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Protocol SD-039-0717: This is a 12-week randomized, double-blind, double-dummy,
placebo-controlled trial to compare the safety and effi icacy of Symbicort HFA pMDI with
its monoproducts, Budesonide HFA pMDI and Formotero! Turbuhaler in adolescents
(212 years) and aduits with moderate to severe asthma. Symbicort, a fixed combination
product containing budesonide and formoterol, 160/4.5 ug per puff, respectively, will be
administered as two inhalations' twice daily. Budesonide (160 ug/puff) or Formoterol
(4.5 pg/inhalation) will be administered as two inhalations twice daily. Subjects will
undergo a 2-week run-in period during which they will be washed-out of their current
asthma therapy and use a single blinded medication (budesonide HFA pMDI, 80
Hg/puff). This will be followed by a 12-week randomized double-biind treatment in one
of four treatment groups as shown in the diagram below. Each group will consist of
approximately 112 patients. Co-primary efficacy variables will be 12-hr serial FEV, and
withdrawals due to asthma exacerbation.

FIGURE 1
Flow Chait of Stwdy Treatmeats
a ‘Symibicort HFA pMDY 160/4.5 mcg, 2 puffs BID
E -1
3 : Bislesonide HFA PMDI160 meg: 2 putfs BID l
is '
25N
g é rumwolmmuu»mg;,z inhalations BID l
|
] Placeto
t ot t t t
. ] 3 : $
| 3 é 55
s 2 ® ® 23
S B i il
Appears This Way
On Original

213



Reviewer: Timothy W. Robison, Ph.D.. D.A.B.T. NDA No. 21-929

Protocol SD-039-0718: This is a 12-week randomized, double-blind, double-dummy,
placebo-controlled trial to compare the safety and efficacy of Symbicort: HFA pMDI
versus its monoproducts, Budesonide HFA pMDI and Formoterol Turbuhaler, in
asthmatic children (6 to 11 years). Symbicort, a fixed combination product, containing
budesonide and formotérol, 40/4.5 ug per puff, respectively, will be administered as two
inhalations twice daily. Budesonide (40 ug/puff) or formoterol (4.5 pgf nhalation) will be
administered as two inhalations twice daily. Subjects will undergo a 2-week run-in
period during which they will be instructed to discontinue use of their current asthma
therapy and use a single-blinded medication (Budesonide HFA pMDI, 40 pg/puff). This
will be followed by a 12-week randomized double-blind treatment in one of four groups
as shown in the diagram below. Each group will consist of approximately 135 patients:
The primary efficacy variable will be morning peak expiratory flow.

FIGURE 1
Flow Chart of Study Treatments
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Protocol SD-039-719: This is a 6-month open-label safety study to evaluate and
compare the safety of Symbicort HFA pMDI with Pulmicort Turbuhaler in asthmatic
children (6-11 years). Symbicort, a fixed combination product of budesonide and
formoterol, 160/4.5 ug, respectively, will be administered as two inhalations twice daily.
Pulmicort, 200 pg/inhalation, will be administered as 2 inhalations twice daily. After a 1-
week baseline period during which time subjects will continue to use their normally
prescribed inhaled corticosteroid, subjects will be: randomized to one of two treatment
groups as shown in the diagram below. The Symbicort and Pulmicort groups will consist
of 100 and 50 patients, respectively. The primary safety variable is reported adverse
events.

FIGURE L
Flow Chart of Study Trestrsents
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Non-U.S. Studies: The sponsor is conducting a 12-month safety and efficacy trial (SD-
039-0715) to compare Symbicort HFA pMDI (budesonide/formoterol), 160/4.5 g, 2
actuations BID with Symbicort Turbuhaler (budesonide/formoterol) 160/4.5 Mg, 2
inhalations BID in subjects >12 years of age. There will be 300 patients treated with
Symbicort HFA pMDI and 150 patients treated with Symbicort Turbuhaler.

Protocol SD-039-0715: the primary objective of this study is to demonstrate that the
bronchodilating effect of formoterol administered through the Symbicort pMDI is less
than or equal to the bronchodilating effect of formoterol administered through the Oxis
turbuhaler, by assessment of 12-hr serial FEV:. In clinical trials with Symbicort,
comparisons of Symblcort to formoterol alone will occur across different drug products.
Therefore, it is necessary to demonstrate that differences in pharmaceutical
formulations and/or delivery are not the cause of the differences in clinical efficacy that
are expected in clinical trials with Symbicort. This is an open-label, active-controlied,
single-dose, 4-way cross-over, multicenter, Phase Il study to compare the
bronchodilating effect of one or four actuations of Symbicort pMDI

Vit
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(Budesonide/Formoterol: 40/4.5 pg per actuation) to Oxis M2 turbuhaler (Formoterol:
4.5 ug/actuation) administered once daily in the moming to aduits with stable asthma.
Male or female subjects, >18 years of age, who have a clinical diagnosis of asthma for
at least 6 months prior to screening, and are in stable condition, are eligible to enrolfl in
the study. Subjects should have received maintenance asthma treatment with inhaled
corticosteroids for at least 3 months prior to screening. During a 7- to 14-day run-in
period, subjects will be stabilized on Budesonide pMDI (80 pg/actuation x 2 actuations
BID) treatment. Subjects will be randomized and receive each of four, single-dose,
crossover treatments, separated by a 2- to 10-day washout period. Subjects will remain
on maintenance therapy with Budesonide pMDI throughout the study. Approximately 36
subjects will be enrolled in this clinical trial.

Adjustable Dosing Program (Studies 0725, 0726, 0727, and 0728):

The sponsor proposes to study the efficacy and safety of Symbicort pMDI in two
alternative regimens as follows: two actuations once daily (once-daily trials) and four
actuations twice a day (higher dosing trials). The once-daily regimen (2 actuations once
daily) is intended as a step down therapy in those patients whose asthma is well
controlled on Symbicort. The higher dose regimen (four actuations twice a day) is
intended for periodic use — not to exceed 4 weeks at a time - as step-up therapy. The
step-up therapy could be utilized as initial therapy for patients requiring more
aggressive control or for patients previously controlled on Symbicort two actuations BID,
who experience a temporary loss of control.

To assess the efficacy of the once daily dosing regimen, the sponsor has
proposed to perform two 12-week double blind, double dummy, parallel-group,
randomized, placebo and active controlled clinical trials. One trial will be conducted in
adults and adolescents (Study 0726) and one trial in children 6-11 years of age (Study
0725). Patients would be stabilized on a dose of Symbicort two actuations BID during
the 2 to 4 week run-in period. Qualified patients would then be randomized to one of
four treatment groups: (1) the same dose strength of Symbicort, using two actuations
QD, (2) the next lower formulation strength of Symbicort at two actuations BID; (3)
budesonide pMDI QD or (4) placebo. There will be approximately 115 patients per
treatment group.
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Figure 12. Study design for Once- daily regimen in adults - Trial G726

Symbicort pMDI 160/4.5 2 Actuations QD

Mild-Moderate Symbicort pMDI 80/4.5 2 Actuations BID
Patients
Age 12.and older
Symibicort pMDI
160v4.5 2 Actuations
BID 244 weeks Placebo
Budesonide HFA pMDI 160 2 Actuations QD
|-4 0 . 12 weeks
) Pulmonary Function
Exacerbations
Study 0726 _ R
Table 33: Total Delivered Dose and Number of Subjects in each treatient group
Treatment Group No.of Total Daily Delivered Toial Daily Delivered
Subjects Dose (ug Budesonide) Dose (ug Formoterol)
Symbicort pMDI 160/4.5ug 115 320 9
2 Actuations QD
Symbicort pMDI 80/4.5g 115 320 18
2 Actuations BID C
Budesonide HFA pMDI 115 320 0
160ug - 2 Acwations BID
" Placebo 15 0 0
Study 0725
Symbicort pMDI1 8(0/4.5 pg (2 Actuations QD)
Symbicort pMDI 40/4.5 pg (2 Actuations BID)
Mild-Mod
Patients Age 6-11
Symbicort pMDI
80/4.5 jig
(2 Actuations BID) Placebe
2-4 weeks
Budesonide HFA pMD1 80 pg (2 Actuations QD)
4 12 weeks
Pulmonary Function
Exacerbations
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Study 0725

‘Table 32: Total Delivered Dose and Number of Subjects in-each-treatment-group:

Treatment Group No. of ‘Total Daily Delivered Total Daily Delivered
Subjects  Dose (1ig Budesonide) Dose (g Formoterol)

Symbicort pMDI 80/4.5pg 115 160 U

2 Actuations QD )

Symbicort pMDI 40/4.5pg 115 160 18

2 Actuations BID

Budesonide HFA pMDI 115 160 0

80ug - 2 Actuations BID

Placebo s, 0_ 0

To establish the safety of Symbicort in a higher dose regimen (i.e., 4 actuations
BID), the sponsor has proposed to conduct a 6-month safety trial using the highest
possible clinical dose. In this double-blind study (Study 0728), asthmatic patients (>12
. years of age) will be randomized to one of three freatment groups: (1) Symbicort
160/4.5 pg (4 actuations BID); (2) Symbicort 160/4.5 ug (2 actuations BID); and (3)
Budesonide HFA pMD! 160 pg (4 actuations BID). There will be 125 patients in each
treatment group. In this trial, all randomized patients at a subset of study centers will
participate in serial methacholine challenge testing in order to demonstrate that no
increase in bronchial hyperresponsiveness occurs with higher doses of Symbicort.
Holter monitoring will also be performed in all patients at a subset of study centers with
electronic analysis and reporting of ECG and Holter data.

Figure 13. Study design for Higher Dosing regimen in aduits - Study 0728

Symbicort pMDI 160/4.5 g (4 Actuations BID)

Moderate to Severe
Patients Symbicort pMDI 160/4.5 g (2 Actiations BID)
Age 12and older P -
Budesonide HFA pMDI
160 pg
(2 Actuations BID)
2-4 Wecks
Budesonide HFA pMDI 160 pug (4 Actuations BID)
2.4 weeks . 26 weeks
| I
. Adversé Events
Exacerbations of Asthma
Methacholine Challenge
Holter Monitoring

Study 0728
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Table 34: Total Delivered Dose and Number of Subjects.in each treatment group

Treatment Group No.of Total Daily Delivered  Total Daily Delivered
Subjects Dose (ug Budesonide) Dose (ug Formoterol)

Symbicort pMDI 160/4.5g 125 1280 - 36

4 Actuations BID

Symbicort pMDI 160/4.5ng 125 640 18

2 Actuations BID

Budesonide HFA pMDI 125 1280 0

160ug - 4 Actuations BID

Efficacy of Symbicort at higher doses will be assessed in a double-blind, double-
dummy, parallel-group, randomized, active controlled 16-week trial (Study 0727).
Patients (>12 years of age) previously on a medium to high dose of inhaled
corticosteroids will be switched to a medium to low dose of inhaled corticosteroids
during a 2 to 4 week run-in period. Those patients symptomatic during the run-in period
will be randomized to one of three treatment groups: (1) Budesonide HFA pMDI 160 ug
(2 actuations BID), (2) Symbicort 80/4.5 ug (2 actuations BID) or (3) Symbicort 80/4.5
Hg (4 actuations BID; adjustable dose group) for 4 weeks. After 4-weeks, the trial would
continue for another 12 weeks with the following modifications to the treatment groups:
Group 1 would remain on Budesonide HFA pMDi at 160 pg (2 actuations BID); Group 2
receiving Symbicort, would switch from 80/4.5 pg to 160/4.5 (2 actuations BID); and
Group 3, the adjustable-dose Symbicort group, would switch from 4 actuations BID to 2
actuations BID. If patients in Group 3 became more symptomatic again after having
reduced their Symbicort dose from 4 actuations BID to 2 actuations BID, then the dose
could be readjusted back to 4 actuations BID once the patient had remained on 2
actuations BID for at least 2 weeks. There will be 125 patients per treatment group.

Figure 14. Study design for Higher-Dosing Regimen in adults - Smdy0727

Symbicost pMDI Symbicort pMDI
80V4.5ng 160/4.5 ug
2 actuations BID 2 Actuations BID Group 2
Symbicont pMDI Symbicon pMDI 804.5pg
Moderate to Severe 80V4.5 ug (2 Actuations BID with
Putients 4 actuations BID)| Adjostable Maintenance®) Group 3
Age 12 and older up
Budesonide HFA pMDI
80 ug (2 Actuations BID)
24 Weeks
Budesonide HFA Budesonide HFA
pMDI 160 ug pMDI 160 g
2 actuations BID 2 Actuations BID
|Gmup 1
Week 0 Week 4 Week 16
Serial FEV1 Exacerbations

* After 2 weeks, patients may increase. back to 4 puffs BID for -4
weeks based upon a pre-set asthima control plan
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Trial 0727
Table 35. Total Delivered Dose and Number of Subjects in each treatment group.
No. of Total Daily Delivered Dose (jg)

Tieatment  Subjects Weeks 1throughd Weeks'5 through 16
Group Randomized Budesonide Fornioterol Budesonide Formoterol
Group: 1 125 640 0 640 0
Group 2 125 320 18 640 18

_Group3 125 640 36 320 or 640 18 or 36

Previous clinical experience: Please see review of the Initial Submission.

Disclaimer: Tabular and graphical information is from sponsor's submission unless
stated otherwise.

Introduction and drug history:

AstraZeneca LP has proposed to develop Symbicort®, a combination product
consisting of a glucocorticoid (budesonide) and a long acting B, agonist (formoterol), for
treatment of asthma. The proposed product will be available in — dosage levels: —

——— - 80 pg budesonide/4.5 pg formoterol per
actuation, and 160 pg budesonide/4.5 pg formoterol per actuation. The inhalation
device will be a pressurized metered dose inhaler (pMDI). The aerosol formulation
contains excipients, povidone K25 (PVP K25) and polyethylene glycol 1000 (PEG
1000), and 1,1,1,2,3,3,3-heptafluoropropane (HFA-227) as the propellant.

The sponsor provided the Initial submission (#000) on October 5, 2001. This
submission contained draft clinical protocols for Phase 3 study numbers SD-039-0716,
SD-039-0717, SD-039-0718, and SD-039-0719. In November 2001, the Division
determined that these clinical trials were reasonably safe to proceed. The sponsor
requested an EOP2 meeting in the first quarter of 2002 to discuss their Phase 3 plans.
In the EOP2 package, the sponsor provided plans for several additional clinical
protocols. For further information, please refer to the review of the initial submission.

Studies reviewed within this submission: Cormrespondence regarding End of Phase
Il meeting.

Studies not reviewed within this submission: None.
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PHARMACOLOGY/TOXICOLOGY REVIEW
IX. DETAILED CONCLUSIONS AND RECOMMENDATIONS:
Conclusions:

Symbicort"” is a combination product consisting of a glucocorticoid (budesonide)
and a long acting B, agonist (formoterol) under development for the treatment of
asthma. The proposed product will be available in — dosage levels: ..

a ) T 80 pg budesonide/4.5 ug formoterol per
actuation, and 160 pg budesonide/4.5 pug formoterol per actuation. The inhalation
device will be a pressurized metered dose inhaler (pMDI). The aerosol formulation
contains excipients, povidone K25 (PVP K25) and polyethylene glycol 1000 (PEG
1000), and 1,1,1,2,3,3,3-heptafluoropropane (HFA-227) as the propellant. Clinical trials
in children (6-11 years old), adolescents, and adults range from 3- to 6-months. An
additional single dose, 4-way crossover trial to address pharmaceutics issues between
the Symbicort HFA pMDI and formoterol turbuhaler will be conducted in adults. A
budesonide HFA pMDI formulation and a formoterol turbuhaler formulation will be used
as comparators to the Symbicort HFA pMDI formulation. In an End of Phase 2 Meeting
package submitted in Amendment #017, the sponsor submitted questions with
reference to preclinical toxicology. These questions have been listed below with
responses to the sponsor. Some questions regarding chronic administration of
formoterol have been addressed, but are not intended for communication to the
sponsor.

PHARMACOLOGY/TOXICOLOGY

1. Does the Agency concur that the completediongoing preclinical
pharmacologyitoxicology studies with both the monoproducts and the
combination support the proposed clinical program?

This section will not be communicated to the sponsor in the EOP2 meeting.

=  Atthe EOP2 meeting for ——— (formoterol fumarate dihydrate) on August
3, 2000, the sponsor was requested to justify that inhalation toxicity studies with
treatment duration of up to 1 month in dogs are adequate to evaluate the toxicity
of inhaled formoterol in the non-rodent species. As part of this justification, the
sponsor needed to discuss whether the rat or dog was the most appropriate
species for evaluating the toxicity of inhaled formoterol. During the discussion,
the Division stated that, “chronic inhalation toxicity studies with treatment
durations of 6 months in rats and 9-12 months in dogs are generally required for
drugs like formoterol. A 12-month oral toxicity study in dogs that AstraZeneca
has completed appears to be sufficient to assess the systemic toxicity of
formoterol, but it may be inadequate to evaluate its local (respiratory) toxicity in
this species.” It was agreed that the proposed Phase 3 clinical program with
formoterol could start, and the preclinical justification document could be
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submitted after the pivotal studies were initiated. To date, the sponsor has never
provided this preclinical justification document.

Subchronic and chronic toxicology studies with formoterol have been conducted
in both rats and dogs. With the rat, the sponsor has conducted 3-, 6-, and 24-
month inhalation studies. With the dog, the sponsor has conducted a 12-month
oral study. As noted earlier, the longest inhalation study with formoterol alone in
dogs was only 1 month. It should be noted that the sponsor has conducted 3-
month inhalation toxicology studies in rats and dogs with both the HFA pMDI and
dry powder formulations of budesonide/formoterol combinations.

In reviewing these studies with rats and dogs, deposited doses achieved in the

3- and 6-month toxicology studies with rats (2-90 pg/kg/day) were significantly
higher than those achieved in the 1-month toxicology study with dogs (0.07-2
pHg/kg/day). Given the higher deposited doses in rats, studies with these animals
are considered more optimal for assessing effects of potential local toxicity.
Systemic effects (i.e., increased heart rate and electrocardiographic changes)
observed in the 1-month inhalation dog study would most likely limit dosing in
dogs. Thus, evaluation of local toxic effects would also be limited. It should be
noted that no local toxic effects have been observed in the 3-, 6-, and 24-month
inhalation toxicity studies with rats or the 1-month inhalation toxicity study with
dogs. In the 6-month inhalation study with rats, the NOAEL of 2.3 pg/kg/day
(deposited dose) provides 6.4 and 3.2-fold safety margins for human doses of 18
Mg/day (0.36 pg/kg/day) and 36 ug/day (0.72 pg/kg/day), respectively.

The sections below will be communicated to the sponsor in the EOP2 meeting.
Specifically:

Does the Agency concur that toxicology data derived from excipients used in the

completed long-term studies with another AstraZeneca compound
~—~—— In rats and dogs support the use of a similar HFA-227 pMDI

formulation in the proposed phase 3 clinical program and registration?

= From a preclinical standpoint, data derived for excipients, PVP K-30 and PEG-
600, from studies in rats appear to support the use of a
similar formulation with the Symbicort drug product.

Does the Agency concur that toxicology/pharmacokinetic data obtained with
budesonide/formoterol pMDI combinations are sufficient to support clinical trials
with budesonide HFA-227 pMDI and registration of Symbicort pMDI?

= Given that the Symbicort and budesonide HFA pMDI formulations are essentially
identical with the exception of the presence of formoterol in Symbicort, preclinical
studies with the Symbicort HFA pMD! formulation are sufficient to support clinical
trials with the budesonide HFA pMDI formulation.
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CHEMISTRY, MANUFACTURING AND CONTROLS

2. Control of leachables in commercial drug product.

Bullet points will not be shown during the EOP2 meeting; however, responses to the
question listed below will be communicated to the sponsor.

¢ Controlled extraction studies will be performed on the container closure system
components that contact the formulation or the patient's mouth (the critical contact
parts) to characterize any extractables. Where possible, a qualitative and quantitative
assessment of all species detected at levels will be made. The information and
methodology derived from the extraction studies will be used to perform a ——~
leachables study.

* The — "leachables study will be conducted on the primary stability batches and,
where possible, any leachables quantified at a level which would resuitina ——
total daily intake (TDI}) will be identified. Any leachables quantified at — total
daily intake will be identified and assessed toxicologically.

 Potential leachables with specific toxicological concemns will be quantified at much
lower levels.

¢ The correlation process will involve demonstrating that leachables can be assigned
qualitatively, directly or indirectly (i.e., as addition products of 1 or more reactants), to
an extractable. It is proposed that Ieachables will be controlled in the finished product
by routine extractables testing of individual materials or components. The control would
be achieved by the inclusion of specifi ications for extractabies limits in the container
closure specifications.

¢ The inclusion of specification limits for particular species in the container closure
specifications will be based on either of the following criteria:

A potential extractable is confirmed as a leachable in the primary stability
batches and the species has known toxicological implications.

A potential extractable is confirmed as a leachable in the primary stability

batches and quantified at a level that would result in a total daily intake of —
P

Does the Agency concur with the AstraZeneca strategy where control of
leachables in the finished product is achieved by control of extractables from
individual materials or compomnb prior to molding or assembly by the
component manufacturer?

224



Reviewer: Timothy W. Robison, Ph.D.. D.A.B.T. NDA No. 21-929

Reviewer: Timothy W. Robison, Ph.D. IND No. 63.394

= Please clarify what batches of the Symbicort HFA pMDI formulation were used in
the 90-day preclinical toxicology studies with rats and dogs (i.e., were the
cannisters near the expiration date?). This information may assist in determining
whether exposure to extractables/leachables in these studies is sufficient for
qualification.

> All extractables/leachables should be assessed for mutagenic or carcinogenic
potential, including the presence of structural alerts. For extractables/leachables
that are carcinogenic or mutagenic, inhalation exposure-based risk assessments
should be provided.

General Toxicology Issues:

Subchronic and chronic toxncology studies have been conducted with formoterol
in both rats and dogs. Studies with rats include 3-, 6-, and 24-month inhalation
toxicology studies. A 1-year oral toxicology study has been conducted with dogs. The
longest inhalation toxicology study in dogs was 1 month, but the 6-month inhalation
toxicology study in rats is sufficient to bridge the systemic toxicology work-up of
formoterol because deposited doses achieved in rats greatly exceed those that could
be achieved in dogs, and neither species seemed particularly sensitive to the local
effects of formoterol. Studies have adequately evaluated the toxicity of formoterol in
terms of local (respiratory) and systemic effects.

Three-month inhalation bridging studies have been conducted with Symbicort
(budesonide and formoterol) in both rats and dogs.

Recommendations: None.
Labeling with basis for findings: None.

Reviewer signature:

Timothy W. Robison, Ph.D.

Supervisor signature: Concurrence -

Robin Huff, Ph.D.

Non-Concurrence -
(see memo attached)
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This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Timothy Robison
4/4/02 04:34:24 PM
PHARMACOLOGIST

Robin Huff

4/8/02 11:26:49 AM
PHARMACOLOGIST

I concur.
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Appendix 4. Review of IND —— dated March 5, 1997
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- Page L of 73

DIVISION ‘OF PULMONARY DRUG PRODUCTS
REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXiCOLOGY DATA

Original, Review No. 1

IND No. —

Serial Nos, Contents and Dates of Sybmission:
000  Original submission 12/27/93
009  Correspondence 10/14/94
011  6-motith rat inhalation toxicity study 10/28/94
012  Ratinhalation carcinogenicity study 01/11/95
016 4inhalation toxicity studies (3-6 months) 04/18/95
017 Ratteratology study; 5-day dog inhalation toxicity - 06/22/95
018  12-month dog toxicity, rabbit reproductive toxicity 11/06/95
020 Mouseoral carcinogenicity: study 01/06/96

022 Inhalation reproductive toxicity, l-month dog toxicity ~ 04/24/96

Information to be conveyéd to Sponsor: Yes( ), No(X)-

Chemical Names: (R*R*)-(+)-N-[2-hydroxy-5-{1 -hydmxy-Z-[[2—(4-methoxyphmyl)—l-
methylethyl}amino]ethyl]phenyljformamide; (B)-Z-hutendmate (2:1), dihydrate

Structure:

N oH o
"0 Ll O
o AL — CHEHANHCHCH— 2

Formula and Molecular Weight:  (C19HpgN204)2: C4H40j. HO, MW=840.9
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‘Best Possible Copy

Formulation: Use pg/actuation Yo wiw

Lactose Excipient 600

Formoterol bronchiodilator 6,12 T
Related INDs and NDAs:
Related DMFs: _
Class: Bs-agonist
Indication: Asthma
Route of Administration: Otal inhalation
Proposed Clinieal Dose:  The initial proposed trial was a muln-center, randomized, double-

blind study in 160 adult asthmatic patients at doses of 6, 12, 24 ug, bid for 7 days. This
corresponds o, 12, 24, and 48 pg/person/day or 0.25, 0.5, and 1.0.pg/ke/day. The current trials

(phase.3) use the same: doses.

Background:

Pharmacology:

Journal articles:

Adenvier et al. Formoterol and salbutamol iihibits bradykinin- and histamine-induced axrway‘
microleakage in guinea pigs. Br J Pharmacol 1992;105:792-798.

Bibi et:al (1990) The effect of inhaled beta-agonist on airway responses to antigen in a canine
model of asthma. J Allergy Clin Immunol; 85(1):295:

Coleman et al. (1992). Effect of salmeterol, albuterol and formoterol on human bronchial
smooth muscle. 4m Rev-Respir Dis, 145:A391, abstract.

Decker et al (1982). Effects of N-arakyl substitution of beta-agonists in alpha and’ beta-
adrenoceptor subtypes: pharmacological studies and binding assay. J Pharm Pharmacol, 34:107-
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Erjefalt and Person (1991). Long duration and high potency of antiaxudative effects of
formoterol in.guinea pig tracheobronchial airways. Am Rev Respir Dis. 144:766-791.

Faulds et al (1991). Formoterol: A review of phannacolbgical'pmperﬁes: and therapeutic
potential in reversible obstrictive airways disease. 42:115-137.

Freyss-Begtin et al. (1983). Comparison of the chronotropic effect and the cyclic AMP
accumulation iriduced by beta 2 agonists inrat heart cell culture. 78:717-723.

Ida H. (1976,). Comparison of the actﬁ’m of BD40A arid some beta-ddrenoceptor stimulants on
the isolated treachea and atria of the guinea pigs. Arzveim Forsch Drug Res, 26:839-842.

Ida H. (1976,). Cardiorespiratory activities if formoterol and some other beta-adrenoceptor
stimulants in conscious guinea pigs. Arzvéim Forsch Drug Res, 26:1337-1340.

1da H (1980). General pharmacology of formotetol. Folia pharmacol japon, 76:633-654.

Jeppsson éf al (1989). On the predictive value of éxperiments in vitro in the'evaluation.of the

effect duration of bronchodilator drugs for local & ion. Puliiondry Pharmacol, 2:81-85.

. -

.and perfused guineq. pig lungs. Eur J P ,257:134-143

Johansson and Persson (1983). Beta 2-adrenoceptor in guinea pig atria, J Pharm Pharmacol,
35:804-807.

Teq

- (1994). Similer sction between

Kallstrém et al. (1994). The interaction between salmeterol and B.-adrencrceptor agonists with
higher efficacy on ghinea pig trachea and human bronchus. in-vifro. Br. J Pharmaeol, 113:687-
692

Lemoine and Overlack (1992). Highly potent beta-2 sympothemimetics convert to: less. potent
partial agonists as relaxants of guinea. pig tracheae meximally contracted by carbachol.
Comparison of relaxation with receptor binding and adenylate cyclase stimulation. JPET,
261:258-270.

Lindberg ef al. Effect of formoterol, a long-acting beta 2-adrenoceptor agonist, on mucociliary
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activity. Eur J Pharmacol, 1995:285:275-280.

Linden M (1992). The effect of beta2-agonist and corticosteroid budesonide on the secretion of
inflammatory mediators from monocytes. Br Pharmacol, 107:156-160.

Mita and Shida'(1983). Anti-allergy activity of fornioterol and salmeterol in human leukocytes
anid humat lung tissie. 38:547-552.

Murase ef al. Absolute configuration of four isomers of formoterol, potent beta-adrenoceptor
stimulant. Chem Pharm:Bull, 26:1123-1129.

Nials et al, Salmeterol and formoterol: are they both long-acting beta 2 adrenoceptor agonists?
(Am-Rev Re.sptr DIS, 1990;141:120.abstractsy

Sasaki et al: Disposition and thetabolism of formoterol fiimarate, a new bronchdilator, in rats
and dogs. Xenobiotics, 1982;12:803 -812:

Sasaki et al. Absorption and distribution of formoterol in rats. Falia pharmacol japon;
1983:25.:981-991.

Subramamian N (1986). Inhibition of immunological and non-immunological histamine release
fror human basophils and lung miast cells'by. formoterol. Arzneim- Forsch/Drug Red, 36¢1):502-
505:

Tomioka et al (1984) Effects of formoterol on isolated. guines pig lung pa:enchymal strips. and
antigen induced SRS-release in rats. Arch Int Pharmacodyn, 267:91-102.

Trofast et al. Steric aspéct of agonism and antagonism at beta-adrenoceptors: synthiesis of and
pharmacological. experiments with- the enantiomers of formoterol ‘and their diastercomers.
Chirali{}_:. 3:443-450.

Tokuyama. et al. (1991). Inhaled formotero! inhabits histamine-induced airflow obstruction and
dirway microvascular leakage. Europ J Pharmacol, 193:35-39:

Tomioka ¢t al. (1981). Anti-allergic. activities of beta-adrenoceptor stirnulator formoterol. Arch
Int-Pharmacodyn; 250:279-292.

Ullman ¢t al. (1992). Onset-of action-and duration of effect of fornoterol ‘and salmeterol in isolated
guinea: pig trachea. Allergy, 47:384-387.
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Studies conducted by the spansor:

Steric effect of formoterol on airway smooth muscle function: date of submission - 4/24/96; vol.
126, p 135.

Lack of adverse effect on airway reactivity in.the isolated guinea pig lungs. Date of submiission -
4124196, vol. 12.6, p 160.

Effect on mucociliary activity. Date of subimissiori - 4/24/96, vol. 12,6, p 1174,

.-

Pharmacokinetics:
Journal Articles:

Sasaki, H and Kamimura, H: Absorption and distribution of formoterol in rats. Falia pharmacol.
Jjapon. 1983;25: 981 < 991.

Sasaki, H et al: Disposition and metabolism of formoterol fumarate, a iew bronchiodilator, in rats
and dogs. Xenobiotica. 1982; 12:803 - 812.

Studies conducted by the sponsor;

. Excretioni and biotzansformation: Effect upon pregnancy in rats of D252 given by inhalation
route: subinission of 2/24/96, vol 12.6, p 87.

Plasma protein binding of formoterol enantiomers in different species. submission of 2124196,
‘vol 12:6, p 64.

General toxicity of D2522 given by the inhalation route for three months. plasma conceritration
study. Report No. 843-RD-0295. Subrission of 11/27/93, vol I1,p. 191.

General toxicity of ‘D2522 given orally to dogs for oné month. plasma concentration :study.
Report No. 843-RD-0320. Submission of 11/27/93, vol 11, p. 226.

General toxicity of D2522 given orally to: mice for three months: plasma concentration study.
Report No: 843-RD-0318. Date of submission: 11/27/93; vol 11, p. 126.
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Toxicology

A. Single doses (Acute) toxicity.studies:
1. Acute inhalation toxicity study in rats: Study No. T2514 Submission of 12/27/93. 'Vol, 1.4, p

141 (Ref. 36). ‘

2. Acute inhalation toxicity study in mice: Study No., T2807. Submission of 1/11/98, vol. 5.1, p
102.

3. Acute oral toxicity study in mice: Study No. T2843. Submission of 1/11/95, vol. 5.1, p23

4, Acute oral toxitity study in rats: Study No. T2842 Submission of 1/11/95, vol. 5.1, p 1.

5. Acute oral toxicity in young rats: Study No: T2815. Submission of 1/11/95; vol. 5.1, p40

B. Miltiple dose Toxicity studies;
1. Inhalation studies: -

a 5-day dose-range study in rats: Study No. T2460; Resubmission on 4/24/96, vol. 12.1, p
1. 1st submission: vol. 1.5, p-170.

b. 5.daydose-ranging study in dogs: Study No. T3006; submission of 6/22/95, vol. 8.1, p
96.

¢ l-month toxicity'stud__yin dogs: Study No. T3120. Submission of 4/24/96; vol. 12.5; p 120.
d. 3-month toxicity study in rats: Study No. T2433. Resubmission on 4/18/95; vol. 7.2, p
1., 1stsubmission: vol. 1.6,p 1.

e. 6-monthtomc1tystudymrats Study No. T2860 Resubmission on 4/18/95, vol. 7.3,p 1.,

‘ 1st submission: 10/28/94.

d  12-month oral toxicity study in dogs: Study No. T3077, submission of 11/6/95, vol. 9.1, p 1
Reproductive toxicology:
A. Inhalation toxicity studies:
1. Segment II teratology in rats: T2628. Resubmission on. 4/24/96, vol. 12.1, p 88
submission: 12/27/93; vol. 1.9, p:26.
2. 3-month study on the effect of respiratory tract and male reproductive organs in young

rats: Study No, T3137, submission of 4/24/96, vol. 12.2,p 1.
B. Oral: '

a, Segment I fertility and reproductive performance- study in rats: Study No, T3015,

submission of 11/6/95, vol. 9.3, p 112,

Segment II teratology dose-tange study in rabbits: Study No. T2710. Resubmission on
4/24/96; vol. 12.5, p 1; 1st.submission: 12/27/93, vol. 1.10,p 1. submission of 12/27/93.

c. Segment II teratology study in rabbits: Study No. T3014, submission of 6/11/95, vol.

b.
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d. Segmem I (Peri- and postnatal and pregnancy) studies in. rats: Study No. T2905,
submission of 6/22/95, vol. 8.1 p 1.

¢. Tésticular effect of 3-month oral formoterol in young rats: Study No. T3160, submission of
4/24/96,vol. 124, p L.

Mutagenicity Studies:

1.-Ames Salmonella test: Study Nos: T2388, T2389: submission of 12/27/93, vol. Lil,p1-p
42.

2. Mouse lymphoma ¢cell TK: test: Study No. T2397. submission of 12/27/93, vol. 1.11, p 43.

3. Human-Lymphocyte chromosomal.abemtxon test: Study No T2510: Submission of 12/27/93,
vol, 1.11, p70:

4. Rat micromuclei formation test; inhalation: Study No. T2513, vol. 1.10, P 1. Submxssxon of
12/27/93.

Special Toxicity Studies:

1. Hemolysis and protein flocculation of human blood in vitro. Study Ne: T 2296. Vol. 1.8,
pas.

2. Vaso-; tissue irritatioi in dogs, IV, SC, § days: T Study No. 2302, submission of 12/27/93,
vol. 1.9,p1<p42.

Journal articles:

Sato.(1984). Repmdmvc study of formoterol: (2) teratology study in: rabbits. falia phamxacal
Japan, 27:251-256; and the reference 51¢ Sibmission of 12/27/93. Vol. 1.10,p159.

Sato and Kanefo. (1984); Reproductive study of formoterol: (3) fertility study in rats. falia
pharmacol japon, 27:257-265, and the reference 49: Submission of 12/27/93. Vol. 1.10,p 113,

Sato and Saegusa (1984). Reproductive study. of formoterol: (4) Peri- and post natal and cross
fostering. stiidy in rats. falia pharmacol japon, 27: 257-265, and the reference 52: Submxsslon of
12/27/93. Vol. 1.10, p 174,

Doc.ume,ms- not reviewed in:this IND;
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REVIEW:

L PHARMACOLOGY

Formoterol is a selective and long-acting beta, agonist. It has been used as a
bronchodilator to treat asthma in several foreign countries. Trough binding to the beta;
adrenoceptors, formoterol exerts pharmacological characteristics such as smooth muscle
relaxation, anti-allergy, and inhibiting mediators release. Detailed review of preclinical and
clinical pharmacology of the. drug are: ‘available in.the literature. [Tasaka (1986) and.Faulds efal.
(1991)]. The followmg:sabnef summary.

A. Primary Pharmacology

1. Intrinsic activity. By activating G,-adrenergxc Teceplors,. beta-agonists relax contracted-
tracheal smooth muscle. Usmg pre-contracted guinea plg trachea in vitro, 1da. (1976) studxed

A major side effect of many bets-agonists in asthma treatment is their cardiac effect -
tachycardia. Decker et al. (1982) studied- receptor selecthty of several commonly used beta-
agonists in vitro. This was achicved by comparing the concentrations required to induce
relaxation of the constricted guinea pig tracheal smooth muscle (B,) and to. induce tachycardia
(By). Isoprotereniol, a non-selective beta-agonist, relaxed tracheal smooth muscle at the same
concentrations that induced tachycardia. Formoterol relaxed tracheal muscle at concentrations
much lower (204 times lower) than the concentrations: that induced tachycardia (Table 2). This
indicated that formoterol was highly selective for the beta,-receptor. Kalldtrom et al. reported

that formoterol wis 400 times more potent than terbutaline in relaxing human broncheal muscle
invitro.
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Table 2. §é1ect‘ivig -of beta agonists —

Trachea Atria Selectivity
PD2  Intrinsic PD2  Intrinsic for beta,
activity activity (antilog)

Isoproterenol 857 1 862 1 09
ME-454 857 094 786 095 87
Protokylol 320 089 800 LIS 16
Terbutaline 643 083 5147 089 13
Fenotero} 736 091 6.16  1.09 16
Salbuteinol, 743 081 550 0.5 17
Salmefamol 823 092 678 0.82 28
Stereriol 759 090 626 056 21
Zinterol 853 091 625 070 190
Fomioterol 929 094 _698 094 204

By studying the ability to relax fully or partially contracted guinea pig tracheal smooth
muscle (induced by carbachol), Lemoine and Overlack (1992) foimd that formoterol was a pa:t:al
agonist of beta; receptors, EC;, (nM/1) and intrinsic activity are surninarized in Table 3. Intrinsic
activity. of formoterol decreased when the muscle was fully contracted. | Intrinsic actmty was

10

. 062

.dehemmedbytheabilitytoawvateadenylate Vlase. pmﬂagomst
3 Tater by Jeppsson &

of

" 067 0.89

50 36
062 0.77

2. Efficacy: 1da (1976) compated efficacy of 4 beta-agonists i in preventing chemical- (histamine
-and methacholine) ifiduced dirway constriction in guinea pigs in vivo. ‘The Table 4. presents
EDy, values. of somie beta-agonists in preventing drug-mduced airway constriction.
Formoterol was 16 (SC), 40 (PO) and 4 (inhalation) times more potent than albuterol in
-preventmg histamine-induced airway constriction. Formoterol was also more potent than.
albuterol in preventing methacholine: induced- ( 15 fold) and anaphylactic (13.fold) airway
constriction. On the other hand, Tokuyama-et al: (1991) found that inkialed formoterol was 35
times more potent ‘than salbutamol iri mlnbmng airway flow obstruction induced by
histamine in guinea pigs. Inhalation formoterol was 30 times more potent than oral
adininistration in preventing histamine-iniduced airtway constriction i guinea pigs.

1
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‘Histaminesinduced Methacholine  Anaphylactic.

sinduced
sc PO Inihdlation sC 8¢
(ug/ke) (me/ke) (ug/ks) (uEks) (ugfke)
Isoprotereriol 157 12 a0 nz 10:6
Orciprenaling 264 >100 250 457 333
Tremetoquinol 1.3 10 3.1 124 1.7
Albutérol 331 24 85 217 19.0
Formoterol 20 0.06 26 1.7 1.6

3. Potency of isomiers. Formoterol possesses four isomers: RR, SS, SR, RS. Murase e l
(1978) studied potency of the four isomers in isolated guinea pig fracheal preparation. Results
fromthis study dre summarized in Table 5.

, ,fonnwasthelwstpotent(’l‘ableﬂ SR'andRS onnswerembetween.Other
studxwoonductedby the sponsor-also showed that the RR isomer is the more potent. Clinical
formulations:of formoterol are the racemate of RR and SS esiatiomess (ratio of 1 to 1).

Batches RR RS SR SS
1 963 &i1 730 790
2 1003 819 - -
3 939 787 783 696

4. Affinity to betapreceptor. Tasaka (1986) reported that the affinity of formoterol to beta,
receptor was 700 times higher that salbutamol in the isolated lung membrane fraction.
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5. Inhibition of anaphylaxis: Formotero! inhibited mouse IgE-mediated ‘passive cutaneous
(PCA) and passive peritoneal (PPA) anaphylams in rats. Intravenous and otal ED50s in'rat PCA
were 1.2 and 260 ug/kg tespectively. This inhibitory effect was 6.3 and 33 times more potent
than:salbutamol. The inhibitory effect on anaphylaxis'was probably attributed to. an inhibition of
fantlgen-mduced releases of ‘the mediator such as SRS:A (Tomioka et al; 1984), histamine,
caleium 1onophores Ieukeutrien B, and interleuken-1p. Compared to albuterol, formoterol is. ¢ -
200 times more potent, depending: on-experiment: conditions. Adenvier et al. (1992) Found that
the inhibition of histamine and bradykinin induced -vasopermiability by formoterol occurred at
higher -coricentrations than the concentration needed to relax constricted tracheal smooth
muscles.

6. Duration of action: Nials et al. (I 990) reporied that formoterol was a relatively short-acting
agent, being intermediste between salbutamol and salmeterol. Coleman er al. (1992) reported
that in the electronically stimulated and contracted guinea pig trachied muscle in vitro, 50%:
recovery of tinie after drugs were drawn were 3.0, 4.5, 6.7 and 275 minutes: fonsoprotetenol
albuterol, forinoterol and salmeteral, respecnvely Jeppsson ‘et ‘al. (1993) reported ' that in-a:
isolated petﬁxsed and ventilated guinea pig lung model, action duration of aerosol formoterol and.
salmeterol were also longer than that of terbutaline.

7. Stimulation of mocuciliary activity Lindbérg et al. {1995) reported that beta-agonists
mmeasedc:harybeatﬁequencybxwtromgmmplgmhuprepamuonsandm vivo in the
rabbxtmamllarysmus.FomotemlwaleOnmesmorepotentﬁmnterbutalmemvm-oandeold
longer in action duration.in vive.

msedmmmeshmpmtorymw,mdmmmomaﬂ'emdmspommdmom,

mhvauommdpmmmmeammedmlwekmdadmmappemandmmcmse
in respiratory rate, exophthalmus, flush of pinnis, urination, and defecation were observed in rats.
mgmneapxgs,thesamedosecansedhypmmmbmty,mmcreasemmp;ratorym lacrimation
and flushing. In dogs miosis, salivation; yawning, barking, hypersensitivity and staggering were
seen. An incréase in respiration rate, ptosus,weakpxloerechon,andﬂushofthefacewere
obgerved in monkcys. In cats at-oral doses of = 0.01 mg/kg; formoterol elicited an increase in
respiratory rate, yawning, tremor, flushing, nausea, vomiting, lacrimation and ptosis. In dogs at a
oral dose of 0.001 mg/kg, formoterol caused tremor, and at 0.003 mglkg ‘congestion of the eye
and lacrimation. Formoterol (1 - 1000 mg/kg, PO) had no effect on convulsion. induced by
maximal electrochock, muscle rélaxant activity and rotarod performance. Formoterol prolonged
thiopental sleeping time at oral dose-of > 100 mg/kg, Formoterol (1.0 mig/kg, PO) had no-effect
on electroencephalogram in immobilized cats.
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In anesthetized dogs; formoterol lowered diastolic: pressure. (0.1 pg/kg, ID) and systolic
pressire. (10 pg/kg, ID). In conscious dogs, formoterol lowered both diastolic and systolic
pressures. at doses of either 10 pg/kg, PO or 0. Iug[kg, 1V. Formoterol induced tachycatdia in
dogs (1.0 pg/kg, PO), cats (10 pg/ks, PO), guinea pigs (10 pg/kg, PO), anid monkeys and rats (30
ng/kg, PO). The effect of formoterol was equal potent to that of isoproterenol. Formoterol (1.0
ng/kg, IV) produced depressed R-wave, ST-depression and decrease of the T-wave-amplitude in
anesthetized dogs. Formoterol (1.0 pg/kg, IV) also-caused a decrease in coronary aiteriovenous
oxygen difference and an incréase in the maxinium rate of the rise in left ventriculdr pressure,
myocardial-oxygen consumption, cardiac output, and stroke volume.

Forinoterol at a dose of 10 pg/kg (ID) caused inhibitions of both the hypertension induced
epinieplirine (5 pg/kg, IV) and acetylcholine-induced hypotension (0.5 pg/kg, IV) in dogs:
Formoterol also-inhibit spontaneous motility-of the uterus (> 10"® g/ml). At doses of > 0.1 pg/kg
elicited an increase in pyruvic acid and lactate levels in dogs serum. Blood sugar and free fatty
acid levels were also elevated after 10 pg/kg, PO. An isolated guinea pig tracheal strip model
showed that SS-formoterol and (S)-terbutaline did not induce airway hyperreactivity (vol. 12.6;
p135and 160, submitted on 4/26/94).

IL PHARMACOKINETICS

The follomngsummary of phannacokmende of formoterol (‘I‘able TNis. based ona study

In an isolated and perfused guinea pig lung model conducted by the sponsor, steady tissue
formoterol concentration was reached one hour after intratracheal and intravencus
administration. At the-end of the perfusion, 35% and 27% of the perfused dose were recovered
for RR and'SS; respectively.

Distribution. After ofal administration of *H-formoterol (50 ug/kg), the maximum concentration
of radicactivity in: tissue was reached at 0.5 hours in rats. The concentration was highest in
kidiey and liver, followed by plasma, trachea, lung and in the heart in this order. The brain
contained the lowest level.

Metabolism Glucoronide conjugation was the major route of formoterol metabolism in rats
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and dogs (Sasaki et al, 1982) and humans (Tasake, 1986). Major metabohc—pathways of
formoterol metabolism are presented i Fig. 1. Urine metabolites were: identified usibg thm-layer
chromatography, high performance liquid chromatogmphy ard mass spectrometry and
tadiolabeled ("H)- formoterol. In blood both metabolites and the unchanged forms existéd: In rats
15 minutes; after formoterol ‘administration, the unchanged drug accountéd for 64% and 58% of
the plasma radioactivity for oral and intravenous route; respectively. Recent study by the sponsor
indicated that most mammalians. thetabolized both the RR and'SS enantiomers of formotero] at
approximately the same rate (Table 8).

ss 161 206 135 30 7.5
# Substrate.concentration = 0.1 jmol/L.

Excretion  Formoterol was eliminated through both urine atid the bile across species (Table
9). Forty eight hours after oral administration in rats, ¢ 48%.and 21% of the administered dose
were recovered from the bile and urine, respectively. When the bile from of a rat having received
formoterol was administered to another rat, 69% of the dose was'absorbed by the second rat. This
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indicated presence of the: enterohepatic circulation.. In mice- urinary. excretion of the unchanged
formoterol were 17%, 10%:and 3% for IV, IT and PO admmtstratxon réspectively:

Table:9:’
Route-of adm. v T PO PO PO v PO PO v Inhal, ‘
Dose (us/ke) 100 100 100 50 5000 500 50 100 10 24/subj:
Urine (%) 7549 82+5 76+7 45%4 24:3 39+ 3 361 36 424 24
Feces (%) 20+£8 15£5 26 SI£7 68%£8 S56£8 52+1 50 S51#3

Placental crossing: Following oral administration of *H-formoterol (50 pg/kg) to rat on day 15
of pregnancy, the respective maximal concentration in fetus and placenta were: 35% and 38% of
the matemal plasma. When formoterol was given to lactating rats, milk and infant tissue
contained 39% and 2% of thie matemal plasma concentration, respectively.

Bioavalabillty‘ Limited data on the bioavailability of formoterol is available. Table 10 presents
data from a mouse study and a huinan study.

. Bi ility of Formoterol in Mice and Human.

15:5:

RR 51.7 56.6 54.1 544
ss 548 451 512 419
“* Substrate concentration = 0.5 umol/L.

Summary:  Formoterol is readily absorbed after oral and inhalation administration.
‘Distribution of the drug after inhalation exposure is in the. following order: trachea > lung >
kidney > liver plasma > heart > brain. Half-lives of the drug after inhalation administration are 2
to.4 hours. Glucoronide conjugation and O-demethylation are the major pathways of formoterol
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etabolisni. The rate of formotero] metabolism .invifro is the. following order: rabbits > mouse >
dogs > humans based on mg protein. There is no difference:in the rate of metabohsm between the
RR and S8 enantiomers. Formoterol was eliminated through both uriné and the bile across
specles. Enterohepauc circulation existed in rats. Bioavailability in niice is slightly higher than
that in humans; Protein binding'is similar across specxes Milk and fetal plasing contairs about
one-thlrd of the plasma formoterol ‘concentration in lactating and pregnant rats: Thiere are no
differences-in metabolism, bioavailability and’ protein binding ‘of thie drug between the RR and
S§ enantiomers.

Toxicokinetics

Toxicokinetics of formoterol whis studied in mice; rat and dogs with treatment duration-of
up to: 12 months. The AUC valugs fiom a 6-month inhalation study in rats (T2579) is given in
Table. 12: Data shiowed that plisma formoterol concentration did not increase-over time as the
treéatment progressed. Other studies gave the same trend: This suggested that formoterol did not.
accumulateinthe body.

Table 12

Dose (ug/kg/day) 2 15 100 2 15
Day § - 144 603 - 1“3 BE
Day 176 - 190 602 - 154 736

tomcohnou' dw°e&mm
A % " IF@T g‘?’"" 8 o (. 2,

Inhalation Dogs 5days T3006 0.07,04,2.1 35
“ “ tmonth T3120 “ 6:5 5 6.1
“ Rats  3months T2433 9,22,9 20
“ “ " T3137  26,13,67 0.82 1.2 297
“ “ 6months  T2860 2.6,12,72 116
Oral Dogs  Jmonth 12579 2,159 0.83 0.82 -
“ “ I2months T3077 0.72,86,92 0.80 «
“ Rits 3months T2578 0.1, 1,10mg 0.0041 0.004 -
* Mice: 3months T3136  200,:800,3000 0.01 0.01 -
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NI TOXICOLOGY

Toxicology

Single doses (acute toxicity studies):

A. Inhalation studies:

1. Acute inhalation toxicity of formoéterol in rats: Study No. T2514.

Testing lab:
GLP:
Dose:
Batch No.

Thirty: Wistartats(ﬁlsexldosc)'wete a:posedto 50-75 mgfonnotetol/L air in a nose-

Fonnotemleausedatypwalrwponseofabeta-agomst. mctusedhﬂ:trate, oss fbodywelght, :
decreased motor activity, labomdbmﬁnngandwhemng.upeciallyintheh: dosé group.

Laboratory of. ‘Safety Assessment, AB Astra, Sweden
91115, Report date -3/26/93

Yes )

3.8(L), 83 (M), 1S (H)migkg,

10091 ' ’

Tachycardia was accompaniéd by increases in QRS amplitude and eplto_plc foci: Pathological
examinations revealed pulmonary congestion, and cardiac necrosis, fibrosis and cell

inflammation.

Conclusion:

Inhalation of single dose of formoterol caused ‘a typxcal beta-agonist

response: The lethal dose was as lowas 3.8 mg/kg. The target organ of toxicity: was the heart.

2. Acute inhalation toxicity.of formoterol in mice: Study No. T2807.

Testing lab:
Study number:
Study dates:
GLP}

Dose:

Laboratory of Safety Asséssment, AB Astra, Sweden
93082

7129193 - 8119/93, Report date - 4/20/94

Yes: o

36:(L), 100/(M), 276 (H) mg/kg
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Batch No: . 105/92 -
Methods:

‘Thirty mice (CD-1, S/ex/dosc) were exposed to 0.44 - 3.4 mg formoterol/L air in a nose-
only exposure chamber for 60 minutes. The respective estimated doses were 36, 88, 276 mg/kg
for the inhaled-and 4.2, 7.5, 24 mg/kg for the lung deposition. Surviving animals were sdcrificed
fot macroscopic. and microscopic examinations on day 14 post exposuré. There was no control
group.

Results: ..

Mortality: None:

Clinical signs (daily): Decreased motor activity was seen 15 - 40 mifutes afier the
expostre. in all groups. In addition, rats in the mid and high dose groups showed changes in
respiration patterns: decreased. frequency and abdominal respiration. Piloerection and partial
¢losed eyes were also seen.

Body weight (day 1, 3,7, 14): No dose-related effect was séen in miean body weight gain.

Organ weight: Increases in absolute and relative organ weight of the lung and heart were
observed in the high dose males,

Pathology:  No dose-related effects were seen.
Conclusion: Mice tolerated formoterol well for single inhalation doses up to 24 mg/kg:

Ay

Yes
Dase: 600-(L), 1200 (LM); 2400 (MH); 4800 (H) mg/kg
Batch No. 102/92

Methods:

Young Sprague-Dawley rats {~— SPRD, age of 6 - 12 days, 6/sexidose) were given
orally 4 bolus dose of 600, 1200, 2400, and 4800 mg/ke formoterol, respectively. The vehicle
consisted of cellulose (hydroypropyimethyl, 200 g), citric acid monohydrate (30.8 g), sodium
phosphate dibasic (90 g), and distilled water (40 kg). Formoterol concentration in the highest
dose group was 480 ymol/iml. Surviving animals were terminated ‘on day 14 for gross and
rhicroscopic éxaminations. There was no control group. :

Results:
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Mortality:  Dose-related increase in-deaths were observed within 3 days post exposure
(Table 14), ;
Table:14. Monality incidénces.of Young Rats-after Oral Doséof Formoferol
Dose (mg/kg) 600 1200 2400 4800
Male (dédth#/total) 0/6 16 6/6 6/6
Female (death#/total) 0l6 206 6/6 616

Animals showed decreased motor activity and changes in respiration pattern and/or
frequency, decreased mean. body weight, and ectopic foci and ST-T elévation in EKG. The
common pathological findings are limited to the: heart and lung, especially in the high dose
group. The cardiac lesions included necrosis; inflammatory cell reaction; interstitial edema
and/or fibrovs scatring. Lung lesions were pulmonary inflammation:

Coriclusion: Ozal formoterol at-doses of 600 mg/kg ot higher may result in lesions in-the
Ilung and heart in rats. The cardiac lesions were typical of P,-agonists. The LDj,.of formoterol in
rats was between 1200 mg/kg and 2400 mg/kg:
2. Acute oral foxicity in mice: Study No. T2843.

Tam‘nglab LabmyofSaﬁtyAment, AB Astra, Sweden.

sahvation, clnomodacryorﬂw&and occasional abdominal respiration.

3.  Acute oral toxicity in rats, Study No. T2842.

Testing lab: Laboratory of Safety Assessnient, AB Astra, Sweden
Study number: 93069
Sma)v dates: 9/27/93:- 10/15/93, Report date - 6/30/94
Yes
Dm 210 (L), 1500 (M), 2000 (H) mg/kg
Batch No. 105/92,.100/93

Sprague-Dawley rats (5/sex/dose) were given orally a bolus ‘dose.of 210, 1500, and 2000
mg/kg formoterol respectively. They were killed for necropsxw onday 14. Vehxcle wag the same
as the study T2853. The results were: similar study T2843, However, decrease in motor activity,
salivation, chromodacryorrhea and occasional abdominal respiration were dose-related.
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Multiple doses:
A Inhalation studies:

1. 5-day inhalation dose range toxicity study in rats: T2460.

Testing lab: Laboratory of Saféty Assessment, AB Astra, Sweden
Study number: 90076
Stiedy. dates: 5/30/90 6/ 1/90, Report date - 11/25/91, revised on1/26/96
GLP: ”~
Dose: 0 (C), 0.02 (1), 0.1 (M), 0.5 (H) mg/kg
Batch No. 105/92

Methoda:

Young ‘Sprague-Dawley rats ~CD, BR; age of age 7 - 8 weeks; 6/sex/dose) were
exposed to 3.2 - 99ugformoterol/La1rmanose-onlyexposmechambe:foréOmmutes “The
conrol group received lactose only (0.2 - 11 mg/L air). The respective estimated doses of
forinoterol in the treated groups were 0, 0.12, 0.8, 37mglkgformhaledand0 0.02; 0:1, 0.5
mg/kgformelmgdepoaHmThemmdmssmedmaemdynmcmmem(MMAD)was
~———— Surviving animal ‘were sacrificed at the end of the study for gross and: microscopic:

mmon&ledrugwmmmnonsmdetenmmdmsmnm;mupsbmmsultswem

Bodyweight_(day-s 0,4): Ammkedmmsembodywmghtgamwasobs«ved in
both sexes, especially in the females. (9 64%-L, 53%-M, 42%-H; 9: 192%-L, 208%-M and
213%-H):

Food consumption: Normal. v

Organ weights (lung and heart only): Increases in absolute (110%) and relative
(112%) lung weights were seen in all treated male groups; however; the incréase in relative lung
weight was not: staustxcally significant. Increases: in absolute: (16 - 25%) and relative (11 - 22%)
Theart weights were seen in the females, with the inicreasé in’ the: mid dose group heing most

-pronounced.

Pathology-(heart, nasopharyngeal region, laryrix, trachea, canna, Tunig only): Two males
in the high dose group had solitary microfocal leukocyte foci in the heart.

Conclusion: Infialation of formoterol at doses of 0.5 mg/kg/day for 5 days resulted in
cardiag toxicity. This indicated that the heart was the target organ of toxicity.
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2. 5-day inhalation dose-ranging study in dogs.(T3006).

Testing lab: Laboratory 'of Saféty Assesstient, AB:Astra, Sweden
“Stucly number: 93058
Study.dates: 06/07/93 - 06/18/93, Report date - 04/20/95
GLP: Yes
Dose: 0,:0.07 (L), 0.4 (LM), 2.1 (H) pg/kg/day
Batch No. 100/92
Methods:

Beagle dogs (age of 9 - 12 months 4/sex/dose) were exposed to 0.44 - 11 pug
formoterol/L air in a nose-only exposire chamber for 2.5 - 6 minutes daily for § days. The.
control ‘group received lactose onty (0.02 - 0.55 mg/L air). The respective estimated doses of
formioterol in the treated groups were 0; 0.5, 2.9 and 15 ug/kg for the inhaled, and 0, 0.07, 0.4;
2.1 pg/kg for the lung deposition. The MMAD was —— . Plasma drug concentration
were determined. These animals were sacrificed on day S for gross and microscopic
examinafions.

Results:

Mortality:  None.

Clinical signs (daily): Hyperemia of the- shnandmuwsaaswellasmueasedhmme
wmobserved(tableli)

Heartrato pyo vmises ~ ° 15% TO131% 179%

No drug-related effects were observed in the following parameters: body weight (daily), food
consumption (daily), rectal tetnperature (days 0,4), clinical chemistry (Day -2, and 0),

necropsy (terminal), and organ weights. The parenthesis indicate times when the observation was.
made.

Plasma drug coneentration (days 0, 3): Plasma AUC ¢, , were: 0.8 1.0 and 6.6 - 9.0
nmol/Lh for the mid and high dose groups, respectively. AUC ga4n (13 1 - 21.4) was:available for
the high dose group only. No sex difference in plasma drug concentration was observed.

_ ‘ Conglusion: No apparent toxic effect except increased heart rate was. observed at doses
upto2.1 pg/kg/day.
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3. One-month inhalation toxicify study in dogs: T3120. -

Testing lab: Laboratory-of Safety Assessment, AB:Astra, Sweden
Study number: 93087
Sludydala‘ 8/27/93;- 09/29/93, Report date - 12/04/95
GLP: Yes:
Dose: 0,0:07 (1), 04 (LM), 2.0 (H) ug/ke/day
Batch:-No: 100/92
Methods:

Beagle: dogs (age of age 7 - ll 5 month, 3/sex/dose) were exposed to: 0.02 - 11 ug
fotmoterol/L air in a nose-only exposure chamber for 4.5 - 6 minutes daily for 3 months. The
control group received lactose only (0.02 - 0.53 mg/L air). The respective. estimated doses of"
formoterol in the treated groups were 0, 0.5, 2:8 and 15 ug/kg for the inhaled, and 0, 0.07, 0:4,
2.0 ug/kg for the lung deposition. The. estimated MMAD was ° — [, Plasma drug
concentration were determined. Animals were sacrificed for macroscopxc and microscopic

examinatioris 6i day.90.
Results:
Mortality:  None.

Clinical signs. (daxly) Hypemma of the skin' and firucosa weré observed. Incidences
these observatxons are shown astfo owmg

Food consumption (daily): Normal.
Rectal temperature (weekly): Normal.
EKG (days 0, 7, 21): Dose-dependent tachycardia were seen (Table 16):

“Table.16. Percentage of increases in heart rate one hour after formoterol inhalation
Dosi (ug/kg/ddy) 0 0.07 04 20
Day 0 L 7% 113% 1.46% 1.76%,

Day 21 12% 114% 137% 1771%

Ventricular tachycardia (intermittent ventricular tachycardia) occurred in 3/6 dogs in the high
dose group on day0, '
Ophthalmology (weeks -1 & 13): Normial.
Plasma drug concentration (day 0, 6:and 21): Drug concentrations, were 0.7 - 1.7 and
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13.7 - 23.2 nmol/Lh for the mid and high dose groups, Tespectively. No sex-difference in plasma
drug: concentration was observed.

Clinical chemistiy (weeks -1, 1 and 2):

Heéimotology: Dose-related decreases in RBC numbers (114% - 18%) and hemoglobin
coricentrations (114% - 20%) were observed in the treated males.

Blood chemistry and urinalysis: ~ Normal,

Clinical pathology (terminal): No treatment-related effects-were seen.

Organ weights (lung and heart only): Decreases in relative and absolute spleen weight (1
22% - 29%) were observed. Relative heart weight in the high dose. groups was. decreased by 10%
(not statistically significant). There were no changesin the brain and testes weights.

Pathology (liéait, nasopharyngeal region, larynx; trachea, carina, lung only) cardiac
fibrosis was seen ini the mid and high dose groups (Table17),

Dose (ug/kg/day) 0___ 007 04 20 0 007 04 20
Aniimals exsmiried 3 3 3 3 3 3 3 3
Fibrosis 0 0 1 3 0 1 0 2
_Ave. grades 0 9 2 23 0 20 0 3
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4. 3-month inhalation toxicity study in rats: Study No. T2433. —

Testing lab: Laboratory of Safety Assessment, AB. Astra, Sweden
Study number: ‘90106
Stiidy-dates: 9114/90 - 12/18/90, Report date - 9/13/91, revised on' 1/23/95
GLP: Yes
Dose: 0.(C), 9(L), 22 (M), 90 (H) ug/ke
Batch-No. 105/92
Methods:

Three groups of Sprague-Dawley rats —CD, BR; age of 10 weeks; 10/sex/dose) were
exposed to 2:4 - 25 ug formoterol/L air'in a nose-only exposure chamber for 60 minutés daily for
3 months. Another group-was given lactose (0:1 - 1.3 mg/L air)'to serve as the-vehicle control.
The respective estimated doses of formoterol in the treated groups were 0, 82, 260.and 870 jig/kg
for inhaled and 0, 9, 22 and 90 ug/kg for the lung deposition (from the discussion). The
estimated MMAD was. ——————— . These-animal were sacrificed on-day 91 for necropsy
and histological examinations.

Results:

Mortality: One male rat in the-high dose group died on: day 21. Necropsy- revealed
cardiac and renal congestion and slight pneumonitis, although no clinical findings were: recorded
beforetlwsuddeudeaﬂ:.Conm'bWonofdmgtteaunmtcouldnotbeexcludedduetonscardmc

- findmg.Othc:4(2-L 1‘-M, I-H)dxedofbloodsamphngondayZS

¢
19%M and 29%-3)
Clinical chemistry (weeks 3 and 12):
Hemotology: Dose-depmdent decreases in platelet numbers' (12% - 17%) wete seen in
both seéxes at both monitoring occasions. Increases in hematocrit and reticulocytes were small
<10%).

Blood chemistry: Dose-dependent decreases in plasma glucose levels (9% - 32%)
were seen in both sexes. The depletion was more pronounced at week 12 thari at week 3. Dose-
related i increase in blood uréa -concentrations. (9% - 25%) was-also' observed. However, both
parameters weré within the normal range of the laboratory’s references.

Urinalysis: No treatment-related effects were observed.
Organ weights: Increases in absolute (17%) and relative (112%) heart weights

were se¢h. in’ treated female groups. The same trend existed in the male although it was less
pronounced. Otherchanges included decreases i in‘brain weight (both sexes) and increases in lung
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weight (£, 1 15%). Table 18 lists.only changes in ‘absolute-organ ‘weights (vs cofitrol) because
formoterol tends to increase body mass, which results in decreases in relative tissue weights.

Group 9 22 91 9 » 9
Heart , (a%) 13 110 16 17t 117
Brain ., (a%) 15 13 15 14 14 14

Pathology: "

Necropsy:  No treatment related effécts were observed.

Histopathology: Cirdiac congestion and granulating myocardial scars were. seen in the
control and high' dose males (1/10-C and: 2/10-H). Incidences of pneumonitis were low (1/104-H,
2/109-L 1/109-M and 17109-H) and lack of dose-response relationship.

Plasma diug lévels: See Table 19. (nmol/l.h)

3 o)' ¥ &
(sm)maynotbet(eatmemrelated.Butmdiac ) X
ofﬂnedmginothastudm,suggeststhatﬂnﬁbmmmayhe admg’mlatedeﬁ'ect.

5. G-month inhalation toxicity study in rats: T2860,

Testing lab: Laboratory of Safety Assessment, AB Astra; Sweden
Study number: 90106 ' _
Study, dites: 11/25/92 - 6/10/93, Report date - 9/8/34, revised on 1/26/95
GLP. Yeés o
Batch No. 100/92

Meéthods:

Three groups of Sprague-Dawley rats. (20/sex/dose) were exposed to: 0.7 1, 3.6 and 24 ug
formoterol/L air in a nose-only exposure chamber: for 60 minufes/day for 6 months. The control
group feceived lactose (1.4 mg/L. air) only. 'I'he respective estimated doses of formoterol in the
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treated groups were 0, 26, 128 and 852 ug/kg/day for inhaled and 0, 2.3, 12 and 72 rg/kg/day for-
the lung deposition. The estimated MMAD was. —————— These animal were sacrificed on
day 181 for necropsy and histological examinations:

Results:

Mortality:  There were no apparent treatment-related mortalities: A total of 7 deaths
(6 & 19 occurred during the study, but many of thém (5) died of blood sampling, However,
the mortality was shgh(ly higher in the high dose male group (¢ 1-€, I-L, 1-M & 3-H; 1-H®)
and one of the male rats in this group showed myocardial fibrosis.

Clinical signs (daily): No treatment-related effects were observed.

Body weight (weekly): Dose-dependent increases-in body weight gain (week 13)
and body weight (week 26) were:seen in the females (Table 20). The trend was not as obvious in
the males.

Table 20, Body Weighit Changes in the 6-month Inhalation Study in Rats

Male Female:
Dase (ug/ke/day) 23 12 72 23 12 72
% Body weight gain (%5) week 13 - 115 1s 17 115 126
% body weight change week 26 12 17 15 14 16 110

‘ ~ Food consumption (weekly)' Dose-xelated»‘ i

seen: (15%-L, 23%:M and 22%-1-1)
Clinical ch&mstry (weeks 5, 13 & 24):
Hemotology: No apparent treatment-related effects were observed. Occasional
stausheallychangawemseenmsevemlpmeters (Higb, Hot, RBCH, plateleti) were observed.
Butmost changes were within normal referenice range of the faboratory.

Blood ¢hiemistry: Decreases in plasma glucose levels (14% - 25%) were seen in both
sexes; however, only the females showed a dose-response relationship. Slight increase in blood
urea concentration was also observed, All these numbers were thhm thie normal range of the
lab’s:reférences.

Urinalysis: No:treatment-related effects were observed.

Organ weights: Increases in absolute heart weights were seen in both treated males
and females (Table 21). Decreases in the weights of the brain, thymus and prostate were seen in
males only:
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Group L M H L M H
Dose (ug/kg/day) 23 12 T2 23 12 7
Hedrt 4 (%) 112 113 i 18 119 115
Brain . (%) t4 13 1S 15 - -
Thymus abs. (%) r4 115 LIS - - -
Prostate abs. (%) 18 17 110

Because of the increases m body wexg.ht by the drug, decreases in the relative weights of many

Pathology
Necrapsy:  No treatment related effects were observed.
Histopathology: Myocardial fibrosis weré seen int the. mid and high dose groups (2/40-M,

6/40-H). The incidences were much higher in the male than the female (HD: 5¢ vs 1%). Tubular
atrophy of the testes was observed in one mid dose niafe.

Plastna. drug: Tevels: Drug ‘concentration. was determined on days 8 and 176
(n=1/sex/group). The limit of quantitation was: 0.20 nmol/l when 2.0 ml plasma was used. AUC
ooy values are listed in Table 22 (nmol/Lh):

~ Conclusion: Cardiac hypertrophy was observed in all the treated groups. Myocardial
fibrosis was observed in the middle and high dose groups, especially in'the male. The 6-month
NOAEL value in rats was 2.3 pug/kg/day.
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1. One-month oral toxicity study in dogs: T2579.

Testing lab: Laboratory of Safety Assessment; AB Astra; Sweden
Study numbér: 92032, )
Study dates: 5112192 16°5/23/93, Report date - §/31//95
GLP: Yes v
Doge: 0 (C), 2 (L), 15 (M); 100 (H) ug/kg/day
Batch No. 100791
Methods:

”

Beagle dogs (3/sex/dose) were given orally formoterol in gelatin capsules. daily for one
month. The capsule vehicle consisted of 67 - 200 mg lactose and 0.7 - 2.0 mg thagnesium
stearate and appropriate amount of formoterol. The testing ¢compound was found to be not stable:
in the vehicle. Formoterol doses were at least 2, 15, and 100 pg/kg/day based on the minimal
stability data. Clinical observations and clinical palhology were performed during the study. At
the end of the Study; animals were sacrificed for pathological examinations.

Results:
Mortality' ‘Not mentioned by the sponsor.

Clinialsigu (daily) Hyperem:a ofthe shn and mivcoga, periorbital edema, and labored
ions mshowanableB.

i
3%
4
2

Body weight (weekly): A trend of dose-relateil increase in the body weight was seen.
Food consumption (weekly): Normal.

Rectal temperatare (weekly): Normal.

Ophthalmology (weeks-1 & 4): No treatment-related effect was observed.

EKG (days 0 & 21): Sinus tachycardia and ventricular arrhythmia were observed,

especially in the high dose groups (Table 24).
_ Table24: Percentage of Increases in Heart Rate (vs Control) Two Hours afier Oral Formotero}

Dose (ug/kg/day) 0 2 15 100
Heartrate: Day 0 - 147 165 168
Day 2} - 140 1 60 162
Arrhythriiia, veditricular - - 16 36
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Clinical pathology: (weeks -1 & 4): -

Hemotology: No apparent drug-related effects were.observed.

Blood chgm:stry

A shght increase in serum urea levels (<20%) was observed in. the treated- groups. There:
-was no apparent dose-response relationship.

Unnalysis- No treatment:related effects were seen.

Organ weight: Slight decteases i the. relative weights of the: testes (119%), prostate. (4
50%) and epidydimides (1 19%) were obsérved in thehigh dose males.

‘Pathology:

Gross. phathology: Oceasional gray-white foci -were noted in the heart of the low (1/3)
and high dose females (1/3). “

Mierocopic pathology: Inicidences; severity and. the affected areas of myocardial
fibrosis were dose-related (incidences: 1/6-C, 0/6-L; 2/6-M, 4/6-H).

Toxicokinetics (day 0, 21); Plasma formoterol ¢oncentrations are shown Table 25:
Formoterol conceéntrations were:slightly higher on day 21 than day 0.

AUCo.z‘h D80« gt ATS A i - 106102 227

typmlvtoxicity profile 6 .‘

pmphmlhypma.espemﬂvintheh!shdmm Thewsetorsmofmmwasfhe
heart.
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2. 3-month oral toxicity study in mice: T2578. -

Testing lab: Laboratory of Safety Assessment, AB Astra; Sweden
Study number: 91118, '
Stndy.dates: 9/11/9= 12/17/91, Repost date - 10/8/92, revised 1/26/95
GLP: Yés
Dose: 0:(C), 0.1 (L), 1:0 (M), 10 (H) mg/kg/day
Batch No: 100/91

Methods:

CD-1 mice(12/sex/dose) were given formoterol by oral gavage for3 moniths at the above
doses. The vehicle consisted of citric: acid monohydrate-(30.8 g), sodiuni phosphate dibasic (67.5
), sodium chloride (255g) and distilled water (up. to 30 kg). Clinical observations and clinical
pathology were performed during the study. Animals were sacrificed for pathological
examinations at the end of the study. Satéllite groups were used to determine plasma drug
concentrations.

Results:

Mortality: None.
‘Clinical signs (dally) Decreased motor activity, increased respiratory frequency and
cyanoslswexesemmﬁlehlghdosegrwps.
Bodyweight (weekly) Asmallbutsmhshcally significant increase: (8"/)mmm body
femnlwsmnngfonnweek3 andonward. v .o F

pathology:'(we
mnlehadaxmmrkable (17-20fold)mamesmﬂle serumi ASL Jevel, but
were absent. ol

Hemotology: No treatment-relited effects were seen.

Organ weiglit: Both absolute and relative wiights. of the: spleen (28%) and liver (10%)
was statistically significaritly increased in the high dose females. The absolute and relative
weight of adrenal glands was also decreased (26%) in the mid and lugh dose females. Braiit
weight was.not determined.

Pathology:
:Gross phathology: No treatment-related-effects weére seen.
Microcopic patholagy: No. apparent treatment-related effects were seen.

Toxicokinetics (days 14, 90): Plasma formoterol: «concentration was determined by HPLC with

electrochemical detéction. The lower limit.of quantitation was.0.15 nmol/L. The results (Table
25.) showed that AUCs bétween day 14.and 90 similar.
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Table 26. AUG; 54y Y of ) p b .
Dosé (mgfkg/day) QL 10 10 ol 10 10
Day. 14 - 1.6 104.8 - 88 80.8
Day 90 . 107 >726 - 9.1 895
= Data not available.

4, 3-mionth oral toxicity study in young rats: T3136.

Testing lab: Laboratofy of Safety Assessment, AB Astra, Swéden
Study numbr: 94031
Study dates: 5/18/94 to 8/31/94, Report date - 1/12/96
GLP: Yes
Dose: 0.2 (L), 0:3 (M), 3 (H)mg/kg'
Batzh-No. 100/93
Methods:

Young Sprague-Dawley rats- (aged 16 days, 10/sex/dose) were: given formoterol by orat
gavage at the above doses for 127 months. The vehicle consigted of cellulose
(hyd:oypropylmethyl, 200 g),-citric acid monoliydrate (30.8 g), sodium’ phosp!me dibasic (90 g),
; dxshlledwatcr(mkg) Fonnomolsmblhty datawereaccepmble Chmeal observati ns and

in lower body weight in group 2 throughout this study.
Normal or miniial iricrease was séen-in the high dose

Food consumption (weekly)-
groups;

Water consumption (every 4 weeks): No treatment-related effects were seen.

Rectal temperaturée: Normal.

Ophthalmology (nionith 3): No: treatment-related effect was observed.

Clinical pathology: (month1 and 3);

‘Hemotology: Slight dose-dependent increases in leukocytes (110%-L; 118%-M, 127%-
H) were seen at week 12, Other observations: were either sporadic. or lackmg of dose-response
relationship. They were considered of little to)ucologxcal significance:
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Biood chemistry. Slight Increases jn:the serum levels of glucose, urea and phosphate
Tevels-were observed (Table 27):¢
‘Table 27; Blood Chemistry Changes:inthe lambiiithﬂ()rﬁllsmdy it Dogs
Male Female
Dose (mg/ke/day 0z 08 30 02 08 30

Glucose (2 %) Week3 110 116 117 117 121 123
Week12 124% 134 131 118 119 123

Urea(s%): Week3 114 114 120 123 130 125
Weeki2 1tH 119 125 115 126 131

Pi(a %); Week 12 14, 14 110 0 1S 110
* Bold indicates statistically different from the control.

Urinalysis:  No treatment-related effects were seen.

‘Organ weight: Absolite heart weight. was increased in the mid and high dose: Zroups
while both.absolite and relative organ weights of the testis and brain were decreased (Table 28).
Statistical differences were appatent in the high'dose groups.

"Rcladve &3 ¥5 I8 u 12 i
*Bold indicates statistically significantly different from the control.

Pathology:
Gross phathology: ‘
Testis: Dose-dependent increases in. the incidence of small testes in the male. (0/10-C,
0/10-L, 1/10:M, 3/10-H.)
Microcopic pathology:
Heart: Myocardial granular scars were noted in the mid and high dose groups.
(Incidences: 0/20-C, 0/20-L, 1/20-M, 320-H.)
Testes: The males showed testicular fubular atrophy (incidences: 1/10-C, 4/10-L, 1/10-M,

7/10-H); and spermatic: debris (incidences: 0/10-C, 2/10-L 1/10-M, 4/10-H)
oligospermia in’ the epididymides (incidences: 0/10-C, 2/10-L, 1/10-M; 3/10-H)
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Toxleolunetlcs (days 7, 91): Blood samples were collected before dosing and at 0.5;°1, 2; 4,6,8,

and 24 hours after dosing. Plasma: formoterol coucemrauon was determined by HPLC with
electrochemxcal detection: The lower. hmxt of quantitation. was 0.13 nmol/L. The results (Table
299 showed that half-life and C,,, of th¢ drug could be increased after repéated administration.
’l'hls suggested that accurnulation occuired after the repeated administration.

Table 29. Toxicokinetics of Formoterol in 3-month Oral Toxicity Study

Dose (ug/ke/day) 02 08 0 02 03 30

[ Day7 0.3 "p6x05 24:02 - 0T+01 26204
(amoll)  Day9l - 15205 40£07 - 07502 3206

AUCqep Day7 - 26 255 - 30 26.0:
(mol)h  Day9l - 52 5 - 37 37.1

+ Datamiot available.

Forty beagle dogs were. given oral formoterol in gelatin capsules daily for 12 months. The
capsule vehicle consisted 67 - 200 mg lactose and 0.7 ~ 2.0 mg magnesium stearate ‘and
appropriate amount of formoterol. The: testing componmd was: found to be not stable in the
vehicle. Admmlstered doses were the cdlculated minimal formoterol doses. Clinical observations
and clinical pathology were performed during the study. At:the erid of 12 months, animals were
sacrificed for pathological examinations.

Reésiilts:
Mortality:  Notmentioned by the sponsor.

Clinical signs (daily): Formoterol caused a dose-related mucosal and cutaneous
hyperemia. The incidences of mucosal hyperemia ‘wete 0%-C, 1%-L; 7%-M, 39%-H,
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respecuvely This lasted for up to:8 hours. post dosing. Formoterol also-causes dose=related white
transversal lines in the claw keratin (O%-C 6%-L, 47%M, 60%-}1) starting fiom 3 months of the
exposure. However, the incidence declined over time.and were seen in the high dose group only
from 7 months onward (4 +-8%).

Body weight (weekly): Normal.

Food consumption (weekly): Normal.

Rectal temperature: Normal:

Ophthalmology (predosmg‘ months 6, 12): No treatinent-related effect was observed.

EKG (day 0 and months 3, 6,9, 12): Sinus tachycardia was observed in-all treated groups
during the entire study penod Ventriculat ‘ectopic extrasystoles were seen in.mid (1 dog) and
high dose (7 dogs) groups.on-day 0; butwas absent during the rest monitoring.

Clinical pathology: (day 0. and’ months 3,6,9,12):

Hemotology: Occasional slight but statistically -significant changes were séen in
Teukocyte numbers (4 6 < 18%), hemoglobm concentrations, hematocrit, erythrocytes and so.on.
The differences were. small and sporadic. They were of little toxicological significance.

Blood chemistry:

A slight increase in serum glucose levels (25%) was observed in the high' dose males at
‘week 49, Increases in serum creatinine levels (22 - 53%) were noted in'all doses in nales and the.
mid and high dommthefemalestmﬁngfromweeklo but only-the increases in the females
weredose-dependent.lnueammsenmnma(m - 50%) were seen in the mid and high doses in
males starting from week 10 and ini the females staring from week 22. Creatinine and urea levels:
increased above the control in-a dose-related manner (OIIO-C, lllO-L, 4/10:M, 5/10-H).: An

Mictowpicpaﬁologv Incxdemandseventyofmyocardmlﬁbrosxsw«edose—related
(incidences: 0/10-C, 2/10-L, 3/10-M, 4/10-H; severity: 0-C, 1-L, 1.3-M, 2.3-H, with 3 being the
most severe). Acinar atrophy of pancreas was seen in the high dose group-only (3/10-H)

‘Toxicokinetics (day 0, months 1, 6, 12): Blood samples:were collected before dosing and
at 0.5; 1, 2, 4, 6, 8, and 24 hours affer dosing. Plasma formotetol concentration wis detérmined
by HPLC with electrochemical detection. The- lower limit of quantxtauon wiis 0.15 nimol/L. The
results (Table 30) showed that half-lifé and: C,,,, of the. drug could be ircreased after repeated
administration; however, AUC was not remarkably different. The consistence of AUC value
suggested that little accumulation occur after the repeated administration.
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DOSE upriginy on 86 92 072 86 92

Crur " Day0 0.15:023 06330 35-152 05034 06-48 4.8-163
{nmol/l) Month 12 - - $§7-212 - - 6.8-344
AUC 4 Day o - 53-60 576-616 - 7:3-81 6730
(nmoV/)s  Month 12 - - R - - 784
£33, (hr) Day 0 - 32 62 - L7 65
Month 12 - 3.8 83 - 8.0 53
- Data not available.

Conclusion: Treatment of dogs- with formoterol at doses up to 12 months resulted a
typical toxicity profile of the B,-agonists: myocardial fibrosis, ventricular- cardiac ectopxcs,
tachycardia, peripheral hyperemia, and discoloration of the claw keratin and. slight decreases:in
hematocrit'and hemoglobin concentration, especially in the high dose group.

Study dates: *° msm 1o/ozm,xnpmdm 3/17/93,mnedm?ll/96
GLP; Yes
Dose: 0/(C), 037, 7.7 (M), 91 (M pigkg:
Batch:Ne. 100/92
Methods:

exposed to 0. 21 64 /,cg formoterolIL air for a dmatxon of 30 mmum in'a nose-only exposure
chamber on days 6 - 15 of the pregnancy. The: vehicle control group received lactose only: (3.2
-mgIL air). The respective estimated doses of formoterol in the treated groups were:0, 1.6, 38, 690
ug/kg for inhaled and 0, 0:37; 7.7, 91 ug/kg for the lung deposition. The estimated aerodynaxmc
mass:median diameter (MMAD) was. .-Clini¢al obsérvations-and clinical pathology
laboratory analysis were made during the study. Damis were sacrificed for necropsy on day21 of
pregnancy.. The following parameters: were: examined: #icorpora leutea, placental weights,
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#implantation: sites, sex -and #viable fetus, #dead fetus, resorption’ sites, fetal weights, litter
weights-and éxternal abnormalities.

Results:
Maternal examinations:

Mortality (twice daily): None: _
Cliiical signs (daily): No:treatment-related effects were observed.
Body weight (weekly): Dose-dependent increases in body weight gain (5%-L,
14%:-M, 18%-H) starting from the beginning of the exposure:
_Food consumption (every 3 déys): A slight increase (7%) in food consumption was seen
in the high dose group on days 9 - 15:
» ‘Heart rate (days 6 and 14); Dose-dependént tachycardia was seen on both -occasions
(6%-L, 19%-M, 15%-H). v
.Pathology:  One high dose dam had'a large spleen and markedly large left kidney. This
may be incidental.. A
Placental weight: Notreatment-related effect was observed. Statistical increases in mean
placesital. weights were seen in all reated animals (7%-L, 5%-M, and 9%-H). However, the
absolute placental weight (0.48 g) in the high groups was still within the historic control of the
lab. In:addition, there was no clear dose-response relationship.

2. 3-month inhalation study on respiratory tract and male reproductive system: Stady No.

T3137.
Testing lab:- Laboratory of Safety Assessment, AB Astrd, Sweden
Study mamber: 92064 o _
Stiidy dates: 1127195 - 5/3/95, Report date - 1/11/96
GLP: Yes ' ) »
Dase: 0.(C), 2.6 (L); 13.(M), 67 (H) ug/kg
Batch No: 31192 ’
Methods:

Three groups of Wistar rats ( -—-A—b . SPF; age of 16 days, ‘6/sex/dose) were exposed to
1.3, 7.4, 36 ug formoterol/L air for a duration of 30 minutes once. daily in‘a nose-only exposure
chamber for 3 months. Another group of animals received lactose only (3.2 mg/L. ait) and served.
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as the vehicle: control group. The respective estimated doses of formoterol in the treated groups
were 0, 12; 75, 350 ug/kg for the inhaled and 0,2.6; 13, 67 ue/ke for the lung deposition. The
estimaied aerodynamxc mass median diameter (MMADY) was ¢ ————"\. Clinical observations
and clinical pathology laboratory analysis were made during the study, At the end of the
treatment; animals were sacrificéd for gross arid microscopic examinations: Another 4 groups of
animals: (n = 6/sex/dose) were saciificed on week 3 for gross and microscopic: examinations:

Additional groups (13 satellite groups) ‘were used for interim analysis of blood. drug
congentration and microscopic examinations of male reproductive organs. (week 1 only). Most
patameters listed in the results section were derived from animals in the groups 1 - 4 only.

-

Resuilts:

Mortality (daily):  None.

Clinical signs (daily): Alopecia was seen in the high dose females. (0/12-C, 0/12-L,
1/12-M, 6/12-H).

Body weight (1-2/week) Dose-dcpendent increases in body weight ‘gaini (8%-L,
17%-M, 20%-H at week 12) were seen in the miales; only the increase in the mid and high dose
groups were statistically significant, The :same- trend exsited in the females (15%-L, 11%-M,
10%-H), but none were statistically significant.

Food cnnmmption (L-2w Increases in food consumption (8%-L, 12%-M, 15%-H
at week: 12) were seen in the males. Slight increases in food consumption was seen in the females

hemoglobin (3 -

blood cell numbm (] v : .
Clinic.chemistry: No: ‘treatment related effect was observed.
Pathology (terminal):
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Organ weights: Increased heart weight, decreases testis and brain weight were apparent in
all treated groups:(Table:30).
Table 30 Organ Weight Changes in the-3-month Oral Study'in Young Rats
‘Male: Female
Dose (me/ke/da 26 B (33 26 B3 67
Heart (s %); Week 3, Absolute: 117 1 1% 19 120 131
Relative 115 113 121 17 131 130
Week 12, Absolute 116 137 128 113 T 13
Relative: 110 120 110 1 14 126
Testis /ovary (& %) Testis testis  testis  ovary' ovary  ovary
Week 1, Absolute: 13 116 VI8
Relative 112 19 14
Week3, Absolute 14 16 16
Relative 15 13 13
Week 12, Absolute [} 11 13 13 124 136
Relative t's 112 L 16 (] 116 127
Brain (s %): Week 3, Absolute: 12 14 14 12 16 1§
- Relative 12 16 I5 t4 15 16
Week 12, Absolute 12 1 0 15 12 13

Relative 17 112 1M 14 18 19

‘boldmdimthevalueissmmnﬂymgmﬁemﬂydﬁummmmL
#with an ovarycyst:

"fauales.'meAUC&wereZB 34 7.5.-25.6 and 45 - 86 nmol/Lh, respectively.
Comem.Demesmhmnwmghtmaybesomethmgofmmmthcﬁlm.

B. Oral

1. Oral segment I fertility and reproductive performance study.in rats: T3015.

Testing lab: DA
Study mimber: ARA 192/942424
Study dates: 8/25/1993 - 11/10/1993. Report-dats - 5/4/95:
GLP: Yes
Dose: 0C), 0.2.(L), 3.0 (M), 15 (H) mg/kg/day
Batch No, 1533-1, 100/93
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Methods: e

Four groups of SPF Sprague-Dawley rats: — €L ~—BR ‘VAF/Plus-strain, 329 and
16a"dose) were given by oral gavage formoterol once a.day to study the drug’s effect on fertility
and reproductive perforinance. Formotérol dose levels were 0,02, 3 and 15 meg/kg/day,
respectively. The vehicle (cellulose) was the same as previously described (T2815), The females
were: treated: from 2 wiéeks before mating to day 19 of the pregnancy. One half of the females
were sactificed-on day 20. Fetus were: delivered by C-section for fetal examinations. The other

. half of the: dams were allowed fo give bmhs and sacrificed: on day 21 post partum. The males
‘were treated from 9 weeks prior to; matmg till the time of the sacrifice (total 25 weeks treatment).
Due:to-a slightly lower pregnancy rate m ‘Group 4 animals, additional 64 untreated: females were
mated with the. control -and high dose males for comiparison. These females were killed on day 15
of pregnancy for litter: response examinations. Clinical observations and clinical pathology were
perfonned during the study. Satellite groups were used to determine drug plasma levels.

Results:

Maternal examinations:

Mortality (dally):  Four deaths (all in the treated groups) occurred during the study
(Table 31).

splayed postare. Othuswueobsmedmﬁmmalesonly swollenﬁm/bnl eyes
dosedepend&pmkscmmlsac,bmwnsmmedmuzzlcmdredeaﬂfeet.(rablﬁz)

Dose (gfke/day) 0___02 30 is 0 02 30 15

n/group 16 6 16 16 32 32 32 32
Salivation: 3 16 9
Splayed posture: 2 16 16 6 30
Swollen face/bulging eyes 15 16 16
Dark pink scrotal sac 4 16 16
Reed car/feet 1 16 16

* Ungroomed/ briwn stalned coat. 11
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Body weight (every other day) Body weight gains increased dose-dependently during
early part of the tréatment in the males and lactation period in the females, Absoliite body
weiglits decreased in:the late: part of the treatment in the males, During pregnancy, female body
weight rémain essentially the same among all groups. These changes are expressed as percéntage
of changesin Table 33:

Dose (mig/kp/dav) 02 30 15 0230 13
Week1 - 127 155 185§ 131 12004 t246
Week? Tl 13 118 NC NC  Ne*
Week 9 1T S A B | 1145 S0 190
Week 25 Tz 18 49

*=NC appment changes. # = statistically different fot the controls

$ =end of lactation period.

Food consumption (every other day): dose-related increases in food consumption in both
sexes (1 2~ 10%)

Clinical chemistry (day 15): No treatment:related effects were observed.

Plasma drug levels: Rwults are: smnmanzed inTable 34.

Moath 6 . . B} i P
= Not déetermined or below the limit of quantitation

Mating and Performance: Formoterol induced dose-dependent decreases in pregnancy
rate of the female; however, the drug may act through its impairment to male fertility as:
indicated in Table 35:
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Dose (mp/ke/day): 0 02 3.0° 15 02 3.0
Males: Nigroup: 16 16 16 16: 16 16
Fail to induce pregn. _ 1 1
induiced pregn.only in 1 29 5 ! 6
Females:- )
N/group 32 32 32 32
Sperm at mating 31 31 25 23
2 7
_ ] 2
No evidence of mating KS t 5
Total litter loss: 1 4
Reared young to:day », 16 16 4. 9
Pregnancy rate (%) . 100 00 9% . ¥
Duration'of pregn. 51224 15 1n 14 13
2.4 4 - 7

Pathology (¢ - week 25); Atrophy of seminiferous tubes was seent in the low (2/16) and
high (1/16) males.
Organ weight (téstes and épidydimides only, o week 25): Slight- decrease (5%) in the
wmghtofthmorganswetenotedmthehxghdosemalegmup ’
: Litter examinations: The following parameters were examined: #corpora leutea,
laeenmlwe:ghts,#implanmwnaws,sexand#wablefems, #deadfetus,msoxpﬁonsms, fetal
Wel ts, litter weights and extetnal abnounahtles.

Doss (me/ke/dsy). 0 02 30 15 0. 15
Dam w/ live-yourg 6 16 15 12 31 26
Tiplantation’s/dam 161 159 163 163 - 174 145%
Preimplanitition loss (%) 90 102 114 13
Postimplantation loss (%) 47 65 84 83
Dam w/ embryonic/deaths 0 1 3 3 ] ‘
Litter weight'(g). §52. 563 566  S0.1 ¥
Placental weight () 727 74 81 93
Litters: with malformations1 2 1 5
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At:weaning
- both o' & ¢ treated
‘Dose (mg/kp/dav)’ 0. 02 __ 3.0 15
‘Number of litters:born T3 16 15 13
Nuinberof liiters weaned 16 16 14 9
Implantation. sites/dam 173 153 151 138
Total young bomfdani 162 146 13.8 11.4*%
Live young/dam ' (at bitth) 16.0 143 13.4 10.0
(Day:21) 158 137 122 &1
Litter welght (g) (at bmh) 999 915 83.0 58.0
pup weighit (2) (at birth) 63 64 6.2 59
(atday ) 107 1.0 104 8.1
Implantation Ioss (litters) 2 2 4 6
Pup fossat day 21 (litters) 1] o 5 10
Dami-w/ émbryonic.deaths. 0 1 3 3
Fetal examinations:
Total malformations (litters) 0 2. 2 5
External examinations: ’
Craniorachischisis. [+ 1 [/} 0
Visceral examinations:
Ubilical heriia (litters)  0: 0 2 2
Skeletal examinations:
brachygnathia (litters) 0 0 0
Othiers 0 2 0 1

Dase: ' O(C).Ol(l-).m(m').w@dﬂﬁoo(ﬂ)ms’kslday
Batch No: 15331, 100/92
Methods:

Four groups of pregnant rabbits (New.Zealand. White, 6/dose) were given by oral gavage
formoterol once a day during 6 - 18 of the pregnancy to ‘determine doges for the definitive
temtology study. Formoterol dose levels were 0.2, 60, 125 and 300 mg/kg[day, respectively. The
vehicle (cellulose) was the sanie as: previously described (T2815). Clinical observations and
clinical pathiology wete performed during the study.

Appears This Way
On Original

269



Best Posmble Copy

Reviewer: Timothy W. Robison, Ph.D., NDA No. 21-929
e - Paps 4oL 73
Results; —
Maternal examinations:

Mortality (daily): No treatment-related deaths were observed. Two preterminal
sacrifices (L and H groups each) were due to technical érrors.

Clinical signs (ddily): Vaginal bleeding, decreases. in water intake and feces were seen in
the high dose group (Table 37). The vaginal bleeding could be:the result of abortion.

_Dﬁ;@g&g@gyf ) 02 60 125 300

1 feces (doe#) 3 1 2 3 6

i water intake; 3 1 2 1 6

Vaginal bleeding g 2 0 2 2 12

BW gain (%) - 175 ti2. 129 L181¥
* statistically different from thie conitrol

Body weight (days 1, 6, 10, 14, 19-and 24); Dose-dependent decreases in body weight
gamswereseenondays 6 -10. (See above table)
- Food wmmptmn {(days 6, 14 19, 24 and 28): Decreased food consumption on-days 6 -

Litter response (Table 38):
Dosé (ip/kig/davy 0 02 __60 125 300
Litter weight () 346 395 340, 243 199
Fetal weight (g) 402 40.5 370 364 36.9
Fetus # 86 98 92 67 54
Placerital weight.(g) 55 60 56 62 72
Intra-uterine. deaths (mean) 1:4 03 28 33 54
Abnormalities
Fetus. wiminor defect (Yo)# 2.3 0 36 23 30
Fetus wimajor defects (%) 0 0 2 10 ‘22
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Table 38, Litter Response in the:Segment 1L Dose-tange Study in Rats (continuned)—
Dose (mp/kp/day) 0 0.2 60 125 300
_External examinalions:.
Edénias body 0 o 0 0 3
Visceral examinations:
Enlarged heart 0 0 0 1 3
Enlarged aorticarch, 0 9
Enlarged pulmenary artery 0 l 13
Skeletal examinations: . .
Brachydactyly 0 " 0 7 3
Flexed forepaw 1 0 1 0 3

»

Bold indicates statistically different. from the control. # Minoi defétts were primarily edema and
cutancous hemorrhage, while the major defects were enlarged heart/aortic arch, ‘and brachydactyly

Conclusion: Significant maternal toxicity and fetal effect were observed in the 125 and
300 mg/kg/day group. Signs ‘of toxicity included decreased body. wexght, and water and food
intake, and abortion. lhedoseofwmg/kg/daywastolemtedwellbythedamsandcanbe used
as the top dose for the definitive studies.

- 0(C),02 (L), 351
- 1533-1, 10092

Pregnant rabbits (New Zealand White, n = 16/dose) were given by oral gavage. formoterol
orice a.day diring days 6 - 18 of the pregnancy to'study teratogenicity of the drug. Formoterol
dose levels were 0, 0.2, 3.5 and 60 mg/kg/day, respectively. The vehicle (cellulose) was the same.
as previously described (T2815).. Clinical observations and clinical pathology were performed
during the study. Does were sacrificed on day 29 for maternal and fetal examinations. Satellite-
groups were used to determine drug plasma levels.

Resuits:

| A Origind!

271



Reviewer: Timothy W. Robison, Ph.D.. D.A.B.T. NDA No. 21-929

S Best Possible Copy
| m— Page 446073
Clinical signs (daily): No treatment-related effects were observed. -

Body weight (every other day): Body weight gains increased dose-dependently during
the treativient and persisted till time of sacrifice:

Dose (me/kp/day) 0 02 35 60
BW gain 4,, 14 (%) - +44  +57 +73
BW gain 4,25 (%) - 20 +21  +4

Food consumption (every other day): No apparent effect were:seen.
Clinical chemistry (day 15): No treatment-related effects were observed.
Plasma drug levels (days 12 and-18): Results are summarized in the following table:

Form: oterol AUC (nmol/LhY

Dose (mg/ka/day) 02 35 60
Day 12 4407 3442334 2130 +348
Day:18 1122 22 1256460 3576.+:379

Pathology (day29): No treatment-related éffects were observed.

Fetal examinations: The followmg paramete:s were examined: #corpora leutea,
plaeanal weights, #implantation sites, sex and #viable fetus, #dead fetus, resorption sites, fetal
weights, htterwe:gbtsandextanalabnomahuw.Raultsares\mmamemeable39

External examinations: Not menuoned by thesponsor.

Visceral examinations:
mmean % fetusllitter wl abn 1.9 82 140 29.8
Anomaloiis cervicothoracic . ] .
Artery (litters). o 5 5 ‘6
Atelectic lungs (fitters) 0 0 i 1
Liver
Abnormal lobes o 1 2
Subéapsular cysts (litters) 1 i 0 1 .
) (Fetuses) 1 1 0 23
Skeletal examinations: - -
Satural cranial bones (fitters), 1 A o 4
Asym. bipartite stembrae (%) Ll 4.1 42 9.4
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—

Comment: An inaccuracy was found in the incidences of embryonic deaths of summary.
QSpecnﬁcally, the total incidences of embryonic deaths in the coritrol group did siot add up. This
was illustrated in Table 40, Howevér, the error is trivial and does tiot appear to compromise the

entiré study.
Nuiiber of embiryonic
death flitter 0 1 2 3 24 total (litters
Early 8 2 1 0 0 1
Laté 9 1 1 0 1
Total *M 2 o)
* Bold indicates:correct summary.

7. Segment II reproductive toxicity study in rats: Study No, T2905.

Testing lab: Laboratory 6f:Saféty Assessméiit; AB Astra, Sweden
Study number: 93081 _

Study dates: 8/16/93 < 3/14/93; Report date - 4/27/95

GLP: Yes ) o

Dose: 0(C), 02 (L), 0:8. (M), 3.4 () mg/kg/day

Batch No. . 105/92.

oompomxons were’ p:evxously dwm'bed (2815) Clmml obmous were made during -

pregnancy-and lactation periods. Pregnamdamswereallowedtogwebnrdmanmlly Litter
parameters:(i.g: litter size, litter weight, genéral development) were recorded. Twenty litters of
the F1 generauon(4pupslsexlhm)werethensub]ectedtobeforeandaﬂaweanmg
cxaminations. The pre-weaning cxamination parameters included pinna unfolding, tooth
emptxon, eye openmg, surface righting, audltory starﬂe, puitary reﬂex Pups (F 1 generauon) were
weamng exmnmauons Roia-rod performance (age 25 days), water-maze test (age of 30 days),
motor activity (age of 2 months) and mating petformance (age of 3 months). After mating,
pregnant F1 females were allowed to give birth naturally and their litter weight were recorded,
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Resuits: -
a: Mateérial Responses:

(1). FO generation: »
' Mortality (daily):  None:

Clinical signs (daily): No treatment:related effects were observed:

Body weight (once/3 days dunng pregnancy-and weekly post partum): Dose-dependenl
increases:in body weight gains starting from the day 9 onward:

Day IS 16% 9% 110%
Day 43 8% 1 11% o OTR%

- Note: the low dose’ group had significant higher body weight- than :the: control at day 0 -of the
pregnancy (5%).
Food consumption (every 6 days during: pregnancy and weekly post partum): Dose-
related increases (5% - lo%)mfoodconsumptmnwem seenmthetreatedgroup ondays6-21.
Pregnancy rate: Slight lower pregnancy rates (6%) were seen in all treated groups, but
there was no dose response relationship.
Gestation period, parturition, nursing and lactstion: No treatment-related effects were.

themmededhﬁag«aﬂysevnelyenhged,pdeeymchdneys.m«ompl
mvededmﬂhplepmmmentcyshcdilaﬁmofthecomedmdmodtdlarwnwnngmbes These:
resnlts(wpemllyﬁomonehﬂu)suggestﬂnttheymaymtbeueahnm«m
Clinical signs (daily): No treatment-related effects were obsérved.
Bodywe:ght (weekly) No treatment-related effects: were observed from 3 weeks
post partum onward.

Food consumption: No tieatment-related effécts were observed.

Mating performanée: Decréased mating performance in the low and mid dose groups
were seen. This was indicated. by incidences of negative vaginal smear of paired females on day
11 of the mating period (1/20-C, 8/19-L, 8/19-M, 1/17-H). These non-pregnant females become
pregnant when they were: paired with other males (matmg period-of day 12 - 17).

Pregnancy rates Slight lower pregnancy rates (6%) were seen in all treated groups, but
there was no dose response relationship.

Gestation, parturition, nursing and lactation periods: No treatment-related effects
were observed.
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Necropsy:  No treatment-related effects were observed. -

(3) F2 Generstion:
No treatment-related effects were seen:

b. Litter Résponses:

F1:  Slight increase in total littet loss in the mid :and high dose groups were seen
(Table42). Slight increases in pup loss were seen in all treated groups, but none

were:statistically significant:
___(gg&g@_ay) 0. 02 08 .34
Total litter foss 130 130 330 380
Puploss
Atbirth (%)* 25 56 84 64
Post pairtumi (%) 93 159 220 199
Day 26 post coitus 110 216 288 278
Day 26-43 post coitils (%) 0 0 06 13

Pup weight: Slight decreases (6%) in pup weight at day 43 post coitus were scen, but a

Testinglab: * Laborstory of Safety Asseisment, ABAsira, Swicden

Study number: 94146
Study dates: 317/95:10.6/8/95, Repoit date - 1/26/96
GLP: Yes.
Dose:’ 0; 003(L),0.2(ML),0.8(W),3(H)mg/kg/day
Batch:No: 31192
Méethod

Thrée groups of young, inale: Spraguc-Dawley rats: (aged 16 days, 12/dose) were given by
oral gavage formoterol once & day for 3 months to examine testicular findings in the previous
study (13136). Formoterol dose levels were 0.03; 0.2, 0.8, and 3.0 mg/kg respectively. The
vehicle consisted of cellulose (hydroypmpylmethyl 5.mg), citric acid monohydrite (0.77 mg),
sodium phosphate dibasic (2.25 mg), and distilled water(ad 1 ml). Clinical observations. and
clinical pathology were performed during the study. At the end of 3 months; animals were
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sdcrificed for pathological examinations. Saltutamol (batch:no, 72274010; given twite dmly) was
uised-as a reference. Daily salbutamol doses were with 20 and 50 mg/kg, respectively. Satellite
gioups were:used to determine plasma drug concentrations.

Results:

Mortality:  No ireatment-related mortalities were observed. Two pre-terminal deaths:
(1-MH and 1-H on day 50.and 34, respectively) occurred. The High dose-animal had plauritis and
pneumonitis 4rd the mid dose animal had stomach hemorrhage (4 mm in diameter). These deaths-
were not considered as treatment-rélated by pathologist.

Clinical signs (daily): No treatment-related effects were seen.

~ Body welght (every 3 days for “first 3 weeks, then weekly): Transient increases in body
weight were seen.in the reated groups in the first two weeks (Table 43). The satellite-animal also
showed the same effect except that the dose-response relationship was'more obvious; i increases in
petcentagg. were: 7%-L, 13%-ML; 16%-MH, 14%-H.

Table 43, Percentof body weight changes in the 3:month testes study-of formoterol#

(mg/ke/day) 003 02 03 2 i3 0
Week 1 0 16% 17%  14% 12% 0

Week2: [} 14% 15% 12% 17% - 15%

Rectal tempeuture (l-leeek) Tmnsxent and doso-related- increases in body
tempmnneweteseenmthebegmmngofﬂwsmdymmoaueatedgroups(rableM) This
effect was absent from day 7 onward.

Table 44, Increases in:body temperanirs (1 liour post dosing) ini the 3-month

testes study of formoterol (i cellos degrees)
Dose Formotérol ‘Salbutamol
(mgke/day) 003 02 08 3 20 50
Day 0 0 t102* 1es  1L0 103 107
Day?2 ol 104 109 1M 110 110

* Bold indicates that value is statistically significantly different from the control,
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Testes location (2-3 timesAweck in the first 5 weeks; weekly thereafter): Normal.
However, testes in: thie freated. groups were distinctly visible and ‘the scrotum were hyperemic
(relative frequericies: 8%-C, 16%-L, 36%-ML, 24%-MH, 42%-H) Thiése:were also seen with the
albuterol tréated animals (49% and 40% for the: low-and high dose respectively).

Pathology:

Necropsy: No treatment-related effects were observed.
Organ weighis: See Table 45. There was no apparerit changes in testis weight on day 8.

Table.45. Percent of organ weight changes-in the 3-month testes study of formoterol®
=

Dose ormoterol Salbutamol

(me/ke/dav) 003 02 08 3 20 30

Testes (absolute) O 1% 11%  17%* 15% 1.2%

Brain(absolutc)® 0 12%  13% 15% 14% 14%

Heart 15%  13% L13% 11i% 115% 119%

Lung 0 4% 1%  TH% 117% 124%
~# From the main study -

* Statistically significantly different from the control:
@Mwalsoaumdofdnae«hteddeummuhﬁwbnmw«ghbbmnmwm

do& groups only (rable 46).
Table 46. Plasma drug levels (AUC 4; amdULh)
Dose Formoterol
{mg/kg/day) 0.03 02 08 3
-Day7 - : 24 127
Day 91 - - 39 1148
- below detection limit.

Comment: Siinilar 10'the-previous study (T3137), dose:-related decreases in-absolute: brain
weight were seen. ngmﬁcance of this observation is unknown at present.
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P
Mutagenicity Studies: -

1. Ames. Salmonella/Mammalian microsome reverse tests: Study Nos. T2388, T2389.

Testing Lab: Astra Safety Assessment, SSdertdjie, Swedén
Sludy No.: . T2388 T2389:

Study Des: Feb. 18, 1991107

GLP: Yes

Testing material: Formoterol, batch 131790, 100/91

Mutagenicity of D7193.was tested in.Salmonella typhirium in the presence and absénce- 6f
-an extemally supplied metabolic activafion system (S-9). The bacterial strains were:S; fyphirium
TA 1535, TA1537, TA1538 TA98 “TA100. The liver S9 fraction was from Aroclor 1254
induced rat. Four: studies were coriduicted. The respective concentrations of: formoterol for the
two studies were 0, 124 - 129, 414 - 430, 1240 - 1290, 4140 - 4300:and 12400 - 12900 pg/plate.
Dose selections were acceptable under the OECD. guidelines (OECD Guidelines for the Testing
of Chemicals. Revised draft, September 1995). The positive:control are aminoanthracene (5.0
pg/plate), sodium azide (0.5 ug/plate),’ 2-nitrofluorene (0.5 szg/plate) and 2—ammoacndme (750
ug/plate) Solvent controls were water, dimethylsulfoxide, or ethanol. One plate pert test system
was-used as a sterility control. Criteria for the positive results was stausucally significant
increase in revertait colonies by Dunnett's test for mult:ple comparison-with one tail-distribution
atps0.01 level. Positive findings are listed in Table 47,

T1538 + 1 - B . - .
+ 2 - - - Lid -
+ 3 - - - - *
+ 4 - - - " %

T1537 + 4 . . . -

*{ignificantat P'<0.05, ** significantatP'<0.01.

Formoterol induced increases in the mimber of revertant colonies occasionally in
Salmonella strain T1535, T1537 and T1538 at very high coricentrations (13 mg/plate). The
concentration was twice the currently. accepted levels (5 mg/plate). At this high concentration,
phys:ologxcal factors other than mutagenic effect of the testing compound may giveriseto a
positivé-result. At lower concentration that slightly lower than the currently accepted level (4.3
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mg/plate), only the strain T1538 in'the; presence of the. activating system. showied positive results
half of the time. All other test strains showed no evidence of mutagenicity inthe presence of
absence:of the external metabolic activation'system. The: positive controls in each study yielded
typxcal results: Hénce, formoterol may be weakly mutagenic:in T1538 Salmonella strain under

the-experimenital conditions.
2. L5178Y Mouse Lymphoma cell thymidine kinase locus mutagenicity test: Study No.
T2397.
Testing Lab: Astra Safety Assesstiient, SSderthjie; Sweden
Study Dates: January. 28 1991 to. unspecll' ied.
GLP: Yes S
Tesllng mdterial: Formotérol; batch 131/90, 100/91

Genotoxic potential of formoterol was-evaluated in the in vifro L5178Y mouse Lymphoma
cell thymidine kinase: forward mutation assay usmg Fisher's F; {oP medium:- Concentrations:of
D7193 ranged from 12;10.6,9.3,8:0, to 6:8' mg/ml ‘in thie absence-and presence of an externally
supplxed metabolic: actwatxon (8-9) system. Dose selections were acceptable under the OECD
gmdelim (OECD Guidelines for the Testing of Chemicals: Revised draft, September, 1995),
Positive controls were 4-nitroquinoline-N-oxide (025 1g/ml) and 9, 10-dimethiyl-1,2-
benzantracene (2.5 pg/ml) without S-9'and 7, 12-diniethylbenz (-) anthracene with S-9 from
‘Aroclor 1254 induced rat. The: negatwe conitrol was diimethyl sulfo:nde (veh!cle) Criteria fora
posmvemsponsemcludcd. l)twofoldmeasemmntﬂnon frex : sti

sxgmﬁcantéttoﬁcitylevels done fo 10% to growth. 2)Wmmmﬁe§m'ipgg

&HumLymphocytochmmosomalabcrnﬁonmsmdyNu.mm AR L

Testing Lab: Astra Saféty Asséssment, Sodertijie, Sweden
Study Dates: Oct: 10, 1991 to Feb,, 6, 1992

GLP: Yes

Testing maerial: ‘Formoterol; Batch No. 11091

Formoterol was cvaluated in an in-vitro chromosomal aberration assay utilizing
lymphiocytes from a healthy human volunteer. The test material was assayed at respective
concentrations ranging from 0.1, 0. 3, 0.6-and 0:9-mmol/l in the. absence of an externally supplied
metabolic activation (S-9) system and 0.9, 2, 3, 4and 5 mmol/1 i the presence of SQ-system
The analyzable doses were the three low dose levelsin both experiments. These selections were:
acceptable, however, only the mid dose level were analyzed in the second experiment of the non-
$9-systeri. The positive control was methyl methanesulfonate (0:22 mmol/ml) and
cyclophosphamlde The negative control was; the culture medium and dxmelhyl sulfoxide.
Criteria for a positive résponse included: 1)a , significant, dose-dependent increases in the
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frequency of cells with aberration. 2) aberration frequency in:thie positive control issignificantly
higher than the: backgmund frequency. No significant increase in cells with aberrations was.
observed at any of the‘testéd concentrations. The positive coritrol chemical induced sxgmﬁcamly
higher incidences of abnormal céll. Hence, formoterol was considered to be non-mutagenic in
the iri vilro.chromosonial abérration assay utilizing human lymphocytes,

4. Rat micromuclei formation: test of formoterol after inhalation exposure: Study No.

'1‘2513.
Testing Lab:- Astra Sifety Assessment, Sodertijie, Sweden
StudyDates:: Nov. 18, 1991't0.2
GLP: Yes I
Testing material: Formoterol, Batch No: 100/91
Animals: Wistar Crli(Wi) BR, inhalation, S/sexltreaunentldoselnme

Mautagenicity of formoterol was evaluated in an in vivo rat micronucleus assay. Wistar rats
were given by nose-only inhalation formaterol at dose levels of 8:2-arid 15.8 mg/kg in lactose.
The negative gomrol group recexved lactose only while the positive group. recelved methyl

mg/plm) was' weakly mutagenic in Salmonella stmm T1538 m’the pmenoe of S9 er:ﬁ'wﬁon
vinder the experimeiital conditions. Thedmgwasnotmntagemcmmmagemcorclastogemcm
any of the other assays.

‘Special Toxicity Studies:

1. Hemolysis and protein flocculation of humman blood in vitro: Study no. T2296. .

_ Testing Lab: Astra Safety Assesshient, SSdertijic; Sweden
Study Dates:. Sept. 30,1991 to Dec. 17, 1991
GLP; Yes
Testing material; formoterol, Batch No. 138/91

Hemolytic potential of formoterol to:human blood and its compatibility with:human blood
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were evalusted in vifro. Clinically-intended formulations of forinoterol (0, 33 and 98 mp/ml)
were added in vifro in proportion-to human blood or plasma fiom a 47 year old female volunteer.
The proportions of formoterol solution to blood :and plasma were 1:100, 3:100 -and 10:100,
respectwely. Afer incibating at 37°C for 10 - 1S minutes, absorbency: (for-hemolysis) a.nd
turbidity (for protein floctulation) of the assay solution were:measured by a spectrophotometer
For hemolysis potential assay, red blood cells were removed by centnfuganon prior to: the
absorbency detérmination. No. increase in turbidity, norin absorbency was found at any of the
tested concentrations, Hence, formoterol was considered to be: compatible with, and not
hemolytic to human blood

2. Vaso-, tissue irritation in dogs; I-‘f, SC, 5 days: Study No. T2302:

Stiudy Dates: Mar. 29, 1990.t0 Apr. 9, 1990

Testing Lab: Astra Safety Assessment, Sodertijie, Sweden
GLP: Yes

Testing material: Foniiotérol, Batch No. D90-0334/0W 900315

Tissue irritation and vasoconstriction effects of formoterol were studied: by subcutaneous
and intravenous administration in beagle dogs (1/sex/dose) for 5 days. Thie respective daily doses
of formoterol were 50 and 200 pg/kg for IV and § and 20 ng/kg for SC The:vehicle control
consisted of citric:acid (0.07%), disodium hydrogen phosphate (0.9%), sodium. chioride 0.9%)
and water. Aﬂmtravenousdosewasgvenasimmmemﬁmon.lmmedmtclyaﬁerthelv
infusion, the: same subject was given its SC. The animals were sacrificed 3 days-after the last
dose. Mimseoplc exammatlons wetepc@rmedm the. followmg tlm intraveiious deposmon

nodes and | A .

ﬁonnoterol 'Iheseventyofthechangewasd;_‘i‘ epi Cbanges(l/Z-C,ZfZ-L,andZ/Z—H)

; i mﬁltrauonofleukocym,gamﬂauonandmicmfocal
necrosis: 'Ihexewasnoappmtchangumtheregmnallymphnodes Norweretherechangwat
the intravenous injection sites. In conclusion, formoterol was slightly imitant given
subcutaneously.
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OVERALL SUMMARY AND EVALUATION
A. SUMMARY
Pharmacology

Formoterol is 4 selective long-acting betaqagonist. that possesses potent
bronchospasmolyhc activity. Forioterol is 20 - 70 times more potent than albuterol in relaxing
guinea pig tracheal strip. preparanons ft is. 70 - 400 times more potent than albuterol in. relaxing
isolated human bronchus in vitro. Formoterol overcomes receptor occupation by maximal
concentrations - of albuterol -and causes additional relaxation of strongly contracted strips of
tracheal or bronchial smooth muscles. Aerosol formoterol (DE50 = 2.6 ug/kg) is more potent
than albuterol (4 fold) and salbutamol (35 fold) in preventing histamineinduced airway
constriction in guinea pigs.

Studies in guinea pigs; both in vive and in vitro, show that duration of
bronchospasmolytic effect of: formoterol is intermediate betweenalbuterol and salmeterol An.in
vitro study shows that S0% ofrecovayhmeaﬁerremoval ofthcbetaagomsts are 3, 5, 7:and 275
minutes for isoproterenol, albuterol, formoterol and salmeterol, respectively. Action duration
fomomlmmmaﬂngmhatybentﬁeqimymvimeumwofmhmlme. . .

thanthess inmlmggtmeap:gtracheam‘vi&b' ‘

In addition to its bronchodilatory activity, formoterol inhibits mediator release, decreases
vasopenniabﬂntyandmcmsescﬂmrybeatﬁeqmymgmneap:gtmchea. It inhibits’ mouse
IgE-mediated passive: cutancous anaphylaxis and passive. peritoneal anaphylaxis'in rats, with -
EDS0s of 1.2 and 260 pug/kg for IV° and PO respectively. This inhibitory effect is 6 to 33 times
more potent thian salbitamol. Formoterol is. 100-times more potent than terbutaline:in increasing
ciliary beat frequency in vivo. However, the non-bronchodilatory - activity of beta agonists
provided little clinical releyance in the treatment:of asthma as the patients-develop tolerance
rapid (M. A. Giembyez, TIPS, 1996; -17:331-336).
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Safety Pharmacology

Safety pharmacology.of oral or IV formeterol was evaluated in mice, fats, guinea pigs;
cats; dogs and monkeys. Formioterol exhibited: characteristics of beta-agonists similar to
hexoprenaline. Formoterol ‘may afféct behavior, hemodynamics, respiratory pattems muscle
contraction, and metabolism depending ipon the dose of administration ‘in animals (Table-49).
Cardiovascular effects dre the most predominant in'all species studied.

Dose {iig/kiy and route of administration)*
Mouse  Rat  Guineapiz  Cat Dog  Menkey

Tachycardia 30 10 16 1.0 30
7 respiration rate 100 100 100. 10 160
4 motor- activity 100

Hyperreactivity/firritability 100

Salivation 100 10 100

Fomotuolwmadﬂyabsorbedaﬁe:omlandmbalahonadmmxs&anon.mepeek
concentrations are: reached 0.5 - 1 hout-after oral and intratracheal administration. There is no
apparent tissue accumulation of the dmg after prolonged treated although Tasaki (1986) reported
a slow rise in tissue concentrations in first 14 <21 days. Distribution of the drug affer inhalation.
exposure is-in the following order: trachea> lung > kidney > liver plasmia > heart > brain. Half-
lives of the drug after inhalation adxmmstrauon are 2 (humans) fo 4 hotirs (dogs). Glucoronide
conjugation. and O-demethylanon are the major pathways: of formoterol mégtabolisin in: animals
and humans. The rats have the highest the rate.of formoterol metabolism in vitro, followed by
rabbits, mouse and: dogs ‘while the huinans have the lowest rate based on.mg protéin. Formoterol
was eliminated throuigh both uritie and the bile across: species. Most urinary formoterol is in the
métabolized form; but & small portion existsas the-unchanged form in mice: A portion (69%) of
the biliary excicted glucoromde conjugates is reabsorbed through enterohepatic. circulation-in
rats. Bloavaxlahnhty in mice is‘slightly higher than that in humans: Protein binding (RR: 54 % -
58%) is similar in rat, rabbits, dogs and human: Milk and fetal plasma contains about one-third of
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the plasma formoterol concentration in. lactating and pregnant rats. There is no-differences in
‘bivavailability; profein binding and the rate of metabolism between the RR and SS enantiomers.

Toxicology

‘General. and special toxicity of formoterol has been evaluated in vivo by oral and
inkalation routes-of administration and in vitro: t&stmg “The general toxicity sludxes ranged from
single dose in miice and rats, to one year repeated dosing in dogs and to 2-year carcinogenicity
studies in rodents. Reproductive foxicity was tested in ratsand. rabbits.

1. General toxicity: ”

This: summary -of the general toxicity studies is dmded into acute and multiple dose
toxicity ‘studies. Each section is further grouped according to. the route of administration:
inhalation and non-inhalation studies.

a. single dose (acute) toxicity:
Inhalation toxicity studies:
In an acute inhalation toxicity smdy, ‘Wistar tats were given nose-only formotero} at:dose:

of 3.8, 83andl$mdkg(hmgdeposﬂon)mwnhm60mmntw.Moﬂalityomdatthelow
and high d wasesnmmdmbebetween andl‘mglkg._Ammals

vfomomldoseoflz,75md24mskgmwrﬁnn60mmmNomommyoccmmd.Snmlarto
the rats, mice also showed decréase motor activity and labored breathing. Necropsy at 2 weeks
aﬁertheexposmerevealedmawedorganwelghtsofﬂlehemtandlmgs.

Nori-inhalation inhalation studies:

In an:acute oral toxicity study, young Sprague-Dawley Tats were given by gavage a bolus
dose of formoterel (600, 1200, 2400 and 4800 mg/kg). Mortality was observed at 1200 mg/kg
and higher. The LD50 was ‘between 1200 - 2400 mg/kg Similar to'the inhalation studies, rats-
showed increased heart rate; decrease motor activity and labored breathing. Tachycardia not
observed due to the very high bastline possibly: resulted from contamination: EKG showed
epxtopxc foci and SR-T elevation. Necropsy at 2 weeks after the: exposure revealed cardiac
necrosis, fibrosis and cell inflammation.

Iir another acute oral toxicity study, adult Sprague-Dawley rats 'were given 210, 1500 and
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2000 mg/kg formoterol. Animals showed.also decreased motor activity.and labored breathing.
However, no mortality, and gross and microscepical changes were observed.:

~ Inanother acute oral foxicity study NMRI mice receiving 2000 mg/kg formoterol showed
againi decreased motor activity; labored breathing and ‘salivation. No mortality, gfoss and
microscopical changes were observed.

Summary- of dcute toxicity: Single oral dose of 2000 mg/kg formoterol is not lethal in
adult mice: and rats. Inhalation” exposure of formoterol is more toxic. The LDS0 values of
inhalation formoterol are 3.8 - 18 gm/kg and >24 mg/kg for rats and mice, tcspecuvely The
young anithals: séém to be. more. susce;mble The oral LD50 value if - young rats is 1200 - 2400
mg/kg. The target tissue of toxicity is the heart. Signs of intoxication include tachycardia;
labored breathing and decreased motor activity.

b. Multiple dose taxicity:
Inhalation studies:

There were a total of five inhalation toxicity studies of formoterol in rats(3) and in dogs

). Smdydmanonrangedfmdeaystoqnemonthmdoyandtosmonthsmrats,
respectively. Because of the uniqueness of the pulmonary anatomy and physiology, each study
hasthmedoselevels(ig.,mhaleddose,tomlbodybmdenandhmgbmden) Only the lung
bmdm(depomuon)dommmedasthemdu»ofacmalexposme,baedonmemarked
] 'mﬁavenous and. mhalauon

,n‘pn! re w E foold ’ "‘ﬁ. O T = ", “:' q Y
semmaﬂteatedgmups.hawedorgmwughtof&ehngmdthehemmobmedm
females. Tmmalermmﬂwhghddsegmuphadmhmymmfoedlemmfommthehm .

In another S-day dose-range study: (T3006), beagle dogs (n= 4/sex/dose) received
fonnotcmlmlactosenowonlyforﬁvcdays 'l‘hempectwedosawereos 2:9; and 15
ng/kg/day for the inhaled and 0.07; 0.4 and 2.1 ug/kg for the lung deposition.. Animals were
sacrificed at the:end of study for gross and pathologtcal examinations. Dose dépendent increase
mheartrateandhyperemxaofthe skin and mucosa were:observed. No drug-related effects were
observed in the body weight, food consumption, clini¢al pathology, necropsy, organ weights
microscopic examinations. The 5-day NOAEL was 2.1 pekg.

It & ‘one-month inhalation foxicity study (T3120), beagle dogs (= 3/sex/dose) received
nose-only formoterol in lactose for 5 minutes daxly for 30 days. The respective: doses were. 0.5;
2.9,and 15 pglkglday for the inhaled and 0.07, 0:4 and 2.1 ug/kg forthe lung deposition. Dose-
dependent increase in heart rate occurred in both sexes: Slight decreases in RBC numbers and
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hemoglobm concertration were observed ini-males only. Gross and microscopic examiniations at
the end of exposure revealed increased incidences of cardiac fibrosis, especially in the hlgh dose
group and decreased absolute spleen weight in the females: However, the decreases in the
relative spleen weight was not statistically: significant. The NOAEL levels was 0.4 ng/kg/day.

Ina 3-month inhalation toxicity study (T2433), Sprague-Dawley rats (= 10/sex/dose)
received nose-only formoterol in lactose for 60 niinutes daily for 90 days: The respective doses
were 0, 82, 260 and 870 pg/kg/day for the inhialed and 0, 9, 22 and 90 ug/kg for the lung
deposmon Dose-dependent increases in the heart rite and body weight; and decreases in plasma
glucose levels were observed. Slight increases in hematoctit, reticulocyte numbers and. plasma
urea level were also seen: Organ weight analysis indicated increased absolute heart weight and
slight iricrease in brain weight in all the treated animals. Histological examinations revealed a
inarginal ificrease in the incidence of myocardial scars-in the high -dose mdles. NOAEL was 22.
pe/kg/day for the lung deposition.

In a 6-month inhalation toxicity study (T2860), Sprague-Dawley rats (i= 20/sex/dose)
received nose-only formoterol in lactose for 60 minvites for 180:days. The respective doses:of 0,
26, 128 and 852 pug/kg/day for the inhaled and 0;,2:3, 12 and 72 ug/kg for the lung deposition.
Changes observed were. similar to the 3-month study: dose dependent increase in heart-rate, body
weight, plnsmn urea levels, heart weiglit and. slight decreases in plasma glucose levels brain
weight (¢ only). Increase in the incidence of myocardial fibrosis were observed in the mid and
high dose males. ‘The NOAEL wis 2.3 jig/kg/day.

weight gairi were observed. Thete. were no. apparént changes in heart weight, but necropsy-
revealed occasional graywhxtefoc:mtheheanmthelowandhxghdosefemales Microscopic
.examinations revedled dose-related increases in' the incidences of cardiac fibrosis in the mid and
high dose groups: In addition, decreased organwelghtofthemalexepmducnve systent (testes,
prostate. and.-epididymides) were: observed in the high dose group. Theé NOAEL was 15
pg/kg/day.

In a 3-month oral study (T2578), CD-1 mice (o= 12/sex/dose) were glven by gavage
formoterol at doses of 0, 0.24, 2.4 -and 24 mg/kg/day for 90 days. Significant increase in mean
body weight was seen in the lugh dose group. Increased liver and spleen weights and decrease in
adrenal weights were. observed in:thie-high dose fémales. No apparent histological changes were
observed: The NOAEL was 24 mg/kg/day.

In another 3-month oral study (T3136), young Sprague-Dawley rats (n= 10/sex/dose)
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were given by gavage formoterol at doses of 0, 0.2; 0.8 and 3.0 mg/keg/dayTor ‘90 days.
significant decreases in blood glucose and slight increase in serum urea were observed as early as
week 3 arid the severity of the change was dose-dependent. The high dose group also: showed a.
slight increase in blood phosphorus, nereases. in the heart weight and the incidences of
myocardial fibrosis. Dose-related decreases in the testes were: observed in the mid-and high dose
males but testes tubular atrophy were observed in the low-and high dose: males.. Brain weights’
were decreased in all groups but a dose-responise relationship was lacking. The NOAEL was 0.8
mg/kg/day.

In a 12-month-oral study (T3077), beagle dogs (n=5/sex/dose) were: given formoterol in
gelatin capsuleat doses of 0, 0.72, 8.6 92 pg/kg/day for 1 year. In addition to hyperemia and
tachycardta prevxously seent m all. tteated groups, venmcular ectopxc extrasystoles were seen in

slgmﬁcant changs were seen in leukocyte numbers hemoglobm concentratxons, hematocnt,
erythrocytes. A slight decrease in serum glucose levels was observed.in the high dose males only
at week 49, One high dose: female at necropsy showed occasional gray-white foci in the dorsal
papillary muscle. The: incidences: and severity of myocardial fibrosis were dose-related. Acinar
atrophy of pancreas ‘was seen in the high dose: group only. Ne: clear NOAEL value was
established.

2, Reproductive toxicities:

Inhalation Toxicty Studie:

A 3momhmhalauonto)nc1tysmdy('l‘3137)wasconductedmyolmg male rats to
adiress the concers on the lung and male réprodiictive system. Th:sstudywasprompﬁedhy&e
occasional abnormalities observed in thi¢ male reproductive system and/or performance in other
toxicity study. (T2579, T3136, T3015). Young Wistar rats (o= 6/sex/dose) were given formoterol
in lactose nose-only (30 min/day) for 90 days. The respective doses: were 0, 12; 75 and 350
ug/kg/day for the: inhaled and ‘0, 2.6, 13 and 67 ug/kg for the lung. deposition. Interim analysis
were conducted at weeks 1 and 3. Statistically sxgmﬁcant increases in body weight were séen in
the mid and high dose males. A trend of body weight increase was apparent in the females.
Tachycardia was, seen:in both: sexes. Organ weight analysis-indicated increased absolute heart
wexght, slight decrease in brain weight in the mid and high dose males and decreases in testis
weight in all treated males at the beginning of the reatment. Histological examinations of the
male. réproductive organs of the contro! and the high dose groups revealed no apparent
abnormalities:
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Oral Toxicity Studies:

In an oral segment 1 fertility and male reproductivé pérformance study (3015), Sprague-
Dawley rats (328 + 16 d/dose) were given by gavage formoterol at doses of 0, 02,3 and 15
mg/kg/day. The respective treatment duration. were tWwo Weeks before mating, through mating
and to day 19 of the pregnancy in females; and 9. weeks prior to mating to the time of the:
sacrifice in the males (total treatment duration of 25 weeks). One half of the dams were sacrificed
on day 20-and their fetus were delivered by C-section for fetal examinations. The other half of
the dams were allowed to give birth and sacrificed on day 21 post partum. Because of a lower
pregnancy rate iri high: dose group f,engl’e‘s:, additional untreated females (32/group) were mated
with the control and high dose miales; respectively, for compérison. These females were killed on:
day 15 of preguancy for litter response examinations. The results showed that the mid and high:
dose groups had increased mean body weight, salivation, splayed posture, swollen face and dark

pink scrotal (males), Impairment of male fertility and/or reproductive performance was indicated

by their failing to induce pregnancy in paired female partners in both treated and untreated
groups. ‘The mid dose group:showed decreased litter and pup loss. In addition to the litter and
pup loss; the high:dose group. also showed slight increases in post implantation loss (and/or
embryonic deaths) and placental weight: The fetus of high dose group showed low incidences.of

In‘a segment II teratology dose-range study (T2710), New Zealand white rabbits (6/dose)
were given formoterol (0.2, 60, 125, 300 mg/kg/day) during days 6 - 18 of tlie pregnancy. The
L N T y . - N - C . . 3. tm .»',‘..v. T~

T,

tol (0:2, 3.5 and 60 mg/kg/day) during days 6 - 18 of the pregnancy. The pregriant dams
were sacrificed onday 29 of the pregnancy. Dose related-increased mean body ‘weight was seen
inall treated groups. Fetal examination revealed abnormal cervicothoracic. arteries, subcapsulac
cysts:of the liver and assymetric bipartite steribrac in the high dose group.

' Ina ssgment I teratology study (3014), New Zealand white rabbit (16/dose) were given

~ In a segment 11T reproductive and developmental toxicity study (T2095), female Sprague-
Dawley rats (FO generation, 30/dose) were given by oral gavage formoterol during day 6 of the
pregnancy onward and though the lactation period. Pregnant dams were allowed to give birth
naturally. Formoterol dose: levels were. 0, 0.2, 0.8, 3.4 mg/kg for the low, mid and high dose
groups; respectively. Physical maturation of the F1 generation (pre-weaning, 4 pups/sex/litter)
was dssessed by pinna unfolding; tooth eruption, eye opening, surface righting, auditory startle,
puipil reflex. Function and behavior of the F1 generation (post weaning, 1 litter/sex/dose) was
asséssed by Rota-rod performance, water-maze test, motor activity and. mating ‘performarice.
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Reproductive performance of the F1 generation was assessed by allowing. them to-mate and to
litter. No. clinical signs were observed during the treatment. Increased mean body weight was
seen in-all treated groups starting from treatment day 3. Incteased food consumption was seen. in
the Tatter part of the treatment; A slight increase in:pup loss was seen in the mid-and high dose
groups-of the F1 generation. No abnormialities were observed in the other paramieters.

A 3-month oral toxicity study (3160) was conducted in rats to further study (replicate)
testicular éffects of ‘the drug in male reproductive system. This study was prompted by the.
observation of the decreased testis size in the 3-month inhalation toxicity study in the young
male tats (3137). Young male Sprague-Dawley rats (age 16 days at the start of the treatment)
were.given orally formoterol 0, 0.03, 0.2, 0.8 and 3 mg/kg/day for 90-days. The vehicle consisted
of hydroypropylmethy! cellulose, citric acid monohydrate, sodium phosphate dibasic. Animals
were: sacrificed for pathological examinations at thie énd of the treatment. Albuterol (20 and 50
mg/kg/day) was used as a reference. No clinical signs of toxicity were observed. Transient
increases in the mean body weéight occurred in the beginning of the treatment. The following
were seen in Both high' dose formoterol and all albuterol groups: scrotal hyperemie, increased
organ weights of the heart and lung, decreased absolute brain and slight increases in the body
temperature. Significant decrease in testis weight was observed in the high dose formoterol
gioup only. Scrotal hyperemia was also seen in the 0.8 mg/kg/day group. Histologic

examinations showed. occasional ogcurrence of testis tubular atrophy, but: a dose-response
relationship. was. lacking.

4; Special Toxicity:

Formoterol clinical formulatioris were.not hemolytic to human blood in vitro, nor it-did

induce protein flocculation when mixed with human serum; The dmg was slightly irritating
5. Carcinogenicity:

~ Carcinogeriic potential of the formoterol was evaluated in mice (oral) and rats (inhalation).
‘The: respestive dose:levels were 0.1, 0.5 and 2.5 mg/kg/day in mice and 0, 4:7, 22 and 130
ug/kg/day in rats. Hard copy results of these studies have been submitted to- the Agency;
however, ¢lectronic format of the data is unavailable. The statistical reviewer is awaiting for his
evaluation. Nonetheless, a preliminary review of the carcinogenicity data indicated that dose-
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related incidénces-of leiomyoma was: associated with the formoterol treatment in-both rats and
mice; This is not-surprising because leiomyoma has been recogmzed as-class effect for beta
agonists-and is considered:irrelevant to the human populatlon (Kelly etal.,.J Amer Col Toxicol, -
1993;12:13:21 ). There were no other apparent treatment-related tumor findings. Firial réview and
evaluation of the formoterol carcinogenicity will be carried out in. consultation with the
statistician reviewets,

6. Literature Review:
Yoshida et. 4l [l 983] reported the following findings in the acute, subacute.and chronic

toxicity: of formoterol it mice, rats and dogs: The LD30s of formeterol in mice and rats are
summarized in Table. 50. Pulmonary edema and-myocardial necrosis were observed in animals

that died pre-terminally.
Table 50. LD, of Formoterol (mg/kg)
‘Route. v i d sc PO
Mice 100 190 1050 3130
Rats 72 225 655 6700

A&momhordsmdymratsshoweds:mﬂarchangesmthchem(z 03mg/kg/day)
myocardial fibrosis, increases in heart ‘weights, slight and reversible increases in serum AST,
ALTandmeaanddecreasumbloodgluooseleveIs Formoterol dosage was 0,003, 0,03, 03, 3
and12 mg/kg/day, respectively. The NOEAL was 0.03 mg/kg/day.

A 6-mionth oral study in dogs again showed formoterol induced myocardial fibrosis at
doses of 0.1 mg/kg/day of higher. Formoterol dosage was 0.001; 0.01, 0.1 and 10 mg/kglday,
respectively. Animals:of pre-terminal deaths showed myocardial necrosis. The NOEAL was 0.01
mig/kg/day.

The:efféct of formoterol on fertility and reproductive performance was also investigated
by the Japanese company previously. Sato and Kaneko (folia pharmacol japon, 1984;27:257-
65) reported that Formeterol did not affect fertility and reproductive performance in rats:
Sprague-Dawley rats (20/sex/dose) were dosed by oral gavage formoterol at doses of 0, 0.2, 6.0,
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30 and 60. mg/kg/day. The dose schedules were 7 weeks before mating and throughrmating (two
weeks) in the males; ard the mating period plus the first week of pregnancy in the: fémales. The
vehicle was 0.5% methycellulose. The dams were sacnﬁced on day 20 for fetal examinations.
Deathis occurred at:the:2 highest dose levels Increases in the organ: wexghts of the heart, paroud
and submaxillary glands were observed in: the: males. There were no apparent effect on the
fertility parameters and litter responses.

Sato (falia pharmacol japon, 198427:239-249) studied teratogenic -effects of oral
formoterol in rats. Pregnant Sprague-Dawley rats (30/dose) treated with formoterol (0, 0.2; 6
and 60 mg/kg/day) dunng days7-17 of pregnancy gave an increase in: the incidences of undulate
ribs in the highdose group. There were 110 apparent external and visceral abnormalities observed.
Inicreased body weight and heart wexght were also recorded. There were also slight increases in
the otgan weights of the spleen, liver, Kidney 2 and. ovary. ‘Hexoprenalirie (6 and 60 mg/kg/day) as.
4 control caused similar responses..

Sato (falia pharmacol japon, 1984;27:251-256) also studied teratogenic effect of oral
formoterol in rabbits: Pregnant Japanese: white rabbits (10/dose) were given formoterol (0, 0:2,
60.and 500 mg/kg/day) during gestation. days 6.- 18. Dams 'were sacrificed on day 29 for fetal
examinations, The control group received 0.5% methylcellulose. Hexopremaline (60 and 500
mg/kglday) was used as:a positive control. Decreases in mean plantation and pup- viability were
seenmthehlghdosegroup,however no significant changes were observed in‘external, vxseeral
and skeletal examinations:

changeswe:eothdwFlgmmnmNomwgeniceﬁeawasobseWedmbothFl
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B. EVALUATION

Pharmacology: Formoterol is'a highly selective long-acting. ,-agonist that possesses potent
brotichospasmolytic activity, As a bronchodilator, formoterol has been approved for clinical use
in several countries. Japan first approved its oral administéation in 1986. Subsequently, its
metered dose inhalers were approved in Switzerland (1990), Netherlands (1992) and Denmark
(1993) South Africa, (1994), Spain (1994) and the United Kingdom. (1996). Formoterol is over
200 times. more.selective to beta, stor than 1soproﬁerenol -a non-selective beta-adrenoceptor
agonist. The high sélectivity of formoterol presmnably minimizes: 1ts cardiac effect compared to-
other Pj-adrénoceptor agonists.

: In addition to .its ‘bronchodilatory action, formoterol may also exhibit secondary
pharmacological effect in animals regardless of the route of adniinistration and species:
Formoterol exhibited characteristics of beta-agomsts (.. hexoprenaling) that may affect
behavior, hemodynamics, respuatory patterns, muscle contraction, dnd tetabolism. depending:
upon the dose of administration in animals. Among them;’ ‘cardiovascular and heémodynamic
effects are the miost predominant and occur at relatively low doses. These effects include
lachyeardm, deaeasedbloodpressmeandchangx in EKG.. Other-effects occumngathxgher
doses include decréases in blood glucoselevels,mcreasedsmnnpymvxc acid and lactate levels,
.deawedintesunalmopulslon, deptesmmbtetamcconmcuonsofmaus,andmhxbmonof

ehmmatedthmughboﬁmneandthebﬂemdmemhepauccmﬂmonmaymm
Bioavailability after inhalation in animals:is unknown, Approximately a half of the drug in the
plasmawptowm-bondFomomlreadﬂycmmplwmhmmchthefemsmdmexcwwd
irito the milk. Pharmacokinetic profile of formoterol is similar between rats, dogs and humans.

mvmgatmg 1ts acute and chmmc toxxcxty, genotomcxty, reproductwe to'xxcnty, tlssue m'mmon
and rodent carcmogemcxty

Acute foxicity: Signs of acute formoterol toxicity mclude tachycardia, decreased motor activity,

labored breathing and salivation. The LD50 values in mice and rats after various routes of
administiation are presented in Table 51:
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