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I concur with the pharmacologist’s recommendation that pharmacology and toxicology of
Arformoterol [(R,R) formoterol] have been adequately studied and the drug product is
approvable from a preclinical standpoint.

Pharmacology: Arformoterol is a R,R isomer of racemic formoterol, a selective long-
acting beta, adrenergic agonist that possesses bronchospamolytic activity. Compared to
formoterol, Arformoterol showed greater affinity and selectivity for the beta; receptor.
Several in vitro and in vivo animal studies using various biologic systems demonstrated
that Arformoterol preferentially binds to beta adrenergic receptors and exhibits ‘
bronchodilatation effects.

General toxicity: Chronic inhalation toxicity studies up to 6 months in rats and up to 9
months in duration were conducted. In rats, there were no treatment-related target organs
of toxicity identified. In dogs, various cardiac findings (sinus tachycardia and ventricular
ectopic arrhythmias were observed. These finding were attributed to the exaggerated
pharmacological effects of this betay adrenergic agonist and considered clinically
monitorable.

Reproductive toxicity: Arformoterol had no effects on fertility in rats. It was found to be
teratogenic in rats and rabbits, typical of beta, adrenergic agonists. There was evidence of
developmental delays in rats. Therefore a pregnancy category C designation for the
compound is appropriate.

Genotoxicity: Arformoterol was not genotoxic in the Ames tests, chromosome aberration
assays in mammalian cells and in vivo micronucleus test in mice.

Carcinogenicity: Its carcinogenic potential was evaluated in a 2-year oral study in mice
and a 2-year inhalation study in rats. In mice, findings of uterine and cervical endometrial
stromal polys and sarcoma were reported. However, there were no safety concerns for
these tumor findings given beta, adrenergic agonists, such as formoterol, are known to
produce tumors of the female genital tract in rodent. In rats findings of thyroid C-cell
adenoma and carcinoma were reported. There was an adequate safety margin based on
the drug exposures between the NOAEL in the rat study and the proposed clinical dose.
Therefore there were no safety concerns for the tumor findings in both species.

Labeling: Carcinogenesis, mutagenesis and impairment of fertility and pregnancy
category C sections have been revised to incorporate the above-mentioned preclinical
findings.



There are no outstanding preclinical issues.
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EXECUTIVE SUMMARY

Recommendations

A

Recommendation on approvability ,
From a nonclinical pharmacology and toxicology standpoint, the application is
recommended for approval.

Recommendation for nonclinical studies
None

Recommendations on labeling
Recommendations for revisions of the applicant’s proposed labeling are
attached at the end of the review.

Summary of nonclinical findings

A.

Brief overview of nonclinical findings

Inhalation toxicology studies with rats up to 6 months in duration provide an
adequate safety margin for the clinical dose of 15 ug BID. There were no
treatment-related target organs of toxicity.

In inhalation studies with dogs up to 9 months in duration, there were findings
of sinus tachycardia at arformoterol doses =5 pg/kg/day. Various types of
ECG abnormalities (i.e., ventricular ectopic arrhythmias) were also observed
in dogs treated with arformoterol at doses =5 ug/kg/day. NOAELs could not
be identified for ectopic activity in these studies. Sinus tachycardia and
ectopic findings were attributed to the exaggerated pharmacological effects of
high inhaled doses of arformoterol. Further, these effects were considered
monitorable in a clinical setting.

Arformoterol was not mutagenic or clastogenic in the following tests:
mutagenicity tests in bacteria, chromosome aberration analyses in
mammalian cells and micronucleus test in mice.

The carcinogenic potential of (R,R)-formoterol was evaluated in a 2-year oral
carcinogenicity study with mice and a 2-year inhalation carcinogenicity study
with rats. In mice, there were findings of uterine and cervical endometrial
stromal polyps and stromal cell sarcoma. There were no safety concerns for
these tumor findings in mice given that Bz-adrenergic agonists, such as (R,R)-
formoterol, are known to produce tumors of the female rodent genital tract. In
rats, there were findings of thyroid C-cell adenoma and carcinoma. There
were no safety concerns for these tumor findings in rats given that there was
an adequate safety margin between a dose with no tumor findings in rats and
the proposed clinical dose.
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Arformoterol had no effects on fertility and reproductive performance in rats.
(R,R)-formoterol was found to be teratogenic in rats and rabbits. In addition
for rats and rabbits, numbers of viable fetuses and fetal body weights were
decreased with high doses of (R,R)-formoterol. There was evidence of
developmental delays in rats with high doses of (R,R)-formoterol.

B. -Pharmacologic activity

Arformoterol is a selective long-acting betay-adrenergic receptor agonist
(betap-agonist). Compared to racemic formoterol, arformoterol showed
greater affinity for both beta adrenergic receptor subtypes and also greater
selectivity for the beta, receptor. Arformoterol has been extensively
characterized in standard /7 7o and /7 vio models and has been shown to
preferentially bind to beta,-adrenergic receptors. The pharmacologic effects
of betaz-adrenoceptor agonist drugs, including arformoterol, are at least in
part attributable to stimulation of intracellular adenylate cyclase. Increased
intracellular cyclic AMP levels cause relaxation of bronchial smooth muscle
and inhibition of release of mediators of immediate hypersensitivity from cells,
especially mast cells.

C. Nonclinical safety issues relevant to clinical use
None
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21-912
Review number: #02
Sequence number/date/type of submission:
#000/December 12, 2005/Initial Submission
March 29, 2006/BP
April 18, 2006/SU
April 27, 2006/BP
Information to sponsor: Yes () No (X)
Sponsor and/or agent: Sepracor, inc.
84 Waterford Drive
Marlborough, MA 01752
Manufacturer for drug substance: Same

Reviewer name: Timothy W. Robison

Division name: Pulmonary and Allergy Drug Products
HFD #: 570

Review completion date: August 3, 2006

Drug:
Trade name:
Generic name: Arformoterol Tartrate Inhalation Solution
Code name: Arformoterol, (R,R)-Formoterol-L-tartrate
Chemical name: (R,R)-(-)-N-[2-hydroxy-5-[1-hydroxy-2-[[2-(4-methoxyphenyl)-1-
methylethyllaminolethyl]phenyllformamide-(R,R)-2,3-dihydroxybutanedioate (1:1
salt)
CAS registry number:
Molecular formula/molecular weight: Cy3H3oN2O10 / MW 494.5

Structure;
"R

=, HODT  ODOs
sm\},,;-z

HO OOH;
o

Relevant INDs/NDAs/DMFs:
IND 55,302 (Arformoterol, Sepracor, Inc.)
NDA 20-831 (Foradil, Novartis)

Drug class: 3,-Adrenergic Bronchodilator
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Intended clinical population: Arformoterol Tartrate Inhalation Solution is indicated for
twice daily (morning and evening) long-term maintenance treatment of
bronchoconstriction in patients with chronic obstructive pulmonary disease (COPD),
including chronic bronchitis and emphysema.

Clinical formulation: Arformoterol Tartrate Inhalation Solution is formulated as an

isotonic, preservative-free, sterile aqueous solution consisting of arformoterol tartrate in

a citrate-buffered saline solution. The formulation contains Citric Acid 2 USP

and Sodium Citrate [ 2 USP as buffers, and Sodium Chloride USP to —~ 1 MM
c AThe solution is buffered to a pH of 5.0. Two mL of solution are packaged in
low-density polyethylene (LDPE) vials T ] o

c 2 Each unit-dose vial is individually wrapped with o |

foil as a sealed pouch. The strength is expressed as the amount of arformoterol free

base in the 2 mL vial: 15 ug/2 mL.

Table 2.3,P.1-1 Arformeterol Tartrate Inhalation Solution 15 pgf 2 mL, Unit
Dose Formula
Component Cazlity Standard Fanction Amsnnti[fnit—I
Arformoterol Tartrate C A Active l""
| Citric Acsd, 1| USP Buffer Component
Sodium Citrate, 7 | UsP Buiffer Component A\
Sedim Chleride | “\
I X .
Total - J ]

* 0.5967 gm of Arformoterol free base = 1.0 gm Arformoterol Tartrate.
The amoumt i1y the table & the theoretical amonnt for the batch.
The actual amennt charged will be adjusted for purity (total impurities by HPLC, residuat
solvents, and water, total of which typically ranges «— 1
Drug Substance purity is typically [ |

e The recommended dosage of Arformoterol Tartrate Inhalation Solution for COPD
patients is 15 mcg administered twice a day (morning and evening) by nebulization. A
total daily dose greater than 30 mcg (15 mcg twice daily) is not recommended.
Arformoterol Tartrate Inhalation Solution should-only be administered by nebulizer by
the inhalation route.

Route of administration: Oral Inhalation (Nebulization)

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise.
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Studies reviewed within this submission:

Study Title

Sepracor Document No.

PHARMACOLOGY:

SAFETY PHARMACOLOGY:

Cardiovascular Effects:

In Vitro

Effects of IN-0304, IN-0475, and IN-0618 on Cloned hERG Channels
Expressed in Mammalian Cells.

090-492A1

Effects of IN-0304, IN-0475, and IN-0618 on Action Potentials in Isolated
" Cardiac Purkinje Fibers.

090-493

Effects of (R,R)-Desformoterol on Cloned hERG Channels Expressed in
Mammalian Cells.

090-837

Dogs

Reanalysis of Corrected QT-Interval (QTc) from Report 090-423: Evaluating
the Comparative ‘Effects of (R,R/S,S)-formoterol, (R,R)-Formoterol, and
(S,S)-Formoterol on Heart Rate, Blood Pressure, and Lead Il
Electrocardiogram Following Intravenous Administration to Conscious
Dogs.

090-495

PHARMACOKINETICS/TOXICOKINETICS:

Absorption

Absorption and Excretion Studies of [’H]-(R,R)-Formoterol after Single
Intravenous and Oral Doses to Male Dogs.

090-527

Distribution

In Vitro

Determination of Protein Binding of (R,R)-Formoterol in Human EDTA-
Anticoagulated Plasma

090-579

Mice

[’H}-(R,R)-Formoterol: Absorption, Distribution, and Excretion Studies of
[3H]-(R,R)-Formoterol after Single Intravenous and Oral Doses to Male
Mice.

090-528

Rats

An Exploratory Distribution Study of [’HI-(R,R)-Formoterol (without or with
an Equal Proportion of Non-radioactive (8,S)-Formoterol) after Single Dose
Inhalation Administration to Rats.

090-515 and 090-517

An Exploratory Distribution Study of [°H}-(S,S)-Formoterol (without or with | 090-518
an Equal Proportion of Non-radioactive (R,R)-Formoterol) after Single Dose

Inhalation Administration to Rats. i

Absorption, Distribution, and Excretion Studies of [’HI-(R,R)-Formoterol | 090-529
after Single Intravenous and Oral Doses of Male Rats.

Metabolism :

In Vitro ‘

An Exploratory In Vitro Metabolism Study of (R,R)-Formoterol and (S,S)- | 090-514
Formoterol in Rat and Human Hepatocyte Suspensions. ,

(R,R)-Formoterol and (S,S)-Formoterol: In Vitro Metabolism Study Using | 090-568A1
Human Cryopreserved Hepatocytes. '

Investigation of the Principal Human Cytochromes P450 and UDP- | 090-543a1
Glucuronosyltransferases Involved in the Microsomal Metabolism of Both
(R.,R)-Formoterol and (S,S)-Formoterol In Vitro.

UGT Reaction Phenotyping of [°H}-R,R)-Formoterol and [PHI~(S,S)- | 090-575A1
Formoterol

In Vivo

Comparative Metabolism of [’HJ-(R,R)-Formoterol in Male Mice, Rats, and | 090-530A1
Dogs

Excretion
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Mice

Absorption, Distribution, and Excretion Studies of [’H]-(R,R)-Formoterol | 090-528
after Single Intravenous and Oral Doses to Male Mice.

Rats

Absorption, Distribution, and Excretion Studies of [’H]-(R,R)-Formoterol | 090-529
after Single Intravenous and Oral Doses to Male Rats.

Dogs

Absorption and Excretion Studies of [°HI-(R,R)-Formoterol after Single | 090-527
Intravenous and Oral Doses to Male Dogs

TOXICOLOGY:

Repeat-Dost Toxicity

Rats

A 13-Week Inhalation Toxicity Study of a Nebulized Aerosol Formulation of | 090-840
{R;R)-Desfarmoterol Oxalate in the Albino Rat.

A 13-Week Inhalation Toxicity Study of a Nebulized Aerosol Formulation of | 090-844
(R.R)-Desformoterol Oxalate in the Albino Male Rat.

Dogs

Three-Month Inhalation Toxicity Study of (R,R)-Formoterol and (R,R)- | 090-836
Desformoterol in Dogs (with a One-Month Recovery).

Qualitative Evaluation of Electrocardiograms Recorded for Three Inhalation 090-841
Toxicity Studies of (R,R)-Formoterol in Dogs.

Reproductive and Developmental Toxicology

Embryofetal Development

Rabbits

A Dose Range-Finding Study of the Effects of Racemic Formoterol and 090-835
(R,R)-Formoterol on Embryo/Fetal Development in Rabbits.

A Study of the Effects of (R,R/S,S)-Formoterol and (R,R)-Formoterol on | 090-834
Embryo/Fetal Development in Rabbits.

Prenatal and Postnatal Development

Study of the Effects of (R,R)-Formoterol on Pre- and Postnatal | 090-832
Development Including Maternal Function in the Rat.
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Studies submitted to NDA 21-912 (Reviewed under NDA 21-912 and IND 55,302):

NDA 21912 § Nonclinical Pharmacolegy and Toxicology
Arformeterst Tartrate Inhalation Solution

5 Nonclinical Pharmacology and Toxicology, Table of

Contents

e Archive copy location
Description folder/file name
1 Integrated Nonchnical Summary .......ooccovevenererrnnerecns pharmtoxipharmsum. pdf

Pharmacology Study Reports
1 Pharmacodynamics Reports

Report 090-432: Study of the Effects of Three
Compounds (IN 0228, IN-0229 and IN-0261) in
Various In VIO ASSAYS «..oorccerenieccerrveasssnresssnenens pharmtoxpharm'i090-432 pdf

Report (90-403: Binding Propesties of Eight

Conipounds at Histanrinergic and B-Adrenergic
Receptor SubtyPes....ceeivrcerenc s eseneaae pharmtoxipharmi090-403 pdf

b

Report 090-409: Binding Properties of Six
Compouads in B1- and B2-Adrenoceptor Assays......... pharmtoxipharmi090-409 pdf

Report 090-410: Binding Properties of Nine
Compounds in Several Receptor Assays........cccerrunn. pharmtoxipharm090-410 pdf

Report 090-401: Pultmonary Resistance Assay in
GHHNER PGS ..o cnccnesere s s aniene phammiok’pharm’090-401 pdf

Report 090-412: Assessing the Comparative Ability

of RR,SS-Formoterol, RR-Formoterol and §S-

Formoterol to Attenuate the Bronchoconstrictor

Response to Histamine or Antigen in Imnwminized

GUINEE PLZS 1vovrienenis e srse e rrreeneseseseseessvastersreeasasns pharmtoxipharn\090-412 pdf

Report 090-434: Effects of (R}-, (S}-, (RS)-Albuterol

or {S,S)-Formoterol on the Development of Antigen-

Mediated Atrway Hyperreactivity m Guinea Pigs.

Phiase FIA ..o smn s anese e nnes pharmtox'pharmi090-434 pdf

Report 090-405: Determining the Comparative
Effects of Test Conpounds on Isolated Guinea Pig
Tracheal Strips and Right AR .ccvnneeseinnrcennrcrnsionene pharmtoxipharnsovo-405 . pdf

SEPRACCR INC. pharmtox\pharmtoc.pdf, p. 001
Confidential and Proprietary
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NDA 21-912 § Nonclinical Pharmacology and Toxicology
Arformoterel Tarirate Inhalation Solution

Report 090-408: In Vitro Testing of Formoterol and
Its Optically Active Isomers in Guinea Pig Airways ... pharmtox'pharmi090-408 pdf

Report 090-480: Effects of RS-, R- and S-Albuterol

and RR_SS-, RR- and 58-Formoterol on Tamor

Necrosis Factor-alpha {TNF-alpha) Induced

Hyperreactivity in Tracheal Smooth Muscle of the

Guinea-Pig In VHIO cvcovierieies i nesr s s s ene s pharmtox'pharmi090-480 pdf

- - old
A
L J o)

Report 090-446: Effects of Enantiomers of B2-

Agonists on ACh Release and Smooth Muscle
Contraction in the Trachea......ooeeeivaecsnerarsirersr e, pharmtox'pharmi090-446 pdf

Report 090-479: Effects of Methacholine, RS-, R-
and S-Albuterol, and RR,5S-, RR- and §S-Formoterol
on Mucoetliary Transport in Calf Trachea ..occvvivene.n, pharmtoxipharmi090-479 pdf

Report 090-406: Effect of Formoterol and Its
Optically Active Isomers on Histamine Release fiom
Human Leucoeyies ..o seairesensseese s pharmtox'pharm:090-406 pdf

Report §90-450: Binding Study of (R.S}-
Desformoterol and {S,R)-Desformoterol in Human B-
Adrenergic Receptor Binding ASSays c..o.o.cvevvoeivennna. pharmtox'pharm\090-450 pdf

Report 090-451: Study of Compounds TN-0228 and
IN-0299 in Human §-Adrenergic Receptor Binding
AABSAYS 1o evimaviriitamancnrsonsaeseranat s rarasarssuass e tasarasssasnsvenian pharmioxipharmi090-451 pdf

Report 090-448: Binding Study of (RR)-
Desformoterol Famarate in B-Adrenergic Receptor

ASSAYS ot ceeasaes e ama e stes e er st a e sareen pharmioxipharm'090-448 pdf

Report 000-439: Evaluation of B2-Agonists at M1 -

M35 Muscarinic Receptor Subtypes ....ocvvvvevvveeconnerinenee. pharmtexpharm\090-439 pdf
SEPRACOR INC. pharmtoxipharmtoc.pdf, p. 802

Confidential and Proprietary

10
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NDA 21912 5 Nouclinical Pharmacology and Toxicology
Arformotercl Tartrate Inhalation Soluticn

Report 090-404: Screening and Evaluation of the

Efficacy of Original Compounds on Lipoxygenase

and Cyclooxygenase Activity in DMSO-

Differentiated Human HE-60.....ooovieieve, pharmtoxipharm090-404.pdf

Report 090-445: Effects of Four Compounds on
Basal IL-5 Secretion by Human PBMC ..., pharmtoxipharms\090-445 pdf

Report 090-416: Binding Study of Six Original
Compounds in Human M1, M2 and M3 Muscarinic
RECEPIOr ASSAFS ...ororieaearrrrnes e et st seseseeseaerns pharmtoxipharm\090-416.pdf

Report 090-449: Binding Study of Two Compounds .
in Human RI- and 82-Adrenergic Receptor Assays..... phanmtoxipharm\050-449 pdf

Report 090-415: Characterization of RRSS-, RR-,

RS-, SR-, and 8S-Formoterol: Pharmacology, and

Effects on Signaling and Desensitization of the

Human -Adrenergic Recepfors.......ovurveevererevnereeon, pharmtoxipharm\090-4135.pdf

Report 090-481: Study of Four Compounds in
Various Cytokine Secretions Using Basal Models ......  pharmtoxipharni\090-481 pdf

Report 090-484: Study of IN-0712 in the Human B1-
and £2- Adrenergic Receptor Binding Assays............. pharmtoxipharmi090-484. pdf

Report 090-498: Study 800355: In Vitro
Pharmacology Human 51- and $2- Adrenergic
Receptors -Study of IN-0951 .o revnee pharmtoxipharm'090-498 pdf

Report 090-472: The Effects of Enantiomers of
Albuterol and Formoterol on Non-Contractive
Function of Human Alrway Smooth Muscle Cells...... pharmtoxipharni090-472 pdf

Report 090-486: The Effects of Enantiomers of
Albuterol and Formoterol on Indices of Remodeling
in Human Lung Fibroblasts c.ecorvecorioisonreonr s phanntox pharn090-486 pdf

Report 090-490: Comparison of Albuterol,
Salmeterol, and Formoterol Activation of Human B2-
Adrenergic ReceplorS ..o recrireisceeseevenseees pharmtoxipharm'090-490 pdf

Report 090-433: Binding Study of Three Compounds
{IN-0168, IN-0170 and IN-0247) in Several Receptor
ASBAYS 1t irreetesisiecener e er et a b sars s en e essaremer e pharmtoxXipham090-433 pdf

SEPRACOR INC. pharmtoxipharmtec.pdf, p. 403
Confidential and Proprietary

11
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NDA 21912 5 Nonclinical Pharmacology and Toxicology
Arformoterol Tartrate Inhalation Solution

Repoﬁ 090-478: Study of Four Compounds in
Various Inflammation ASSays....c..correrreveoninnn.n, phammtoxipharm'090-478 pdf

Report 090-482: ‘Study of Compounds IN-0259, IN-
0291 and IN-0293 in Various Binding, Enzyme and
1on Transport ASSAYS .. ieecrreiereriscnrsre s eerereesos, pharmtoxXipharm'090-482 pdf

I
¥ n(®)

Report 090-407: Conparison of R-, §- and RS-
Formoterol Binding to Human B1 and B2-Adrener gic
RECEPLOS .o i oo ees s eeeeor oo pharmtoxpharm'090-407 pdf

2 Safety Pharmacclogy Reports

Report 090-423: Evaluating the Comparative Effects
of (R:R/S:S)-Efomoterol, (R R)-Efomwoterol and
{8:3)-Efomoterol on Heart Rate, Blood Pressure and
the Lead I Elec tiocm‘c}:ogﬂmlzoﬁow mg Intravenous

Administration to Conscious DOES v pharmioxXipharm090-423 pdf

Report 090-495: Reanalysis of the Corrected QT- h(A)
Interval (QT¢) Derived from'e 2] Study SEPBR-

11105 [Sepracor Document No. 090-423]. ... sser pharmtoxipharm'090-495 pdf

Report 090-493: Effects of IN-0304, IN-0475 and
IN-0618 on Action Potentials in Isolated Cardiac
Purkinge FIDErs ..o oureemmrcreeeos i oo phamtoxipharm090-493 pdf

Report 090-402A1: Effects of IN-0304, IN-0475, and
IN-0618 on Cloned hERG Channels Expressed in
Mammalian Cells ..o pharmtox\pharmi090-392al pdf

Report 096-837: Effeets of (R,R)-Desformoterol on
Cloned hERG Channels Expressed in Mammalian
CellS e pharmtox} pilaim 090-837.pdf

SEPRACOR INC. pharmtox'pharmtoc.pdf, p. 004
Confidential and Proprietary
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NDA 21-912 5 Nonclinical Pharmacology and Teoxicology
Arformoterol Tartrate Inhalation Solution

Pharmacokinetics and Drug Metabolism Study Reports
I Pharmacckinetics'Toxicokinetics and ADME Repoits

Report 090-470: Toxicokineties of Formoterol during
a 28-Day Oral Toxicity Stady of (R,R)-Fermoterol in
MECR 1ottt e pharmtoxpli000-470.pdf
Report 090-460: Toxicokineties of Formoterol

During an Acute Inhalation Tolerance Study of {R.R}-

Formoterol 11 MICE v vt pharmtoxipki090-460.pdf

Report 090-461: Toxicokinetics of Formoterol during
28-Day Inhalation Toxicity Study of (R,R)-
Formoterod in MHCE..cuvrvuiuerceeis s e pharmitoxpki090-461.pdf

Report 090-463: Toxicokinetics of Formoterol during
a 28-Day Inhalation Toxicity Study of (R.R)- and
(R.R/S,5)-Formoterol it Rats ....ovveorverrerosroo, pharmtoxipki090-463.pdf

I | | | ] b(®)

~ Report 090-523: Toxicokinetics of (R.R}- and (S,5)-
Formoterol after Oral Administration of Racemic
Formoterol during an Embryo/Fetal Development
Study in Rabbits ......ooornesreecoeoee e pharmtexipki090-523.pdf

Report 090-464A1: Toxicokinetics of Formoterol

and /[~ 7 2 Ratios during an “&A}
Acute Inhalation Tolerance Study of (R.R}-, {8,5)-

and (R.R/S,S)-Formoterol and (R,R)-Desformoterol

I DOES vttt see oo e seeeee e pharmitox'pk\090-464al.pdf

Report 090-465: Toxicokinetics of Formoterol during
a 28-Day Inhalation Toxicity Study of (R,R)- and
(S.5)-Formoterol in DOES vevvunrronereesresreseossceoo pharmtoxpld090-465.pdf
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2 Drug Metabolism Reports

Report 060-452: [PH}-(R,R)-Formoterol: In Vitro
Blood to Plasma Partitioning and Plasma Protein
Binding i the MOUSE oovirierieceserereerees e pharmeoxipk\D90-452. pdf

Report 090-328: [*H]-(R,R)-Formoterol: Absorption,

Distribution, and Excretion Studies of [*H]-(R.R)-

Formoterol after Single Intravenous and Oral Doses -

10 Male MICE e en s oo pharmtox'pl090-328 pdf

Report 090-330A1: [PH)-(R.R}-Formoterol:
Comparative Metabolism of [’H] {R.R)-Formoterol in
Male Mice, Rats and Dogs... sereeecnrreene e, PhArMEOX'PKY090-530a1 . pdf

Report 090-531: [*H]-Formoterol: Secretion of

Radioactivity in Milk following Administration of

PHJR,R)-Formoaterol as Single Oral Doses to

Lactating Rats ....ccconvoecenmrmrerie e seseses s seseressonnsanns pharmitox’ipki090-531.pdf

Report 090-326: [*H]-(R,R)-Formoterol: Placental
Transfer Studies of [*H]-(R.R)-Formoterol during and
after Repeated Oral Administration to Pregnant Rats.. pharmtox'pki090-526.pdf

Report 090-515: [*H]-(R,R)-Formoterol: An

Exploratory Distribution Study of [*H]-(RR)-

Formoterol after Single Dose Inhalation

Administration 10 RatS.....o..cooovonireeceoeeoeeooeo pharmitox'pki000-515.pdf

Report 600-517: PH]-(R,R)-Formoterol: An

Exploratory Distribution Study of [’H]-(R.R)-

Formoterol after Single Inhalation Doses (Mixed with

an Equal Proportion of Non-Radioactive (S.5)-

Formoterol) t0 Rats .o pharmtoxipl\090-517.pdf

Report 090-518: [*H]-(R,R)-Formoterol: An

Exploratory Distribution Study of PH]-(S,5)-

Formoterol after Single Inhalation Doses (Mixed with

an Equal Proportion of Non-Radioactive (R,R)-

Formoterol) t0 Rats .vveeevieinierceevvee e phammtox'pkiD90-518.pdf

Report 090-329: [PH]-(R,R)-Formoterol Absorption,

Distribution, and Excretion Studies of ["H]<(R,R)-

Formoterol after Single Intravenous and Oral Doses

10 Male RAtS vive e pharmeoxipki090-529.pdf
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Report 090-417: [*H}J-(R.R)-Formoterok In Vitro
Blood to Plasma Partitioning and Plasma Protein
Binding in the Rat v..ccvroriireneceeor s, pharmtox'pk\090-417. pdf

T

Report 0940-514: An Exploratory In Vitro

Metabolism Study of (R,R})-Formoterol and (S,5)-

Formoterol in Rat and Fhnunan Hepatocyte

SUSPEISIONS v evarrraereeearirararaare e s ecrterssesesesserserne pharmtox'pki090-514.pdf

bld)

Report 090-525: [PH]}-(R,R)-Formoterol Placental

Transfer Studies of ['H]-(R,R)-Formoterol during and

after Repeated Oral Administration to Pregnant

RADDIES ... vt v e es s pharmitox’pk'090-525.pdf

Report 090-527: [PHJ(R,R)-Formoterol: Absorption
and Excretion Studies of PH]-(R.R)-Formoterol after
Single Intravenous and Oral Doses to Male Dogs....... pharmtoxipk'090-527.pdf

Report 090-418: [*H]-(R,R)-Formoterol In Vitro
Blood to Plasnia Pastitioning and Plasma Protein
Bindimng i the DO oo e, pharmtox'pk'090-418.pdf

Report 090-411: Metabolism of Three Compounds,

the Racemate and Two Optically Active Isomers {RR

and SS) of RR,SS-Formoterol b} Bronchial Epithelml

Cells and Human Liver Cytosol... e pharmtox'pki090-411.pdf

Report 080-424: Studies of the Stereosclective
Metabolism of the 82-Agonist Formotero! in Human
TASSUES 1ooreseseneceerincrnries vt teme s st er s s ees pharmtox'pk'090-424. pdf

Report 090-419: [PHJ-(R,R)-Formoterol: In Vitro
Blood to Plasma Partitioning and Plasma Protein
Binding in the HUMAN v veeeeces s, phanmtox’ipk'D90-419,pdf

Report 090-425: Metabolic Interactions between
Albuterol and Two Long-Acting B-Agonists
{Formoterol. Salmeterol) oo, phanmtox’pk'090-425, pdf
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Report 090-431: Presystemic Intestinal Sulfonation

of B2-Receptor Agonists in Humans -

Phenolsulfotransferase Isoform- and Enantiomer-

Report 090-305: [*H]-{R)-Albuterol: In Vitro Blood-

to-Plasma Partitioning and the Plasma Protein
Binding of ["H}-(R})-Albuterol in Human and the
Effect of (8)-Albuterol, (R,R/S,S)-Formotero] and

{R.R}-Formoterol on the Protein Binding of (R)

Albuterol ...

Repert 090-338: (R.R)- and Racemic (R,R/S,S)-
Formoterol: Potential Inhibition of Cytochromes

P450 in Human Liver MICIrOSOMES .oovveverrveerecrrviannns

Report 090-543A1: (R.R)-Formoterol and (S,S)-
Formoterol: Investigation of the Principal Human

Cytochromes P450 and UDP-

Glucuronosyltransferases Involved in the Microsomal
Metabolism of Both (R,R)-Fommtelol and (S S)-

Formoterol ...

Report 090-368A1: (R.R)-Formoterol and (S,S)-
Formoterol: In Vitro Metabolism Study Using

Human Cryopreserved Hepatooytes o...vniecrrenvnn.e

r

Report 090-379: Determination of Protem Binding of

(R.R)-Formoterol in Human EDTA-Anticoagulated

-

Report 090-575A1: UGT Reaction Phenotyping of

[*H}-(R.R)-Formotero! and [*H}-(S,S)-Formoterol

pharmtoxipki090-43 1.pdf

pharmtoxipki090-5035.pdf

pharmtoxipki090-338.pdf

pharmioxipki090-343a1 pdf
pharmtox'pki090-568al.pdf
N bld)

pharntoxpki090-379.pdf

B b(4)

pharmioxpki090-575al.pdf
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Toxicology Study Reports
1 Single-Dose Toxicology Reports

Report 090-818: Acute Inhalation Tolerance Study of
(R.R)-Formoterol it Miee...vunvinvcrnoieere s cesrsnsann pharmtoxitox090-818.pdf

Report 090-800: Acute Oral Toxicity Study in Rats
with RR-, §5-, RR, SS-Formoterol .....ooorrrveerrarnnnnn, pharmtoxitoxi090-800.pdf

Report 090-801: Acute Infravenous Toxicity Study in
Rats with RR- and SS-Formoterol ..........ovovevecerennnn, phatmfoxitox090-801.pdf

Report 090-815: Comparative Acute Inhalation
Tolerance Study of (R.R)-, {5,5)-, (R,.R/S,$)-
Formoterol and {R.R)-Desformoterol in Rats............... pharmioxitoxy090-81 3. pdf

Report 090-808: (R,R)-Formoterol: Single-Dose
Intravenous Toxicity Study in Beagle Dogs.............. pharmtoxitox\390-808.pdf

Report 090-809A2: Comparative Acute Inhalation
Tolerance Study of (RR)-, {8S)-, and Racemic
Formoterol and (RR}-Desformoterol in Dogs.............. pharmitox'tox090-809a2 pdf

2 Repeat-Dose Toxicology Reports

Report 020-824A1: A ?S-Dq} Oral To‘s_tczty Study of
(R,R)-Fornwterol in Mice... . serenisnnenes pharmioxioxi090-824al pdf

Report 090-821: A 28-Day Inhalation Toxicity Study
of (RR)-Formoterol in MHCE........oovveveeeeecsrerrn pharmtox\tox'090-821 pdf

Report 090-803: 14-Day Oral Toxicity Study in Rats
with (R;R)-, ($;5)-, and (R;R/S;8)-Efor moterol.......... phatmtoxtox\090-803 pdf

Report 090-817A1: A 28-Day Inhalation Toxicity
Study of (R,R)-Formoterol in Rats........covereeerevnnnnn.. pharmtoxitoxi090-817al.pdf

Report 090-840: A 13-Week Inhalation Toxicity
Study of a Nebulized Aerosol Formulation of {R.R}
Desfoinwoterol Oxalate in the Albino Rat................... pharmtoxtox'090-840.pdf

Report 020-827A2: A Six-Month Inhalation Toxicity
Study of (R,R)-Formoterol in Rats with a One-Month
Recovery Petiod. .o eceeee oo pharmtoxitoxi090-827a2 pdf
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Report 090-802: Oral Dose-Range-Finding Toxieity
Study in Dogs with RR-Formoterol .....ocoivivmrncccnin. pharmiox\toxi090-802.pdf

Report 090-806: 14-Day Oral Toxicity Study in Dogs
with {(R:R)-Eformoterol, (S:S)-Eformoterel and
(RIR/S:SIFEormoterok....oocvcereerviriersmrrrsesvaer s pharmioxitox'090-806.pdf

Report 090-823: A 14-Day Inhalation Range-Finding
Study of {R.R)-Fornmoterol it DOgs ...coeeeseveverivisinaee pharmtoxitox\090-823.pdf

Report 090-816A1: 28-Day Inhalation Toxicity
Study of (R.R}-Formoterol in DOgs ....cowensrisicerenrnn pharmtoxitoxi090-816al.pdf

Report 090-830A2: A 13-Week Inhalation Toxicity
Study (with Recovery) of (R,R)-Formoterol in Dogs ..  pharmtoxttox'090-830a2.pdf

Report 090-836A1: Three-Month Inhalation Toxicity
Study of {(R.R}-Formoterol and (R, R)-Desformoterol
in Dogs {with a One-Month Recovery}.u.overrnrririnna, pharmtoxitox090-836al pdf

Report 090-829A1: A Nine-Month Inhalation
Toxicity Study of (R, R)-Formoterol in Dogs .............. pharmioxitox\090-329al pdf

Report $90-841: Qualitative Evaluation of
Electrocardiograms Recorded for Three Inhalation
Toxicity Studies of (R,.R}-Formoterol in Dogs ............ pharmiox'tox090-841.pdf

3 Mutagenicity’Genotoxicity Reports

Report 090-807: Genotoxicity: Salmonella
Typhimuriem Reverse Mutation Study ..o pharmtoxitoxi090-807.pdf

Report 090-810: Measuring Chromosonial
Aberrations in Chinese Hamster Ovary (CHO) Cells .. pharmtoxitox\090-810.pdf

Report 090-811A1: Mutagenicity Test on (RR)-

Formoterol Tartrate, (S5)-Formoterol Tartrats,

(RR,SS)-Formoterol Tartrate, and (RR)-

Destformoterol in the In Vive Mouse Micromcleus

ASSAY 1o aecese e ser e s bt eaesasaes pharmtoxitox99-811al.pdf

4 Carcmogenicity Reports

Report 090-833: A 24-Month Oral (Gavage)
Oncogenicity Study of (R,R)-Formoterol in Mice....... pharmioxitoxi090-833 pdf
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Report 080-833: A 24-Month Oral (Gavage)
DIAtA. oot rs it a s eava e pharmtox'datasets’090-833 define pdf

Report 090-828A2: A 24-Month Inhalation
Oncogenicity Study of (R,R)-Formoterol in Rats......... pharmiox¥ox'090-828A2 pdf

Report G90-828A2: A 24-Month Inhalation

Oncogenicity Study of (R, R)}-Fornioterol in Rats,
DIatluceiviriceriricars e e s e s s reesareres pharmtox'datasets )90-828\define pdf

Report ] :031765a: Tumor Historical Control

Data - Summary Incidence Report, CD-1 Mouse........ pharmtox\toxiwil-031705a pdf
Report & A031705b: Tumor Historical Control “\A\
Data - Sumnmary Incidence Report, IGS Rat..cccvvveneeene pharmtoxitoxwil-031705b pdf

3 Reproductive Toxicology Reports

Report 090-831: A Study of the Effects of (R.R)-
Formoterol on Fertility and Early Embryonic
Developiment to Implantation i1 Rats....ccocovvcecmrnrennnns phatmtoxtox\080-83 1.pdf

Report 680-813A1: A Dose Range-Fmding Study of
the Effects of (R, R}-Formoterol on Embryo/Fetal
Development i Rats o.covvirncrnesrinnssciesesnenens pharmtox#ox090-813al pdf

Report 090-820: A Study of the Effects of (R R)-
Formoterol on Embryo/Fetal Development in Rats..... phammioxtox\090-820.pdf

Report 090-825: A Study of the Effects of (R,R)-
Formoterol and Racemic Formoterol on Embryo/Fetal
Development 1 RAS occonrerivireriiomecaririnssnsmaresoees pharmtox$oxi090-825.pdf

Report 690-812: A Dose Range-Finding Study of the
Effects of (R.R)-Formoterol on Embryo/Petal
Development i RabDits ..coovevecrorccrinecrsenrnsssrnesens pharmitoxfox\080-812.pdf

Report 090-835: A Dose Range-Finding Study of the
Effects of Racemic Formoterol and (R,R)-Formoterol
on Embryo/Fetal Development in Rabbits ... pharmtox'tox\090-835.pdf

Report 090-819: A Study of the Effects of (R R)-
Formoterol on Embryo/Fetal Development in Rabbits  pharmtox'tox'090-819.pdf

SEPRACOR INC. pharmtoxipharmtoc.pdf, p. 811
Confidential and Proprietary

19



Reviewer: Timothy W. Robison, Ph.D..D.A.B.T. NDA No. 21-912

NDA 21-932 3 Nonclinical Pharmacology and Toxicology
Arforinetersl Tartrate Inhalation Solution

Report 090-826: A Study of the Effects of {R.R)-
Formoterol and Racemnic Formoterol on Embryo/Fetal
Development i Rabbits .........ovecovrevveeeosoo, pharmtoxitox'090-826.pdf

Report 090-834: A Study of the Effects of {(R.R/S.S)-
Formoterol and (R,R)-Formoterol on Embryo/Fetal
Development in Rabbits ..o pharmtox\tox'090-834.pdf

Report 090-832: Study of the Bffects of (R,R)-
Formoterol on Pre- and Postnatal Development,
Including Maternal Function in the Rat..................... pharmtox\tox190-832. pdf

Repost 090-843: Risk Assessment of Reproductive
Bevelopment of Arformoterol in Rats ..o pharmtoxitox'090-843.pdf
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2.6.2 PHARMACOLOGY

2.6.21 Brief summary

Formoterol is a potent, selective, and long-acting B.-adrenergic agonist that, relaxes
smooth muscle and exerts bronchodilatory effects in animals and humans. Through G-
protein coupling, binding of formoterol to beta receptors activates adenylate cyclase and
results in an increase of intracellular cAMP which in turn causes bronchodilation.
Formoterol has two chiral centers, which results in four enantiomers (i.,e,, RR-, RS-,
S,R-, and §,8-). The active ingredient of Foradil® Aerolizer™ is R R/S,S-formoterol
(equal proportions of the R,R- and S,S-enantiomers). In the present application,
Sepracor has proposed to market the (R,R)-enantiomer of formoterol. (R,R)-formoterol
has a Ky for the B, receptor of 2.9 nM as compared to 3100 nM for (S,S)-formoterol.
(R,R)-formoterol has a nearly 40-fold greater selectivity for the human B2-receptor as
compared to the pBi-receptor. (R,R)-formoterol was equipotent to isoproterenol in
stimulating the generation of intracellular cAMP, whereas (S,S)-formoterol had little
activity. In an ovalbumin-sensitized guinea pig model, (R,R)-formoterol produced dose-
dependent relaxation of airway resistance induced by histamine or ovalbumin. (R,R)-
formoterol significantly inhibited methacholine-induced contraction of guinea pig
tracheal smooth muscle (with or without TNFa pretreatment) in a concentration-
dependent manner.

Desformoterol, a degradation product of formoterol formed by the loss of the formyl
moiety from its formamide group, also binds to beta receptors. The ICsp of desformoterol
for the B, receptor is 35.6 nM as compared to 2.3 nM for (R,R)-formoterol.

In a cardiovascular safety pharmacology study with dogs, (R,R)-formoterol at
intravenous doses of 0.03 to 10 pg/kg increased heart rate and decreased QT interval
(uncorrected). QTc interval using Bazett's formula was increased with (R,R)-formoterol
at intravenous doses of 0.03 to 10 pg/kg. However, QTc interval using Van de Water’s
formula was unchanged with (R,R)-formoterol at intravenous doses of 0.03 to 10 pg/kg.
Bazett's formula is known to over-correct QT interval.

In_vitro studies indicated that (R,R)-formoterol, (S,S)-formoterol, and (R,R)-
desformoterol at concentrations up to 125 nM had no effects on the hERG channel.

In studies with isolated cardiac Purkinje fibers, (R,R)-formoterol at concentrations up to
12.5 nM had no effects on action potential duration (APDso and APDg), resting
membrane potential (RMP), and action potential amplitude (APA). (R,R)-formoterol at
concentrations 21.25 nM with a basic cycle length (BCL) of 2 seconds decreased the
maximum rate of rise (dV/dT); however, these effects were not observed with BCL of .
0.5 and 1 second. Racemic formoterol at concentrations up to 25 nM had no effects on
APDsp, APDgy, and RMP. Racemic formoterol at a BCL of 2 seconds produced
decreases of APA; however, no effects were observed with BCL of 0.5 and 1 sec.
Racemic formoterol at concentrations of 2.5, 7.5, and 25 nM decreased dV/dT with BCL
of 0.5, 1, and 2 seconds. (S,S)-formoterol at concentrations up to 12.5 nM had no
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effects on APDsy and APDygy. (S,S)-formoterol produced decreases of RMP, APA, and
dV/dT. The significance of these changes observed with (R,R)-formoterol, racemic
formoterol, and (S,S)-formoterol were unclear.

In general toxicology studies conducted with (R,R)-formoterol in rats and dogs, there
was no evidence of treatment-related neurological, pulmonary, renal, or gastrointestinal
effects.

2.6.2.2 Primary pharmacodynamics

Mechanism of action:
See attached reviews of studies submitted under IND 55,302.

Comparison of Albuterol, Salmeterol, and Formoterol Activation of Human (>
Adrenergic _Receptors (Sepracor Document No. 090-490): The ability of
isoproterenol, racemic mixtures and isolated stereoisomers of albuterol, salmeterol, and
formoterol to bind to human B, adrenergic receptors was assessed. Confluent and
growth arrested human airway smooth muscle cells were used to analyze cAMP
production, inositol phosphate production, and calcium flux in the presence of test
compounds. The Ky for (R,R)-formoterol was 2.1 nM as compared to values of 4.3 and
4000 nM for (R,R/S,S)-formoterol and (S,S)-formoterol, respectively. None of these
compounds promoted a significant increase in inositol phosphate production or calcium
flux. The ECso for cAMP production with (R,R)-formoterol was 1.1 nM as compared to
values of 5.1 and 3774 nM for (R,R/S,S)-formoterol and (S,S)-formoterol, respectively.
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Binding Study of (R,R)-Desformoterol Fumarate in B-Adrenergic Receptor Binding
Assays (Sepracor Document No. 090-448): ICs, values for (R,R)-desformoterol at the
human B4 and B, receptors were 3180 x 10° M and 35.6 x 10 M, respectively.

The Effects of Enantiomers of Albuterol and Formoterol on Non-Contractive
Function of Human Airway Smooth Muscle Cells (Sepracor Document No. 090-
486): Granulocyte-macrophage colony stimulation factor (GM-CSF) is a pro-
inflammatory cytokine produced by airway smooth muscle (ASM) cells. Effects of
enantiomers of albuterol and formoterol on GM-CSF production by ASM cells were
examined. R-albuterol, S-albuterol, (R,R)-formoterol, and (S,S)-formoterol were tested
at concentrations of 10 nM and 10 pM. (R,S)-albuterol and R,R/S,S-formoterol were
tested at concentrations of 20 nM and 20 uM. Isoproterenol and propanolol were tested
at concentration ranges of 0.5 to 100 uM. Isoproterenol, R-albuterol and (R,R)-
formoterol decreased GM-CSF production. Propanolol, S-albuterol, and (S,S)-formoterol
increased GM-CSF production. R,S-Albuterol and R,R/S,S-formoterol had no effects on
GM-CSF production. These results suggest beneficial effects of R-albuterol and (R,R)-
formoterol and detrimental effects of S-albuterol and (S,S)-formoterol.
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Figure 2. GM-CSF production with either R tiomers, S-enantiomers.or 1 ic {R~S-)
vaersions of beta-agonists. *F<0.05 as compared to control, ™P<0.05 S-enantiomer as compared
16 beth control and comresponding R-enantiomer, #7<0.05 R,R- g8 compared to both R-enantiomors,

The Effects of Enantiomers of Albuterol and Formoterol on Indices of Remodeling
in_Human Lung Fibroblasts (Sepracor Document No. 090-486). Effects of
enantiomers of albuterol and formoterol on collagen expression by cultured human lung
fibroblasts were examined. R-albuterol, (R,R)-formoterol, S-albuterol, and (S,S)-
formoterol increased expression of Col Illa1 mRNA. These effects were blocked by
propanolol indicating the effect is mediated through B adrenoreceptors. Atropine had no
effects indicating that muscarinic receptors were not involved in these effects. There
were no differences between the R- and S-enantiomers in this assay.

Drug activity related to proposed indication:
See attached reviews of studies submitted under IND 55,302.

2.6.2.3 Secondary pharmacodynamics
See attached reviews of studies submitted under IND 55,302.

Evaluation of B, Agonists at M;-Ms Muscarinic Receptor Subtypes (Sepracor
Document No. 090-439): Albuterol, fenoterol, formoterol, and salmeterol (racemates
and enantiomers) were evaluated for dose-dependent activities as either agonists or
antagonists of cloned Mi-Ms human muscarinic receptor subtypes, expressed in
NIH3T3 cells. None of the compounds exhibited activity as agonists or antagonists of
M2 receptors, although a slight trend was observed for (R,R)-formoterol at the highest
concentration tested. R, S, and RS-albuterol did not exhibit agonist or antagonist effects
against M1, M3, My, and Ms receptors. Formoterol (racemate and enantiomers) was
apparently not tested at the My, M3, M4, and Ms receptors.
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2.6.24 Safety pharmacology

Neurological effects: Not applicable. Potential neurological effects of (R,R)-formoterol
were assessed as a part of general toxicology studies.

Cardiovascular effects: See below and attached reviews of studies submitted under
IND 55,302.

In Vitro

Effects of IN-0304, IN-0475, and IN-0618 on Cloned hERG Channels Expressed in
Mammalian Cells (Sepracor Document No. 090-492A1).

Methods: In vitro effects of (R,R)-formoterol (IN-0475), (S,S)-formoterol (IN-0618), and
racemic formoterol (IN-0304) on hERG channel current (Ikr) were assessed with
HEK293 cells using a standard whole cell patch-clamp method. (R,R)-formoterol and
(S,8)-formoterol were tested at concentrations of 12.5, 37.5, and 125 nM. Racemic
formoterol was tested at concentrations of 25, 75, and 250 nM. Cisapride was used as a
positive control.

Results: Neither (R,R)-formoterol nor (S,S)-formoterol at concentrations up to 125 nM
had statistically significant effects on hERG channel current. Racemic formoterol at
concentrations up to 250 nM had no statistically significant effects on hERG channel
current. Racemic formoterol at 250 nM, (R,R)-formoterol at 125 nM, and (S,S)-
formoterol at 125 nM decreased hERG currents by 0.8%, 1.7%, and 0.3%, respectively.
Cisapride at 90 nM blocked 54.0% of the tail current amplitude.

Effects_of IN-0304, IN-0475, and IN-0618 on Action Potentials in Isolated Cardiac
“’_—JR_

Purkinje Fibers (Sepracor Document No. 090-493).

Methods: In vitro effects of (R,R)-formoterol (IN-0475), (S,S)-formoterol (IN-0618), and
racemic formoterol (IN-0304) on action potential parameters from Purkinje fibers
excised from adult canine ventricles (purpose-bred beagle dogs). (R,R)-formoterol and
(S,8)-formoterol were tested at concentrations of 1.25, 3.75, and 12.5 nM. Racemic
formoterol was tested at concentrations of 2.5, 7.5, and 25 nM. A positive control, d,I-
sotalol was used in these studies. Each test article was evaluated using fibers from
each of 4 different animals.

Results: (R,R)-formoterol (IN-0475) at concentrations up to 12.5 nM had no effects on
action potential duration (APDso and APDg), resting membrane potential (RMP), and
action potential amplitude (APA). (R,R)-formoterol at concentrations of 1.25, 3.75, and .
12.5 nM with a basic cycle length (BCL) of 2 seconds decreased the maximum rate of
rise (dV/dT) by 12.2, 11.4, and 11.9%, respectively (see the figure below); however,
these effects were not observed with BCL of 0.5 and 1 second. The significance of the
change in dV/dT is not clear.
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Figure 4. Summary of the average effects of IN-0475 and 100 uM di-Sotalol on the
RMP, APA and dV/dt max at BCLs of 2, 1 and 0.5s .

The % change + SEM in the resting Membrane Potential (RMP) {Top Panel), Action
Potential Amplitude (APA) (Middle Panel} and dV/dt max (Lower Pansl) for each
concentration of dl-Sotalol (100 uM) and IN-D475 tested {1.25,3.75 and 12.5 nM}.

Racemic formoterol (IN-0304) at concentrations up to 25 nM had no effects on APDsy,
APDg, and RMP. Racemic formoterol at a BCL of 2 seconds produced decreases of
APA; however, no effects were observed with BCL of 0.5 and 1 sec. Racemic formoterol
at concentrations of 2.5, 7.5, and 25 nM decreased dV/dT with BCL of 0.5, 1, and 2
seconds (see figure below). -
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Figure 2. Summary of the average effects of IN-0304 and 1060 #M di-Setalol on the
RMP, APA and dV/dt max at BCLs of 2, 1 and 0.5s .

The % change + SEM in the Resting Membrane Potential (RMP) {Top Panel), Action
Potential Amplitude (APA) (Middle Panel) and dV/dt max (Lower Panel) for each
concentration of dl-Sotalol (100 uM) and IN-0304 fested (2.5, 7.5 and 12.5 nM).

(8,8)-formoterol (IN-0618) at concentrations up to 12.5 nM had no effects on APDs, and
APDgo. (S,S)-formoterol produced decreases of RMP, APA, and dV/dT (see figures

below).
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Figure 6. Summary of the average effects of IN-0618 and 160 pAd d7-Sotalol on the
RMP, APA and dV/dt max at BCELsof 2,1 and 0.5s..

The % change = SEM in the resting Membrane Potenfial {RMP) (Top Panel), Action
Potenfial Amplitude {APA) (Middle Panel) and dV/dt max (Lower Panel) for each
concentration of dl-Sotalol (100 M) and IN-0618 tested (1.25, 3.75 and 12.5 1M).
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Effects of (R,R)-Desformoterol on Cloned hERG Channels Expressed‘ in
‘Mammalian Cells (Sepracor Document 090-837).

Methods: In vitro effects of (R,R)-desformyl formoterol, a degradant of arformoterol, on
hERG channel current (I,) were assessed with HEK293 cells using a standard whole
cell - patch-clamp method. (R,R)-desformoterol (Lot numbers MS5249 and MS5262
combined) was tested at concentrations of 12.5, 37.5, and 125 nM. Terfenadine was
used as a positive control.

Results: (R,R)-desformoterol at 12.5, 37.5, and 125 nM had no statistically significant
effects on hERG channel current, with decreases in hERG channel current of 0.2, 0.3,
and 0.5%, respectively, following 10 min exposure (versus 0.9% decrease in vehicle-
control treated cells). The positive control, terfenadine (60 nM) blocked 89.3% of tail
current amplitude.

Dogs

Reanalysis of Corrected QT-Interval (QTc) from Report 090-423: Evaluating the
Comparative Effects of (R,R/S,S)-Formoterol, (R,R)-Formoterol, and (S,S)-
Formoterol on Heart Rate, Blood Pressure, and the Lead II Electrocardiogram
Following Intravenous Administration to Conscious Dogs (Sepracor Document
No. 090-495).

Methods: The applicant reanalyzed changes of QT interval using Van de Water's
correction formula. See the original review of Sepracor Document No. 090-423 for
further details of study design.

Results: (R,R)-formoterol at intravenous doses of 0.03 to 10 ug/kg increased heart rate
and decreased QT interval (uncorrected). QTc interval using Bazett's formula was
increased with (R,R)-formoterol at intravenous doses of 0.03 to 10 ug/kg. However, QTc
interval using Van de Water's formula was unchanged with (R,R)-formoterol at
intravenous doses of 0.03 to 10 ug/kg. Bazett’s formula is known to over-correct QT
interval.
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Figure 3 Effect of Intravenously Administered {(R,R}-Formoterol on Heart
Rate in Consclous Dogs
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Figure 11 Effect of Intravenouasly Administered (R,R)-Formoterol on QTc-B
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Figure 1S  Eifect of Infravenously Administered (R,R}-Formoterol on QTe-
VAW in Conscions Dogs
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Pulmonary effects: See attached reviews of studies submitted under IND 55,302,

Renal effects: Not applicable. Potential renal effects of (R,R)-formoterol were assessed
as a part of general toxicology studies.

Gastrointestinal effects: Not applicable. Potential gastrointestinal effects of (R,R)-
formoterol were assessed as a part of general toxicology studies.

Abuse liability: No studies of abuse liability were conducted.
Other: No other studies were conducted.

2.6.2.5 Pharmacodynamic drug interactions
See attached reviews of studies submitted under IND 55,302.

2.6.3 PHARMACOLOGY TABULATED SUMMARY
Not provided.

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.41 Brief summary

‘Studies to assess the pharmacokinetic and toxicokinetic properties of (R,R)-formoterol
were conducted in mice, rats, rabbits, and dogs using the intravenous, oral, and
inhalation routes. Oral bioavailability of (R,R)-formoterol and its metabolites (i.e., total
radioactivity) in mice, rats, and dogs were 49-98%, 28.8-123.3%, and 57-114%,
respectively. Following intravenous and oral administration of [3H]-(R,R)~formoterol to
mice and rats as well inhalation exposure of rats, radioactivity was rapidly absorbed and
widely distributed to tissues. Following inhalation exposure of [3H]-(R,R)-formoterol to
rats, radioactivity concentrations were highest in tissues associated with the route of
administration (lung tissues and gastrointestinal tract) or routes of elimination (kidney,
liver, and gastrointestinal tract). The majority of the (R,R)-formoterol content in EDTA-
preserved whole blood from rat, dog, human, and mouse was associated with red blood
cells and concentration-independent. The percent of drug bound to rat (37.2-48.9%),
dog (35.9-47.8%), human (52.1-64.8%), and mouse (28.2-33.7%) plasma protein was
weak and concentration-independent. In studies with pregnant female rats and rabbits
that received [°H]-formoterol, radioactivity crossed the placenta and distributed into
amniotic fluid and fetal tissues. In studies with lactating female rats that received [H]-
(R,R)-formoterol, distribution of radioactivity into maternal milk was observed. The milk
to plasma ratio was 0.713. For mice, rats, and dogs treated with (R,R)-formoterol,
analysis of urine by LC/MS/MS found no evidence of chiral inversion. Half-lives of (R,R)-
formoterol in mice, rats, and dogs were 2.3-15.9 hr, 2.9-83.3 hr, and 2.9-10.3 hr,
respectively. (R,R)-formoterol was extensively metabolized in mice, rats, and dogs.
Clearance values for the parent drug, (R,R)-formoterol, in mice, rats, and dogs were
high, generally exceeding liver and kidney blood flow, suggestive of a metabolic
clearance. Incubation of (R,R)-formoterol with rat or human hepatocytes led to the
generation of up to 14 metabolites. Metabolites produced by human hepatocytes
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included a glucuronide of desmethylformoterol, a glucuronide of desformoterol,
desmethylformoterol, a phenolic glucuronide of formoterol, a hexose conjugate of
desformoterol, desformoterol, and a benzylic glucuronide of formoterol. Human hepatic
cytochrome P450 isozymes involved in the metabolism of (R,R)-formoterol were
determined to be predominantly CYP2D6 and to a lesser extent, CYP2C19. Several
UDP-glucuronyl transferase isozymes were found to be involved in the conjugation of
(R,R)-formoterol and its metabolites. Studies of the metabolism of [*H]-(R,R)-formoterol
in mice, rats, and dogs found 10 potential metabolites. Across species, dose
routes/levels, and biological matrices, principal drug-related compounds of interest
included the glucuronide of (R,R)-formoterol and unchanged (R,R)-formoterol and to a
lesser extent, (R,R)-O-desformyl formoterol and its glucuronide and (R,R)-desformyl
formoterol and its glucuronide. For mice and dogs, drug-related radioactivity was
primarily excreted in the urine. For rats, drug-related radioactivity was primarily excreted
in the feces and biliary excretion was found to play a major role. There was evidence of
enterohepatic recirculation in rats. (R,R)-formoterol at 100 nM or (R,R/S,S)-formoterol at
200 nM, with or without pre-incubation, produced no significant inhibition (i.e., <7%) of
the activities of cytochrome P450 isozymes (i.e., CYP1A2, CYP2A6, CYP2C9/10,
CYP2C19, CYP2D86, CYP2E1, CYP3A4/5, and CYP4A9/11).

2.6.4.2 Methods of Analysis
See attached reviews of studies submitted under IND 55,302.

2.6.4.3 Absorption
See attached reviews of studies submitted under IND 55,302.

Absorption and Excretion Studies of [3H]-(R,R)-Formoterol after _Single
Intravenous and Oral Doses to Male Dogs (Sepracor Document No. 090-527).

Methods: The absorption and excretion of [*H]-formoterol and radiolabeled metabolites
were examined in 3 male beagle dogs following an intravenous dose of 3 ug/kg and oral
doses of 30 and 300 ug/kg. There was a 7-week washout between treatments. Blood
samples, urine, and feces were collected up to 168 hr postdose. Cage washes were
collected at 24 hr intervals. Blood, plasma, urine, feces, and cage washed were
analyzed for radioactivity concentrations. Blood and plasma levels of (R,R)-formoterol
and radioactivity were measured. Urine was examined for evidence of chiral inversion of
(R,R)-formoterol.

Results: Following intravenous administration, clearance was 27.7 mL/min/kg, which is
comparable to liver and kidney blood flow (30.9 and 21.6 mL/min/kg) and suggests
rapid metabolism. Volume of distribution ranged from 5.6 to 6.9 L/kg, which suggests
extensive tissue distribution. Half-lives following intravenous and oral dosing ranged 2.9
to 10.3 hr. The applicant considered prolonged half-lives with oral dosing to be artifacts,
although it was not determined if enterohepatic recirculation was occurring in dogs.

Oral bioavailability of radioactivity in dogs ranged from 82-85% based upon total
radioactivity in plasma and 57-114% based upon freeze-dried radioactivity in plasma.
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Systemic bioavailability of (R,R)-formoterol in male dogs following oral administration of
[°H]-(R,R)-formoterol ranged from 54 to 60%.

(R,R)-formoterol underwent rapid and extensive metabolism as supported by the high
clearance values. Based on mean AUC1ss, (R,R)-formoterol represented less than 1%
of the plasma radioactivity, which was also in agreement with the data from both the
lower oral dose and the intravenous administration. Again based on mean AUC1ss,
(R,R)-formoterol represented approximately 9% of the freeze-dried radioactivity, which
was slightly less than both the lower oral dose (13%) and the intravenous administration
(15%).

LC/MS/MS analysis of urine samples found no evidence of in vivo chiral inversion of
(R,R)-formoterol in dogs. Urine (R,R)-formoterol concentrations were up to 1000-fold
higher than peak plasma concentrations.

Pharmacokinetic parameters derived from (R, R)-formnoterel concentrations in the plasma
of male dogs following intraveneus administration of 13H}-(R,R}-formoferol L-tartrate
(3 ng/key

Animalno.| G Ty  AUG AUG AUC  CL Ve Vs Ae fin
M 238 0 11 13 13 270° 86 65 01887 37
28 112 0 it 13 12 285 12 37 02381 29
M 1.60 0 iz 13 3 26.7 6.6 54 0249 298

mean 170 it i1 1.3 I3 2779 6.9 56 02405 29°
sd 0.64 G 8.1 0.0 - - - - -

Co Calenlated concentration at ime 0, in ng (R, R)-formoterol/mi
Taan Time of maximuom concentration, in hours

AUC,  Area under the time-concentration curve up 1o the last measurable sample point, in
ng (R R)-formoteral-himi '
AUCy5  Ares under the time-concentration curve up to 168 hours affer dose, in

ng {R R)-formoterobhiml
AUC  Area under the time-concentration curve up to infinity, in ng (R R)-formoterolh/nd
CL Plasma clearance, in mUmindkg -
V, Volumme of distribution, in I'kg ‘
Ve Volume of distribution at steady-state, in Ikg
Pz Terminal rate coustant, in hour™
fin Terminal half-life. in hours
sd Standard deviation

2 Parameter could ot be calculated in accosdance with the acceptance criteria defined in

Data Processing, treat with cantion and has not been included in any mean catenlation
Calenlated as In2/mean 2,
- Not calculated

b

Appears This Way
On Original

34



Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. NDA No. 21-912

Pharmacokinetic parameters derived from (R,R)-formotero] concentrations in the plasma
of male dogs following oral administration of iaﬁl—(KR}-fO]‘mOfEI'Oi L-tarirate(30 and

gk [ 633

300 pg'ke)
Dose level [Animal No.| € Tonx AUC, AU,  AUC k- tin
3G azke fES o 123 8.3 31 51 5.1 60543 73
g 1.2¢ 8.5 6.9 6.9 &9 1118 6.2
3M 343 923 29 89 89 . BI0%3 63

mean 236 0375 78 5 7.9 1167 63*
sd - - - - -

i 336 338 336 0562 123
s 124 023 799 an.o 380 00910 T8
M 128 9.3 9.8 5.8 658 00439 158

mean 122 0.375° 749 FERY 749 5.0675  103¢

3d - - - - -
Cousx Maximum concentradon, in ng (R.B)-formateroliml
Trax Time of maximum coreentration, in hours
AUG Area under the time-concentration curve up to the last measurable sample poin i
ng {R R}-formoterol himl
AUCs  Area under the ime-concentration curve up to 168 hours after dose, in
ng (R R)-formoterol-himl
AUC Area under the time-concentration ctirve up to infinity, in
ng {R R}-formwoteral-himl
CL Plasma clearance, in m¥minke
. Temminal rate constant, in hour?
tia Termimal kalf-life, in hours
sd Standard deviation
: Dog vomited ¢a 20% of dose 2k post-dosz, exchudad from mean caleulations
® Deog vomited ¢r $0% of dose 3k post-dose, exchnded from mean caleulations
N Value is the mean, due ton=2
i Calculated as In2Anean A
- Not caloulared
Parameters derived from ¢ ) ‘data, Tables 14, 15 and Addenduwm } b(4)
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Systemic availabilify of radioactivity in male dogs following oral administration of
iJH}-(R,R}-formoterol L-tartrafe (30 and 300 pg'kg)

Dose level Analyte Ammal nunber F
30 ugike Plasma IM° 0.74
M 0.87
C3M 085
Geormetric mean .82
Freeze-dried IMF .42
plasma M 0.53
M 0.83
Geomefric mean 057
306 ngtkg Plasma M 097
™ 0.78
M 0.81
Geometric mean (.85
Freeze-dried M 148
plasma it | £12
M 0.89
Geomefric mean 1.14

F Systemic availability, where 1 = 100%

Dog vomited cat 20% of dose 2k post-dose, dose has been

adjusted

- Dog vomited ca 60% of dose 3h post-dose, dose has been
adpusied

Systemic bioavailability of (R R)-formofercl in male dogs following oral administration of
{3H]—{R,R}-formoterol L-tartrate (30 and 360 pgkg)

Dose level Animal number F
38 ugikg M 047
M 052
M .56
Geometric mean 0.54
300 pgikg IM? 0.62
M 06.63
M 053
Geometric mean 0.60

F Systemic bioavailability, where 1 = 100%

Dog vomited ca 20% of dose ?h post-dose, dose
has been adjusted

Dog vomited ca 60% of dose 3h post-dose, dose
has been adjusted

1
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2.64.4 Distribution
See attached reviews of studies submitted under IND 55,302.

Mice
ﬂ-l]-(R,R)—Formoterol: Absorption, Distribution, and Excretion Studies of [*H]-

(R:R)-Formoterol after Single Intravenous and Oral Doses to Male Mice (Sepracor
Document No. 090-528).

Methods: Absorption, distribution, metabolism, and excretion of [3H]-(R,R)-formoterol
were examined in male CD-1 mice following an intravenous dose of 1 mg/kg or oral
doses of 1 and 10 mg/kg. Blood and plasma (at time points up to 168 hours postdose),
selected tissues and organs (at 2, 24 and 48 hours postdose), and urine, feces and
respired air (up to 168 hours post-dose) were collected and retained for radioactivity
measurement.

Results: Following absorption, radioactivity was rapidly and widely distributed
throughout the body tissues. Oral bioavailability of radioactivity ranged from 48 to 66%
based upon total radioactivity in plasma and 75 to 98% based upon total radioactivity in
freeze-dried plasma. Oral bioavailability of (R,R)-formoterol ranged from 9 to 13%
indicating extensive metabolism. Volume of distribution values ranged from 0.751 L/kg
with intravenous dosing to 15.492-30.037 L/kg with oral dosing, which were consistent
with extensive tissue distribution.

Distribution of radioactivity was relatively similar following intravenous and oral dosing.
The highest concentrations of radioactivity in tissues were measured at 2 hr postdose.
The kidneys, walls of the small and large intestines, and contents of the small and large
intestines contained the largest amounts of radioactivity. Concentrations declined at
each of the subsequent sample times (24 and 48 hr postdose) and were mostly still
measurable at the last sample time. With the exception of the intestinal walls and
contents, the mean tissue:plasma radioactivity concentration ratios were generally 1 or
less for all dose groups at 48 hours after the dose.

Clearance of (R,R)-formoterol was rapid with clearance values of 3.697 mL/min/kg with
intravenous dosing and 28.372-43.072 mL/min/kg with oral dosing. These values are
smaller than liver and kidney blood flow (90 and 65 mL/min/kg, respectively).
Comparison of the AUC of formoterol with that of total radioactivity showed that
formoterol represented 1.8% of the total plasma radioactivity concentration following
intravenous dose administration and less than 1% following oral dose administration
suggesting extensive metabolism.

LC/MS/MS analysis of urine samples found no evidence of in vivo chiral inversion of
(R,R)-formoterol in mice.
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Pharmacokinetic parameters derived from plasma (R.R)-formoterol concentrations in male
nice following the administration of single doses of [3H]—(R,R)-f0rm0terol L-tartrate

Dose | Dose | Cunx  Tamx AUCiss AUC F t1n CL. V2 Ve F
route | level

(ngrkg)
iv 1 95.7* 4] 100.5 1005 02955 2.3 3.697 0751 0367 @ 1
oral 1 32 0.23 8.4 84 01668 4.2 43.072 15492 - 0.09
oral 10 36.9 0.3 1266 1264 00436 159 28372 39,037 - 0.13

a Predicted value at time zero (C,)
b Parameter is CL/F

c Parameter is V /F

Units:

Dose mg formoterol tartrate/kg
Cax ng/mL

Tasz hours Best POSSible COpy

AUCig3, AUC ng-VmL

A, hours™

t2 hours

CL mL/min/kg

V,, Vi Like

F Fraction of the dose systemically available

Pharmacokinetic parameters derived from whole-blood and plasma radioactivity
cencentrations in male mice following the administration of single oral doses of
[JH]-(R,R)-formoterol L-tartrate

Dose level Analyte Casx T AUC AUC AUC 2, ta Systemic
(mg/kg) bioavailability
(F)
b |Plasoa (rotal 4879 025 2572 2572 2684 00155 447 0.48
radioactivity)
Plasma (after 47 ™ N o P 3117 m a2 -
rereirin 47601 025 1372 1394 1395° 0.0311° 223 0.75
Plasiia (volatile . -
dioactivin 159 6 117% 1178 1313 00135 512 .
Whole-blood (total | 3075 025 1023 1923 2006 00122 69 .
radioactivity)
10 Plasma (total ] a4 e agn N
radionciuity) 5444 0.5 34727 34727 36782 00139 498 0.66
Plasma (after 5349 05 17592 18134 18131 0.0790 87 0.98

freeze-drying)

Plasma (volatile 190 6 16593 16593 19229 00119 58.5 -

radioactivity}
Whole-blood (fotal | 5177 45 23580 23580 25305 0.0134 516 -
radioactivity)

a The parameter could not be calenlated in accordance with the pre-defined acceptance criteria (see

DATA ACQUISITION AND PROCESSING) and must be treated as an approximation
b Calculated as In(2)/%,

Units:

Cnz ng equivalents free-base/g
. hours

AUC,. AUCy4, AUC ng equivalents free-base-h/g
P hours™

fia hours

F fraction (o units)
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Rats

An_Exploratory Distribution Study of [3H]-(R,R)-Formotero| {(without or with an
Equal _Proportion of Non-Radioactive (S.S)-Formoterol) after Single Dose
Inhalation Administration to Rats (Sepracor Document No. 090-515 and 090-51 7).

Methods: [3H]-(R,R)-formoterol (without or with an equal proportion of non-radioactive
(S,S)-formoterol) was administered as a liquid aerosol to male Sprague-Dawley rats for
30 min and achieved an average inhalation dose of 150 or 120 Mg/kg, respectively. After
exposure, 3 rats were housed in metabolism cages for collection of urine at 0-2, 2-6,
and 6-24 hr postexposure. Remaining rats, used for assessments of pharmacokinetics
and tissue distribution, were sacrificed (3/time point) at 0, 0.5, 1, 2, 4, 6, and 24 hr
postexposure. The following organs were collected for assessment of tissue distribution
of radioactivity: brain, bronchi, carina, gastrointestinal tract, kidneys, larynx, liver, lungs,
pharynx, and trachea. Radioactivity in blood, plasma, urine, and tissues was measured.
Metabolic profiling of selected urine and plasma samples was conducted by HPLC.

Results: Tissue concentrations of radioactivity were highest immediately after
completion of exposure and generally declined thereafter. Radioactivity concentrations
were highest in tissues associated with the route of administration (lung tissues and
gastrointestinal tract) or routes of elimination (kidney, liver, and gastrointestinal tract).

Metabolites profiling of selected urine and plasma samples resolved 4 radioactive peaks
(F1, F2, F3, and F4). F1, F2, F3, and F4 were identified as *H-water, the O-
demethylation product of (R,R)-formoterol, a glucuronide of (R,R)-formoterol, and
unchanged (R,R)-formoterol, respectively.

The presence of unlabeled (S,S)-formoterol appeared to have little effect on results.
An Exploratory Distribution Study of [3H]-(S,S)-Formoterol After Single Inhalation

Doses (Mixed with an Equal Proportion of Non-Radioactive (R,R)-Formoterol) to
Rats (Sepracor Document No. 090-518).

Methods: [3H]-(S,S)-formoterol (mixed with an equal proportion of non-radioactive
(R,R)-formoterol) was administered as a liquid aerosol to male Sprague-Dawley rats for
30 min and achieved an average inhalation dose of 147 Mg/kg. After exposure, 3 rats
were housed in metabolism cages for collection of urine at 0-2, 2-6, and 6-24 hr
postexposure. Remaining rats, used for assessments of pharmacokinetics and tissue
distribution, were sacrificed (3/time point) at 0, 0.5, 1, 2, 4, 6, and 24 hr postexposure.
The following organs were collected for assessment of tissue distribution of
radioactivity: brain, bronchi, carina, gastrointestinal tract, kidneys, larynx, liver, lungs,
pharynx, and trachea. Radioactivity in blood, plasma, urine, and tissues was measured.
Metabolic profiling of selected urine and plasma samples was conducted by HPLC.

Results: Tissue concentrations of radioactivity were highest immediately after
completion of exposure and generally declined thereafter. Radioactivity concentrations
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were highest in tissues associated with the route of administration (lung tissues and
gastrointestinal tract) or routes of elimination (kidney, liver, and gastrointestinal tract).

Metabolites profiling of selected urine and plasma samples resolved 4 radioactive peaks
(F1, F2, F3, and F4). F1, F2, F3, and F4 were identified as *H-water, the O-
demethylation product of (S,S)-formoterol, a glucuronide of (S,S)-formoterol, and
unchanged (S,S)-formoterol, respectively.

The presence of unlabeled (R,R)-formoterol appeared to have little effect on results.
Absorption, Distribution, and Excretion Studies of [*H]-(R,R)-Formoterol after

Single Intravenous and Oral Doses to Male Rats (Sepracor Document number
090-529). .

Methods: The absorption and distribution of [°H]-(R,R)-formoterol and radiolabeled
metabolites were examined in male Sprague-Dawley rats. [°H]-(R,R)-formoterol was
administered at an intravenous dose of 10 mg/kg or oral doses of 1, 10, and 100 mg/kg.
Whole-blood and plasma (at time points up to 168 hr postdose), selected tissues and
organs (at 2, 24, and 48 hr postdose), and urine, feces, cage wash, and respired air (up
to 168 hr postdose) were collected for radioactivity measurement. An additional 48-hr
excretion balance study was conducted with bile duct-cannulated rats that received [°H}-
(R,R)-formoterol at an intragastric dose of 1 mg/kg. Urine was examined for evidence of
chiral inversion of (R,R)-formoterol.

Results: Following an intravenous dose of 10 mg/kg or oral dose of 100 mg/kg, animals
appeared lethargic and exhibited signs of irregular respiration.

[*H]-(R,R)-Formoterol  was rapidly and extensively absorbed following oral
administration. Oral bioavailability of total radioactivity (i.e., R,R-formoterol +
metabolites) ranged from 69 to 104.9% for freeze-dried radioactivity and 28.8 to 123.3%
for total plasma radioactivity. Oral bioavailability of (R,R)-formoterol with doses up to
100 mg/kg was low (i.e., <9.1%) due to extensive metabolism. Terminal half-lives were
prolonged with oral doses of (R,R)-formoterol at 10 and 100 mg/kg, possibly due to
enterohepatic recirculation. Clearance of radioactivity following an intravenous dose of
10 mg/kg was 84.4 mL/min/kg, which exceeds liver and kidney blood flow (55.2 and
36.8 mL/min/kg) and is suggestive of metabolic clearance. Estimates of volume of
distribution ranged from Vss at 11.5 L/kg to Vz at 217 L/kg indicating extensive tissue
distribution of (R,R)-formoterol and its metabolites.

LC/MS/MS analysis of urine samples found no evidence of in vivo chiral inversion of
(R,R)-formoterol in rats.

Comparison of the AUC of (R,R)-formoterol with that of total radioactivity indicated that
(R,R)-formoterol represented 2.7% of the total plasma radioactivity exposure following
intravenous bolus dose administration and 0.2-0.5% following oral dose administration.
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Furthermore, unchanged (R,R)-formoterol represented a lower percentage of total
plasma radioactivity AUC with increasing oral dose. '

Following intravenous or oral administration, radioactivity was rapidly and widely
distributed throughout the body tissues. However, following each dose level and route of
administration, tissue radioactivity concentration declined rapidly between 2 and 48 hr
postdose. By 48 hr postdose, tissue radioactivity concentrations corresponded very
closely to the corresponding plasma concentration. Tissue distributions of radioactivity
were relatively similar following intravenous and oral administration. At 2 hr postdose,
the highest concentrations of radioactivity were observed in the kidney, urinary bladder,
stomach wall, small intestine wall, and large intestine wall. With oral dosing, high
concentrations were also observed in the liver. Urinary and biliary excretion were the
major routes of elimination, which explain the high levels of radioactivity in these
tissues.

Pharmacokinetic parameters derived from plasma radioactivify concentrations in male rats
following the administration of single intravenous doses of [3H}-(R,R}-fm'moterai L-tartrate

(10 mg/kg)
Analyte Co T AUC, AUCe ALC R ta
Plasmua freeze-dried| joy gs36 s567 | s705° 00174 30907
radicactivity
Plasma total 3140 - 50750 507500 3670 0.0130 334
radioactivity
Plasma volatile com o4t 3y a7 . G ]
adioactivity 35547 6 42170 170 48700 80120 57.8

a The parameter could not be calculated in accordance with the defined acceptance
ctiteria {see DATA ACQUISITION AND PROCESSING) and nmst be treated a5
an approximation ,

b Value is Cog and not G

Units;
Ca ng equivalents free-base/s
- bours
AUC, AUC, ¢, AUC ng equivalents free-base-hig
% houes™
tin hows
Appears This Way

On Origing]
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Pharmacokinetfic parameters derived from plasma radioactivity concenfrations in male rats
following the administration of single oral doses of i"K}—{R,R)—fm‘motex'ﬁI L-tartrate

Best Possible Copy

Dose |Radioactivity| Cpy  Tom AUC, AUC, AUC Fa tia F
{mgikg) :
i Freeze-dried | 2003 025 5768 35797 3003 Q0112 GL7 0.680
Tatal 2045 025 1432 1432 1601 00111 62.6 0.288
Volatile 11221 2 8523 8323 1019 Q0109 63.7
H} |Freezedried| 1108 1 6853 6805 7235 00108 &1 0813
Total 1282 1 37970 37970 4330 DM19 383 0.771
Volatile (4104 6 31080 31080 36760 00113 615
108 | Freeze-dried | 8568 1 88680 88680 041107 0008 853 1.04%
Total I2560 2 580000 389600 600300 00113 612 1233
Volafile | 5895 12 500300 500300 617700  0.0100 69.5
a The parameter could not be calculated in accordance with the defined acceptance criteria
{see DATA ACQUISITION AND PROCESSIN G) and must be treated as an approximation
Units;
Coss ng equivalents free-base/s
T honrs
AUC, AUC5, AUC 1g equivalents free-base-lg
Az hours™!
12 howrs

Pharmacokinetic parameters derived from plasma (R.R}-formoterol concentrations in male

rats following the administration of single doses of ESHE—(R_,’R)—formeferoi E-tartrate

Dose | Dose | Cpy  Towy AUCs AUC Fz 1 CL VY, F
rounfe | lewel :

{mgkay
134 W 14890 6 1389 1389 00233 207 844 217 115 i
orat 1 188 035 6642 6621 02350 723 6.040
oral jin 153 2 W73 1076 00083 833 2078
orat 100 369 1 1253 1254 00183 368 0001

a Predicted value at time zero (Cp)

Dits:

Boge mg formoterol tartrate’kg
Cous ng/ml.

Towx houss

AUCg, AUC ng-hémb

Fz houss™*

f12 hours

CL mLminkg

Vi, Vi Lkg
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Tissme radioactivity concentrations in male rats following the administration of single intravenous doses of
PHIHR,R)-formotere! L-tartrate (3} mg/k)

Eesulis ate expressed as ng equvalents free-bazeig

Tl = =E —zT P
| T ) FAETY 3 E37TTY T m
“Zerny HIY 215 1334 I i ‘p
Whals-: 10 ) T4 1BE 267 33 -
Rleod cally ] 7 558 L o
Boxin 348 B2 e %33 48 -
B agss 1807 1198 D g o
ot %146 483 Lo N3 g
G 455G 17384 313 1633 457 [7;]
L8536 18058 1334 210 223 [ N
2538 I8 2853 ¥m2 46 [~
536 33 182 323 335 O
B3R 132 1202 4 - -
% 0 223 3748 56 Q
Foey g 15 5357 28
ki 3 k'E 381 153
2347 23 347 SR 378 O
Eot ir pird A e o)
75 5 %3 2% 35
Al 372 8% 333 354 .o
347 $5/33 3335 8% a3
it 56 %3 303 333 )
257 727 483 2855 388
365 7 552 £i5s 338
BT 235 3008 3 B3
R3 1864 4 e 5
235 375 i ] 2384 32
312 ] e 39 3e7
5} 284530 385 28577 1333
5600 350 178 £33 1731
35845 386 53 4158 HEE
2645 Metabolism

See attached reviews of studies submitted under IND 55,302.

In Vitro

An Explorato In_Vitro Metabolism Study of R,R)-Formoterol and (S.S)-

Formoterol in Rat and Human Hepatocyte Suspensions (Sepracor Document No.
090-514).

Methods: Metabolism of radiolabeled and non-radiolabeled (R,R)-formoterol and (S, S)-
formoterol by male Sprague-Dawley rat and human hepatocytes were assessed.
Incubation periods were 0, 1, 4, and 16 hr. Metabolites were detected and identified with
HPLC with radioactivity detection and LS/MS/MS.

Results: Up to 14 metabolites were formed by human and rat hepatocytes incubated
with (R,R)-formoterol and (S,S)-formoterol. Three metabolites, peaks 4 (desmethyl
formoterol), 9 (desformyl formoterol), and 11 (dehydroxylated formoterol), were
prevalent in incubations with human hepatocytes. Peaks 2 (glucuronide) and 10
(glucuronide) were prevalent in incubations with rat hepatocytes. Peaks 3 (glucuronide),
4, 9, and 12 (unknown) were also formed in significant levels in rat hepatocyte
incubations. Peak 1 (*H-H,0) was observed in all incubations.
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Table 1: Putative Identity of HPLC/RAM and LCAISAIS metabolite

Peaks
LC/ARAM LCRAN Assigned LEAS
Pesk Relative Retention Struchure Relazive Retention

Time Time.

1 9.143 *HH,0

14 4.224 ?

15 0.267 ?

2 9.349 E 9.288

3 3.468 G 0.381

4 3.503 C £.501

5 3598 ?

5 $.612 ?

7 8.721 H 0728

a 3.869 F 0.807

7 3 3.238

? L 0.391

18 0412 A 8.922

11 1075 Iy 1081

12 1.180 ?

2 P 1.293

i3 1.580 ?

HPLC/RAM peaks and LC/MS/MS peaks were separated using Gradient
Condition 2. The relative retention time of the fest article is 1.0 by definition.

Appears This Way
On Origingy
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Figure 1: Proposed Structuves for Possible Metabolic Producis

NDA No. 21-912

) oH
ﬁ/L\XHW 1>
i
HG/L P i o
HN. H

Test Asticle, Fommotarol

T o, 344 oR
M = 343 o
| Sy, "T/ I S
S \J:f" N

i . A
T
[ H MH = miz 521

-\V,H\ I N o
i

Product B o o

L, X

MH =z 219

H
T
& o

Pmdgc:ﬁ C

F fw 330
\g/ MHT = iz 351
i
3

Ha
T Prodlw{'_D

HH H o fw 328 04
T ME = mz 100 H H

HOD
wh.  y ProductE GH

Y L. 506
MH =miz 307

Positions of ghieurenidations
ar= wncertzin .

Proposed metabolite structures from LOCMS/MS analysis of
noaradiolabeled (R R)- and (S.S)-formoterot bulk incubaticns with human
and rat cryopreserved hepatecytes

Appears This Way
On Original

45



Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. NDA No. 21-912

Figare 1 {cont’d)
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(R,.R)-Formoterol and (S,S)-Formoterol: In Vitro Metabolism Study Using Human
Cryopreserved Hepatocytes (Sepracor Document No. 090-568A1).

Methods: The in vitro metabolism of [3H]-(R,R)-formoterol and [3H]-(S,S)-formoterol was
assessed using human cryopreserved hepatocytes pooled from 4 individual donors.
Metabolites were separated and identified using a combination of HPLC with
radioactivity detection and LC/MS/MS.
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Results: Incubation of [°H]-(R,R)-formoterol and [*H]-(S,S)-formoterol with human
hepatocytes led to the formation of up to 7 and 9 metabolites, respectively, as shown in
the tables below.

Metabolism of [SH}—(R,R)-farmeterol (100 pM) by human cryopreserved hepatocytes after
18 hours incubation 2: identification of metabelites by LC-MS/MS

Metabolite| RAM % ROl MH™ | MS/MS Proposed identity

fraction | R, {nun} v D R, (min)
MF-1 160.1 0.6 0.5 507 9.65 |Glucurenide of desmethylformoterol
ME-2 215 2.1 0.1 493 21.61  |Glucuronide of desformoterol
MF-3 229 1.6 19 331 2232 [Desmethylformoterol
MF4 273 28 24 521 26.91 |Phenolic glucuromde of formoterol
MF-5 305 0.9 1.0 479 2595 |Hexose conjngate of desformoterol
MF-6 377 0.7 0.7 317 37.20 |Desformoterol
MF-7 402 14 1.4 521 40.11  [Benzylic glucuronide of formoterol

- Parent 41.1 16.2 134 345 40.70 |Formoterol

26 ROI % of total injected radioactivity associated with this region of the radiochromatogram from
which the control value has been subtracted

Unireated sample
Sample following incubation with B-glucuronidase/sulphatase enzyme
IH™  m/z of the molecular ion of the metabolite

v

g w i

Metabolism of {3H]-(S,S)-Formoterol (100 un ) by human cryopreserved hepatocytes after
18 Zicurs incubation 2: identification of metabolites by LC-MS/AS

Metabolite| RAM % ROIL MH™ | MSMS Proposed 1dentsty
fraction | Ry (min) U D R, {min)
ME-1 102 40 33 5067 9.78 |Glucuronide of desmethylformoterol
MF-2 152 03 0.2 491 15.05 |Glueuronide of dehydroxylated
desmethylformoterol

MF-3 218 0.2 0.2 - - -
MF-4 228 32 31 33t 2247 |Desmethylformoterol

* * * * 521 ¥ |Phenolic glueuronide of formoterol
MF-5 275 36 35 315 2747 [Deliydroxylated desmethylformotero}
MF-7 306 L1 1.0 479 30.26 |Hexose conjugate of desformoterol
MF-8 34.4 0.1 0.1 565 3326 |Glucuronide of dehydroxylated formoterol
MF-9 377 22 05 317 37.25 |Desformoterol

* * # * 521 % Benzylic glucuronide of formoterol
Parent 411 232 217 345 40.61 [Formoterol

* * ¥ #* 329 4249 [Dehydroxylated formoterol

% ROI % of total injected radiocactivity associated with this region of the radiochromatogram from
which the controf value has been subtracted

U Untreated sample

D Sample following incubation with B-glucuronidase/sulphatase enzyme
MH™  m/z of the molecular ion of the metabolite

- Not detected by Mass Spectrometer

* Not detected by B-RAM

b Oaly Qt data available
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Investigation of the Principal Human_Cytochromes P450 and UDP-
Glucuronosyltransferases Involved in the Microsomal Metabolism of Both (R,R)-
Formoterol and (S,S)-Formoterol In Vitro (Sepracor Document No. 090-543a1).

Methods: Human hepatic cytochrome(s) P450 and UDP-glucuronosyltransferase(s)
(UGT) involved in the metabolism of (R,R)-formoterol and (S,S)-formoterol in vitro were
characterized. [*H]-(R,R)- and [°H]-(S,S)-formoterol were first incubated with human
liver microsomes pooled from six individual donors in the presence of NADPH.
Incubations were also conducted in the presence of chemical inhibitors of CYP2A6 (8-
methoxypsoralen), CYP2B6 (thio-TEPA), CYP2C8 (timethoprim), CYP2C9
(sulphaphenazole), CYP2C19 (tranylcypromine), and CYP2D6 (quinidine). Studies were
also conducted with liver microsomes from 16 individual donors. Microsomes containing
expressed human P450 reductase, cytochrome b5 and either CYP2A6, CYP2BS,
CYP2C8, CYP2C9, CYP2C19 or CYP2D8, using baculovirus as a vector were obtained
to identify which specific cytochrome 450 isozyme(s) were involved in the metabolism of
(RR)- and (S,S)-formoterol. Microsomes containing expressed human UGT1AT1,
UGT1A3, UGT1A4, UGT1A6, UGT1A9, UGT2B7 or UGT2B15, using baculovirus as a
vector were obtained to determine which UDP-glucuronyl transferase(s) were involved
in the conjugation of (R,R)- or (S,S)-formoterol and their metabolites. Metabolites were
separated and identified using a combination of HPLC with radioactivity detection,
LC/MS, NMR, and LC/MS/MS.

Results:

Pooled human liver microsomes: :

Incubation of [*HJ~(R,R)- or [’H]~(S,S)-formoterol with human liver microsomes pooled
from 6 donors yielded one major metabolite, designated MF-1 (R,R- or S,S-O-
desmethyl formoterol). Kinetic analysis using a single enzyme model of the Michaelis-
Menten equation calculated a Viax 0f 25.48 pmoles/min/mg protein and a Km of 7.79 uM
for MF-1 formation from (R,R)-formoterol. A Viax of 76.91 pmoles/min/mg protein and a
K. of 41.44 yM for MF-1 formation from (S,S)-formoterol were determined.

Liver microsomes from 16 individual donors:

Incubation of [*HJ-R,R)- or [PH]-(S,S)-formoterol with liver microsomes from 16
individual donors found statistically significant correlations for MF-1 formation from [PHJ-
(R,R)-formoterol and CYP2D6 (r = 0.962, o = <0.0001) or [’H]-(S,S)-formoterol and
CYP2D6 (r = 0.780, o= 0.0004).

Chemical inhibitors:

The formation of MF-1 from [°H]-(R,R)-formoterol by pooled human liver microsomes
was inhibited to the greatest extent by quinidine, tranylcypromine and 8-
methoxypsoralen. These results implicated CYP2D6 and CYP2C19.

The formation of MF-1 from [*H]-(S,S)-formoterol by pooled human liver microsomes
was inhibited to the greatest extent by tranylcypromine and 8-methoxypsoralen, with
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quinidine inhibiting MF-1 formation to a lesser extent. These results implicated CYP2D6
and CYP2C19.

Human CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, AND CYP2D6
C ~ .
After a 30-min incubation with [*H]-(R,R)- or [*H]-(S,S)-formoterol, only CYP2C19 and
CYP2D6 had formed significant quantities of MF-1.

Incubation with Microsomes and UDP-Glucurony! Transferase:

Incubation of pooled human liver microsomes with UDPGA and [°H]-(R,R)- or [*H]-(S,S)-
formoterol produced a metabolite, MF-3 (phenolic glucuronide), that was susceptible to
a mixed B-glucuronidase/ aryl sulphatase preparation. MF-3 was determined to be the
glucuronide of O-desmethyl formoterol. However, when PH-(R,R)- or [*HJ-(S,S)-
formoterol were incubated with UGT1A1, UGT1A3, UGT1A4, UGT1A6, UGT1A9,
UGT2B7 and UGT2B15 = 3 and UDPGA, there was no evidence for the
metabolism of either compound.

UGT Reaction Phenotyping of [°H]-(R,R)-Formoterol and [3H]-(S,S)-Formoterol
(Sepracor Document No. 090-575A1).

Methods: The in vitro metabolism of [*H]-(R,R)-formoterol and [*H]-(S,S)-formoterol was
assessed to determine the principle uridine 5-phosphoglucuronosyltransferase (UGT)

enzyme(s) responsible for the formation of glucuronide conjugates. Techniques to.

identify the major UGTs included incubations with cDNA-expressed human UGTs, UGT-
specific chemical inhibitors, and pooled human liver microsomes.

Results:

Incubation of [°H]-(R,R)-formoterol or [°H]-(S,S)-formoterol with human liver microsomes
led to the formation of two glucuronide metabolites, designated as M1 (phenolic
glucuronide) and M2 (benzylic glucuronide). Desformyl formoterol, a degradant of
formoterol, was also identified in incubations. For (R,R)-formoterol, the kinetics of M1
formation demonstrated K, and Vpnax values of 1410 uyM and 788 pmol/min/mg protein,
respectively. For (S,S)-formoterol, the kinetics of M1 formation demonstrated K, and
Vmax Values of 864 yM and 2216 pmol/min/mg protein, respectively.

The major metabolite (M1) of [°H]-(R,R)-formoterol was predominantly produced by
UGT2B17, followed by 1A9, 1A7, 1A1 and 2B7. UGT1A9 and 2B7 were the major
contributors of M2 formation from (R,R)-formoterol. Metabolite M1 from [°H]-(S,S)-
formoterol was formed mainly by UGT1A1, 1A3, 1A7,1A9, 2B7 and 2B17. Four UGTs
catalyzed the formation of M2 from (S,S)-formoterol. The amount of M1 formed from
[*H]-(S,S)-formoterol was highest with UGT1A1 and 2B17 in addition to variable
amounts from six other UGTs.

To further characterize the contribution of UGT1A1 involvement in the metabolism of

[’H]-(R,R)-formoterol and [*H]-(S,S)-formoterol, the specific chemical inhibitor bilirubin,
was used. The results demonstrate that bilirubin was able to inhibit the formation of M1
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and M2 from [3H]-(R,R)-formoterol and [°H]~(S,S)-formoterol by approximately 30% at a
substrate concentration. _

For the three UGTs evaluated kinetically, UGT2B17 was found to have the highest
intrinsic clearance with respect to M1, the primary glucuronide metabolite for both (R,R)-
and (S,S)-formoterol.
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In Vivo

Comparative Metabolism of [3H]-(R,R)-Formoterol in_Male Mice, Rats, and Dogs
(Sepracor Document No. 090-530A1). :

Methods: Metabolism of [°H]-(R,R)-formoterol was examined in male mice, rats, and
dogs. Mice received an intravenous dose of 1 mg/kg or oral doses of 1 and 10 mg/kg.
Rats received an intravenous dose of 10 mg/kg or oral doses of 1, 10, and 100 mg/kg.
Dogs received an intravenous dose of 3 pg/kg and oral doses of 30 and 300 pa/kg.
Blood samples, urine, and feces were collected up to 168 hr postdose. Bile samples
were collected from rats up to 48 hr postdose. Plasma, urine, and bile samples were
treated with B-glucuronidase/sulphatase. Metabolites in plasma, urine, bile, and feces
were separated and identified through a combination of HPLC with a radioactivity
detector, LC/MS, and LC/MS/MS.

Results: After examination of radiochromatograms, 10 regions of interest (designated
M1- M10) were located. Regions M4, M8 and M10 had retention times corresponding to
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(R,R)-O-desmethyl formoterol, (R,R)-desformyl formoterol, and (R,R)-formoterol,
respectively. Across species, dose routes/levels, and biological matrices, the main
regions of interest containing radioactivity were M6 (glucuronide of (R,R)-formoterol)
and M10 ((R,R)-formoterol), and to a lesser extent, M2, M4 and M8. Generally after
treatment with mixed B-glucuronidase/sulphatase, the radioactivity in region M6 was
reduced and to lesser extents, M1, M2 and M3, while radioactivity was increased in
region M10 and to a lesser extent M8. The table below contains two designations for M4
given that these two compounds could not be separated.

Hdentification of the major HPLC metabolite profiling regions of interest

Buslye LC-MS Tetentt Camesponding
timte (minutes} HPLC region
of isterest

(E.R)-Formateral {1}

(R R}-Desformyiformoterct (23
R R)-O-Desmethyiformotere? (3)

Glucwronide of (13
Glururonide of (2}
Glucwrontde of (3}

35-39
30-33
17-18
21-22
17-18
4-38

k10
48
520
16
M4
MIAL3

Best Possible Copy

Dog Urine: After intravenous dosing, radioactivity in regions M6 (glucuronide of (R,R)-
formoterol) and M10 ((R,R)-formoterol) dominated profiles, but radioactivity was also
present in regions M2, M5, M8 ((R,R)-desformyl formoterol) and M9 in smaller
quantities. After enzyme treatment, almost all radioactivity was associated with M10
((R,R)-formoterol). Similar results were obtained with oral dosing. Unlike the urine of
mice or rats, dog urine contained little evidence of (R,R)-O-desmethyl formoterol or its
glucuronide conjugate.

Dog Plasma: After intravenous dosing, most radioactivity was initially in region M10
((R,R)-formoterol), with a small amount of radioactivity in region M6 (glucuronide of
(R,R)-formoterol) and smaller amounts in regions M4 and M8 ((R,R)-desformoterol). By
15 to 30 min after dosing, radioactivity in regions M6 (glucuronide of (R,R)-formoterol)
and M10 was approximately equal. By 1-2 hours, most radioactivity was in region M6
with lower amounts in regions M4, M8, and M10. By 8-12 hr, radioactivity in regions M6
and M10 were approximately equal. After treatment with B-glucuronidase/suphatase,
most radioactivity was associated with region M10, with smaller amounts in regions M4,
M6 and M8. Similar results were obtained after oral dosing.

Dog Feces: All feces extract profiles were similar with radioactivity in region M10
((R,R)-formoterol) predominating, with relatively small amounts of radioactivity in
regions M4 ((R,R)-O-desmethyl formoterol) and M8 ((R,R)-desformoterol).

Rat Urine: Initially after intravenous dosing, most radioactivity was associated with
region M10 ((R,R)-formoterol). There was some radioactivity in regions M4 and M6
(glucuronide of (R,R)-formoterol) and relatively small amounts in regions M2
(glucuronide of (R,R)-O-desmethyl formoterol), M3 and M8 ((R,R)-desformoterol).
During 6-24 hours and continuing to 48 hr, region M6 contained most radioactivity, with
lower levels in regions M2, M4, M10, M3, and MS8. After treatment with B-
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glucuronidase/suphatase, most radioactivity was in region M10 ((R,R)-formoterol), with
some in regions M4 and M8. Similar results were obtained with oral administration.

Rat Plasma: Up to 2 hr after intravenous administration, most radioactivity was
observed in regions M6 (glucuronide of (R,R)-formoterol) and M10 ((R,R)-formoterol),
with smaller levels in regions M2 (glucuronide of (R,R)-O-desmethyl formoterol), M4,
and M8 ((R,R)-desformoterol). From 4 to 12 hr after dosing, most radioactivity was
observed in region M6, with smaller amounts of radioactivity in regions M2, M4, M8 and
M10. After treatment with B-glucuronidase/sulphatase, levels of radioactivity present in
region M10 increased. The levels of radioactivity in regions M4 and M8 were also
increased, while levels in regions M2 and M6 were reduced. Similar results were
obtained with oral dosing.

Rat Feces: All feces extract profiles were similar with radioactivity in region M10 ((R,R)-
formoterol) predominating, with a relatively small amount of radioactivity in region M4
((R,R)-O-desmethyl formoterol). Glucuronides were not present and presumably
deconjugated in the intestines by endogenous bacteria.

Rat Bile: After oral administration, most radioactivity was in region M6 (glucuronide of
(R,R)-formoterol) with lower levels in regions M1, M4, and M10 ((R,R)-formoterol).

Mouse Urine: After intravenous administration, most radioactivity was associated with
regions M6 (glucuronide of (R,R)-formoterol) and M10 ((R,R)-formoterol), and lower
levels in regions M2 (glucuronide of (R,R)-O-desmethyl formoterol), M4, M3, and M8
((R,R)-desformoterol). After treatment with B-glucuronidase/sulphatase, region M10
contained most radioactivity, although the level of radioactivity in region M4 increased.
Similar results were obtained with oral dosing.

Mouse Plasma: After intravenous administration, most radioactivity was in region M6
(glucuronide of (R,R)-formoterol), with smaller amounts in regions M2 (glucuronide of
(R,R)-O-desmethyl formoterol), M4 and M10 ((R,R)-formoterol). After treatment with B-
glucuronidase/suphatase, the level of radioactivity present in region M10 increased. The
level of radioactivity in region M4 also increased. Similar profiles were obtained with oral
dosing.

Mouse Feces: All mouse fecal extract profiles were similar with most radioactivity in
region M10 ((R,R)-formoterol) and a smaller level of radioactivity in region M4 (R,R)-O-
desmethyl formoterol). Glucuronides were not present and presumably deconjugated in
the intestines by endogenous bacteria.

Mouse Bile: After intravenous or oral dosing, most radioactivity was in region M6
(glucuronide of (R,R)-formoterol) with lower levels in regions M2 (glucuronide of (R,R)-
O-desmethyl formoterol) and M10 ((R,R)-formoterol). After treatment with B-
glucuronidase/suphatase, the levels of radioactivity in region M10 ((R,R)-formoterol)
and M4 increased.

52



Reviewer: Timothy W. Robison, Ph.D., D.A.B.T.

NDA No. 21-912

Analytes present in mass spectremetry analysis of selected urine and bile samples from dog,

rat and mouse

Analytes Retention Bog Rat Meouze
timz Urine Utine Urine Bile Urie Urine
{minutes} Cral Oral Oral Tal Intrsvenous Oxal
30 pgks 300 pgks | 100meks | Hmzbhe 1 mgks Wmsks
O—6hours | B—Shoms | B—6howrs | 0~3 hours | 6— 24 hows | §— 8 hours
R R)-Formoterol {1} 33-32 Y T ¥ Y Y T
(R B)-Desfirmylformoterol {23 | 30— 33 T i
(B O-Dasmathylformoterel {3} | 17— 12 K4 Y
Glacuronide of {13 -2 ¥ ¥ Y Y Y
Glucwronide of {2} 17-18 K4 Y Y
Glueuronides¥ of {3} 3-8 Y Y
X Denotas presence of the compound in the mass spectrumy

Ed

This region ixcludes two phenolic glueuronides of (B, K)-O-deamethyiformoterol

Appears This Way
On Origingj

53




Reviewer: Timothy W. Robison, Ph.D., D.A.B.T. NDA No. 21-912

Proposed biotransfermation pathways of {3H3 -R,R}-fermoterol
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2.6.4.6 Excretion
See attached re_views of studies submitted under IND 55,302.

Mice

*HI-(R,R)-Formoterol: Absorption Distribution, and Excretion Studies of [°H]-
(R;R)-Formoterol after Single Intravenous and Oral Doses to Male Mice (Sepracor
Document No. 090-528).

Methods: Absorption, distribution, metabolism, and excretion of [SH]-(R,R)-formoteroI
were examined in male CD-1 mice following an intravenous dose of 1 mg/kg or oral
doses of 1 and 10 mg/kg. Blood and plasma (at time points up to 168 hours postdose),
selected tissues and organs (at 2, 24 and 48 hours postdose), and urine, feces and respired
air (up to 168 hours post-dose) were collected and retained for radioactivity measurement.

Results: Radioactivity was primarily excreted in urine (45-50% dose) with lesser
amounts in the feces (32 -43% dose).

Mean recovery of radioactivity from male mice up to 168 hr following intravenous or oral
administration of [3H]-(R,R)-formoterol

Treatment group Urine Feces Cage wash | Expired air | Carcass Total
1 mg/kg Intravenous 45.41 32.00 9.05 2.47 0.67 89.60
1 mg/kg Orai 47.39 38.19 5.09 0.92 0.59 92.18
10 mg/kg Oral 49.47 42.90 4.29 0.87 0.50 98.03

Rats

Absorption, Distribution, and Excretion Studies of [°H]- R,R)-Formoterol after
Single Intravenous and Oral Doses to Male Rats (Sepracor Document number
090-529). '

Methods: The absorption, distribution, and excretion of [3H]-(R,R)-formoterol and
radiolabeled metabolites were examined in male Sprague-Dawley rats. [3H]-(R,R)-
formoterol was administered at an intravenous dose of 10 mg/kg or oral doses of 1, 10,
and 100 mg/kg. Whole-blood and plasma (at time points up to 168 hr postdose),
selected tissues and organs (at 2, 24, and 48 hr postdose), and urine, feces, cage
wash, and respired air (up to 168 hr postdose) were collected for radioactivity
measurement. An additional 48-hr excretion balance study was conducted with bile
duct-cannulated rats that received [3H]-(R,R)-formoterol at an intragastric dose of 1
mg/kg.

Results: Following intravenous or oral administration of [3H]-(R,R)-formoterol,

radioactivity was primarily excreted in the feces. Biliary excretion was determined to be
a major route of excretion.
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Mean recovery of radioactivity from male rats u

administration of [3H]-(R,R)-formoterol

p to 168 hr following intravenous or oral

Treatment group Urine Feces Cage wash | Expired air | Carcass Total
10 mg/kg Intravenous | 33.10 51.16 0.94 1.16 1.59 87.95
1 mg/kg Oral 24.62 67.89 0.48 0.24 0.37 93.60
10 mg/kg Oral 47.99 59.88 1.23 0.90 1.60 111.59
100 mg/kg Oral 25.51 66.31 0.88 1.82 2.45 96.95

Mean recovery of radioactivity from bile duct-cannulated male r

intragastric administration of [3H]~(R,R)-formoterol

ats up to 48 hr following

Treatment group Urine Feces Cage wash | Bile Carcass Total

10 mg/kg Intravenous | 24.89 12.63 0.58 53.3 3.00 94.40
Dogs

Absorption _and Excretion Studies of [*H]-(R,R)-Formoterol after Single

Intravenous and Oral Doses to Male Dogs (Sepracor Document No. 090-527).

Methods: The absorption and excretion of [*H]-formoterol and radiolabeled metabolites
were examined in 3 male beagle dogs following an intravenous dose of 3 Mg/kg and oral
doses of 30 and 300 ug/kg. There was a 7-week washout between treatments. Blood
samples, urine, and feces were collected up to 168 hr postdose. Cage washes were
collected at 24 hr intervals. Blood, plasma, urine, feces, and cage washed were
analyzed for radioactivity concentrations.

Results: Radioactivity was primarily eliminated in the urine

Mean recovery of radioactivity from male dogs following intravenous and oral
administration of [3H]-(R,R)-Formoterol.

Treatment Group Urine Feces Cage wash Total
3 pglkg IV 39.16 24.89 1.53 65.58
30 pg/kg Oral 37.39 29.76 1.43 70.28
300 pg/kg Oral 46.13 22.51 1.50 74.68

2647 Pharmacokinetic drug interactions
See attached reviews of studies submitted under IND 55,302.

2.6.4.8 Other Pharmacokinetic Studies
See attached reviews of studies submitted under IND 55,302. '

2.6.49 Discussion and Conclusions
The following information regarding the pharmacokinetic and toxicokinetic properties of
(R,R)-formoterol should be conveyed in the product labeling.

—
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2.6.4.10 Tables and figures to include comparative TK summary

Species comparison of pharmacokinetic/toxicokinetic parameters of (R,R)-formoterol

Parameter Mouse Rat Dog Human
t”z for (R,R)-formoterol, hr 2.3(lv) 29.7 (V) 2.9 (lv) 25.6
4.2-15.9 (Oral) | 2.9-83.3 (Oral) | 6.3-10.3 (Oral) (Inhalation)
Vg, Likg 0.751 (Iv) 11.5-217 5.6-6.9
15-39 (Oral) '
CL, mL/min/kg 3.697 (IV) 84.4 27.7
28-43 (Oral)
Oral  bioavailability of (R,R)- | 9-13% 4.9-91 54-60
formoterol, %
Oral  bioavailability of (R,R)- | 48-98 28.8-123.3 57-114
formoterol-related radioactivity, %

2.6.5 PHARMACOKINETICS TABULATED SUMMARY
Not provided by the applicant.

2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicoloqgy:

Acute toxicity studies with (R,R)-formoterol in mice, rats, and dogs:

Mice were exposed by acute nose-only inhalation to (R,R)-formoterol at nominal doses
of 400, 800, and 1600 pg/kg (deposited doses of 29.7-31.3, 50-54, and 102-125 pg/kg,
respectively). There was no treatment-related mortality. Microscopic examination was
limited to the heart from animals in the high dose group and unexposed control groups
that were sacrificed two days after exposure. Cardiomyopathy, characterized by small
aggregates of mononuclear inflammatory cells in foci of myofiber degeneration
(vacuolated and/or hyalinized sarcoplasm) in the inner third of the left ventricle was
observed for mice treated with (R,R)-formoterol at the high dose. '

In an acute toxicity study, rats received an oral dose of either (R,R)-, (8,S)-, or R,R/S,S-
formoterol at 1000 mg/kg. The minimum lethal oral dose of formoterol was >1000 mg/kg
in rats.

In an acute toxicity study, rats received an intravenous dose of (R,R)-formoterol at 10,
30, 75, or 100 mg/kg or (S,S)-formoterol at 10, 50, or 75 mg/kg. Incidences of death
were 6 of 6 for 100 mg/kg (R,R)-formoterol, 4 of 6 for 50 mg/kg (S,S)-formoterol, and 5
of 6 for 75 mg/kg (S,S)-formoterol. (S,S)-formoterol appeared to be more toxic than
(R,R)-formoterol. ' :

Rats were exposed by acute inhalation to (R,R)-formoterol at nominal doses ranging
from 40 to 1600 pg/kg (deposited doses ranging from 3 to 155 ua/kg), (S,S)-formoterol
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at a nominal dose of 1600 pg/kg (deposited dose of 199 ug/kg), (R,R/S,S)-formoterol at
a nominal dose of 1600 pg/kg (deposited dose of 76.9 ug/kg), or (R,R)-desformoterol at
a nominal dose of 1600 ug/kg (deposited dose of 118 pg/kg). Observation periods
following exposure were 2 or 14 days. One male rat exposed to (R,R)-formoterol at a
deposited dose of 148 ug/kg (or a total inhaled dose of 1600 pg/kg) died during the test
article exposure period. (R,R)-formoterol at deposited doses of 132 to 155 ug/kg
increased heart rate in male and female rats to 132 and 119% of baseline rates,
respectively. Heart rate returned to baseline rate by 2 hr after exposure in female rats,
although, it was still elevated in male rats at 4 hr after exposure. (R,R/S,S)-Formoterol
at 77 pg/kg and (R,R)-desformoterol at 118 ug/kg increased heart rate in male rats to
136 and 128% of baseline rates, respectively; however, these compounds had minimal
effects on heart rate in female rats. (S,S)-Formoterol at 199 ug/kg had no effect on heart
rate in male or female rats. Microscopic examination was limited to the heart collected
from the unexposed control and 148 ug/kg (R,R)-formoterol groups at 2 days after
treatment. Cardiomyopathy (minimal to mild) was observed for 2 of 6 rats in the
unexposed control group and 5 of 5 animals in the 148 ug/kg (R,R)-formoterol group.

In an acute intravenous toxicity study, beagle dogs received either (R,R)-formoterol at 3
Mg/kg or R,R/S,S-formoterol at 6 ug/kg. There were no deaths or clinical signs of
toxicity.

Repeat dose toxicity studies with (R,R)-Formoterol:

Mice :

In a 28-day nose-only inhalation toxicity study with (R,R)-formoterol in mice, total doses
were 0, 100, 400, and 800 pg/kg/day. Deposited doses were estimated to be 0, 10, 40,
and 80 pg/kg/day, respectively. Body weight gains were increased in all male and
female treatment groups. Target organs of toxicity were the spleen, kidneys, and skin.
Incidences of extramedullary hematopoiesis were increased in all male and female
treatment groups. Incidences of basophilic tubules in the kidneys were increased in all
male treatment groups. Incidences of lymphoid interstitial infiltrate in the kidneys were
increased in all male treatment groups. The incidence of chronic active inflammation of
the skin was increased for all male treatment groups; however, high incidences of this
finding were observed in female control and treatment groups.- A NOAEL was not
identified in this study based upon histopathological findings in the spleen, kidneys, and
skin.

In a 28-day oral toxicology study with mice, (R,R)-formoterol was administered at doses
of 5, 15, 50, and 150 mg/kg/day. Target organs of toxicity were the heart, salivary gland,
thymus, liver, and kidneys. Minimal to mild cardiomyopathy consisting of focal or
multifocal lesions sequestered around the papillary muscles in the left ventricle was
observed in males at 150 mg/kg/day and females at 50 and 150 mg/kg/day. Minimal to
severe generalized hypertrophy of serous acinar cells in the mandibular and parotid
salivary glands was observed at doses of 50 and 150 mg/kg/day. Thymic atrophy (i.e.,
decreased thickness of thymic cortex) was observed for males at 15, 50, and 150
mg/kg/day. Minimal to moderate glycogen deposition in the liver was observed at higher
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incidences in treatment groups. This appeared to correlate with increased liver weights
for females. A higher incidence of minimal to mild basophilic cortical tubules was in the
kidneys was observed in all male treatment groups.

Rats

In a 28-day inhalation toxicity study with (R,R)-formoterol in rats, total doses were 104,
424, and 784 ug/kg/day. Using a deposition factor of 0.09, deposited doses were
calculated to be 9.4, 38.2, and 70.6 pg/kg/day, respectively. The NOAEL was identified -
as 38.2 yg/kg/day. Increases in heart rate were evident for all treatment groups during
the daily exposure period; however, there was no evidence of a dose-response
relationship. Target organs of toxicity were heart, kidneys, lungs, nasal cavity, testes,
and epididymides. The incidence of cardiomyopathy, characterized by multifocal
myofiber degeneration and infiltration of mononuclear cells, was increased for male rats
at in the high dose group. The incidence of lymphoid infiltration in the kidneys was
increased for females in the high dose group. The incidence of vascular mineralization
in the lung was increased for males and females combined in the high dose group.
Incidences of non-suppurative inflammation in the nasal cavity level 2 were increased
for all treatment groups, although this finding might be considered monitorable.
Incidence of degeneration in the testes and intratubular cell debris in the epididymides
were increased for males in the high dose group. These findings in the heart, kidneys,
lungs, nasal cavity, testes, and epididymides were not confirmed in the 6-month
inhalation toxicology study with rats that received (R,R)-formoterol at deposited doses
up to 77 pg/kg/day.

In a 6-month inhalation toxicology study, rats were exposed to (R,R)-formoterol at target
doses of 100, 400, and 800 Mg/kg/day. Deposited doses were 10, 40, and 77 ug/kg/day,
respectively. The NOAEL was identified as 10 pg/kg/day due to treatment-related
mortality observed with doses of 40 and 77 Mg/kg/day. Decreased levels of glucose and
amylase activity in male and female treatment groups appeared to be related to the
pharmacological activity of (R,R)-formoterol. There was no apparent target organ of
toxicity. However, an increased incidence of thymic hemorrhage was observed at 77
Mg/kg/day. Thymic hemorrhage was a sporadic finding related to the euthanasia or
tissue collection processes and not a direct test article-related effect.

In a 13-week nose-only inhalation toxicology study, rats were exposed to (R,R)-
desformoterol, a degradant of (R,R)-formoterol, at target inhaled doses of 3.1, 8.6, and
26.9 pg/kg/day. Using a deposition factor of 0.1, pulmonary deposited doses were
calculated to be 0.3, 0.86, and 2.7 pg/kg/day, respectively. Histopathological findings
were observed in the cecum, heart, adrenal gland, and prostate. Increased incidences
of minimal to slight inflammation with resulting secondary and reactive hyperplasia were
observed in the cecal mucosa for all male and female treatment groups. The finding
was described as follows: lamina propria was expanded by increased numbers of
inflammatory cells, primarily mononuclear, with intestinal crypts exhibiting greater
basophilia and cellularity and an increased mitotic activity. The incidence and severity of
this finding displayed no dose-response relationship. From literature references, a slight
increase in inflammatory cells in the lamina propria would be considered within normal
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limits (Handbook of Toxicology 2" Edition, CRC Press, Page 696). The incidence of
mononuclear infiltration in the heart was increased for male and female rats in the high
dose group; however, lower dose groups were not examined. Incidence of cortical
vacuolation in the adrenal glands and inflammation in the prostate were increased for
males in the high dose group as compared to the concurrent control. It is noted that
these findings were not test article-specific and incidences were relatively high in the
concurrent control group. There was no evidence of local toxicity in the respiratory tract
tissues. A NOAEL was not established in the present study based upon an increased
incidence of mononuclear cell infiltration in the heart for male and female rats in the high
dose group. There was no histopathological examination of lower dose groups. There
were no such findings in the heart from a second 13-week inhalation toxicology study
with rats (Study 090-844) that received (R,R)-desformoterol at total inhaled doses of
1.02 and 3.65 ug/kg/day.

In a 13-week inhalation toxicology study with rats, (R,R)-desformoterol, a degradant of
arformoterol, was administered at total inhaled doses of 1.02 and 3.65 pag/kg/day.
Deposited doses were estimated to be 0.1 and 0.37 ug/kg/day, respectively.
Histopathological findings of potential significance were observed in the cecum, colon,
jejunum, and lung. In the cecum, incidences of minimal hemorrhage were increased for
both treatment groups. The relationship -of this finding to treatment was unclear given
that there were no similar observations in study 090-840. Inflammation with mucosal
hyperplasia was observed in all groups with the highest incidence observed in the
control group. Hemorrhage was observed in the colon, jejunum, and lung. In the lung
and colon, incidences of hemorrhage were increased in the high dose group. In the
jejunum, incidences of hemorrhage were increased in both the low and high dose
groups; however, a dose-response relationship was not observed. The relationships of
these findings to treatment were unclear given that there were no similar observations
from study 090-840. Consideration of the present study along with results of study 090-
840 where (R,R)-desformoterol was administered at total inhaled doses up to 30
Hg/kg/day suggests that findings in the cecum, colon, jejunum, and lung were unrelated
to treatment and the NOAEL could be identified as 0.37 pg/kg/day. The deposited dose

of 0.37 ug/kg/day for the high dose group provides a — _ =
(R,R)-desformoterol ¢= 7 found in the clinical dose of arformoterol.
Dogs

In a 14-day inhalation range-finding study, dogs (2/sex/group) received (R,R)-formoterol
at doses of 0, 70, 100, and 200 pg/kg/day using a mask-type nose-only apparatus.
Using a deposition factor of 0.20, deposited doses were estimated to be 0, 14, 20, and
40 pg/kg/day, respectively. During the 14-day exposure period, the exercise program
was suspended due to time constraints resulting from the exposure regimen. In
addition, formoterol, a B,-adrenergic agonist, is known to produce to large increases of
heart rate as well as arrhythmias. Continued exercise periods might have compromised
the health of study animals. Clinical signs included body flushed and reddened ears for
all male and female treatment groups. Tremors were observed for male and female
dogs in the 200 ug/kg/day group. Slight losses of body weight were observed for male
dogs in the 100 and 200 pg/kg/day groups. Food consumption was reduced for male
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treatment groups. White blood cell counts were decreased for all male and female
treatment groups. Phosphorus levels were decreased for females in the 100 and 200
Mg/kg/day groups. Triglyceride levels were decreased for males in the 100 ug/kg/day
group and males and females in the 200 Mg/kg/day group. Increased heart rate was
observed during and following exposure in all male and female treatment groups. Sinus
tachycardia was observed at 2- or 4-hr postdose. Ectopic ventricular activity was
generally observed at 24-hr postdose. Paroxysmal ventricular escape rhythms with or
without paroxysmal ventricular tachycardia was observed for one male in the 70
Mg/kg/day group and one male and one female each in the 100 and 200 ug/kg/day
groups. In addition, one male in the 100 pg/kg/day group has ventricular escape beats.
Relative heart weights were increased for male treatment groups. The target of toxicity
was the heart. Degeneration of the myocardium was observed in all treatment groups.
Incidences of mineralization of the myocardium were increased for males in the 70 and
200 pg/kg/day. A NOAEL was not identified based upon histopathological findings and
ectopic activity in the heart at all doses.

In a 28-day inhalation toxicity study with (R,R)-formoterol in dogs, total doses were 5.8,
21.8, and 41.4 ug/kg/day. Using a deposition factor of 0.17, deposited doses were
calculated to be 1, 3.7, and 7 ug/kg/day, respectively. The NOAEL was identified as 3.7
pg/kg/day. Heart rate was increased in male and female treatment groups during the
exposure period and at 2- and 4-hr post exposure, although, there was no evidence of
dose-response relationships. Histopathological changes observed for male dogs at the
high dose included dilatation of the medullary renal tubules in the kidneys, cytoplasmic
vacuolation of the periportal region in the liver, non-suppurative inflammation in the
nasal cavity (Level 2), and vacuolation of the germinal epithelium in the testes. There
were no significant histopathological findings in female treatment groups. These
histopathological findings were not confirmed in the 13-week or 9-month inhalation
toxicology studies with dogs that received (R,R)-formoterol at comparable and higher
doses. '

In a 13-week nose-only aerosol inhalation toxicology study, beagle dogs received (R,R)-
formoterol at total inhaled doses of 0, 5, 40, and 70/100 ug/kg/day. Using a deposition
factor of 0.20, deposited doses were calculated as 0, 1, 8, and 14/20 ug/kg/day,
respectively. Due to clinical effects including respiratory depression and cyanosis
(during exposure) for two male dogs and morbidity for 1 female dog, the high dose was
lowered from 100 to 70 pg/kg/day on day 3 for males and day 22 for females. A NOAEL
was not established due to electrocardiographic abnormalities (i.e., ventricular ectopic
patterns) consisting of premature ventricular beat and/or ventricular escape beat or
rhythm, which were observed after the first exposure to (R,R)-formoterol at all dose
levels. Based on histopathology, there were no target organs of toxicity. Treatment-
related deaths occurred at the high dose for one male and one female, which were both
euthanized in extremis on days 87 and 21, respectively. Treatment-related clinical signs
were evident for dogs treated with (R,R)-formoterol at all dose levels (i.e., flushing of the
body surface and facial area and reddening of the ears and gums). Heart rate and
electrocardiograms were evaluated on day 0 and during weeks 4 and 12. Elevated heart
rates were evident at all dose levels on the first day of exposure and at weeks 3 and 12,
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during exposure and at 2- and 4-hr post-exposure. Sinus tachycardia was observed
following the first exposure to (R,R)-formoterol at all dose levels at 2- and 4-hr post-
exposure. Electrocardiographic abnormalities consisting of ventricular ectopic patterns
were also observed following the first exposure at all dose levels at 4 and 24 hr after
dosing. These ectopic patterns (i.e., ventricular escape beat, ventricular escape rhythm,
and ventricular premature beat) were clearly treatment-related as they could be
attributed to known pharmacological effects of B2-adrenergic agonists, although, dose
response relationships were not evident. These ECG abnormalities could be
characterized as transient as they were not evident during weeks 3 and 12; however,
this is unclear given that in the 9-month study, ectopic changes were observed late in
the study. Histopathological examination of the heart revealed no evidence of treatment-
related myocardial injury. These ventricular ectopic patterns appeared to be tolerated,
although, they were clearly undesirable effects, which could lead to potentially serious
adverse events. Animal exercise periods were discontinued throughout the treatment
period due to concerns regarding drug-induced changes of heart rate and rhythm.

In @ 9-month nose-only aerosol inhalation toxicology study, male and female beagle
dogs (4 dogs/sex/group) received (R,R)-formoterol at target inhaled dose of 5, 40, or 70
pg/kg/day (deposited doses of 0, 1, 8, and 16 ug/kg/day, respectively). A NOAEL was
not established in this study. Atrial (supraventricular) premature depolarization was
observed at all doses during week 38. Based upon histopathology, there were no target
organs of toxicity. Apparent treatment-related mortality occurred at the high dose. One
control male dog and two male dogs in the high dose group were found dead during
exposures on days 244, 35, and 151, respectively. Causes of death could not be
determined from gross pathological and histopathological examinations; however, the
two deaths in the high dose group are assumed to be treatment-related based upon
mortality at this dose level in the 13-week study. Treatment-related clinical signs,
consisting of flushing of the body surface and facial area, reddened ears, and reddened
gums, were observed throughout the treatment period at all dose levels. These clinical
signs were noted primarily at 1-hr post-exposure. Amylase activities were elevated for
male dogs in the high dose group at weeks 25 and 38. Lipase activities were generally
elevated for male and female treatment groups during weeks 25 and 38. Heart rate and
electrocardiogram were evaluated on day 0 and during weeks 26 and 38. On day O at 2-
and 4-hr post-exposure, elevated heart rates (and sinus tachycardia) were evident for
male and female dogs at all dose levels. At 4-hr postexposure, ventricular tachycardia
was evident for 1 female dog in the high dose group. At 24-hr post-exposure, ventricular
tachycardia and R on T depolarizations were evident for this dog. Further at 24-hr post-
exposure for 1 male dog in the high dose group, ventricular premature beat, slow
couplets, rapid premature tachycardia, and bigeminy were observed for 1 male dog in
the high dose group. During week 38, atrial (supraventricular) premature depolarization
was observed for 1 female dog in the mid dose group prior to dosing, 1 female dog in
the low dose group at 2-hr post-exposure, and for 1 female dog in the high dose group
at 24-hr post-exposure. Histopathological examination of the heart tissue found no
evidence of injury. There were no target organs of toxicity with deposited doses of
(R,R)-formoterol up to 16 pg/kg/day.
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Pretest and post-exposure electrocardiograms recorded for dogs in the 14-day, 13-
week, and 9-month inhalation toxicology studies were re-evaluated for the presence of
cardiac rhythm changes by two veterinary cardiologists. Sinus tachycardia was a
common findings in dogs treated with (R,R)-formoterol at doses =5 ug/kg/day. Various
types of ECG abnormalities (i.e., ectopic findings) were also observed in dogs treated
with (R,R)-formoterol at doses 25 pg/kg/day. The applicant noted that NOAEL could not
be identified for ectopic activity with particular regard to the 13-week and 9-month
inhalation toxicology studies; however, they have asserted that an exposure threshold
for ectopic findings can be identified within the low dose groups that received 5
ug/kg/day. Using Cmax or AUC data from the study week 0 toxicokinetic evaluations from
the 13-week and 9-month studies, the five 5 pg/kg/day group animals with ectopic
findings (i.e., Male #6845, Male #6848, and Female #6864 in the 13-week study and
Female #6915 and Female #6924 in the 9-month study) had Cpax values >250 pg/mL

and AUC values >2000 pg'hr/mL. The applicant's designation of a threshold for ectopic

activity within the 5 pg/kg/day groups of the 13-week and 9-month inhalation toxicology
studies appears potentially arbitrary and inappropriate. All animals were considered at
risk for ectopic activity. As noted in original study reviews, ECG monitoring periods were
short and could have missed ectopic activity. Further, animal exercise periods were
discontinued throughout the treatment period due to concerns regarding drug-induced
changes of heart rate and rhythm. AUC and Cp.x data is known to vary from day to day
(or measurement to measurement) which could significantly shift the designated
threshold. Exposure margins between animals with and without ectopic activity were
small. All dogs were young with no pre-existing cardiac problems, which minimized
potential adverse effects of ectopic activity. The designation of threshold may have little
value for the COPD patient population, which generally have pre-existing cardiac
problems.

In a 13-week inhalation toxicology study, dogs were exposed to 40 upg/kg/day (R,R)-
formoterol in the presence or absence of C 2 (R,R)-desformoterol. The
primary objective of this study was to qualify the degradant, (R,R)-desformoterol at a
level — 73 in the present study. Pulmonary deposited doses for (R,R)-formoterol and
(R,R)-desformoterol were 8.50-9.50 ug/kg/day and 0.52-0.60 ug/kg/day, respectively. A
concurrent negative control group received citrate-buffered isotonic saline on a
comparable regimen. Additional dogs were included in treatment groups for a 4-week
recovery period, although no concurrent control dogs were included. The secondary
objective of this study was to assess the toxicity of potential leachables from (R,R)-
formoterol unit dose vials (UDV), although specifications for leachables were not
provided. A solution of (R,R)-formoterol from UDVs that had been stored for an
extended time was used to prepare the test article formulation with appropriate
concentrations of bulk (R,R)-formoterol and (R;R)-desformoterol. No specification of
leachables was provided. Increased heart rates were observed in both the formoterol
only and formoterol + desformoterol groups, although there was no evidence of ectopia
as observed in the 13-week and 9-month inhalation toxicology studies with dogs. It
should be noted that ECG measurements were not conducted on the first day of
exposure as done in the 13-week and 9-month inhalation toxicology studies with dogs.
Histopathological findings were observed in the heart, epididymides, testes, lung, and
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mesenteric lymph node, although these findings were not observed in the 13-week and
9-month inhalation toxicology studies with dogs that received (R,R)-formoterol alone at
comparable and higher doses. Findings were generally comparable between the
formoterol only and formoterol + desformoterol groups. Administration of desformoterol
in the presence of formoterol produced no additional toxic effects. There were concerns
about the design of this study given that only one dose of ((R,R)-desformoterol was
tested and the cardiac toxicity of (R,R)-formoterol in dogs might confound interpretation
of the study. There were no apparent differences in the toxic profiles between the (R,R)-
formoterol alone and (R,R)-formoterol +—— (R,R)-desformoterol groups.

Genetic toxicology:
(R,R)-formoterol was negative in the in vitro bacterial reverse mutation assay, in vitro
Chinese hamster ovary cell chromosomal aberration assay, and in_vivo mouse
micronucleus assay.

Carcinogenicity: :

Mice received (R,R)-formoterol at oral doses of 0, 1, 5, and 25 mg/kg/day for periods up
to 104 weeks. The applicant did not have ECAC concurrence for dose selection. The
applicant did not contact the Division prior to early termination of groups. Survival was
significantly decreased for males and females in the 25 mg/kg/day group. Thus, the
maximum tolerated dose (MTD) was exceeded at 25 mg/kg/day. Due to decreased
survival for males in the 25 mg/kg/day group, the applicant elected to sacrifice this
group at week 77 when survival was 34%. The applicant elected to sacrifice females in
the 25 mg/kg/day group during week 92 when survival was 33%. The applicant elected
to sacrifice males in the 5 mg/kg/day group during week 95 when survival was 35%.
Surviving females in control groups 1 and 2 and the 1 and 5 mg/kg/day groups were
sacrificed during week 102 when survival was approximately 36, 39, 43, and 38%,
respectively. Surviving males in control groups 1 and 2 and the 1 mg/kg/day group were
sacrificed during week 104 when survival was approximately 42, 36, and 39%,
respectively. A maximum tolerated dose was achieved based upon decreased survival
for males and females at 25 mg/kg/day; however, surviving males in the 25 mg/kg/day
group were inappropriately sacrificed up to 6 months early and the duration of freatment
appeared to be insufficient. The treatment period appeared to be sufficient for females
at 25 mg/kg/day (sacrificed at week 92) and males at 5 mg/kg/day (sacrificed at week
95). Histopathological examination of tissues was complete for males at 5 and 25
mg/kg/day and females at 25 mg/kg/day. The incidences of uterine endometrial stromal
polyps, combined incidences of uterine endometrial stromal polyps and stromal cell
sarcoma, and combined incidences of uterine and cervical endometrial stromal polyps
and stromal cell sarcoma were significantly increased for female treatment groups. It is
noted that tumor incidences for the high dose group were lower than the low and mid
dose groups due to decreased survival and early termination of surviving animals at the
high dose. Based upon tumor findings in the uterus and cervix combined, (R,R)-
formoterol is tumorigenic in female mice at oral doses =1 mg/kg. Systemic exposure to
(R,R)-formoterol in females at 1 mg/kg/day was 70-fold of exposure at the clinical dose
of 15 pg BID. Given that (R,R)-formoterol was not genotoxic, observed tumors most
likely developed through non-genotoxic mechanisms. Treatment with B.-adrenergic
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agonists is known to produce tumors in the female rodent genital tract. In studies with
albuterol, salmeterol, and racemic formoterol (R,R- and S,S-enantiomers), there were
findings of uterine leiomyomas and/or leiomyosarcomas. (R,R)-formoterol produced
tumors in the uterus and cervix as observed with other B,-adrenergic agonists, although
the tumor type differed. Leiomyomas and/or leiomyosarcomas are tumors derived from
uterine smooth muscle (myometrial muscle), whereas endometrial stromal polyps and
stromal cell sarcoma are derived from the endometrial stroma. There are no safety
concerns for tumor findings in mice treated with (R,R)-formoterol given that B,-
adrenergic agonists are known to produce tumors in the female rodent genital tract.

Rats received (R,R)-formoterol at inhaled doses of 0, 40, 100, 200, and 400 pg/kg/day
for periods up to 104 weeks. The applicant did not have ECAC concurrence for dose
selection. The applicant did not contact the Division prior to early termination of groups.
There was a statistically significant decrease in the survival rate for male rats in the 400
pg/kg/day group. Trend analysis indicated no treatment-related effects on survival for
female (R,R)-formoterol groups. The applicant sacrificed all surviving males in control
group 1 and the 400 ug/kg/day during weeks 91 and 92. All surviving females in control
group 1 and the 400 ug/kg/day group were sacrificed during weeks 90 and 91, and all
remaining females in the 100 ug/kg/day group were sacrificed during week 92. The
remaining females in control group 2 and the 40 and 200 pg/kg/day groups were
sacrificed during weeks 100 and 101. The males in control group 2 and the 40, 100, and
200 pg/kg/day groups were exposed for 104 weeks. Absolute body weight was
decreased for male rats in the 400 pg/kg/day. Absolute body weight for female rats in
the 400 pg/kg/day was unaffected through week 89. Decreases (~10%) of absolute
body weight were observed for male and female rats in the 200 ug/kg/day group toward
the end of the treatment period. The approximate 10% decrease of absolute body
weight for males and females in the 200 ug/kg/day group suggests a maximum
tolerated dose was also achieved at this dose. For the ovaries and oviducts, incidences
of cyst(s) were significantly increased for female treatment groups at doses 240
pg/kg/day. For the thyroid gland, combined incidences of c-cell adenoma and carcinoma
were increased for females in the 100 and 200 pg/kg/day groups as compared to
controls. The combined incidence of c-cell adenoma and carcinoma for females at 100
and 200 ug/kg/day exceeded mean incidences from the historical control background
data of the testing laboratory. Increases at 100 and 200 ng/kg/day were significant using
trend analysis. However, only the increase at 200 ug/kg/day was statistically significant
by pairwise comparison. Based upon increased incidences of thyroid C-cell adenoma
and carcinoma in female treatment groups, (R,R)-formoterol is tumorigenic in rats.
Given that (R,R)-formoterol was not genotoxic, tumors developed through non-
genotoxic mechanisms. Systemic exposure in rats that received 40 pg/kg/day (R,R)-
formoterol, where there were no treatment-related tumor findings, was approximately
35.9 to 55.5 times systemic exposure with a clinical dose of 15 ug BID. There are no
safety concerns for tumors findings in rats treated with (R,R)-formoterol given that there
is a sufficient safety margin.
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Reproductive toxicology:

Fertility and reproductive parameters were evaluated in male and female rats that
received (R,R)-formoterol at oral doses of 0, 1, 5, and 10 mg/kg/day. For male rats,
treatment with (R,R)-formoterol was initiated 30 days prior to mating and dosing
continued until female rats reached day 14 of gestation. For female rats, treatment with
(R,R)-formoterol was initiated 14 -15 days prior to mating and dosing continued until day
7 of gestation. (R,R)-formoterol at oral doses <10 mg/kg/day had no effects on fertility or
mating indexes in male and female rats. Spermatogenic endpoints (i.e., number of
sperm, sperm production, motility, and morphology) were unaffected. In mated female
rats sacrificed on day 15, there were no treatment-related effects on numbers of corpora
lutea/dam, implantation sites/dam, viable embryos/dam, or resorptions/dam. There were
no effects on pre- and post-implantation loss per dam. There were no treatment-related
gross pathological findings in male or female Fo rats. Absolute and relative weights for
the right epididymis, left epididymis, right cauda epididymis, and left cauda epididymis
for male treatment groups were slightly decreased; however, these changes appeared
to have no toxicological significance as there were no functional consequences on
fertility or reproductive performance.

In a dose range finding teratology study, mated female rats received (R,R)-formoterol at
oral doses of 0, 10, 20, 40, 80, and 160 mg/kg/day. Maternal toxicity was evident at 160
mg/kg/day as mortality occurred at this dose. (R,R)-formoterol was teratogenic as
external malformations were evident with doses of 80 and 160 mg/kg/day. Anasarca
was observed for 1 fetus at 80 mg/kg/day and 2 fetuses at 160 mg/kg/day. One of these
fetuses at 160 mg/kg/day was also observed with ablepharia (bilateral) and mandibular
and maxillary micrognathia. Localized fetal edema (neck and thorax) was observed for 1
fetus at 160 mg/kg/day. The role of maternal toxicity for these observed effects is
unknown. Many of these findings (i.e., anasarca and localized fetal edema) were
reproduced in the definitive embryofetal development study.

In a teratology study, mated female rats received (R,R)-formoterol at oral doses of 10,
60, or 120 mg/kg/day or racemic formoterol at a dose of 120 mg/kg/day from days 6 to
17 of gestation. Sacrifice was scheduled for day 20 of gestation. Maternal toxicity (i.e.,
death and clinical signs) was evident with (R,R)-formoterol at 60 and 120 mg/kg/day
and racemic formoterol at 120 mg/kg/day. Teratogenic effects were evident in fetuses
obtained from dams treated with (R,R)- formoterol at doses =10 mg/kg/day and racemic
formoterol at 120 mg/kg/day. External malformations were evident for fetuses obtained
from dams treated with (R,R)-formoterol at 10, 60, or 120 mg/kg/day or racemic
formoterol at 120 mg/kg/day. Treatment-related external malformations included
omphalocele, localized fetal edema of the neck, anasarca, microphthalmia and/or
anophthalmia, and micromelia. Omphalocele and microphthalmia and/or anophthalmia
were not observed with racemic formoterol. The one incidence of malformation,
omphalocele, at 10 mg/kg/day occurred independently of maternal toxicity. Skeletal
malformations were evident for fetuses obtained from dams treated with (R,R)-
formoterol at 60 or 120 mg/kg/day or racemic formoterol at 120 mg/kg/day. Treatment-
related skeletal malformations that included bent limb bones and vertebral anomaly with
or without associated rib anomaly were observed with both compounds. A finding of 1
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fetus with 12 pairs of ribs was observed with only (R,R)-formoterol. Post-implantation
loss, consisting primarily of early resorptions, was increased with (R,R)-formoterol at 60
and 120 mg/kg/day and racemic formoterol at 120 mg/kg/day. Number of viable fetuses
and fetal body weight were decreased with (R,R)-formoterol at 60 and 120 mg/kg/day
and racemic formoterol at 120 mg/kg/day. An increased incidence of skeletal variations,
consisting primarily of reductions in ossification, was evident for fetuses obtained from
dams treated with (R,R)-formoterol at 10, 60, or 120 mg/kg/day or racemic formoterol at
120 mg/kg/day. Several variations at 10 mg/kg/day occurred independently of maternal
toxicity. : _

In a teratology study, mated female rats received (R,R)-formoterol at doses of 1, 5, or
- 10 mg/kg/day or racemic formoterol at a dose of 10 mg/kg/day from days 6 to 17 of
gestation. Sacrifice was scheduled for day 20 of gestation. There was no evidence of
maternal toxicity with (R,R)-formoterol at <10 mg/kg/day. Teratogenic effects were
evident in fetuses obtained from dams treated with (R,R)-formoterol at doses =1
mg/kg/day and racemic formoterol at 10 mg/kg/day. An external malformation,
omphalocele, was observed with fetuses in the 1, 5, and 10 mg/kg/day (R,R)-formoterol
groups, although, there was not a dose-response relationship. The NOAEL for
omphalocele appears to be <1 mg/kg/day. Omphalocele occurred independently of
maternal toxicity. Umbilical herniation of the intestine (i.e., several loops of the intestine
protruded through an opening in the umbilicus) was observed for 1 fetus in the 10
mg/kg/day racemic formoterol group. Skeletal variations consisting of decreased
ossification were increased for all (R,R)-formoterol groups as well as the racemic
formoterol group. On gestation days 6 or 17, the dose of 1 mg/kg/day produced an AUC
that was 447.8 and 368.1 times the AUC observed with the clinical dose of 15 ug BID,
respectively; however, it should be noted that 1 mg/kg/day is not a NOAEL.

In a dose range finding teratology study, artificially inseminated rabbits received (R,R)-
formoterol at oral doses of 0, 20, 40, 80, 160, and 320 mg/kg/day from days 7 to 20 of
gestation. Maternal toxicity was evident at doses of 40, 80, 160, and 320 mg/kg/day.
Mortality occurred at doses of 40, 80, 160, and 320 mg/kg/day. All rabbits in the 160
and 320 mg/kg/day groups were euthanized on day 13 due to excessive toxicity. One
female at 80 mg/kg/day aborted on day 28. (R,R)-formoterol appeared to be teratogenic
as a treatment-related external malformation, adactyly, was observed at 80 mg/kg/day.
Adactyly was observed at an incidence that exceeded concurrent and historical
controls. Post-implantation loss was increased at 80 mg/kg/day.

In a teratology study, (R,R)-formoterol was administered by oral gavage at doses of 0,
20, 40, and 80 mg/kg/day to 22 artificially inseminated female rabbits per group from
days 7 to 20 of gestation. Surviving animals were sacrificed on day 29 of gestation.
Teratogenic effects were evident in fetuses obtained from dams treated with (R,R)-
formoterol at doses 220 mg/kg/day. Three female rabbits at 80 mg/kg/day and one
female at 40 mg/kg/day aborted between days 23 and 29 of gestation. It is noted that
abortion is a fairly common observation for pregnant female rabbits (range of 0 to
33.3%). Decreased defecation was observed in a dose-related manner for all treatment
groups. Post-implantation loss at 80 mg/kg/day was increased when compared to the
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control. This increase was attributed to higher early and late resorptions. There was a
corresponding decrease in the number of viable fetuses per dam at 80 mg/kg/day. Fetal
body weight at 40 and 80 mg/kg/day was decreased as compared to the control. Total
malformations (i.e., external, visceral, and skeletal) at 20, 40, and 80 mg/kg/day were
increased in a dose-related manner to 10(5), 11(9), and 26(12), respectively, as
compared to 3 fetuses (2 litters) for the control. Treatment-related external
malformations were observed with 40 and 80 mg/kg/day (R,R)-formoterol. Adactyly,
syndactyly, and umbilical hemiation of the intestine were observed at 80 mg/kg/day.
Findings of syndactyly and umbilical herniation were limited to limited to single fetuses.
- Brachydactyly and short tails were observed at 40 and 80 mg/kg/day. Findings of short
tail were limited to single fetuses at 40 and 80 mg/kg/day. Adactyly was observed at a
dose of 80 mg/kg/day in the dose range finding study. Treatment-related visceral
malformations were observed with 20, 40, and 80 mg/kg/day (R,R)-formoterol. A
malpositioned right kidney was observed with 20, 40, and 80 mg/kg/day (R,R)-
formoterol. Bulbous aorta was observed at 40 and 80 mg/kg/day. Lobular dysgenesis of
the lungs, interventricular septal defect, cardiomegaly, and common truncus were
observed at 80 mg/kg/day. Findings of cardiomegaly and common truncus were limited
to single fetuses. Skeletal malformations consisted of single findings of costal cartilidge
anomaly, metatarsals fused, and skull bones fused. The incidences of major blood
vessel variations were slightly increased at 40 and 80 mg/kg/day, although, the
treatment relationship of these findings appears questionable. The incidences of
skeletal variations, sternebrae with thread-like attachment and 27 presacral vertebrae,
were increased at 20, 40, and 80 mg/kg/day. The incidence of accessory skull bones
was increased at 80 mg/kg/day. There were several histopathological findings for fetal
tissues at 20, 40, and 80 mg/kg/day. White areas in the liver, oviduct cysts, and dark red
areas on the liver or mesenteric cyst(s) were observed in fetuses from all (R,R)-
formoterol treatment groups, although oviduct cysts and dark red areas on the liver or
mesenteric cyst(s) were not observed in a dose-related manner. Cysts in the liver were
observed in fetuses at 40 and 80 mg/kg/day.

In a teratology study, artificially inseminated female rabbits received (R,R)-formoterol at
oral doses of 2, 10, and 20 mg/kg/day from days 7 to 20 of gestation. Racemic
formoterol at a dose of 20 mg/kg/day was included as a comparator. In the present
study, (R,R)-formoterol at doses <20 mg/kg/day was not teratogenic in contrast to the
earlier study where malformations were evident at doses >20 mg/kg/day. The
incidences of major blood vessel variations were increased for (R,R)-formoterol and
racemic formoterol treatment groups as compared to the concurrent control, although,
there was no evidence of a dose response relationship.

In a dose range finding embryofetal development study, 6 artificially-inseminated
rabbits/group received either racemic formoterol at oral doses of 5, 10, 20, 40, 80, and
160 mg/kg/day or (R,R)-formoterol at oral doses of 10, 20, or 40 mg/kg/day from
gestation days 7 to 20. A vehicle-control group received 0.5% carboxymethylcellulose.
One female in the 160 mg/kg/day racemic formoterol group aborted on gestation day
24. Incidences of decreased defecation were increased for females receiving racemic
formoterol or (R,R)-formoterol at doses =10 mg/kg/day. Decreased defecation for the 80
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and 160 mg/kg/day racemic formoterol groups was attributed to decreases of -food
consumption. Gravid uterus weights were decreased for dams in the 160 mg/kg/day
racemic formoterol group. Numbers of viable pups/dam were decreased for dams in the
160 mg/kg/day racemic formoterol group. Resorptions (early, late, and total) and post-
implantation losses were increased for dams in the 160 mg/kg/day racemic formoterol
group. Combined fetal weights were decreased for the 80 and 160 mg/kg/day racemic
formoterol groups and the 40 mg/kg/day (R,R)-formoterol group. External examination
of pups found 1 pup (1/26 = 3.8%) in the 40 mg/kg/day (R,R)-formoterol group with a
cleft palate. '

In an embryofetal development study, artificially-inseminated female rabbits received
either 160 mg/kg/day R,R/S,S-formoterol, 80 mg/kg/day (R,R)-formoterol, or 0.5%
carboxymethylcellulose from gestation days 7 to 22. The incidence of decreased
defecation was increased in the 160 mg/kg/day R,R/S,S-formoterol group. Post-
implantation losses were significantly increased in the 160 mg/kg/day R,R/S,S-
formoterol and 80 mg/kg/day (R,R)-formoterol groups. This resulted in significant
decreases in numbers of viable pups in the 160 mg/kg/day R,R/S,S-formoterol and 80
mg/kg/day (R,R)-formoterol groups. Gravid uterus weights and fetal weights were also
decreased in the 160 mg/kg/day R,R/S,S-formoterol and 80 mg/kg/day (R,R)-formoterol
groups. Incidences of visceral malformations, malpositioned kidney, bulbous aorta, and
interventricular septal defect, were increased in both the 160 mg/kg/day R,R/S,S-
formoterol and 80 mg/kg/day (R,R)-formoterol groups. Incidences of external
malformations, ectrodactyly and brachydactyly, were increased in the 160 mg/kg/day
R,R/S,S-formoterol group. Single incidences of spina bifida were observed in both
treatment groups. Incidences of skeletal malformations, sternebrae fused, vertebral
anomaly with or without associated rib anomaly, and sternebra(e) malaligned, were
increased in the 160 mg/kg/day R,R/S,S-formoterol group. Sternebra(e) malaligned was
observed in both treatment groups. Increased incidences of skeletal variations,
sternebra(e) malaligned (slight or moderate), 13" full rib, and sternebra(e) with thread-
like attachment, were increased in both the 160 mg/kg/day R,R/S,S-formoterol and 80
mg/kg/day (R,R)-formoterol groups. Skeletal variations, 27 presacral vertebrae and
hyoid body and/or arch(es) unossified, were observed in the 80 mg/kg/day (R,R)-
formoterol group. R,R/S,S-formoterol at 160 mg/kg/day and (R,R)-formoterol at 80
mg/kg/day were teratogenic in rabbits.

In a pre- and post-natal development study, time-mated Fo female rats received (R,R)-
formoterol at oral doses of 0, 1, 5, and 10 mg/kg/day from gestation day 6 to postnatal
day 20. One female in the 10 mg/kg/day group was euthanized on gestation day 21 due
to complications during parturition. This female had total litter loss. Lengths of gestation
for Fy female rats in the 1, 5, and 10 mg/kg/day groups were slightly prolonged. Survival
was decreased for F1 pups in the 5 and 10 mg/kg/day groups on postnatal days 0 and 1
and birth to postnatal day 4. Decreased fetal survival was primarily attributed to 2
females in the 5 mg/kg/day group and 1 female in the 10 mg/kg/day group with total
litter loss from birth to postnatal day 4. No significant effects on fetal survival were
observed at later time points. Umbilical hernia, a malformation observed in teratology
studies with (R,R)-formoterol, was observed for 1 pup in the 10 mg/kg/day group.
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Incidences of missing (presumed cannibalized), subcutaneous hemorrhage, pale in
color, and cyanotic were increased for pups in all (R,R)-formoterol treatment groups.
Absolute body weights for male and female pups in the and mid high dose groups were
decreased on postnatal days 1, 14, 17, and 21 as compared to control values; however,
body weight gains for Fi male and female pups from postnatal days 0 to 21 (i.e,
lactation or weaning period) were unaffected. Clinical observations of F1 males and
females during the post-weaning period found increased incidences of prominent
annular rings over the entire length of the tail for the 5 and 10 mg/kg/day groups on
postnatal days 35, 42, 49, and 56; however, this finding did not persist. During the post-
weaning period, absolute body weights for F; male and female pups in the mid and high
doses group were generally lower than corresponding control values; however, body
- weight gains for Fy male rats from postnatal day 21 to week 22 and F1 female rats from
postnatal day 21 to week 17 were unaffected by treatment. Acquisition of
balanopreputial separation appeared to be delayed for male pups receiving the high
dose of 10 mg/kg/day, although all male pups from treatment groups acquired
separation. Acquisition of vaginal patency appeared to be delayed for female pups
receiving the high dose of 10 mg/kg/day, although all female pups from treatment
groups acquire vaginal patency. Measurements of acoustic startle responses found that
mean Vmax values were increased for F4 male pups in the 5 and 10 mg/kg/day groups
on postnatal day 20 and F4 males in the 1, 5, and 10 mg/kg/day groups on postnatal
day 60. Vnax values were increased for Fy females in all treatment groups on postnatal
days 20 and 60; however, lack of dose-response relationships, particularly on postnatal
day 60, suggests that there was no treatment-related effect. Differences of swimming
ability, mean times to escape from the Biel maze and mean numbers of errors
committed during trials 1-10 (days 2-6 of the Biel maze procedure), and/or when probed
for memory, mean time to escape and mean number of errors (day 7 of the Biel maze
procedure) were observed between control and treatment groups; however,
toxicological significance was unclear. Male and female F1 rat mating and fertility
indexes were unaffected by treatment. No treatment-related effects were observed for
the F» generation fetuses. Delays of prenatal and postnatal development were
potentially present for (R,R)-formoterol high dose group that received 10 mg/kg/day.

2.6.6.2 Single-dose toxicity
See attached reviews of studies submitted under IND 55,302.

2.6.6.3 Repeat-dose toxicity :
See attached reviews of studies submitted under IND 55,302.

Rats

Study title: A 13-Week Inhalation Toxicity Study of Nebulized Aerosol Formulation
of (R,R)-Desformoterol Oxalate in the Albino Rat.

Key study findings:
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e In a 13-week nose-only inhalation toxicology study, rats were exposed to (R,R)-
desformoterol at target inhaled doses of 3.1, 8.6, and 26.9 ug/kg/day. Using a
deposition factor of 0.1, pulmonary deposited doses were calculated to be 0.3, 0.86,
and 2.7 pg/kg/day, respectively.

e Histopathological findings were observed in the cecum, heart, adrenal gland, and
prostate.

e Increased incidences of minimal to slight inflammation with resulting secondary and
reactive hyperplasia were observed in the cecal mucosa for all male and female
treatment groups. The finding was described as follows: lamina propria was expanded
by increased numbers of inflammatory cells, primarily mononuclear, with intestinal
crypts exhibiting greater basophilia and cellularity and an increased mitotic activity. The
incidence and severity of this finding displayed no dose-response relationship. From
literature references, a slight increase in inflammatory cells in the lamina propria would
be considered within normal limits (Handbook of Toxicology 2™ Edition, CRC Press,
Page 696).

e The incidence of mononuclear infiltration in the heart was increased for male and
female rats in the high dose group. Lower dose groups were not examined to establish
a NOAEL for this finding. There were no such findings in a second 13-week inhalation
toxicology study with rats (Study 090-844) that received (R,R)-desformoterol at total
inhaled doses of 1.02 and 3.65 ug/kg/day (deposited doses of 0.1 and 0.37 ug/kg/day,
respectively). The NOAEL will be established in Study 090-844.

e Incidence of cortical vacuolation in the adrenal glands and inflammation in the
prostate were increased for males in the high dose group as compared to the
concurrent control. It is noted that these findings were not test article-specific and
incidences were relatively high in the concurrent control group. There were no such
findings for the adrenal gland in a second 13-week inhalation toxicology study with rats
(Study 090-844). A NOAEL for prostate inflammation was established in Study 090-844.

e There was no evidence of local toxicity in the respiratory tract tissues.

Study no.: Sepracor Document number 090-840
Conducting laboratory and location: .

- A -
Date of study initiation: May 31, 2004 (Dosing started) h@“
GLP compliance: Yes. :
QA report. yes (X)no ()
Drug, lot #, and % purity: (R,R)-Desformoterol oxalate, batch/lot number MM7448
(Purity, 97.26%)

Methods
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Doses: Total inhaled doses were 3.1, 8.6, and 26.9 pg/kg/day. Using a deposition factor
of 0.1, pulmonary deposited doses were calculated to be 0.3, 0.86, and 2.7 ug/kg/day,
respectively. Rats were exposed by nose-only inhalation 20 min per day for 91 days.

The overall theoretical achieved doses of {R, R}-desformeoterol were recalenlated based on an
active moiety of 64.63%. The recalenlated values were as follows:

Mean .
<+ | Active | Exposure - | Calcalated
Group Sex (gn?m ) Conc'n | Duration g;f:é;f? 3§;§i£ Achieved Dose
i (ng/Ly | (min) | @ {ng/kg/day)
Male | 0252 0.430 .9
3 ar= 25 2 - 31
2| Femare | 0165 | OP0| 20 1 0254 i'ib
81
Male | 0258 | 0.442
¥
3 | Female | 0160 | 99%* ] 20 ! 0.245 .§‘éh
354
1 Male | 0264 | .o | 0.455
* | Femate | 0165 | 2192 | X 1 0.256 f;’?'g,,

N 100% deposttion s assumed.

5 Mlean of Males and Females.

Standard aluminum cylindrical flow-through nose-only inhalation chambers were utilized
in this study. Each chamber was of modular design with 20 separate ports in each row
into which the conical front section of a polycarbonate restraint tube was inserted. The
top section of the inhalation chamber has an opening for inlet air into which the test or
control articles were introduced. The bottom section of the chamber had a
corresponding air extraction port.

Actual chamber concentrations of aerosol were measured at least once for all groups
each day from a sampling port within the animal breathing zone using a gravimetric
method. Chamber concentrations of active ingredient (of all filters collected during
treatment) were determined at least twice weekly by chemical analysis of the deposit
collected on the gravimetric filters.

Particle size distribution analysis was performed for each test and control article
chamber at least once weekly using a cascade impactor. Filters were analyzed with a
gravimetric method for Group 1. Filters were analyzed with a chemical method using a
HPLC for treated Groups 2, 3, and 4 for active ingredient. Mass median aerodynamic
diameters and geometric standard deviations were determined from filters collected on
the cascade impactor.

Group Target dose, pg/kg/day MMAD (um) + GSD determined

. ‘analytically
2 3.1 1.6+2.0
3 8.6 . 1.8+21.
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(4 [26.9 [1.7224

Nominal chamber concentrations were calculated from the airflow through the chamber
and the quantities of test or control article used.

Achieved doses (ug/kg/day) were calculated with the following formula:
(Respiratory minute volume (L/min) x Active concentration (ug/L) x Treatment time
(min))/BW (kg)

Specres/Stranm. Male and female Sprague-Dawley CD z” = CD®[SD] IGS BR) rats were
obtained from 2
Numberssexgroup or time pomt (main stuay). 15 rats/sex/group

Route, Tormulation, volurme, and miusion rafe. Vehicle and drug solutions were
administered by nose-only inhalation. Control animals were exposed to an aerosol of
the vehicle-control, citrate buffered saline, pH 4.5. The dose formulation was initially
prepared approximately daily, and after establishing the stability (at study week 1), was
formulated weekly. The control and test atmospheres were generated into the chamber
air inlet using Pari LC Plus nebulizers supplied with predried compressed air. The test
article was dissolved in the vehicle (target pH 4.5) and the target formulation
concentrations were 0, 50, 120, and 300 pg/mL for Groups 1, 2, 3, and 4, respectively.
Salellie groups used for foxicokinelics or recovery. None

Age. At the start of treatment, animals were 7 weeks old.

Weqght: At the start of treatment, body weight ranges were 219 to 282 g for males and
148 to 199 g for females.

Unique stuay deslgn or methodofogy (if any) In a 13-week nose-only inhalation
toxicology study, rats were exposed to (R,R)-desformoterol at target inhaled doses of 0,
3.1, 8.6, and 26.9 mg/kg/day.

Observations and times:

Mortality: Animals were observed twice daily for mortality.

Cimreal signs. Animals were observed twice daily for clinical signs. A detailed
examination was conducted once per week.

Boay wefghits. Body weights were measured once per week during the treatment period.
Food consumptiorr. Food consumption was measured once per week during the
treatment period.

Qohithalimoscopy. Not performed.

£AG. Not performed.

Hermatology. Blood samples for measurement of hematology parameters were collected
at study termination. '

Chinreal chemisizy. Blood samples for measurement of clinical biochemistry parameters
were collected at study termination.

Urmnalysss. During week 13, urine samples were collected from individual animals placed
in metabolism cages overnight.

Gross pathofogy. All animals were euthanized on the same day after 91 days of
treatment. In order to minimize autolytic change, a complete gross pathology
examination .of the carcass was conducted immediately on all animals which were
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~euthanized. The order of necropsy was as follows: control (Group 1), high dose (Group
4), mid dose (Group 3), and low dose (Group 2). Tissues and organs were collected and
place in neutral buffered 10% formalin with the exception of the epididymides, eyes,
optic nerve, and testes, which were fixed in Zenker’s fluid. :

Organ wefghits. Absolute and relative weights were determined for the adrenal glands,
brain, epididymides, heart, kidneys, liver, lungs, ovaries, pituitary gland, spleen, testes,
thymus, thyroid lobes and parathyroid glands.

Histopathology. Tissues were prepared for histopathological examination by embedding
in paraffin wax, sectioning, and slide staining with hematoxylin and eosin. For the
control and high dose groups, all tissues were examined. For the low and mid dose
groups, respiratory tract tissues (lungs, larynx, pharynx, trachea, tracheobronchial
lymph node, tracheal bifurcation (with mainstem bronchi) and nasal cavities and
sinuses) and all gross lesions were examined. Based upon findings in the ceca from the
high dose group, the ceca from low and mid dose groups were examined. A peer review
pathologist examined the slides of the cecum.

7Toxicokinetics. Not performed.

Results

Mortality: None.

Clinical signs: Incidences of scab on the interscapular skin were increased for male
and female treatment groups. Incidences of hypersensitivity (hyperactivity) were
increased for males in the mid and high dose groups. There were recurring clinical
observations of muzzle staining red observed in all groups including the control,
although incidences may have been slightly higher for males in the mid and high dose
groups.

Clinical signs (15 rats/sex/group)
Clinical signs Males Females

0 3.1 8.6 26.9 0 3.1 8.6 26.9
Skin scablinterscapular 2 4 10 4 1 4 6 5
Hypersensitivity (hyperactivity) | 1 0 2 4 0 0 2 0

Body weights: There were no treatment-related effects on body weight gain.

Food consumption: There were no treatment-related effects on food consumption.

Hematology: Observed differences in neutrophil, monocyte, and large unstained cell
counts between control and treatment groups appeared to have little or no toxicological
significance. Neutrophils were increased for male treatment groups. Monocyte counts
were decreased for female treatment groups, although a dose-response relationship
was not observed. Monocyte counts were slightly increased for males in the high dose
group. Large unstained cell counts were increased for female treatment groups.
However, large unstained cell counts were decreased for male treatment groups.

Hematology parameters
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Hematology parameters | Males Females :

0 3.1 8.6 26.9 0 3.1 8.6 26.9
Neutrophils, 10.05 13.87 13.45 13.18
% (138%) | (134%) | (131%)
Neutrophils, 0.635 0.733 0.789 0.930
10%/uL (115%) | (124%) | (147%)
Monocytes 1.64 1.35 1.39 1.12
% (82%) | (85%) | (68%)
Monocytes 0.095 0.093 0.089 0.113 0.063 0.045 0.055 0.45
10%/uL (119%) (71%) | (87%) | (71%)
Large unstained cells 1.02 1.17 1.16 1.30
% (115%) | (114%) | (128%)
Large unstained cells 0.095 0.071 0.082 0.077 0.036 0.041 0.046 0.051
10%/uL (75%) | (86%) | (81%) (114%) | (128%) | (142%)

Clinical chemistry: Decreased triglyceride levels for male

treatment groups and
increased potassium levels for females in the high dose group appeared to have little or
no toxicological significance. Triglyceride levels for male treatment groups were
decreased to 70.7-78.5% of the control (61.5 mg/dL). Potassium levels were increased
for females in the high dose group to 112.7% of the control (4.412 mmol/L).

Urinalysis: There were no treatment-related effects on urinalysis parameters.

Gross pathology: Potential treatment-related gross pathological findings were
observed in the kidney, lung, mandibular lymph node, prostate, spleen, thymus, and
pituitary; however, there were no correlations to histopathological findings.

Necropsy findings (15 rats/sex/group)

Organs/Tissues Males Females

0 3.1 8.6 26.9 0 3.1 8.6 26.9
Kidney
-area dark 0 0 0 1 0 0 0 1
Lung
-foci dark 0 0 1 1 0 0 0 0
Mandibular LN
-foci dark 0 0 0 1 0 0 1 0
Prostate
-area pale 0 0 0 0
-mass 0 0 0 0
Spleen
-cyst 0 0 0 1 0 0 0 0
Thymus
-foci dark 1 0 1 2 0 1 0 0
Pituitary
-enlargement 0 0 0 0 0 0 0 1

Organ weights: There were no treatment-related changes of organ weights.

Histopathology: Histopathological findings were observed in the cecum, heart, adrenal

gland, and prostate.
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Increased incidences of minimal to slight inflammation with resulting secondary and
reactive hyperplasia were observed in the cecal mucosa for all male and female
treatment groups. The lamina propria was expanded by increased numbers of
inflammatory cells, primarily mononuclear, with intestinal crypts exhibiting greater
basophilia and cellularity and an increased mitotic activity. The incidence and severity of
this finding displayed no dose-response relationship. The historical control incidence of
this finding in male and female rats from the testing laboratory was 1.53% (range of O to
20% for males and 0 to 10% for females). The incidence for the con-current control was
significantly higher than the historical control. From literature references, a slight
increase in inflammatory cells in the lamina propria would be considered within normal
limits (Handbook of Toxicology 2™ Edition, CRC Press, Page 696).17

The incidence of parasites in the colon was increased for the high dose group.
Histopathological examination determined that cross sections of parasites found in the
colon were morphologically compatible with pinworm nematodes. These nematodes are
seen in the intestinal lumen with no specific inflammatory response. No
immunosuppressive effects of formoterol or desformoterol have been observed. These
findings were possibly a colony-specific finding and not attributed to treatment with
desformoterol.

The incidence of mononuclear infiltration in the heart was increased for male and
female rats in the high dose group. Lower dose groups were not examined. to establish
a NOAEL for this finding.

Incidence of cortical vacuolation in the adrenal glands and inflammation in the prostate
were increased for males in the high dose group as compared to the concurrent control.
It is noted that these findings were not test article-specific and incidences were relatively
high in the concurrent control group.

Incidences of tubular basophilia, pyelitis/pyelonephritis, and inflammation in the kidneys
were increased for rats in the high dose groups. It is noted that these are low incidence
findings and appear to be consistent with age-related changes in the kidneys for
Sprague-Dawley rats. :

There were additional findings in several other organs with unclear relationship to
treatment.

Histopathology findings in rats that received (R,R)-desformoterol at inhaled doses of 0,
3, 10, and 30 ug/kg/day

Organs/Tissues Sex 0 3.1 8.6 26.9
| Cecum

-inflammation M 115 10/15 8/15 10115
F 5/15 8/15 10/15 11/15

Colon )

-parasite M 0/15 - - 115
F 0/15 - - 5/15

Heart
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-infiltration, mononuclear cell M 1/15 - - 4/15
F 0/15 - - 2/15

Adrenal .

-vacuolation, cortical M 4/15 - on 7115
F 0/15 - - 015

Prostate

-inflammation M 8/15 - - 11/15

Kidney

-basophilia, tubular M 0/15 on 0/2 2/15
F 0/15 - - 2/15

-pyelitis/pyelonephritis M 0/15 on 0/2 1/15
F 115 - - 2/15

-inflammation M 0/15 on 0/2 115
F 0/15 - - 2/15

Lung

-infiltration, mixed cells M 0/15 0/15 0/15 115
F 0/15 0/15 0/15 1/15

Eye

-atrophy, retina M 0/15 - - 1/15
F 0/15 - - 1/15

Liver

-hyperplasia, bile duct M 0/15 - 0/2 1/15
F 0/15 0/2 0/2 0/15

-infiltration, mononuclear cell M 0/15 - 102 115
F 0/15 0/2 0/2 0/15

Lacrimal gland

-infiltration, mononuclear cell M 0/15 - - 1/15
F 0/15 01 - 0/15

Mandibular LN

-granuioma M 015 - - 115
F 0/15 - - 0/15

Spleen

-cyst, capsular M 0/15 01 - 1/15
F 0/15 - - 0/15

Trachea

-hemorrhage M 0/15 - - s
F 0/15 - - 0/15

Thyroid

-cyst: ultimobranchial/ | M 0/15 - - 0/15

thyroglossal F 0/15 - - 1/15

Study title. A 13-Week Inhalation Toxicity Study of a Nebulized Aerosol
Formulation of (R,R)-Desformoterol Oxalate in Albino Male Rats.

 Key study findings:
¢ In a 13-week inhalation toxicology study with rats, (R,R)-desformoterol, a degradant of

arformoterol, was administered at total inhaled doses of 1.02 and 3.65 pa/kg/day.
Deposited doses were estimated to be 0.1 and 0.37 ug/kg/day, respectively.
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e Histopathological findings of potential significance were observed in the cecum, colon,
jejunum, and lung; however, their relationships to treatment were unclear given that
there were no similar observations in study 090-840 where (R,R)-desformoterol was
administered at total inhaled doses up to 30 ug/kg/day.

e In the cecum, incidences of minimal hemorrhage were increased for both treatment
groups. The relationship of this finding to treatment was unclear given that there were
no similar observations in study 090-840. Inflammation with mucosal hyperplasia was

observed in all groups with the highest incidence observed in the control group. In study

090-840, increased incidences of minimal to slight inflammation with resulting
secondary and reactive hyperplasia were observed in the cecal mucosa for all male and
female treatment groups. From literature references, a slight increase in inflammatory
cells in the lamina propria would be considered within normal limits (Handbook of
- Toxicology 2" Edition, CRC Press, Page 696).

e Hemorrhage was observed in the colon, jejunum, and lung. In the lung and colon,
incidences of hemorrhage were increased in the high dose group. In the jejunum,
incidences of hemorrhage were increased in both the low and high dose groups;
however, a dose-response relationship was not observed. The relationships of these
findings to treatment were unclear given that there were no similar observations from
study 090-840. .

¢ An examination of this study in isolation indicates that a NOAEL was not identified
based upon histopathological findings in the cecum and jejunum for both treatment
groups and the lung for the high dose group. Consideration of the present study along
with results of study 090-840 where {R,R)-desformoterol was administered at total
inhaled doses up. to 30 ug/kg/day suggests that findings in the cecum, colon, jejunum,
and lung were unrelated to treatment and the NOAEL could be identified as 0.37
ug/kg/day. The deposited dose of 0.37 pg/kg/day for the high dose group provides a
C - safety margin for level of (R,R)-desformoterol = 3 found in the
clinical dose of arformoterol.

Study no.: Sepracor Document number 090-844
Conducting laboratory and location: r— ’

|

Date of study initiation: September 22, 2005 (Start of dosing)

GLP compliance: Yes.

QA report: yes (X) no ()

Drug, lot #, and % purity: (R,R)-Desformoterol Oxalate, batch/lot number MM7488
(Purity, 94.2%)
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Methods

Doses: Doses of (R,R)-desformoterol are shown in the table below. (R,R)-desformoterol
doses were based on the free base form of drug (i.e., adjusting for the salt content,
chiral form, and impurity). Control rats were exposed to sodium citrate buffered oxalate

solution (pH 4.5).

Group | RMV | Active | Exposure | Mean Target . Inhaled | Calculated Pulmonary
L/min | Conc Duration | BW Dose Achieved Dose Deposited Dose*
Mg/l min Kg pa/kg/day pg/kg/day pg/kg/day
2 0.248 [ 0.174 {10 0.4215 | 1 1.02 0.10
3 0.248 | 0413 |15 0.4205 | 3 3.65 0.37

* A deposition factor of 10% was used to calculate pulmonary deposited doses.

Standard aluminum cylindrical flow-through nose-only inhalation chambers were utilized
in this study. Each chamber was of modular design with 20 separate ports in each row
into which the conical front section of a polycarbonate restraint tube was inserted. The
top section of the inhalation chamber has an opening for inlet air into which the test or
control articles were introduced. The bottom section of the chamber had a
corresponding air extraction port.

Actual chamber concentrations of aerosol were measured at least once for all groups
each day from a sampling port within the animal breathing zone using a gravimetric
method. Chamber concentrations of active ingredient (of all gravimetric filters collected
on each day) during treatment were determined at least twice weekly by chemical
(HPLC) analysis of the deposit collected on the gravimetric filters.

Particle size distribution analysis was performed for each test and control article
chamber at least once weekly using a cascade impactor. Filters were analyzed with a
gravimetric method for Group 1. Filters were analyzed with a chemical method using a
HPLC for treated Groups 2 and 3 for active ingredient. Mass median aerodynamic
diameters and geometric standard deviations were determined from filters collected on
the cascade impactor.

Group Target dose, ug/kg/day MMAD (um) + GSD determined
analytically

1 0 1.56+1.9

2 1 1.8+1.9

3 3 16+1.9

Nominal chamber concentrations were calculated from the airflow through the chamber
and the quantities of test or control article used.

Achieved doses (ug/kg/day) were calculated with the following formula:

(Respiratory minute volume (L/min) x Active concentration (ug/L) x Treatment time
(min))/BW (kg)
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Species/strain: Male Sprague-Dawley CD « 2 CD®[SD]IGS BR] rats were obtained from
c .

Numbet7Sexgroup or time porit (main stualy). 15 male rats/group -

Roulte, formulation, volume, and infiusion rate. v 1 was administered by
nose-only inhalation using a nebulized aerosol formulation. The control and test
atmospheres were generated into the chamber air inlet using Pari LC Plus nebulizers
supplied with predried compressed air. The concentration of the test article in the
atmosphere was controlled by varying the solution concentration (target concentrations
of 25 and 50 pg/mL for Groups 2 and 3, respectively) and maintaining a constant dosing
duration of 10 and 15 min, respectively.

Salellite grouyps used for toxicokinelics or recovery. None.

Age. At the start of treatment, rats were approximately 6 weeks old.

Weygrnit. At the start of treatment, the body weight range was 185 to 225 g.

Unique stuay design or methodology (iF a/77: In a 13-week inhalation toxicology study
with rats, (R,R)-desformoterol, a degradant of arformoterol, was administered at total
inhaled doses of 1.02 and 3.65 Hg/kg/day. Deposited doses were estimated to be 0.1
and 0.37 pg/kg/day, respectively. This study was conducted as a follow-up to an earlier
13-week inhalation toxicology study with rats that received (R,R)-desformoterol at total
inhaled doses of 0, 3, 10, and 30 pg/kg/day (Sepracor Document number 090-844).

Observations and times:

Mortality: Animals were observed for moribundity/mortality twice per day.

Cinteal sfgns. Animals were observed prior to exposure and approximately 1 hr
following each exposure during the treatment period.

Boay we/jphis. Body weights were measured weekly during the treatment period.

Food consumptionr. Food consumption was measured weekly during the treatment
period.

Qutithaimoscopy. Not performed.

£AG. Not performed. v
Hermatology. Blood samples for determination of hematology parameters were collected
at study termination.

Chinreal chemistry. Blood samples for determination of clinical biochemistry parameters
were collected at study termination.

Unnalysis. Urinalysis was performed during week 13. Urine samples were collected
from individual animals placed in metabolism cages overnight.

Gross pathofogy. All animals were euthanized on the same day. In order to minimize
autolytic change, a complete gross pathology examination of the carcass was
conducted immediately for each animal euthanized. The order for necropsy was as
follows: control (Group 1), high dose (Group 3), and low dose (Group 2). For all animals,
3 femoral bone marrow smears were prepared; however, smears were retained but not
evaluated given that there were no test article-related effects in the hematology and
histopathologic assessments.

Organ wejghifs. Absolute and relative organ weights were determined for the adrenal
glands, brain, epididymides, heart, kidneys, liver, lungs, pituitary gland, prostate, spleen,
testes, and thymus.
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Histopathology. All tissues for all animals were prepared for histopathological
examination by embedding in paraffin wax, sectioning and slide staining with
hematoxylin and eosin and examined.

JToxicokimnetics. Not performed.

Results

Mortality: None.

Clinical signs: There were no treatment-related clinical signs. There were slight
increased incidences of a few nonspecific clinical signs, although relationships to
treatment were questionable in most cases due to lack of a dose-response.

Clinical signs, n = 15 males/group

Clinical sign Control 1 yg/kg/day 3 pg/kg/day
Hypersensitive 2 2 5

Fur thin cover/Fore paw | 5 6 9

Skin dry/Tail 7 6 10

Skin scab/Tail 5 9 9

Body weights: There were no treatment-related differences of body weight gain.

Food consumption: There were no treatment-related differences of food consumption.

Hematology: Monocyte counts for the low and high dose groups were increased to
127.5 and 117.6% of the control (0.091 x 10%/uL), respectively. Basophil counts for the
low and high dose groups were decreased to 79.2 and 81.1% of the control (0.037 x
10%/uL), respectively. Differences were small and dose-response relationships were not
present; thus, it is unclear if these were treatment-related effects.

Clinical chemistry: Indirect bilirubin levels for the high dose group were increased to
134.2% of the control (0.051 mg/dL). Triglyceride levels for the low and high dose
groups were decreased to 79.2 and 81.1% of the control (57.2 mg/dL), respectively.

Urinalysis: There were no treatment-related changes of urinalysis parameters.

Gross pathology: Gross pathological findings were observed in the cecum, colon,
epididymis, jejunum, liver, prostate, stomach, testis, and adrenal. Findings in the cecum
appear to correlate with histopathological findings of hemorrhage and inflammation.
Findings in the colon and jejunum appear to correlate with histopathological findings of
hemorrhage. Findings in the liver appear to correlate with histopathological findings of
tension lipidosis and/or inflammation. The finding in the prostate appears ‘to correlate
with histopathological findings of inflammation. The finding in the testis appears to
correlate with the histopathological finding of atrophy of the seminiferous epithelium.
The finding in the epididymis appears to correlate with the histopathological finding of
oligo/aspermia. There did not appear to be any corresponding histopathological findings
for gross pathological findings in the stomach and adrenal.
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Gross pathological findings, n = 15 males/group

Organ/Tissue Control Low dose High dose
Cecum

-area dark 0 0 3
-foci dark 0 1 1
Colon

-area dark 0 1 2
-foci dark 0 1 2
Jejunum

-area dark .13 9 8
Liver

-area pale 1 2 v 3
Prostate

-area pale 0 0 1
Testis

-small 0 0 1
Epididymis

-small 0 0 1
Stomach

-area pale 0 0 1
Adrenal

-foci pale 0 0 1

Organ weights: There were no treatment-related changes of absolute or relative organ
weights.

Histopathology: Histopathological findings of potential significance were observed in
the cecum, colon, jejunum, and lung; however, there relationships to treatment were
unclear given that there were no similar observations in study 090-840 where (R,R)-
desformoterol was administered at total inhaled doses up to 30 ug/kg/day.

In the cecum, incidences of minimal hemorrhage were increased for both treatment
groups. The relationship of this finding to treatment was unclear given that there were
no similar observations in study 090-840. Inflammation with mucosal hyperplasia
(minimal to slight in severity) was observed in all groups with the highest incidence
observed in the control group. This change was characterized by increased numbers of
inflammatory cells, primarily mononuclear in the lamina propria, with intestinal crypts
exhibiting greater basophilia and cellularity and an increased mitiotic activity (mucosal
hyperplasia). In study 090-840, increased incidences of minimal to slight inflammation
with resulting secondary and reactive hyperplasia were observed in the cecal mucosa
for all male and female treatment groups. From literature references, a slight increase in
inflammatory cells in the lamina propria would be considered within normal limits
(Handbook of Toxicology 2™ Edition, CRC Press, Page 696).

Hemorrhage was observed in the colon, jejunum, and lung. In the lung and colon,

incidences of hemorrhage were increased in the high dose group. In the jejunum,
incidences of hemorrhage were increased in both treatment groups; however, a dose-
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response relationship was not observed. The relationship of these findings to treatment
was unclear given that there were no similar observations from study 090-840.

For the prostate, the incidence of inflammation was slightly increased in the high dose
group. However, for study 090-840, the incidence of prostate inflammation in the control
group was 8 of 15 (63.3%). The incidence in the present study appears to be within the

spontaneous background range.

Additional histopathological findings were observed in the duodenum, ileum, aorta,
kidney, larynx, liver, pancreas, testis, epididymis, and urinary bladder; however,
incidences were low and/or dose-response relationships were not present. Hemorrhage
was observed in the duodenum and ileum, each with an incidence of 1 of 15.

Histopathological findings

Organ/Tissue Control Low dose High dose
Cecum

-inflammation with mucosal hyperplasia | 6/15 2115 215
-hemorrhage, multifocal 0/15 3/15 4/15
Colon

-hemorrhage, multifocal 0/15 0/15 2/15
Jejunum

-hemorrhage, focai-mulitifocal 4/15 7/15 5/15
Lung

-hemorrhage, focal-multifocal 2/15 0/15 4/15
Prostate

-inflammation, focal-multifocal 3115 3/15 5/15
Duodenum

-hemorrhage, multifocal 0/15 1/15 015
lleum

-hemorrhage, multifocal 0/15 1/15 0/15
Aorta

-inflammation 0/15 0/15 1/15
Kidney

-basophilia, tubular 0/15 0/15 2/15
-cyst 0/15 0/15 1115
-pyelitis/pyelonephritis 015 0/15 115
Larynx ‘

-granuloma 0/15 015 1/15
Liver

-tension, lipidosis 116 0/15 2115
-inflammation 0/15 0/15 1/15
Pancreas

-epithelial hyperplasia 0/15 0/15 1/15
Testis

-atrophy, seminiferous, epithelium, | 0/15 0/15 115
diffuse, unilateral, Grade 4

Epididymis

-oligo/aspermia, unilateral, Grade 4 0715 0/15 1/15
Urinary bladder

-hyperplasia, transitional cell 0/15 0/15 1/15

83




