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This addendum addresses the ramelteon’s in vitro stability issues related to BCS
Classification and proposes the final decision.

Takeda Global Research & Development Center, Inc has originally submitted NDA 21-
782 on 9/21/04 for approval for the treatment of insomnia T

No bioequivalence studies were conducted to compare clinical (Phases 1 and I/III) and
to-be-marketed formulations.  The Applicant claimed that ramelteon met BCS
Classification | category. The Applicant’s supporting data were presented in the Section
2.5 of the original NDA review (sec Appendix 2 for recreation of Section 2.5).

During the reviewing cycle, the Applicant’s data were forwarded to the BCS Committee,
and the Committee has suggested studying ramelteon in vitro stability in simulated
gastric and intestinal fluids. This recommendation was communicated to the Applicant.

On June 27, 2005 the Applicant submitted the requested in vitro stability of ramelteon in
simulated gastric and intestinal fluids. The in vitro data appear to show that ramelteon is
stable in both gastric and intestinal fluids (see Appendix 1). Therefore, the overali
information submitted by the Applicant show that ramelteon met BCS Classification 1
category.




Appendix 1

Biopharm:

1. The Agency 1s in a final stage of evaluating ramelteon's BCS classification. and 15
seeking information on ramelteon stability 1n simulated gastric fiwid (SGF; e.g,
ramelteon exposure for 1 hour) and simulated intesunal fluid (SIF; e ¢, ramelteon

exposure for 3 hours). You are requested to generate and submit such data if not already
available.

Response: Ramelteon reference standard was dissolved in both USP Simulated Gastric
Fluid (SGF) and Simulated Intestinal Fluid {(SIF) 10 make a solution of approximately
we/mL. This concentration was chosen, as it is similar to the concentrationofa .. ]
release of an 8 myg tablet in 900 mL of fluid. The sclutions were maintained at 37 °C
during the study. Samples of each solution were taken at reguiar intervals and tested
using the stability indicating HPLC method for assav in section 3.2.P.5.3 (report M-11-
00530).

The resuits of the experiments are sunnnurized in the tables beiow:

Stability of Ramelteon in Simulated Gasitric Finid at 37 °C
Time Point  Concentration (ug/mLj  Percent of Initial

Initial 83
30 wminutes ) \
60 minutes 8.3 N

Stability of Ramelteorn in Simulated Intestinal Fluid at 37 °C
Time Point  Concentration (ug/mlL)  Percent of Initial

Inirial 83
30 minutes So6 . %%
60 minutes ki) \ %
120 minutes 8.7 s
180 niinutes 87 %6

Al vaiues were within —:-3% of the initial resuits over the time period rested, and
tierefore ranieiteon cain be considered stadle in the GI tract according to the dugust
2600 BCS guidance documnent.

Appendix 2

Summary of the Applicant’s BCS Classification Data

The solubility of the drug substance covers over the pH range .1 10 7.5 at 37°C using
standard aqueous buffers described in USP 26. The permeability duta of the drug
substance was from the wmass balance study (ADME of a single 16 mg dose of




[14Ciramelteon) in healthy adult male subjects and in vitro Caco-2 cell intestinal
permeability study. Additionally, in vitro rat portal vein metabolism study was conducted
to show the ramelteon gut absorption characteristics. To bridge the formulations
throughout development and to support the waiver of in vivo bioequivalence studies, the
dissolution of the ramelteon drug product was tested. The dissolution conditions used
were USP Apparatus Il at 50 rpm and 37°C, in 900 mL of each of 3 different media (0.1
N HCI, pH 4.5 acerate buffer, and pH 6.8 phosphate buffer).

Solubility

The solubility of the drug substance was established over the pH range 1.1 to 7.5 at 37°C
using standard aqueous buffers. The ramelteon drug substance is a neutral compound,
having no acid or base functional groups. The solubility of ramelteon was independent of
pH under the conditions of this study, being [ 1 mg/mL over the pH range 1.1 to
7.5 at 37°C. These data indicate that approximately { 1 mg of ramelteon would
dissolve i a 250 ml aqueous solutton at 37°C. This amount corresponds to
approximately 8- to 10-fold more than the recommended therapeutic dose of ramelteon (8
mg).

Permeability

Mass balance study:

The mass balance study was conducted (a single 16 mg dose of {14C]ramelteon) in
healthy adult male subjects. Urinary and fecal excretion of the administered radioactive
drug was quantified. The mean radioactivity excreted in urine for the 6 subjects was 84%,
indicating that at least 84% of the administered dose was absorbed through the gut. The
mean radioactivity recovered in feces was 4.0% with less than 0.1% of that amount
attributable to unchanged drug. These data suggest that the majority of the dose
recovered in feces resulted from biliary excretion of absorbed drug as metabolites. The
total percentage of ramelteon dose absorbed was approximately 88%.

in vitro permeability study:

The intestinal permeability of ramelteon was also investigated in an in vitro Caco-
2 cell permeability assay using [14C]Jramelteon. The Papp values for {14C]ramelteon, in
the presence and absence of quinidine (a known inhibitor of P-glycoprotein), [3H]digoxin
(a known substrate for P-glycoprotein), and DL-[3H}propranolol (a high permeability
marker drug) were determined in both the apical-to-basolateral and basolateral-to-apical
directions.

Papp for [14CJramelteon from the apical to basolateral sides of the monolayer was
similar to that from the basolateral to apical sides (27.3+£5.3 x 10-6 and 28.522.1 x 10-6
cm/sec, respectively) and was higher than that for DL-[3H]|propranolo! (19.0+2.2 x {0-6
and 17.4£2.8 x 10-6 cm/sec, respectively) in either direction. Furthermore, Papp of
{ 14C]ramelteon was not affected by quinidine.




Rat portal vein metabolism study:

Additionally, in vitro rat portal vein metabolism study was conducted to show the
ramelteon gut absorption characteristics. [14C]ramelteon was injected into the jejunal
loop at a dose of 1 mg/kg. Major component of radioactivity in the rat portal vein plasma
was unchanged ramelteon (96, 93, 95, and 91% of the total radioactivity at 0-0.5, 0.5-1,
1-1.5, 1.5-2 hours, respectively). The results suggested that ramelteon is stable in the
intestinal tract and not metabolized in the absorption processes prior to reaching the
systemic circulation.

Digsolution profiles

The dissolution of the Phase TI/111 4 mg tablet (reference formulation) was compared with
that of the Phase I 4 mg tablet (test formulation). The differences between these 2
formulations were minor and included the € 1 used in the ©
process and the quantity of [ 7 in the tablet core. The dissolution conditions used
were USP Apparatus II at 50 rpm and 37°C, in 900 mL of each of 3 different media (0.1
N HC], pH 4.5 acetate buffer, and pH 6.8 phosphate buffer). Dissolution is complete in
wninutes in all three media. The f2 values for 0.1N HCI, pH 4.5 acetate buffer, and pH
6.8 phosphate buffer were 57.9, 69.1, and 75.2, respectively, indicating that the
dissolution profiles for the Phase I and Phase II/III formulations (4 mg tablets) were
similar in each of the 3 test media.

Additionally, the dissolution profiles of the 4 and 8 mg tablets for the Phase I and Phase
II/III, and to-be-marketed 8 mg tablet formulations were compared using water as
medium. The Phase I and Phase II/III formulations exhibited similar and rapid
dissolution, with more than ~ 5 of the label claim consistently dissolving within ™~
minutes.

Ultimately, the Applicant proposed the following dissolution method and specification:
USP apparatus I at 50 rpm, 900 mL water with a Q of "\ in \ minutes.

Formulation ingredient information

See Section 2.1.1. for list of ingredients for clinical and to-be-marketed formulations.
The differences between the Phase I and Phase IV formulations were very minor; the

differences are in minimal amount of T 3 and T )
the 31 The performance between Phase I and IV tablets are not
expected.

The 8 mg commercial tablets are identical to the 8 mg Phase II/III tablets, except for the
addition of [ _ 1. Again, the performance between Phase VI and
to-be-marketed tablets are not expected.

1
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1 Executive Summary

Takeda Global Research & Development Center, Inc has submitted NDA 21-782 on
9/21/04 for approval for the treatment of insomnia L

3 The Applicant proposed to administer 8 mg once nightly within 30
minutes prior to bed time in all patients at least 18 years of age.

The main concept of this drug is to shorten the time to sleep onset and increasing sleep
duration without producing side effects such as sedation, anxiolysis, muscle relaxation,
and amnesia.

The “insomnia” treatment claim has been studied in 4 major clinical trials in subjects
with transient insomnia and in subjects with chronic insomnia (short-term treatment {1 or
2 nights), long-term treatment (35 nights)). These studies were conducted in the sleep
laboratory and in an outpatient setting. Endpoints were measured objectively by
polysomnography (PSG) and measured subjectively by subject reports.

The Clinical Pharmacology and Biopharmaceutics studies assessed dose selection,
absolute bioavailability, effect of food, special populations and drug-drug interactions.
The Applicant claimed that ramelteon meets the BCS Classification 1 category. Thus, no
bioequivalence studics comparing clinical and commercial formulations were submitted
in the application.

The submitted Clinical Pharmacology and Biopharmaceutics information in this NDA
package is adequate; however, a modification to the C 1 Package Insert is
suggested.



1.1 Recommendations

From the viewpoint of the Office of Clinical Pharmacology and Biopharmaceutics /
Division of Pharmaceutical Evaluation II (OCPB/DPE-II), the information contained in
the NDA 1s acceptable, provided that a mutually satisfactory agreement can be reached
between the Applicant and the Agency with respect to the language in the package insert
(see section 3: Detailed Labeling Recommendations).

1.2 Phase IV Commitments

Not applicable.

1.3 Summary of CPB Findings

The Ramelteon (TAK-375) has been studied in doses ranging from 0.3 to 160 mg in 43
efficacy, safety, tolerability, pharmacodynamic, and pharmacokinetic clinical trials in the
United States, Canada, Europe, and Japan. Doses ranging from 4 to 160 mg have been
studied in safety and efficacy trials in the United States and Canada. Doses chosen for
the pharmacokinetic and the Phase I pharmacodynamic studics were based on multipies
of a 16 mg dose, which was the original planned therapeutic dose for humans based on
the results of animal studies.

No Phase Il population pharmacokinetic studies were conducted. No bioeguivalence
studies were conducted to compare clintcal (Phases 1 and II/IlI) and to-be-marketed
formulations. The Applicant claims that ramelteon meets BCS Classification 1 category.
The Applicant’s supporting data is discussed in Section 2.5. The Applicant’s data have
been forwarded to the BCS Committee, and the Committee has suggested studying
ramelteon in vitro stability in simulated intestinal and gastric fluids.  This
recommendation has been communicated to the Applicant. Thus, the final determination
will be pending further submission of data. The differences between the two
formulations appear to be minor and supported by in vitro dissolution data, and it is
expected that there will be no performance difterences.

Ramelteon appears to have large inherent in vivo variability (observed standard deviation
as large as 100%).

The absolute bioavailability of C 7 tablet is approximately 2% (range of 0.5% to
12%).

After IV administration, serum concentrations of rameltcon appeared to decline in a
multi-phasic manner, with an arithmetic mean T1/2 of 1.9 hours. The CL and Vdss for
ramelteon were 916 mL/min and 73.6 L, respectively.

After oral admimstration, less than 1% of ramelteon and M-1I 1s excreted i urine and
feces. M-Il 1s present in concentrations 20-100 times higher than parent drug in human




serum. M-II appeared to decline in a mono-phasic manner, resulting in an arithmetic M-
II mean T1/2 was approximately 2.6 hours. [n vitro, M-Il has approximately one-tenth
and one-fifth the affinity of ramelteon for the human MTi and MT: receptors,
respectively.

In vitro studies indicated that ramelteon is metabolized primarily by CYP1A2, and to a
minor extent by the CYP2C subfamily and CYP3A4. M-Il is metabolized further mainly
by CYP3A4. In vitro rat portal vein study indicated that ramelteon is absorbed from the
intestinal gut as an intact drug. [r vitro Caco-2 cell information indicated that ramelteon
absorption is not affected by P-glycoprotein receptors.

Ramelteon protein binding is approximately 82% and is independent of concentration.
Ramelteon mostly binds to serum albumin. Ramelteon distributes into red blood cell
approximately 25 %. M-Il protein binding is approximately 70% and is independent of
concentration.

Ramelteon and its metabolites exhibited linear pharmacokinetics in the dose range of 4 to
64 mg.

Sixty-four mg of ramelteon (eight fold higher dose than is sought for approval) did not
prolong QT interval in a thorough QT study.

Ramelteon AUC(0-inf) and Cmax were 97% and 86% higher, respectively, and T1/2 was
66% longer in older subjects (63-79 years of age) compared with younger (18-34 years of
age) subjects. M II AUC, Cmax and T1/2 were 30% and 13% higher, and 33% longer,
respectively, in elderly compared with younger subjects.

Ramelteon AUC(0-inf) and Cmax were 32% and 19% higher, respectively, and T1/2 was
23% longer in women compared with men.

Generally there was no consistent change in individual subject ramelteon AUC and Cmax
values on Day 8 with increasing severity in renal impairment. Ramelteon Cmax and
AUC(0-1) were not markedly different in subjects with mild to severe renal impairment
compared to their healthy controls following multiple dosing.

Single and multiple dose administration of 16 mg ramelteon resulted in significant
increases In exposure to ramelteon in subjects with mild hepatic impairment (3.5 to 3.6-
fold higher AUCs) and moderate hepatic impairment (8.0 to 10.7-fold higher AUCs)
relative to their corresponding healthy matched controls. Exposure to major metabolite
M-Il was only marginally incrcased in mildly and moderately hepatically impaired
subjects relative to the respective healthy matched controls. Severe hepatic impairment
group was not studied.

Ramelteon is not an inhibitor of 1 A2, 2C19, 2D6, and 3A4 enzymes. Ramelteon is not an
inducer of 1A2, 2C9 and 3A4 enzymes. According to in vitro CaCo-cell study and in
vivo digoxin study, ramelteon is not a P-gp inhibitor.




Administration with high fat breakfast results in a 30% increase in AUC, 22% decrease in

Cmax, and 1 hour increase in Tmax of remelteon. Due to the delay in absorption,
remelteon should be administered without food. Food had little effect on M-II AUC(0-
inf), but Cmax decreased 35%.

Ramelteon pharmacokinetic properties were not assessed in smokers; it is well known
that smoking will induce CYP1A2 activity. Thus, it is possible that smokers may have
lower ramelteon levels, making ramelteon less efficacious in this population. It is also
noted that rifampin, a strong CYP inducer, drug interaction study showed significant
decrease in ramelteon and M-Il AUC and Cmax values; for rifampin, ramelteon is
recommended not to be taken concomitantly due to uncertainty in dosage adjustment.

With respect to dosage adjustment, please see the following table. The Applicant claim
that they recommend ‘no dosage adjustment’ based on the fact that rameltcon has a wide
therapeutic index, adverse events observed in impairment or in drug-drug interaction
studies are similar to that of administered ramelteon alone; the Applicant concluded that
observed changes are not ‘clinically significant.” Some of the Applicant’s proposal is
acceptable.

For elderly population, it is suggested that 4 mg dose may be safe and efficacious in this

population. Food should not be taken with ramelteon; Tmax was prolonged with food.

Special Populations:

Factor Ramelteon Ramelteon M Il MII Sponsor’s Agency’s
proposal proposal
AUC Cmax AUC Cmax
Gender
Women 32%1 19% 1 — — No adjustment | No adjustment

Renal * {(Day B)

2
Mild 26% | 36% | 3% 2%7% No adjustment
Moderate 29% 71 65% 1 21% ) «—No change '
Severe 81%1 21% 1 40 % 1 9% [
Hemodialysis 50% | 35% | 29% |

30 minutes ‘Recommend
Food 3% 1 22% | — 35% | prior to not take with
bedtime; food,
Median Tmax
protonged
B 0.75 hr

Elderly 97 % 1 86% 1 30% 1 14% 1 No adjustment /
Hepatic* (Day 8)
Mild 258%1 146 %t 29%1 6% | No adjustment
Moderate 967 % 1 7371%t - 25% ]
Severe Not studied Notstudied | Notstudied [ Not studied

*Dosed for 7 days



\

Drug-Drug interaction studies:

Factor Raroelteon Ramelteon M il MII Sponsor’s Agency’s
proposal proposal
AUC Cmax AUC Cmax
1A2 inhibitor 190-fold § 70-fold t 31% 7 60% | \ i
(fluvoxamine) :
3A4 inhibitor 84% 1 36% 1 93 %t 23% 1 No adjustment
(ketoconazole)
2C9 inhibitor 52% 7 44 % 1 200 % 1 55% 1 Use with
(fluconazole) \ Caation
2C19 inhibitor 30% | 30% | 20% 1 16% 1 No adjustment | No adjustment
{omeprazole)
2D6, 2C9, 50%1 40% t 52%1 17% 1 No adjustment | No adjustment
2C19, 3A4
inhibitor (fluoxetine)
3A4 induction 80% | 80% | 89% | 8l% | .
{rifampin) \ '
1A2 substrate 40% 1 35% 1 12% 1 — No adjustment | No adjustment
{theophylline)
2D6 substrate > — <—-+ “—r No adjustment | No adjustment
(dextromethorphan)
Alcohol 47% 1 43% 1 10% 1 No -
adjustment;
but, use with
caution

Overall, adequate data characterizing the Clinical Pharmacology and Biopharmaceutics
- .
aspects of L ~ IR tablets was provided.

2 QBR

2.1  General Attributes of the Drug

Rameclteon (TAK-375), (5)-N-[2-(1,6,7,8-tetrahydro-2H-indeno-{5,4-b]}furan-8-yl)ethyl]
propionamide, is developed as a sleep-promoting agent for the treatment of insomnia.
The solubility of ramelteon in water is 0.21 mg/mL, and it is freely soluble in common
organic solvents, such as benzyl alcohol, methanol, and dimethylsulfoxide. The chemical
structurc of ramclteon 1s presented below.

Chemical Structure of Ramelteon

HeCoCONHCH-CH;. f

. \h\\/
N f

e




2.1.1 What are the highlights of the chemistry and physical-chemical properties of
ramelteon, and the formulation of ramelteon 8 mg tablets?

No bioequivalence studies were conducted to compare clinical and to-be-marketed
Jormulations. The Applicant claims that ramelteon meets BCS Classification 1 category.
The Applicant's supporting data is discussed in Section 2.5. The Applicant’s data have
been forwarded to the BCS Committee, and the Committee has suggested studying
ramelteon in vitro stability in simulated intestinal and gastric fluids.  This
recommendation has been communicated to the Applicant. Thus, the final determination
will be pending further submission of data. The differences between the two formulations
appear to be minor and supported by in vifro dissolution data, and it is expected that
there will be no performance differences.

Ramelteon is slightly sensitive to light and has a bitter taste. Therefore, a film coating
was applied to the tablets, using conventional excipients. The Applicant stated that
ramelteon meets the criteria for a BCS Class | drug, and in vivo bioequivalence studies
were not conducted. Sce Section 2.5, General Biopharmaceutics for further discussion.

The differences between the Phase I and Phase /Il formulations were very minor; the
differences are in minimal amount of CT_ .

. i J The performance between Phase [ and [I/III tablets is not expected
to be different. The 8 mg commercial tablets are identical to the 8 mg Phase II/I1I tablets,
except for the addition of T ) _J Again, the performance between
Phase II/111 and to-be-marketed tablets is not expected to be different.

Comparison of Investigational and Commercial Formulations: Overall Phases [, H/II,
and Commercial formulations:

Phase 1 Phase LIWIIE Cowmnmercial
Component (mg/1ables) Formulation For mulavion (a) Formulation (b) Function

Tablet core
Ramelteon G.t-10¢C 40-329 30

Starch

HPC E
Magneswm stearare

Lactose monohvdrate

Film coatiag
Hiprometose
Copovidone
PEG 8000
Tstanmm droxsde

_ Fernc oxade. vellow

L 1
PEG 800G
Pnntng ik

Onther properties
Totat tablet weight (mg tive 1350 130

Strengths developed €1 148 and = B 16 and 32 8
Ny




Comparison ef individual strengths used in Phases I, 1I/lIl, and Commercial
formulations:
Table2b  Comparison of Investigational and Commercisl Formulations

T
Formulation Phase [ Tablens Phase TI711 Tablets Tablets (a)

Strcugth Otmg Img dmy Emg  10mg  dmp Kmg  16mg lemgid) 3Img Brg
Logrodient Quanuny, per Tablt {nig)
Ramlioon ul 14 0 $4 L] L1 86 166 6N ity E)]
Laciose b draw r
Starch
Hydrast giupy ) cethabose .
Hydroxypropey] ceflubose.
Magnesimm onsie 1
Hepromeliose i
Potyettay oo phycol 20K« [
Copovadone
Titanin dioxide
Fervic onide, vellow

I atlug Qo

il Costling

Pabvetha letwe ghveel SO0K
Praeawip ink
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2.1.2  Whatis the proposed mechanism of action?

Ramelteon is expected to have slcep-promoting activity, given its selectivity for MT1 and
MT: receptors; in vitro, ramelteon demonstrates high affinity and selectivity for human
melatonin MT1 or MT2 receptors compared to the melatonin MT3 receptor.  Ramelteon
also demonstrates full agonist activity relative to melatonin in cells expressing human
MTi or MT2receptors.

In vitro, M-Il has approximately one-tenth and one-fifth the affinity of ramelteon for the
human MTi and MT2 receptors, respectively. M-II has relatively weak affinity for the 5-
HT2s receptor (K1 = 1.75 pmol/L), but little affinity for other receptors, even at high
concentrations of 10 pmol/L. M-II had no effect on the activity of several enzymes when
tested in vitro at concentrations of 10 to 1000 pmol/L. M-II is present in concentrations
20-100 times higher than parcnt drug in human serum (e.g., see section 2.2.4.1. Absolute
bioavailability: M-2 levels were 60 times higher than ramelteon; Japanese single dose
ascending study: M-2 levels were 100 time higher than ramelteon information).

The contribution of M-Il to the overall efficacy of ramelteon in vivo is not known since
M-II was not administered directly to humans. However, it is reasonable to expect the
same magnitude of efficacy if one considers the amount of concentration in vivo and
taking the 1/10 and 1/5 the affinity toward MT1 and MT2 receptors {(¢.g. the magnitude is
theorctically calculated by multiplying concentrations and affinity to receptors).

J




Ramelteon and its major metabolite, M-I, have negligible affinity (Ki greater than 10
HUM) for the GABAA receptor complex, as well as for receptors that bind dopamine,
serotonin, acetylcholine, glutamate, noradrenaline, and various neuropeptides, cytokines,
and opiates. Therefore, ramelteon is not expected to produce the ancillary effects
associated with the use of benzodiazepine rcceptor agonists, including sedation,
anxiolysis, muscle relaxation, and amnesia.

2.1.3 What are the proposed dosage and route of administration?

The proposed dosage and route of administration for T 7} ¥ (ramelteon IR tablet) is 8
mg taken orally 30 minutes prior to bedtime.

2.2 General Clinical Pharmacology

2.2.1 What are the design features of the pivotal clinical trials, and what is the
basis for selecting the response endpoints?

L 3 was studied in randomized double-blind tnals in subjects with chronic
insomnia. One of the pivotal trials utilized a parallel design in which chronic insomnia
adult subjects recetved a single nightly dose of the drug or matching placebo for 35 days.
Polysomnography (PSG) was performed to measure sleep latency on the first two nights
in each of weeks 1, 3, and 5 of treatment. The other pivotal trial utilized a three-arm
crossover trial in which chronic insomnia elderly subjects received a single nightly dose
of the drug or matching placebo in a sleep laboratory for two consccutive nights in each
of the 3 study periods. PSG was performed.

C 3 was also studied in transient insomnia subjects in a parallel study design. Again,
PSG was used as the primary method to measure sleep latency.

Endpoints {(e.g., sleep latency, total sleep time, wake time after slecp onset, etc.) utihzed
in the clinical trials are measured by polysomnography (PSG). PSG is typically used in
assessing drug treatment effect in insomnia climcal trials.

2.2.2  Are the active moieties in the serum and urine appropriately identified and
measured to assess pharmacokinetic parameters and exposure response
relationships? :

See Section 2.6, Analytical Section for mcasurcments of active moicties in the plasma
and urine. In short, blood samples were obtained for determination of the
pharmacokinetics of TAK-375. Serum concentrations of unchanged TAK-375 and its
main metabolites (M-I, M-II, M-I, and M-IV) were measured using C

o I, At each time point venous
blood were drawn, then allowed to stand at room temperature for approximatcly —
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minutes and centrifuged C J. for = -ninutes to obtain the serum. The
serum was stored at  — " until the assay was performed.

2.2.3 Exposure-response

2.2.3.1 What are the characteristics of the exposure-response relationships {(dose-
response, concentration-response) for efficacy?

The Applicant stated that no consistent dose-response relationship was observed across
the studies with respect to the efficacy of ramelteon. In Phases Il and 111, trials indicated
that ramelteon doses (4 mg — 64 mg) were effective. Higher doses did not show any
additional effectiveness; ramelteon may show a flat dose-response characteristic.

In Phases II and III, there were 6 double-blind, placebo-controlled studies conducted to
establish the efficacy of ramelteon. The majonty of subjects in each study were women
(range: 52% - 77% across treatment groups). It should be noted that the insommnia is
approximately 1.5 times more common in women than in men. The subjects studied in
the ramelteon trials were similar to the actual patient population reporting insomnia.

Two Phase II studies were dose-ranging studies (PNFP002 and TLO0S) and other 4
studies were Phase Il major trials:

Duration of
Double-
Blind
Study Population Model N Setting Study Doses (mg) | Treatment
(Phase) Design
Dose-finding studies
Adult Transient 375 { Sleep Parallel 16, 64 1 night
PNFP0O2 (I1) insomnia laboratory
TLOOS (1D) Adult Chronic 107 | Sleep Crossover | 4, 8, 16, 32 2 nights
insomnia laboratory
Pivotal trials
TLO23 {111} Adult Transiemt 289 | Sleep Parallel g 16 1 night
insomnia laboratory
TLO21 (IIT) Adult Chronic 405 | Sleep Paralle! 8,16 35 nights
tnsomnia laboratory and
outpatient
TLOI7 (1) Elderly Chronic 100 | Sleep Crossover | 4,8 2 mghts
insomnia laboratory
TLO25 (M) Elderly Chronic 829 { Outpatient Parallel 4,8 35 nights
insomnia

The Applicant stated that dose-finding studics revealed that all ramelteon doses were
effective as measured by primary and secondary cndpoints, latency to persisient sleep
(LLPS; statistically shorter with ramelteon) and total sleep time (TST; statistically longer
with rameltean), respectively (see below tables).




[t is noted that, in PNFP0O02 study, there were occasional statistically significant
differences were observed with respect to next-morning residual effects following
treatment with ramelteon 64 mg.

Latency to Persistent Sleep (LLPS) measure: Differences (minutes) between ramelteon and
placebo

Study/Primary Ramelteon Dose (mg)

Efficacy Variable 4 8 16 32 64
PNFP0O02 -- - -10.4* -- -9.2%
TLOOS -13.7* -13.4* -13.7* -14.8* -

*Statistically significant
--Not applicable

Total Sleep Time (TST) measure: Differences (Minutes) Between Ramelteon and
Placebo

Study/Primary Ramelteon Dose (mg)

Efficacy Variable 4 8 16 32 64
PNFP002 -- - 14.0* -- 11.4*
TLOO0S 10.7* 12.6* 10.9* 17.9* --

*Statistically significant
--Not applicable

In Phase Il trials, the Applicant reported the following PSG data looking at the time to
sleep onset {LPS) and the duration of sleep (TST); see below tables.

Ramelteon Phase Il Studies: Sequences of Efficacy Vanables

Study

TLOL7 TLOZ21 TLO023 TL025
Primary variable LPs® LPS LPS sSLS
First secondary variable ST TST TST sTST
Second secondary . . . .
variable Sleep quality Sleep quality Sleep quality Sleep quality
*Latency to Persistent Sleep (LPS)
SSubjective sleep latency
~Total Sleep Time (TST)
"Subjective total sleep time
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Latency to Persistent Sleep (LPS) measure: Differences (minutes) between ramelteon and
placebo

Study/Primary Ramelteon Dose (mg)
Efficacy Variable 4 | 8 J 16 ’ 32 J 64
LPS
TLO23 - | 76+ | 49 [ - | -
TLO21
Week 1 - -15.7% -18.9* - -
Week 3 -- -12.9% -17.6* -- --
Week 5 - -11.0* -12.9% -- -
TLO17 (Elderly) 9.7* -7.6% -
sSL
TL025 (Elderly)
Week | 8.3* -8.3* — - -
Week 3 -4.5 -9.0* - -- -
Week 5 -7.1% -12.8* - .- -

*Statistically significant
#Subjective sleep latency
--Not applicable

Total Sleep Time (TST) measure: Differences (Min.) Between Ramelteon and Placebo

Study/Primary Ramelteon Dese (mg)
Efficacy Variable 4 I 8 I 16 [ 32 { 64
TST
TL023 - I aze | 13se - | —~
TLO21
Week 1 -~ 19.0* 22.4* - -
Week 3 - 53 11.8 -- --
Week 5 -- 56 7.4 - --
TLO17 (Elderly) 9.0* L5 - ~ -
sTST#
TLO25 (Elderly)
Week | 10.8* 13 -- - --
Week 3 11.7* 7.8 - - --
Week 5 7.4 43 1 - -- -

*Statistically significant
#Subjective total sleep tme
--Not applicable

Looking at the Phase Il dose-ranging studies, 4 mg ramelteon dose may be efficacious in
adults. However, in Phase 111 studies the Applicant only tested 8 and 16 mg in adults.
With respect to clderly studics, 4 mg ramelteon dose should be effective in elderly
population.




2.2.3.2 What are the characteristics of the exposure-response relationships (dose-
response, concentration-response) for safety?

In general, drugs utilized to treat insomnia showed increased treatment-emergent adverse
events (e.g., somnolence) with increasing dose. Ramelteon is no exception. Looking at
the over all adverse events, ramelteon displays this trend. The number of subjects
exposed to ramelteon and placebo is summarized by dose below:

Ramelteon Al Doses
Placehy 1WE 4mg  Smg Mmg mg Gdmg Rm:imn
Phase I to Phase HI studies 1370 X0 51t 1230 1961 169 N9 15
Chroniz msomnia 897 o 186 896 528 103 1] 1399
{placebo-controfled) studies
Studies in healthy 108 0 23 106 411 &4 09 7258
volunteers
Long-termt safety study 0 [ 0 348 a63 0 4] 1213
Drug-interaction studtes 30 0 0 ¢ 136 161 0 297
Disease-interaction studies 72 0 0 0 170 20 O 170
Japanese studies 35 M 3 36 40 7 i 14

Treatment-emergent adverse events were clustered into three groups: Phase [ to Phase 111
studies (>4 mg — 64 mg), the chronic insomnia studies (4 - 32 mg), and long-term open-
label elderly subject study (Study TLO022; elderly subjects who received 8 or 16 mg for a
minimum of 3 days each week for up to 1 year). The Phase I to Phase III studies
represent the largest set of subjects exposed to ramelteon, and the chronic insomnia
studies represent the subjects most closely simulating the expected patient population that
will use ramelteon.

it should be noted that rameltcon 32 mg and 64 mg groups had fewer subjects than other
groups, and exposures at doses higher than 16 mg were generally shorter than exposures
at lower doses (no more than 7 days or nights).

1. Adverse events reported for 1% or more subjects who received ramelteon:
Phase I to 111 Studies

Appears This Way
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Ramelteon Ramelteon Al Doves of
Maccbe  <ims  fme  Smy  Mm Pm ¢my  Rameleon
MedDRAPreferred Tem (=390} (=20) (a5} @20 (0D96D)  (l69) (09 ONY)

Any adverse event SR 6000 DIGTABHEIN) NBETIN BE1S  HASs)  (TB4RIN)
Headache NOS QM 2(00%) D@34 BER IR 0 0N 9983
Sewaglesee 503y L0 315N THEN) 15(94%) 0m e Vi)
Faugue B(1%a  6300% Gl BOS YN 1MW) 16(5% 18(41%)
Durziness HG) 130y NG M) 93 0 (L) 13332
Yames nemy ¢ QM) QM NGI juws  aamy 10QH
Nascpharyegiti Bs 0 S1Y 208K HOEY een o KR
Insomi exacerhaied Ba®Y 8 UES I el N (T T ) 1
;ggampnmmmm w1 0 1089 202 OB jape e Dy
Diarckea NOS MBI SO0 28 By Ho&y - 3ak H
Myalgia pEM) 0 ses naen nesw 080 303
Pharyasit 61 0 108% o nomy WM RS
Degeession 306 0 QM) Voem BEm ° L3 HO2y
Drsgrusia 9Eam 0 S6% Mgy e ° 103 ()
Dry mousa palid A L% HEny 9 21e% B(Ll)
Back am 2ee @ if% By 00eg LG8 0 By
Drpepia TS 0 1t D00 ey 0 0 LW
Coustpance Mty 0 08 0T npew Y03 T EiEY
P NOS Wi 0 S04 108N 102y SUT TGN 600
Uy tactmfectea 0§ 15(07%) 6 108 U084 1808%) 1088 1@3Y B0y

Looking at Phase 1 to IH studies, the most commonly occurring adverse events were
headache, somnolcnce, fatigue, dizziness, nausea, nasopharyngitis, insomnia cxacerbated,
and upper respiratory tract infection not otherwise specified (NOS). In each treatient
group, more than 50% of subjects reporting events had events that were considered by the
investigator to be drug related (60.1% of subjects). Looking at ramelteon doses of 4 to 16
mg, the above table indicated that there appeared to be a dose relationship for increased
AEs with increasing dose.

2. Adverse events reported for 1% or more of subjects who received ramelteon:
Chronic Insomnia studies
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Rameltcon Al Doses of
Placebe 4mg 8 mg 16 mg 32mg Ramelteon
MedDRA Preferred Term (n=89T) (n=186) {n=596) (n=518)  (n=105) (n=1399)
Any adverse event 191 (43.6%) 187 (38.5%)31] (46.0%) 249 (47.2%) 21 (20.0%) B4 (51.5%)
Headsche NOS 63(72%) 2 {35%) M0 57(10.8%) 6{57™%) 159{99%)
Scmapience 2225%)  12Q2.5%) 38(d¥)  3T(7.0%) 2(L%%) BB(35%)
Dhznimess 3B3E5%)  20HI% 2T 11¢2.4% ¢ 73 (4.8%)
lnsomoiz exacerbated 23 2.6%) T{14%) 33372 2Md5%) ¢ &4 (400
Fatizue 22 (2 3%) F(LP) 36 (40%) 16(3.0%) 20190 S5B{36%)
Nausea 25¢28%) 11(23%) 23(28%) 0{38%) 1{i) 33(34%)
Myalg:a iG{1.1%) 15{3.1%; 18 (2.0%) 10{1.9%) 1(10%) 44Q2.8%)
Nasopharyngins 22{1.5%) B{16%) 1B(20%) B3{23%) 1(10%) 40(235%)
Depression Fe09%) 1021%) 19(1.1%) 6(l.1%} 0 35 (2.2%)
Drysgensia 18{2.0%) B(l6%) 2326 3(06%) O M1
Eye pain S(10%)  11(Q23%) 133t T(A3%) 0 0 {LT%)
Diarrhea NOS 20 (2% S{L.0%) 16{18%) G(1L7M) 0O 21 &%)
Upper respiratory tract infection NOS 19 (2.1%) 4(0.8%) 20(2%) 3{09%; O 35 (1.8%)
Pharyngicis 11 {1.2%%) 4(0.8%) 13(1.5%) T{1.3%) 4(38%) 1T{1L7)
Dyspepsia 3 (06%) 4(08%) 10(1.1%) B{15%) 2{19%) H({13%)
Dry mouth 16(18%)  T(1d%) [2(13%)  3{06%) O 12(1 4%)
Photophobia 8 (0 9%) 6(13%) 12 (1.3%;} 1088 0 121 4%)
Back pan 10(1.1%) 4(08%) 11(12%;) 6(1.1%) O 21{1.3%)
Muscle hvitehons 1{0.4%) g(L6%) 11(1.2%; 1{0.2%) 0 20(13%)
Pruntuz NOS $(09%)  B(L6%) H@0Pa 306 O 19{1.7%)
Appete decreased NOS 2(02%) 7(1.4%) B (0.9%) 3(06%) O 18¢1.1%)
Anthrzlgia 9 (1 0%) 1(08%) 10(}1%) 1{0%%) O 18(1.1%)
Paresthesta 101 1%) 6{12%; 9(1.0%) P06y O 1841 5%
Sinusstss NOS I03%) 61 4(04%) T(I3W) O 17¢1.1%)
Nasal congest'z_on 6 {0 7%} 5{1.0%) d{04%) 6411%) E(10%) 16(10%)

Again it should be noted that 32 mg ramelteon group had the fewest subjects. Adverse
events with the highest incidences included dizziness, exacerbated insomnia, fatigue,
nausea, myalgia, nasopharyngitis, depression, and dysgeusta. Again, looking at 4 — 16
mg ramelteon doses, there appeared to be a dosc relationship for increased AEs with
increasing dose.

3. Adverse events reported for 1% or more subjects who received ramelteon in
Study TL022: interim results (elderly subjects who received 8 or 16 mg for a
minimum of 3 days each week for up to 1 year)

The Applicant stated that 29 elderly subjects arc treated to date. The mean length of
exposure in this study is 102 days per subject receiving 8 mg, and 97 days per subject
receiving 16 mg. Again, there appeared to be a dose relationship for increased AEs with
increasing dose.
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Ramelieon All Daves of
AfedDRA Preferyed Term E mg (x=245) 16 my (a~965) R(J‘_ml';'];:ﬂ
Soamalence 8 (73% §9(7.2%) 87 (7 2°%)
Headache NOS 3(2.0%) 75 (7.8%) BO (6 6%)
Nassphanyagies 6(24%) 39(4.0%) 5037
Fatigue 6 (24%) 35 (3.6%) 1L (34%)
Dazznes: 10{40%) 30(3.1%) 10 (3.3%)
Upper respirsiory waci infecnon NOS 3{36%) 3T (3.7%) 401{3.3%)
Nasea 10(30%) 27{2.8%) 37 (3.1%)
Dubes NOS 728 19(2.0%) 2662.1%)
Senwutia NOS 1(0.9%) 17¢1.8%) 18 (1.5%)
Arbralga 7(28%) 1041 0%) 17(14%)
Tnfloenzs 1(16%) 13{1.3%) 17 (04%)
Utisacy tract infection NOS 5(20%) 120 17(14%)
Pharyagtis 3012%) 12¢1.2%) 15 (1 2%)
Letharey 5(20%) 9(0.9%) 14(1.2%)
Biood cortiuol decreased 1(16%) 101.0%) 1401 %)
Back pam 7(0.8%) 10{1.0%) 120190%)
Muscle camps 3f12) 10{1 0% 13(11%)
Feseopma exacerbated 4 (1.4%) 2{0.8%) 12 (1.0%)

2.2.3.3 Does ramelteon prolong the QT interval?

AdoD elqissod sed

Sixty-four mg of ramelteon (eight fold higher dose than is sought for approval) did not
prolong QT interval in a thorough QT study.

The primary objective of the thorough QT study TL040(randomized, single-blind, 4-
sequence, 4-period, crossover, active- and placebo-controlled) in healthy men and women
was to evaluate the effect of multiple 32 and 64 mg doses of ramelteon on QTc intervals;
Moxifloxacin was uscd as the active control. The pharmacokinetic profile of ramelteon

was also assessed.

Ramelteon 32 and 64 mg for 6 days did not prolong QT intervals whereas moxifloxacin
400 mg administered QD for 6 days resulted in a statistically significant prolongatton.

Least- Comparison to Moxifloxacin
Endpeint Visit Squares Comparisen (o Placebo 400 mg
Treatment Mean (SE}  Fajmate P value Estitnate P-value
Change irom Baseline in Mean
QTcF Interval
Day 1
Placebo -2 0(0.8%)
Ramelteon 32 mp -1.7(0.85} 03 (098} 0 9769 -8.2 {0.99) -+ 0.0001 {a)
Ramelteon 61 mg -1.310.85) 0.7 (6 99 0.8251 -7.9{0.98) -.0.0001 {(a)
Moxifloxac 400 ing 6.5 {085} 85 {998} <0.0301 (a)
Day 6
Piacebo -1.1 {0.83)
Ramelteon 32 g -3 5{083) -2.6¢081) 00042 (by -11.8(0D81) =10.0001 {a)
Rameltecn: 64 mg -2.1¢0.83) S2008E) 00418 by -11.2(0.81) 0.0001 {a)
Mexifloxacm 400 mg 8.0(0.83) 92 (L8 <0.0001 {a)

Source: Table 14.2.1.6.

SE mdacates Standard Ervor.
{a) P-0 0001

(b) P0.05.




Additionally, correlation of QTcF intervals (msec) versus serum rameiteon and M-II
concentrations was examined by scatter plots and there was no apparent correlation
between QTcF intervals and ramelteon or M-1I concentrations.

Correlation Plots:

Figure 11.f Scatter Plot of QTcF Interval versus Serum Concentration of Figure 11.g  Scatter Plot of QTcF Intesval versus Serum Concentration of M-Il ot
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2.2.3.4 Is the dose and dosing regimen consistent with the known relationship
between dose-concentration-response, and are there any unresolved dosing
or administration issues?

It is suggested that elderly should administered . of adult dose, 4 mg. (See Elderly
section, 2.2.3.1.)

Ramelteon AUC(0-inf) and Cmax were 97% and 86% higher, respectively, and T1/2 was
66% longer in older subjects (n=24, equal number of men and women; 63 - 79 years of
age) compared with younger (n=24, equal number of men and women; 18-34 years of
age) subjects. M Il AUC, Cmax and T1/2 were 30% and 13% higher, and 33% longer,
respectively, in elderly compared with younger subjects. Typically clderly (> 65 years of
age) subjects may need ' of that of the adult dose drugs to treat insomnia. Ramelteon
elderly PD data indicated that this trend is also scen for ramelteon. However, the
Applicant did not propose to administer 2 of adult dose in elderly subjects. From PD
studies, it appears that ¥z of adult dose should be used in elderly.




2.2.4 What are the PK characteristics of the drug and its major metabolite?

2.2.4.1 Absorption

In vitro rat portal vein study indicated that ramelteon is absorbed from the intestinal gut
as an intact drug. In vitro Caco-2 cell information indicated that ramelteon absorption is
not affected by P-glycoprotein receptors.

Absolute bioavailability

The absolute bioavailability of T 7 tablet was 1.8% (range of 0.5% to 12%). This
low bioavailability is due to extensive first-pass metabolism and not because of limited
absorption. After IV administration, serum concentrations of ramelteon appeared to
decline in a multi-phasic manner, with an arithmetic mcan T1/2 of 1.9 hours for the
terminal phase. The CL and Vdss for ramelteon were 916 mL/min and 73.6 L,
respectively; the high Vdss suggests that ramelteon may distribute into tissues. After oral
administration, the median Tmax was 0.75 hours. M-I and M-I{I were not measurable in
serum after IV dosing. M-Il was the predominant ramelteon metabolite detected in serum
after administration of both the oral and I'V dosing.

After the IV dose, dose-normalized AUC.ing was similar for both compounds (see
below). However, after the oral dose, dose-normalized AUC .y was approximately 60-
fold higher for M-Il than for ramelteon. These data suggest that orally administered
ramelteon undergoes extensive first-pass metabolism.

Metabolic Composition of Ramelteon Administered Orally and IV in the Fasted State
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M-II appeared rapidly in serum, with a median Tmax of 1 hour after oral administration
and 0.5 hours after IV administration. Serum concentrations of M-I appeared to decline
in a mono-phasic manner, resulting in an arithmetic mean T1/2 of approximately 2.6
hours for both the oral and [V doses.




After the oral dose, the inter-subject vanability in dose-normalized AUC(0-inf) and
Cmax was lower for M-1I (CV of 37% and 32%, respectively) than for ramelteon.

Overall PK parameters: (t1/2 — geometric means):

Tablet (16 mg)

1V ifusion (2 mgh

Parumxies {N=13) ON=20)
T»\.km AIJ—C—; w;i‘ G325 (103) 182 (15.6)
Coa {nz/mL} 189120 M 8131.9)
Lo (1) 0,730 (0.500-1 56) 0.0833 (106670 167)
1,{n LOR(22.1) 1.80(30.2
M-} AUC ., e 0.507 27.8) NC
Coa{ng/mL) 6.26 (378} 4539426
toga (1)) 0883 (10.250-2.00) 0 5000 2500.75m "
1. oo (7 Y" NC
M1 AUCo e 12.9 (3703 120 (30 %)
Coc (ng/ml) 937 5L % 8L
e (R) 1.00 (0,300-3.00) 0,300 0. 167-F 303
1,th) 2511 H 2400
RERI L1 [ oS —_— (.308 (36.4)" NC
Coa, (REAME) 133(830 ~1 500 (NC)
1. (B 0.8%3¢0.300-1 307 NC
1, (ky 143 {24.3) NC
MV AUCa. 300N 406y
Cas fnginid.) 9179 1) BRYS (24 %)
Lot (bt 1 25 ¢0.750-1 00) A ETS5 (0.500-3 50
t.(hy TS Santen’

'Gcmncl:ic nxan (CVa) data arc prescated
[
N = Nutober of subjects shudied

2.2.4.2 Distribution

N8
{norm) = Normalised for dose

* Medzn (nue-ne)

TN

NC = Mot cakeulated

Mean Serum Concentration {(ng/mL)

{*= 2myRamelteon Given a5 IV Infusion Gver SMin
\
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.
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¢ 1 2 3 § 5 &
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Ramelteon was distributed into red blood cells at 26.5%, 24.8%, and 25.3% at 0.01, 0.1,
and 1 pg/mL, respectively. The protein-binding results were 83.3%, 81.1%, and 81.9%
in human serum, and 68.8%, 71.9%, and 71.6% in human serum albumin at 0.01, 0.1, and
| pg/ml., respectively, and were independent of concentration.

The M-II protein-binding results were 79.1%, 77.1%, and 76.5%, at 0.01, 0.1, and 1
Hg/mL, respectively, and were independent of concentration.

2.2.4.3 Mass Balance

Comparnison of blood and serum radioactivity concentrations indicated little uptake of

ramelteon and its metabolites into blood cells. Total radioactivity mean ratio of whote
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blood to serum remained relatively constant up to 24 hours post-dose and ranged from
0.57 to 0.73.

The principal route of excretion of total radicactivity was in urine (84%); fecal
radioactivity recovery accounted for an additional 4% of the dose. These urine and fecal
values result in a mean recovery of 88%. Of the 4% radioactivity in feces, less than 1%
of the dose recovered in feces was due to ramelteon.

The AUC(0-inf) of ramelteon and metabolites I through IV combined arounted to
approximately 13% of the excreted total radioactivity. The remaining radioactivity in
serum was climinated slowly from systemic circulation, resulting in a prolonged T1/2
(112 hours) for total radioactivity. The majority of the total radioactivity was excreted
within 24 hours (range 58 — 62 %), followed by 12% to 26% total radioactivity excretion
in 24 — 168 hours,

Ramelteon was present in serum at 20 minutes post-dose and at 1 hour, but
concentrations declined over time and were undetectable by 4 hours.

At 20 minutes post-dose, M-Il and a glucuronide conjugate of mono-hydroxylated parent
compound (M-IX-Glu) were the main circulating metabolites, and accounted for 30% and
21% of serum radioactivity, respectively. At 4 hours post-dose, M-II and a glucuronide
comjugate of dihydroxylated ramelteon (M-VIII-Glu) were the main circulating
metabolites in serum and accounted for approximately 57% of total serum radioactivity.

Proposed ramelteon metabolic profile:

Ramelteon is extensively metabolized via 1A2, 2C9 and 3A4 enzymes.
r
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In vitro hepatic microsome metabolism study (comparison of mice, rats, dogs, monkeys,
and humans) revealed that no metabolites unique to humans were identificd.

In other in vitre metabolism studies, CYPIAl, CYP1A2, CYP2C9, CYP2D6, and
CYP3A4 were identified as the CYP isozymes involved in the biotransformation of
ramelteon; however, only CYP1A2, CYP2C9, and CYP3A4 showed significant activity,
suggesting that CYPLA2, CYP2C9, and CYP3A4 are involved in the hepatic metabolism
of ramelteon. Enzyme CYP1A2 was the main isozyme involved in the metabolism of
ramelteon to M-II. Enzyme CYP3A4 was involved mainly in the metabolism of M-IL
More than 94% of M-II formed by the human hepatocytes was the 2S,85-diastereomer.

In vitro induction study revealed that ramelteon very weakly induced CYP3A activity at
30 ymol/L. Compared with rifampicin, the induction activity of ramelteon was only 7%
to 18% to that of rifampicin. M-II did not induce CYP3A activity at concentrations up to
30 pmol/L.

In vitro inhibition study revealed that ramelteon showed no inhibitory effects at 1 and
10umol/L..  The estimated 1C50 ranges for ramelteon on CYP2C8, CYP2CI9, and
CYP3A4 activities were greater than 10 pmol/L (2.6 pg/mL). Comparing to the
observed Cmax in the clinical setting, this concentration is more than 400-fold greater
than typical ramelteon Cmax observed in subjects (~5.8 ng/mL). The overall information
indicated that no in vivo drug interactions on CYP-mediated metabolism are expected
with therapeutic doses of ramelteon.

2.2.4.4 What are the single dose and multiple dose PK parameters?

Ramelteon and its metabolites exhibited linear pharmacokinetics in the dose range of 4 to
64 mg.

Single dose PK parameters: 4, 8. 16, 32, and 64 mg

Healthy subjects (9 men and 3 women per group; 7 men and 2 women were
assigned to active group) were randomized to received single doses of ramelicon 4, 8, 16,
32, and 64 mg or placebo; all doses were administered after a 10-hour fast. The results
indicated that ramelicon and its metabolites exhibited linear pharmacokinetics.
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Healthy subjects dose proportionality of ramelteon at 4, 8, 16, 32, and 64 mg:

| N S S T S S s i A AR I mt MANE SN NN SR SN S NN S S
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% F 1 [Mean = SD(N = §j i -

AUCIO-n ingiml) b

Mean Serum Concentration {ng/mL})

Bose {mg}
0 “““““ : 1 1
0 2 4 6 2 10 b
Time ¢hours;)
Dose- Normalized Pharmacokinetic Parameters for ramelteon:
Doss-Normaiized TAK-378
Parameter 40mg 80mg 160 mg 32.0mg 4.0 my p-value
AlCo4 (hreng/ml)
N 8 8 8 8 8 0.2148
Maan 0.2144 0.8515 0.5342 06983 0.5808
80 0.4325 0.9326 0.4005 0.5044 04011
AUCowy (renghml )
N 6 8 7 8 8 08484
Mean 0.4264 0.8888 068174 0.7031 0.5640
§0 0.4372 0.8373 04800 0.5856 0418
8 s 8 8 8 0.5911
Mean 0.2884 0.7185 04323 0.54414 0.4041
8D 0.3118 0.6074 0.3324 04127 0.3106

Ramelteon CL/F values were large, most likely due to its low absolute oral
bioavailability. CLr and Fe% remained relatively constant across doses for ramelteon
and its metabolites. Tmax, elimination rate constant, and T1/2 remained relatively
constant for both men and women across dose groups.
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Women generally exhibited higher AUC and Cmax than men; however, due to a small
number of women per dose group, a gender effect cannot be determined from this study:

Gender TAK-378
Parammetar 40 my 8.0 mg 18.0 mgy 120mg $4.0 mg
" Wajes
AUCo, (weninL)
N ] 8 8 8 8
Masn 1.528 3,783 6.168 T2.845 23.287
AUCs s (hrenghm)
N a 3 -3 ] ]
Mean 2.29% 3802 7490 23.047 23.456
Conen gy}
N 8 L) L] ] 8
Moan 1.338 3.082 S 848 17 082 18432
[ Fomaies
AUCo. (hreng/mi}
N 2 ) 2 2 2
Mesn 0443 18.850 15.080 20.503 TA.760
AUCo. (rsrigionl )
N F4 2 2 2 2
Masn 0.527 18.425 15,847 20.851 T4.018
Crmar (ng/mil)
N 2 2 2 2 2
Mawrt 05488 13,6480 10.125 18 488 54,150

Japanese single dose PK parameters: 0.3, 1.2 4. 8. and 16 mg

Japanese healthy men were administered with ramelteon 0.3, 1, 2, 4, 8, and 16 mg
single dose. Subjects were randomized into 4 groups of 12 subjects each and then
randomized in a 2:1 ratio to reccive single doses of either ramelteon or placebo. The
results indicated that fasting Cmax and AUC of ramelteon showed high inter-subject
variability, while M-{l parameters showed less inter-subject variability. Mecan ramelteon
and M-II Cmax incrcased in an approximately dose-dependent manner. M-H peak
concentrations were 30 to 100 times higher than ramelteon.
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The results from this study indicated that ramelteon exhibited dose proportionality.

Multiple dose PK parameters: 16 mg QD or 64 me QD for 7 days

Healthy subjects (17 men and 3 women in active and 3 men and | woman in placebo)
were randomized to received ramelteon 16 mg QD for 7 nights during the first treatment
period and ramelteon 64 mg QD for another 7 nights during the second treatment period,
or placebo during both treatment period. All doses were administered 3 hours after a
standard evening meal, which approximates conditions of usc.

The results indicated that steady state was attained for both doses by Day 4. Median
‘Tmax was approximately | hour on Days | and 7 at both doses. Median T1/2 of parent
drug was approximately 75 minutes on Days 1 and 7 at both doses. Trough
concentrations were not measurable after multiple doses. Ramelteon AUC values were
40% and 27% higher on Day 7 than on Day 1 at 16 and 64 mg, Respectively.

Exposure to Ramelteon on Days | and Day 7: After Dosing With Ramelteon 16 or 64 mg

QD:
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H -8 16mg Day 1
5§ 33 O 16mgDay 7 -
- 1 4 113y
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Japanese multiple dose PK parameters: 8 mg QD or 64 mg OD for 7 days

Japanese healthy men (8 men per group) reccived either ramelteon 8 mg QD for 7 days,
or recetved ramelteon 16 mg QD for 7 days. The remaining 4 subjects in each group

received placebo. All doses were administered 3 hours after the evening meal (2 hours
before bedtime).

Cmax and AUC of ramelteon showed high inter-subject variability as observed
previously in a Japanese single-dose study. Mean Cmax and AUC(0-24hr) for ramelteon
and M-II increased in a dose-dependent manner. M-I peak concentrations were 30 to 40
times higher, and overall exposure was 60 to 100 times higher than ramelteon.

Cmax and AUC values for ramelteon on Day 7 were 31% and 16% higher, respectively,
than on Day 1 afler 8 mg QD dosing, and 19% and 25% higher, respectively, after 16 mg

QD dosing. However, trough levels were below the lower limit of quantitation on Day 7
at both doses.
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Time AbiCaa, Cou Tay e
R N U TR .
et pounds ) I-compartment  3-compartment
TAKI?S  23611018) 1.392105R) 131:0848) 1082023(5) LBLCISQ)
Day 1 M1 353£059(8)  264£124(8) 116 20388) - -
MAL 479 £62.2008) 54084 20368) 1SIXDBNE) 226 1042(5) 258:027()
mgfday MV 44972R6HE) ST+ LOOM) 225+ 130(8) 413 +0908)
TAK-375 2642 1.40(8} 14721008  109:038(8) 0922031060 1692G15¢D)
Day 7 M 3IML1058) L762097(8)  11920.35(8) -
Ml 28072660%8) S4152105X8) 1532054(8) 2062054(6) L751009(2)
MV 422948358)  583+048(8) 160x03NB)  4.12 +0.88(6) .
TAKITS 423 £6.45(8) 1852 291(8)  122:+0475) 125+025(D 206(1}
Day 1 Ml 7662 20%8)  437:123(8) 153204%8) -
ML 3WaAS1INE) TSSBE43NE) L72206458) 2122036(8)
— MV 0265 £23248) 11.52+2938) 238£0608) 358 +0.58(8)
TAKITS 4,08 2 9.45(8) 24223638) 1312046080 132:061(N 196
Day 7 M B2 1338  419:11408) 15620728 . .
MIT 3R039 MBINE) 766022317(B) 200:085(8) 217:041(F)
M-IV 9840:298)8) 1148£3.43(8) 238 :0880) 4170448

The ratio of AUC of ramelteon and M-II on Day 1 to those on Day 7 was approximately
0.97-1.25, suggesting that ramelteon does not accumulated in serum after multiple doses
given once daily.

Y LI

I Bmg 16mg,
Day 1 Day 7 Ratio of AUC Day 1 Uay 7 Ratio af AUC
AUC ALIC {Day 7 ALC AUC {Day 7
{ng-hr/ml) (ap-hr/ml.) /May 1) {og-hefml) {ng-hr/ml) May 1}
| _TAK-375 2.3389 2.6420 1a564 | 42284 | 60761 1.2500
M-Il 2347870 ;2290650 0.9731 3394778 3803872 1.1188

The ratio of Cmax of ramelteon and M-1I on Day 1 to those on Day 7 was similar to those
of AUC, suggesting that rameltcon docs not accumulated in serum after multiple dose
given only daily.

Smg 16mg
Day ! Day 7 Ratio of Cy,, Day 1 Day 7 Ratio of C,,,,,
Craax Com (Day?7 Crsa Craea {Day 7
e (BE/ML) | (ngiml) ) Day1l) ) (eg/ml) (ngfml} /May 1)
. TAK-375 1.389 1469 13003 ) 1S 2424 3 11924
M ] savR Saast . nees 75.580 76.604 L
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2.24.5 What is the inter- and intra-subject variability of PK parameters in
volunteers and patients, and what are the major causes of variability?

Ramelteon PK parameters show a large vanability. Comparing across the studies, the
standard deviation of PK parameters were as much as 100%, making ramelteon a highly
variable drug.

2.3 Intrinsic Factors

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) influence exposure and/or
response and what is the impact of any differences in exposure on the
pharmacodynamics?

Ramelteon age-related differences were statistically significant. Dose adjustments based
on age may be recommended, due to 2-fold increase in ramelteon exposure. M I
concentrations were greater than 10-fold higher than ramelteon. No differences in
urinary excretion were noted between the older and younger subjects or between men
and women in this study.

Age and gender comparison: Ramelteon was administered as a single 16 mg to healthy
adults and elderly subjects.

Age: Ramelteon AUC(0-inf) and Cmax were 97% and 86%
higher, respectively, and T1/2 was 66% longer in older subjects (n=24, equal number of
men and women; 63 - 79 years of age) compared with younger (n=24, equal number of
men and women; 18-34 years of age) subjects. M II AUC, Cmax and T1/2 were 30% and
13% higher, and 33% longer, respectively, in elderly compared with younger subjects.

Appears This Way
On Criginal
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Observed PK parameters: Age

Based on Parwise Comparison
Analste Paramater Elderly Noneldery Ratio * P Vatue®
(Units) Mean (5D} Mear (SD}* {%s)

TAR-375 AUCqpsingehmk] 187104 103 (128} 1974 9011
Cam{ngml) 116{t38; 5807 62} 185 63 0024
T 2604010 132077 - 00H =

M-I AUCsat{ngeh mb} 1390318 1004236 29 4091
Com(ngmt} 869270 6772170 12832 0008
Ty 104(028) 0790 13; - 0001°

pSBH AUC pe{ngoninl } 181614139 730131 % {200 0009
Copminzml} 1248 (32.0) 110.2e 7 11348 a9
Tl ESNUE-T) 2424050 - aC01*

M-I AUCq pr{ngehiml) 7080288) 543 (4063 1211 C3i
Capsing mL) 2Ir{10% 3280005 HIAES [
T::(h) 1250635 137060 - 0.80*

M-IV Al préngeivml} 113.936.3; 261200 HEAY 0036
Co{ng ml) 13.9(38) 37328 10616 (362
Tioéh) 317 (1.08 145(1.21) - co12*

* Arithmentic inezn (standard deviation)

*Ratso is based oo natural log transformed parzmeters of adjusted mean wchding AGE+GENDER 1 e model

‘Based on ANOVA wcluding AGE+GENDER in the model

“Based on ANOV' A mchdmg WEIGHT-AGE-GENDER 14 the mode]

“The P vaiue provided 1n thus table 15 derved from the statistical analisis of k2. Bis however reflecnve of the significance of anv

changes of T. ».

Gender: Rameltecon AUC(0-inf) and Cmax were 32% and 19%
higher, respectively, and T1/2 was 23% longer in women compared with men; the
analysis indicated that these changes were not statistically significant. There was no
gender differences observed on exposure to M-IL

Observed PK parameters: Gender

Based on Pawraise Cowpanon

Axalvie Parameter Female SMade Rane ™ P Vaue®
L) Mean {SDy? Mean (SD)* 4
TAK373 AUC.c mget ) 16.6 (16.0) 1250176 1323 838
Comzr (g mik ) 957833 190,15 95
Tzl 23310123 - I} d
M-I AU, s ingehml )y BR1

agmb;

M-I 4737015600
Y
ML 232
13203
M-IV " g:ngoh Ly e c002
ml 1894 -2’
- ais”
“Ahmers mean rsacdard detaon
“Rato s based on watural tog bansformed paraiiiers of adimted mesn welnduing ACE-GENDER w e model
‘Based on ANOV A pelodeng AGE-GENDER 15 the model
“Based on ANOVA mchiding WEIGHT-AGE-GENDER in the model
e P e pronaced 1 tis rable s deried £om the statistical analnis of Az 3 os Loweer vefleciive of the syzuicance of anw
C ez ol T2
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Mean serum profiles of all subjects: Ramelteon and Metabolite 11
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Individual and means for M 1l by age and gender:
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Pharmacodynamic results: No differences from Baseline or between
older and younger subjects were observed for any of the pharmacodynamic parameters
examined in this study; however, there appeared to be more subject- and observer-
reported sedation with ramelteon than with placebo, and older subjects, particularly older
men, appeared to perform slightly worse than the other groups on the 1-hour word recall
test.

Age comparison : single-dose rameltecon 16 mg in Japanesc men

Japanese healthy men (12 men, 20-28 years of age; 12 men, 67-75 years of age) received
a single dose of ramelteon 16 mg. Ramelteon AUC(0-inf) and Cmax were approximately
85% and 31% higher, respectively, in older compared with younger men. Mean T1/2
increased 65%, and Tmax was approximately 5% longer.

Similar results were seen for the metabolites. M Il AUC(0-inf) was approximately 27%
higher in older compared with younger men. No differences were observed for Cmax.
Mean T1/2 increased 40%, and Tmax was approximately 30% longer.

No differences in urinary excretion were noted between older and younger men, and no
pharmacodynamic effects related to ramelteon administration werc observed in this
study. Serum profiles of ramelteon and metabolite 2, and pharmacokinetic parameters
are below.

on originat
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M II PK parameters:
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2.3.2 Is dosage adjustments needed in the follm\;ing populations?

2.3.2.1 EHlderly

Ramelteon exposure in elderly subjects were approximately 90 to 100 % more than that
of the adults. Dosage adjustment may be required.

Rameltcon AUC and Cmax in elderly were 97 % and 86% higher, respectively, than
younger adults. Metabolite II AUC and Cmax in elderly were 30 % and 14 % higher,
respectively, than younger adults.

There is an evidence that % adult dose will be efficacious in elderly. Combined with the
fact that exposures arc almost doubled and clinical efficacy, it is recommended that

elderly should receive 2 of the adult dosing.
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2.3.2.2 Pediatric patients. What is the status of pediatric studies and/or any
pediatric plan for study?

The Applicant requested a deferral of the requirement to conduct insomnia studies in the
pediatric population. The Agency has agreed lo the Applicant’s request (June 22, 2004);
the rationale was that since ramelteon has a novel mechanism of action, the Agency
would prefer to have postmarketing safety data from adults before commencing studies in
pediatric population.

2.3.2.3 Gender and race differences in ramelteon exposure

Gender analysis indicated that there are no significant ramelteon exposure differences
due to gender. No dose adjustment is required. Comparison between Japanese and
Caucasian population revealed that there is no race differences in ramelteon exposure.

2.3.2.4 Renal impairment

The pharmacokinetic parameters showed a large variability. The major elimination
route for ramelteon is via hepatic metabolism. Ramelteon and M-11 are not eliminated by
the kidneys, and the dialysis extraction coefficient indicated that system ramelteon
exposure will not be reduced by dialysis. No clinically meaningful differences were noted
in exposures to ramelteon and M-Il between subjects with mild, moderate, or severe
renal impairment, and healthy subjects. There was no apparent correlation between
renal function, as determined by creatinine clearance and ramelteon Cmax and AUC
values. No dose adjustment may be recommended when ramelteon is administered to
patients with renal impairment including those who require chronic hemodialysis.

The pharmacokinetic profile of single and multiple doses of ramelteon was obtained in
subjects with varying degrees of renal impairment (mild n=8, moderate n=5, and severe
impairment n=7 [not including subjects who require chronic hemodialysis], and subjects
who require chronic hemodialysis n=8) based on creatinine clearance, and healthy
subjects matched on the basis of race, gender, age (£10 years), and weight (£30%).
Subjects received a single dose of ramelteon 16 mg on Day 1 followed by a 2-day
washout on Days 2 and 3. Subjects received ramelteon 16 mg QD on Days 4 through 8.
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Day 1

Mean Serum Concentration of Ramelteon on Day 1:
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Ramelteon AUC(0-inf) and Cmax versus Creatinine Clearance on Day 1:
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There was no discernable correlation between renal function (CLCr) and ramelteon Cmax
or AUC(0-inf} values in subjects with mild, moderate, or severe renal impairment and

their healthy matched controls.

As the CLCr decreased, neither ramelteon Cmax nor

AUC values had an obscrvable increase on Day 1. However, 1 individual with severe
renal impairment had a markedly higher AUC(0-inf) value on Day . Generally there
was no consistent change in individual subject M-Il Cmax and AUC values on Day !
with increasing severity in renal impairment.

Day 8:

Mean Serum Concentration of Ramelteon on Day 8:
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Comparison Results for Ramelteon on Day 8:
Least Squares Meang
Renal Mean Ratie
Healthy  Impaired (&) (%9) 9046 CI of Rario

Comparison Parameter () R) o (160«T/R) (%) P-value
Mild ro Healthy Comax (agmlL}) 11e 103 6423 (2736, 130,79y (3716
(N=8vs3) AUCEO-9) @ghrml) 121 8.9: 7363 (3030,1789%)  0.5483
Moderate to Healthy Cmax (pg/ml) 446 725 16480 (4499 60373 049497
(N=Spergmowp)  AUC(0.7) (nghrml) 657 8.46 128.83 {33.90.461.05)  0.7338
Se_vere 0 Healthy  Cmax (npml) 133 4 12096 (36.23, 39398) 0.7798
(N=Tpergroup)  AUC(0-7) (nghrml) 363 0.2 180.61 (33.30.612.03)  0.4049
Hemodialysis to Cmax(pgmly 393 ~ ~ 387 6334 (1748,2300% 0578
Healhy N=8vs )  AUC(0.1) (nehrml) 707 347 19.04 (1438, 162.21) 0317

Generally there was no consistent change in individual subject ramelteon AUC and Cmax
values on Day 8 with increasing severity in renal impairment. Ramelteon Cmax and
AUC(0-t) were not markedly different in subjects with mild to severe renal impairment
compared to their healthy controls following multiple dosing. Individual subject CLr
values for ramelteon were low and did not appear different in the subjects with renal
impairment compared to the healthy controls. In the group of hemodialysis subjects,
ramelteon Cmax and AUC(0-1) values were 35% and 51% lower, respectively, compared
to their healthy controls on Day 8.
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Relationship Between rameltcon AUC(0-1) and Cmax, and Renal Function on Day 8:
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There was no discernable correlation between CLer and ramelteon Cmax or AUC(0-1)
values in subjects with mild, moderate, or severe renal impairment and their healthy
controls as observed on Day 8.

Generally there was no consistent change in individual subject M-1I Cmax and AUC
values on Day 8 with increasing severity in renal impairment.

2.3.2.5 Hepatic impairment

Single and multiple dose administration of 16 mg ramelteon resulted in significant
increases in exposure to ramelteon in subjects with mild hepatic impairment (3.5 to 3.6-
Jfold higher AUCs) and moderate hepatic impairment (8.0 to 10.7-fold higher AUCs)
relative to their corresponding healthy matched controls. Exposure to major metabolite
M-Il was only marginally increased in mildly and moderately hepatically impaired
subjects relative to the respective healthy matched controls. Severe hepatic impairment
group was not studied.  Despite the increases in AUC, ramelteon AEs were not any
different from that of the control groups. Ramelteon should be contraindicated in
hepatically impaired group. (See Appendix for Study review)

The pharmacokinetic profile of single and multiple doses of rameltcon was obtained in
subjects (12 subjects with mild hepatic impairment matched with 12 healthy subjects, and
12 subjects with moderate hepatic impairment matched with 12 healthy subjects) with
mild and moderate hepatic impairment according to the Child-Pugh classification system.
Subjects received a single dose of ramelteon 16 mg on Day | followed by a 2-day
washout on Days 2 and 3. Subjects received ramelteon 16 mg QD on Days 4 through 8.
All doses were administered in the moming under fasting conditions.
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Dav 1:

Ramelteon: Mean Serum Concentration of Ramelteon on Day 1:
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Comparison Results for Ramelteon on Day 1:
Least Squares Means
Hepatic _ Mean
Healthy Impaired Ratie (%) 90% CTof Rafio
Comparison Parameter (a) (R MM  (16T/R) (%) P.value
Mild to Healthy Cmuax ing ml} 443 211 47614  (186.83, 12134 00090

AUC0-qed (op-hrwl) 38 286 J69.58 21279, 1524.607  0.0061
AUC(0-mf) {pg-hrml) 6.99 232 34634 (138.07, 868.78) 0.0306

Moderate to Healthy Cmax (ng nal} 107 609 5H38 (237969,1367.00  0.0024
ALCO-dge) {og-tr wl) 13.2 130 98761 (3578927253 0.0008

AUC(0-inf) {ng-hr tal } 136 169 374G (29500 215530) 0.0017

There was significantly higher exposure (8-fold increase in AUC for moderately
impaired) of ramelteon in mildly and moderately hepatically impaired subjects compared
to the healthy matched controls on Day 1. The moderately impaired group had larger
increases in exposure relative to the healthy matched controls. Urinary excretion of
ramelteon was minimal and did not appear different in the hepatically impaired subjects
compared to the matched healthy control groups.
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Metabolite II: Mean Serum Concentration of M-II on Day 1:
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Comparnison Results for M-H on Day I:
Least Squares Means
Hepatic  Mean Ratio
Healthy Impaired (%%) %0% CI of Ratio
Comparison Parameter )R (D (100 T/R} (4%) P-value
%hid to Bealthy Cinax (ngml ) 120 124 10310 {8235, 132.78) 08202
AUC(0lge) (np-hr'mi ) 364 7 13847 (10415, 178 83) 00609
AUC{0-mf) {ng hrml} in 309 137.12 {10447 179.97) 00588
Moderate to Healthy  Cosex {ng/mi) 142 733 31.73 {3565, 73.06) 00060
AUC(0-lge} (ng-herpl ) 01 498 9938 (7623, 130680 09775
AUC(0-inf) (nghromd ) 508 515 10143 (77.37, 13261} 09286

There was 36 to 37% higher exposure of M-1I in mildly hepatically impaired subjects
relative to the healthy matched controls on Day 1, but the increase was not statistically
significant. The moderately impaired group had only 1% higher cxposure to M-II
relative to the healthy matched controls. Urinary excretion of M-II was low and did not
appear to be different in the hepatically impaired subjects as compared to the

corresponding healthy matched controls.

Day 8:

Ramelteon: Mean Serum Concentration of Ramelteon on Day 8:
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Comparison Results for Ramelteon on Day 8 :

Least Squares Means
Hepatic Mean Ratio
Healthy (2) Impaired (%6) 9095 CI of Ratic

Comparisen Parameter (R) M (Q0TIR) %% Pvalue

Mild to Healthy Cmax (ngimb) 330 128 2617 (88.19.687.15) 0.1460
AUC(O-1) (ng-hriml ) 5.79 RN 338.16 (121.91,1032.28) 0.0543

Moderate to Healthy  Cmiax (pg'ml) 737 617 83703 (379.43, 1346.45) 0.0001
AUCO-1) (nz-hr'mi ) 17 125 106735 (415.62, 2740.53) 0.0003

Similar to the Day [ results, there was higher exposure of ramelteon in mildly and
moderately hepatically impaired subjects relative to the healthy matched controls on Day
8. The moderately impaired group bhad larger increases in exposure (10-fold increase in
AUC) relative to the healthy matched controls, which in part was attributed to 3
moderately impaired subjccts who had at least 4-fold higher ramelteon exposure than the
other 9 moderately impaired subjects.

The 3 moderately impaired subjects with the highest ramelteon exposure had the highest
Child-Pugh scores (9 versus 7 or 8 in other moderate impaired subjects). Urinary
excretion of ramelteon was low in both the hepatically impaired subject groups and their
matched healthy controls.

Metabolite Il : Mean Serum Concentration of M-Il on Day 8 :
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Similar to the Day 1 results, there was marginally (29%) higher exposure to M-II in
mildly hepatically impaired subjects compared to the healthy matched controls on Day 8.
Moderately impaired subjects had only a 3% increase in exposure to M-Il compared to
the healthy matched controls.

Urinary excretion of M-Il was minimal and did not appear different in the hepatically
impaired subjects compared to the matched healthy matched controls.

Safety profile from this study : Adverse event table for hepatic study

Treatinent Groep
Healthy
Healthy Matched to
Matched to Moderate Moderate
Mild Hepatic ~ Mild Hepatic Hepatic Hepatic

System Organ Class Impairment  Impairment Impairment Impairment
Preferved Term {a) N=12 N=1 N=I} N=12
Gastresntestinat Dicarders

Constipation 1(83) ot 00) )

Flatulence 183 0(D) 0@ 040

Loose Stools 00y o0 13t 183

Nawsea 0(0) {0 ()] 2(16.%
General Disorders and Adminsstration Sate Conditions

Lethatay 1(8.3) o) 1(83) 3250
Musculoskeletal and Connecisve Tissue Disorders

Myaleia 1(83) o 0@ o
Wervous Systems Disorders

Dizriness 1(8.3) 1(83) ¢ 183

Headache NOS 2067 {167 218D 2067

Somnolence §(500; B{66T 750y 7{383)
Respiratory, Thoracic, and Mediastinal Disorders

Nasal Congestion 00y 1(8.3; ¢ () 1(83)

Praryngitis 040 183) ) 1(83)

Despitc the increases in AUC, ramelteon AEs were not any different from that of the
control groups.

2.4 Extrinsic Factors

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol
use) influence expesure and/or response and what is the impact of any
differences in exposure on pharmacodynamics?

Ramelteon undergo extensive hepatic metabolism. CYP 142, 2C9, and 344 enzymes are
involved in metabolic process. Therefore, any concomitantly administered drugs or
substances which will inhibit above enzymes will likely to increase ramelteon
concentrations in vivo and either used with caution or should be contraindicated.
Pharmacokinetics of T 3 has not been studied in smokers, as smoking induces
CYPIA2 activity.
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2.4.2 Drug-Drug Interactions
2.4.2.1 Effects of Other Drugs on Ramelteon

Ramelteon metabolism is significantly hindered by CYPI A2 inhibition. CYP3A4, 2C9,
and 2D6 inhibitors will suppress the metabolism of ramelteon

1A2 inhibition: Fluvexamine study (See Appendix for study review)

Ramelteon concomitant administration with fluvoxamine should be contraindicated,
These results confirm the substantial role of the CYPIA2 pathway in the metabolism of
ramelteon, and are consistent with the results of the in vitro findings.

The effect of fluvoxamine, a potent CYPIA2 inhibitor, was studied on the single-dose
pharmacokinetics of ramelteon and its metabolites. Subjects were randomized to receive
either (1) nothing on Days 1 through 3, then a single dose of ramelteon 16 mg on Day 4
or (2) fluvoxamine 100 mg BID on Days 1 through 4 plus a single dose of rameltecon 16
mg on Day 4. Subjects crossed over to the opposite treatment after a 14-day washout.

Ramelteon AUC(0-inf) and Cmax increased approximately 190-fold and 70-fold,
respectively, when rameltecon was administered with fluvoxamine compared with
ramelteon administered alone. Ramelteon CL/F was reduced 99.6% (18.73 L/hr with
concomitant administration of ramelteon and fluvoxamine vs 4368.26 L/hr when
ramelteon was administered alone). Ramelteon Tmax was delayed by approximately 16
minutes with concomitant administration of fluvoxamine and ramelteon compared with
administration of ramelteon alone; the difference was statistically significant. Ramelteon
" T1/2 increased approximately 3-fold (4.12 hours compared with 1.34 hours) when
ramelteon was administered with fluvoxamine.

M-I AUC(0-inf) increased 31% and Cmax decreased 60% when ramelteon was
administered with fluvoxamine. M-II Tmax was delayed by approximately 47 minutes
when ramelteon was administered with fluvoxamine compared with ramelteon
administered alone; the difference was statistically significant. M-I T}/2 increased
165% (6.35 hours compared with 2.40 hours) when ramelteon was administered with
fluvoxamine.

Appears This Way
On Original
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Effect of Fluvoxamine on the Pharmacokinetics of Ramelteon and M-{I :

Arithmetic Mean (£SD) LS Mean
Ramelteon Ramelteen
Alone + Fluvoxamine Alepe + Fluvoxamine Ratio (98% CI) {a}

Rameltecn

AUC(0-inf) 7.98 {3.96) 102119 (393.24) 5.076 963722 18987.20 (14078.54, 23607.33)

(ng-brmi )

Cmax (ag'mL)]  6.23 (6.85) 281.24 (95.19) 3860 278.373 TI11.72(3262.06. 9883.73)

Tmax (he) (by §  0.75 (0.50, 2.00) 0.98 {0.73, 2.00) N‘A N/A N/A

T2 (hs) 1.34 (0.69) 4120115 [ NaA NiA NA
M-I

AUC({0-infy  ]336.514 (85.320) 448.683 (147.262) 333833 436.128 130.63 (114.83, 148.38)

(ngbr'ml)

Cmax (ng/mE)| 117.464 (42 687 48.864 (23.801) | 116.046 46.119 39.74 (3357, 47 04)

Tmax (&r) (b) | 0.75(0.50.2.00)  1.00{0.50,2.50) N:a NA N/A

T1:2 (hr) 2.40 (0.57) 6.35 (1.86) NA N/A N:A

3A4 inhibition: Ketoconazole study

Both rameiteon and M Il metabolism was hindered by 3A4 inhibition. These resulls
confirm the role of the CYP3A4 pathway in the metabolism of ramelteon.

The effect of ketoconazole, a CYP3A4 inhibitor, was studied on the single-dose
pharmacokinetics of ramelteon and its metabolites. Subjects were randomized to receive
either (1) nothing on Days 1 through 3, then a single dose of ramelteon 16 mg on Day 4
or (2) ketoconazole 200 mg BID on Days 1 through 4 plus a single dose of ramelteon 16
mg on Day 4. Subjects crossed over to the opposite treatment after a 14-day washout.

Rameltcon AUC(0-inf) and Cmax were 84% and 36% higher, respectively, when
ramelteon was administered with ketoconazole compared with ramelteon administered
alone. Therc was a significant difference in ramelteon Tmax between ramelteon
administered alone (mean = 0.69 hours) and ramelteon administered with ketoconazole
(mean = 1.02 hours). The T1/2 of ramelteon increased 31% when ramelteon and
ketoconazole were administered concomitantly.

Serum M-II AUC(0-inf) and Cmax were 93% and 23% higher, respectively, when
ramelteon was administered with ketoconazole compared with ramclteon administered
alone. There was a significant difference in M-Il Tmax between ramelteon administered
alone (mean = 0.90 hours) and ramelteon administered with kctoconazole {(mean = 1.44
hours). The T1/2 of M-Il increased 52% when ramelicon and ketoconazole were
administered concomitantly. '
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Effect of Ketoconazole on the Pharmacokinetics of Ramelteon and M-I :

Arithmetic Mean (35D} LS Mean
Ramelicon Ramelteon
Alone + Ketoconazole | Aleme + Ketoconazole Rado ($0% CI) (a)
Ramelteon
AUC{O-inf) (ng-hrmi )} 11.682(12.245) 21306 23684 6.89 1271 184 .37 (137.25, 216.16)
Cmax (ng/ml}) 9.802 (9.851) 14.166 (16.189) 3.73 7.81 135.82 (109.91. 167.85)
Teax (br) (B) 0.74(0.47,1.00) 0.78(0.48 31350)] N/A NA NA
T2 (hr) 1.37 (0.48) 1.80(1.19) N:A N/A N/A
M-I
AUC(0nf) (ng-hrrml)f 406.618 (127.934) 790.194 (276.589) | 38198 738.47 193.33 (182.42, 204 .89)
Cmax (ng/mi) 134.646 (39.644) 163.935 (43.922) 12730 136.71 123.10 (113.06, 134.04)
Tmax (hr) (b} 0.78(0.25,1.53) 1.50(0.50,235)| N/A NfA NiA
T1/2 (hr) 2.65{0.63) 4.02 (0.69) A N/A NA
N=26.

N/A indicates not applicable.
(a) Ratio of the LS means = (ramelteon + ketoconazole/ramelteon alone) x 100.
(b) Tmax = median (minimum, maximuumn).

2C9 inhibition: Fluconazole study

Both ramelteon and M Il metabolism was hindered by 2C9 inhibition. These resulls

confirm the role of the CYP2C9 pathway in the metabolism of ramelteon.

Dose adjustment may be recommended when ramelteon is administered with fluconazole
or other drugs that inhibit CYP2C9.

The effect of fluconazole, a CYP2C9 inhibitor, was studied on the single-dose
pharmacokinetics of ramelteon and its metabolites. Subjects were randomized to receive
either (1) nothing on Days [ through 3, then a single dose of rameltcon 16 mg on Day 4,
or (2) fluconazole 400 mg QD on Day 1, fluconazole 200 mg QD on Days 2 through 4
plus a single dose of ramelteon 16 mg on Day 4. Subjects crosscd over to the opposite
treatment after a 14-day washout.

Rameltecon AUC(0-inf) and Cmax increased 152% and 144%, respectively, when
ramelteon was administered with fluconazole compared with rameltcon administered
alone.  Ramelteon T1/2 incrcased by approximately 33% when ramelteon was
administered with fluconazole.

M-I AUC(0-inf) and Cmax increased 199% and 55%, respectively, when ramelteon was
administered with fluconazole. M-Il Tmax was delayed by approximately 19 minutes
when rameltcon was administered with fluconazole compared with ramelteon
administered alone, and the difference was statistically significant. M-II T1/2 was
approximately 94% longer when ramelteon was administered with fluconazole.
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Effect of Fluconazole on the Pharmacokinetics of Ramelteon and M-I :

Arithmnetic Mean (+SD) LS Mean
Rameiteon Ramelteon
Alene + Fluconazole Alone  +Fluconazole Ratio (9G% CI) (a)
Ramelteon
AUC(0-taf) (ng-herml) 842919 19.88 (17 19) 5.0% 1232 13201 (215.02,295.37)
Cmax (ng'mL} 7.56 (8.44) 16.36 (14.24) 433 10.37 243.836 (192.93. 308.23)
Tmax (hr) (b) 0.75(0.48, 1.50) 0.64(0.27, 2.30)f N'A NIA N:A
T12 {hr) 1.10{0.32) 1.46 (0.535) NA N/A NA
il
AUC(0-nf) (ng-hrml) | 309.87 (114.48) 1058.02 (174.39) 350.39 1046.99 208.81 (27498 324.70)
Cmax (ng/ml) 12421 (27.23)  191.54 (39.88) 12270 190.16 154.98 (142.79, 168.21)
Toax (hr} (b) 0BR (050,153 100007325 ] N-A N/A NA
T1:2 (hr) 241 ¢0.71) 4.67 (0.76) N/A N/A N/A

2C19 inhibition: Omeprazole study

Both ramelteon and M Il metabolism was not hindered by 2C19 inhibition. Rather,
omeprazole acted as an inducer. No dose adjustment is recommended when ramelteon is
administered with omeprazole or other drugs that inhibit CYP2C19.

The effect of omeprazole, a CYP2C19 inhibitor, was studied on the multiple-dose
pharmacokinetics of ramelteon and its metabolites, (and the effects of ramelteon on the
multiple-dose pharmacokinetics of omeprazole, a CYP2C19 substrate — see Section
2.4.2.2.). Subjects were randomized to | of 6 sequences and received either ramelteon 16
mg alone, omeprazole 40 mg alone, or concomitant administration of ramelteon 16 mg
and omeprazole 40 mg dosed QD in three 7-day treatments. Dosing was separated by 5
days of washout.

Omeprazole is both a substrate and an inhibitor of CYP2C19; however, it also acted as a
CYP1A2 inducer at the high doses used in this study. Concomitant administration of
ramelteon and omeprazole decrcased peak and total exposure to ramelteon by
approximately 30%. M-II Cmax and AUC increased by 16% and 29%, respectively.
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Effect of Omeprazole on the Pharmacokinetics of Ramelteon and M-II :

Arithmetic Mean (25D} LS Mean
Ramelteon Ramelteon
Alone + Omeprazole Alone  + Omeprazele Rado (90% CT) (a)
Ramelieon
AUC{0-1) (ng-hranl) 6.43 (7.46) 4.07 (4.31) 3.90 2.62 67.31 (59.87.75.68)
Cmax (ng'mL) 5.32(8.02) 339391 284 206 7163 (58.34,90.16)
Tmax (hr) (b) 073¢030.20) 07503025y NA N-A N/A
TL2 (hn} 1.20(0.58) 1.15 (0.64) N/A N/A N/A
M-I
AUC(0-1) (sg-hr/ml) 337 (116) 435 (135%) 323 416 129.19 (12297, 135.71)
Cmax (pz/ml ) 112 (36.9) 130 (39.0) 106 123 116.08 (106.93, 126.00)
Tmax ¢hr) (b) 1.00(0.50.3.00) 1.00(0.50, 2.507 N/A NiA N/A
T1:2 () 2.14 (0.59) 3.16 (1.05) NA NiA N/A

2D6, 2C9, 2C19, and 3A4 inhibition : Fluoxetine study

These results indicate that fluoxetine inhibits the metabolism of ramelteon and M-II
modestly. Dose adjustment may not be needed if ramelteon is administered with
Sfluoxetine, a 2D6 inhibitor.

The effect of fluoxetine, an SSRI, was studied on the single-dose pharmacokinetics of
ramelteon and its metabolites [45]. Fluoxetine is both a substrate and a potent inhibitor of
CYP2D6 activity; howcever, it also inhibits CYP2C9, CYP2C19, and CYP3A4,

Subjects received a single dose of ramelteon 16 mg on Day 1, followed by fluoxetine 40

mg QD on Days 3 through 12, then single doses of fluoxetine 40 mg and ramelteon 16
mg on Day 13.

Ramelteon Cmax and AUC increased 40% to 50%, respectively, after a single ramelteon

16 mg dose was administered with fluoxetine. Cmax and AUC values for M-I increased
17% and 52%, respectively, in the presence of fluoxetine.

Appears This Way
On Criginal
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Effect of Fluoxetine on the Pharmacokinetics of Ramelteon and M-I1 :

Arithmetic Mean (+SD)

Geometric Mean

Ramelteon Ramelteon
Alone + Fluoxetine Alone  + Fluexetine Rario {90% CT) (a)
Ramelteon
AUC(D-inf) 8.47 (9.52) 11.1 (13.0) 1.66 7.00 150.09 (12711, 177 21)
(ng-hr/mL}
Cmax (ng/mL) 7.44 (929 10.0 (14.7) 385 538 13981 {117.92.165.77)
Tmax {hr) (b) 0.75(0.50,1.50)  0.75 (0.50. 250} N/A N:A NA
T1/2 (hr) 1.21 {0.60) 1.79(0.63)  |N/A NA NiA
M-IT
AUC{0-nf) 44117 51 (134 326 495 151.69 (142,55, 161.42)
{ng-hr/mL)
Cmax (ng'ml ) 121134 6) 142 (39.1) 116 136 116.73 {108.24, 125.90)
Tinax (hr) (b) 0.82(050,155)  100(0.67.5.000N/A NiA NAA
T1:2 (hr) 2.39 (0.54) 2.96 (0.60) N/A N/A N'A

CYP (3A4) induction: Rifampin study

Remelteon metabolism was considerably accelerated with rifampin co-administration.
Dosage adjustment should be considered or contraindication is needed due to
uncertainty in dosage adjustment scheme.

The effect of rifampin, a potent CYP enzyme inducer, was studied on the single-dose
pharmacokinetics of ramelteon and its metabolites. Subjects recetved a single dose of
ramelteon 32 mg on Day I, nothing on Day 2, rifampin 600 mg QD on Days 3 through
12, and single doses of ramelteon 32 mg and rifampin 600 mg on Day 13.

Peak and total serum exposures to ramelteon decreased by approximately 80%.

M-II

exposure decreased by approximately 90% after multiple-dose administration of

rifampin.

Effect of Rifampin on the Pharmacokinetics of Ramelteon and M-11 ;

Arithmetic Mean (£5D)

Gegrmetric Mean

Kawnelteon Ramelteon
Alone + Rifampin Alone — Rifampin Ratio (90%s CI) (a)
Rameltecn
AUC0-anfH ing br ml) 2332345 330(677) 151 283 1861 {13 1 23.66)
Cmax {ag'ml; 18.2{16.3) 4.09 (3 66) it 203 1790¢1417 17.6M
Tmax {hr) (b} 0,75 ¢0.50.1.50) 75050 200 NA NA N A
TL:2 (hr) 113¢0.33) 0920 26) NA NA NA
M-I -
AUC{0-inf) {ng i 'ml} IS T REY] G143 60 8- 1088 (982 1206)
Cmax (ng ml) 230382y 175 (245 123 432 1899 (16 8&. 1138
Feax (L) (b) 1.00 (0 50, 3 03) 0 X0 50 200 NA N-A N-A
T1 2 {hr 3126 (D 7T N A N A Na

058 (016}
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2D6 Substrate : Dextromethorphan study

No changes in ramelteon profiles were observed, as predicted by in vitro metabolism.

The effect of dextromethorphan was studied on the single-dose pharmacokinetics of
ramelteon and its metabolites, and the effects of ramcltcon on the single-dose
pharmacokinetics of dextromethorphan, a CYP2D6 substrate, its major metabolite,
dextrorphan, and 2 of its minor metabolites, 3-hydroxymorphinan and 3-
methoxymorphinan. Subjects were randomized to | of 6 sequences and received single
doses of either ramelteon 32 mg alone, dextromethorphan 30 mg alone, or concomitant
administration of ramelteon 32 mg and dextromethorphan 30 mg in three 1-day
treatments. Dosing was separated by 7 days of washout.

Exposure to ramelteon and its metabolites in serum was similar when ramclteon was
administered alonc or with dextromethorphan.

Effect of Dextromethorphan on the Pharmacokinetics of Ramelteon and M-11 :

Arithmetic Mean (3SD) LS Mean
Ramelteon Ramelteon
Alone + Dextromethorphan] Alone + Dextromethorphar Ratio {90% CI) (a)

Rameiteon

AUC{D-inf) 14.1(13.9) 143{16.7) 2.63 982 161.96 (89.63. 11598}

{ng hrrmi.)

Cmax (ng'ml) 9.86 (8 91) 11.0(15.1) 7.00 746 106 61 (90.12.126 11)

Tmax (I} (b) 0.75 (0.25. 4.00) 0.75¢0.25,1.03)§ NA NA N:A

Tt:2 the) 107{032) 1.16 (0.56) N/A NA NiA
Al

AUC(C-1nf) 734 (284) 767 (2R9) 714 726 101.39 (98.39, 104.90)

{ng-hr'mL}

Cmax (ng'ml) 126 (76.2) 213347y wE 108 97.18 {90.39, 104.48)

Tmax (hr) {b) 100{0.73, 4.00) 100¢0.25,1352)] NA N:A NA

T1-2 (hr) 211075 220 ¢0.71Y NA NaA N/A

1A2 Substrate : Theophylline study

Ramelteon Cmax and AUC(0-1) increased approximately 35% to 40%, respectively, with

theophylline co-administration compared with administration of ramelteon alone. No
dose adjustment is needed.

The effect of theophylline was studied on the muitiple-dose pharmacokinetics of
rameltcon and 1ts metabolites, and the effects of ramelteon on the multiple-dose
pharmacokinetics of thcophylline, a CYPIA2 substrate with a narrow therapeutic range.
Subjects were randomized to 1 of 4 sequences and received etther (1) ramelteon 32 mg
alone, then concomitant administration of rameltcon 32 mg and theophylline 300 mg, (2)

48




theophylline 300 mg alone, then concomitant administration of ramelteon 32 mg and
theophylline 300 mg, (3) concomitant administration of ramelteon 32 mg and
theophylline 300 g, then ramelteon 32 mg alone, or (4) concomitant administration of
ramelteon 32 mg and theophylline 300 mg, then theophylline 300 mg alone. All study
drugs were dosed QD in two 10-day treatments. Dosing was separated by 5 days of
washout.

Concomitant administration of theophylline and ramelteon resulted in approximately
35% to 40% increases in ramelteon Cmax and AUC(0-1), respectively, compared with
administration of ramelteon alone.

M-Il AUC(0-1) values increased by 12% when ramelteon was administered with
theophylline compared with when ramelteon was administered alone. There were no
differences in M-II values for Cmax, Tmax or T1/2 when rameltcon was administered
alone or in combination with theophylline.

Effect of Theophyiline on the Pharmacokinetics of Ramelteon and M-I :

Arithmetic Mean (*SD) LS Mean
Ramelteon Ramelieon
Alene + Theophrlline Alone  + Theophylline Ratie (90% CT) (a)
Ramelteon
AUC(0-1) 300(21.1) 422 (30.0) 22 311 140.48 (123 26. 160.12)
{ng-hr'ml)
Cmax (ng/mL) 26.3(19.6) 34.5 (26.0) 18.4 25.0 135.41 (107.61. 170 39)
Tmax (hr) (b) 0.52(0.50. £.50)  0.34(0.50, LIINA NA NA
T1/2 (hr) 1.41 (0.60) 1.53 (0.61) NA N/A N:A
M-I
AUC(0- 1) 1224227 802 (197) 693 774 111.70 (99 35, 125.3%)
(ng-heimL)
Cmax (ng/mL) 220 (492.9) 223 (66.3} 214 216 100.8% (89.08. 114 .26}
Tmax (k) (b) 0.76 (0.75, 156 1.00(0.50,2.054N/A NA NA
T2 (h) 242 (083) 248 (0.74) NA WA NaA

Alcohol interaction study

Ramelteon Cmax and AUC(0-inf) increased by 43% and 47%, respectively, with alcohol
administration.  No differences were noted in exposure to M-I after concomitant
administration of ramelteon and ethanol.

Interaction between ramelteon and alcohol was studied in the Study 028 (PK only) and
Studies 028 and 043 (PD only). Subjects in both studies were randomized to [ of 4
sequences; cach sequence consisted of four, 1-day treatments, which included (1)
ramclicon 32 mg plus placebo ethanol, (2) cthanol 0.6 g/kg plus placebo ramelteon, (3)
ramcltcon 32 mg plus cthanol 0.6 g/kg, and (4) placebo ramelteon plus placebo
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ramelteon. Each treatment was separated by 6 days of washout. Pharmacodynamics
{psychomotor performance and memory, and alertness) were assessed in both studies.

- In Study 028, ramelteon Cmax and AUC(0-inf) increased by 43% and 47%, respectively,
with alcohol administration; these increases in exposure were not statistically significant.
No differences were noted in exposure to M-Il after concomitant administration of
rameltcon and ethanol.

Effect of Ethanol on the Pharmacokinetics of Ramelteon and M-II :

Arithmetic Mean (35D) LS Mean
Ramelteon Ramelteon
Alone + Ethanol Alope + Ethanol Ratio (9% CI} (a)
Ramelteon
AUC(0-inf) 18.7 (20.1) 251 Q5 1) 18 174 146.79 (104.23, 206.73)
(ng he/mL}
Cmax (ng/mL) 9.65(10.0)  137(18.1) 5.81 830  142.85(93.53, 218.19)
Tmax {hr) {b) 20040.50,3.00) 2.00¢0.50 4.00) Nia NiA NA
T1:2 (hr) 1.17 (0.28) 1.18¢0.4%) N/A N:A N/A
M-I
AUC(0-mnf) 735 (263) TIT(213) 682 748 109.33 (101.27.118.46)
{ng-hr/ml}
Cmax (ng/mL} 133 (26.3) 137 (28.8) 153 154 100.69 (92.19, 109.97)
Tmax (hr) (b) 2.00(1.00,3.00) 200(1.00. 400y | NaA N/A NiA
T1:2 (br) 233 (0.88) 272 (0.90) NA Na XA

In all studies, the pharmacodynamic interaction was observed in some of the PD
parameters. Because alcohol by itself impairs performance and the intended effect of
ramelteon is to promote sleep, and because concomitant administration of ramelteon and
ethanol in the 2 ethanol interaction studies had some additive effects on performance, as
assessed on measures of psychomotor function, patients should be advised to use caution
if they take ramelteon in combination with alcohol.

2.4.2.2 Effects of Ramelteon on other drugs

Ramelteon as a 2C19 inhibor: Omeprazole study

Ramelteon did not hinder omeprazole metabolism, suggesting that it is not a CYP2CI9
inhibitor.

The effect of ramelteon on the multiple-dose pharmacokinetics of omeprazole, was

studicd, a CYP2C19 substrate. No differences were noted in the peak and total exposures.
to omeprazole after administration of omeprazole alone or with ramelteon.
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Effect of Ramelteon on the Pharmacokinetics of Omeprazole :

Arithineric Mean (25D) LS Mean
Owmeprazole Omeprazole
Alone + Ramelteon Alone  + Ramelteon Ratio (93%% CI) (2)
Omeprazole

AUC(0-1nf) 3987 (2363} 3893 (2473) 3464 3318 05.80 (91 82, 99.94)
(ng-hr'ml)

Cmax (ng'mL} 1314 (5711 1324 (671) 1423 1396 9796 (87.89, 109.18)
Tmax (hr) (b} 200 (0.75, 1.00) 200 (1.00.5.000 WA N/A N/A

T1/2 (hr) 1.36 {0.55) 1.33 (0.55) N/A N:A N/A

2D6 Substrate: Dextromethorphan study

No changes were observed. Ramelteon is not an inhibitor of the CYP2D6 isozyme.
Additionally, ramelteon had no inhibitory effect on the CYP3A4-mediated metabolism of
dextrorphan to 3-hydroxymorphinan, which confirmed the results of the midazolam study.

The effect of ramelteon was studied on the single-dose pharmacokinetics of
dextromethorphan, a CYP2D6 substrate, its major metabolite, dextrorphan, and 2 of its
minor metabolites, 3-hydroxymorphinan and 3-methoxymorphinan, and the effects of
dextromethorphan on the single-dose pharmacokinetics of ramelteon and its metabolites.

No differences werc noted in the plasma pharmacokinetics of total dextromethorphan,
total  3-hydroxymorphinan, and total dextrorphan after administration of
dextromethorphan alone and with ramelteon. Plasma concentration of 3-
methoxymorphinan was too low to derive its pharmacokinetic paramecters.

Effect of Ramelteon on the Pharmacokinetics of Dextromethorphan, 3-
hydroxymorphinan, and Dextrorphan :

Arithmetic Mean (+SI3 LS Mean
Dextiomethorphan Dextromethorphan
Alone + Roamelteon Alone + Ramelteon Ratio (90% CI} (a)

Dextromethorphan

AUC(0-mnf) 183431 2) 182276 101 111 108 99 (100 99, 119 79)

(g ht-ml.}

Cuiax (ng ml) 318 (6 38y 31965 09y 135 1.42 104 67 {95 35 113 8¢

Tmax (hr} (b} 2B 504 00) 2 A0 308 0D NA N A N A

T1 X ¢hrj 9D (3 R T.TU {6 86; NA NeA Ne&
3-Hyvdfexvmorplutan T .

AUC {0 S IREL R 1310 3364 1134 1167 102 86 (100 335 105 14}

{ng hr mL) H

Cmax {ng wml} l P58781 7Y 127 (61.4) 132 131 @0 50 (95 GO 103 T8}

Tmnax {hr) (b) l 201 D 0% 275150 409 WA NA NA

T1 > (hr} | 36841 19; 164 (130) N A NA N A
Dextrerphan

ALCI{0-1f) 219151 3T 00 2037 IC38 10201 799.47 104 61

(ng lwomL) H

Cmax (ng ml.) i 106 (170 392 (162, 328 323 G857 ¢33 10104 26

Tmax (hridb) ¢ 1564075 Y31 130¢190.300 | NA N A N A

T! 2 (I} L N S 1244143 N A N oA N A
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1A2 Substrate: Theophylline study

Ramelteon did not hinder 142 activity.
The effect of ramelteon was studied on the multiple-dose pharmacokinetics of
theophylline, a CYP1A2 substrate with a narrow therapcutic range, and the effects of

theophylline on the multiple-dose pharmacokinetics of ramelteon and its metabolites.

The pharmacokinetics of plasma theophylline administered alone or with ramelteon were
similar.

Effect of Ramelteon on the Pharmacokinetics of Theophylline :

Arithmetic Mean (35D) L5 Mean
Theophyiine TheophyHine
Alone + Ramelteon Alone  + Ramelteon Ratio (90% CT}{(a)
Thecphylline

AUC(0-1) 130681 (58020 131730 (38422 118980 121349 102.08 (95.30.103.99)
{ng-ho'mL)

Cmax {ngrmL) 8123 (2913 7962 (2691) 600 7513 98.89 (9397, 104 .06)
Tmax (hr} {(b) 400 (3.00, 6.00) 400 (200 812y NiA N:-A NA

T1:2 (hr) 99732 103357 N/A N:A N/A

3A4 Substrate; Midazolam study

Ramelteon is neither an inhibitor nor an inducer of the CYP3A4 isozyme. Therefore, no

dose adjustment will be necessary when ramelteon is administered with midazolam or
other CYP3A4 substrates.

The effect of multiple doses of ramelteon was studied on the pharmacokinetics of
midazolam, a CYP3A4 substrate, and 1ts major metabolite, |-hydroxymidazolam. All
subjects received a single dose of midazolam 10 mg on Day 1, then 9 days of ramelteon
administration alonc (32 mg QD on Days 4 through 12), followed by single doses of
ramelteon 32 mg and midazolam 10 mg on Day 13. Ramelteon and midazolam dosing
was separated by 2 days of washout on Days 2 and 3.

There were no differences in the pharmacokinetics of plasma midazolam and 1-

hydroxymidazotam when midazolam was administered alone or after multiple doses of
ramelteon.
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Effect of Ramelteon on the Pharmacokinetics of Midazolam and 1-Hydroxymidazolam :

Arithmetic Mean (£5D) Geometric Mean
Midazolain Midazelam
Alone + Ramelteon Alone + Ramelicon Ratio (90% CI) (a)
Midazolam
AUC(0-1nf) 139 (750 120 ¢59.7) 126 119 94.62 (86.45, 103.36)
(og-hr'mL)
Cimax (ng/ml) 314(3535) 448{19.0) 45.3 418 9226 (82.31, 103.17)
Tmax (hr) (b) 0.50¢0.25,1.02) 050025, 1.00§ N'A N/A N/A
T1/2 (hr) 3217 5.22(1.89) N/A NiA N/A
1-Hydroxymidazolam
AUC(C-1nf) 38.0(20.2) 571{(19.6) 552 541 97.91 (8935, 107.29)
{ng-hr/ml)
Crmax (ng/mL) 24353 (109) 23.009.64) 224 12 94.53 (81.34, 109.87)
Tmax (hr) (b) 0350025 101) 0350050 100 N/A NA N'A
T1/2 ¢hr) 5.55(2.46) 5.57 2.40) JA NA N/A

1A2 and 2C9 Substrates: Warfarin study

Ramelteon is neither an inhibitor nor an inducer of the CYPI1A2 or CYP2C9 isozymes,
and no dose adjustment will be necessary when ramelteon is administered with warfarin.

The effect of multiple doses of rameltecon was studied on the steady-state
pharmacokinetics of warfarin, a drug with a narrow therapeutic range. The effects of
ramelteon on both the R-enantiomer of warfarin, a CYPLA2 substrate, and the
pharmacologically active S-enantiomer, a CYP2C9 substrate, were analyzed.

A secondary objective of the study was to evaluate the pharmacodynamic effects of
multiple doses of ramelteon on PT and INR. Twenty-four subjects enrolled and 22
subjects completed the study. All subjects were dosed as follows: a single initial, loading
dose of warfarin (men 8 mg; women 6 mg) on Day -7; a single dose of warfarin (men 4
mg; women 3 mg) on Day -6; a QD warfarin dose, titrated from 1 up to 15 mg on Days -5
to -1, to achieve stable PT values within the target range of 1.2 to 1.7 times higher than
pretreatment PT; the stable warfarin dose on Day 0; and the stable warfarin dose with
ramelteon 16 mg QD on Days 1 to 7.

Overall exposures to R-warfarin and S-warfarin in plasma were similar after
administration of warfarin alone or with ramelteon. No statistically significant
differences were found in PT or INR values between warfarin administered alone (Day 0)
and warfarin administered with ramelteon (Day 7) at both 15 minutes predose and 12
hours postdosc, or after adjusting for predose levels.
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Effect of Ramelteon on the Pharmacokinetics of Warfarin :

Arithmetic Mean (18D} Geometric Mean
Warfarin Warfarin
Alone + Ramelteon Alone  +Ramelteon Ratie {(90% CI) (a)
R-Warfann
DN AUC(0-29) 4021 (1170) 3381 (845) 387 3798 92.10{93.30, 103.14)
{ng-hr/ml)
DN Cmax (ng'ml) 247(67.3) 232 (45.3) 238 228 95.59 (90.63,100.81)
Tmax (hr) (b) 150 (0.50,4.00) 1.50(0.25, 300 N/A KA NA
T1/2 ¢hr) NA N:A N/A N:A N:A
S-Warfarin
DN AUC0-24) 2987 (1493) 3722 (1047) 2731 2569 94.06 (39.39,98.97)
{ng-hr/ml)
DN Cmax (ng/ml) 199 (78.9) 182 (38 8) 188 174 9285 (88.32,97.39)
Tmax (hr) (b} 0.75(0.50,3.00) 0.75(0.50,4.00% IN/A NfA Nia
T1/2 (br) N:A NiA N/A N/A NiA

P-glvcoprotein Substrates: Digoxin study

The results indicated that ramelteon did not interact with a P-gp substrate. Additionally,
ramelteon may not affect P-glycoprotein transport.

The effect of multiple doses of ramelteon was studied on the pharmacokinetics of

digoxin, a P-glycoprotein substrate with a narrow therapeutic range.

Subjects were

randomized to receive either digoxin plus ramelteon 16 mg or digoxin alone on Days 1
through 12. Subjects crossed over to the opposite treatment after a 14-day washout.
Digoxin was dosed at 0.5 mg in the moming, followed by 0.25 mg 12 hours later on Day
1; on Days 2 through 12, subjects received digoxin 0.2 mg QD.

Compared with digoxin administration alone, concomitant administration of digoxin and
ramelteon decreased peak and total digoxin exposure by approximately 10% and 3%,

respectively.

Effcct of Ramelteon on the Pharmacokinetics of Digoxin :

Arithmpetic Mean (+5D) L5 Mean
Dizoxin Digoxin
Alone < Ramelteon Alone + Ramelteon Ratio (90% C1) {a)
Dagoxm

AUC0-1) 177(387% 16.9 (3.65) 172 167 96.78 {9212, 101.68)
{ng by ml) .
Cmax {og mlL) 236 (0.80) 235307 247 225 9083{T9.14. 10424
Tmax (hr) (b} 030 (0530.103) 1.00(030 100 NA N NA
T1 2 hn) NA NA NA N-A NA
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Few differences were noted in the urinary excretion of digoxin between the 2 treatments
on Day | and on Day 12. Digoxin steady-state exposure was not effected by ramelteon.

The changes in digoxin Cmax are not clinically meaningful, and these results suggest that
ramelicon is unlikely to interact with P-glycoprotein substrates; ramelteon may not affect
P-glycoprotein transport.

Alcohol interaction

Ramelteon did not change alchohol profiles when administered concomitantly.

Effect of Ramelteon on the Pharmacokinetics of Ethanol :

Arithmetic Mean (15D) LS Mean
Ethanol Ethanol
Alene + Ramelteon Alone + Ramelteon  Ratia ($0% CI) {a)
Ethanol

AUC(0-inf) 2283 (580) 2273 (690) 2189 2191 100 23 (92 69, 103.38)
{pg-hr/mL)
Cmax (pg'mL) 652 (87.8) 630110} 642 626 27.40(93.06. 101,95}
Tmax (hr} (b) 2001 00.2.00) 200 (100, 2.00) N/A NA NA
T1:2 (hr) 130 (071 1.27 (0.56) NiA N/A NiA

2.4.2.3 s there an in vitro basis to suspect in vivo drug-drug interactions?

In vitro information suggested that inhibition of 142 will substantially increase
ramelteon in vivo concentrations.

CYP1A2 Inhibition The depletion rate constant for ramelteon was determined at
concentrations of 0.1 pmol/L and 1 pmol/L. Ramelteon was incubated in pooled human
hepatic microsomes with standard battery of drugs (norfloxacin, enoxacin, ofloxacin,
pipemidic  acid, ciprofloxacin, sertraline, fluoxetine, norfluoxetine, imipramine,
cimetidine, mexiletine, or propafenone; fluvoxamine {(a potent CYPIA2 inhibitor) and
fluconazole (a CYP2C9 inhibitor) as controls for high and low inhibition, respectively).

Fluvoxamine and fluconazole had the most potent in vitro inhibitory effects (60.8% and
48.0%, respectively) on the metabolism of ramelteon at a ramelteon concentration of 0.1
pmol/L. (25.9 ng/mL). The inhibitory effects of the other compounds on rameltcon
CYPIA2-mediated metabolism were weaker than fluvoxamine or fluconazole.
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Effects of Several CYPIA2 Inhibitors and Substrates, and Other Marker Drugs on the
Metabolism of Ramelteon fn Vitro :

80

| L VIR =10 | Ramelieon Concentration = 0.1 umolL = 25.9 ngmL.

/ In Voo IR* =232

InVive IR* =130

3

Pervent Inhibition of Rimelteon Metabolism

Fluconazoke [0G jomoklL
Nartlosacn 100 pmal 1,

T noarees 1) 100 pmalkd,
Oflosactn 50 g mol/L
Sertrahine | pmolL.
Cimetdine () 10 pmob 'L

Meitetine (5.0 L0 wnol L. WAL R A A7 A

uprsnme 15) 10 pmalkd

Eday onarine (8,13 10 panol AL
Pipenndic Aod 100 moli
Propafenone (S) 25 pimol 1.

<
Crproflosaan H) 1O pmoldd @
Fluesetine 10 gmaokd %4———'—
Nortluosenne ) pmob/l z -

Ramelteon concentration = 0.1 pmol/L = 25.9 ng/ml..
In Vivo IR indicates inhibitory ratio in vivo, which equals the LS mean ratio of ramelteon AUC with
inhibitor, over ramelteon AUC without inhibitor; I, CYP1 A2 inhibttor; S, CYP1 A2 substrate.

Fluvoxamine Inhibitory Constants The inhibitory constants of fluvoxaminc on the
metabolism of ramelteon were studied in vitro. Pooled human hepatic microsomes from
15 donors were incubated with ramelteon at concentrations of 0.1, 0.2, and 0.5 pmol/L in
the presence and absence of fluvoxamine, a potent CYP1A2 inhibitor, at concentrations
of 0.03, 0.1, 0.3, and 1 pmol/L. Metabolic clearance was estimated from the depletion
rate constant of ramelteon concentration vs time. The Ki of fluvoxamine was estimated
from the changes in clearance vs the concentration of fluvoxamine. Fluvoxamine Ki
values, in the presence of ramelteon at concentrations of 0.1, 0.2, and 0.5 pmol/L, were
0.18,0.10, and 0.19 gmol/L, respectively (mean = 0.16 pmol/L).

Fluvoxamine Correlation The metabolic correlation (the depletion rate of ramelteon and
each CYP isozyme-specific activity) between ramelteon and scveral CYP isozymes was
studied in the presence and absence of fluvoxamine in vitro (human hepatic microsomes
incubated with ramelteon in the presence and absence of fluvoxamine, a potent CYP1A2
inhibitor). Furafylline, a selective CYP1A2 inhibitor, was used as a control.

In the absence of fluvoxamine, the highest correlations were between the depletion rate of
ramelteon and CYP1A2 (7-ethoxyresorufin O-dealkylation) and CYP3A (testosterone 6
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B-hydroxylation) activities (r=0.853 and r=0.566, respectively). In the presence of
fluvoxamine, the correlation with CYPLAZ decreased (r=0.208); however, the correlation
with CYP3A increased (r=0.796). These results suggest that fluvoxamine inhibits
ramelteon CYP1A2 activity but does not inhibit ramelteon CYP3A metabolism.
Furafylline results were similar to the fluvoxamine resulits.

2.4.2.4 Is the drug an inhibitor and/or an inducer of CYP enzymes? Is the drug a
substrate and/or an inhibitor of P-glycoprotein transport processes?

Ramelteon is not an inhibitor of 142, 2C19, 2D6, and 3A4 enzymes. Ramelteon is not an
inducer of 142, 2C9 and 344 enzymes. According to in vitro CaCo-cell study and in vivo
digoxin study, ramelteon is not a P-gp inhibitor.

2.5 General Biopharmaceutics

2.5.1 What is the in vivo relationship of the proposed to-be-marketed formulation
to the pivotal clinical trial formulation in terms of comparative exposure?

The bioequivance study was not conducted between the to-be-marketed and pivotal
clinical formulations.

2.5.2 Based on BCS principles, in what class is this drug and formulation? What
solubility, permeability and dissolution data support this classification?
What data support a waiver of in vivo BE data?

The solubility of the drug substance covers over the pH range 1.1 to 7.5 at 37°C using
standard aqueous buffers described in USP 26. The permeability data of the drug
substance was from the mass balance study (ADME of a single 16 mg dose of
[14CJramelteon) in healthy adult male subjects and in vitro Caco-2 cell intestinal
permeability study. Additionally, in vitro rat portal vein metabolism study was conducted
to show the ramelteon gut absorption characteristics. To bridge the formulations
throughout development and to support the waiver of in vivo bivequivalence studies, the
dissolution of the ramelteon drug product was tested. The dissolution conditions used
were USP Apparatus H at 50 rpm and 37°C, in 900 mL of each of 3 different media (0.1
NHCIL pH 4.5 =—— buffer, and pH 6.8 ~— " buffer). The Applicant’s data have
been forwarded to the BCS Commitiee, and the Committee has suggested studying
ramelteon in vitro stability in simulated intestinal and gastric  fluids. This
recommendation has been communicated to the Applicant. Thus, the final determination
will be pending further submission of data.

57



The Applicant submitted the following BCS classification system data in order to support
a bio-waiver. See Appendix 4.2 for detailed information,

Solubility

The solubility of the drug substance was established over the pH range 1.1 to 7.5 at 37°C
using standard aqueous buffers. The ramelteon drug substance is a neutral compound,
having no acid or base functional groups. The solubility of ramelteon was independent of
pH under the conditions of this study, being C 7 mg/mL over the pH range 1.1 to
7.5 at 37°C. These data indicate that approximately T 3 mg of ramelteon would
dissolve in a - mL aqueous solution at 37°C. This amount corresponds to
approximately 8- to 10-fold more than the recommended therapeutic dose of ramelteon (8
mg).

Permeability

Mass balance study:

The mass balance study was conducted (a single 16 mg dose of [14C]ramelteon) in
healthy adult male subjects. Urinary and fecal excretion of the administered radioactive
drug was quantified. The mean radioactivity excreted in urine for the 6 subjects was
84%, indicating that at least 84% of the administered dosc was absorbed through the gut.
The mean radioactivity recovered in feces was 4.0% with less than 0.1% of that amount
attributable to unchanged drug. These data suggest that the majority of the dose
recovered in feces resulted from biliary excretion of absorbed drug as metabolites. The
total percentage of ramelteon dose absorbed was approximately 88%.

In vitro permeability study:

The intestinal permeability of ramelteon was also investigated in an in vitro Caco-
2 cell permeability assay using [14C]ramelteon. The Papp values for [14Clramelteon, in
the presence and absence of quinidine {(a known inhibitor of P-glycoprotein), [3H]digoxin
(a known substrate for P-glycoprotein), and DL-[3H]propranolol (a high permeability
marker drug) were determined in both the apical-to-basolateral and basolateral-to-apical
directions.

Papp for [14C]ramelteon from the apical to basolateral sides of the monolayer was
similar to that from the basolateral to apical sides (27.3+5.3 x 10-6 and 28.5+2.1 x 10-6
cmy/sec, respectively) and was higher than that for DL-[3H]propranoclol (19.0£2.2 x 10-6
and 17.4+2.8 x 10-6 cm/scc, respectively) in either direction. Furthermore, Papp of
[14Clramelteon was not affected by quinidine.

Rat portal vein metabolism study:
Additionally, in vitro rat portal vein metabolism study was conducted to show the

ramelteon gut absorption characteristics. [14C]lramelteon was injected into the jejunal
loop at a dose of | mg/kg. Major component of radioactivity in the rat portal vein plasma
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was unchanged ramelteon (96, 93, 95, and 91% of the total radioactivity at 0-0.5, 0.5-1,
1-1.5, 1.5-2 hours, respectively). The results suggested that ramelteon is stable in the
intestinal tract and not metabolized in the absorption processes prior to reaching the
systemic circulation.

Dissolution profiles

The dissolution of the Phase [I/II1 4 mg tablet (reference formulation) was compared with
that of the Phase I 4 mg tablet (test formulation). The differences between these 2
formulations were minor and included T ) 3 used in the [ 1
process and the quantity of T 3 in the tablet core. The dissolution conditions used
were USP Apparatus II at S0 rpm and 37°C, in 900 mL of each of 3 different media (0.1
N HCl, pH 45 = buffer,and pH 6.8 — buffer). Dissolution €

-~ ' minutes in all three media. The f2 values for 0.1N HCl, pH 4.5 —  buffer, and pH
6.8 —_ buffer were 37.9, 69.1, and 75.2, respectively, indicating that the
dissolution profiles for the Phase I and Phase IVIII formulations (4 mg tablets) were
similar in each of the 3 test media.

Additionally, the dissolution profiles of the 4 and 8 mg tablets for the Phase I and Phase
I/III, and to-be-marketed 8 mg tablet formulations were compared using water as
medium. The Phase 1 and Phasc II/III formulations exhibited similar and rapid
dissolution, with more than \ o of the label claim consistently dissolving within ~—
minutes.

Ultimately, the Applicant proposcd the folowing dissolution method and specification:
USP apparatus II at 50 rpm, 900 mL water witha Q of \, oin \ ninutes.

Formulation ingredient information

See Section 2.1.1. for list of ingredients for clinical and to-be-marketed formulations,
The differences between the Phase [ and Phase H/1II formulations were very minor; the
differences are in minimal amount of L

) I The performance between Phase [ and /I tablets are not
expected.

The 8 mg commercial tablets are identical to the 8 mg Phase LI/11l tablets, except for the
addition of [ J Again, the performance between Phase 117111 and
to-be-marketed tablets are not expected.
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2.5.3 What is the effect of food on the biocavailability (BA) of ramelteon tablets?
What dosing recommendation should be made, if any, regarding
administration of ramelteon tablets in relation to meals or meal types?

Administration with high fat breakfast results in a 30% increase in AUC, 22% decrease
in Cmax, and 1 hour increase in Tmax of remelteon. Due to the delay in absorption,
ramelteon should be administered without food.

The effect of food was studied on the pharmacokinetics of a single dosc of ramelteon 16
mg. Food appears to increase overall exposure to unchanged ramelteon by approximately
30%. AUC(0-inf) for ramelteon was 31% higher (90% CI: [108.69%, 156.95%]) and
Cmax was 22% lower (90% CI: [57.62%, 104.59%]}) for fed subjects vs fasted subjects.

Median Tmax was 0.75 hours (range of 0.5 to 1.5 hours) after administration to fasted
subjects, and was delayed approximately 1 hour under fed conditions. T1/2 remained
essentially unchanged.

Food had little effect on M-I AUC{(0-inf), but Cmax decreased 35% (90% ClI: [57.16%,
74.80%]).

These data suggest that ingestion of ramelteon with food results in a slight decrease in
absorption without a major decrease in the total amount of drug absorbed. Due to the
delay in absorption, remelteon may be administered without food.

2.54 How do the dissolution conditions and specifications assure in vivo
performance and quality of the product?

Remelteon is a rapidly dissolving drug product and the proposed dissolution method and
specifications reflect the findings.

Proposed dissolution method and specification are: USP apparatus II at 50 rpm, 900

mL water with a Q of . in \ minutes. The proposed method and specifications
were justified with appropriate data.

2.6 Analytical Section

2.6.1 How are ramelteon and its metabolites measured in the serum and urine?

A validated T 14 method was used for the simultaneous quantification of
unchanged total ramelteon and its metabolites M-I through M-IV in human serum and
urine.

A validated & 1 method was used for the simultancous quantification of
unchanged total rameltcon and its metabolites M-1 through M-1V in human scrum and
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urine. The Metabolite II 15 an active metabolite. The internal standard used for
unchanged rameiteon, M-I, M-HI, and M-IV was deuterated unchanged ramelteon,
whereas that used for M-I was deuterated M-I. The analytes and internal standards were

extracted from human serum using C . AT o J
was used J and the analysis was performed in the selected
L J The data were calculated using weighted LS linear

regression. When 0.3 mL of human serum was used, the LLOQ was L JIng/mL and L 13
ng/mL for unchanged ramelteon and its metabolites, respectively, and the standard curves
were linear up to ™ ng/mLT J ng/ml)and — ng/mL
L 3 ng/mL) for unchanged ramelteon and its
metabolites, respectively. LLOQs and concentrations used in standard curve are
appropriate ranges. When 0.3 mL of human urine was used, the LLOQ was ~ ng/mL
for unchanged ramelteon and  ng/mL for M-I through M-IV, and the standard curves
were linear up to ™ ng/mL « ¢, JIng/ml)and >~ ng/mL/C
T1g/mL) for unchanged ramelteon and its metabolites, respectively.

2.6.1.1 What are the accuracy, precision and selectivity parameters? What is the
sample stability under the conditions used in the study?

The assay validation parameters are within the usual acceptable limits. See Appendix 4.3

3 Detailed Labeling Recommendations

There are changes recommended for the Clinical Pharmacology scction of the label, as

below. The package insert is modified by strikeouts of the existing texts and addition of
new texts.

Clinical Pharmacology

Pharmacodynamics and Mechanism of Action
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4.2 Bio-waiver data : BCS Classification 1 support information

Solubility

pH-Solubility Data for Ramelteon Drug Substance at 37°C

Buffer System Repetition pH (Iniiial) pH (Finah Salubility (mg/mL)
Olm-ulfL HCl 11
— T T TeTTTTTTTL e T
" —.  buffer / 4.5 / /
— buffer 6.8
— buffer 75
Permeability

Mass balance study:

Cumulative Excretion of Total Radioactivity in Urine and Feces
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In vitro permeability study:

Table | Penneabilizy of [*CITAK-375 and model drugs (’Hldigoxm and D.L{’H}prupmnoloi)
across Caco-2 cell menolayvers

Concentystion Papp {~ 10%cny sec}
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Rat portal vein metabolism study:

Table 1 Compositon of radiolabeled matenials 1n plasma from the portal vemn after
aduministration of [!*CJTAK-37S iunto the jejunal loop of a rat
Concentration (pg TAK-375 quivalent'mL)
Compound
0-05h 0.5-10n 10-15h 1520h
Total **C 4576 (106003} 1955 ¢100.0)| 0882 (100.03] 0444 (100.0)
TAK-375 4.393 ( 96.0) 1.810 ¢ 9263 G833 ( 945y 0404 ( 210y
Others 0183 ( 40| 06145 ( 7.4)] 0049 ( 5.5)] 0.040 ( 9.0
Dose; 1 mg'kg
Figures in parentheses denote %% of totai Ue
B-X0mnin
o
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-
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Figure 1 HPLC radiochromatogram of porlal vem plasma afler admumsiration of

[”C JTAK-375 into the jejunal loop of a rat
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Dissolution profiles

Dissolution Profiles for Phase I and Phase 1I/III Formulations (4 mg Tablets) in the
3 FDA-Specified Media at 37.C
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Dissolution Profiles for Phase I and Phase 1I/1H Formulations in 900 mL Water at

37.C
A) 4 g Tablets
B) 8 mg Tablets
1201
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Dissolution Profiles for Phase [I/III and Commercial (Pilot- and Commercial-Scale)
Formulations (8 mg tablets) in 900 mL Water at 37.C
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4.3 Fluvoxamine Drug-Drug interaction and hepatic study results

4.3.1 Fluvoxamine Drug-Drug Interaction

An Open-Label, Crossover, Drug Interaction Study of the Effects of Fluvoxamine on the
Pharmacokinetics of TAK-375 in Normal Healthy Male and Female Subjects

Comments: Fluvoxamine was dosed for 3 days, but, plasma levels did not reach s-s. At Day 3, the
ramelteon was given,

Protocol Number: 01-01-TL-375-008

Investigator and Study Center:C

3

Study period (.First subject in. through .last subject out.): 09 November 2001 . 22 December 2001

Objective:
o To evaluate the effect of fluvoxamine (strong 1A2 inhibitor) on the safety and pharmacokinetics
of TAK-375 in healthy adult volunteers.

Methodelogy: This was a single-center, open-label, crossover study in 28 healthy normal subjects (25
completed the study). The study evaluated the effects of fluvoxamine on the safety and pharmacokinetics of
single doses of TAK-375 and its primary metabolites. Safety was monitored throughout the study.
Subjects were admitted to the clinic on Day -1 and received either a single oral dose of TAK-375 alone on
Day 4, or fluvoxamine twice daily (BID) for 3 days, followed by 16 mg TAK-375 plus fluvexamine BID
on Day 4. The TAK-375 and fluvoxamine AM dosing was administered starting at 0800 hours. The
fluvoxamine PM dosing was administered starting at 2000 hours. On Day 4 of Periods 1

and 2, subjects fasted at least 8 hours prior to dosing and for 4 hours postdose. After a 14-day washout,
subjects were then crossed over to the opposite treatment. Blood and urine samples were obtained at
specified time points over a 24-hour period for pharmacokinetic evaluation. Safety was monitored
throughout the study.

Time Table of Study Events

&
Qe
Pol

OJ;,;,.
%
C\O
Q.
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Entire Studv

Fhrvoxamine
r 175 . Washout - ;
TAK-375 only TAK-375 Exit
Screening .
Randonuzation Fluvoxamine
+
Days 2110 2| pacy I\ TAK3T5 TAK-375 enly
Period | Days 14|  Days 5-18 | Peried 2. Days 14| Exut

Selection of Doses in the Study
The 16 mg dose of TAK-375 was chasen for this study based on the following single and
multiple-dose pharmacokinetic studies.

General and Dietary Restrictions

Subjects were given 3 meals and a bedtime snack each day. Total daily food intake during clinic stays
contained no more than 30% to 40% calories derived from fat. Meals were served at least 30 minutes
postdose in the moming with the exception of Day 4 in Periods 1 and 2. On these days, subjects fasted for
a minimum of § hours prior to dosing and for at least 4 hours postdose. Subjects completed the meal within
30 minutes. Start/stop times, as well as all information regarding completion of meals was recorded. The
same menu and meal schedule were administered uniformly for all subjects. Water was available ad
Iibitum except for 1 hour prior to dosing through 1 hour postdose on TAK-375 dosing Day 4 for both
treatment periods.

Subjects refrained from the use of all tobacco products within 90 days of study entry and during the entire
study. Use of alcohol was prohibited for 48 hours before study medication administration and during the
time they were confined to the clinic. Use of caffeine was prohibited for 48 hours before study medication
administration and during the time subjects were confined to the clinic. Consumption of orange or orange
juice, and grapefruit or grapefruit juice, within 14 days of Day-1 and dunng the study was not allowed.
Subjects refrained from strenuous exercise throughout the entire course of the study,

Diagnosis and Main Criteria for Inclusion: Twenty-cight heaithy subjects (16 men and 12 women),
between the ages of 18 and 55 years, with a body mass index (BMI) <34 and without a history of insormnia
were included in the study. Women of child-bearing potential had to use an acceptable method of
contraception and have a negative pregnancy test result at Screening and at both check-in periods.

Test Product, Dose, and Mode of Administration; Batch Number:
Test Product Unit Dose Form Mode of Administration Lot No.

TAK-375 16 mg Tablets Oral Z515A018
Reference Therapy, Dose and Mode of Administration, Batch Number:

Test Product Unit Dose Formm Mode of Administration Lot No.
Fluvoxamine 100 mg Tablets Oral 91647

Criteria for Evaluation:

Pharmacokinetic Measures: Pharmacokinetic parameters: AUC{0-t], AUC[0-inf], Cmax, Tmax, Az, T1/2,
CL/F, CLr, and Fe for urine. Pharmacckinetic samples for the analysis of serum concentrations of TAK-
375 and its 4 primary metabolites (M-t through M-IV) were obtained at the following times relative to the
Day 4 dose of TAK-375 in both treatment periods: predose {0 hours) and at 0.25, 0.5,0.75, 1, 1.5, 2, 2.5, 3,
4, 5,6, 8, 10, 12, 16, and 24 hours postdose (17 sample time points). Pharmacokinetic samples for the
determination of the amount of fluvoxamine in plasma were drawn separately prior to each dose (moming
and evening) of fluvoxamine. Urine was collected on Day 4 of both treatment periods at approximately 1
hour prior to dosing and at 0 to 4, 4 to 8, 8 to 12, and 12 to 24 hours postdose.

Safety measures: Safety parameters included monitoring of adverse events, vital signs, electrocardiograms
(ECGs), physical exams, and clinical laboratory values.
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Electrocardioprams
Scheduted 12-lead ECGs were performed at Screening, on Day -1, and on Day 5 before discharge dunng
both Periods t and 2, and Day 18 of the study.

Statistical Methods:
Demographic and baseline characteristics: Descriptive statistics were used to summarize the
demographic variables by treatment sequence for each age group, gender, and overall.

Prior to the estimation of the pharmacokinetic parameters, concentrations below the quantification limnit
(BQL) were assigned a value of  if they preceded quantifiable samples in the initial portion of the profile.
In general, serumn concentrations that were below the quantification of the assay were considered 0.
However, if measurable concentrations were near the lower limit of quantification and were embedded
between BQL concentrations, then these values may have been excluded at the discretion of the
pharmacokineticist. (Note: for purposes of descriptive statistics of the concentration versus time data, afl
BQL concentrations were assigned a value of 0.)

For each analyte, a mixed effect analysis, including effects for sequence, gender, treatment, period,
sequence*gender, treatment*gender, period*gender, and subject nested within sequence*gender, was
performed on Tmax, Az, Cmax, AUCO-t, and AUCO-inf, where data were available. The effect for subjects
nested within sequence*gender was treated as random and all other effects were considered fixed. If the P-
value for the interaction terms treatment*gender and period*gender are not significant at a 5% level, then
they were dropped from the model. PROC MIXED in SAS (version 8.2) was used to perform all
ANOVAs.

If the interaction terms for treatrnent*gender or perniod*gender were not significant at the 5% level
(P>0.05), then these terms were dropped from the model. Also, for Cmax, AUC(0-t), and AUC(0-inf), the
90% confidence interval (CI) for the ratio of the least square (LS) means of TAK-375 plus fluvoxamine
relative to TAK-375 alone was provided.

A mixed effects analysis was performed to assess the achievement of steady state of fluvoxamine. This
analysis included fixed effects for gender, day, guidetime (identifier for AM or PM sample collection),
day*gender, day*guidetime, and period, and random effect for intercept were performed on the natural logs
of the morning and evening predose fluvoxamine concentrations. The guidetime term identified whether
the sample was a moming collection or an evening collection. If the effects for guidetime, day*guidetime
interaction, or day*gender interaction were not statistically significant at the 5% level, they were dropped
from the model. If the day*guidetime interaction was significant at the 5% level, the steady-state analysis
was performed at each level of gndetime, namely, at AM and PM collections.

Appears This Way
On Criginal
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Bioanalvtical Method Used in Protocol 01-01-TL-375-008 Sample Analyses

L N\ TAK - 375
M1

Laboratory Matrix Bioanalytical Method | Analyte(s) Assay Range
No. Measured (ng/mL)

I

M
M. HI
M.V

TAK -375

M.I

M_1I

M .1

M.IV

\ Plasma Fluvoxamine

Safety: Treatment-emergent adverse events were coded using the Medical Dictionary for Regulatory
Activities (MedDRA) and were summarized by system organ class and preferred term for different
treatment groups and gender-by-treatment. Descriptive statistics were used to summarize clinical laboratory
data and vital signs. Changes from baseline were also summarized for vital signs. Laboratory data were
also summarized using shift tables. Incidence of electrocardiogram (ECG) abnormalities was listed for each
subject by treatment.

Subject Disposition: A total of 28 healthy subjects (16 men, 12 women) were enrolled in the study and 25
subjects completed the study. Three subjects were withdrawn from the study prematurely: 2 for adverse
events (1 because of pleural infection and | because of nausea and vomiting), and 1 for consent withdrawal
{reason unknown).

Pharmacokinetic Results:
1. Demographics

The following subjects were withdrawn from the study:

a. Subject 1003, a 28-year old man, withdrew consent (reason unknown) following dose
administration on Day 4 of Period [ (Sequence BA) and was withdrawn from the study. The
subject had received 16 mg TAK-375 on Day 4 and 100 mg fluvoxamine BID Days 1 through 4
prior to discontinuation from the study.

b. Subject 1017, a 35-year old woman, was withdrawn from the study on Day I3 of Period 1
(Sequence BA) because of an adverse event (pleural infection). The subject had received 16 mg
TAK-375 on Day 4 and 100 mg fluvoxamine BID on Days !-4 prior to discontinuation from the
study.

¢.  Subject 1022, a 48-year old woman, was withdrawn from the study on Day 1 of Period |
(Sequence BA) because of 2 adverse events (nausea and vomiting). This subject had reccived 100
mg fluvexamine BID for 2 days prior to discontinuation from the study.
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Treatment Sequence
Total
AB BA
Gender n (%) Male 16 (57.1) 8(57.1} 8 (57.1)
Female 12 {42.9) 6 (42.9) 6(42.9)
Race n (%) Caucasian 16 (57.1) 8(57.1} R{57.1)
Oriental 1(3.6) 0(0) 1{7.1)
Black 6(21.4) 3(21.4) 3(21.4)
Hispanic 1{3.6) 0 INEA)}
Native American 1 {3.6) 1(7.1) 0(0)
Other 3(10.7) 2(14.3} 1(7.1}
Age (yrs) N 28 14 14
Mean (SD) 34.64 (10.12) 32.71 (9.68) 36.57 (10.53)
Median 34 34 33.50
Min-Max 20-54 20-54 21-52
Weight (kg) N 28 i4 14
Mean (SD) 76.46 (15.33) 80.68 (12.80) 72.24(16.91)
Median 79.32 79.55 76.36
Min-Max 45.91-100.91 51.36-100.91 45.91-94.09
Height (cm) N 28 14 14
Mean {SD) 175.80 (10.59) 179.74 (10.47) 171.90 (9.51)
Median 176.53 179.07 173.99
Min-Max 157.48-194.31 160.02-194.31 157.48-184.15
BMI(kg/m2) | N 28 14 14
Mean (SD) 24.59 (3.7 25.01 (3.62) 24.16 (4.01)
Median 24.59 25.67 24.01
Min-Max 17.22-32.49 17.22-31.67 18.51-32.49

2. Based on the results of the analysis of variance (ANOVA) for the pairwise comparisons of the predose
fluvexamine plasma concentrations on Days 2, 3, and 4, steady state was not attained by Day 4 for both the
AM and the PM concentrations.

3.

Based on the ratio of the LS means for serum unchanged TAK-375, there were statistically
significant increases in AUC(0-inf) of approximately 190-fold (P<0.0010), and in Cmax of
approximately 70-fold (P<0.0010) when TAK-375 was coadministered with fluvoxamine
compared to TAK-375 alonc. The increase in AUC(0-inf) with coadministration was also
associated with a 99.6% reduction in apparent oral clearance (CL/F of 18.73 L/hr with
coadministration of fluvoxamine vs. 4368.26 L/hr when administered alone). Mean Tmax was
delayed by about 16 minutes with coadministration of {luvoxamine compared to TAK-375 alone,
and the difference was statistically significant (P=0.0037). The ANOVA indicated a statistically
significant treatment difference in Az (P<0.0010) and the mean T1/2 values increased by
approximately 2-fold (4.12 h compared to 1.34 h) when TAK-375 was coadministered with
fluvoxamine.
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Summary Statistics and ANOVA Results of Serum TAK-375 Pharmacokinetic Parameters by Treatment :

Treatment Comparisonss
Y, -
Parameter | Ty, N Mean (SD) L3 Ratio (B/A) | 90% CI
(Units} Mean (%} for Ratio (%) P Value
AUC(0-inf) A 24 7.98 (8.96) 5.076 18987.20 (14078.54 - <0.0010
{ng+lvmL) 25607.33)

B 24 1021.19 (393.24) 963.722 - - -
auCon | A | 25 7.44 (8.57) 4647 | 2095575 (2'32‘;"1'3)' <0.0010
{ng-h/mL) B | 25 {101542(379.87) 973.388 - - i
Crnax A 25 6.23 (6.85) 3.860 T211.72 (5262.06 - 9883.75) <0.0010
(ng/mL.) B | 25 281.24 (95.19) 278375 - - -
Ti/2 A 24 1.34 (0.69) . . _ <0.0010c
(h) B 24 4.12 (1.15) - - - -
Timax A 25 0.74 (0.31) 0.719 . . 0.0037
(k) B 25 1.00 (0.34) 0.989 - - -
CL/F A 24 4368.26 (3439.36) - - - -
(L} B | 2 18.73 (9.22) - - - -

4. Urine Pharmacokinetics of Unchanged TAK-375

a. No ANOVA comparisons were performed to assess treatment differences for the urine

pharmacokinetic parameters, Renal elimination of TAK-375 was negligible.  Only a small
fraction of unchanged TAK-375 (0.000%-0.001% for TAK-375 alone and 0.167%-0.3095% for
TAK-375 in combination with fluvoxamine) was recovered in urine within 24 hours.

Quantifiable urine concentrations of unchanged TAK-375 were found in 1 of 25 subjects when
TAK-375 was taken alone, compared to 25 of 25 subjects when TAK-375 was coadministered
with fluvoxamine.

Unchanged TAK-375 was excreted within 0 to 4 hours for TAK-375 alone and 0 to 24 hours for
TAK-375 in combination with fluvoxamine. The CLr of unchanged TAK-375 was (.0034
mL/min (range = { J mL/min) and 0.2804 mL/min {range = L 1 mL/min) when
TAK-375 was taken alone and in combination with fluvoxamine, respectively.

Mean Serum Concentration-Time Profiles for Unchanged TAK-375 by Treatment {Linear and Semi-
log Plots)

Mean Serum TAK.375 Concentration {ng/mlL.)

¥
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414

061 §

Mean Serum TAK-375 Concentration {ng/mL}

a4 T ™ T T - T

Time (h} Time {i)
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5. Metabolite M-1

Table L1c Summary Statistics and ANOVA Results of Serum Metabolite M-I
Pharmacokinetic Paraneters by Treatmeni

Treatment Comparisons.
Parameler LS Rane (B’A) 9024 CI

(Units) Treatment” N Mean {SIN) Mean (%) for Rano (¥a) P ¥alue
AUC(0-1nf) A 25 11326 (29636) E1.353 35786 (355.63-445.11) <0.0010
{egelvmL}) B 25 43 807 (12 3108) 45170 - - -
AUC(0-1) A 25 10.733 (2.907) 10.560 386.85 (344 32434 63) <0 0010
{ngetymE) B 35 41613 (11686}  40.850 ; . -
Cmax A 25 9312 (1945) 2345 12805 {111 36-147 23) 00059
(ag/mL} B 25 12.255 1975) 11 967 - - -
N A 25 0.83 (0.26) - - - <0 GOI0F
) B 25 180 (1 49) . . . B
Tmax A 35 081 (0.22) 0.798 - - 00063
th) B 25 1.05 (0.35) 1038 - - -

*  Treatment A. 16 mg TAK-375 alone {ieference)
Treatment B. 16 mg TAK-375 with 100 nig fluvexamine BID {test)

¥ Based on ANOVA model includmp fixed effects for sequence, pender, period, freatment, sequence*gender. and
rudom  effect subpect within sequence*gender

©  The P-value provided mn this tabie 15 dersved from the statistical analysis of iz,

Source of Data: Table 143 2, Table 1452

Mean - Metabolite M- - All Subjects

15

—a— TAK.3TS Alons (H-257 16 4 TR TAKCITS Alore =25

. TAK.375 + F e (H=25) —8— T3K.375 + Fuvoamne (=25}

9.1 4

001

Mean Serum M-I Concentration {ng/ml}

Mean Serum M-I Concantration (ng/ml)

Time (i} Time {1

. M1, AUC(0-inf) increased 298% (P<:0.0010), and Cmax increased 28% (P=0.0059) when TAK-375 was
coadministered with fluvoxamine compared to TAK-375 alone. Mean Tmax was delayed by about 14
minutes when TAK-375 was coadministered with

fluvoxamine compared to TAK-375 alone, and the difference was statistically significant

(P=0.0063).

. Renal elimination of metabolite M- was negligible. Only a smali fraction of metabelite
M-1 (0.0456%-1.2556%, TAK-375 alone and 0.7920%-4.3997%, TAK-375 in combination with
fluvoxamine) was recovered in urine within 24 hours. Quantifiable urine concentrations of metabolite M-I
were found in 25 of 25 subjects in both treatments. Metabolite M-1 was excreted within 0 to 12 hours for
TAK-375 alone and 0 to 24 hours for TAK-375 in combination with fluvoxamine. The mean CLr of
metabolite M-1 was 219.9519 mL/min (range = L i mL/min} and 194.0272 (range {

1 ml/min) when TAK-375 was taken alone and in combination with fluvoxamine, respectively.
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6. Metabolite M-II

Based on the ratioc of the LS means for serum M-II (the active metabolite of TAK-375), AUC(0-inf}
increased 31% (P=0.0017} and Cmax decreased 60% (P<0.0010) when TAK-375 was coadministered with
fluvoxamine.

Mean Serum Concentration-Time Profiles for Unchanged M-{I by Treatment (Linear and
Semi-log Plots)
120

—&— TAK-ATS Alone (M=25)

120 - —&— TAK-3TS + Flovexamine (N=75)

Maan Serum M-l Concentration {ng/ml.}

0 4 8 12 16 6 24

Time (h}
100 4 —&—— TAK-375 Alone (N=25)

-——&— TAK-37T5 + Flivoxamine (N=25;

Mean Serum M-Il Concentration (ng/mL)

401 T T T T T T

Time {h)
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Summary Statistics and ANOVA Results of Serum Metabolite M-I Pharmacokinetic
Parameters by Treatment

Treatmenta N Mean (SD) Treatment Comparisonse
Parameter i5 Ratio (B/A) 90% CI P Value
(Units) Mean (%) for Ratio (%)

AUC(0-inf) A 25 336.514 (85.320) 333.853 130.63 {114.85-148.58) 0.0017

{(ng-h/mL) B 25 | 448.683 436.128 - - -
(147.262)

AUC(0-t) A 25 333.147 (84.922) 331.330 121.00 {105.81-138.37) 0.0231

{(ng*h/mL) B 25 | 411.991 400.901 - - -
(140.429)

Cmax A 25 | 117,464 (42.687) | 116.046 39.74 (33.57-47.04) <0.0010

(ng/mL) B 25 | 48.864 (23.801) 46.119 - - -

Ti2 A 25 2.40 (0.57) _ - . <0.0010.

(h) B 25 6.35 (1.86) - R - .

Tmax A 23 0.98 (0.41) 0.906 . R 0.0013

(h) B 25 1.77 1.08) 1.713 _ B

- M-IT AUC(0-inf) was increased 31% (P=0.0017) and Cmax decreased 60% (P<(.0010) when TAK-375
was coadministered with fluvoxamine. The 90% Cls for the ratios of the LS means for TAK-375 with
fluvoxamine relative to TAK-375 alone for AUC(0-inf) and Cmax were (115%-149%) and (34%-47%)
respectively. Mean Tmax was delayed by about 47 minutes when TAK-375 was coadministered with
fluvoxamine compared to TAK-375 alone, and the difference was statistically significant (P=0.0013). The
ANOVA indicated a statistically significant treatment difference for Az (P<0.0010), and mean T1/2 values
were approximately 165% greater {6.35 h compared to 2.40 h) when TAK-375 was coadministered with
fluvoxamine.

. Renal elimination of metabolite M-I was negligible. Only a small fraction of metabolite

M-I (0.0015%-0.2813% {TAK-375] and 0.0000%-0.3092% [TAK-375] in combination with
fluvoxamine]) was recovered in urine within 24 hours. Quantifiable urine concentrations of metabolitc M-
IT were found in 25 of 25 subjects when TAK-375 was taken alone compared to 22 of 25 subjects when
TAK 375 was coadministered with fluvoxamine. Metabolite M-II was excreted within 0 to 8 hours for
TAK-375 alone and O to 24 hours for TAK-375 in combination with fluvoxamine. The mean CLr of
metabolite M-I1 was 0.7398 mL/min (range = L 7 mL/min) and 0.5695 mL/min (range = L

1 ml/min) when TAK-375 was taken alene and in combination with fluvoxamine, respectively.
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7. Serum Phamacokinetics of Metabolite M-111

Mean - Metabolite M-111 - All Subjects
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Table Jle Summary Statistics and ANOVA Resalts of Serum Metabalite M-III Pharmacokinetic
Parameters by Treatment %
Treamuent Compansons” o
Paraneter 15 Rano (B'A) 9, CT —t
{LCnts} Teeatment® N Mean {SD) Mean 9 jor Ratzo (%2} P Value -
AUC(D-mf) A g 5 70 (1.308) 5647 U262 {1483 §3-3007 88) <0 0010 O
(ngeh'mi} B g 143 432 (67.739) 119350 - - - [,
[
ALUC(0) A M juoaen 3562 4103 74 (3283 22-3129.31) “Q 00 E
[rgehml) B 21 113.338 (#H.368) 1935 135 - - -
Cmax A 21 2110 {0 982} 1.890 19918 {419 39-577 92y O 9010 (b
(ng'ml) B 21 SITE3HTN) 9.260 - - - O
T12 A i€ 11%{0.26) - - - Yot 0
] B 16 770 (3.60) - - - e
Tax A 21 085021 0845 - - 00010
) B 2 36012 3606 -
A

Treatment A 16 mp TAK-175 alone {referenoe}

Treatowem B: 16 mg TAK-375 wirth 100 myp fluvoxamme BID (test}

Based on ANOV A model including fixed effects for sequence. gender. peniod. reatment. sequence* sender. and
random effect subject witun sequence* gendes.

The P-valne provided in this table 1s derived Fom the staasucal anatysis of w2 .
Somure of Data' Tabis 143 2 Table 1454

]

i

M-I1f AUC(0-inf} was increased 2013% (P<0.0010) and Cmax increased 390% (P<0.0010) when TAK-
375 was coadministered with fluvoxamine. The 90% Cls for the ratios of the LS means for TAK-375 with
fluvoxamine relative to TAK-375 alone for AUC(0-inf) and Cmax were (1484%-3008%) and (419%-
573%) respectively. Mean Tmax was delayed by about 165 minutes when TAK-375 was coadministered
with fluvoxamine compared to TAK-375 alone, and the difference was statistically significant {P<0.001).
The ANOVA indicated a statistically significant treatment difference for Az (P<0.0010), and mean T1/2

values were approximately 347% greater (7.70 h compared to 1.19 h) when TAK-375 was coadministered
with fluvoxamine.

. Renal elimination of metabolite M-Il was negligible. Only a small fraction of metabolite M-1il
(0.0000%-0.0165% for TAK-375 alone and 0.0446%-0.5007% for TAK-375 incombination with
fluvoxamine) was recovered in urine within 24 hours. Quantifiable urine concentrations of metabolite M-I11
were found in 2 of 25 subjects when TAK-375 was taken alone, compared to 25 of 25 subjects when TAK-
375 was taken in combination with fluvoxamine. Metabolite M-Il was excreted within 0 to 4 hours for
TAK-375 alone and 0 to 24 hours for TAK-375 in combination with fluvoxamine. The mean CLr of
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metabolite M-1II was 0.5215 mL/min {range = {_ 1 mL/min) and 4.5083 mi./min (range = {
-y mL/min) when TAK-375 was taken alone and in combination with fluvoxamine, respectively.

8. Pharmacokinetic Analyses of Metabolite M-IV

Mean - Metabolite M-IV - All Subjects

15

b BCAS dlore (1) —A— TARSTE Aone (425

—8— TAK-Y5 + Fmamire (H=25)

-—&— TAK-37C » Fhntvemne (=25

0.

Mean Serum M-IV Concentration {ng/mL)
Mean Serum M-IV Concentration {ag/mL)

. T T T T T i
] 4 ] 12 16 1] H
Tune {h) Fame (h}
Table 111 Summary Statistics and ANOV A Results of Serum Metabolite M-IV Pharmacokinetic
Parameters by Treatinent
Treatment Compansons®
Parameter LS Ratio (B'A)} 90 C1
{Unats) Freatment® N AMean {SD) Mean (%0} for Ratio (2s) P Value
AUC(O-u:f) A 2 74797 (12.199) - - - -
{ngsh'ml )} B 2 60391 (13.189; -
ALC(0-1) A 23 71399 (27.575) 69.428 3134 (24.74-39.70) <0 0010
(ngsh'mil) B 23 26.598 (15 649) 21739 - - .
Cmax A 23 12 775 (3.622) 12 487 13 26 {10.89-1615) ~0.00t0
{ng'ml) B 23 1.855 (6.957) 1.656 - . -
T2 A 4 210 - - - -
() B 4 1417 {12 1%) - . . R
Tmax A 23 126 {051 1.230 - - <0.0010
[N B 3 932 {157) 9325 - - :

Treauneni A; 16 mg TAK-375 alone (reference)

Treatmen: B- 16 mp TAR-375 with 100 mg fhn oxzmipe BID (lest)

Based on ANOVA medel includmg fixed effects for sequence, pender. penod. treatment, sequence”gender. 2nd
cmdom effect subjeet withm sequence *render.

Source of Data Table 14 3.2, Table (45,5

L)

. M-IV AUC(0-t) was decreased 69% (P<0.001) and Cmax was decreased by about 87% (P<0.001) when
TAK-375 was coadministered with fluvoxamine. The 90% Cls for the ratios of the LS means for TAK-375
with fluvoxamine relative to TAK-375 alone for AUC(0-1) and Cmax were (25%-40%) and (11%-16%),
respectively. Mean Tmax was delayed by about 520 minutes when TAK-375 was coadministered with
fluvoxamine compared to TAK-375 alone, and the difference was statistically significant (P<0.001). Mean

T1/2 values were 281% greater (14.17 h compared to 3.72 h) when TAK-375 was coadministered with
fluvoxamine. .

. Renal elimination of metabolite M-IV was negligible. Only a small fraction of metabolite M-IV
(1.0836%-6.1198%, TAK-375 alone and 0.3320%-2.6725%, TAK-375 in combination with fluvoxamine}
was recovered in urine within 24 hours. Quantifiable urine concentrations of metabolite M-1V were found
m 25 of 25 subjects in both treatments. Metabolite M-IV was excreted within 0 to 24 hours i both
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treatments. The mean CLr of metabolite M-IV was 144.4496 mL/min (range = { 11 mL/min)
and 176.9040 mL/min (range = [ 1 mL/min) when TAK-375 was taken alone and in
combination with fluvoxamine, respectively.

9. Statistical Models for Fluvoxamine Steady-State Determination
Mean (+/-SE} -Fluvoxamine - All Subjects

Mean Predose Plasma Concentrations of Fluvoxamine Over Time by Treatment for All Subjects
(Linear and Semi-log Plots}
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Time Time

Steady-State Analysis of Predose Fluvoxamine Plasma Concentrations

LS Mean

Guidetime Day (ng/mL)
AM 2 43.970
3 76.302

98.476

PM 2 67.048
3 89.519

4 101.150

«P-values <0.001 for alf pairwise comparisons: Day 2 versus Day 3; Day 2 versus Day 4; and Day 3
versus Day 4.
Source of Data: Table 14.6.2

Based on the results of the ANOVA for the pairwise comparisons of the predose fluvoxamine plasma
concentrations on Days 2, 3, and 4, steady state was not attained by Day 4 for both the AM and the PM
concentrations.

10. Pharmacokinetic Discussion and Conclusion

Data for M-I, M-IH, and M-IV are summarized in the table below. Though renal clearance reflected a
relevant contribution only to M-I and M-IV elimination, the overall urinary excretion of TAK-375 and
metabolites was negligible. Approximately 4.3% and 4.4% of the total dose was excreted into urine as total
drug product (TAK-375 + M-I + M-Il + M-Iil + M-IV} when TAK-375 was administered alone and when
coadiministered with fluvoxamine, respectively.
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Overall PK parameters:

Analyte | Parameter (Units) LS Means Ratio B/A 90% Ci for P value
(%o} Ratio (%)
As Ba
TAK- AUC{0-inf) - 5.076 963.722 18987.2 (14078.54 -25607.33) <0.0010
375 (ng-h/mL)
Cmax {ng/mL) 3.86 278.375 7211.72 (5262.06 - 9883.75) <0.0010
Tmax (h) T1/2 (h)e 719 0,986 3.94 0.0037<0.00100
1.15
M-1 AUC(0-inf) 11.353 45.17 197.86 (355.63 445.11) <0.0010
(ng-h/mL)
Cmax (ng/mL}) 9345 11.967 128.05 (111.36 -147.24) 0.0059
Tmax (h) T1/2 {(h). 0.798 1,038 3.18 0.0063<0.0010s
0.85
M-It AUC(0-inf) 333853 | 436128 130.63 (114.85 -148.58) 0.0017
(ng-tvmL)
Cmax (ng/mL) 116,046 46,119 39.74 (33.57 47.04) <0.0010
Tmax ¢(h} T1/2 (h) 0.906 1.713 5.87 0.0013<0.0010»
2.28
M-l AUC0-inf) 5.647 119.29 2112.62 (1483.83 - 3007.88) <(.0010
(ng=h/mL)
Cmax (ng/mL} 1.89 9.266 49(0.18 (419.39 -572.92) <0.0010
Tmax () T1/2 (hy | 0.845 | 3.606 5.21 <0.0010
1.13 <0.0010s
AUC(0-inf)
MIV | i) ND - - -
AUC(0-t) (ng=h/mL) 60428 21.75% 31.34 {24.74 -39.70) <0.5010
Crmax (ag/mL) 12.487 1656 13.26 {(10.89 -16.15) <0.0010
Tmax (h) 1.25 9325 <0.0010
T1/2 (h)e ND . _ _

Note. LS means ratios and 90% confidence intervals on ratios are calculated by exponentiating the values of the log transformed

ALUCs and Cmax. For Metabolite M-IV AUC(0-t) was used instead of AUC(0-inf) due to insufficient data.
N Not determined due to insufficient data
s Treatment A: 16 mg TAK-375 alone (reference} Treatment B: 16 mg TAK-375 with 160 mg fluvoxanune BID (test)
+The P value provided in this table is derived from the statistical analysis of .
«Computed using the equation T1/2 = In(2) .

11. Safety Results:

The Applicant reported the following safety assessment. The incidence of adverse events (AEs) was
greater during coadministration of TAK-375 and fluvoxamine than during administration of TAK-375
alone. The number of subjects with adverse events possibly or probably related to study medication was
preater when TAK-375 was administered alone than when TAK-375 was co-administered with
fluvoxamine (19 of 25 subjects versus 17 of 28 subjects, respectively) .

The most common adverse events reported were fatigue for subjects in Treatment A and nausea for
subjects in Treatment B. There were no serious adverse events. No adverse events were considered severe,
and no withdrawals from the study were considered to be related to study medication. Two subjects were
withdrawn from the study due to adverse events (1 because of pleural infection and | because of nausea
and vomiting) unrelated to study medication.
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Number (%) Subjects
16 mg TAK-375 16 mg TAK-375 with
alone (N=25) fluvoxamine (N=28)
With any AE 20 (80.0) 27 (96.4)
With any drug-related AE 1% (76.0) 17 {(60.7)
Discontinued due to AE 0(0.0) 2(7.1)
With any serious AE (SAE) 0 (0.0) 0(0.0)
Who died 0 (0.0} 0(0.0)

Changes in mean laboratory parameters (hematology, serum chemistry and urinalysis) were generally
minimal throughout the study, and mean laboratory values were similar to those observed at Baseline. Two
subjects had laboratory values (both abnormal liver function tests) that were considered clinically
significant by the Investigator and were reported as adverse events. One of these instances was considered
to be possibly related to study medication. No clinically significant vital sign values or changes in vital
signs parameters were reported during the study, and no clinically significant ECG findings or changes in
ECG parameters were reported.

Brief Summary of Adverse Events

All subjects (28/28) experienced 164 separate occurrences of adverse events (146 unique events) during the
study. Two other events occurred in the study, prior to the first dose of study medication. Of the 28
subjects who experienced adverse events, 25 subjects experienced 57 adverse events that were considered
possibly or probably related to study medication during 1 or more treatment periods. No adverse events
were considered by the lnvestigator to be definitely related to study medication.

The incidence of adverse events was slightly greater during coadministration of TAK-375 and fluvoxamine
(Treatment B) than during administration of TAK-375 alone (Treatment A); Of these, 19 subjects
experienced adverse events that were considered possibly or probably related to study medication. During
Treatment B, 27 of 28 subjects (96.4%) experienced at least 1 adverse event. Of these, 17 subjects
experienced adverse events that were considered possibly or probably related to study medication.

The number of subjects reporting adverse events during Treatment A was highest in the general disorders
and administration site conditions class (15 of 25 subjects {60.0%]). The number of subjects reporting
adverse events during Treatment B was highest in the nervous system organ class (21 of 28 subjects
[75.0%]). The most common adverse event reported was fatigue for subjects in Treatment A (13 of 25
subjects {52.0%]) and nausea for subjects in Treatment B (16 of 28 subjects [57.1%]); fatigue can be
considered an expected pharmacological effect of TAK-375. All adverse events were either mild or
moderate in severity. Two subjects were withdrawn from the study because of 3 adverse events, but none
of these adverse events were considered to be related to study medication. There were no serious adverse
events during the study, and no deaths occurred during the study.
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Table 12a

Adverse Events by Preferred Term by Treatment

— TAK-375 (16 mg) plus
System Organ Class TAK0;3 {;’i](lf_l;’g) Alone ﬂm’osznm?;z? d
Preferred Term erall N=25 (%) Overall N=28 (%)
Overall 20 (30.0) 27 (96.4)
Eye Disorders 1{4.0) 1{3.6)
Dy eye NOS — 1(3.6)
Vision blurred 1{4.0} -—
Gastreintestinal Disorders 3(12.0) 16 ¢57.1)
Constipation - 2.1
Diamrhoea NOS 140} 20.1)
Dry mouth - 4(143)
Dyspepsia 2(1.1)
Drysphagia o 2.1
Flamlence — 1(3.6)
Hiccups - 1(3.6)
Loose stools --- 3(10.1
Nausea 2{8.0) 16 (57.1)
Vomiting NOS — 50179y
General Disorders and Administration Site 15 (60.0) 14 ¢50.0)
Conditions
Fatigue 1333200 14 (50.0)
Lethargy 1{4.0) —
Weakness 1O —
Infections and Infestations 30y 4(14.3)
Herpes simplex -- 13.6)
Pleural infection NOS — 1(3.6}
Sinusitis NOS 1 {4.0) —
Upper respiratory tract infection NOS 28.0) 2(1.1)
Injury, Poisoning and Procedural Complications 4{0.0) 2(7.1)
Therapeutic agent toxicity — 231
Investigations — 1(3.6)
Liver function tests NOS abnoraul - 1{3.6)
Nervous System Disorders 10 (40.0) 21 (75.0)
AuraNOS - 204
Disturbance m attention {120y Iaen
Dizziness 2{(8.) (179
Dystonia - 271
Headache NO3 3120 S(286)
Paraesthesia — 200
Sommnolence 5200y 6 {21.4)
Tremor - 1(3.6)
Tumet vision --- 0N
Psychiatric Disorders 4 (16.0) 6.4
Abnormal dreants 164.0% 13&
Dysphona 1 {40 ${143)
Insowpia 1440y 1{36)
TIrritabaluy 1440y 1{36)
Reproductive System and Breast Disorders 1(4.0y -
1¢40) -

Menstruation irreguiar



Table 11a Adverse Events by Preferred Term by Trearment (continued)

- = TAK-373 {16 fus
Systen Organ Class TAK-3 7_:’ a 6_'?;3} Alone ﬂuvo(um?fz P
Preferred Term Overall N=25 (%) Overall N—28 (%)
Respiratory, Theracic, and Mediastinal Disorders — 16T
Cough — 13.6)
Epistaxis — 13.6)
Postnasal dnp — 1(3.6)
Skin and Subcutaneous Tissue Disorders — 5(179)
Acne aggravated — 2(7.1}
Hyperkeratosis palroanis and plantanis - 1(3.6)
Photosensitivity reaction NOS - LAY
Rash pruritic — 1{(3.6)
Surgical and Medical Procedures -— 1(3.6)
Conjunctival injection -— 1(3.6)
Vascular Disordess 1(4.9) 1(3.0)
Haematoma NOS - 13.6)
Hot flushes NOS 1{40) 0(0.0)

Analysis of Adverse Events

Of the 28 subjects who experienced adverse events, 25 subjects experienced 57 adverse events during the
study that were considered possibly or probably related to study medication. The most common adverse
event reported that was considered possibly related to study medication was fatigue (13 of 25 subjects
{52.0%] in Treatment A and 10 of 28 subjects [35.7%] in Treatment B, respectively), which is an expected
pharmacological effect of TAK-375.

Adverse event severity

Overall, the majority of subjects experienced adverse events that were mild in severity. The incidence of
mild adverse events was preater in Treatment B (19 of 25 subjects [76.0%)] in Treatment A and 26 of 28
subjects [92.9%) in Treatment B). The incidence of adverse events that were moderate in severity was
nearly the same between the 2 treatment groups (1 of 23 subjects [4.0%] during Treatment A and 1 of 28
subjects [3.6%)] during Treatment B). No adverse events were classified as severe.

Clinical L.aboratory Evaluation

Evaluation of Each Laboratory Parameter

A total of 13 subjects had abnormal hematology results, 22 had abnormal serum chemistry results, and 8
had abnormal urinalysis laboratory results at Screening. None of these abnormalities were considered by
the Investigator 1o be clinically significant, and none precluded entry into the study. Likewise, a total of 12
subjects had abnormat hematotogy results, 24 had abnormal serum chemistry results, and 9 had abnormal
urinalysis laboratory results at Day -1 Period ! of the study prior to administration of study medication.
These abnormal results consisted predominantly of small deviations from the normal range. None of the
abnormatities at Screening or Day -1 of Period | were considered to be clinically significant or resulted in
an adverse event. For most clinical laboratory parameters, Baseline was defined as the last observation
taken prior to the first dose of study medication in each treatment period. For triglycerides, total insulin,
cholesterol, and serum glucose, the Screening value was used as Bascline, since nonfasting and fasting
laboratory values were not comparable. The study exit values corresponded to the fifth day m each
treatment period (Day 5 in Period | and Day 23 in Period 2).

Hematology

. Changes in mean hematology parameters were minimal throughout the study, and mean hematology results
on Day 5 and Day 23 were generally similar to those observed at baseline for both Treatments A and B.
The only notable changes in mean hematology parameters occurred during Treatment A and included
decreases in WBC count and absolute neutrophils; mean values decreased by approximately 26% and 30%,
respectively. These changes were not clinically significant, however, and mecan values remained within
normal ranges. Generally, the number of subjects experiencing changes from normal to either high or low
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hematology clinical laboratory values was small. The hematology parameters in which 2 or more subjects
experienced decreases from Baseline to Exit were WBC count and absolute neutrophils in Treatment A and
WBC count, RBC count, and hematocrit in Treatment B. The only hematology parameter in which 2 or
more subjects experienced increases from Baseline to Exit was monocytes in Treatment B. No hematology
values were repoerted as adverse events.

Serum Chemistry

Changes in mean serum chemistry values were generally minimal throughout the study, and mean serum
chemistry resulis on Day 5 and Day 23 were generally similar to those observed at Baseline for both
Treatments A and B. Notable trends occurred in total bilirubin, which increased by 98% and 62% in
Treatments A and B, tespectively and total insulin, which decreased by 59 % and 76% in Treatments A and
B, respectively, These changes were not clinically significant, however, and mean values remained within
normal ranges. Generally, the number of subjects experiencing changes from normal to either high or low
serum chemistry clinical laboratory values was small.

Urinalysis

Overall, urinalysis results did not change throughout the study, with those results on Day 5 and Day 23
being similar to those observed at Baseline. The only urinalysis parameter in which 2 or more subjects
experienced a shift from a normal Baseline value to an abnormal postdose value was ketones; 3 subjects in
Treatment B experienced a normal to high shift. There were no clinically significant urinalysis results in
any of the subjects.

Vital Signs
There were no clinically noteworthy changes in any of the vital sign parameters. No subject experienced a

vital sign change that was reported as an adverse event or that caused the subject to withdraw prematurely
from the study.

Vital Sign Changes Over Time

There were no clinically noteworthy changes observed in any of the vital sign parameters. Mean pulse rate
tended to decrease slightly fer both treatment groups, more so during Treatment B. These decreases were
not considered clinically relevant.

Electrocardiograms

A total of 18 subjects had abnormal ECG tracings at Baseline and/or while receiving study medication.
These abnormalities included Si, S2, and S3 pattern; sinus arrhythmia; left atrial enlargement; high QRS
voltage, short QT, tefi ventricular hypertrophy; early transition; incomplete right bundle branch block;
sinus tachycardia; sinus bradycardia; borderline first degree atrioventricular {AV} block; t- and st-wave
abnormalitics; RSR; atrial premature complex; and occasional premature atrial contraction (PAC). None of
these abrormalities were considered to be clinically significant by the Investigator, and no adverse events
were recorded for ECG abnormalities.
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Figure 14.1.1.2 Mean Serum Concentrations of TAK-375 Over Time by
Treatment in Male Subjects
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Figure 14.1.3.2 Mean Serum Concentrativns of Metabolite M-11 of
TAK-378 Over Time by Treatment in Male Subjects
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Figure 14.2.1 Mean and Individoal Serum Cimax, AUC{0-t) and AUC{0-inf) 6f TAK-375 by Treatment
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Figure 14.2.1 Mean and Individual Serum Cmax, AUC(0-t) and AUC(0-
inf) of TAK-375 by Treatment
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Figure 14.2.3 Mean and Individual Serum Cmax, AUC(0-t) and AUC(0-

inf) of Metabolite M-II of TAK-375
by Treatment
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4.3.2 Hepatic Study

CLINICAL PROTOCOL FOR A TAK-375 SINGLE AND MULTIPLE DOSE
PHARMACOKINETIC EVALUATION IN SUBJECTS WITH AND WITHOUT
HEPATIC IMPAIRMENT (01-02-TL-375-029)

OBJECTIVES

Primary:

The primary objective of this study was to evaluate the pharmacokinetic profile of single and multiple oral
doses of ramelteon in subjects with varying degrees of hepatic impairment.

Secondary:

The secondary objective of this study was to evaluate the safety and tolerability of single and multiple oral
doses of ramelteon in subjects with varying degrees of hepatic impairment.

METHODOLOGY

This was an open-label, single and multiple dose, pharmacokinetic study with a single treatment sequence.
A schematic of the study design follows:

Treatment Period Postireatment
Single Dose of Maultiple Dose of |Pharmacskinetic for Early
Screening Baseline |Ramelteon 16 mg [Washout |[Ramelteon 16 mg [Sampling Termination
Days -28t0 -2 {Day -1 Dayl Days 2te3[{Days4t0 8 Day 9 Day 10

Schematic of Study Design

Treatment Period

Single Dose of Aluitiple Dose of [Pharmacokinetic {Posttreatment or
Screening Baseline [Ramelteon 16 mg {Washout |Ramelteon 16 g |Sampling Early Termination
Bays -23 10 -2 I Day -1 Day 1 Days 210§ Days dtc 8 Day 9 Day 10

Schedule of Assessments
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Single Dosing (Day 1)

Study drug administration.

Vital signs at 0 (predose), and 1 and 4 hours postdese.

Collection of pharmacokinetic blood samples at 0 (predose), 0.25, 0.50, 0.75, 1, 1.5,
2,3, 4, 6, and 12 hours postdose.

Collection of urine fer pharmacokinetic measurement from 0 to 4,4 t0 8, 8to 12, and
12 to 24 hours postdose.

Washout {(Day 2}
Vital signs at 24 hours postdose.
Collection of pharmacckinetic blood samples at 24 hours postdose.
Collection of urine for pharmacokinetic measurement: finished 12 to 24 hours
collection and started 24 to 48 hours postdose collection.
Washout (Day 3}
Collection of pharmacokinetic blood samples at 48 hours postdose.
Collection of urine for pharmacokinetic measurement: finished 24 to 48 hour
postdose collection.
Ovemight fast of at least 8 hours.

Multipte Dosing (Day 4 through Day 8)

Day 4
Study drug administration.
Overnight fast of at least 8 hours.

Day 5 to Day 6
Study drug administration.
Collection of pharmacokinetic samples for measurement of predose concentrations.
Overnight fast of at least 8 hours.

Day 7
Study drug administration.

Collection of pharmacokinetic blood samples for measurement of predose
concentrations.

-10 to 0 hour urine cotlection started for pharmacokinetic analysis.
Overmght fast of at least 8 hours.

Day 8

Study drug administration.

Vital signs at 0 (predose)} and 1 and 4 hours postdose.

Collection of pharmacokinetic blood samples at 0 (predose), 0.25, 0.50,0.75, 1, 1.5,
2, 3,4, 6,and 12 hours postdose.

Collection of urine for pharmacokinetic measurement from 0 to 4, 4 t0 8, § to 12, and
12 to 24 hours postdose.

Day 9

Vital signs at 24 hours postdose.

Collection of pharmacokinetic blood samples at 24 hours postdose.

Collection of urine: finished 12 to 24 hour collection for pharmacokinetic
measurement and started 24 to 48 hour postdose collection for creatinine clearance.

Pharmacokinetic Sampling

Blood samples {7 ml.) for measurement of serum ramelteon and its metabolites were collected on Day 1
and Day 8 at 15 minules predose and at 0.25,0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 12, 24, and 48 hours postdose.
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Serum trough samples were collected on Day 5 through Day 7 at 15 minutes predose. Urine samples, for
the analysis of ramelteon and its metabotites, were collected at -10 to 0 hour predose, and G to 4,4 to 8, 8 to
12, 12 to 24, and 24 to 48 hours postdose relative to dosing on Day 1, and at —10 to 0 hours predose, and 0
to4,4to § 8to 12, and 12 to 24 hours postdose relative to dosing on Day 8.

Discussion of Study Design

The study was designed to compare the pharmacokinetics of ramelteon in subjects with impaired liver
function to healthy matched subjects with normal hepatic function. The healthy control subjects were
matched to the hepatic-impaired subjects by selected demographic and baseline characteristics te minimize
physiological factors known to alter the pharmacokinetics of a drug. In order to have a sample of subjects
with a reasonable spectrum of mild to moderate hepatic impairment, subjects with liver cirrhosis were
recruited and stratified according to the Child-Pugh classification system, namely scores of 5to 6 or 7t0o 9
corresponded to mild or moderate dysfunction, respectively. Subjects with severe hepatic impairment were
not studied. Additionally, the mean serum T1/2s of ramelteon and its metabolites (1 to 2 hours, and 1 to 5
hours, respectively, in healthy subjects) were used to determine the length of the washout between the
single and multiple dose administrations of ramelteon.

Diagnosis and Main Criteria for Inclusion:

To qualify for study participation, subjects must have had/been: men or nonpregnant, nonlactating women,
18 to 79 years of age, inclusive; at least 50 kg (110 pounds) with a body mass index (BMI) less than or
equal to 40 kg/ma; able to comprehend and willing to sign an informed consent form; negative urine test
results for selected substances of abuse at Screening and at Check-in on Study Day -1; a negative human
immunodeficiency virus (HIV) antibody test result at Screening; and in good health as determined by the
investigator (healthy matched subjects only). Additionally, healthy matched subjects must have had a
negative hepatitis panel test results at Screening (or proof of hepatitis B vaccination if positive for hepatitis
B surface antibody), and subjects with hepatic impairment must have had a clinical diagnosis of cirrhosis
and been classified as having mild or moderate hepatic impairment as defined by the Child-Pugh
classification system. Healthy subjects were matched with hepatically impaired subjects on the basis of
race, gender, age (£10 years), weight (£30%), and smoking status.

Study Drug, Dose, Mode of Administration, and Lot Number:
Lot Number
Ramelteon 16 mg tablet, oral Z515A021

Duration of Treatment:

The study duration was 10 days: a single dose of ramelteon 16 mg on Day 1, followed by a 2-day washout
period on Day 2 through Day 3, a once daily dose of ramelteon 16 mg on Day 4 through Day 8,
pharmacokinetic sampling on Day 9, and a posttireatment day on Day 10. Subjects received a single 16 mg
ramelteon dose under fasting conditions on the morning of Day | followed by a 2-day washout on Day 2
and Day 3. On the momings of Day 4 through Day 8, 16 mg of ramelteon was administered daily under
fasting conditions.

Treatments Administered
Each subject received ramelteon 16 mg following at least an 8-hour fast on Day 1 and Day 4 through Day
8. Each dose of study drug was administered with approximately 240 mL of room temperature water.

Selection of Doses Used in the Study
A 16 mg dose of ramelteon was selected because it 1s projected to be the most widely used therapeutic
dose.

Drug Concentration Measurements

The concentrations of ramelteon and its metabolites (M-I, M-1I, M-I1I, and M-IV} in human serum were
measured by [ } with a validated
concentration range in serum of € 3 ng/mL for ramelteon and C 3} ng/ml for its metabolites.
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The concentrations of ramelteon and its metabolites in human urine were measured by T

validated concentration range of {1 ng/mL for ramelteonand € 3 ng/mL forits
metabolites. Concentrations below the lower limit of quantification were set to 0 for pharmacokinetic
analysis.

Criteria for Evaluation:

Pharmacokinetic:

The following serum and urine pharmacokinetic parameters were calculated for ramelteon and its
metabolites on Day 1: area under concentration-time curve from time ¢ to time of last quantifiable
concentration (AUC[0-tiqc]), area under concentration-time curve from 0 to 48 hours (AUC[0-48}), area
under concentration-time curve from 0 to infinity (AUCI6-inf]), maximum observed concentration {Cmax)},
time at which maximum concentration is observed (Tmax), terminal elimination rate constant (#), terminal
half-life (T1/2), amount excreted in urine (XU) over 48 hours postdese (XU[0-48]), renal clearance (CLr),
and apparent oral clearance comrected for bioavailability (CL/F) (for unchanged ramelteon only). For M-11
and M-II1, XU(0-48) were evaluated for the unconjugated and total forms. The following serum and urine
pharmacokinetic parameters were calculated for ramelteon and its metabolites on Day 8: AUC(0- | ), Cmax,
minimum observed concentration (Cmin}, Tmax, Lz, T172, XU(0- | ), CLt, and CL/F (for unchanged
ramelteon only). For M-1T and M-III, XU(0- f ) was evaluated for the unconjugated and total forms.

Safety:
Safety variables included adverse eveats, clinical laboratory test results, vital signs, 12-lead
electrocardiograms (ECGs), and physical examinations.

Statistical Methods

Pharmacokinetic Measures:

A 2 sample t-test was performed on AUC(0-tlgc), AUC(0-inf), Cmax, and | z for single dose, and
AUC(0-t), Cmax, | z for multiple doses to compare the hepatically impaired subject (mitd and

moderate) group to the corresponding matched normal subject group. The 90% confidence intervals of the
mean ratios for subjects with hepatic impairment versus normal subjects (eg, AUC(0-tlgc) for subjects with
mild hepatic impairment/ AUC(0-tlqc) for their matched controls) were provided.

The Kruskal-Wallis test was performed on Tmax for both single and multiple doses to compare the
hepaticalty impaired subject (mild or moderate) group to the corresponding matched normal subject group.

SUMMARY OF RESULTS

Subject Disposition:

Forty-eight subjects (mean age of 54.1 years), including 32 men and 16 women, were enrolled in the study.
All enrolled subjects completed the study.

Tatal Subjects

Enrolled = 4§
Completed = 48
i
[ I I l

Healthy M althy M: .
ﬂ]t?} Iatch.ed to Mild Heparic Healthy htched'to Moderate Hepatic
Mild Hepatic . Moaderate Hepatic .
; Impairment R Impaitment
Impainment Iinpaivment
Enrolled =12 Enrolled = 12 Eorolled = 12 Enrolled =12
Completed = 12 Conpleied = 17 Completed = 12 Completed = {2
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Summary of Demographic and Baseline Characteristics for All Subjects

Treatment Group
Healthy Healthy
Matched to Mild Hepatic Matched to Moderate
Mild Hepatic Hepatic Moderate Hepatic
Characteristic | Statistics { Impairment Impairment Impairment Impairment Overall
Age (years) N 12 i2 12 12 48
Mean 54.2 56.6 52.5 53.1 54.1
SD 9.86 9.19 10.12 7.47 9.00
Gender
Male N {%) 8 {66.7) 3(66.7) 8 (66.7) 8 (66.7) 32 (66.7)
Female N (%) 4(33.3) 4(33.3) 4(33.3) 4(33.3) 16 (33.3)
Race
Caucasian N (%) 8 {66.7) 8 (66.7) 4(33.3) 5(41.7) 25(52.1)
Hispanic N (%) 4(33.3) 4(33.3) 8 (66.7) 7(58.3) 23 (471.9)
Weight {kg) Mean 81.35 §2.63 74.16 §2.14 80.07
SD 13.681 14.955 11.347 14.262 13.638
Height {cm) Mean 17441 170.60 167.64 170.18 170.71
SD 9.887 10.322 7.959 9.442 9.460
BMI (kg/mz} Mean 26.638 28.421 26.247 28.044 27.337
5D 29977 5.3806 23478 3.8355 3.8037

Effect of Hepatic Impairment on Ramelteon and Metabolites on Day 1

The Day 1 serum and urine pharmacokinetics of ramelteon, its major metabolite M-I1, and minor
metabolites M-1, M-11i, and M-IV were assessed following a single oral dose of ramelteon to subjects with
mild and moderate hepatic impairment and to corresponding healthy matched controls.

Mean Serum Concentration of Rameiteon on Day 1
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Serum and Urine Pharmacokinetic Parameter Results for Ramelteon

on Day 1
Arithmetic Mean {(SD)
Comparison Parameter N Healthy (a} (R) N Hepatic Impaived (b) (T}
Mild to Healthy | Cmax {(ng/mL) 12 | 9.08(1L.775) 12 | 32.7(25.34)
AUC(0-tlqe) (ng-hr/ml) | 12 | 943 (11.527) 12 | 53.1(51.39)
AUC(0-inf} (ng-hr/mL) 11 | 10.6(11.88) 10 { 42.9(33.34)
T1/2 (hr) 11 | 1.48(0.426) 10§ 1.65(0.514)
Tmax {hr) {c) 12 0.508 (0.250, 1.50) 12 0.500 (0.500, 3.00)
XU{(0-48) (mg) 12 0.0000809 (0.00019058) | 12 0.000377 (0.0006133)
CL/F (L/hr) 11 ] 3278(2894.1) 10 | 2355(5025.4)
CLr (mL/min) 12 0.0585 (0.15857) 12 0.0822 (0.11873)
Moderate to Healthy Cmax {ng/mL} 12 | 16.4 (14.21) 12 ] F17(108.1)
AUC(0-tlge) (ng-hr/mL) | 12 | 23.8(26.43) 12 | 360(479.1)
AUCO-inf) (ng-hr/mL) | 12 | 24.2(26.70) | 295 (441.9)
T1/2 (hr} 12 | L.34(0.351) 1| 3.35(2.518)
Tmax (hr) {c) 12 0.625 (0.250, 1.60) 12 0.750 (0.500, 1.50)
XU(0-48) {mg) | 12 | 0.000413 (0.0007936) 12 0.00463 (0.007571}
CL/F (L/hr) 12 | 2103 (2249.5) 11 | 391 (563.8)
CLr (mL/min) | 12 | 0.138(0.2660) 12 0.149 (0.1783)

Comparison Results for Ramelteon on Day 1

Least Squares
Means
Healthy (a} (R) | Mean o A
Hepatic Impaired | Ratio (%) (93?' Cl of Ratio
Comparison Parameter (b} (1) | (106 T/R) ° P-value
Mild to Healthy | Cmax (ng/mL}) 4.43 21.1 476.14 (18683, 1213.44) | 0.0050
AUC{0-tlqe) (ng-hr/mL) 5.02 28.6 569.58 (212.79, 1524.60) | 0.006]
AUC(0-inf) (ng-hr/mL) 6.99 242 346.34 {138.07, 868.78) 0.0306
Moderate to Healthy Cmax (ng/mL) 10.7 60.9 570.38 (23799, 1367.02) | 0.0024
AUC(0-1lgc) {ng-hr/mL) 13.2 130 987.61 (357.89, 2725.32} | 0.0008
AUC(0-1nf) (ng-hr/mL) 13.6 109 797.40 (295.02,2155.30) | 0.0017
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There was significantly higher exposure of ramelteon in mildly and moderately hepatically impaired
subjects compared to the healthy matched controls on Day 1. The moderately impaired group had larger
increases in exposure relative to the healthy matched controls. Urinary excretion of unchanged ramelteon
was minimal and did not appear different in the hepatically impaired subjects compared to the
corresponding healthy control groups.

Serum and Urine M-Il Results

Mean Serum Concentration of M-I on Day 1
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Serum and Urine Pharmacokinetic Parameter Resulis for M-IT on Day 1

Arithmetic Mean (SD)

Comparison Parameter N Heaithy (a) (R) N Hepatic Impaired (b) (T)
Mild to Healthy Cmax {ng/mL) 12 126 (37.2) 12 134 (65.4)

agi](_?;ac) 12| 391(149.3) 12 529 (204.0)

AUC(0-inf) (ng-hr/ml.) 12} 398(150.5) 12 543 (215.9)

T1/2 (hr} 12 2.54 (0.823) 12 3.17(1.149)

Tmax ¢hr} (c) 12 0.750(0.250,1.503 | 12 1.00 (0.500, 4.00)

XU(0-48) (mg} (d) 12 0.0244 (0.01259) | 12 0.0188 (0.01649)

XU(0-48) (mg) (e) 12 0.720 (0.1573) 12 0.846 {0.1888)

CLr {mL/min) 12 1.09 (0.685) 12 0.591 {0.2945)
Moderate to Cmax (ng/mL) 12 153 (61.9) 12 86.8 (47.04)
Healthy

ﬁgig}?{:}jﬂ 12 | 545(231.9) 12 523 (172.2)

AUC(0-inf) {ng-hr/mL.) 12 | 552(234.1) 12 541 (182.5)

T1/2 {hr) 12 2.89(0.827) 12 5.58(4.122)

Tmax (hr) {c} 12 0.750 (0.500, 2.00) | 2 1.50 (0.500, 4.00)

XU(0-48) (mg) (d) 12 0.0274 (0.02017) | 12 0.0212 (0.00975)

XU(0-48) (mg) (e) i2 0.789 (0.2868) 12 0.830(0.3341)

CLr (mL/min) 12 0.911 (0.7150) 12 0,703 (0.3661)
Comparison Results for M-Il on Day 1

Least Squares
Means
Healthy (a) (R) Mean
Hepatic Impaired Ratio (%) | 207 CTof P-

Comparison Parameter &) (T) (100_T/R) Ratio (%) value
Mild to Healthy Cmax {ng/mL) 120 124 103.40 (80.55,132.74) | 0.8202

AUC(0-tlqe} (ng-hr/mL) 364 497 136.47 {104.15, 178.83) { 0.0609

AUC(0-inf) (ng-hr/mL) 37 509 137.12 {104.47,179.97) { 0.0588
Moderate to Cmax {ng/mL) 142 73.5 51.73 (35.65,75.06) | 0.0060
Healthy

AUC(0-tlgc) (ng-hr/mL) 501 498 99.56 (76.23,130.03) | 0.9775

AUC(0-inf) (ng hr/mL) 508 515 101.43 (77.57,132.61) | 0.9286

There was 36 to 37% higher exposure of M-11 in mildly hepatically impaired subjects relative to the healthy
matched controls on Day 1, but the increase was not statistically significant. The moderately impaired
group had only 1% higher exposure to M-11 relative to the heatthy matched controls {p £0.9286). Urinary
excretion of unconjugated and total M-Il was low and did not appear to be different in the hepatically
impaired subjects as compared to the corresponding healthy matched controls. Median urinary excretion of
unconjugated M-I1 comprised only 2 to 4% of total M-Il in urine among subject groups.
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Metabolites I, I1I, and IV:

Table 11.e Comparisen Results for M-I, M-III, and M-IV on Day 1
Least Squares Means
Hepatic AMean
Healthy Impaived Fatio (%) 90% C1 of Ratio
Analvte Comparison Parameter {a} (R} ({b) (1} (180.T/R) (%) P-value
M-I Mild to Cmax (ng'mL) 643 533 82.27 (5797.11677) 0. 3190
Healthy AUC(0-tge) {ng-hr/mL) 7.68 807 10501 (75.56,14584)  0.8011
AUC(0-1f) (ag-ln 'mL) 919 9.16 99 74 (72.47,137.28)  0.9891
Moderate to  Cmax {ng/ml} 841 5.25 62.37 (43.56, §9.31) 0.0342
Healthy AUC(Dtlge) (nghoml) 102 114 11203 (30.07.156.73) 05673
AUC(0-nf) (ng-hr'mL) 110 132 119.39 (8353,17065) 04028
MMAT Midwe | Cmax (npimL) 0.552 242 43820 (9723197500} 0.1061
Healthy AUC{0-tlge) (og-hriml) 0.565 368 65115 (12658, 334960) 0.0623
AUC(0-1nf) (nghr'ml) 428 7.49 17498  (112.83,27136)  0.0452
Moderate to Cinax (ngimL) 259 3.07 118.84 (7897,17885) 04760
Healthy AUC{0-tlgc) {ng-homL.) 3.56 i1 31256 (130.51,695.28)  0.0228
AUC(04nf) (ng'hrmL) 6.78 228 33652 (122.50,92442)  0.0540
NIV Mildto Cmax {(egmb) 111 116 103.46  (821%.13075)  0.8022
Healthy AUC(0-tlge) {ng'hr'mL) 585 850 14536 (104.95,201.33)  0.0613
ALC({0nf) (nghr'mL) &4.7 937 14637  (104.57.204.86) 00646
Moderate ' Cmax {ng.nk) 11.4 6.37 55.80 (42.19, 73 80} G007
Healthy AUC(0-tlge) (aghrml) 693 68.1 98 25 (69.62, 138.66)  0.9307
AUC (0-nf) (nghr mlL} 770 779 101.16 (71.58.14293) 09548

Source Tables 142 1.7and 14218
R indicates Reference, T. Test. C1. Confidence Interval
(n) Healthy subjects matched with subjects with muld or moderate hepatic impamrment.
(b) Subjects with mtld or moderate hepatic impairment.

There was significantly higher exposure to M-Il and marginal increases in exposure to M-1 and M-IV in

hepatically impaired subjects compared to the healthy matched controls on Day 1. Urinary excretion of M-I
and M-V was minimal and did not appear to be different in the hepatically impaired subjects corpared to

the corresponding healthy matched controls. Urinary excretion of total and unconjugated M-111 was also
very low, Median unconjugated M-11I was undetectable in healthy and mildly impaired groups, but

comprised 12% of total M-HI in urine of moderate impaired subjects on Day 1.

Effect of Hepatic Impairment on Ramelteon and Metabolites on Day 8

The Day 8 serum pharmacokinetics of ramelteon, its major metabolite M-I1, and metabolites M-I, M-I11,

and M-IV were assessed after multiple dose administration of ramelteon to mildly and moderately

hepatically impaired subjects and corresponding healthy matched controls.

Serum and Urine Rameltecon
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Mecan Serum Concentration of Rameiteon on Day 8
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Serum and Urine Pharmacokinetic Parameter Results for Ramelteon

on Day 8
Arithmetic Mean (SI)
Comparison Parameter N Healthy (a) (R) N Hepatic Impaired (b} (T}
Mild to Healthy | Cmax {ng/mL) 12 957 (10.323) 12 246 (1941)
AUC(0-1) (ng-h/mL) 12 103 {(11.71) 12 46.7 (41.54)
Cmin (ng/ml) 12 0(0)12 0.00442 (0.015300}
T1/2 (hr} 12 1.18 (0.303) 12 1.77 (0.641)
Tmax (hr} (c) 12 0.625 (0.500, 1.00) 12 0.750 {0.500, 1.50)
XU(0-1) (mg} 12 0.000127 (00002334} 12 0.000512 (0.0009379)
CL/F {L/tr) 12 6689 (12933.9) 12 3909 (7531.9)
CLr {mL/mm) 12 0.347 (1.0177) 12 0.0957 (0.13428)
Moderate to Healthy Cmax (ng/mi.) 12 FL.B(EL.96) 12 105 (104.9)
AUC{0-1) (ng-hrimt.) 12 20.3 (25.91) 12 333 (446.0)
Cmin (ng/mL) 12 0{0y12 2.24 (4.005)
T1:2 thr) [2 1.28{0.334) 12 3.85(2.836)
Tmax (hr) (<) 12 1.00 (0.500, 1.50) 12 0.633 (0.250, 1.00)
XU{0-1) {mg) 12 0.000288 (0.0006810) 12 0.00540 (0.009334)
CL/F (L/hr) 12 2196 (2231.0) 12 348 (579.4)
CLr {mL/min}) 12 0.0810(0.19879) 12 0.243 (0.1990)
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Comparison Parameter Least Squares Means Mean 90% C1  P-value
Healthy (a) Hepatic Ratio of Ratio
R) Impaired (b) (%) (")
(M (180_T/R
)
Mild to Cmax 5.20 12.8 246.17 (88.19, 687.15) 0.1460
Healthy (ng/mL)
AUC(0-1) 5.79 20.7 358.16 (121.91, 1052.28)
{ng-hr/mL) 0.0543
Moderate to Cmax 7.37 61.7 837.03 (379.45, 1846.43)
Healthy (ng/mL) 0.0001
AUC(0-7) 1.7 125 1067.25 (415.62, 2740.53)
(ng-hr/mL) 0.0003

Similar to the Day | results, there was higher exposure of ramelteon in mildly and moderately hepatically
trapaired subjects relative to the healthy matched controls on Day 8 (p=0.0543 and p=0.0003, respectively).
The moderately impaired group had larger increases in exposure relative to the healthy matched controls,
which in part was attnibuted to 3 moderately impaired subjects who had at least 4-fold higher ramelteon
exposure than the other 9 moderately impaired subjects. The 3 moderately impaired subjects with the
highest ramelteon exposure had the highest Child-Pugh scores (9 versus 7 or 8 in other moderate impaired
subjects). Urinary excretion of unchanged ramelteon was low in both the hepatically impaired subject

groups and their corresponding healthy controls.

Serum and Urine M-IT

Mean Serum Concentration of M-11 on Day 8
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Serum and Urine Pharmacokinetic Parameter Results for M-I on

Day 8
Arithmetic Mean (SD)
Comparison Parameter N Healthy (a) (R} N Hepatic Impaired (b) (T)
Mild to Healthy Cmax {ng/mL) 12 128 (31.6) 12 124 (42.7)
AUC(0-1) (ng-hr/mL)} 12 426 (146.0) 12 548 (184.6)
Cmin (ng/mL) 12 0.295 (0.4752) 12 0.883 (1.0514)
T1/2 (hr) 12 2.79{(0.860) 12 3.28 (0.812)
Tmax (hr) (c) 12 0.875 (0.500, 1.00y 12 1.00 (0.500, 3.00)
XU(0-7} (mg) (d) 12 0.0295 (0.01784) 12 0.0244 (0.01314)
XU{@-1} (ng) (e) 12 0.818 (0.1898) 12 0.778 (0.2032)
CLr {mL/min) 12 1.42 (1.361) 12 0.801 (0.4992)
Moderate to Cmax (ng/mL) 12 111 {34.5) 12 86.9 (33.10)
Healthy
AUC(6-7) {ng-hr/mL} 12 524 (234.8) 12 514 (136.2)
Cmin (ng/mL) 12 0.556 (0.9117) 12 3.20 (4.483)
T1/2 (hr) 12 2.99(0.842) 12 6.39(5.512)
Tmax (ht) (c) 12 1.50 (0.750, 2.00) 12 1.00 (0.500, 4.00)
XU(0-1) (mg) (d) 12 0.0286 (0.02459) 12 0.0259 (0.01718)
XU(0-7) (mg) () 12 0.859 (0.2581) 12 0.836 (0.3203)
CLr (mL/min) 12 0.971 (0.8768) 12 0.832 (0.5953)
Comparisen Results for M-11on Day 8
Table 11.i Comparison Results for N-IT on Day 8
Least Squares AMeans
Hepatic
Healthy aired  Mean Rado 90% Cl of
Comparison Parameter () ®) (T (3 00T/R} Rato (%) P-value
Mild to Healthy Cmax (ngml } 124 117 9428 (3315, 11827 0.6598
AUC(0-) (nghrml) 401 519 12832 (10003, 167.19) 0.0996
WMederate to Healthy Coax (ngmlb} 107 803 TRAR T OSEnIeethoTes
AUC(O-x) (nphrml) 483 496 10273 (7982 13221 08560

Source: Tables 1421 15and 14 21.16.
R mdicates Reference: T. Test; CI. Confidence Interval.

(a} Healthy subjects matched with subjects with nuid or moderate hepatic impairment.

(b) Subjects with mild or moderate hepatc unpairment,
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Least Squares Means

Hepatic
Healthy Iinpaired  Mean Ratio 00% CI of
Comparison Parameter () (R) (@ (% (Q0-1T/R) Ratio (%) P-value
Mild to Healthy Cmax (ng'mL) 124 i17 9428 (75.15, 118.27) 0.6598
AUC(0-%) (ng-hrrml) 401 519 12932 (100.03, 167.19) 0.0996
Moderate to Healthy Cmax (ng/mL) 107 80.5 7548 (58.04, 98.17) 0.0796
483 496 102.73 (79 82, 132.22) 0.8560

AUC(0-7) (ng-hr/mL)

Similar to the Day 1 results, there was marginaliy (29%) higher exposure to M-II in mildly hepatically
impaired subjects compared to the healthy matched controls on Day 8. Moderately impaired subjects had
only a 3% increase in exposure to M-1I compared to the healthy matched controls. Urinary excretion of
unconjugated and total M-11 was minimal and did not appear different in the hepatically impaired subjects
compared to the corresponding healthy matched controls. Similar to Day 1 results, median urinary
excretion of unconjugated M-II comprised only 3% to 4% of total M-I{ in urine.

A summary of least squares mean pharmacokinetic results for M-1. M-IIL and M-IV on
Day 8 are presented in Table 11.j. The corresponding arithmetic mean summary results
are listed in Section 14.2.

Table 11.j

Comparisen Results for M-I, M-I1I, and M-IV on Day 8

Least Squares
AMeans
Hepatic  Mean
Heaithy Impaired Ratie(%5)  $0% Clof

Analvte Comparison Parameter (@R My (100+T/R) Ratie (%) P-value
M-I Mild to Healthy Cmax (ng'mL} 773 639 8266 (67,78 108.84) 0.2474
AUC(0-7) (ng-hr/mE) 896 943 105.21 (74.58, 148.41) 0.8023

Moderate to Healthy Cmax (ng.mL) 746 612 83.32 (61.87, 11273) 03041
AUC(0-7) (nghe'mL} 112 128 114.07 (8492, 15322 04518

M-10 Mild to Healthy Cmax {ng'mL) 0.950 1.38 134.61 (27.35. 662.60) 0.751%
AUC0-7) {nghrmlL} 124 225 181.31 {30.44. 108007y 0.5727

Moderate to0 Healthy Cmax {ng/mL} 1.80 3.67 203.80 {139 10, 298.59) 0.0041
AUC{0-1) {og hr'mL) 328 149 45513 {214.05.967.75) 00023

M-IV Mild to Healthy Cmax (ag mL) T2 i 100.81 (81.90. 124.09) 09473
AUC{O-T) (nghoml) 716 971 135.71 (99 53, 185 07) 0.1049

Moderate 10 Eealthy Cmiax (ng'ml) 104 734 10.92 {34.51,92.277 0.0354
AUC(0-T}{aghrml) 715 783 101.01 {7393 13803) 09363

Source: Tables 142 t 15and 14 2.1 16
R mdicates Reference, T, Test: C1. Confidence Interval
(a) Healthy subjects matched with subjects with nuld or moderate hepatic unpairment
{b) Subjects with mld or moderate hepatic urnpairment

Similar to the Day | results. there was higher exposure to metabolite M-II1 and no
statistically significant differences in M-I and M-IV AUC in hepatically mpaired
subjects compared to the healthy matched controls on Day 8 Urinary excretion of M-I

and M-IV was nunimal and did not appear different in the hepatically impaired subjects
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Pharmacokinetic Results:

Single and multiple dose pharmacokinetic parameters for ramelteon and its metabolites were evaluated in
serum and urine on Day 1 and Day 8 in hepatically impaired subjects and in healthy matched controls.
Examination of predose level results suggests that steady state was achieved for ramelteon and its
metabolites by the moming of Day 5 (after 2 days of multiple once daily dosing) in alt the subject groups.
Statistical results for comparisons between groups are sumimarized in the following sections. In the
majornity of hepatic subjects, there was poor correlation between degree of hepatic impairment (as
determined by Child-Pugh score) and increase in ramelteon exposure. The exceptions were 3 moderately
impaired subjects with the highest Child-Pugh scores (9), who had at least 4-fold higher ramelteon
exposure than the other impaired subjects with Child-Pugh scores ranging between 5 and 8.

Serum Pharmacokinetics: Day 1 Results
Statistical results for mild hepaticaliy impaired subjects compared to healthy matched controls en Day | are
presented in the following table.

Least Squares Means
Alild
Healthy Hepatic Meas Ratio
Matched Impairment (%) -

lAnaiyte Parameter Conteol (R} (D) (00+T/R) 90% CI of Ratio (%) P-value
Ramelteon  Cmax {ng'mi} 143 211 476.14 (186.83, 1213.44)  0.0090

ALC(0-419¢) (ng-he.ml) 5.02 186 569.58 (212.79,1524.60} 00061

AUC(G-1af) (ag-lu'mb )} 699 242 316.34 {138.07, 868.78) 0.0306
[M-E Cmax (ng/mL) 648 533 g227 (5797 116.17) 03490

AUC(0-lqe) {ng-hr'ml) 768 8.07 105.01 (75.56, 145.94) R

AUC(0anf) (ng-hrrml) 319 916 99.74 (7247.13728) 0.9891
N-IE Cmas {ng'ml) 120 124 163.40 (80.35,13774) 08202

AUC{0-tlgc) {ng-hr-ml.} 364 497 136.47 (104.15.178.83) 0.0609

AUC{0-1nf) {ng-hr'mL} 371 509 137.12 {104.47 17997 0.0588
RS L Cmax {og'ml) 0.552 242 43820 {§7.23,1975000  0.1061

AUC{0-1qc) (ng-hr'ml}) 0365 3.68 65115 (126 58, 3349.60) 00623

AUC{0-inf) (ng-he'ml) 428 749 174 98 {112.83,771 .36} {3 0452
M-IV Cmax (ng ‘ml) 1122 118 103.46 (82.18.13025) 38022

AUC{0-11qe} (pg-hr-mL) 585 850 14536 {10495 201 33) 00613

AUC(0-mf) {ng-he/ml) 64.7 94.7 146.37 {104.57. 204 86) 0.0646
Source: Table 14217
R indicates Reference, T, Test; CI, Confidence Interval

There were statistically significantly higher exposures to ramelteon and M-III in mildly hepatically
impaired subjects relative to the healthy matched controls on Day .

Statistical results for moderately hepatically impaired subjects compared to healthy matched centrols on
Day 1 are presented in the following table.
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Leasf Squares Means
Moderate
Healthy Hepatic Mean Ratio
Matched Impairment (%) 90% CT of Ratio
Analyte Parameter Control {(R) (T) (100« T/R) (%%) P-vatue
Rameltcon  Cmax {ng ml) 10.7 60.9 57038 (23799, 1367.02) 0.0024
AUC{0-tlqe) (ng-hrimL) 13.2 130 987 61 {357 89, 2725 32) 0 0008
AUC(O-mf) (ng-br'ml) 136 109 797 40 {295 02. 2155 30) 00017
-1 Cmax (ng mL} 8.4 525 62 37 (43 56,89 31) 0.0342
AUC(0-tlge) (ng-hrml) 102 114 112 03 (B0.07. 156.73) 0.5673
AUC(0-mf) (ng-hrimL} 1o 132 11939 (B3.53. 170.65) 0.4028
M-I Cmax {ng'mL) 142 73.5 51.73 (35.65.75.06) 0.0060
AEC(0-1lqc) (ng-hrmL) 501 498 99 56 (7623, 130.03) 09775
ALC(0-1nf) {ng-hrmi) 508 515 101.43 (77.57, 132.61) 09286
A-TIH Cmax {ng/mL) 2.59 3.07 11884 (7897, 178 85) 04760
AUC{0-iqc) {(oghrml ) 356 11.1 312.36 (140.51, 695 28) 0.0228
ALC{0-1af) ¢ng-hr/mL) 6.78 28 336 52 (122.50,924.42) 00540
M-IV Cmax (ng'ml) 114 6.37 33 80 (4219, 73 80) 00017
AUC(0-tlgc) {ng-hrmL) 693 68.1 98 75 (69.62. 138.66) 0.9307
AUC(0-1nf) {ng-hr/mL) 710 779 101.16 {71.58, 14295) 09548
Sowrre: Table 1421 8.
R indicates Reference; T, Test: CI, Confidence Interval

There was statistically significantly higher exposure of ramelteon and M-I1I in moderately hepatically
impaired subjects relative to the healthy matched controls on Day 1. After a single 16 mg dose of

ramelteon, the increases in least squares mean AUCs of M-I {(major metabolite of ramelteon} were greater
in mildly hepatically impaired subjects (36% to 37% compared to healthy matched controls) than in
moderately hepatically impatired subjects (about 1% compared to healthy matched controls).

Serum Pharmacokinetics: Day 8 Results
Statistical results for mildly hepatically impaired subjects compared to healthy matched controls on Day 8
are presented in the following table.

There was higher exposure to ramelteon and M-I1] in mildly hepatically impaired subjects relative to the

healthy matched controls on Day &, but the increases were not statistically significant.

Statistical results for moderately hepatically impaired subjects compared to healthy matched controls on

Day 8 are presented in the following table.

Least Sqoares Means
Healthy Mild Hepatic  Mean Ratio
Matched Impairment (%%} 90% CT of Ratio
Analyte Parameter Control {R) (M (100 T/R} (%) P-value
Ramelteon  Cruax (ng/ml) 520 128 246.17 (68.19, 687.15}  0.1460
AUC(0-1) (nghrml)  5.79 07 338.16 (12191, 1052.28)  0.0543
W Cmax (ng'mL) 7.73 6.39 8266 (62.78,108.84) 02474
AUC(O-T) (nghe'ml) 896 943 105.31 (74.58, 148.41) 0.8023
K581 Cmax (ng'mb) 124 117 9428 {75.15.11827 0 6598
AUC(0-1) (aghrmL) 401 519 129 32 {10003, 167 19)  (.0996
RV 1 Cmax (ng'ml ) 0 950 128 134 61 (27.35, 662 60) 0.7518
AUC(O-T) (nghrmE) 1.4 225 181.31 (3044, 108007) 05737
ATV Cinax {ng'mL} 170 121 104 81 (8190 12409) 094732
AUCO-T) (ngcheml) 716 971 13571 (99 54.18507) 01049
Souwrce, Table 1421 15,
R mdicates Reference. T. Test. CL Confidence Interval.
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Least Squares Means
Moderate
Healthy Hepatic Mean Ratio
Matched  Impairment (*®) 90% CI of Ratio
[Analyte Parameter Centrol (R} (T) (100« T/R) (%) P-value
Ramelteon Cmax (ng'ml) 1.37 61.7 837.03 {379.45. 1846.43) 0.0001
AUC{0-1) (oghr/ml) 1.7 125 1067.25 {($15.62, 2740.53) 0.0003
M-1 Cmax (ng mlL} 746 622 8332 {61.87. 11227 03041
AUC(0-1) (ng-hr/mL) 12 128 114.07 (84.92, 153.27) 0.4518
M-I Cmax {ng/mL) 107 30.5 7548 (5804.9817) 0.0796
AUC(Q0-1) {ng-hriml} 483 496 16273 (79.82, 132.22) 0.3560
M-11T Cmax {ng/mb} 1.80 3.67 203.80 {139.10. 298 39) 0.0041
AUC(0-1) {ng-heml) 328 149 45513 314.05.967.75) 0.0023
M-IV Cmax (ng/mL) ) 104 734 70.92 {(5451,9227y  0.0354
AUC(0-1) {ng-hrsmL) 775 783 101.01 (73.93, 13803) 0.9563
Source: Table 14.2.1.16.
R indicates Reference, T, Test, CI, Confidence Inferval.

Similar to the Day | results, there was statistically significantly higher exposure to ramelteon and M-I in
maoderately hepatically impaired subjects compared to the healthy matched controls on Day 8. The
increases in least squares mean steady-state AUC of M-I was greater in mildly impaired subjects (29%
compared to healthy matched controls) than in moderately impaired subjects (3% compared to healthy
matched controls).

Urine Pharmacokinetics: Day 1 and Day 8 Resulis

Urinary excretion was minimal for ramelteon and its metabolites in all subject groups on Day 1 and Day 8.
No trends or differences were noted in the uninary excretion data between the mildly and moderately
hepatically impaired and corresponding healthy subject controls. Median urinary excretion of uncenjugated
M-H corprised only 2% to 4% of total M-I in urine among subject groups; whereas, the median
unconjugated M-II{ in urine was undetectable in healthy and mildly impaired groups, but comprised 10% to
12% of median total M-Il in urine in moderately impaired subjects.

Safety Results:
Thirty-eight of 48 subjects experienced at least | treatment emergent adverse event. Adverse events were
mild in intensity except for | adverse event that was severe in intensity.

The incidence of all adverse events and treatment-related adverse events across treatment groups was
83.3% (10/12) for mildly hepatically impaired subjects compared to 75.0% (9/12) for their healthy matched
controls and 75.0% (9/12) for moderately hepatically impaired subjects compared to 83.3% (10/12) for
therr healthy matched controls. The most commonly reported adverse event for each group was
somnolence: 66.7% (8/12) for mildly hepatically impaired subjects compared Lo 50.0% (6/12) for their
healthy matched controls and 58.3% (7/12) for moderately hepatically impaired subjects compared to
75.0% (9/12) for their healthy matched controls. The similar incidence of somnolence between healthy and
hepatically impaired subjects suggests an apparent flat response between ramelteon exposure and effect.
No serious adverse events {SAEs) were reported, and no deaths occurred during the study.

No clinically meaningful changes in physical examination findings, ECG findings, or vital signs were

- reported in this study. Chinically significant laboratory values were reported for subjects with mild or
moderate hepatic impairment; however, these values were considered consistent with disease and were not
reported as adverse events.
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Table 12.a All Adverse Events

Treatment Group

Healthy
Healthy AMatched to
AMatched to Moderate Moderate
Mild Hepatic  Mild Hepatic Hepatic Hepatic
System Organ Class Impairment Linpairment Impairment Impairment
Preferred Term (a) N=12 N=12 N=12 N=12
Gastrotutestinal Disorders
Constipation 1(6.3) 0@ 00 0{0)
Flamlence 1(83) 0{0) oo 00
Loose Stools 0{ 0(0) 0 1(83)
Nausea 0{0) 0{0) 0(0; 2(16 1)
General Disorders and Adnunistration Site Conditions
Lethargy 1(83) 0{® 1{83) 3(25.0)
Musculoskeletal and Connective Tissue Disorders
Myzlgia 1(83) 0(® 00 0{0
Nervous Systems Disorders
Dhzziness 1(83%) 1{83) 0(0) 1(8 3}
Headache NOS 2{16. 1) 2{16.7) 2(16.7) 2{(16.7)
Sonmolence 6(500) 8(667) 9(75.0) {58 1)
Respiratory, Thoracic. and Mediastinal Dhsorders
Nasal Congestion 0 {0} 1(83) 0(0} 1(83)
Pharynaatis [ (6] i (8.3) 0{0} 1{8.3)

Source: Table 14.3.1.2.

Parentheses indicate percentages of subjacts.

() A subject who reported 2 or more adverse events wathin the same preferred tern1 was counted only once
for that term

CONCLUSIONS:

Single and multiple dose administration of 16 mg ramelteon resulted in significant increases in
exposure to ramelteon in subjects with mitd hepatic impairment (3.5 to 3.6-fold higher AUCs) and
moderate hepatic impairment (8.0 to 10.7-fold higher AUCs) refative to their corresponding healthy
matched controls.

In the majority of hepatic subjects, there was poor correlation between degree of hepatic dysfunction
{Child-Pugh score) and increase in ramelteon exposure, except for 3 moderately impaired subjects
with the highest Child-Pugh score (9) who had at least 4-fold higher ramelteon exposure than other
impaired subjects.

The significant increases in exposure to the minor metabolite, M-111, in hepaticaily tmpaired subjects
(1.7 to 1.8-fold in mild and 3 4 to 4.6-fold in moderate impairment) were not censidered clinically
important.

Exposures to major metabolite M-I, and to minor metabolites M-I and M-IV, were only marginally
increased in mildly and moderately hepatically impaired subjects relative to the respective healthy
matched controls.

Multiple doses of ramelteon 16 mg once daily for 5 days appeared to be safe and well tolerated when
admiaistered to subjects with mild to moderate hepatic impairment.

Subjects with severe hepatic impairment were not studied, thus use of ramelteon in such patients is not
recommended.
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4.5 Cover Sheet and OCPB Filing/Review Form

Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 21-782 Brand Name | il
OCPB Division (L, 11, 1II) i Generic Name Ramelteon {TAK-
375}
Medical Division HFD-170 Drug Class Hypnotic
OCPB Reviewer David Lee Indication{s) Insomnia
OCPB Team Leader Suresh Doddapaneni | Dosage Form Immediate release
tablet
Dosing Regimen Single dose
Date of Submission 9/21/04 Route of Administration Oral
Estimated Due Date of OCPB - Sponsor Takeda, Inc
Review
Medical Diviston Due Date 6/17/05 Priority Classification 1S
PDUFA Due Date
Clin. Pharm. and Biopharm. Information
“Xif Number of Number of Critical
included at studies studies Comments If any
filing submitted reviewed
STUDY TYPE
Table of Contents present and X
suffictent to locate reports, tables,
data, etc.
Tabular Listing of AHl Human Studies | X
HPK Summary X
Labeling X
Reference Bioanalytical and X
Analytical Methods
I. Clinical Pharmacology
Mass balance: X 1 1
Isozyme characterization: X 7 7
Blood/plasma ratio: X 2 2
Plasma protein binding: X 2 2
Pharmacokinetics (e.g., Phase i) -
Healthy Volunteers-
single dose: X 3 3
multiple dose: X 3 3
Patients-
single dose: X
raultiple dose:
Dose proportionality -
fasting / non-fasting single dose: X
fasting / non-fasting multiple dose: X
Drug-drug interaction studies -
In-vivo effects on primary drug: X
In-vivo effects of primary drug: X
In-vitro: X
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Subpopulation studies -

ethnicity:

gender:

pediatrics:

Deferral

periatrics:

renal impairment:

hepatic impairment:

PP

PD:

Phase 1:

Phase 2/3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

11. Biopharmaceutics

Absolute bioavailability:

Relative bigavailability -

sofution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

H1. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Filability and QBR comments

“X7if yes

Comments

Application fitable ?

X

Reasons if the application is not filable {or an

attachment if applicable)

For example, is clinical formulation the same as

the to-be-marketed one?
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