanalytical Methods-Eszopiclone

Studied Period: September 1, 2000-December 17, 2000

The study sample anaiysis for Eszopictone and Paroxetine were done between

Theoretical storage time:

m———

curve samples)

Quality Control (QC)
Samples
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Eszopiclone Pasoxetine
Method [ LCMS/MS | LC/MSMS
Sensitivity/LOQ
Linearity (Standard




Precision of Standards
{%CV)

Precision of QC
Samples (2%CV)

Accuracy of Standards
(%)

Accuracy of QC
Samples (%)

Recovery

Freeze-Thaw

Statistics

The pharmacokinetic parameters were considered secondary outcome variables and included the
following for each analyte [esopiclone and paroxetine]:

Cmax Maximum observed concentration.

tmax Time of occurrence of Cmax.

Clast The last post-dose quantifiable concentration.

tlast The time of the last post-dose guantifiable concentration.

Az Elimination rate constant .

tin Terminal phase half-life, calculated as In(2)/ A..
AUC(0-last) Area under the plasma concentration-time curve from time zero

to the time of the last post-dose quantifiable plasma concentration

AUC(0-c) Area under the plasma concentration-time curve for the 0 to
wnfinity interval.

Results

Table 73A: Esopiclone Plasma Concentration Ovet Time (Mean £ SD)
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Treatment
'[;;]r?)e Esopictone Esopiclone
{ng/ml.) + Paroxetine
(ng/mL)
Pre-Dose BLQ BLQ
0.5 15.37 £ 10.56 2391 £ 1541
l 25.92 +4.09 27.53+7.38
1.5 25.85 +4.32 26.78 + 7.46
2 25.02 +3.01 27.22 +7.60
3 2151293 22.89 +4.59
4 19.40 +2.65 2039+ 3.93
6 14.45 = 2.82 14.84 +3.36
8 10.93 +3.07 11.64 +295
12 6.49 + 2.49 7.06 £2.24
16 411215 448 x 1,74
24 1.81 +1.71 232+ 1.44

BLQ: Below limit of quantification

Table 74A: Esopiclone Pharmacckinetic Parameters (Mean £ SD)

arameter Monotherapy Combination
(n=10) (n=10)
max 2791+ 390 31.87+ 8.74
ng/mL) ]
UCorasy) 220.73 = 53.08 24120 53.53
hr*ng/mL)
UCre 243.25+ 73.87 270.18 £71.29
hr*ng/mL)
125 - 1.25 —
.18 21,69 720£214

tmax is presented as Median (Range)

Table 75A: Treatment Comparison of Esopiclone Pharmacokinetic Parameters




Geometric Combination versus Monotherapy Comparison
Parameter Treaiment N LS 2
mean Ratic (%)" 0% CI p-value
i
AUC g1 ggmbin“nlmh;’ :g ;;g'; 109.25 903, 1320 | 0.4306
3
Con ’g(‘:m“"bl'.’w""“"’im }g 5;'; 11163 (4813140 | 0258
h ’g::tb"“:m :g -6;'3 116.53 @708 |09
. Monotherapy 10 13 .
10N
s Combination 10 L3 000

*Geometric L% mean: Geomesnic beast-squares mean, 2ati-kg of beast squares means derived fram the linear maodel
*Ratio (%) ol the geometric means {LS nweans) for the log, transformed analysis.

%ty WS 0K-1ranstormed

! Median

* pvatue for the 1esting the difference in the medians.

76A: Paroxetine Plasma Concentration Over Time (Mean + SD)

[Treatment

Time

Paroxetine Paroxetine
(hr) + Esopiclone

ng/mL)
(ng/mL)

Pre-Dose BLQ BLQ
0.5 BLQ BLQ ]
1 BLQ LQ
1.5 1.81+1.46 1.12+1.33
2 3.14 +3.24 1.53+1.82
3 6.23 +5.12 5.16 +4.32
il 8.13£6.10 6.75 £+4.98 ]
6 3.63 +6.74 740+671 |
3 7.66 +6.48 6.97:7.04
112 5.81 +6.03 5.38 +7.03
16 4.91+06.11 3.96 +4.94 ]
24 361 +5.75 $4.32 £6.18 N
IBLQ: Below limit of quantification _ s

Table 77A: Paroxetine Pharmacokinetic Parameters (Mean + SD)
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Parameter Monotherapy* Combination®
Coax b
max 9.34+ 7.07 9.24 +6.71

(ng/mL) * *
AUC g1y 3 b
(hr*ng/mL) 128.38 + 130.57 126.95 + 128.38
bax” 400, — 4.00
(hr) '0 - R
b 12.04+7.51¢ [1.37+491°
(hr)

* n= 10 unless atherwise noted

*n=9; | subject excluded (< 4 measurable plasma concentrations}
* luas 15 presented as Median (Range)

n = &; 2 subjects excluded (unable 10 characterize terminal phase)
n = 4: 6 subjects excluded (unable to characterize terminal phase)

v
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Table 78A: Treatment Comparison of Paroxetine Pharmacokinetic Parameters

. . Combination versus Monotherapy Comparison
Parameier Comparison N (]J_(;OMLTH: " i e ”
m Ratio (%]} 90% Cl pvalue
AUC teas Manotherapy 1a AR 96.45 (34.0.273.9) 0.9527
Combination 9 690
: he i 7.
Com Monaiherapy o 1016 (52.5. 196.5) 0.9666
Combination 9 7.4
. - p
b Monatherapy § 10 99.43 (56517500 | 09858
Combination 4 1.5
G Monatherapy 0 400 ) 03219°
(ombination 9 407 o

" Geonwetric LS mean: Geometric least-squares mean. anti-log of least squares means derived lrom the lincac model.

" Ratio (%) of the geometric means (1.5 meanst for the bog, transloaned analysis,
* Lyny, WS rank-transformed

* Median

“p-rvalue for the Lesting the diflerence in the medians,

Comments:

1. There was a 9% and an 11% inctease in AUC and Cnax respectively when esopiclone was the
substrate and paroxetine the interacting drug. The 90% CI were (90.3-132.2) and (94.8-131.4)

however this was due to the size of N=10 and a parallel study design so the result was not

considered to be statistically meaningful.

2. There was a 5% decrease in AUC when paroxetine was the substrate and esopiclone the
interacting drug. The 90% CI were (34.0-273.9) which was due to the size of N=I0 and a

parallel study design so the result was not considered to be statistically meaningful. The reason

for the large variability for the paroxetine results is that there exists two populations of
metabolizers for this 2D6 metabolized substrate.
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6.5.7 —Meta-Analysis Protocol # 190-000-K01

A Meta-Anafysiy of the Relstionshlp Among Selected Demographic Variables and
Exposure to Esopiclone in Healthy Subjects

6 QWIECTIVE

The primary objective of these analyses was to evaluale the effect of nge, race, gender.
il weipht on exposure {Cax crd AUC) 10 escpiclone following singie and multiple
dose administration.

7 INVESTEGATIONAL PLAN

EA DATA SQOURCES AND ASSEMULY

The pharmacokinetic data were inlegraled fronn 1] Phase 1 safety and pimnnacokinetic
studies in healthy subjects. Ten of the studics wore camied out in subjccts from 18 to 64
years of age and onc study (Sepracor (SEPR} Study No. 190-00%) included only clderly
subjzets (263 years). A sumunary of all the pharmacekinetic studics included in the
pharmacokinciic demogeaphic meta-analysis is provided in Table 7.1-1. The detailed
information for all the study desiges can be found i individual stedy reports All data
processing was performed using SAS® Software, Version 6,12,

The pharmacokinetic ineta-demographic analysis included orly healthy fasted subjects
wha had ken esopiclone alone {tablsts or solution w investigsts potential demograplic
effects on the esopiclone pharmacokinetics.

Esopiclone phamscokinelic parameters of maxinum concentsation (€ .. and ared under
the concentration-time curve (AUC) provided an assessment of esopiclone exposure. Al
steady-statc. the AUC over the dosing bnterval AUC,,.., wos wiitized. After single dosc,
AUC g, was chosen for ang'ysis because 1t 15 the roost aprropriate fitcasure used (o
estimate clearanve and, in theory. is squa? to AUC ., at steady-state. o acddition, aull
sudjects had measures pf ATC., .

pears This Way
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Resuits for Gender AUC(0-tau)
9.1.1.2 Esapiclone AUCyy ., a1 Steady State

Descriptive statistics for the sicady-s:2ie esopiclone AUC ., by pender, age and race are
presented in Tables 9.2.2.2-1 12 9.2.22-3. Individual esopiclone AUCqy. valucs
distributed by gender, age, race, and body weight are graphically presented in Fi purcs
92.22-1 10 9.2.2.24, respectively.

Tahbie 9.2.2.2-1 Dase-Normalized* S1eady Stuie Esopiclone
AUCq. by Gender
F {eides
Hazamezer Sdanitic ke Femalc
AUC L, N 5Q i
agshr'm). pzr mg Mean t 738 921 ~
I N | g
Medio G Y
M i -
Max B o / /

* AU ., values wire fone artnatized tu | g of €9y ek
Nat A olal of &6 AT, vidues from 36 subjects ne sunwparzcd
Retzraace Table 1 2 ardd Approces 1212

As shown (o Fable 9.2.2.2-1 and Fipure 9.2.2.2-1, the wean esopiclone AUC.., in
females was approximately 25% higher than In mal=s m steady state bui, the range of
values overlapped between the two gender groups.

Figure 82224  Dose.Normalizad' Steady State Mean and individual
Esopictone AUC .., Values By Gunder

20
E o
2 a0
T w
b3
£ w
2 w
a w
8 ™ _
< w —
] [
2«
2
d o . -
Ferrale Wik

°AUG vhkad wora D8 IoThadied b ) oG eeagkk
Suld fine Indcass e Qcul Mean,
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6.5.8 Dissolution Data for Pivotal Biobatches F0468003-2 mg and F0548002-3 mg.

Batch F0468003/
Tablet No.

R e R O N

10

11

12

High (%)
Low (%)
Average (%)
RSD (%)

Batch F0548002/
Tablet No.
;

Lh da Wb

6

7

8

9

10

11

12

High (%)
Low (%)
Average (%)
RSD (%)

Dissolution Profiles for 2.0 mg Drug Product Batch F0468003

% Disselved in Stated Time (Minutes)

5 14 20 30 45
78.5 86.2 92.7 96.3 99.0
8.8 5.5 35 3.0 2.6

Dissolution Profiles for 3.0 mg Drug Product Batch F0548002

% Dissolved ir Stated Time (Minutes)

5 10 20 30 45
76.7 84.1 89.8 92.6 95.2
10.0 6.6 44 35 28
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