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9.3 Recommendation on Postmarketing Actions

-

)

B

DPAP and Office of Surveillance and Epidemiology (OSE); Division of Drug Risk Evaluation
(DDRE) responded to the proposed/ . during a face-to-face meeting with the Applicant held

June 27, 2006 /see Meeting Minutes dated July 17, 2006). While all agreed that the use of c 4
C : 2 DPAP and OSE did not agree [~ 4
c - -3 would be able to address the safety issues “&M

concerning LABAs in patients with COPD or be helpful in monitoring safety in the off-label use
of arformoterol. DPAP preferred that the Applicant conduct randomized safety studies in patients
with COPD and asthma, including children to help address their safety concerns in these
populations. Subsequent correspondence from the Applicant on July 13, 2006 communicated that
they are considering the two post-marketing studies outlined below.

9.3.2 Required Phase 4 Commitments

Discussions relating to . ¢~ 2 and possible Phase 4 commitments with the

Applicant have taken place in the context of knowledge of the safety issues listed above and

discussed in detail in this review [Sections 2.4, 8.7, and 9.3.1]. In response to comments from

DPAP at a face-to-face meeting held on June 27, 2006 to discuss 3 for
arformoterol, the Applicant communicated that they are considering to the conduct of post- h(t")
marketing studies to assess both the long term safety of arformoterol in patients with COPD and
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to evaluate the safety of arformoterol use in patients in which a nebulized LABA would be
attractive, including children with asthma.

On August 25, 2006, a Regulatory Briefing was held in order to provide guidance to DPAP
regarding safety concerns of arformoterol. The Panel agreed with DPAP’s concerns and felt that
both the collection of additional long-term safety data of arformoterol in the COPD population,
including the possibility of a randomized, large simple trial, and establishing the safety profile of
arformoterol in patients, especially children, with asthma should be required Phase 4
commitments.

An additional concern of DPAP regarding this NDA is the lack of safety and efficacy data in
non-Caucasian populations, specifically African-Americans. The clinical development program
for arformoterol contains < 5% African-Americans. The Applicant is currently conducting study
091-061, a 6-month safety study which will have at least 10% African-American representation.
No further commitments for the conduct of studies in minority populations will be sought from
the Applicant.

9.3.3 Other Phase 4 Requests

As of the time of this review, there are no other recommended Phase 4 requests for this
application.

9.4 Labeling Review

The proposed product label was reviewed in detail. The following are general comments
regarding the proposed product label.

In the Clinical Pharmacology Section:

[ | ]

E - F

* The Animal Pharmacology section is too long. £~ 7 '
C |
C 4

e The Absorption, Pharmacodynamic, and Tolerance Sections can be shortened.
In the Clinical Trials Section: »
(= 3
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In the Warnings Section:

e A strongly worded warning, similar to that in the Foradil label about the increased risk of
death in patients with asthma should be added, with the caveat that the risks to persons
with COPD are not yet known.

e A Medication Guide modified for a COPD-only indication should be required.

In the Precautions Section:
e Pediatric and Geriatric subsections should be added for completeness.
In the Adverse Reaction Section:

o In order to get a better sense of Beta agonist mediated adverse events, consideration
should be given to including examples of the types of cardiovascular adverse events
observed in the clinical trials.

At the time of the finalization of this review, detailed labeling negotiations have not been
initiated with the Applicant. The preliminary opinion of DPAP is that a Boxed Warning and,
possibly, a Medication Guide, modified from those in place for the LABAs salmeterol and
formoterol to indicate that the increased risk of LABAs seen when used for asthma is not known
for COPD, is warranted. This issue was subsequently discussed at a Regulatory Briefing held on
August 25, 2006. The general consensus was that the arformoterol label should contain both a
Boxed Warning and Medication Guide.

Jeanine Best M.S.N., R.N., P.N.P., Drug Safety Officer reviewed the draft Pesens /nstructions
Jor Use submitted with the NDA on June 1, 2006, and has made many suggestions that should
improve risk communication to a broad audience of varying educational backgrounds. Suggested
changes will not be communicated to the Applicant until the issue of including a Boxed Warning
and Medication Guide in the labeling has been resolved.

DDMAC reviewed the proposed draft labelir'lg'and provided comments [Michelle Safarik,
DDMAC Review, August 02, 2006]. DPAP reviewed the comments and incorporated many of

the suggestions into the revised product label.

DMETS reviewed the container labels, carton, and package insert for arformoterol tartrate and
had the following comments [Kristina Arnwine, DMETS Review, March 30, 2006].

General Comments
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e Revise the established name to read “Arformoterol Tartrate Inhalation Solution” and
ensure that the established name and finished dosage forms are presented in the same font
type and size.

e Relocate the product strength so that it is presented immediately underneath the

proprietary and established names. Furthermore, include [~ = b(4)
= 2 followed by the = ' =
e Revise the labels and labeling to the following format. v
Tradename
= - | b(4)
15 mecg/2 mL
c =

Per 21CFR 201.10(g)(2), increase the prominence of the established name so that it is at
least 72 the size of the proprietary name. Additionally, increase the font weight of the text
print used for the established name in order to increase the prominence.

r _/
C A ‘

Pouch Label
e See General Comments 1 through 5.

,_/ b(4)

Container Label

=

b(4)
C p
Carton Labeling
e See General Comments 1 through 5.

-

b(4)
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r old)

b(4)

9.5 Comments to Applicant

There are no comments to convey to the Applicant.
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10 APPENDICES

10.1 Review of Individual Study Reports

A. Pivotal 12 Week Studies

Study 091-050

Title of Study: A Double-Blind, Double-Dummy, Randomized, Placebo- and Active-Controlled,
Multicenter, Parallel-Group Study of Arformoterol in the Treatment of Subjects with Chronic
Obstructive Pulmonary Disease )

Design .

This was a multi-center, randomized, double-blind, double-dummy, placebo- and active-
controlled, parallel-group study of arformoterol in the treatment of subjects with chronic
obstructive pulmonary disease. Randomization was performed 1:1:1:1:1 between placebo,
salmeterol MDI 42 pg bid, and arformoterol 15 pg bid, 25 ng bid, and 50 pug qd. The study was
double-blinded through the use of both unit dose vial (UDV) and metered-dose inhaler (MDI)
placebos, as appropriate.

Duration :
The duration of active treatment was 12 weeks. The study was performed during the period of
February 27, 2002, to June 18, 2003. The final study report is dated August 24, 2005.

Study Centers
The study was conducted at 60 US centers in the following states: AL, AR, CA, CO, FL, GA, IL,
IN, KS, MO, MN, NC, NM, NJ, NV, NY, OH, OK, OR, PA, SC, TX, VA, WA.

Population

A total of 724 subjects with relatively stable, moderately severe COPD were randomized into the
study with 717 analyzed (ITT). A total of 587 completed the study, 111 placebo, 124
arformoterol 15 pg BID; 110 arformoterol 25 pg BID; 124 arformoterol 50 ug QD, and 118
salmeterol 42 pg BID.

Treatments Administered

Arformoterol tartrate inhalation solution in unit dose vials (UDVs) at doses of 50 pg QD, 25 ug
BID, and 15 pg BID, Serevent® (salmeterol) inhalation aerosol MDI at a dose of 42 ng BID, and
placebo inhalation aerosol MDIs and UDVs were supplied in identically appearing blinded
UDVs and MDIs, each of which delivered the amount of active ingredient as described below.
Arformoterol and placebo solutions were delivered via a PARI LC PLUS nebulizer and a PARI
Dura-neb 3000 compressor. Each randomized subject received one of the following five
treatments:
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e Arformoterol 50 pg QD and placebo MDI (AM dose)/placebo UDV and placebo MD
(PM dose) '

e Arformoterol 25 pg BID and placebo MDI BID

e Arformoterol 15 pg BID and placebo MDI BID

e Salmeterol (Serevent®) MDI 42 ng BID and placebo UDVs via nebulization BID

e Placebo UDV BID and placebo MDI BID

Materials

The study treatments were:
e Arformoterol inhalation solutions of 15, 25, and 50 pg in 2 mL volume
e Placebo MDI or UVD as appropriate

Blinded study medications included active salmeterol MDI presented in blinded-canisters and
matching placebo MDI canisters. The salmeterol was provided as a 13-g canister containing 120
actuations. The placebo consisted of a pressurized metered-dose aerosol containing Freon 11,
Freon 12, and lecithin in a non-anodized aluminum canister (14 mL) fitted with a metering valve
(63 pL) and mouthpiece/actuator. Each canister contained a minimum of 120 actuations.
Commercially available racemic albuterol MDI (Ventolin 6.8-g canister/80 inhalations) was
provided to each study site for reversibility testing during screening and as rescue medication for
use by the subject as needed throughout the study. Commercially available ipratropium MDI
(Atrovent 14-g canister/200 inhalations) was provided to each study subject for use as
supplemental medication for COPD as needed throughout the study.

Study 091-050: Drug Supply Lot Numbers

Arformoterol tartrate inhalation solution 50 pz QD Lot No. 63301C

Arformotero! tartrate inhalation solution 23 pug QD Lot No. §3501B

Asformoteral tarirate inhalation solution 15 pg QD Lot No. 9353014

Serevent” {salmeterol) inhalation aercsol MDI 42 ug BID Lot No. 1ZP1730%W,; 272P1391

Atrovent” {ipratropiom bromide} MDY 14 2 Lot No. DIOTIOW, QRO077TW

Veutolin® {racemic albuterol) MDE17 g Lot No. 1ZP0791; ZP1204

Ventolin 6.8 g Lot No. 1ZP1408

Soya Lecithin placebo inhalation aeroscl MDI CFC Lot No. 1H947

Placeba for arformoterol 2 ml Lot No. §2301A
Objectives

The primary objective was to investigate the effect on FEV1 over 12 weeks of treatment among
the following treatment groups: Arformoterol 50 ug QD, Arformoterol 25 pg BID, Arformoterol
15 pg BID, salmeterol metered-dose inhaler (MDI) 42 ug BID, and placebo.

The key secondary objective was to compare Arformoterol with salmeterol in time-normalized
area under the percent change from visit predose curve for FEV1.

Inclusion Criteria
e Male or female >35 years of age
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Diagnosis of COPD

Baseline FEV1 <65% of predicted normal value and >0.70 L

FEV 1/forced vital capacity (FVC) ratio <70%

Minimum smoking history of 15 pack-years

Medical Research Council (MRC) Dyspnea Scale Score >2.

Chest x-ray taken <3 months prior to Visit 1 that was consistent with the diagnosis of
COPD

Ability to complete all study questionnaires and logs reliably.

Notable Exclusion Criteria

History of asthma or any chronic respiratory disease (including a current history of sleep
apnea) other than COPD (chronic bronchitis and/or emphysema).

Blood eosinophil count >5% of total white blood cell count.

Clinically significant cardiac, hepatic, renal, gastrointestinal, endocrine, metabolic,
neurologic, or psychiatric disorder

History of cancer except non-melanomatous skin cancer.

History of lung resection of more than one full lobe.

Use of continuous supplemental oxygen therapy

Use of any prescription drug for which concomitant Beta-agonist administration was
contraindicated (e.g., Beta-blockers).

Concurrent or intermittent use of once-a-day controlled release theophylline

Study 091-050: Disallowed Medications

Conduct

Medication Disallowad for Study Duration Required Withholding Interval Prior to Visit 1
Albaterol 26 hours and study duration®
Ipratropium =6 hours and study durstion®
Eevalbuterol =8 hours and study duration
Pirbuterol =8 howrs and study duration
Salmetero] 224 howrs and study duration
Combivent® 6 hours and study duration
Cromela sodium snd nedocromil sodium 27 days and study duration
Foradil® (formotero] fimarate) =10 days and study durstion
Methylphenidate HC1 =30 deys and study durstion
Monoamine oxidese inhibitors &30 days and study dwration
Tricyclic sntidepressants 230 days and sindy duration

*With the exception of use a5 directed in the event of worsenmg COPD.

If the subject required one of the disallowed medications during the study, the subject was
discontinued from the study and completed an Early Termination Visit.

Each subject attended the study clinic for eight scheduled study visits over approximately four
months. An additional visit was possible during the single-blind placebo run-in period (to meet
the spirometry requirements). The visits included a screening visit (Visit 1/Week -3), initiation of
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the single-blind placebo run-in period (Visit 2/Week -2), a possible additional visit during the
placebo run-in period (between Visit 2 and Visit 3 [Visit 2a] to meet the spirometry
requirements), a double-blind randomization visit (Visit 3/Week 0), interim visits during the
double-blind period (Visits 4, 5, 6, and 7/Weeks 3, 6, 9, and 12, respectively), and final study
visit (Visit 8/Week 13). After meeting all inclusion criteria and completion of the 2 week
placebo run-in period, patients were randomized into the 12 week double-blind treatment portion
of the study in which each subject received one of the following five treatments:

e Arformoterol 50 pg QD and placebo MDI (AM dose)/placebo UDV and placebo MDI
(PM dose)

Arformoterol 25 pg BID and placebo MDI BID

Arformoterol 15 pg BID and placebo MDI BID

Salmeterol (Serevent®) MDI 42 pg BID and placebo UDVs via nebulization BID
Placebo UDV BID and placebo MDI BID

The randomization was stratified by site type. Sites that were to conduct additional spirometry
assessments at the 13, 14, and 16 hour time points (the “24-hour sites”) were designated as one
site type, and sites that did not conduct these additional spirometry assessments (the “12-hour
sites”) were designated as the other site type. This stratification was to ensure that an equal
distribution of the treatment groups occurred within each of the two site types. Study visits were
scheduled every 3 weeks over the 12 week study period and a final study visit was scheduled for
week 13. Commercially available racemic albuterol MDI (Ventolin 6.8-g canister/80
inhalations) was provided for use as rescue medication by the subjects as needed throughout the
study. Commercially available ipratropium MDI (Atrovent 14-g canister/200 inhalations) was
also provided to each study subject for use as supplemental medication for COPD as needed
throughout the study.

A study schematic and schedule of evaluations are shown below.

Study 091-050: Study Schematic

Perind 1 H IH
Artunnitercd 3 ng D
Arfreniesed 23 ng BID

Husebo BID Afiraistered 15 g BID
Saloesterad {Seveven™ MOE 32 np B

Flacehn BTy
’-\i& 1;’5 ) VIG T’T Vf
| Sweeks | Fwesks | Swees | STdms |
Randomizaiion End of Stody
F— A & & A
24 kour Seriaf Spirometry
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Study 091-050: Schedule of Evaluations
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Study 091-050: Schedule of Evaluations continued
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Concomitant Therapies

Subjects could not take any of the medications listed in the Disallowed Medications Table above
for the duration of the study, including washout. Oral and inhaled steroids and xanthines were
allowed at study entry and for the study duration as long as the regimen was stable for at least 14
days prior to study entry and during study participation. Subjects on concurrent oral
corticosteroids at study entry may have been taking <10 mg/day of prednisone or equivalent.
One 14-day course of oral corticosteroids may have been administered at a maximum dose of 40
mg/day. The decision about initiation or continuation of a course of oral corticosteroids was at
the Investigator’s discretion. If possible, in the case of a COPD exacerbation, FEV1 was
measured before initiation of corticosteroid therapy. Subjects who required oral steroids for more
than 14 consecutive days and/or required >40 mg/day, or required any additional courses of oral
steroids were discontinued from the study unless a special approval was granted and documented
by the Contract Research Organization (CRO) medical monitor. Subjects who maintained a
stable dose (at least 14 days prior to study start) of a short-acting theophylline (BID or TID
regimen), or who used such drugs intermittently at a stable dose, were eligible for this study.
However, subjects must have been able to avoid the use of a short-acting theophylline for at least
24 hours before Visits 1 through 7. Once-a-day controlled-release theophylline preparations were
not allowed. Subjects who maintained a stable dose (at least 14 days prior to study entry) of
leukotriene inhibitors were allowed to continue their regimen. However, the subjects must have
been able to avoid the use of leukotriene inhibitors for at least 24 hours before Visits 3, 4, 5, 6,
and 7. Other concurrent medications were permitted on a case-by-case basis and at stable doses
for a minimum of 30 days prior to Visit 1.

Data Analysis

The sample size determination was arrived at from the assumption that with a standard deviation
of 21%, a total of 575 subjects (115 per treatment arm) would be required to detect a 10%
difference between any dose level of arformoterol and placebo with at least 90% power for the
50 pg QD dose of arformoterol compared with placebo and 85% power for the comparison of the
two BID doses of arformoterol relative to placebo for the primary endpoint, percent change from
study baseline FEV1 to the end of the dosing interval (12 hours post-second dose for the BID
treatment arms and 24 hours postdose for the QD treatment arm).

A Bonferroni adjustment was made for the primary analysis of the primary efficacy endpoint. A
pairwise test between the 50 ug QD dose of arformoterol and placebo for the percent change
from study baseline at 24 hours postdose was performed at the 0.0250 level, while pairwise tests
between the two BID doses of arformoterol and placebo for the percent change from study
baseline at 12 hours post-second dose were performed at the 0.0125 level. No other adjustments
were made for multiple comparisons. A secondary analysis of the primary efficacy endpoint was
performed on the ITT population utilizing the same repeated measures linear model for the
primary analysis (but without Bonferroni adjustment).
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All other significance testing was two-tailed and conducted at an a = 0.05 level of significance.
All pairwise comparisons between treatment groups were performed using least squares means
from the linear model.

For continuous variables, statistical summaries included numbers of subjects, means, standard
deviations, medians, 25th percentiles, 75th percentiles, minima, and maxima. For categorical
variables, statistical summaries included frequency counts and percentages. All change from visit
predose calculations had the visit predose value subtracted from postdose values. All change
from study baseline calculations had the study baseline values subtracted from the post-study
baseline values.

There were three populations in this study: enrolled (ENR) population, all subjects randomized
(RND) population, and the ITT population. The ENR population was defined as those subjects
who entered the single-blind placebo period and had taken at least one dose of single-blind
medication. All listings were performed using the ENR population. The RND population was
defined to be those subjects who were randomized to double-blind treatment. This population
was defined for use in data presentations for the DSMB. The ITT population was defined as
those subjects who were randomized to double-blind treatment, and had taken at least one dose
of double-blind study medication. All efficacy analyses (primary, key secondary, and
secondary), and safety analyses were performed on the ITT population, according to treatment
assigned. All tabular and graphical summaries were performed using the ITT population (by
treatment group), and all data listings contain the ENR population. Subjects who failed to
successfully pass the screening criteria, or those who passed the screening criteria but did not
receive any single-blind medication, were termed Screen Failures. Subjects who participated in
the single-blind placebo period (i.e., ENR subjects), but who were not randomized were termed
Randomization Failures. Subjects who were randomized and had taken at least one dose of
double-blind study medication (i.e., ITT subjects) but who failed to complete the full 12 weeks
of the double-blind period were termed Discontinued Subjects.

The primary efficacy endpoint was percent change from study baseline FEV1 to the end of the
dosing interval (i.e., trough at 12 hours post-second dose for the BID treatment arms and 24
hours post-dose for the QD treatment arm).

FEV1 was the primary efficacy variable. It was collected using serial spirometry at Visit 3
(Week 0), Visit 5 (Week 6), and Visit 7 (Week 12) over a 24-hour period at the following time
points: predose, immediately postdose, 15 and 40 minutes postdose, 1, 2, 3, 4, 5, 6, 8, 10, 12, 23,
and 24 hours postdose. A subset of subjects (approximately 20%) also underwent additional
PFTs at 13, 14, and 16 hours post-first dose. The maximum FEV1 value from two maneuvers
was recorded at each collection time. For a given subject at any particular visit, the percent
change from study baseline FEV1 at time t is defined as:

%AFEV1{t} = 100 x (Postdose FEV1{t} — Study Baseline FEV1),
Study Baseline FEV1

where study baseline is defined to be the predose FEV1 prior to the first dose at Visit 3.
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A key secondary efficacy endpoint for the study was FEV1 time-normalized area under the
percent change from visit predose curve over 12 hours (nAUC.1,.p) or, for the q day dosing
group over 24 hours (nAUCy.24.p).

The following practices were employed in the calculation of AUC, utilizing 24 hours (1440
minutes) or 12 hours (720 minutes) as appropriate (references to “rescue” apply to both the use
of rescue medication [racemic albuterol MDI] and supplemental medication [ipratropium
bromide MDI}):

If a subject used rescue medication at any time during the visit, then the last FEV1
measurement prior to rescue medication use was carried forward for the 6-hour period
following each rescue. Observations beyond six hours following rescue were considered
valid measurements for analysis. No observation was carried forward past 1440 minutes
(24 hours) post-first dose (i.e., from the start time of nebulization).

If a subject did not have an FEV1 measurement at 1440 minutes post-first dose, then the
last available FEV1 measurement was carried forward to 1440 minutes after the start time
of nebulization.

If a subject’s actual time of postdose spirometry testing was missing when the
corresponding FEV1 value for that spirometry test was not missing, then the actual time
of spirometry was set to the corresponding scheduled time interval added to the end of
dosing time.

If a subject had FEV1 measurements beyond the 24th hour, and no measurement at the
24th hour, then the FEV1 value for the 24th hour was interpolated between the next
measurement beyond 24 hours and the last measurement prior to 24 hours. The time of
this interpolated measurement was the start time of nebulization plus 1440 minutes (24
hours).

If a subject’s CRF start time of nebulization was missing, it was assigned a time 10
minutes prior to the CRF end time of nebulization, or else 12 minutes prior to the CRF
end of dosing time if the CRF end time of nebulization was missing.

Leviewer's Comment: These convenlions are réasonable.

Other spirometry bases secondary endpoints were:

FEV1 Time-normalized Area Under the Percent Change from Study Baseline Curve Over
12 hours (nAUCO0-12-B)

FEV1 Time-normalized Area Under the Percent Change from Visit Predose Curve Over
24 hours (nAUC0-24-P)

FEV1 Time-normalized Area Under the Percent Change from Study Baseline Curve Over
24 hours (nAUC0-24-B)

Peak Percent of Predicted FEV1

Peak Percent Change in FEV1

FEV1-specific endpoints included the following:
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Percent change in visit predose FEV1 (i.e., trough FEV1 at Visits 4, 5, 6, and 7) from
study baseline at Visit 3 (Week 0)

Percent change in FEV1 at each time point from visit predose
Percent change in FEV1 at each time point from study baseline
FEV1 at each time point

Percent predicted FEV1at each time point

Time to Onset of Response (TOR)

Time to Peak Change (TOPC) in FEV1

Non-Spirometry based secondary endpoints included:

At-home and In-clinic Peak Expiratory Flow Rate (PEFR)
Relationship Between Plasma Concentration of Arformoterol and Percent Change in
FEV1 '
Supplemental Ipratropium Bromide MDI Use

Rescue Racemic Albuterol MDI Use

Exacerbations of COPD

COPD Symptom Ratings (Over 12 Weeks of Treatment)

St. George’s Hospital Respiratory Questionnaire (Quality of Life)
Subject/Investigator Global Evaluations

Baseline/Transitional Dyspnea Index (BDI/TDI)

Six-Minute Walk

Disposition of Subjects

A total of 917 subjects were enrolled at Visit 1 (screening) and entered the single-blind placebo
run-in period. Of the 917 enrolled subjects, 193 subjects (21.0%) withdrew prior to
randomization. Of the 193 subjects enrolled but not randomized, 83 (43.0%) did not meet the
eligibility criteria; 40 (20.7%) experienced an adverse event; 35 (18.1%) voluntarily
discontinued; and 35 (18.1%) terminated for other reasons, including protocol violation and lost
to follow-up. Seven randomized subjects were excluded from the ITT population because they
did not take study medication. The ITT population consisted of 717 subjects. Subject disposition
for the ITT population is presented in following Table .
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Study 091-050: Subject Disposition (ITT Population)

Placeho ARF ARF ARF Salmeterol [All Treatment
B ugBID 25 ng B1 Shpg (D 42 pg BB Groups
Subjects Randomired 143 141 143 146 144 717
Subjects Withdraam (30) * XS g a5 ] 17¢12.1) 33{23.1% 22131 26 (18.1) 130¢18.1
Sdverse event 14 {3 8) 330 17¢11.9% G (6.2 13(0.00 811 8.3)
Protocol viclation 321 42% S840 3IEL K05 ) 192 (2.6}
oluntary 14 (2.8) 4028 8{3.8) 10(6.8) 4028) 40{5.5)
Lozt to follow-up 1405 i} ] f 140 2 03
Other o 1{0.% 2{1.4} it 339 (1.1}
Subjects Completed (0} 111 (73.6) 124879 116 {76.9% 124 (84.9} 118 (81.9) 587¢81.9

*  After a review of the clinies] database, Seprscor determined that 7 subjeets who were dizcontimed fom the study for
Teasons ofher than an adverse event had adverse events near the time of stiwdy discontinuation that mey have contributed fo
the reason for discontimuation. Namatives for these 7 subjects are provided in Appendix 1653,

T Namrstives for subjecis who discontinued the study dus fo an adverse event was derived from stady termination records
(Appendix 16.22.1).

Of the 717 subjects, 587 subjects (81.9%) completed the study and 130 subjects (18.1%)
terminated early: 61 of 130 subjects (46.9%) experienced an adverse event, 40 (30.8%)
voluntarily discontinued, 19 (14.6%) discontinued because of protocol violations, and 10 (7.7%)
discontinued for other reasons or were lost to follow-up. Upon review of the clinical database,
the Applicant determined that seven subjects who discontinued for reasons other than adverse
events had an adverse event that may have contributed to study termination (1 subject each:
placebo, arformoterol 25pug BID; 2 arformoterol 50 pg QD subjects; and 3 salmeterol subjects).

The definition of important protocol deviations and the process for their review was specified
prior to end of study unblinding. The Table below lists and summarizes the defined categories of
important protocol deviations by treatment group. Important protocol deviations were applicable
only to the ITT population. The first three categories of important protocol deviations were
determined programmatically. For the “disallowed medication” deviations, all potentially
disallowed coded medications were clinically reviewed on a per-subject basis. For the “other”
important deviations, all investigator comments were clinically reviewed on a per-subject basis.

Study 091-050: Important Protocol Deviations

I]'_m , Placebo ARF ARF ARF | Salmeterol
poriant Protocol Deviation™ 15pe8 2BpeBID | S0pg(QD | 42 pzBID
{N=143} =141 IN=143) {N=148) N=144}
Auy Important Deviation {246} 338 £2(30) ELEE) 31{35) 39 (29
Did sot meet mclusionexclusion eriteria (%) | 20(14) 17{12) F7{1n 1841 16(11)
Study medieation comphispee] (o 11 {8 54 5{4) 6 {4) & {4}
Continnstion criferia not metd 11 1L 1{%} D 1{1}
Used disallowed medication (%) 443y 44{3) 2{1} 4 {3) 3 ¢4y
Other nportant Deviations (%) 27419} 25{1y 31D 3423y 21(15)

A subject may have had miore than one Important Protoce] Deviation.
Noncompliant subjects had compliance rates <80%.

A Viesits 3.5, or 7.

Emportant profocol deviations listed in the Tnvestisator’s comments log,

ke e
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Important protocol deviations were reported for 222 of the 717 ITT subjects (31.0%) at least
once during the double-blind treatment period and were fairly evenly distributed across treatment
groups. The most common important protocol deviations were other important deviations
(130/717, 18.1%), did not meet inclusion/exclusion criteria (88/717, 12.3%), and noncompliance
with study medication schedule (34/717, 4.7%). Some of the 130 deviations in the “other”
important protocol deviation categories identified by review of the Investigator comments may
have been cited in other categories, such as inclusion/exclusion criteria or disallowed
medications. The other important deviations not already discussed were primarily related to drug
dispensing and study procedure errors. The majority of other deviations from inclusion criteria
were for subjects who did not meet pre-randomization pulmonary function criteria, FEV1, and/or
FEV1/FVC ratio (26/717, 3.6%). There were also a number of other deviations from inclusion
criteria for subjects who did not meet the chest x-ray criteria (i.e., performed outside the
protocol-specified time window; 24/717, 3.3%).

Reviewer's Comment: As these profocol deviations were either Jairly equally distributed across
Stuay treatment groups and/or were very small in number, they would not be expected fo
influence the resulls or conclusions from the stuay.

Concurrent pulmonary medications used during the study were similar between treatment
groups. Over 70% of subjects reported using at least one agent for COPD before Visit 1 which
included albuterol (42 to 51%), salmeterol (24 to 38%), fluticasone (14 to 23%), ipratropium (18
to 21%), and Combivent® (18 to 29%).

Study Demographics

The following Table summarizes the demographic and baseline characteristics for the ITT
population:
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Study 091-050: Summary of Demographic and Other Baseline Characteristics (ITT

Population)
Plazebo ARF ARF ARF Saimeteral
Parameter 5 pg BID 15 xg BID Spz QD 42 ng BID
N=143} N=141) {}=143) {5=148) =144}
Age fyrs) ‘ .
Mean (5D} 53.1 (84) 52.6(2.1) 83.5(8.2) 52.4(9.4) 63488
25" percentile 580 360 570 36.0 580
Median 64.0 3.0 3.0 §3.5 B35
75" percertile 69.0 70.0 71.0 0.0 0.0
Geander {n%
Msle 91 {83.5) 7231 B1{566) 33382} 87 (60.4)
Female 2364 59 (48.9) 62 (43.4) 61 (41.8) 57 (39.6)
Race (n%)
Cauncasian 137 {95.8) 132 (23.8) 138 (96.5) 140 {95.9} 13334
Black 4028 6.3 533 30 74D
Asisn 107 1{0.7) 0 1{073 0
Hispanic 1 {07} 1D & 304 428
Height {in)
Mean (SD) 67.3(3.8) 570D 66.65(3.8) 674337 §73(3.:
25% percentile 65.0 840 &4.0 54.6 §42
Median 67.7 66.9 865.1 6§70 879
75 percentile 0.0 0.0 697 70.1 70.1
Weight (b}
Mean {SD) 1842 (35.1} 179.1{38.5; 179348 1787360 172 3{42.0
25% percentile 1504 1500 1454 130.0 1487
Median 180.3 1760 170.0 1751 1742
75% percentile 2099 2035 2004 2024 2613
FEV; L)
Mean (SD} 1.31{0.3) 1.24(05) 1.22(0.9) 127¢83) 1324015}
25% percentile 0.9 .88 0.84 090 0.94
Median 120 113 118 1.2% 121
F5% percentile 1.63 1.52 138 1.57 1.60
EEV; % predicted? {%)
Mean (SIY 4241277y 41501313 414135 41 5013.8} 43.4(13.3)
25® percentile 30.6 313 293 309 27
Median ' 421 402 4 407 43.1
75" percentile 333 518 1.4 528 538
FEV/FVC matio
Mean (3D} FI3(1LY 502112 51.0(10.2) 3040109 3214110
25" percentile 426 423 427 432 444
Madian 50.3 498 498 303 52.0
75% percentile 60.6 39.6 38.4 38.1 $1.2
FEW; % reversibility] (3%)
Mdean (SD) 13.7{14.8) 16.0¢12.6) 17.3(15.9) 2130366} 19415
25% percentile 37 10 1.2 9.1 27
Median 116 134 162 16.2 15.4
75% percemile 21.8 329 26.7 M3 263
Nomreversible subjeets® (3% 2381} 240179 25{17.5) 2137 12 (104

*  Subjects were classified as rexersible 1 their FEV; percent reversibility was =10% for at least one of two {or three)
visits prior to randomizarion; otherwize subjects were defined to be nonreversible,

¥ Predose FEV, and percent reversibility vahaes provided are from the Week 1 visit.
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Almost all the subjects in the study were Caucasian (95%). There was about 5% more females in
the arformoterol 15 pg group than in other groups. Otherwise, age, gender, and pulmonary
characteristics, including reversibility, were fairly well balanced across treatment groups.
Reviewer's Comment: The Applicant fnows that the lack of some diversity in the etfnic make-up
of the studies is a review Issue and will lifely result in some Qpe of post-markel commiiment on
ety part.

Analysis of Efficacy

The primary efficacy endpoint was percent change from study baseline FEV1 to the end of the
dosing interval (i.e., trough at 12 hours post-second dose for the BID treatment groups and 24
hours postdose for the QD treatment group) over 12 weeks of treatment. FEV1 trough data were
also analyzed at individually for Visits 3, 5, and 7 (Weeks 0, 6, and 12). These data are
summarized in the following Table.
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Percent Change in FEV1 from Study Baseline to the End of the Dosing Interval Over the
12-Week Double-Blind Period and at Weeks 0, 6, and 12 (ITT Population)

Placebo ARTF ARF ARF Salmeterol
15 pg BID 25 pg BID ugQD 42 ug BID
(S=143) @l (N=143) (N=146} (N=144)
[Basdise FEV: (1) : i ' ; : i
n 143 141 142 145 I 140
hfemgSDg 1.20 (85! 1.13 0.3} 1.13¢0.3) 1.21{0.4) 1.22{0.5}
Overall {Weeks 81012} : L :
n 134 138 143 143 138
LS Mean (SE)+ 60017 16.2 (1.6) 18.8¢1.6) 149¢1.6) 17.4{1.6)
Mean {SD) 5417 18.3420.0) 20.8(20.6) 15.4¢19.68) TS
Median 31 145 184 1285 18.6
257 75""9&3&5 -3E 138 60,272 73,331 1.4,232 6.3,28.0
Pvaluet
s placebo - =0.001 =0.0501 < {01 <001
Vs salmeterol 0.848 0.480 0.268
Week 0 {postfirst dose) e . i : ;
o 126 128 134 135 127
LS Mean (SEy* 88D 221 (LT) 23841 18347 21147
Mean (8D) 75¢15.8) 22.5(20.5) 248217 17.8¢19.0% 21.328.8)
Median 6.2 20.7 205 1438 201
’25&, 75 petiles -48 146 92,332 16.3, 405 323267 8.7.268
Pvalue
+s placebo - <0001 =Q.601 <0001 «{.001
w3 safmeterol 0.548 0.229 @234
Week & : : :
n 106 121 1206 120 120
LS Mean (SE¥* 8202.0 148019 17605 13249 159(1.9)
Mean (SD) 36007 168(22.3) 206(21.4) 13.6(22.8} 16.53(19.9)
Wedian 0.7 i19 201 11.7 140
25’3, 75& petiles 270,153 0.0,355 4.7.33.0 0.0,21.1 40,275
P-value
vs placebo - =0.041 «0.004 3.008 =(.001
s saimeterol 0.683 9.305 9.306
Week 12 ;
b3 94 110 95 115 104
LS Mean (SE)* 30010 13.8¢2.0) 133¢2.1) 13200 15.1{2.0)
Mean {SD) 4.7423.1) 132422.1) 17.8424.0) 1424238 13.3{181)
Median 1.7 114 133 119 11.8
25, 75&pc.ﬁ1es -10.1, 13.7 3.13,234 138,291 07,228 32,280
P-value
vs placeba - 0.002 =0.001 0003 <001
vs saimeterol 0.638 $.833 0.486
Koter End of the doaing interval = 12 kours post-second dese for the BID trestnient arms and 24 hours postdese for the QD £ anp.
Bazeline FEV; value from Visit 2 predose.
*  From: Repested MezsrasModel: with fizsad effacts for treatment, time (Weeks €, 6, and 12}, t t-by-time fnteraction, and cita
type, with bine FEV, 253 o tate, and fr by-hazelneFEY, B ion, Palues farthet By-timue Ik Hon and
by-baniine FEW; & tion wexe G142 and 5.802, respectively:
T Bonfaror adjustnent: comparizon of 59 pig QD arformoterol dose versus placebo tested at the 0.0250 sigrificanes level, and two
coraparisons of zach BIED aife teral dase versus placsbo tested at the siem: 00125 kevel. All other comparisons tested at the

.93 sipnificance level
Arformoterol at all 3 doses was statistically superior to placebo on the primary endpoint: FEV1
at trough from study baseline versus placebo over the 12-week double-blind treatment period (all
p-values <0.001). The LS mean percent change in FEV1 from study baseline was greater for all
arformoterol treatment groups than placebo, with treatment differences of 10.9% for
arformoterol 15 pug BID, 12.9% for arformoterol 25 nug BID, and 8.9% for arformoterol 50 pg
QD. A dose-response relationship in FEV1 at trough from study baseline was observed for the
arformoterol BID dose groups. The mean percent change from study baseline in FEV1 for the
salmeterol group was 11.4% greater than the placebo group. The percent improvement in FEV1
the end of the dosing interval demonstrated no significant differences between any of the
arformoterol dosages and salmeterol. As would be expected, among the approximately 15% of
subjects whose FEV1 reversibility was <10% prior to randomization, the improvement in FEV 1
at the end of the dosing interval compared to placebo was less than that observed for subjects
with >10% reversibility. For nonreversible subjects, the overall mean improvement difference
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relative to placebo was 2.3 to 8.7% for the arformoterol dose groups, and <1% for the salmeterol
dose group /Zable /7.4.7.7-2, clinstatlcopd|097-050 pa.

Secondary Analyses

The Applicant listed a key secondary efficacy endpoint for the study as FEV1 time-normalized
area under the percent change from visit predose curve over 12 hours (nAUCy.12.p). The overall
LS mean FEV1nAUCo-12-p was significantly improved for all arformoterol doses compared with
placebo, and ranged from approximately 10 to 16% greater across the arformoterol groups
compared with placebo. In addition, the mean FEV1 nAUCo-i12-p was significantly improved for
all arformoterol doses compared to placebo at each study time point. Improvements in lung
function appeared to increase with higher doses of arformoterol. Zeviewer’s Comment: 7he 75
and 25 ug bid groups were very similar while the 50 ug qd group was about 5% greater than the
lower doses. The fact that the measurement was taken at trough (12 hr) for the lower doses but
after only half the dosing period had elapsed for the higher qd dose favored the high dose.
Overall improvement in FEV1nAUCo-12-p was also approximately 3 to 9% greater for the
arformoterol doses compared with salmeterol and was greater at each individual study time point
as well.
Reviewer's Comment: These djjjerences were staltistically dijferent ar the p < 0.05 level for all 3
Jormoterol doses. 7he £igh gd day dose would not be comparable for reasons given in the
comment above. e lower bid doses of formoterol showed a 3-4% difference from salmetero!
WhIch, while statistically significans may not be clinically signyficant. 7%is could be an issue for
the lnbel, Also, salmeterol may be at a disadvantage in His ppe of measurement because it
lakes several hours fo reach peak effect compared fo formoterol

Subgroup analyses of subjects who demonstrated reversible (>10% response in FEV1 to
albuterol) to those who were less reversible (< 10%) demonstrated greater responses in those
who had demonstrated greater reversibility to albuterol. Again it appears that the arformoterol
groups performed several percentage points higher than the salmeterol group.

Other Spirometric Secondary Analyses

e FEViTime-normalized Area Under the Percent Change from Study Baseline Curve Over
12 Hours (nAUCo-12-B)

All arformoterol doses had significantly (all p-values <0.001) greater increases in nAUCo-12-B
compared with placebo, both averaged over the 12-week double-blind period and at Weeks 0, 6,
and 12. Overall, improvement was slightly greater for the arformoterol 15 pg BID dose than for
salmeterol, but the difference was not statistically significant.

e FEVi1Time-normalized Area Under the Percent Change from Visit Predose Curve Over
24 hours (nAUCo-24-p)

Approximately 20% of subjects remained in the clinic overnight and had at least one spirometry
measurement taken at the 13, 14, or 16 hour time points. Subjects in all arformoterol treatment
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groups demonstrated significantly (p<0.001) greater FEV1 AUC responses over 24 hours from
visit predose over the double-blind period (nAUCo-24-p) relative to placebo. The extent of
improvement in this small subset of subjects who remained at the clinic overnight, and had
spirometry assessments scheduled at the 13-,14-, and 16-hour time points, was not dose-
dependent. '

e FEViTime-normalized Area Under the Percent Change from Study Baseline Curve Over
24 Hours (nAUCo-24-B)

For this outcome variable, percent improvement in FEV1 over 24 hours after dosing is compared
to the FEV1 value at the Week 0 (Visit 3) baseline. Again, approximately 20% of subjects
remained in the clinic overnight and had at least one spirometry measurement taken at the 13, 14,
or 16 hour time points. Subjects in all the arformoterol treatment groups had significantly
improved time-normalized area under the FEV1 percent change from study baseline curve over

- 24 hours (nAUCo-24-8) compared with placebo over the double-blind period (all p values <0.001)
and at Weeks 0, 6, and 12 (all p-values < 0.017).

o Peak Percent of Predicted FEV1

Subjects in all arformoterol treatment groups demonstrated significant (all p-values <0.001)
improvement in mean peak percent of predicted FEV1 compared with placebo, both over the
double-blind period and at Weeks 0, 6, and 12.

Reviewer's Comment: Althougt the Applicant states there was a dose-response effect jor
arformolerol, it is minimal (7-2%).

e Peak Percent Change in FEV1

Subjects in all arformoterol treatment groups demonstrated significant improvement in mean
FEV1 peak percent change from visit predose when compared with placebo both over the double-
blind period and at Weeks 0, 6, and 12 (all p-values <0.001). Again, a dose-response is stated
but is minimal. All arformoterol treatments were significantly better than salmeterol (all p-
values <0.003), except for arformoterol 15 ug BID at Week 0.

o Predose FEV1 and Percent Predicted FEV1

Mean predose FEV1 values were between 1.13 and 1.22 L and mean predose FEV1 percent
predicted values were between 38.1 and 40.1% for all treatment groups at Week 0, with the
arformoterol 50 pg QD and salmeterol groups having the highest for both values at Week 0.
Mean predose FEV1and mean predose percent predicted FEV1 increased between Weeks 0 and 6
for all treatment groups then either decreased slightly or remained stable between Weeks 6 and
12.

« Time Point Changes in FEV1
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Changes at specific FEV1 time points were assessed for Weeks 0, 6, and 12. All subjects had
spirometry assessments scheduled at all time points between predose and 12-hours postdose, as
well as at 23 and 24 hours postdose while a subset of approximately 20% subjects had
spirometry values scheduled at 13, 14, and 16 hours postdose. All endpoints show that both the
arformoterol and salmeterol BID doses achieved a second increase in FEV1 values following the
second daily dose after 12 hours.

e Time to Onset of Response

A responder was defined poss Zoc as a subject who achieved at least a 10% increase in FEV1
from predose values within 12 hours after dosing. At Week 0, a 10% response in FEV1 was
achieved with a median of less than three minutes of dosing for all the arformoterol groups,
compared with a median of approximately 15 minutes for the salmeterol group. At Weeks 6 and
12, the median time to achieve a 10% increase in FEV1 for all arformoterol groups ranged from
four to 14 minutes, compared with two to three hours for salmeterol.

o Time to Peak Change in FEV1

The median peak change in FEV1 occurred at approximately three hours for all dose groups after
the first dose at Week 0. At Weeks 6 and 12, the median time to peak change decreased for all
arformoterol treatment groups, occurring between one to two hours.

¢ In-clinic and At-home Peak Expiratory Flow Rate (PEFR)

The in-clinic average PEFR values increased 0.37 to 0.52 L/sec in the active treatment groups
and 0.33 L/sec in the placebo group by 15 minutes after dosing. The morning and evening at-
home average PEFR values increased in the first three weeks of the double-blind treatment
(Weeks 0 to 3) for all active treatment groups. These increases were maintained with little
change throughout the 12-week double-blind treatment period.

¢ Ipratropium Bromide MDI Supplemental Use

Prior to randomization, ipratropium bromide use was similar across treatment groups. Over 80%
of subjects across treatment groups used ipratropium bromide prior to randomization. Average
use was approximately four days per week and approximately three actuations per day.
Ipratropium use declined by 0.5 to 0.6 days per week more in the arformoterol treatment groups
than in the placebo group during the double-blind period. Similarly, ipratropium use declined an
average of 0.5 to 0.6 actuations per day more in the arformoterol groups than the change
observed in the placebo group. The decline in ipratropium use in the salmeterol group versus
placebo was similar to that of subjects treated with arformoterol

e Racemic Albuterol MDI Rescue Use

Prior to randomization, over 73% of subjects across treatment groups reported racemic albuterol
MDI rescue use. Average use was approximately three days per week with two actuations per
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day. A decline in rescue albuterol use in excess of that seen in the placebo group was observed
throughout the 12-week duration of the trial, both for mean number of days used per week (0.4 to
0.9 days/week), as well as mean number of actuations used per day (0.5 to 0.8 actuations/day) for
all active treatment groups.

o COPD Symptom Ratings

Across all treatment groups, morning ratings for the mean number of symptom-free days/week at
baseline ranged between 3.5 and 3.9 days. Over the double-blind period, the arformoterol dose
groups demonstrated an increase in symptom-free days/week that ranged between 0.54
days/week for arformoterol 50 pg QD and 0.83 days/week for arformoterol 15 pg BID. By
comparison, placebo symptom-free days increased by 0.35 days/week and salmeterol increased
by 0.70 days/week. When subjects assessed their symptoms in the evening, a majority (>80%) of
subjects in all treatment groups reported no symptom-free days/week throughout the single-blind
period. The mean number of symptom-free days increased for all active treatment groups and
ranged from 0.24 days/week for the arformoterol 50 pg QD group to 0.31 days/week for the
arformoterol 25 ng BID group; the salmeterol group increased by a mean of 0.29 days/week.

o St. George’s Hospital Respiratory Questionnaire

After six weeks of double-blind treatment, total scores improved in all active treatment groups,
with mean changes in total scores ranging between -2.6 and -3.6 units for arformoterol treated
subjects. Salmeterol treated subjects had mean changes in total scores of -3.5. The placebo
group, by comparison, changed by -1.2 units. :

o Subject/Investigator Global Evaluations

Between 72 and 76% of subjects in active treatment groups reported that their symptoms were
slightly-to-much improved, compared with approximately 55% of subjects in the placebo group.
These patterns were similarly observed for the Investigator global evaluation data.

e Baseline Dyspnea Index/Transitional Dyspnea Index (BDI/TDI)

The BDI was assessed predose during the single-blind period (Visit 2); the baseline focal score
(range, 0 to 12) was defined as the sum of the Functional Impairment, Magnitude of Task, and
Magnitude of Effort scores. The TDI was assessed predose at Weeks 6 and 12. Mean TDI scores
improved in all active treatment groups during the double-blind period: by 2.0 to 2.2 units in the
arformoterol BID groups, by 2.1 units in the arformoterol 50 ug QD group and by 1.4 units in the
salmeterol group.

e Six-Minute Walk
The results of the six-minute walk test suggested substantial exercise compromise in all groups,
with the median distance walked at baseline ranging from 1000 to 1060 feet. Modest (45-67 feet)

improvement in walk distance was observed after both three and nine weeks of double-blind
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treatment, however, this improvement was similar in both the placebo and active treatment
groups.

Pharmacokinetic Data

The pharmacokinetic (PK) data from this study will be reviewed in-depth, along with PK data
from the remainder of the clinical program in a separate document by the OCPB Reviewer. The
following is a brief discussion of the PK data from this study.

Pharmacokinetic assessments were performed on a subset of ITT subjects (approximately 20 to
30% of subjects) at identified sites. Blood for determination of plasma concentrations was drawn
predose and at 10 minutes, two and six hours post-first dose at Weeks 0, 6, and 12. Plasma
concentration-time profiles increased with administration of higher total daily doses of
arformoterol. Trough plasma concentrations (predose concentrations at Weeks 6 and 12)
obtained after a 50 pg QD dose were greater than those observed following a 25 pg BID dose.
Using mean plasma concentrations at 0.17 hours to approximate the expected time of Cmax, 20 to
60% accumulation was noted with multiple doses at six and 12 weeks, respectively. No apparent
relationship was observed between time-matched plasma concentrations and percent change in
FEV1 from visit predose values when viewing the data in aggregate. Of not is that measurable
concentrations of arformoterol were observed in three of 31 (10%) and four of 59 (7%) analyzed
samples in the placebo group and salmeterol groups, respectively. In addition, in the arformoterol
dosing groups, approximately 19% (20 of 106 samples) of predose samples at Visit 3 (baseline)
had measurable concentrations (Appendix 16.1.14). The mean plasma concentrations of
arformoterol in these samples were below or near the limit of quantification.

Reviewer's Comment.: Unless there is some cross-reactivify in the assays jor arjormoterol and
albuterol it appears that some of the sulyects were self medicaling with formoterol, 7his may
fave been more prevalent in the placebo group. [fso, #is could possibly prejudice the efficacy
oulcomes against arformolerol. Since arformoterol won on the primary outcome for all doses
and many secondary oulcomes, Hiese Jindings would not change the study resulls/interprelation.

Efficacy Conclusions

Primary Endpoint .

All arformoterol doses were superior to placebo on the specified primary endpoint: per cent
change in trough FEV1 versus placebo from study baseline over the 12-week double-blind
treatment period. While improvement in trough FEV1 remained significant for all treatment
groups compared with placebo, the percent improvement in mean FEV1 trough values decreased
between Weeks 0 to 6 (by approximately one-third for all active treatment groups), but remained
relatively stable between Weeks 6 through 12.

Reviewer's Comment: 7he baseline FEVI values jor subjects was between 1.2 and 1.3 L and the
percent change above placebo was /7% jor the proposed dose 15 ug group. This would
calculate out to about a 120-130 mL improvement in FEV1 which would also be a clinically
significant improvement for subjects with COPD.
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No statistically significant differences between any of the arformoterol dosages and salmeterol in
percent improvement in trough FEV1 were detected.

Secondary Endpoints
Arformoterol was statistically superior to placebo or trended toward improvement for many of
the secondary endpoints.

A key secondary endpoint was FEV1 time-normalized area under the percent change from visit
predose curve over 12 hours (nAUC.12.p). All arformoterol doses significantly improved FEVi
nAUCo-12-p compared with placebo. All arformoterol doses demonstrated greater improvement in
FEV1nAUCo-12-p than salmeterol over-the 12 weeks of treatment.

For other secondary endpoints, all arformoterol doses demonstrated statistically significant
improvement versus placebo at Week 12 for the following spirometry-derived secondary
endpoints: FEV1 nAUCo-12-8, FEV1, FEV1nAUCo-24-8, mean peak percent of predicted FEV1; and
mean FEV1 peak percent change from visit predose or baseline.

The proportion of subjects who required supplemental (ipratropium bromide or albuterol)
medications during the double-blind treatment period was about 10% lower in all arformoterol
groups than the placebo group. There was no difference compared to salmeterol.

Descriptive analysis of symptom and functional improvement assessed in the St. George’s
Hospital Respiratory Questionnaire, Subject & Investigator Global Evaluations, and
Baseline/Transitional Dyspnea Indices (BDI/TDI), all supported a greater improvement in
arformoterol treatment groups relative to placebo.

Safety Review

The safety findings from this study, along with the safety data from the other placebo-controlled
studies, will be reviewed in depth in the Integrated Review of Safety section of this review. Brief
observations are described below.

Of the 717 subjects in the ITT population, 587 subjects (81.9%) completed the full duration of
treatment. The mean number of days that subjects received study medication was similar across
treatment groups (73 to 79 days) and the median number of days in each treatment group was 85
days. The extent of exposure for individual subject is.shown in the following table.

Study 091-050: Extent of Exposure During the Double-Blind Treatment Period (ITT
Population)

APpears Thjg Wa
M Origing

107



Clinical Review
Anthony G. Durmowicz, MD

NDA 21-912
Arformoterol
Placebo ART F ARF Salmeterol
159z BID 2% pg BID 3 ag QD 42 az BID
{(N=143) {N=141} IN=143) {N=146} =144
Dutation {days) ' ~ v ,' ’ ' 5 =5
Mean (SD)) F32058 FRA8D 12485 TR T53(28
Medism B30 850 850 830 854
Crmmlative Doge {10)* : . , , : - '
Mean {509 - BIT3I(G8TE) | 36208(1205.3) | 3B4L1(9521) | 61472{19974)
Median - 2535 4175 4200 056

*Curulative dose not calrulated for placebo subjects.

The overall occurrence of treatment-emergent adverse events in the ITT population during the
double-blind period was similar across treatment groups (from 67.4 to 72.0%). Respiratory
infection was reported by >10% of subjects in all treatment groups. Other frequently reported
events (>5% in any of the treatment groups) were tremor, chest pain, headache, pain, nausea,
bronchitis, COPD, pharyngitis, sinusitis, and urinary tract infection. Adverse events assessed as
severe occurred with the highest frequency in the arformoterol 25 ug BID group (11.9%),
followed by placebo-treated subjects (10.5%). The occurrence of potentially related adverse
events was similar across treatment groups, ranging from 24.1 to 32.2%, and was highest in the
arformoterol 50 ng QD group.

Adverse events that occurred in >2% of subjects in any treatment group during the double-blind
treatment period are presented in the following Table.

Appears This Way
On Original
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Study 091-050: Adverse Events Occurring in > 2% of Subjects in any Treatment Group

During the Double-Blind Period (ITT Population)

ARF ARF AR¥F Salmeterol
BODY 8YSTEM Placeho 15 uz BID 154z BID S0 uz QD 42 pg BID
Preferred term {N=143) N=141) N=143) {N=146) (N=1i4}
1 %) n {36} n (% B (%) n{%)
ANY EVENT H3 (720 25 (870 101 (70,63 104 (1.2 99 (5R.8)
BODY AS A WHOLE
Abdominal pain 2{148 1T QL 1470 107
Aecidental mjury ERER S 2N 53.% T4 5635
Asthenia 147 10D 428 & {4.13 {07
Back pain 1.7 7650 3{2.5) £ 1007
Chest pain (63} T 5.0 3.1 (4.1} FRGCEY]
Chills {145 3.0 0 {14 it}
Faver 1407 QL 2{14} 3(34) 3243
Fha syndrome 2{1.4; 7 {5.0% 428} 12D 1007
Headache 12¢8.4) 10{Ln S{53) 13389 15104
Infection 107 107 2{14) 107 300
Neck pain {14 2{14) RN L 10,7y
Pain § {43} 11 (7.5} {63} 406 D65
CARDIOVASCULAR
Hypertension EXVR S In 3213 3213 1400
Migeaine L] 4 0 32D it
Palpitation 214 0 301 1N 321}
Tachyeardia 2014 1{0.73 1O 107 321y
Ventricular exirasystoles 1028 ¢ 147 1407} 3210
“entricalar tachycardia 4238} e 2{i4) 14O 1.7}
DIGESTIVE
THarrhes 3(3.5} T30 T{49 2414} 4]
Dryzpepsia ERC R 32 54335) 167 4.8}
Gastromtestingl disorder 3.1 1 {07 1 140 107y
Nauses F{B3} T30 G{42) 5{3.4} 1.7
Vomiting 107 4028 £{28) I2n 1107y
HEMIC & LYMPHATIC
Arpemia i ¢ 10D tH 1007
Leukeocytogie 0 Q 2{14) 3.4 0
METARCLIC &
NUTRITIONAL
Hyperkaleptia 31 1{0.7) 1% 2{1.4) IRD
Hypokalemia 2804 {1y 428} 1407} B
Pemphers] edemua 1509 I 3.4 2{14) 30213
MUSCULO-SKELETAL
Asthralgia 0 1407 IR 321 0
Leg cramps 2014 2415 {42 427 Ign
Jfvalzia 0 107 24 334} {4
NERVOUS
Anxiety 2{14) Ien 34 3N ]
Dizziness 3.1 2.4 333 321 428
Hypertomia f ] 32D 187 1 (0.7
Hypesthesia 0 ¢ g & 3¢2.%)
Insonmmia 2(1.4) 428 THED £ 107
Nervousness ] 2{14) 2{1 4y 304 0
Tremor 0 140.7) 2{1.4) 15{18.3) B
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Study 091-050: Adverse Events Occurring in > 2% of Subjects in any Treatment Group
During the Double-Blind Period (g)ntinued

ARF ARF ARF Salmeteral
BODY SYSTEM Placeho 15 ueBID 25z BID S0 uzOD 43 ng BID
" Preferred term N=143 N=141) {N=143} {N=146} {N=144}
n {%} n{%) n (%% n e} n {3}
RESPIRATOREY
Bronchitis 2383 8D 9{63) 745 321
COPD 12{8.4} EGT 9 {53) JHEGTY 15 (1043
LCongh increased 3.4 5335 T 4027 7 (4.5
Dyspnea 1073 ATER)) 31028 5{3.4) S
Infection 23{186.1) 21349 190133 174118 1601113
Lung disorder 107 3ICL 214 1O 10D
Pharymgitis R S R 5 4{2 8y 4{2.8) 8(3.3) 13.(9.00
Pnewrnonia 3.0 1} ETER ) ¢ g
Rhinitis T 9y T30 10238 334 T4
Shmisiéis 5{4.2) T 953 EXPAY’ 25.6)
Voice alteration 3621 32D 2{14) 1{0.7) &
Rash 2 2N 108 ¢ 2.4
SPECIAL SENSES
{Congunctivitis 3210 1] 2004 1{0T} ]
UROGENITAL
Hematwia 4 204y {1LH 403N 2014
Urimary fract tnfection T8 35T 187 4027 G653}
Urine sbrormality 2143 1D 2 {14} 24{14) 1T

The incidence of cardiovascular events ranged from 7.1 to 16.0% (Table 14.3.1.3). None of these
cardiovascular events appeared to increase with increasing doses of arformoterol, and were
similar to placebo. The occurrence of respiratory events was evenly distributed across all
treatment groups, and ranged from 33.6 to 39.9%. The rates of bronchitis, cough increased,
dyspnea, and lung disorder (pulmonary congestion, chest congestion, upper respiratory
congestion, or increased congestion) did not increase with increasing doses of arformoterol.
Respiratory infection rates were greater than 10% for all treatment arms with the highest rate
reported in the placebo group (16.1%). Adverse events considered by the Investigator to be
potentially related to treatment occurred at roughly the same rate (24.1 to 25.9%) across
treatment groups, except for the arformoterol 50 pug QD group (32.2%). Potentially related
adverse events that were reported for > 2% of subjects in the arformoterol 50 pg QD group and
greater than placebo include tremor (9.6%), COPD exacerbation (4.1%), respiratory infection
(3.4%), headache (2.7%), nervousness (2.7%), pharyngitis (2.7%), and dyspnea (2.1%). Only
two events were assessed by the Investigator as definitely related to study medication:
hypokalemia and tremor, both in the arformoterol 25 ug BID group.
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Pivotal Study 091-051

Title of Study: A Double-Blind, Double-Dummy, Randomized, Placebo- and Active-Controlled,
Multicenter, Parallel-Group Study of Arformoterol in the Treatment of Subjects with Chronic
Obstructive Pulmonary Disease.

Study Description

This second pivotal study was performed under a protocol that was identical to the protocol for
Study 091-050. The reader is referred to the description of the protocol discussed in the section
above. This study was performed between April 16, 2002 and March 8, 2004. The study centers
were all in the US and were located in the following states: AL, AZ, CA, CO, CT, FL, GA, IL,
IN, KY, LA, MA, MO, M1, MT, NC, ND, NE, NJ, NV, OH, OK, OR, PA, RI, SC, TN, VA, WA,
WI, TX, and the District of Columbia. A total of 451 patients were included, 271 assigned to
tiotropium and 180 assigned to placebo.

The test product lot numbers were: placebo for arformoterol 2 mL: 05301B; arformoterol 15
mcg/2mL: 03501 A and 00902B; arformoterol 25 mcg/2mL: 03501B and 00902C; arformoterol
50 mcg/2mL: 03501C and 00902D; Soya Lecithin Placebo MDI CFC: 1H947; Atrovent 14 g
(supplemental): 010584 W; Serevent 14.0 g: 1ZP1966; Ventolin 6.8 g (reversibility): 1ZP1408;
Ventolin 17 g (rescue) 1ZP1205.

A total of 741 subjects with relatively stable, moderately severe COPD were randomized into the
study with 739 analyzed (ITT). A total of 591 completed the study 118, placebo; 110,
arformoterol 15 pg BID; 114, arformoterol 25 pg BID; 121, arformoterol 50 pg QD; 128,
salmeterol 42 pg BID).

Disposition of Subjects

A total of 912 subjects were enrolled at Visit 1 (screening) and entered the single-blind placebo
run-in period. Of the 917 enrolled subjects, 171 subjects (18.8%) withdrew prior to
randomization. Of the 171 subjects enrolled but not randomized, 95 (55.6%) did not meet the
eligibility criteria; 29 (17.0%) experienced an adverse event; 32 (18.7%) voluntarily
discontinued; 5 (2.9%) were lost to follow-up; 3 (1.8%) had a protocol violation; and 7 (4.1%)
terminated for other reasons. Two randomized subjects were excluded from the ITT population
because they did not take study medication. Therefore, the ITT population consisted of 739
subjects. Subject disposition for the ITT population is presented in the following Table .
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Study 091-051: Subject Disposition

Placebo _AR? _AR? _ ARYF Sftimetg;oi All Treatment
PWagB 25 pgBID | 50pzQD 42 pg BID Groups
ITT Population 130 147 148 147 145 739
Subjects Withdrawn (¥a)* 320213 375 35{33.5) 26 {177} 18{133) 148 {20.0)
Adverse event 13¢8.7) 15¢10.2) 128 16{10.9) 5{63) 28N
Protoecl variznce 320 5{3.4) 320 2{14) & 13(1.8}
Voluntery withdrawsl 18067 11 {7.3) 534 5{34) IR MEm
Lost to follow-up 10T 107 2{1.3) 0 100 507D
Did not meef enfry criteda & 2{14) 1HON Y 1405 4{0.5}
Other 333 3(2.0) 534 320 4027 20027
Subtects Completed 35) NBRT | 118748 | 114763 121 (823) 128 (871 39 (205

* After review of the clinical database, Sepracor determined that fen subjects who were discontinued fom the stady for
reasons other than an adverse event had an sdverse event near the time of study discontinnation that may have confributed to
the reason for discontinuation. Wamatives for these ten subjects are provided in Appendix 16.5.3.

T Narratives for subjects who discontimed the stady due to an adverse svent was derived fom subject disposition data
{Appendix 16221}

Of the 739 subjects, 591 subjects (80.0%) completed the study and 148 subjects (20.0%)
terminated early: 72 of 148 subjects (48.6%) experienced an adverse event, 34 (23.0%)
voluntarily discontinued, 13 (8.8%) discontinued because of protocol violations, 5 (3.4%) were
lost to follow-up, 4 (2.7%) did not meet entry criteria, and 20 (13.5%) discontinued for other
reasons. The percentage of subjects who discontinued due to an adverse event was highest in the
arformoterol 25 ug BID group and lowest in the salmeterol 42 pg BID group. Upon review of the
clinical database, the Applicant determined that ten subjects who discontinued for reasons other
than adverse events had an adverse event or other abnormality that may have contributed to
study termination (two subjects each in the arformoterol 25 pg BID and 50 pg QD groups and
three subjects each in the placebo and arformoterol 15 pg BID group).

The definition of important protocol deviations and the process for their review was specified
prior to end of study unblinding. Important protocol deviations were applicable only to the ITT
population. The first three categories of important protocol deviations were determined
programmatically. For the “disallowed medication” deviations, all potentially disallowed coded
medications were clinically reviewed on a per-subject basis. For the “other” important
deviations, all investigator comments were clinically reviewed on a per-subject basis. The
following Table lists and summarizes the defined categories of important protocol deviations by
treatment group.
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Study 091-051: Important Protocol Deviations (ITT Population)

l’ Placeho | ARF ARF ARF | Salmeterol
mperiant Protocel Deviation® 152 BID |25 g BID | S0pg QD | 42 ug BID
Q150 | 147 | o149 | ol | oveds)
Any Important Deviation (3¢ 43 (29 e 3926 3725 0
[Did not meet inclusion/exclusion criteria (%3| 16(11) | 23(18 13& 16 (11} 28
Study medication compliancet (%) 17015 | 15{10) 11 105 36
Continuation criferia not met? 1{1) 0 33} 53 1{D)
[Used disattowed medication (%) 3 | 15 10 (7 5(3) 5(3)
lOther important deviations® (%) um | wo | B | 4y | oan

" A subject may have had mare than one TPD.

Nomcomplisnt subjects had comphiance rates =B0% or =120%.

FALVsits 3,5, o1 7.

§ Important protoco] deviations listed in the Inwestigator's comments log.

Of the 739 subjects in the ITT population, 188 (25.4%) subjects deviated from the protocol at
least once during the double-blind treatment period; the placebo group had the highest

percentage of protocol deviations. The most common important protocol deviation was failure to

meet eligibility criterion (80/739, 10.8%), followed by noncompliance with study medication

schedule (61/739, 8.2%).

Reviewer’s Comment: Similar 1o the other pivotal study, 097-050 these  prolfocol deviations were
either fairly equally distributed across study treatment groups andior were very small in number

and would not be expected 1o influence the resulis or conclusions " from e siudy.

Concurrent pulmonary medications used during the study were similar between treatment
groups. Over 70% of subjects reported using at least one agent for COPD before Visit 1 which

included albuterol (39 to 48%), salmeterol (14 to 21%), fluticasone (14 to 22%), ipratropium (15

to 24%), and Combivent® (25 to 34%).

Study Demographics

The féllowing Table summarizes the demographic and baseline characteristics for the ITT

population:
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Study 091-051: Summary of Demographic and Other Baseline Characteristics

Placeho ARF ARF ARF Salmeterol
Parameter 15 pg B 15 uz BID S0pz QD 42 ug BID
IN=130} {(N=147Y {N=149) (N=14T} {4=146)
Age (yrz)
Mean (3D) 633094 632087 83.7 (843 82187 038D
a5t pereentile 370 RFEE 318 358 370
Madian 64.0 H4.0 54.0 620 63.0
75" percentile 890 0.4 70.8 9.0 680
Sex {n%)
Male 86 (373} 04.(63.9) 24 (83.1) 8739 83 (56.%)
Female 84 {427 33380 35 (36.3% 60 (40.8) 53 {43.0)
Race (0.%)
Cancasisn 146 {97.3) 138¢93.9y 142 {033) 139194 6) 138 (94.%)
Black 20 54 4027 6 (3.1) 127
Asian 107N [y 213 10T I
Higpanic L] 1607 1] n 0
Ciher 1T ] 10 107 197
Height {ms)
Mean (5D} 670(3.9) 67603 §7.2(3.8) 671039 1238
25" percentile 638 636 4.5 642 64.2
Meadian 67.0 68.1 573 874 67.6
73 percentile 700 703 0.1 695 70.0
Weight {lhs)
Mean (ST} 175043 17835 (40.3) 1771 LD IR2{465 1816 (447
25t percantile 1423 1460 1490 4835 1477
hedian 15756 i175% 1742 1740 i76%
75 percentile 1950 2030 1982 2138 205.4
FEWV: (L}
Mean (8D) 1.30:00.4) 13103 128405 128¢04) 1.22405)
25 percentile 093 0.88 0.86 0.98 0.94
Meadian 123 126 118 1.22 118
73" parcentile 1.60 1.56 1.57 1.30 1.54
FEV, 3% predictedt ¢4)
Mean (S 4360123 423{13.8% 41.6¢12.4) 424115 426{13.4)
25 perceptile 34.5 310 320 324 323
Median 437 413 413 428 418
T3 persentile 335 354 50.4 518 341
FEV/FVC ratio
Mean (510 5320107 SR 30.1(9.6 518010 3114104y
25" parcentile 43§ 430 429 442 427
Median s 524 511 516 312
75" percentile 519 0.4 374 596 304
PEV: % reversibility (36)
Mean (5D 153¢13.%) 87147 18.5¢16.4) 1760137 170041
25" percentile 5.8 71 g9 7.6 20
Median 13.4 i48 153 158 14.7
75" percentile 234 234 242 252 237
Monreversible subjects® (%Y 19127 wom 21 {14 AT (I8 201377
*  Subjects were classified as reversible if their FEV, 1 percent reversibility was =10% for at least one of two (ar thres}

wizits prior to randomization; otherwize subjects were defined to be nonreversible.

Almost all the subjects in the study were Caucasian (95%). The male to female ratio was about

60:40 across all treatment groups. Age, and pulmonary characteristics, including reversibility,

were fairly well balanced across treatment groups.
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LReviewer's Comment.: The Applicant fnows that the lack of some diversity in the ethnic make-up
of the studles is a review issue and will likely result in some ppe of post-markel commiiment on

thetr part

Analysis of Efficacy

The primary efficacy endpoint was percent change from study baseline FEV1 to the end of the
dosing interval (i.e., trough at 12 hours post-second dose for the BID treatment groups and 24
hours post-dose for the QD treatment group) over 12 weeks of treatment. FEV1 trough data
were also analyzed at individually for Visits 3, 5, and 7 (Weeks 0,6, and 12). These data are
summarized in the Table below.

‘Study 091-051: Percent Change in FEV1 from Study Baseline to the End of the Dosing
Interval Over the 12-Week Double-Blind Period and at Weeks 0,6,and 12 ITT

Population)
Placeho ARF ARF ARF Salmeterol
15 ug BID 25 pg BID 56 ng QD 42 yg BID
{N=150, &N=1473 (N=149} =147 (N=146}
Baseline FEV, 1) fpredoce at VR 3[Week 0]} - = : :
-1 147 145 148 jT53 143
Mean (STH 1.21 {04 121005 1.19¢0.53 1.16(0.9 12105}
Overall {Weeks ¥ 1o 12) : S e :
n 141 140 143 138 138
1S Mean {SE}* 53¢.5) 13.7{1.6) 21041.6} 17.801.6) 173016
Mean {(SD) $4(152) 17.2418.0) 27227 19.4(19.6) 183{17.%)
Median 33 139 200 15.7 16.7
25% 75 percentiles 30,113 57,200 89,347 73,206 73,283
Povalue} -
vs placebo - <0001 =0.001 <0.001 <000t
w3 satmeterol -~ B.435 G.080 0.8302 —
Week D (post-first dose) L
[ 129 131 136 127 124
LS Mean (5B 6.3{1.8) 208{1.9 26.3(1.7) TR 07018
Mean (8D} B8.3(14.5) 21.8{207 371229 23.1{23.3) 21.7{19.2)
Median_ 40 178 233 192 i85
255 A percentiles -18,123 6.3,31.3 133,388 83,359 832,339
Pvaluz
ws placebo - «0.001 <0.061 <0001 <0.001
vs salmaterc] - $.972 6.017 0.58D -
Week§ : ' -
n 113 112 124 120 123
1S Mean (SEY* 4319 13.4¢1.9) 204{1.8) 16.6(1.8) 16.7 (1.8}
Mean (SD) 340172 14.0£20.5 21.8¢33.2) 1830218 17.4{20.8)
Median 29 127 174 158 168
23t 738 percentiles 87 127F 28,260 78,320 48,312 313,288
Poalue
vs placebo - «(.001 “Q.001 <0.00 <0.00%
v slmeterol - 5.18% 0.135 0.984 -~
Week 12 )
|3 106 102 108 102 115
15 Mean {(SE}* 45020) 1290200 1620 1323200 45319
Mean (8D} 4.7(18.3) 1400197 178047 16.4(233) 15.7419.2)
Median 22 13.6 i78 129 i3.8
25® 75% percentiles 54,123 0.5,24.7 37,298 14,246 34,273
Povalue
vs placebo - 8.003 =300 <(.001 (.00t
x5 satmeterol - 0.544 4321 D.807 -

Nota: End of the dosing interval = 12 hours post-second dose for the BID traxtment s and 28 hours postdose for the QD trastment am.

*From Repeated Meamures Model: with fixad effects for fraztmant
T Bl

with baselina FEV) s 2 covariate, and trea

Liaa

FEV, int

were 0,069 2nd 0.

4

S-S T

.38 xezpéc&valx

xeparisons of ezch BID arfe

of 501z QD arfe

the 005 sientfieanca Jayal,

fime (Wee'ks 8.6, md 12), nmtmgn—by—

I,

irpa inferaction, and site type,
w-tinse injeract ce and

Palues for tha t
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Arformoterol at all 3 doses was statistically superior to placebo on the primary endpoint: FEV1
at trough from study baseline versus placebo over the 12-week double-blind treatment period (all
p-values <0.001). The LS mean percent change in FEV1 from study baseline was greater for all
arformoterol treatment groups than placebo, with treatment differences of 10.4% for
arformoterol 15 pg BID, 15.7% for arformoterol 25 pg BID, and 12.5% for arformoterol 50 pg

arformoterol dosages and salmeterol. Arformoterol also won at each individual measurement
time point (Weeks 0, 6, and 12). As would be expected, subjects whose FEV ] reversibility was <
10% prior to randomization improved less than those whose FEV1 reversibility was > 10%. For
nonreversible subjects, the overall mean improvement difference relative to placebo was 4.0 to

5.2% for the arformoterol dose groups, and 1% for the salmeterol dose 8rOuUp /Zable 77.4.7.7-2
cﬁf:ﬂat/copa’/ﬂﬁ/—ﬂf/.pdﬁ

Secondary Analyses

The Applicant listed a key secondary efficacy endpoint for the study as FEV1 time-normalized
area under the percent change from visit predose curve over 12 hours (nAUCy_15.5). The overall
LS mean FEV1nAUCo-12p was significantly improved for all arformoterol doses compared with

function appeared to increase with higher doses of arformoterol. Reviewer's Comment: Sipiilay
10 the 09/-050 stuay, the 1.5 and 25 Hg bid groups were very similar while the 30 ug qd group
was about 5% greater than the lower doses. The fact that the measurement was taken at trough
(12 hr) for the lower doses but after only half the dosing period had elapsed for the higher qd
dose favored the high dose.

Overall improvement in FEV1 nAUCo.12.p was also approximately 3 to 9% greater for the
arformoterol doses compared with salmeterol and was greater at each individual study time point
as well. Salmeterol, however, was still significantly better than placebo (p = 0.02).

Reviewer's Comment: These aiferences were Sstalstically different ar the P <005 level for all 3
Jormorterol doses. The %igh gd day dose would nor be comparable for reasons given i the
commernt above. Salmelerol. 7ay be ar a disadvanizge in this Qpe of measurement because iy
lakes several fours lo reach peak efect compared to formorerol

Subgroup analyses of subjects who demonstrated reversible (>10% response in FEV1 to
albuterol) to those who were less reversible (< 10%) demonstrated greater responses in those
who had demonstrated greater reversibility to albuterol. Again it appears that the arformoterol
groups performed several percentage points higher than the salmeterol group.

Other Spirometric Secondary Analyses
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e FEViTime-normalized Area Under the Percent Change from Study Baseline Curve Over
12 Hours (nAUCo-12-B)

All arformoterol doses had significantly (all p-values <0.001) greater increases in nAUCo-12-
compared with placebo, both averaged over the 12-week double-blind period and at Weeks 0, 6,
and 12. Overall, improvement was statistically greater for the arformoterol 25 pg BID and 50 ug
QD doses than for salmeterol.

e FEViTime-normalized Area Under the Percent Change from Visit Predose Curve Over
24 hours (nAUCo-24-p)

Approximately 20% of subjects remained in the clinic overnight and had at least one spirometry
measurement taken at the 13, 14, or 16 hour time points. Subjects in all arformoterol treatment
groups demonstrated significantly (p<0.001) greater FEV1 AUC responses over 24 hours from
visit predose over the double-blind period (nAUCo-24-p) relative to placebo. Arformoterol also
won at each individual time point (Weeks 0, 6, and 12). The extent of improvement in this small
subset of subjects was not dose-dependent.

e FEVi Time-normalized Area Under the Percent Change from Study Baseline Curve Over
24 Hours (nAUCo-24-B)

For this outcome variable, percent improvement in FEV1 over 24 hours after dosing is compared
to the FEV1 value at the Week 0 (Visit 3) baseline. Again, approximately 20% of subjects
remained in the clinic overnight and had at least one spirometry measurement taken at the 13, 14,
or 16 hour time points. Subjects in all the arformoterol treatment groups had significantly
improved time-normalized area under the FEV1 percent change from study baseline curve over
24 hours (nAUCo-24-8) compared with placebo over the double-blind period (all p values <0.001)
and at Weeks 0, 6, and 12 (all p-values < 0.012).

o Peak Percent of Predicted FEV1

Subjects in all arformoterol treatment groups demonstrated significant (all p-values <0.003)
improvement in mean peak percent of predicted FEV1 compared with placebo, both over the
double-blind period and at Weeks 0, 6, and 12.

o Peak Percent Change in FEV1

Subjects in all arformoterol treatment groups demonstrated significant improvement in mean
FEV1 peak percent change from visit predose when compared with placebo both over the
double-blind period and at Weeks 0, 6, and 12 (all p-values <0.001). There is evidence of a
dose-response. All arformoterol treatments were significantly better than salmeterol (all p-values
<0.007), except for arformoterol 15 pug BID at Weeks 0 and 6.

s Predose FEV1 and Percent Predicted FEV1
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Mean predose FEV1 values were between 1.16 and 1.21 L and mean predose FEV1 percent
predicted values were between 38.4 and 40.8% for all treatment groups at Week 0. Mean predose
FEV1 and mean predose percent predicted FEV1 increased over the double-blind period for all
treatment groups.

« Time Point Changes in FEV1

Changes at specific FEV1 time points were assessed for Weeks 0, 6, and 12. All subjects had
spirometry assessments scheduled at all time points between predose and 12-hours post-dose, as
well as at 23 and 24 hours post-dose while a subset of approximately 20% subjects had
spirometry values scheduled at 13, 14, and 16 hours post-dose. All endpoints show that both the
arformoterol and salmeterol BID doses achieved a second increase in FEV1 values following the
second daily dose after 12 hours. '

e Time to Onset of Response

A responder was defined as a subject who achieved at least a 10% increase in FEV1

from predose values within 12 hours after dosing. At Week 0, a 10% response in FEV1 was
achieved with a median of 2-3 minutes of dosing for all the arformoterol groups, compared with
a median of approximately 13 minutes for the salmeterol group. At Weeks 6 and 12, the median
time to achieve a 10% increase in FEV1 for all arformoterol groups ranged from 3 to 25 minutes,
compared with about 2.5 hours for salmeterol.

o Time to Peak Change in FEV1

The median peak change in FEV1 occurred from 178 to 212 minutes approximately for all dose
groups after the first dose at Week 0. At Weeks 6 and 12, the median time to peak change
decreased for all arformoterol treatment groups, occurring in about one hour.

¢ In-clinic and At-home Peak Expiratory Flow Rate (PEFR)

The in-clinic average PEFR values increased about 0.30 L/sec in the active treatment groups and
0.0-0.1 L/sec in the placebo group by 15 minutes after dosing. The morning and evening at-home
average PEFR values increased in the first three weeks of the double-blind treatment (Weeks 0 to
3) for all active treatment groups. These increases (0.3-0.5 L/sec) were maintained throughout
the 12-week double-blind treatment period.

e Ipratropium Bromide MDI Supplemental Use

Prior to randomization, ipratropium bromide use was similar across treatment groups. Over 83%
of subjects across treatment groups used ipratropium bromide prior to randomization. Average
use was approximately four days per week and approximately three actuations per day.
Ipratropium use declined by about 0.5 days per week more in the active treatment groups than in
the placebo group during the double-blind period. Similarly, ipratropium use declined by about
0.5-1.0 actuations per day more in the active treatment groups than the change observed in the
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placebo group. The decline in ipratropium use in the salmeterol group versus placebo was similar
to that of subjects treated with arformoterol.

o Racemic Albuterol MDI Rescue Use

Prior to randomization, over 78% of subjects across treatment groups reported racemic albuterol
MDI rescue use. Average use was approximately three to four days per week with two actuations
per day. A decline in rescue albuterol use in excess of that seen in the placebo group was
observed throughout the 12-week duration of the trial, both for mean number of days used per
week (0.6 to 0.8 days/week), as well as mean number of actuations used per day (0.6 to 1.0
actuations/day) for all active treatment groups.

o COPD Symptom Ratings

Across all treatment groups, morning ratings for the mean number of symptom-free days/week at
baseline ranged between 3.5 and 3.8 days. Over the double-blind period, the arformoterol dose
groups demonstrated an increase in symptom-free days/week that ranged between 0.55
days/week for arformoterol 15 pg BID and 0.78 days/week for arformoterol 25 pg BID. By
comparison, placebo symptom-free days increased by 0.39 days/week and salmeterol increased
by 0.75 days/week. When subjects assessed their symptoms in the evening, a majority (>75%) of
subjects in all treatment groups reported no symptom-free days/week throughout the single-blind
period. The mean number of symptom-free days increased for all active treatment groups and
ranged from 0.11 days/week for the arformoterol 15 ng BID group to 0.35 days/week for the
arformoterol 25 pug BID group; the placebo group increased by a mean of 0.08 days/week.

« St. George’s Hospital Respiratory Questionnaire

After six weeks of double-blind treatment, total scores improved in all active treatment groups,
with mean changes in total scores ranging between -2.6 and -3.5 units for arformoterol treated
subjects. The placebo group, by comparison, changed by -0.2 units.

» Subject/Investigator Global Evaluations

Between 71 and 79% of subjects in active treatment groups reported that their symptoms were
slightly-to-much improved, compared with approximately 65% of subjects in the placebo group.
These patterns were similarly observed for the Investigator global evaluation data.

e Baseline Dyspnea Index/Transitional Dyspnea Index (BDI/TDI)

The BDI was assessed predose during the single-blind period (Visit 2); the baseline focal score
(range, 0 to 12) was defined as the sum of the Functional Impairment, Magnitude of Task, and
Magnitude of Effort scores. The TDI was assessed predose at Weeks 6 and 12. Mean TDI scores
improved in all active treatment groups during the double-blind period: by 1.6 to 2.1 units in the
arformoterol groups, by 2.2 units in the salmeterol group, and by 1.3 units in the placebo group.
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e Six-Minute Walk

The results of the six-minute walk test suggested substantial exercise compromise in all groups,
with the median distance walked at baseline ranging from 1015 to 1109 feet. By Week 9, modest
(13-53 feet) improvement in walk distance was observed in the arformoterol-treated groups and
salmeterol-treated group (72 feet). However, the placebo group had also improved by 47 feet at
Week 9.

Pharmacokinetic Data

The pharmacokinetic (PK) data from this study will be reviewed in-depth, along with PK data
from the remainder of the clinical program in a separate document by the OCPB Reviewer. The
following is a brief discussion of the PK data from this study.

Pharmacokinetic assessments were performed on a subset of ITT subjects (approximately 50% of
subjects) at identified sites. Blood for determination of plasma concentrations was drawn predose
and at 10 minutes, two and six hours post-first dose at Weeks 0, 6, and 12. Plasma
concentration-time profiles increased with administration of higher total daily doses of
arformoterol. Trough plasma concentrations (predose concentrations at Weeks 6 and 12)
obtained after a 50 pg QD dose were similar to those observed following a 25 ng BID dose.
Using mean plasma concentrations at 0.17 hours to approximate the expected time of Cmax, 30 to
105% accumulation was noted with multiple doses at six and 12 weeks, respectively. No
apparent relationship was observed between time-matched plasma concentrations and percent
change in FEV1 from visit predose values when viewing the data in aggregate. Of note is that
measurable concentrations of arformoterol were observed in 25%) and 27% of analyzed samples
in the placebo group and salmeterol groups, respectively. In addition, in the arformoterol dosing
groups, approximately 27% (56 of 207 samples) of predose samples at Visit 3 (baseline) had
measurable concentrations.

Reviewer's Comment: Unless there is some cross-reactivify in the assays. jor arformoterol and
albuterol it appears tat some of the subyjects were self medicating with formoterol. 7%e number
aof arformoterol positive samples was balanced between the treatment groups.

Efficacy Conclusions

Primary Endpoint .

All arformoterol doses were superior to placebo on the specified primary endpoint: per cent
change in trough FEV1 from study baseline over the 12-week double-blind treatment period.
Arformoterol also demonstrated superiority separately at Weeks 0, 6, and 12. While
improvement in trough FEV1 remained significant for all treatment groups compared with
placebo, the percent improvement in mean FEV1 trough values decreased over the course of the
study treatment period.

The percent improvement in the trough FEV1 was similar for all doses of arformoterol compared
with salmeterol over the 12-week double-blind treatment period and separately at Weeks 0, 6,
and 12.
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Secondary Endpoints
Arformoterol was statistically superior to placebo or trended toward improvement for most of the
secondary endpoints.

A key secondary endpoint was FEV1 time-normalized area under the percent change from visit
predose curve over 12 hours (nAUCo.12.p). All arformoterol doses significantly improved FEV1
nAUCo-12-p compared with placebo. All arformoterol doses demonstrated greater improvement in
FEV1nAUCo-12-p than salmeterol over the 12 weeks of treatment.

For other secondary endpoints, all arformoterol doses demonstrated significant overall
improvement versus placebo for the following spirometry-derived secondary endpoints: FEV1
nAUCo-12-8, FEV1 nAUCo-24-p, FEV1 nAUCo-24-B, peak percent of predicted FEV1, and peak
percent change in FEV1 from visit predose or baseline.

The proportion of subjects who required supplemental (ipratropium bromide or albuterol)
medications during the double-blind treatment period was 8-11% lower in the arformoterol
groups than the placebo group. There was no difference compared to salmeterol.

Descriptive analysis of symptom and functional improvement assessed in the St. George’s
Hospital Respiratory Questionnaire, Subject & Investigator Global Evaluations, and
Baseline/Transitional Dyspnea Indices (BDI/TDI), all trended toward a greater improvement in
arformoterol treatment groups relative to placebo.

Safety Review

The safety findings from this study, along with the safety data from the other placebo-controlled
studies, will be reviewed in depth in the Integrated Review of Safety section of this review. Brief
observations are described below.

Of the 717 subjects in the ITT population, 587 subjects (81.9%) completed the full duration of
treatment. The mean number of days that subjects received study medication was similar across
treatment groups (73 to 79 days) and the median number of days in each treatment group was 85
days. The extent of exposure for individual subject is shown in the following Table.

Study 091-051: Extent of Exposure During the Double-Blind Treatment Period (ITT
Population)
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Plarebo ARF ARF ARF Sabmeterel
15 peBID 25 pg BID S pg QD 42 pz BID
N=143) (N=141} IN=143} {N=146) =144
Duration {days} : ‘ ; o ,
Mean (SD} TBI58 RE19D 7410245 TRI(18%) 73228
Median LAEH S:H} 8540 330 230
Cumnulative Doge (uay* : . : ‘
Mean {5D) - 23173(3876) | MBIV 205.3) | IB4L14952 1) | S1473 (1997
Median - 2535 4173 4200 7056

*Cummulative dose not caleulated Sor placebe subjects.

The overall occurrence of treatment-emergent adverse events in the ITT population during the
double-blind period was similar across treatment groups (from 67.4 to 72.0%). Respiratory
infection was reported by >10% of subjects in all treatment groups. Other frequently reported
events (>5% in any of the treatment groups) were tremor, chest pain, headache, pain, nausea,
bronchitis, COPD, pharyngitis, sinusitis, and urinary tract infection. Adverse events assessed as
severe occurred with the highest frequency in the arformoterol 25 pg BID group (11.9%),
followed by placebo-treated subjects (10.5%). The occurrence of potentially related adverse

events was similar across treatment groups, ranging from 24.1 to 32.2%, and was highest in the
arformoterol 50 ug QD group.

Adverse events that occurred in >2% of subjects in any treatment group during the double-blind
treatment period are presented for the ITT population in the following Table:
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Study 091-051: Adverse Events Occurring in > 2% of Subjects in any Treatment Group
During the Double-Blind Period

ARF ARF ARF Salmeterol
BODY 5YSTEM Placeba 15 agBID 25z BID 50 uz D 42 pg BiD
Preferred tenm =143} =140 {N=143) {N=146} {N=144)
n (%) n i35} B (Yo} (%) n{3%)
ANY EVENT 3 (7200 93874 101 (7.6} 104 (7123 9% (5R.8)
BODY AS A WHOLE ]
Abdominal pain 2014 107 IR 147 107
Aecidental fnjury Ryl Y KYERY 533 T4 335
Asthenia 107 107 428 §{4.1} 1.7
Back pain 107} 750 32D £27) 1 0.7
Chest paim {63 750 321 541 T8
Chills 2{14) 3L 0 214} v
Fever 1407} 3@ 2{14) 534 31
Fla eyndrome 2414} 70 ${2.8} £ 1400
Headache 1284 e 8063} 13389 153104
Tnfection 1407 107 2{14} 10T 340
Neck pain 214 2{1.4) 3D i 10.7y
Pain § {42 11{7.8} Q{63 14 {8.6) 69
CARDIOVASCULAR
Hypertensicn EEvR S ER¢RE 3.1 3.1 10Ty
Migraine el o g 32D 0
Palpitation 214 ¢ 1.1 1407 EXORY
Tachyeardia 2014y 1079 1400 100 IRy
Ventricular exirazystoles 408 0 10T PO 301
Ventricular tachyeardia 428) 0 204y 1407} 10T
DIGESTIVE
Diarrhea 3(3.5 755 TE48 204 k]
Diyspepsia FRGS] KYPRY 5{3.5) 1407 408
Gastromtestinal disorder IR0 100 EH 1R 107
Nzusea G533} TEM 642} 334} 1T
Vomiting 107} 4{2.8) 428 In 10T
HEMEC & IYMPHATID
Anemis B o I L 1070
1eukecytozis 0 { 214 3124 L
METABOLIC &
Hyperkaleptia 3(2.1) 1{0.73 I §LH0) 218 3243
Hypokalemia 24 2014 4{28} FOT K
Pempheral edema 1§0.7 3213 3024 214} 3.1
MUSCULO-SKELETAL
Arthralgia 1] 1Oh 1407 EZPRY B
Leg cramps 2004 2043 6{4.2) 40270 ER AR
Ifvalsia 0 1{0.7 2 {34} 534 (K
NERVOUS
Awxisty {14 KTERY 24 300 0
Dizsiness 32D 304 335 3021 4028
Hypertonia A Q I 147 1007
Hypesthesia ¢ 0 i1 G 3421}
Insommnis 204 428 TS $37N 140N
Nervousnsss [ Z{14 21 4) 3G45 0
Tremor ] 1{0.%) 2{1.4) I5{18.3 i)
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~ Study 091-051: Adverse Events Occurring in > 2% of Subjects in any Treatment Group
During the Double-Blind Period cémtinued

ARF ARF ARF Salmeterol
BODY SYSTEM Plaeeho 15 ne BID 25uzB 50 uz QD 42 pg BID
Preferred term (=143} N=141) {N=143} {N=146} {N=144}
1 {%) n (%) B (%) 1 %% n{%}
RESPIRATORY
Bronchitis B(5.6) 8GN 263} T{48) 3203
COrD 1284 EED 9{53) 10{(63) 13(104)
Lough mereased 3.1) 5335 T8 437 749
Diyspnes 107 533 {28} 534 AR
Infection Bsy 21 (149) 19133 17116 16111}
Lung disorder 107 EREAY 20148 1D 1407
Pharyngitis 11430 428y £(2.8) 8{3.3) 13098
Pneumonia 3L 3] 3@ 0 g
Rhinitis Tds T6M 4238 334 Tg
Stomsifis &{4.2) 760 9 {83} 3L 8§56
Woice zlteration 362.1) 3{2.1) 2{14) 1{0.7} iy
Rash 2{1.4 a0 4{28) 4 244
SPECIAL SENSES
Conpunetivitis A1 1] 2{14) 107 i)
UROGENITAL
Hematuria 0 214y 2{1.4) 4027} 2448
Urinary {ract infection 7.9 8457 1{0.7) 427y LAURE
Unine abnormality 214 ign {14 2448 1

The incidence of cardiovascular events ranged from 7.1 to 16.0% (Table 14.3.1.3). None of these
cardiovascular events appeared to increase with increasing doses of arformoterol, and were
similar to placebo. The occurrence of respiratory events was evenly distributed across all
treatment groups, and ranged from 33.6 to 39.9%. The rates of bronchitis, cough increased,
dyspnea, and lung disorder (pulmonary congestion, chest congestion, upper respiratory
congestion, or increased congestion) did not increase with increasing doses of arformoterol.
Respiratory infection rates were greater than 10% for all treatment arms with the highest rate
reported in the placebo group (16.1%). Adverse events considered by the Investigator to be
potentially related to treatment occurred at roughly the same rate (24.1 to 25.9%) across
treatment groups, except for the arformoterol 50 pg QD group (32.2%). Potentially related
adverse events that were reported for > 2% of subjects in the arformoterol 50 pg QD group and
greater than placebo include tremor (9.6%), COPD exacerbation (4.1%), respiratory infection
(3.4%), headache (2.7%), nervousness (2.7%), pharyngitis (2.7%), and dyspnea (2.1%). Only

two events were assessed by the Investigator as definitely related to study medication,
hypokalemia and tremor, both in the arformoterol 25 ug BID group.
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B Supportive Studies

Long-term Safety Study 091-060

Title of Study: A Multicenter, Open-Label, Randomized, Active-Controlled, Parallel Group
Chronic Safety Study of Arformoterol in the Treatment of Subjects with Chronic Obstructive
Pulmonary Disease

Design

This was an open-label, multicenter, randomized, active-controlled, parallel group, outpatient,
study of one year duration to evaluate the long-term safety of arformoterol in the treatment of
subjects with COPD. Randomization was performed in a 2:1 ratio of arformoterol 50 pg QD by
nebulization to salmeterol 42 ng BID by MDI.

Duration
The duration of active treatment was 12 months. The study was performed during the period of
June 17, 2002, to December 30, 2004. The final study report is dated October 4, 2005.

Study Centers

The study was conducted at 85 US centers in the following states: AL, AR, AZ, CA, CO, FL,
GA, ID, IL, IN, KS, LA, MA, ME, MI, MO, MN, MT, NC, ND, NM, NJ, NV, NY, OH, OK,
OR, PA, SC, TN, TX, VA, WA, and WV.

Population

A total of 799 subjects with relatively stable, moderately severe COPD were randomized into the
study with 793 analyzed (ITT). A total of 468 completed the study, 307 arformoterol 50 pg QD,
and 161 salmeterol 42 pug BID.

Treatments Administered

Each study subject was randomized to receive either arformoterol tartrate inhalation solution in
unit dose vials (UDVs) at a dose of 50 pg QD or salmeterol at a dose of 42 pug BID via MDI.
Arformoterol solution was delivered via a PARI LC PLUS nebulizer and a PARI Dura-neb 3000
COMPressor.

Materials

The open-label study treatments were:
* Arformoterol inhalation solution of 50 pig in 2 mL volume
e Salmeterol MDI 42 pg/actuation

Commercially available salmeterol was provided as a 13-g canister containing 120 actuations.
Commercially available racemic albuterol MDI (17-g canister/200 inhalations) was provided to
each study site for use by subjects as rescue medication for bronchospasm and acute treatment of
COPD symptoms as needed throughout the study. Commercially available ipratropium MDI
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(Atrovent 14-g canister/200 inhalations) was also provided to each study subject for use as
supplemental medication for COPD as needed throughout the study.

Study 091-060: Drug Supply Lot Numbers

Product Tot#
Arformoterol 50 mcg/2 mlL 03501C, 00902D, 62403C
Serevent® (salmeterol} 13.0 g MDI 17P2519, 37P0323
Albuterol 17.0 g MDI 17801, 05402, 04003
Atrovent® {ipratropium)14 0 g MDI 011090W, 030110W

Objectives
The primary objective of this study was to evaluate the long-term safety of arformoterol 50 ng
QD over a period of 12 months in subjects with COPD.

The secondary objective was to monitor the long-term efficacy of arformoterol 50 pg QD in
subjects with COPD.

Study-Specific Inclusion Criteria

Male and female subjects >35 years of age that provided written informed consent prior
to participation.

Subjects with a confirmed diagnosis of COPD, which may have included components of
chronic bronchitis and/or emphysema.

Subjects with a minimum smoking history of 15 pack-years

Subjects with a Medical Research Council (MRC) Dyspnea Scale Score >2.

Subjects with a baseline FEV1 <65% of predicted normal value and >0.7 L documented
prior to randomization.

Subjects with an FEV 1/forced vital capacity (FVC) ratio <70% documented prior to
randomization.

Subjects with a chest x-ray that was consistent with the diagnosis of COPD and taken <3
months prior to Visit 1. If there was not chest x-ray taken 3 months prior to Visit 1, a
chest x-ray was performed prior to Visit 2. This requirement was waived for subjects who
participated in 091-050 or 091-051.

Notable Exclusion Criteria

The following individuals were ineligible for study participation:

Female subjects who were pregnant or lactating.
Subjects who were currently using disallowed medications or were unable to complete
the medication washout periods.

Subjects with life-threatening/unstable respiratory status, including upper or lower
respiratory tract infection, within the previous 30 days prior to Visit 1.
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* Subjects who had a change in dose or type of any medications for COPD within 14 days
prior to the screening visit.

* Subjects who were scheduled for in-patient hospitalization, including elective surgery
(in-patient or out-patient) during the trial. \

¢ Subjects with clinically significant abnormal laboratory values (hematology, blood
chemistry, or urinalysis) at Visit 1.

* Subjects with a known history of asthma or any chronic respiratory disease (including a
current history of sleep apnea) other than COPD (chronic bronchitis and/or emphysema).

® Subjects with a blood eosinophil count >5%.

* Subjects with clinically significant cardiac, hepatic, renal, gastrointestinal, endocrine,
metabolic, neurologic, or psychiatric disorder that may have interfered with successful
completion of this protocol.

* Subjects with a history of cancer except non-melanomatous skin cancer. Subjects with a
history of cancer that was considered surgically cured and without a recurrence within the
past 10 years were allowed to participate. History of hematologic/lymphatic malignancy
treated with chemotherapy or radiation was not allowed.

® Subjects with a history of lung resection of more than one full lobe.

* Subjects who required continuous supplemental oxygen therapy (unless subject resided at
elevations of > 4000 feet). The use of supplemental oxygen, not to exceed 2 L/min, at
nighttime only and/or only during exercise was allowed.

* Subjects with a known sensitivity to arformoterol, ipratropium, salmeterol, or albuterol,
or any excipients contained in any of these formulations.

* Subjects with clinically significant abnormalities that may have interfered with the
metabolism or excretion of the study drug (e.g., abnormalities of the renal, hepatic,
metabolic, or endocrine function).

* Subjects with a history of substance abuse or drug abuse within 12 months of Visit 1 or
with a positive urine drug screen at Visit 1.

* Subjects with clinically significant abnormal 12-lead ECG that may have jeopardized the
subject’s ability to complete the study.

* Subjects using any prescription drug for which concomitant Beta-agonist administration
is contraindicated (e.g., Beta-blockers).
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Study 091-060: Disallowed Medications

Disallowed Medication . Withdrawal Time Prior tp Visit 1
albuterat 26 hours and study duration*
ipratropium 26 hours and study duration®
Combivent® 26 howrs and study duration
levalbuterol 28 hours and study duration
pirhuterct 28 hours and study duration
salmeterol {or any inhaled long-acting bronchodilator) | 224 hours and study duration
controlled release theophylline preparations 248 hours and study duration
cromolyn sodium and nedocromil sodium >7 days and study duration
Foradit® (formoterol finmarate) =10 days and study duration
methylphenidate HCT =30 days and study duration
meonoamine oxidase inkibitars 230 days and study duration
trieyclic antidepressants 230 days andd study duration
proteage mhibitors 230 days and study duraticn

* with the exception of use as directed in the event of worsening COPD

If the subject required one of the disallowed medications in the table above during the study, the
subject was discontinued from the study and completed an Early Termination Visit.

Study Design and Conduct
The Study schedule is summarized in the following Tables.
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Study 091-060 Schedule of Assessments [clinstaticopd|091-060, p. 29]
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Week Fto-5 Tio-5 1182 3 | 485 & |78 | @ 01, ) 13 19| 28| 32 { 39
days days 2
ASSEESEMFNTS
Enfoemad conseat ] X X
Inchwion’exclusion criteriz X X
{paview)}
Priot/conconitant X X { X X X X X X
medications
Medica/COPD history X
COPD svaptoms
Medical Kasearch Comneil X
EC) Diysprias Seale
Haseltue Diyspnea Index X X
{BDY .
Chest xray® X
Revarsthiliiy testing X X
{albutersi}
Sertal spdrometny’ X X X X X
Ricord PEFSL X
Phyzieal exsminations X X
Warght/hetght X X!

*Visit 1 screen was alss required for subjects who exaupleted Stadies 091-050 or (91051 21 menth pier to participaging in Stady 391 -060.

* Randommization cerured st Visit 2.

* Wamen of childbearing potential were aleo paqurived o siga the Women of Childbaaring Potential Addendmn,

* Subjects who dGd not participate in Stndies 091-050 0r 091-031 had these assessmants dnne 2t Visit 1. Bnd of study procedures, from: the previous COPD studies (Stadies
multi have served as baseline asvessments at Visit 1. BDE S crossover wuibjects taken from Visit 2 of the givotal shudy. The utine dnigsereon was dove at Vist 2 ifthe
peziinme.

* & chest meray was required i one had ot been perfamusd <3 manths prior to study eniry; 3 chast ray was sot raguired for subjects previonsly enrolled in Shadies 0910

f PPTs were preformad duzing Visits 2, 6, 7, 8, and 8 pradoze, immediately postdose, and 2t 1.2, 3, and 4 howrs postdoza,
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Schedule of Assessments (continued)

= B B b & 2
) or ) ] & 2 4 3 2 3
Visit 1 Vit 1 L % & & =] o ]
Sovean Sazenfor | B 5 ‘g £ g § 5
{Visit 8 in a5 nove § 2 2 g = % 2
previous Subjects* a, = = - o b o
st : = = = = : =
) % 2 B 3 3 i 3
-~ - = = = - -
Week Tto-3 TS 0 [ 1&2 | 3 [ 4&3 | 6 [ 7&8 | o [wan | 13| 9] 28 | 37 | 39
days days 12
ASSESSMENTS
Vitsl signs (BF, HE, RR, oral X x X X X x X X X
temnperaturs)
F3-lead BCG x ol pA X 4 X X X X
Attarhiremsove 34y Holbsr X X X X X
miond
Clinies] Bbovatory X : X! X X X b4 X Xz X
evzbnations {bloodAniney :
Ghacose and potassium x = X X X X X X X
lavels™
Serum theophyvBine levels® X i X X X X X X X
Lhine dmz soreen Xt hid X
Serum BACG X Py
F5H level (if applicable)” b
Uhine prepoancy tesf X

Vital sigms were obtained ones at Visits 1,3,4,5, and 19, and predose, immediately postdose, and I, 2. 3, and 4 howrs postdose at Visits 2, 6, 7,8, 2nd 9.

3 BOG was performeed once 2t Visits | and 10, and predose and 2 hows postdose at Visis 2 fhrough 9.

¥ The Holter monitor was placed at Visit 1 for d novw subjects, and af predose =t Wsits 2, 6, 7, 8, and § for all slgects. Subjects were required to retorn fo the clinie 24 ko
rove aatyects) and at Visits 2, 6,7, 8, and® {for alt subjects) to remove the Holter fa e

* Clinieal labemtory tests were done onee st Visits 1 thromgh 10,

7 Glucese and pofassius kevals were done predose and 2 hows post-first doce at Visits 2, 5, 7, 8, and 9, and once at Visits 1, 3,45, and 10

* Sernm theophylline levels weve obtained {3 the subject was tzking theoplpdline preparations) ence at Visits 1 through 10,

* Sarum FSH for all spphieable women (sze Inclission Criterion 3N

¥ Seqvan B-hC0G and mine prograncy tests fo all women <65 vears of age.
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Schedule of Assessments (continued)

& & & & bed
Visit 1 Visit 1 E| W o 2 @ & &
Sceeen Scresn for -g a § g g B §
(\&51;3 B de il 3 2 g £ g '§ §
previous Subierts® 2, = = = = = =
) g 3 7 E 3 3 z
s e o - > > -
Waek Tto-3 R 9 | I&2 | 3 [4%3 | 6 | 7&8 | ¢ [Wii2 |13 | 10 [ 26 [ 32 | 32
days days

ASEFSSMENTS

PK bleod sample® X X

Adwinister study medication b4 X X X X X X

Dispanse study medication X X X pA X X X

Ba{dispenss) supplemental/ X p X X X X X X X

rescue medication a3 neaded :

Dispensefecllect COPD X X X X X X X X X

guestionnzize’

Enspenseicollect Medieal X X X X X X X X X

Event Calendar

Dispenseienllect PEF/study X X X X X X X X X

drugresme med logs

EnbjectTnveshzator Globat ' p

Evaluations’

Transitionz} Dyspoes Index

{EB0

5t Georga®s Hospital X X

Respirzstory Questionnaire

Aszzess adverse svonts T X X X X X x X X

Telephone comact® X X X X X X

“One plasmz saple foo PK anslysis was collected from subjects pre-first dose and 2 heags after sindy dmg adminizization at the randomyization vist {Wisit 2) and 26 =n inte
ouce at the End of Shedy wisdt

" U0PD questionnaires was complated by the sulject 32 homs in the nwening fupon rising and in the evening {prior fo badtime)} for the 2 days prior to Visits 2 fhmough 9.

* Tha Subject and Investizator Global Evalnations were dona at separate imes and with na knowledzr on the par of the Investigator of fhe Subfects ratngs. The sulgect o
at the heginning of the study visit; the Fovestigator completed their avahuation afier review of medical history and concomitant rosdications, physical examination, snd PE

* Onzoing adverse events at the end of study visit for cogoing Sepraser COPT studies (i spplicatls) were recorded 25 basaline medical conditions for Study (191060,

* Telephoue cordact betwean visits were conducted divectly with the subjact.

Study participation consisted of a total of ten visits over12 months. Study participants consisted
of subjects who previously completed one of the pivotal studies (019-050 or 091-051) (i.e.,
rollover subjects), and subjects who did not previously participate in 091-050 or 091-051 (i.e., de
novo subjects). ‘

For Screening (Visit 1) procedures, the End of Study assessments from the previous COPD
studies served as the baseline assessments for subjects who rolled over into. the study after
completion of one of the two pivotal trials (091-050 or 091-051). De novo subjects and subjects
who completed Study 091-050 and 091-051 but enrolled >4 weeks after study completion had
screening visit assessments completed at Visit 1. Period I (Visits 2-9) was a 12-month open-label
treatment period wherein subjects were randomized in a 2:1 ratio to arformoterol 50 pg QD by
nebulization or salmeterol 42 pg BID by MDI. During Period II (End of Study; Visit 10),
subjects returned for an End of Study evaluation 3-7 days after Visit 9.
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At Visits 3, 4, and 5, all subjects remained in the clinic for approximately 2 hours for safety
evaluation and received their morning dose of study medication in the clinic. Vital signs were
obtained prior to dosing at each visit. At Visits 2, 6, 7, 8, and 9, all subjects remained in the
clinic for approximately five hours and received their morning dose of study medication in the
clinic. Vital signs were obtained and pulmonary function tests (PFTs) were performed predose,
-immediately postdose, and at 1, 2, 3, and 4 hours postdose. Twenty-four (24)-hour Holter
monitoring was performed at Visits 2, 6, 7, 8, and 9 for all subjects, and also at Visit 1 for de
novo subjects. Standard 12-lead electrocardiograms (ECG) were performed once at Visits 1 and
10, and predose and two hours postdose at all other visits. Blood for pharmacokinetic (PK)
analysis was collected predose and two hours postdose at Visits 2 and 7, and once at Visit 10.
Clinical safety laboratory tests were done at every visit. The subject’s COPD questionnaire,
medical event calendar (MEC), and the peak expiratory flow (PEF)/study drug/rescue medication
logs were reviewed.

Subjects were contacted by telephone at Weeks 1, 2, 4, 5,7, 8, 10, 11, 12, 19, 32, and 45
(between study visits) to confirm adherence to and proper administration of study medications, to
inquire about any adverse events and use of any concomitant medications, to remind subjects to
complete the medical event calendar (MEC), study drug/rescue medication logs, peak expiratory
flow rate (PEFR), and COPD questionnaire, to remind subjects to withhold the use of disallowed
medications, and to confirm the next clinic appointment. An unscheduled visit could have been
conducted between clinic visits if the subject experienced a significant or serious adverse event.
An early termination visit was conducted if the subject was withdrawn from the study after Visit
2 or prior to completion of all study visits. For standardization, all study visits for each subject
were scheduled to begin between 6 AM and 9 AM.

All study medications were self-administered (by nebulization or by MDI, depending on the
assigned study medication) by subjects except during the in-clinic treatment visits (Visits 2, 3, 4,
5,6,7,8,and 9).

A study schematic is shown below.

Study 091-060: Study Schematic
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Concomitant Therapies

The following medications were allowed under the specified conditions:

Oral and inhaled corticosteroids and xanthines were allowed at study entry and for the study
duration as long as the regimen was stable for at least 14 days prior to entry and during the
subject’s participation in the study. Subjects on concurrent oral corticosteroids at study entry
were required to be taking <10 mg/day of prednisone or equivalent.

Three, 14-day courses of oral corticosteroids separated by at least 6 weeks could have been
administered at a maximum dose of 40 mg/day. The decision to initiate or continue a course of
oral corticosteroids was at the Investigator’s discretion. If possible, in the case of a COPD
exacerbation, FEV1 was measured before initiation of corticosteroid therapy. Subjects who
required oral corticosteroids for more than 14 consecutive days and/or required >40 mg/day, or
required any additional courses of oral corticosteroids was required to discontinue from the study
(unless a special approval was granted).

Subjects who were maintained on a stable dose (at least 14 days prior to Visit 1) of a short acting
theophylline (BID or TID regimen) or who were using such drugs intermittently at a stable dose
were allowed to continue their regimen for the study. However, the subject was to avoid the use
of a short-acting theophylline for at least 24 hours before Visits 2, 6, 7, 8, and 9. Once-a-day
controlled-release theophylline preparations were not allowed during the study. '

Subjects who were maintained on a stable dose (at least 14 days prior to Visit 1) of leukotriene
inhibitors were allowed to continue their regimen for this study. However, the subject was to
avoid the use of leukotriene inhibitors for at least 24 hours before Visits 2, 6, 7, 8, and 9.

Subjects were required to withhold Beta-agonists within 6 hours of pulmonary function testing

and during the in-clinic treatment days. Other concurrent medications were permitted on a case-
by-case basis and at stable doses for a minimum of 30 days prior to Visit 1.

133



Clinical Review

Anthony G. Durmowicz, MD
NDA 21-912

Arformoterol

No concurrent medications (including over-the-counter products), other than those meeting the
above requirements, were permitted without prior approval.

Data Analysis

Study 091-060 was primarily a safety study with all efficacy analyses considered exploratory.
Statistical methods were not used in determining sample size.

There were two populations in the study: the all subjects randomized population (RND) and the
intent-to-treat (ITT) population. The All Subjects Randomized population (RND) was defined as
those subjects who were randomized to open-label medication. All listings were performed using
the RND population. The Intent-to-Treat population (ITT) was defined as those subjects who
were randomized to treatment and received at least one dose of study medication. All safety and
efficacy analyses were performed on the ITT population, according to treatment assigned.

No inferential testing was performed; summary statistics only were provided for all analyses by
treatment group.

For continuous variables, statistical summaries included the number of subjects, means, standard
deviations, medians, 25th percentiles, 75th percentiles, maxima, and minima. For categorical
variables, statistical summaries included counts and percentages.

All change from visit predose calculations had the visit predose value subtracted from postdose
values. All change from study baseline calculations had the study baseline values subtracted
from the post-study baseline values.

Unless otherwise indicated, all tabular and graphical summaries were performed using the ITT
population (by treatment group), and all data listings contained all randomized subjects.

Disposition of Subjects

Subject disposition for the ITT population is summarized in the Table below. A total of 799
subjects were randomized. Subjects who completed the pivotal trials (091-050 and 091-051)
prior to participation in Study 091-060 (rollover subjects) comprised 65.5% of the arformoterol
50 pg QD group, and 58.9% of the salmeterol 42 pg BID group. Approximately 90% of rollover
subjects in both groups began participation in Study 091-060 immediately upon completion of
the prior study. Of those subjects who did not begin Study 091-060 immediately, the median
time between the end of the prior study and the beginning of Study 091-060 was 16.0 days in the
arformoterol group, and 18.0 days in the salmeterol group.

Of the 793 ITT subjects enrolled in the study, 468 (58%) completed through Visit 10 (52 weeks
of treatment), with similar rates of completion for both the arformoterol 50 pg QD and
salmeterol 42 pg BID groups. Of the 325 subjects who did not complete the study, half (163
subjects; 50.2%) discontinued due to adverse events. The rate of discontinuation due to adverse
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events as reported on the study termination form was higher in the arformoterol 50 pg QD group
(118/528; 22.3%) than in the salmeterol 42 pg BID group (45/265; 17.0%).

Reviewer's Comment: While there were a jew more cardiovascular ALy that lead fo
discontinnation if the arformoterol group (6.1% vs 4.2% for the salmeterol group), the main
reason Jor the icreased discontinuations in te arformoterol group was a greater number of
patients with tremior listed as an AE (4. 5% for arformoterol vs 0% jfor salmerterol). [7able

123 1.3 7, clinstatlcopd|097-060.pd) pp. 729-307

Abpe |
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Study 091-060: Subject Disposition

Treatment Cronp
Asformoterol Satmetersl
50 uz OB 42 yz BID:
N=532 N=2&7
o (84) B {3)
Number of Subjectsin 17T Popelation R0 365 (99.3)
Namber of Subjects Completing #
iz 2 (Wesk ) 522 [59.3) 265 (100
Visii 3 (Wesk 1) 75 (@00 EXEATENN]
isht 4 (Wesk 43 : IR T34 (3.3
Wizt 5 (Weak ) FENYEE 225 (83.3)
Wit § (Week 13} IBED 15 LY :
Wisit 7 (Wenk 26 A8 723 RS B681‘ POSSIb|e Copy
Yisit 8 {Whask 30% 337 {63.8) 170343 ]
Visit 9 (Week 32} 304 (57.5) 161 (0.8
Wikt 1 {Eud of Study) 307 RO 161 (50.3)
Namber of Subjects Withdravwing Post-Rangomizahior) B 0% (305
Renson for Post-Randomization Withdrareal Pt
Adverse avent DR B
T p—— WA S04
Sailyject volutarily withdoen 33 (100} 27 {32
Lost to folow-ap T )
Did a0t meet eoty critenn PTE) EYE)
Ot 55 BEN

U} Darcantapes were based on the manaber of subjects Tandemmized.
1% Parcemtages wara basad o the mamber of subjacis in the ITT pepulaticn.
1 Thres subjects who completed Visit 10 {End of Study) 45 not havs a Visit § but compiatad the Study.

Important Protocol Deviations

The definition of important protocol deviations was prespecified. Important protocol deviations
were applicable only to the ITT population.

Important protocol deviations were reported for 212 subjects (26.7%) at least once during the
treatment period. The distribution of protocol deviations was fairly even between the
arformoterol and salmeterol groups. The most common important protocol deviations in both
dose groups were disallowed concurrent medication, did not meet inclusion/exclusion criteria,
and other important protocol deviation. For rollover subjects from the pivotal trials, review of
inclusion/exclusion criteria from the pivotal trial was used in the determination of important
protocol deviations. The most common inclusion/exclusion criteria for roll-over subjects that
resulted in important protocol deviations were failing to have a FEV1/FVC ratio <70% or a
blood eosinophil count <5%. For de novo subjects, failing to have a baseline FEV1 <65% of
predicted and >0.7 L, or failing to have a FEV1/FVC ratio <70% were most common. Of the 28
subject who did not satisfy pre-randomization pulmonary function criteria, 13 had FEV1 values
that were below the protocol specified minimum of 0.7 L, five had FEV1 values that were equal
to or greater than the highest allowable percent predicted value (65% predicted).

The most common disallowed medications determined to be important protocol deviations were
levalbuterol (Xopenex), Theophylline QD, Theo-Dur, Maxair, and Combivent. Some of the 71
deviations in the “other” important protocol deviation categories identified by review of the
Investigator comments may have been cited in other categories, such as inclusion/exclusion
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criteria or disallowed medications. The other important deviations not already discussed were
primarily related to positive drug screens. The following Table lists and summarizes the defined
categories of important protocol deviations by treatment group.

Reviewer's Comment: 7The ppes of imporiant profocol deviations and the even distribution
across rreanment groups were such Hiat they would not significantly impact the oulcome of tie
Sy,

Study 091-060: Important Protocol Deviations /7z4/e. 70 2-7, clinstaticopd|09/7-060,pa)7

Treatment Group
Arformotersl Sahneterol
50 ug QD 42 pg BID
N=528 N=265
Frotocol Deviation u (3%} n (84)
Zny Important Protecol Deviation 143271 : 522600
Diid not meet lnclusiondExclusion Criteda 46 (8.7) 270102
Stady Medication Complisnce <70% 26 (4. 18¢07.2)
Disallowed Cononrrent Medication 47 8.9} 238N
{Other Important Protocel Devistion 49 {9.3) 2EH

NOTE: Subjects may bave had tmportant protoco] violsBons in nacre than one category.

Concurrent medications use during the screening period was 93.9% in the arformoterol 50 ug
QD treatment group and 91.3% in the salmeterol 42 pg BID treatment group. The types of
concurrent medication taken by subjects in both groups reflect a study population with
significant co-morbid conditions, including hypertension, diabetes, cardiac disease, and high
cholesterol. More subjects in the arformoterol 50 pg QD group than in the salmeterol 42 pg BID
group were using cardiac therapy drugs (5.3% and 3.8%, respectively), drugs for acid reflux-
related disorders (26.9% and 15.5%, respectively), bronchodilators (41.5% and 37.0%,
respectively), drugs for diabetes (6.8% and 2.3%, respectively), and serum lipid lowering agents
(23.3% and 17.7%, respectively). Systemic corticosteroids (not including inhaled corticosteroids)
were used by 2.8% of arformoterol subjects and 5.7% of salmeterol subjects, with the majority
being oral prednisone (2.5% and 3.8% in the two groups). Approximately 24% of arformoterol
subjects and 19% of salmeterol subjects were using inhaled corticosteroids at baseline [Table
10.3-1, clinstat\copd\091-060.pdf, p. 87] ’

Medications were initiated during the treatment period in 83.0% and 81.1% of subjects in the
arformoterol 50 ng QD and salmeterol 42 pg BID treatment groups, respectively. In general, the
majority of agents initiated during the treatment period were agents used to treat the underlying
co-morbid medical conditions. The initiation of systemic corticosteroids, obstructive airway
agents, and antibiotics during the treatment period was primarily used in the treatment of COPD
exacerbations. Systemic corticosteroids were initiated during the treatment period by 27.8% of
arformoterol subjects and 22.6% of salmeterol subjects. The rate of initiation of inhaled
corticosteroids during the treatment period was low (approximately 5% for both groups). A
slightly higher percentage of subjects in the arformoterol group (3.0%) compared with the
salmeterol group (1.5%) required treatment with a diabetic agent. [Table 10.3-2,
clinstat\copd\091-060.pdf, p. 88]
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Past medical history or ongoing medical conditions were reported by 99.2% of subjects in the
arformoterol 50 pg QD group, and 98.9% of subjects in the salmeterol 42 pug BID group. Overall
rates of these medical history events were comparable in the two groups. Specifically, the
presence of cardiac disorders, including cardiac arrhythmias and coronary artery disorders,
hypertension, and nervous system disorders were much the same in the arformoterol group as the
salmeterol group. Headaches were reported by more subjects in the arformoterol group (31.1%)
compared with the salmeterol group (17.7%). [Table 10.4-1, clinstat\copd\091-060.pdf, p. 89-91]
Reviewer's Comment: 7he data presented support the jact tal the study population was
balanced between treatment groups with respect o profocol deviations, medication use, and co-
morbid conditions.

Study Demographics

The following table summarizes the subject demographics for the ITT population:

Study 091-060: Summary of Subject Demographics /7zé/c 7727, clinstaticopd 09/-060,p4)

Arformoterol 50 pg QD Salmeterol 42 yg BID
MN=528 {(N=165)
_ n 528 265
Age {years) Mean (SD) B3.6(25) 64.7(8.3;
Famale 224 {42 4) 102 (3R.5%)
Gender n (%%) Male 304 (37.6%) 153 {61.5%)
Asian 2 {D.4% 0
Black 21 {4.0%) 4{1.5%
Race n {3%) Caucatian 300 (94.7%) 261 9B5%)
Hizpanic 1 {.3%) 0
Other 4 {0 8% L]
(] 522 263
Height (in} Mean {3D) 66839 672(41)
. n 522 261
Weight {Ih.) hfean {SD)} 1781 {42.43 1264407

NGTIE:  Forrollover subjects, data were obtsined from the prior pivotal study’s Visit 1, with the exception of weight,
which was obtained from the prier pivoetal study’s Visit 8.

Reviewer’s Comment: The mean age of subjects in the 2 groups was about the same. Similar to

the pivotal studies, there was a dearth of subjects from ethnic backgrounds other than

Caucasian.

The following table summarizes the reSpiratory baseline characteristics for the ITT population:
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Study 091-060: Baseline Respiratory Characteristics /7zs/e /7.2-2, clinstaticopd|097-060,pdf]

Arformoterct 50 u=z QD Salmeterel 42 |z BID
{N=528) {N=265)
Visi 2 Predose FEV, (liters) | 2 332 264
Meaz (5D) 1.15(043) 111043
Visit 2 Predose FEV,, Percent |- 522 264
of Predicted Mean (SD) 3888 (12.82) 37.60{1331)
Visit 2 Predose 3 312 264
Best FEYy/Best FVE Batio 95) | Mem (5I) 49,20 (16.08) 47.63 (9.88)
20 to <3 Years 265 (50.8) HO(52.8)
25 to0 <10 Years 135 250 TR
COPD Duration n {(%6) 10 fo <15 Years 57027 HED
215 Years S0 (113) 38 (105}
21519 <25 8 16(3.8)
Puckoyears Smobed u (36} 225 to <30 21 {4.6} B(7)
=30 466 (88.3) 236 (89.1)
Mot Curpent Smoker 293 (55.5) 131 (57.0)
2010 1 Pack 122 (23.0) 60 (22.6)
Packs per Day Smoked n {383 | 21 10 <2 Packs T7(14.6) 354136
22 to =4 Packs 35 (6.6) 18(6.8)
4 Packs 1102 )
Baseline Steroid Use® oS - 193 (36.5) 80ELY
Bazeline Oxygen Use o 26 (4.9} 52.3)

WOTE: For rllover subjects, data were ohtamed from the prior prvotal stedy’s Visit I, with the exnceplion of weight,
which was chizmed from the pricr pivetal stady’s Wisit B
¢ Inchudes subjects recetving systemic sieroids {oral, inhaled, totravenows, iubranmsealar) at baseline.

The above data indicate that the subjects in each group had moderate to severe COPD. There was
a slightly higher percentage of subjects using systemic steroids and oxygen at baseline in the
arformoterol 50 ug QD group (36.6% and 4.9%, respectively) than in the salmeterol 42 pg BID
group (31.7% and 2.3%, respectively).

Approximately 94% and 92% of subjects in the arformoterol 50 pg QD and salmeterol 42 pg
BID groups, respectively, were compliant with treatment, as defined by compliance rates
between 80% and 120% during the treatment period.

Analysis of Efficacy

Study 091-060 is an open label, active comparator safety study. All efficacy endpoints were
exploratory in nature. No inferential testing was performed; summary statistics only were
provided for all analyses. Although no formal evaluation for equivalency in the treatments was
made, nevertheless, one would expect that with similar baseline demographics, the arformoterol
group would perform similarly to that of the salmeterol group. Following is a brief summary of
relevant efficacy findings.

e Both arformoterol 50 pg QD and salmeterol 42 pg BID improved predose FEV1 (i.e.,
trough) values to a similar extent, compared with study baseline. The percent change in
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predose FEV1 from study baseline was 5.9% in the arformoterol group, and 6.2% in the
salmeterol group at Week 52.

e Subjects in both the arformoterol and salmeterol groups demonstrated improvement in
mean FEV1 peak percent change from visit predose over four hours post-dose over the
treatment period. The improvement ranged from 24.9% to 36.6% in the arformoterol 50
ug QD group, and from 14.4% to 26.2% in the salmeterol 42 pg BID group.

e Peak percent predicted FEV1 over four hours ranged from 49.8% to 51.7% for subjects in
the arformoterol 50 ug QD group, and from 43.8% to 45.9% for subjects in the salmeterol
42 ng BID group over the treatment period.

e Mean morning and evening at-home average PEFR values were improved in both groups
compared to mean baseline values observed in the clinic prior to administration of study
drug.

e Daytime COPD Symptom Ratings showed very slight, clinically insignificant increases
in change from screening in symptom-free days/week during the 52 weeks of treatment
duration with 0.2 days/week for the arformoterol 50 pg QD group and 0.1 days/week for
the salmeterol 42 pg BID group.

e For both treatment groups, there was a slight increase in the mean change in number of
symptom-free nights/week compared to screening for nocturnal awakenings over the
treatment period. The increase in symptom-free nights/week for nocturnal awakenings
was 0.5 nights/week for the arformoterol 50 pg QD group and 0.1 nights/week than for
the salmeterol 42 pg BID group.

e Ipratropium bromide use declined by 1.3 and 1.4 days per week in the arformoterol 50 pg
QD and salmeterol 42 pg BID groups, respectively.

¢ Racemic albuterol use declined by 1.1 and 0.9 days per week in the arformoterol 50 pg
QD and salmeterol 42 pg BID groups, respectively.

Over the course of the study, the St. George Hospital Respiratory Questionnaire scores decreased
by 0.7 and 0.8 in the arformoterol and salmeterol groups, respectively. Similarly, the transitional
dyspnea index improved by 1.0 and 0.7 in the arformoterol and salmeterol groups, respectively.

Efficacy Conclusions

This was an open-label safety study of arformoterol 50 pg QD using salmeterol 42 pg BID as an
active comparator. Subjects participating in this study had moderate to severe COPD and
significant co-morbid medical conditions. Study populations were balanced with respect to the
severity of pulmonary disease and co-morbid conditions between treatment groups. Important
medical history included known cardiovascular disorders (20% to 22% of subjects), and/or
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significant risk factors for cardiovascular disease, hypertension (37% to 39%), diabetes mellitus
(8% to 11%), lipid disorders (20% to 24%), and smoking history (100%). No inferential testing
was performed and, therefore, no formal evaluation for equivalency between arformoterol and
salmeterol treatments can be made. However, as would be expected from the fact that
arformoterol is an enantiomer of the well-characterized and marketed LABA, racemic
formoterol, it appears that the arformoterol 50 ng QD group performed quite similarly to the
approved comparator medication, salmeterol 42 pg BID group with respect to effecting
improvement in pulmonary function and quality of life parameters.

Safety Review

The safety findings from this study will be reviewed in depth in the Integrated Review of Safety
section of this Medical Officer Review. Brief observations are described below.

The duration of exposure, total number of doses administered, cumulative dose received, and
days on medication are summarized in the following Table.

Study 091-060: Extent of Exposure (ITT Population) /7z4/e 72 7-7, clinstaticopd09/-060,p2)

Treatment Groap
Arformoterol Salmeterol
B3 ug QD 42 pg BID
N=528 N=265
Duration of Exposure
<3 months 29 {i8.8) 50(18.9)
<3 days 16 (3.0) 726}
22 dzys but ©3 weeks TGH 11432
23 waeks but <6 weeks 18{3.4) 234
26 weeks but <9 wesks 17(3.2) . 4(15)
28 weeks bt =13 wesks 21(3.0) BED
23 but <6 moushs 46 {8.7) A0H
26 but <9 months £7(8.9) 18{6.8)
20 but <12 wiontlis 133252 T 288
%9 weeks buf <48 weeks 25047 2E5D
248 weeks but <49 weeks 3¢0.6} 104
239 weeks buf <30 weeks 204 154}
250 weeks buf <51 weeks 1223 4{1.5)
231 weeks but <52 weeks 91(172) 33208}
212 months 3 (38.4) 185 (39.6)
Total Number of Doses Administered )
n 528 285
Mean (SD} 2300(133.1) 5283 (262.1)
Cumulative Dose Received {ng)
n 528 265
Mean (SD) 12947.7 (6736.8) 32189.6 (11067.3}
Days on Medication
n 528 263
Mean (SD) 2664 (133.4) 2738 (1319

The mean number of days that subjects received study medication was similar in the
arformoterol 50 pg QD (266.4 days) and salmeterol 42 ug BID (273.6 days) treatment groups. In
addition, a total of 383 subjects had arformoterol 50 pg QD for at least 6 months of exposure,
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and 308 completed 12 months of exposure (defined as >49 weeks of exposure). Adverse events
reported in > 2% of subjects in either treatment group are summarized in the following Table.

Study 091-060: Adverse Events Reported in >2% of Subjects in Either Treatment Group

During the Treatment Period /7zb/c /2.2 2-7, clinstatlcopd|097-060. paf]

Arformoterol Salmeterol
Sdng QD 42 ng BID
{(N=528} (N=265)
Subjects Events Subjects Events
n {%5) n n 5} n
ALL ADVERSE EVENTS 478 §96.5) 2543 234 (88.3) 1113
BODYY AS AWHOLE
Abdorsins] Pain B34 20 3430 2
Agcidental Injury 53{10.0} 58 MAALD 37
Asthenia 234D 27 153.8) 36
Back Pain 3464y 30 19{75 23
Cheet Pain 40 (7.6 47 133D 28
Fever 16 (3.0 21 104 1
Fluz Syndrome 20 (38 21 15035 13
Hesdache SEX LN T 93 23{8.7 a5
Meck Pain 1732 20 2408) 2
Pain TE{14.8) 114 32120 44
Viral lnfection 2235 2 17{64) 17
CARDIOVASCULAR SYSTEM
Hyperiension 25 3.8 21 15373 15
Palpitation 408 3 7.6) 7
Ventricular extrasyztoles 205 8 83.0) g
Ventricular tachycardia HEL i1 341 3
DIGESTIVE 5YSTEM
Colitis ST g B3.0) G
Constipation. W0{1% i1 T{2.8) 7
Diamhea 27 (3.1 33 22{83y 2%
Bry Mouth M7 18 2¢0.8) 2
Dyspepsia 20 (3.8 24 11442 12
Gasircenterifis HEeR Y] 11 2 {0.8) 2
Mausez 26 (403 28 1249 13
- Vomiting B34 20 §(2.3) &
TABOELIC AND NUTRITIONAL DISCEDERS
Hyperglycenua T3 7 6{2.3) 7
Hypokalemia 12023 13 4415 4
Peripheral Edema 21 (4.0 23 4¢1.5) 4
MUSCULOSKELETAL SYSTEM
Arthrifig : (3.0 ik 3419 5
Leg Cramps 28(33} 47 5{(2.3) 16
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Study 091-060: Adverse Events Reported in > 2% of Subjects in Either Treatment Group
During the Treatment Period continuned 725/ /2.2 2-7, clinstaticopd|097-060. paf

Arformeterol Salmetersol
Spe QD 42 pg BID
{N=518) (=265}
Subjects Events Subjects Events
n {%6) n n {56} n
ALL ADVERSE EVENTS 478 £98.5) 2543 234 (88.3) 1113
NERVOUS SYSTEM
Depression 11(21) 13 T (L6 7
Dizziness 40 (7.6) 48 T (2.8 7
Hypertoaiz 1223 i3 413 &
Ingomniz B5EAD 25 742.6) T
Nervousness 544D 28 3£ 3
Paresthesiz 13{2.5) 23 2 £0.8) 2
Frener 71{13.4) 51 311 3
RESPIRATORY SYSTEM
Bronchitis 88123 B4 47T 66
OOFD 164 {19.7 147 48 {17.43 64
Cough Increased B{TY 56 3584 34
Dyspnea 2B{33) 13 14433 i3
Epistaxis 1124 12 1{0.4) 1
Infaction 132250 211 2{23.43 93
Lung Dizorder H2n 18 15 5
Pharymgitiz 33{6.3) 38 1433 16
Prneumonia 26{49% 28 114 i
Ehinitiz 53100} 63 28{10.6) 35
Sinusitis 36 {68} 54 A5 27
SKEY AND APPENDAGES
Herpes Zoster 3068 3 726 2
Rasgh 1334 21 6023) 7
UROGENITAL SYSTEM
Hematuria 15 (28} 21 10(3.8) 12
Uninary Tract Infection 23{47 36 13{4.95y i%

The incidence of adverse events during the treatment period was similar in the two groups.
Overall, 90.5% of subjects in the arformoterol 50 ug QD group and 88.3% of subjects in the
salmeterol 42 pg BID group experienced at least one adverse event. The most frequently reported
events (>5% in either of the treatment groups) were accidental injury, back pain, chest pain, flu
syndrome, headache, pain, viral infection, hypertension, diarrhea, leg cramps, dizziness, tremor,
bronchitis, COPD, cough increased, dyspnea, respiratory infection, pharyngitis, rhinitis, and
SINUSItiS /Zable 74.3.1.3, clinstaticopd|097-060, pafy.

The overall incidence of nervous system adverse events was higher in the arformoterol 50 ug QD
group (32.0%) than in the salmeterol 42 pg BID group (15.5%). This difference was driven by a
higher incidence of Beta-mediated nervous system events in the arformoterol 50 pg QD group
compared with the salmeterol 42 pg BID group, including dizziness (7.6% versus 2.6%,
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respectively), insomnia (4.7% versus 2.6%, respectively), leg cramps (5.3% versus 2.3%,
respectively), nervousness (4.7% versus 1.1%, respectively), paresthesia (2.5% versus 0.8%,
respectively), and tremor (13.4% versus 1.1%, respectively). The following Table summarizes
the nervous system related AEs during the treatment period.

Study 091-060: Central Nervous System Adverse Events During the Treatment Period
[72ble 12.3.7.4.3-1, clinstatlcopd|09/7-060. pa)j

Arformotersl Salmeterol
50 12 QD 42 ug BID
1 (%) (a=528) (m=265)
Overall CNS AE Rate 169 (32.0) 41 (15.5)
Mild 95(18.2) 20{15)
Moderate 59 (112) 17 (6.4)
Severe 407D 405
CNS AFs Leading to Discontinustion 33 (6.3} 4(L.5)
Serious CNS AFs 5{09) 1¢0.4)

The incidence of CNS adverse events assessed as severe was slightly higher in the arformoterol
50 pg QD group (2.7%) than in the salmeterol 42 pg BID group (1.5%). Five arformoterol
subjects experienced tremor assessed as severe, compared with no salmeterol subjects.

The incidence of CNS adverse events resulting in study discontinuation was higher in the
arformoterol 50 pg QD group (6.3%) than in the salmeterol 42 pg BID group (1.5%). This
difference was driven by a higher incidence of discontinuation due to Beta-mediated tremor in
the arformoterol group (4.5%), compared with no discontinuations due to tremor in the
salmeterol group [Table 14.3.1.10].

The overall incidence of cardiovascular adverse events was 18.2% in the arformoterol 50 ug QD
group, and 18.9% in the salmeterol 42 pg BID group. The rates of hypertension, palpitation, and
ventricular extrasystoles were higher in the salmeterol 42 pg BID group, while the rate of
ventricular tachycardia was higher in the arformoterol 50 pg QD group. The following Table
presents the treatment-emergent cardiovascular adverse events reported during the treatment
period.

Study 091-060: Cardiovascular Adverse Events During the Treatment Period /724
723 1.4 7-7, clinstallcopd|097-060. pajj

Arformpterol Salmeterol

56z QD 42 g BID
(N=528) (N=265)
Owerslt CV AE Bate (%) RE{18D) Q8w
Ischemic Bvents* 1Hen PRLIS]
Asthytheic Eventst 4485 17(6.4)
CV AEs Leading to Discontinnation (%) 32061 11{4.3
Senions OV Adverse Events 14037 T26)
Sewera OV Adverse Events INREN)’ 7{26)
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Reviewer's Comment: [t does not appear that there was a meaningfil increase in cardiovascular
AL in the arformoterol group. However, ALs associated with the nervous system Such as lremor
and dizziness, while mostly rated mild or moderate in severity, were higher with arformoterol
and are the main reason that 5% more people who recerved arformorerol discontinued from the
stuay due lo an AL See Table /2.3, /1.3, clinstatlcopd|09/-060. paf p/30-7.

The overall incidence of spontaneously reported COPD adverse events was similar between the
two treatment groups during the treatment period, as were the numbers of COPD events assessed
as severe, and those resulting in study discontinuation. There was a slightly higher rate of COPD
events that met the definition of serjous in the arformoterol 50 pg QD group (2.7%) than in the
salmeterol 42 pg BID group (1.9%). The number and percentages of subjects with COPD
exacerbations during the treatment period are summarized in the following Table.

Study 091-060: Number and Percentages of Subjects with COPD Adverse Events During
the Treatment Period /7z4/c /2.3 7. 4.2-7, clinstarlcopd|097-060, paf

Arformoterol Salmeterol
50pg QD 42 pg BID
{N=528) ¥=265)
Oreerall COPD AE Rate 040187 464174
Mild 24504.5) 1038
Moderate 612 3) 30¢11.3)
Severs 4027 ) 8§23
COPD AEs 1eading to Discontimustion 20y 1038
Serious COFD AEs 1437 31,

The proportion of subjects who withdrew due to an adverse event was 22.2% in the arformoterol
50 ug QD group and 17.0% in the salmeterol 42 pg BID group.

One hundred subjects experienced 130 serious adverse events during the treatment period. The

~ incidence of serious adverse events in the ITT population occurring during the treatment period
was 12.7% in the arformoterol 50 pg QD group, and 12.5% in the salmeterol 42 ug BID group.
SAEs were fairly well balanced between treatment groups for all organ systems, including the
nervous system, which had a greater number of AEs leading to study discontinuation in the
arformoterol group.

Reviewer's Comment. This is presumably because, while AFs of tremor and nervousness due lo
arformolerol were signyficant enough 1o resull in witharawing from the study, they did not meer
the regulatory definition of an SAL.

There were five deaths during the treatment period, three in the arformoterol 50 pg QD group,
and two in the salmeterol 42 pg BID group. Subject 0194-S506 (arformoterol 50 pg QD) died of
cryptococcal meningitis 93 days after the last documented dose of study medication. Subject
0197-S503 (arformoterol 50 ug QD) died of a myocardial infarction after 201 days of treatment,
and Subject 0844-5909 (arformoterol 50 ug QD) died of cardiac ischemia after 309 days of
treatment. Subject 0254-S507 (salmeterol 42 pg BID) lung cancer after 20 days of treatment, and
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Subject 0681-S503 (salmeterol 42 pg BID) died of lung cancer three months after the end of
treatment. Narratives for these subjects are provided in cZnssatlcopd|09/7-060, pa) Section
/2327

Clinical laboratory evaluations included hematology, blood chemistry, and urinalysis
assessments; these were collected at Visits 2 through 10 [Weeks 0, 3, 6, 9, 13, 26, 39, 52, and 53
(End of Study or Early Termination)]. Laboratory parameters of interest included serum
potassium and serum glucose because the use of B-agonists has been associated with
hypokalemia and hyperglycemia. During the treatment period, 8.4% of subjects in the
arformoterol 50 ng QD treatment group, and 2.7% of subjects in the salmeterol 42 pg BID
treatment group had serum potassium values that were <3.5 mEq/L two hours after dosing. One
subject in the arformoterol 50 pg QD group experienced serum potassium levels <3 mEq/L.
Overall, 15.7% of arformoterol treated subjects experienced a potentially clinically significant
glucose elevation compared with 12.5% of salmeterol treated subjects.

There were no meaningful changes in mean values over time, or differences between the
treatment groups in the ECG parameters of ventricular heart rate, PR interval, QRS duration, QT
interval, QT¢ interval, or RR interval. '

New ECG abnormalities meeting alert criteria and not present at baseline were reported in 18.4%
of arformoterol subjects and 16.6% of salmeterol subjects. The most common alerts (reported in
>3% of subjects in either group) included 1st degree AV block (1.3% versus 3.0%), bradycardia
(3.4% versus 1.5%), QTc-B >450 ms and 25% change from baseline (4.4% versus 2.3%),
ventricular ectopy (4.9% versus 5.3%), and new T wave inversions (3.0% versus 0.8%).

Mean changes from baseline for Holter monitoring heart rate parameters were similar throughout
the study for both treatment groups. New Holter monitor abnormalities meeting alert criteria and
not present at baseline were reported in 13.3% of arformoterol subjects and 11.3% of salmeterol
subjects. The most common alert (reported in >3% of subjects in either group) included
ventricular ectopy (>6000 in 24 hours; 3.2% versus 3.0%), and VE runs (>4 beats at >80 beats
per minute; 8.5% versus 8.7%). Holter alerts for sustained ventricular tachycardia (runs of >10
beats) occurred in 15 subjects (2.8%) in the arformoterol 50 ug QD group, and five subjects
(1.9%) in the salmeterol 42 pg BID group. The length of the ventricular tachycardia episodes for
the 15 arformoterol subjects ranged from 11 to 32 beats, with all but one episode being less than
30 beats. Three arformoterol subjects discontinued from the study due to the sustained
ventricular tachycardia (one additional arformoterol subject discontinued due to a non-sustained
ventricular tachycardia event). The length of the ventricular tachycardia episodes in the five
salmeterol subjects ranged from 11 to 26 beats. Three salmeterol subjects discontinued from the
study due to the ventricular tachycardia.

Safety Summary
This study was a multicenter, open-label, randomized, active-controlled, parallel-group, long-
term safety evaluation of arformoterol in the treatment of subjects with chronic obstructive

pulmonary disease. The primary objective was to obtain long-term safety data following
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treatment with arformoterol 50 pg QD over a period of 12 months in this subject population. In
this study, 383 subjects completed at least 6 months of exposure to arformoterol, and 308
subjects completed at least 12 months. The marketed LABA, salmeterol, given at the approved
dose, was used as an active comparator. As the 50 pg QD dose of arformoterol is over 2 times
the proposed dose of 15 ug BID, the salmeterol group is important in that it establishes a
baseline level of side effects/adverse events in the indicated COPD population to which the high
dose arformoterol group can be compared. : '

The sponsor is correct in concluding that the overall incidence of adverse events, including
cardiovascular events and COPD exacerbations, was similar between treatment groups.
However, there was clearly a higher incidence of Beta-mediated adverse events related to the
CNS such as tremor and dizziness that resulted in more subjects dropping out of the study due to
adverse events (6.3% vs 1.5% for arformoterol and salmeterol, respectively). In addition Beta-
mediated decreases in serum potassium and increases in serum glucose were more frequent in the
arformoterol group than salmeterol group.

Three deaths were reported in the arformoterol group, of which two were cardiac ischemic
events. Both were elderly subjects with cardiovascular risk factors present at study entry. There
were 2 deaths reported in the salmeterol group, both due to lung cancer. Overall, however, the
number of deaths reported in this study is not unexpected. In information supplied by the
sponsor, based on approximately 583 person-years of total exposure time during the treatment
period, the National Vital Statistics report for 2003 estimate of 900.4 deaths/100,000 person-
years for Caucasians 55 to 64 years of age (slightly younger than the mean age of the study
population) would predict 5.25 deaths for this study.

In conclusion, high dose arformoterol (50 pug QD) possessed a clinically significant increase in
treatment related side effects than salmeterol given at the standard indicated dose for COPD.
These were related to increased CNS effects due to excess Beta receptor stimulation rather than
direct cardiovascular side effects. Overall, the safety profile of 50 ug QD of arformoterol would
not, in my opinion, be adequate to support approval of that dose for clinical use. However, the
use of high dose arformoterol in this safety trial demonstrates that there do not appear to be
increases in side effects seen with R-formoterol that would not be predicted based on the
mechanism of action of formoterol and clinical use of racemic formoterol.
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Study 091-026: Multi-Dose, Dose-Ranging Study

Title of Study: A Double-Blind, Randomized, Multicenter, Two-Part, Parallel-Group, Dose-
Ranging Study of Twice-Daily and Once-Daily Arformoterol in the Treatment of Subjects With
Chronic Obstructive Pulmonary Disease (COPD).

Design

This was a double-blind, multicenter study 2-part study parallel group dose-ranging study of the
efficacy, safety, pharmacokinetics (PK), and pharmacodynamics of arformoterol when
administered at doses of 5, 15, and 25 pg BID (Part A) or at doses of 15, 25, and 50 ug QD (Part
B) to subjects with COPD. Part A and Part B of the study each constituted 1) a 7 = 1-day, single-
blind, placebo run-in period, 2) a 14 + 4-day randomized, double-blind treatment period during
which the subjects received treatment with arformoterol (either BID in Part A or QD in Part B)
or placebo (either BID in Part A or QD in Part B), and 3) a 7 + 1-day washout period. The same
subjects participated in both parts of the study. Randomization in Parts A and B was done
independently.

Duration
The duration of active treatment was 14 days for both Parts A and B. The study was performed
during the period of October 2, 2003 to May 5, 2004.

Study Centers
The study was conducted at 31 US centers in the following states: CA, FL, GA, KS, LA, NC,
NE, NJ, OH, OR, PA, SC, TX, and WA.

Population

A total of 215 subjects with relatively stable, moderately severe COPD were randomized into
Part A of the study (54, 54, 54, and 53 subjects in the placebo and arformoterol 5, 15, and 25 pg
BID groups, respectively) and 191 re-randomized into Part B of the study after a 7 day washout
period and 7 day placebo run-in period (49, 48, 47, and 47 subjects in the placebo and
arformoterol 15, 25, and 50 pg QD groups, respectively).

Treatments Administered

Each study subject was randomized to receive arformoterol tartrate inhalation solution in unit
dose vials (UDVs) at doses of 5, 15, or 25 pug or placebo BID (Part A) or 15, 25, or 50 pg or
placebo QD (Part B). Arformoterol solution was delivered via a PARI LC PLUS nebulizer and a
PARI Dura-neb 3000 compressor.

Treatments/Materials

The blinded study treatments were:
e Arformoterol inhalation solution of 5, 15, 25, and 50 pug in 2 mL volume
e Placebo (citrate buffer)

Commercially available racemic albuterol MDI (17-g canister/200 inhalations) and ipratropium
MDI (Atrovent 14-g canister/200 inhalations) were provided to each study site for use by
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subjects as rescue medication for bronchospasm and acute treatment of COPD symptoms as
needed throughout the study.

Objectives
Part A: To evaluate relevant airway function endpoints compared to placebo for arformoterol
over a 14-day treatment period when administered at doses of 5, 15, and 25 pg BID for 14 days.

Part B: To evaluate relevant airway function endpoints compared to placebo for arformoterol
over a 14-day treatment period when administered at doses of 15, 25, and 50 pg QD for 14 days.

The secondary objectives for both parts of the study were:

* To compare the safety and tolerability of arformoterol with those of placebo in subjects
with COPD

¢ To characterize the effect of inhaled arformoterol on cardiovascular safety outcomes in
subjects with COPD (especially its effects on electrocardiographic (ECG) parameters,
including QTc interval)

¢ To evaluate any dose-response trend among the doses of arformoterol

e To evaluate the clinical effects of withdrawal from therapy

o To explore the relationship between plasma concentrations of arformoterol and selected
pharmacodynamic endpoints

Efficacy Variables
The primary efficacy endpoints were:

Part A: The time-normalized area under the curve for FEV1 percent change from predose over
12 hours (nAUCO0-12-P) at Visit 4 (after 14 days of double-blind treatment)

Part B: The time-normalized area under the curve for FEV1 percent change from predose over
24 hours (nAUCO0-24-P) at Visit 7 (after 14 days of double-blind treatment)

A key secondary efficacy endpoint in Parts A and B was the percent change in the FEV1 24-hour
trough value after 14 days of double-blind treatment. '

Other secondary efficacy endpoints include:

¢ time normalized AUC for FEV1 percent change from predose over 24 hours (nAUCO -
24-P) for the 24-hour clinic visit (Visit 4) in Part A or the time-normalized AUC for
FEV1 percent change from predose over 12 hours (nAUCO0-12-P) for the 24-hour clinic
visit (Visit 7) in Part B

¢ time-normalized AUC for FEV1 percent change from predose over 6 hours (nAUCO0-6-P)
for the 6-hour clinic visit (Visit 3 in Part A and Visit 6 in Part B)

e percent change in FEV1 from predose to each time point after dosing
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peak percent change in FEV1

peak percent of predicted FEV1 after dosing

ipratropium bromide and racemic albuterol use

morning and evening peak expiratory flow rate (PEFR)

exacerbations of COPD

COPD symptom ratings

the effects of withdrawal of therapy

the relationship between plasma concentrations of arformoterol and selected
pharmacodynamic parameters.

Post hoc analyses of the time-normalized area under the FEV1 percent change from baseline
curve over 12 hours (nAUCO0-12-B) and over 24 hours (nAUC0-24-B) after 14 days of double-
blind treatment in Part A (Visit 4) and Part B (Visit 7) of the study were also derived.

Safety Variables

Safety assessments included adverse events; ECG findings, QTc-M; 24-hour Holter Monitoring;
clinical laboratory parameters including serum potassium and glucose; vital signs; and physical
examination findings.

Study-Specific Inclusion Criteria

Subject gave written informed consent and privacy authorization for release of health
information before participation. If the subject was a woman of childbearing potential,
she signed the Women of Childbearing Potential Addendum.

‘Subject was aged >35 years on the day the informed consent was signed. Both males and

females were eligible for the study.

Subject had a primary diagnosis of COPD, which may have included components of
chronic bronchitis and/or emphysema.

Subject had a minimum smoking history of 15 pack-years

Subject had a score of >2 on the Medical Research Council (MRC) Dyspnea Scale.
Subject had a baseline FEV1 that was <65% of the predicted normal value and >0.70 L
before randomization

Subject had an FEV1/forced vital capacity (FVC) ratio (calculated as the highest FEV1
obtained divided by the highest FVC obtained from 2 efforts conducted) of <70% before
randomization

Subject demonstrated reversible disease (=10% improvement in FEV1 within 15 to 30
minutes after inhalation of 2 puffs (180 pg) of racemic albuterol MDI before
randomization

Subject had a chest x-ray within 6 months of Visit 1 that was consistent with the
diagnosis of COPD (e.g., not diagnostic of pneumonia, other infection, atelectasis, or
pneumothorax). If no chest x-ray had been taken <6 months before Visit 1, a chest x-ray
was performed at Visit 1.
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Study Specific Exclusion Criteria

The following individuals were ineligible for study participation:

Subject was currently using disallowed medications (see Section 9.4.7.1) or was unable
to complete the medication washout periods

Subject was scheduled for in-patient hospitalization, including elective surgery (inpatient
or outpatient), during the study.

Subject had a life-threatening or unstable respiratory status, including upper or lower
respiratory tract infection, within 30 days before Visit 1.

Subject had a known history of asthma (except childhood asthma) or chronic respiratory
disease (including a current history of sleep apnea) other than COPD (chronic bronchitis
and/or emphysema).

Subject had a known history of a-1 antitrypsin deficiency-related emphysema.

Subject had a blood eosinophil count of >5% of total white blood cell (WBC) count.
Subject had a history of lung resection of more than 1 full lobe or had been the recipient
of a lung or major.organ transplant.

Subject required continuous supplemental oxygen therapy (unless subject resided at an
elevation >4000 feet). Use of supplemental oxygen (not to exceed 2 L/minute) at
nighttime only and/or only during exercise was allowed.

Subject had a change in dose or type of any medications for COPD within 14 days before
the screening visit (Visit 1 or 2).

Subject had a known sensitivity to arformoterol, ipratropium, or albuterol or to any of the
excipients contained in any of their formulations.

Subject had clinically significant abnormalities that may have interfered with the
metabolism or excretion of the study drug (e.g., abnormalities of renal, hepatic,
metabolic, or endocrine function)

Subject had clinically significant abnormal laboratory values at Visit 1 (hematology,
blood chemistry, and urinalysis) '

Subject had a clinically significant abnormal 12-lead ECG that could have jeopardized
completion of the study

Subject was using any prescription drug for which concomitant Beta-agonist
administration was contraindicated (e.g., Beta-blockers).

Study Design and Conduct
A study schematic is summarized in the following Figure.
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Study 091-026: Schematic /Zigure 9.7-7, clinstaticopd|097-026, pdf]
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This study was a placebo-controlled, double-blind, randomized, multicenter, 2-part, parallel
group, dose-ranging study of the efficacy, safety, pharmacokinetics (PK), and
pharmacodynamics of arformoterol when administered at doses of'5, 15, and 25 pg BID (Part A)
or at doses of 15, 25, and 50 ng QD (Part B) to subjects with COPD. Part A and Part B of the
study each constituted 1) a 7 + 1-day, single-blind, placebo run-in period, 2) a 14 + 4-day
randomized, double-blind treatment period during which the subjects received treatment with
arformoterol (either BID in Part A or QD in Part B) or placebo (either BID in Part A or QD in
Part B), and 3) a 7 + 1-day washout period. The same subjects participated in both parts of the
study. Randomization in Parts A and B was done independently.

Study participation constituted 8 study visits over an approximate 10-week period. The study
visits consisted of 1) a screening visit (Visit 1), which was conducted 3 to 14 days before
randomization to confirm the subject’s eligibility for the study; 2) a visit to initiate the Part A,
single-blind, placebo run-in period (Visit 2); 3) a visit to randomize the subject to treatment and
to initiate the Part A, double-blind, treatment period (Visit 3; 6-hour in-clinic visit); 4) a 24-hour
in-clinic visit after 14 days of double-blind treatment (Visit 4); 5) a visit to initiate the Part B,
single-blind, placebo run-in period (Visit 5); 6) a visit to randomize the subject to treatment and
to initiate the Part B, double-blind, treatment period (Visit 6; 6-hour in-clinic visit); 7) a 24-hour
in-clinic visit after 14 days of double-blind treatment (Visit 7); and 8) a final end-of-study visit
(Visit 8). An early termination visit was conducted for any subject who withdrew from the study
after Visit 2.

In addition to the scheduled study visits (i.e., Visits 1-8), the subjects were required to return to
the clinic at 36 and 60 hours after administration of the second dose of study medication at the
Visit 4 in-clinic visit (Part A) and at 48 and 72 hours after administration of the dose of study
medication at the Visit 7 in-clinic visit (Part B) so that additional blood samples could be
obtained for PK analysis. The subjects were also required to return to the clinic 24 hours after
Visits 2, 3, 5, and 6 for removal of the Holter Monitor.

During Part A, placebo or arformoterol was self-administered BID (approximately every 12
hours) by nebulization for 3 weeks (including the 1-week, placebo run-in period and the 2-week
double-blind treatment period) except during Visits 2 (first dose), 3 (first dose), and 4 (first and
second doses) when the study medication was administered in the clinic by study site staff. -
During Part B, placebo or arformoterol was self-administered QD (approximately every 24
hours) by nebulization for 3 weeks (including the 1-week, placebo run-in period and the 2-week
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double-blind treatment period) except during Visits 5, 6, and 7 when the study medication was
administered in the clinic by study site staff. Study drug was to be administered at the same time
each day (£1 hour). All subjects were provided with ipratropium bromide metered-dose inhalers
(MDI) to be used as needed as supplemental treatment for COPD and with racemic albuterol
MDIs to be used as rescue medication for bronchospasm and for the acute treatment of COPD
symptoms.

Subjects were required to complete COPD questionnaires; Medical Event Calendars (MEC); and
peak expiratory flow (PEF), study drug use, and supportive or rescue medication use logs during
the study. Subjects were required to withhold the use of certain medications for the duration of
the study and during specific, defined time frames before study visits. A schedule of study
assessments is depicted in the following Table.

Study 091-026: Schedule of Study Assessments /7z5/ 9. /-7, clinstatlcopd|097-026. paf]

Part & PartB
Screening | Zingle-blud | Rand/Dose | Washont | SippleBlind | RandDese | Washeut | FORET
Agsersmants Visit ] Visit 2 Yzt 3 Visit 4 Vitit § Visit § kit ? Vi
Iefooved copsent’ X
Ierusi Tozioe criterty frasien) X X X
MedicliCOPD RisterwCOFD sauptoms X
Bewew grior/conconitant madirations X X X X X X X X
Fhystca! exyminnhicns” X X X x X X
Vil signs {FF, BY, B8, and coal tenyperarure}’ X X X X X X X X
CThest x1ay” P
13-1ead EOGE X X X X X X X X
Seram B-BUA {pregnancy tasty’ X X
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Assess adverse events X X X X X X X
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Data Analysis .
Best Possible Copy

The primary efficacy parameter was the time-normalized area under the FEV1 percent change
from predose curve at the 24-hour clinic visit (Visit 4 for Part A and Visit 7 for Part B). Predose

153



Clinical Review

Anthony G. Durmowicz, MD
NDA 21-912

Arformoterol

was defined as the last FEV1 measurement that was collected before administration of the first
double-blind dose at the 24-hour in-clinic visit (i.e., Visit 4 for Part A and Visit 7 for Part B).

For Part A, the primary efficacy parameter was defined over the first 12 hours (nAUCO0-12-P).
The primary analyses of the nAUCO0-12-P were to compare arformoterol BID doses versus
placebo and to make comparisons between the 3 arformoterol BID doses.

For Part B, the primary efficacy parameter was defined over the entire 24 hours (nAUCO0-24-P).
The primary analyses of the nAUCO0-24-P were to compare arformoterol QD doses versus
placebo and to make comparisons between the 3 arformoterol QD doses.

The primary efficacy analysis was performed using the ITT population and consisted of a linear
model of nAUC at the 24-hour double-blind treatment clinic visit (Visit 4 for Part A or Visit 7
for Part B), with the predose FEV1 (i.e., predose value at Visit 4 for Part A or Visit 7 for Part B)
as a covariate and treatment group as a fixed effect.

The pairwise comparisons between each arformoterol group and placebo and between the
arformoterol groups were performed using the least-square means from the above model. No
adjustments for multiple comparisons were performed. The least-square means and associated
standard errors (SE) from the above linear model were presented for each of the double-blind
treatment groups. To assess the dose-response relationship, a graphical display of the least-
square means (1 SE) for each treatment dose, in ascending order, was produced. In addition, the
number of subjects, the mean, standard deviation, median, 25th and 75th percentiles, and the
minimum and maximum values for nAUC at the 24-hour clinic visit were provided.

For the key secondary endpoint, the percent change in FEV1 from predose to 24 hours postdose
(trough) value for Parts A and B, the analysis used the same model as defined for the primary’
efficacy endpoint with the exception that the covariate was the last FEV1 measurement that was
collected before the first dose of double-blind medication was administered at the 6-hour in-
clinic visit (Visit 3 for Part A or Visit 6 for Part B).

Other secondary endpoints used either the same linear model as defined for the primary endpoint
or were summarized descriptively by visit and treatment group.

Disposition of Subjects

For Part A, 226 subjects were enrolled with 215 randomized to one of the 4 BID dosing
treatment groups. Two hundred subjects completed Part A, 7 of the withdrawals were due to
adverse events (4/7 were in the placebo group). One hundred ninety four of the 200 subjects who
completed Part A were enrolled in Part B with 191 being randomized into one of the 4 QD
treatment groups. Of the 191 subjects randomized, 7 did not complete Part B, 6 of which were
due to adverse events (3/6 withdrawals were in the arformoterol 50 pg QD group). Study
subjects in both Parts A and B were fairly well balanced between groups with regard to age,
severity of pulmonary disease, and presence of co-morbid conditions. Males representation was
slightly higher than female (55-60%), approximately 90% of subjects were Caucasian.

154



Clinical Review

Anthony G. Durmowicz, MD
NDA 21-912

Arformoterol

Analysis of Efficacy

Primary Efficacy Endpoint

Part A :

For Part A (BID dosing), the primary efficacy endpoint in Part A was the time-normalized area
under the FEV1 percent change from predose curve over 12 hours (nAUCO0-12-P) after 14 days
of double-blind treatment (Visit 4).

Arformoterol at all 3 BID dosing levels was superior to placebo with p values of 0.011, 0.019,
and 0.036 vs placebo for the 5, 15, and 25 ug dosing groups, respectively. There was no dose
response relationship observed for the nAUCO0-12-P endpoint at the dose levels tested. Results
are summarized in the following Table.

Study 091-026: Time-Normalized Area Under the FEV1 Percent Change From Predose
Curve Over 12 Hours (nAUC0-12-P) After 14 Days of Double-Blind Treatment in Part A
(Visit 4) of the Study (XTT Population) /7zb/e 77.7.4.7.7-7, clinstaricopd|097-026. paj]

Placebo BID S pzBID 15 yg BID 25 pg BID
rAUCy N=54 N=54 N=34 N=53
i1 46 48 30 47
Mean (D) 19(12.7) §.9 (10.4) 6.3 (11.0) 58(118)
1S Mean (SE) 0.9 (1.9) 7114 6.7 (1.5) 5.4(1.7)
Median 3.5 6.8 &7 &6
257,75 Percentiles | -58 9.1 89, )8 01,126 -2.8 135
Povalue” s
Placebo — 001t 0019 8036
5 pg BID — — 0.845 0.747
15 pg BID — — — 0890

The znalysis conzisied of a linear model of nAUC over the first 12 howrs affer dosing af the 24-hour, double-blind
treatment clinte wsit (Visit 4), with the Visit 4 predose FEV: 25 a covanate snd freatment group as a fixed effect.

Pairwise comparisons were performed using the lesst squares {L.S) means from the above mudel; no adjustments were
wade for nultiple comparisons.

An ad hoc analysis of the time-normalized area under the FEV1 percent change from baseline
curve over 12 hours (nAUCO0-12-B) after 14 days of double-blind treatment (Visit 4) was

conducted.

LReviewer's Comment: This apalysis was probably performed in an allfempt 1o look Jor a dose
response relationship. The change in FEVZ from baseline values wonld be greater than those

Jrom affer /4 days of dosing thus allowing a larger range of FEV/ values from which lo look for
a dose-response. In jacy as seen in the lable below, a small dose response Is seen between the S5
and 75 ug BID treatment groups when this analysis is used. Taken into account with the safety
analyses in larger studies 091-050 and 051, where 25 ug BID had more treatment related
adverse events such as tremor, dizziness, and insomnia than the 15 lug group, the data support
the use of 15 yg as the proposed clinical dose.
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Study 091-026: Time-Normalized Area Under the FEV1 Percent Change From Baseline
Curve Over 12 Hours (nAUCO0-12-B) After 14 Days of Double-Blind Treatment in Part A
(Visit 4) of the Study (ATT Population) /7zb/e 7/.7.4.7.7-2, clinstatlcopd\097-026. pdf]

ART ARF ARF

Placebo BID 5 pg BID 15 xg BID 25 ug BID
nAUC) g N=54 N=54 MN=54 N=53
n 43 44 49 47
Mean {3D) 0.1{13.2) 17.720.5) 206087 20.5 (20.3)
15 Mean (SE} 13020 18042238 20.5 2.5) 20.83(2.9)
Median 2.4 172 18.83 19.2
25" 75" Percentiles | 9.3, 6.2 3.6,281 8.0, 264 63,302
P-value® vs Placebo | — <0501 =0.001 <0.001

! Thesnalysis consisted of a linear model of nAYIC over the first 12 hours after dosing at the 24-hour, double-blind

trestment clinic visit (Visit 4), with the Visit 3 pre-first dose FEV; a5 a covariate and treatment sroup as z fixed
affect
Painwise comparisons were performed using the least souares (1.5) means from the above model; ne adjustments were
made for pmltiple companisons. N
Although statistical analyses were not performed, by looking at the Mean, Median, and 75"

percentile values for the 3 arformoterol dose groups, a small dose-response seems likely.

2

PartB

For Part B (QD dosing), the primary efficacy endpoint was the time-normalized area under the
FEV1 percent change from predose curve over 24 hours (nAUC0-24-P) after 14 days of double-
blind treatment (Visit 7).

Arformoterol at all 3 QD dosing levels (15, 25, and 50 pg) was significantly more effective than
placebo in increasing pulmonary function after 14 days of double-blind treatment. Again, no
dose response was observed with the arformoterol QD doses. Results are summarized in the
following Table.
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Study 091-026: Time-Normalized Area Under the FEV1 Percent Change From Predose
Curve Over 24 Hours (nAUC0-24-P) After 14 Days of Double-Blind Treatment in Part B
(Visit 7) of the Study (ITT Population) /7z4/e 77.2.4./. /-7, clinstaticopd 097-026. pdy

Placebe QD 15 ng QD 25 ug OD 50 ug QD
DAUCEr N=40 N=48 N=47 N=47
i1 47 44 44 44
Mean {8D) 2.4 {12.8) 83{13.% 6.0 {14.6) 8.1(15.0%
L3 Mean {SE} =25 {1 8817y 6.3 {2.2} 79{1.8)
Median -2.1 71 43 4.6
25" 75" Percentiles -10.7.3.8 11,125 -0.8, 11.2 0.4 154
P-value” vs
Placebo — =(.001 0.601 =0.001
15p2 QD — — 0.407 0.736
25 pE QD — — — 0611

' Thesnslysis consisted of a linear model of nAUIC over the first 24 howrs after dosing at the 24-hovr, double-blind
treatment clinke visit (Visit 7), with the Visit 7 predose FEV: 23 a covariate and treatnient group as a fixed effect.
Pairwise comparisons were performed using the least squaras (L5) means from the above model; no adjustments were
made for pltiple comparizons.
Reviewer’s Comment: A similar ad hoc analysis was performed in Part B as was done in Part A;
the time-normalized area under the FEV1 percent change from baseline curve over 24 hours
(nAUCO-24-B) after 14 days of double-blind treatment. In Part B, unlike Part A, no dose
relationship could be established using this analysis [Table 11.2.4.1.1-2].

Secondary Efficacy Endpoints
A key secondary endpoint for Parts A and B was percent change in FEV1 24-hour trough value
after 14 days of double-blind treatment.

For Part A, the percent of improvement in the FEV 1 trough value after 14 days of double-blind
treatment was significantly higher in the arformoterol 5, 15, and 25 ug BID groups (11.1, 14.7,
and 18.8 %, respectively) than in the placebo group. Higher doses of arformoterol resulted in
greater improvement, thus supporting a dose-response relationship. See the Figure below.
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Study 091-026: Mean Percent Change in FEV1 from Baseline Over 24 Hours After 14 Days
of Dosing (Visit 4) in Part A of the Study [Figure 11.1.4.1.2-1, clinstat\copd\091-026. pdf]

E_

Barmedire

Hours Posidose

.= Placebo BID —— 5 ug BID —#=—15 yug BID} ~{=—25 ug 8ID

For Part B, the percent of improvement in the FEV1 trough value after 14 days of double-blind
treatment was significantly higher in the arformoterol 15 ug QD group than in the placebo group.
While trough FEV1 values in the 25 and 50 pg doses were higher than for placebo, neither of
these differences was statistically significant at the p<0.05 level.

Reviewer's Comment: The 1[5 ug QD dose fad unexpected]y greater efficacy than either of the 2
figher arformorterol doses. 7he sponsor could not reconcile the large improvement observed
with the 13 ug O dose of arformoterol with data developed throughour the rest of the clinical
development progranm. [nvestgaiion of 1iis resull including analyses by gender, reversibilipy,
currernt Smoking stalus, steroid use at study entry, and concomiian! rescue medicalion use were
conditcted but did not provide an explanation.

Other Secondary Endpoints

Evaluation of the many pulmonary function related secondary outcomes demonstrated that
arformoterol at all BID and QD doses produced relatively rapid bronchodilation that was
clinically and statistically superior to placebo.

In both Parts A and B there was also a slight decreased use of ipratropium bromide and racemic
albuterol and increased morning and evening PEFR in all arformoterol treatment groups. There
was also no clinically significant adverse withdrawal effects observed during the washout
periods in either Parts A or B after discontinuation of arformoterol based on FEV1, FVC, or
ipratropium bromide or racemic albuterol use. /Seczions 77.7.4.4.3 and 77.2.4.7. 3, clinstarlcopd109/-026.
Y2 //4

There was no meaningful difference in COPD symptom scores in any of the groups in either
Parts A or B.
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In Part A, a dose-response relationship was evident as the dose was increased from 5 pg BID to
25 pg BID, as evidenced by the mean increase in FEV1 trough values and the percentage of

subjects who attained >15% improvement in FEV 1 at trough. /Secsion 7/.7.4.7.2 clinstaticopd|097-
026, pajy

Reviewer’s Comment: It is no surprise that arformoterol was better than placebo in improving
FEV1 based pulmonary function endpoints. The sponsor was able to establish a dose-response
relationship in the BID dosing regimen of the study (Part A) but not with QD dosing (Part B).
Other secondary endpoints, although not likely to be clinically significant, generally trended
toward improvement in the arformoterol treated groups.

Summary of Efficacy

Arformoterol, at all doses tested in both BID and QD dosing regimens provided significant
increases in FEV1 derived endpoints. In general, the BID dosing regimen appeared to produce
more consistent results in pulmonary function endpoints and a dose-response relationship was
able to be elicited in that group. Secondary, symptom-related, endpoints generally trended on the
side of improvement with arformoterol although these changes were not really clinically
meaningful.

Safety Review

This dose-ranging study was primarily reviewed for efficacy and to assess the ability to establish
a dose-response relationship. The safety data provided in the study report was reviewed.
Considering the safety database included in the Integrated Summary of Safety, this data did not
provide any additional insight into the safety of arformoterol. It does, however, support the
notion that there are no new or unforeseen treatment related adverse events seen with
arformoterol that would not be predicted based on the mechanism of action of the drug product,
Beta-receptor stimulation.
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Study 091-021: Single-Dose, Dose-Ranging Study

Reviewer's Note.: 7his was a relatively small single-adose, cross-over design siuay in which study
subyects fiad a large degree of reversibility fo Bela-2 agonisis at baseline (20%). As such, il is
701 Surprising Mat it won on virtually all pulmonary junction dependent endpoinis. The lowest
dose used, 9.0 ug 0D, while having some aclivity, was shown lo be a less efficacious than the
figher doses gf arformolerol or salmeterol,

Title of Study: A multicenter, randomized, placebo and active-controlled, five-way crossover
study of arformoterol tartrate inhalation solution and salmeterol in subjects with chronic
obstructive pulmonary disease (COPD)

Study Design and Conduct

This was a multicenter, randomized, placebo- and active-controlled, five-way crossover study
consisting of four phases. In the screening period (Visit 1), subjects were assessed for enrollment
eligibility. During the single-blind run-in period (Visit 2), eligible subjects received placebo
treatment, their baseline COPD symptoms were recorded, and their compliance in completing the
COPD questionnaire was assessed. In the double-blind/open-label treatment period (Visits 3-8),
subjects received five individual double-blinded treatments (placebo, arformoterol 9.6 ug QD, 24
ng BID, 48 pg QD, and 96 pg QD) at Visits 3 through 7 and open-label treatment (salmeterol 42
ug BID) at Visit 8. All in-clinic treatment visits (Visits 2 to 8) were separated by 6- to 13-day
washout intervals. At each treatment visit vital signs, ECGs, Holter monitoring, clinical
chemistries including troponin values, serial spirometry, PK sampling, and COPD and AE
assessments were performed [Table 9.1.1, clinstat\copd\091-021. pdf]. A safety evaluation was
performed during the follow-up period (Visit 9). A study schematic is shown below.

Study 091-021: Schematic /Fpwre 9.7. 7, clinstaticopd|097-027, pdf]

Single-
Bhind » . o Opeg-Label
Placel DoubleBlind, Randomized® Saimeterol
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This was a single-dose, 5-way cross-over study. The study was performed during the period of
October 16, 2000 to May 18, 2001.

Study Centers
The study was conducted at 8 centers located in the United States.

Population
A total of 75 were randomized to treatment with 68 subjects completing the study and 7
terminating early

Treatments Administered

Subjects received five individual double-blinded treatments (placebo, arformoterol 9.6 pg QD,
24 pg BID, 48 pg QD, and 96 pg QD) at Visits 3 through 7 and open-label treatment (salmeterol
42 ng BID) at Visit 8. While the original protocol specified a total nebulization volume of 3 mL
for each treatment, the nebulization volume was reduced to 2 mL after 13 subjects were
randomized. Arformoterol solution was delivered via a PARI LC PLUS nebulizer and a PARI
Dura-neb 3000 compressor. Since the study included instances of BID dosing with active drug
(arformoterol 24 ng BID and salmeterol 42 pg BID), all QD dosing consisted of study
medication (arformoterol or placebo) in the morning followed by placebo in the evening to
maintain the blind.

Treatments/Materials

The blinded study treatments were:
e Arformoterol inhalation solution of 5, 15, 25, and 50 pg in 2 mL volume
e Salmeterol MDI 42 pg BID
e Placebo (citrate buffer)

Concomitant Medications

The use of oral prednisolone < 10 mg/day or equivalent or intranasal or inhaled corticosteroids
was allowed if the dose had been stable for at least 60 days prior to Visit 1 and would remain
stable during participation. Leukotriene inhibitors could also be used but the dose had to be
stable for at least 30 days prior to Visit 1 and remain stable throughout the study. Short-acting
theophylline preparations were allowed but were to be withheld for 24 hours prior to Visits 2
through 8. Ipratropium bromide was to be used as needed throughout the study for supportive
treatment.

Objectives

The primary objective was to compare the efficacy, safety, and tolerability of four different
single-dose regimens of arformoterol (9.6 pg once daily [QD], 24 pg twice daily [BID], 48 ug
QD, and 96 pg QD) with placebo in subjects with COPD.

Secondary objectives include:
¢ To determine any dose-effect trend among arformoterol 9.6 ng QD, 48 pg QD, and 96 pg

QD
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Subject demonstrated reversible disease (> 10% improvement in FEV1 within 15 to 30
minutes after inhalation of 2 puffs (180 pg) of racemic albuterol MDI before
randomization

Subject had a chest x-ray within 2 months of Visit 1 that was consistent with the
diagnosis of COPD (e.g., not diagnostic of pneumonia, other infection, atelectasis, or
pneumothorax)

Study Specific Exclusion Criteria.

The following individuals were ineligible for study participation:

Subject was currently using disallowed medications or was unable to complete the
medication washout periods _

Subject was scheduled for in-patient hospitalization, including elective surgery (inpatient
or outpatient), during the study.

Subject had a life-threatening or unstable respiratory status, including upper or lower
respiratory tract infection, within 4 weeks of study entry

Subject had a known history of asthma (except childhood asthma) or chronic respiratory
disease (including a current history of sleep apnea) other than COPD (chronic bronchitis
and/or emphysema)

Subject had a history of lung resection of more than 1 full lobe

Subject required continuous supplemental oxygen therapy. Use of supplemental oxygen
(not to exceed 2 L/minute) at nighttime was allowed

Subject had a change in dose or type of any medications for COPD within 4 weeks before
the screening visit.

Subject had a known sensitivity to arformoterol, salmeterol, ipratropium, or albuterol or
to any of the excipients contained in any of their formulations.

Subject had clinically significant abnormalities that may have interfered with the
metabolism or excretion of the study drug (e.g., abnormalities of renal, hepatic,
metabolic, or endocrine function)

Were using any prescription drug for which concomitant Beta agonist administration was
contraindicated (e.g., B-blockers)

Had Familial Long QT Syndrome as suggested by subject reports of an unexplained
sudden death of a relative less than 30 years of age, including non-traumatic sudden
infant death syndrome (SIDS), or of a relative under the age of 55 years with unexplained
bradycardia.

Data Analysis

Analyses of demographic and other baseline characteristics were performed for the 2 mL and
entire ITT populations. All efficacy analyses were performed for the 2 mL ITT population, and
selected efficacy analyses were repeated for the entire ITT population. The efficacy results are
reported primarily in terms of the 62 subjects in the 2 mL ITT population because of the uniform
nebulization volume and the fact that results from this group and those of the entire ITT
population (that included 13 subjects who received 3 mL nebulization volumes) were similar.
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To compare the efficacy of arformoterol 24 pg BID and 48 pg QD
To explore the relationship between plasma concentrations of arformoterol and selected

- pharmacodynamic and safety measures

To compare the efficacy of four different single-dose regimens of arformoterol (9.6 pg
QD, 24 ug BID, 48 ng QD, and 96 ug QD) with salmeterol 42 ng BID

Efficacy Variables

The primary efficacy endpoint was time-normalized area under the curve (nAUC) for the percent
change from predose FEV1 over a 24-hour period expressed as FEV1 nAUC(0-24).

Secondary efficacy endpoints included the following:

24-hour mean FEV1.

Percent change in FEV1 from predose to 24 hours postdose.

Time to onset of response.

Duration of response.

Time to peak FEV1.

Other analyses of FEV1 (during Visits 3 through 8, FEV1 at each time point, the change
in FEV1 from pre-first dose, and percent change in FEV1 from pre-first dose).
Peak expiratory flow (PEF).

COPD symptom ratings.

Ipratropium bromide use.

Exacerbations of COPD.

Subject/Physician Global Evaluation.

Oxygen saturation.

Safety Variables
Safety assessments included adverse events; ECG findings, 24-hour Holter Monitoring; clinical
laboratory parameters; vital signs; and physical examination findings.

Study-Specific Inclusion Criteria

Subject gave written informed consent and privacy authorization for release of health
information before participation

Subject was aged > 35 years on the day the informed consent was signed

Subject had a primary diagnosis of COPD, which may have included components of
chronic bronchitis and/or emphysema

Subject had a minimum smoking history of 15 pack-years

Subject had a baseline FEV1 that was < 65% of the predicted normal value and > 0.70 L
at either Visit 1 or 2 '

Subject had an FEV 1/forced vital capacity (FVC) ratio of < 70% before randomization at
either Visit 1 or 2
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When the analyses by nebulization volume yielded differing results, those differences are
described.

An adjustment was made for predose spirometry values when calculating AUC. All changes
from predose calculations had the predose values subtracted from the postdose values. All
changes from study baseline calculations had the study baseline values subtracted from the post-
study baseline values. No other covariate adjustments were made.

For the primary efficacy analysis, the four pairwise tests of each arformoterol dose versus
placebo were performed at the 0.0125 level. No adjustment for multiple comparisons was
performed for any other analysis.

Disposition of Subjects

The mean age of subjects in the 2 mL ITT population was 63.2 years. The majority of subjects
were male (67.7%) and most were Caucasian (98.4%).Study subjects had moderate to severe
COPD with % predicted FEV1 of 40-43%. The study subjects had a mean FEV1 reversibility to
short-acting bronchodilator of 20%.

Reviewer's Note: T#is was a cross-over study with all subyecls recerved all treatments so
reatmernt groups were nherently balanced with regard fo pulmonary function, co-morbid
conditions, elc. The subjects were fighly reversible to ednunistration of Beta-2 agonisis. This
sulyect selection benefited the pulmonary function related stuay endpoints, mcluding the primary
endqpoint

Analysis of Efficacy
Lrimary Lfficacy Enapoint

The primary efficacy parameter was FEV1 nAUC(0-24). All arformoterol doses significantly
(p<0.001) improved FEV1 nAUC(0-24) compared to placebo. The mean FEV1 nAUC(0-24) for
arformoterol ranged from 13.8% with 9.6 pg QD to 23.1% with 48 pg QD and 96 ug QD. A
dose-effect trend was evident up to 48 pug total daily dose but further increasing the dose to 96 pg
QD did not further improve pulmonary function. Comparable improvement in FEV1 nAUC(0-
24) was achieved with the 24-pg BID and 48-pg QD doses. Statistical comparisons were not
performed for the salmeterol dosing group, however, it appears it would also show significant
improvement over placebo. The following Figure displays the results for the primary endpoint in
graphic form.
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Study 091-021: Mean FEV1 nAUC(0—24) (2 mL ITT Population) /#enre 77.4.7.7-7,
clinstaticopd|097-027. pdfj

25 p=0.001 vs placebc 294 231
t not determined -

20 A
163
15 4 13.8

10

Change in FEY, AUC a4 [ofa)

Treatment

O Blacebo # arformoderdl 9.6 pg QD
O Affarencierc! 24 pg BID B Arformolers] 48 pug QD
# Afformaters] 96 ug QD M Salmeterol 42 ug BID

Results of the primary efficacy analysis for the entire ITT population were similar to those for
the 2 mL ITT population, with all arformoterol doses significantly (p<0.001) improving FEV1
nAUC(0-24) compared to placebo /7zble /4.2, 7. 74, clinstatlcopd|097-02/. pay).

Secondary Endpoints

. For pulmonary function related endpoints, all arformoterol groups demonstrated significant
improvement compared to placebo except the 9.6 ug QD group in trough mean % change in
FEV1. In general, the 9.6 pg QD group did not perform as well as other groups and the 48 ug
BID group did not perform better than the 24 pg BID group. The 96 pg QD performed similarly
to the 24 and 48 pg BID groups. Salmeterol performed similarly to the arformoterol groups.
Analysis of the total ITT population did not differ from that of the 2mL ITT population. Changes

‘in COPD global evaluation score and symptom ratings were small but also supportive /Seczon
/1.4 1.2, clinstatlcopd|097-027. pa)].

Pharmacokinetic Analysis

The pharmacokinetic evaluation suggests that, although a large degree of inter-subject variability
was seen, plasma concentration-time profiles generally increased with administration of higher
total doses and the 24 pug BID dose results in higher total exposure to arformoterol as compared
to 48 pug QD dose. Plasma concentrations of arformoterol were frequently BLQ following

treatment; therefore, the concentration-dose relationship could not be adequately evaluated /Zz4/
114 4-7, clinstarlcopd|097-027. pa)].

Efficacy Conclusion
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All arformoterol doses won on the primary endpoint of FEV1 nAUC(0-24) vs to placebo. There
was some evidence of a dose-response relationship as the 9.6 pug QD group did not perform as
well as the 48 and 96 pg QD groups. Higher dose groups of 48 g BID and 96 ug QD offered no
benefit over the 24 g BID dose group. Analysis of the total ITT population did not differ from
that of the 2mL ITT population. Secondary endpoints generally supported the primary endpoint.

Safety Review

This dose-ranging study was primarily reviewed for efficacy. The safety data provided in the
study report was reviewed. There were relatively few AEs in this small study. However, it did
appear that there was a higher incidence of Nervous System related side effects (nervousness and
tremor in the 48 and 96 QD dosing groups. /7zé/e /2.2.3.7-7, clinstatlcopd\09/-02/. paf]

Considering the safety database included in the Integrated Summary of Safety, the data in this
small study did not provide any additional insight into the safety of arformoterol. It does,
however, support the notion that there are no new or unforeseen treatment related adverse events
seen with arformoterol that would not be predicted based on the mechanism of action of the drug
product, Beta-receptor stimulation.
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10.2 Line-by-Line Labeling Review

At the time of this Medical Officer Review specific labeling discussions had not yet been
initiated with the Applicant
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MEDICAL OFFICER REVIEW
Division Of Pulmonary and Allergy Products

APPLICATION #: 21912 APPLICATION TYPE: NDA
SPONSOR: Sepracor PROPRIETARY NA
NAME:
INVESTIGATOR: Multiple USAN NAME: arformoterol tartrate
CATEGORY: Bronchodilator ROUTE: Oral Inhalation
MEDICAL OFFICER: Anthony Durmowicz, MD REVIEW DATE: 2006

Eugene Sullivan, MD FCCP

Document Date CDER Stamp Date Submission Type Comments

December 8, 2005 January 4, 2006 NDA Paper volume 1 stamp date was 12/12/05

however the electronic NDA. was unreadable
and had to be resubmitted twice. The final
stamp date for the submission in the EDR was
1/4/06.

This is-a 45-day Filing Review of NDA 21-912. This NDA is submitted in support of the use of
the bronchodilator, arformoterol tartrate inhalation solution, 15mcg, twice daily for the long term
maintenance treatment of bronchoconstriction in patients with chronic obstructive pulmonary
disease (COPD), including chronic bronchitis and emphysema. Arformoterol tartrate is the
(R,R)-enantiomer of racemic formoterol (e.g., Foradil), a long-acting beta-2 agonist (LABA).
The Sponsor has identified two pivotal clinical trials. Supporting studies include two dose-
ranging studies and one long-term safety study. The submission appears complete enough to
allow for a further more complete review, and is therefore considered “fileable.” The Division
does not plan to present this NDA to the Pulmonary-Allergy Drugs Advisory Committee. Audits
of clinical centers will be requested of the Division of Scientific Investigations.

Note: This review was drafted by Dr. Durmowicz. The draft was then modified and entered into the Division File
System by Dr. Sullivan in Dr. Durmowicz’ absence.

Comments to be sent to Applicant in 74-day letter.

X FILEABLE NOT FILEABLE

Medical Reviewer: Anthony G. Durmowicz, MD
Deputy Division Director: Eugene J. Sullivan, MD
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L General Information

Drug Substance

Trade Name: NA

US Adopted Name: arformoterol tartrate

International Non-proprietary Name: arformoterol tartrate

Molecular Formula: C23H3N2019

Molecular Weight: 494.5

Manufacturer: Sepracor, Marlborough, MA, USA

This NDA is submitted in support of the use of Arformoterol Tartrate Inhalation Solution,
15mcg, twice daily for the long term maintenance treatment of bronchoconstriction in
patients with chronic obstructive pulmonary disease (COPD), including chronic bronchitis
and emphysema. Arformoterol is the (R,R)-enantiomer of racemic formoterol, a long-acting
betas-agonist (LABA), that binds to beta-adrenergic receptors in the lung resulting in smooth
muscle relaxation with resultant bronchodilation. A formulation of the racemic formoterol,
Foradil Aerolizer (Novartis), is currently approved for COPD and asthma.

As of August 17, 2005, the NDA clinical cutoff date, a total of 16 clinical trials have been
completed, including two trials proposed as being “pivotal”, two dose-ranging studies, and a
12-month safety study. One additional trial is ongoing.

II. Background and Rationale

Formoterol is a selective, potent LABA presently marketed in a dry powder inhalation
formulation (Foradil Aerolizer, Novartis). Formoterol has two chiral centers and has four
potential stereoisomers with the marketed product containing equal amounts of the (R,R)
and (S,S) enantiomers. Arformoterol tartrate contains only the more active (R,R)
enantiomer of formoterol. The sponsor notes that the other two LABAs available to treat
bronchoconstriction associated with COPD are available only as dry powder inhalers and
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that arformoterol tartrate solution was developed as an alternative LABA to the DPI
products. Reviewer’s Comment: The sponsor does not appear to plan to market
arformoterol as a safer or more effective form of formoterol but in it’s rationale
concentrates on the idea that it is being offered in a dosing format that may be more
acceptable to the older COPD population (inhaled solution vs. a single-dose DPI). The
sponsor has previously developed and marketed levalbuterol (Xopenex), a short acting
beta,-agonist bronchodilator containing only the (R) enantiomer of albuterol, for asthma.

Recently, studies of other LABAs (Serevent Inhalation Aerosol, and Foradil Aerolizer) in
patients with asthma have suggested that this class of drugs may be associated with an
increased risk of severe asthma exacerbation and asthma-related death. As a result of these
findings, the product labels of approved LABAs, both of which are indicated for asthma and
for COPD, have been modified to highlight the risk. This application is for a COPD
indication, and the Applicant has stated that it does not intend to develop the product for
asthma. There are insufficient data to determine whether the risk observed in asthma patients
may also be present in COPD. It is quite likely that, even if the asthma indication is not
sought, this product will be commonly used off-label for asthma. Reviewer’s Comment:
During the course of the review, the Division will address the ramifications of the
known asthma risk for this product. Considerations may include specific labeling

language, or possibly a request for a large, simple safety study designed to examine the
risk in COPD patients.

II. Regulatory and Foreign Marketing History

A. Regulatory History

Arformoterol tartrate inhalation solution was developed under IND 55,302, which was

submitted on February 20, 1998. Initially, the drug was being studied for COPD = o |
' . ,
A |
:. - . :
< oo

- pom |

An End-of-Phase-2 meeting was held on September 6, 2001. A Pre-NDA meeting was held
on March 7, 2005. Other significant Pre-NDA communications occurred at an August 17,
2005, teleconference. At this teleconference, the lack of racial/ethnic subgroup data in the
pivotal trials was discussed. The Applicant was informed that this is an issue that will be
considered during the NDA review.

B. Foreign Marketing History

As of January 2006, arformoterol inhalation solution is not marketed in any country. This
NDA is the first global regulatory submission for arformoterol.
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IV. Items Required for Filing and Reviewer Comments

A. Necessary Elements (21 CFR 314.50)

The table below lists the necessary elements for an NDA and their location within the
electronic submission.

Necessary Elements

Type Status Location
(Item #: Folder from
Main Table of Contents)

Application Form (FDA 356h): Present N21912\cover.pdf
Investigator Debarment Certification: Present N21912\other\debar.pdf
Financial Disclosure: Present N21912\other\financial.pdf
Statements of Good Clinical Practice: Present Volume 1
Environmental Assessment: Present
Proposed label: Present N21912\labeling\.pdf
Integrated Summary of Efficacy Present ' N21912\clinstat\ise\ise.pdf
Integrated Summary of Safety: Present N21912\clinstaf\iss\iss.pdf
Integrated Summary of Benefits and Present N21912\clinstatiriskben\riskben
Risks: pdf
Statement that ali clinical studies were Present N21912\clinstaf\clinsum.pdf
conducted in accordance with IRB and (p69/411)
Informed Consent procedures:
Statistical Analyses: Present N21912\clinstaf\clintoc.pdf
Pediatric Use Section: Pediatric Waiver N21912\other\reghistory.pdf
Requested
Case Report Tabulations: Present N21912\crftoc.pdf
Case Report Forms (for patients who died or Present N21912\crftoc.pdf

did not complete study):

Patent Information:  Present N21912\other\patinfo.pdf
N21912\other\patcert.pdf

V. Preliminary Review of Package Insert

Draft labeling is included in the electronic submission. The Clinical Studies section of the
proposed label refers to the two identical, placebo-controlled proposed “pivotal” trials that
also had a salmeterol active control group. Reviewer’s Comment: The safety section of
the label only lists the adverse events seen with the proposed 15 mcg bid dose. The
study also had 25 mcg bid and 50 mcg qd dosing groups. In both pivotal 12-week trials,
arformoterol, 15 mcg twice daily, significantly improved post-dose bronchodilation as
measured by the percent increase in FEV at the end of the 12-hour dosing interval (the
primary endpoint) over the entire 12 week trial period and at each specific assessment time
point (Weeks 0, 6, and 12). The median time to achieve a 10% improvement in FEV, from
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the visit predose level was three minutes after the first dose and 10 minutes after 12 weeks
of daily treatment. With regard to salmeterol being used as an active control, the text of the
proposed label makes no claim of superiority to salmeterol. Reviewer’s Comment: The
claims being proposed in the label appear to be very similar to those made for the
racemic formoterol product. That is, there are no overt attempts to make claims that
arformoterol is any safer or is more effective than racemic formoterol.

VL Clinical Studies

As of the cutoff date (August 17, 2005), 16 clinical trials have been completed with doses
ranging from 5 mcg bid to 96 mcg qd. Other than one study that used an oral, radiolabeled
formulation of arformoterol, two similar formulations of nebulized solution were used in the
trials, one with the delivered dose diluted to 3 mL and another where the dose was diluted to
2 mL. The 16 completed trials include:

— Five Phase 1 studies in healthy subjects (091-001, 091-007, 091-012, 091-013, and 091-
018).

— Two Phase 1 studies conducted in subjects with renal (091-014) and hepatic impairment
(091-015) versus healthy subjects.

— Two Phase 1 and 2 Phase 2 studies in subjects with asthma (091-002, 091-016, 091-003,
and 091-004)

— Two Phase 2 trials in subjects with COPD (single-dose, 091-021 and a 4 week placebo-
controlled, multi-dose trial, 091-026)

— Three Phase 3 trials in subjects with COPD, two identical, 12 week, placebo-controlled
pivotal studies that included a salmeterol comparator group (091-050 and 091-051) and a

1 year open-label safety trial in which subjects received 50 mcg of formoterol qd (091-
060)

Another study (091-010), a phase 2 multi-center, randomized, open-label study of
arformoterol tartrate inhalation solution and salmeterol in subjects with COPD, was planned
to enroll 52 subjects but the sponsor terminated the study after 11 subjects were screened
and 1 subject randomized and who received one dose of 45 mcg of arformoterol. The study
was terminated because it was determined by the sponsor that the objectives of the study
would be better addressed in the pivotal program.

In addition to these trials, one additional COPD trial is ongoing, an open-label, randomized,
multiple-dose, 3-way crossover study of arformoterol and racemic formoterol in subjects
with mild to moderate COPD (091-019). Reviewer’s Comment: The protocol for another
study, 091-061, a 6-month safety study of 15 and 25mcg arformoterol bid, is included in
the NDA filing but, as of yet, no reference has been found to it.

The main clinical program consists of:

— Two Phase 2 dose-ranging studies dose-ranging trials (091-021 and 091-026)

— Two pivotal, Phase 3 placebo-controlled 12 week studies (091-050 and 091-051)
— One Phase 3, open-label, 1-year safety and efficacy trial (091-060)

The Applicant proposes that the five clinical trials listed above be considered to represent
the primary support for efficacy and safety. Other studies, including 4 studies in asthmatic



NDA#21-912

subjects (091-002, 003, 004, and 016) will provide supportlve evidence of safety in a
different disease population.

A total of 3,200 subjects participated in the 16 completed trials. This includes 146 healthy
volunteers, 2,539 COPD patients, 435 asthmatic patients, 40 subjects with renal impairment,
and 40 subjects with hepatic impairment. A total of 2,399 subjects were exposed to
arformoterol, including 1,637 COPD patients, and 342 asthma patients. At least 500 were
exposed to 50mcg once daily for one year. Reviewer’s Comment: The proposed dose for
marketing is 15mcg bid while the dose in the one year safety study was S0mcg given
once daily. Because the total daily dose used in the safety study (50mcg) is higher than
the total daily dose proposed for marketing (30mcg, as 15Smcg BID), this safety study
may be adequate to support the proposed marketed dose, as the Division has
previously indicated to the Applicant. Although the total daily dose would suggest
adequate support, there is one potential additional consideration in this regard. It has
been postulated that tonic beta-adrenergic receptor agonist activity may result in
receptor desensitization, and that such desensitization may be associated with adverse
effects of chronically administered beta-agonists. It is possible that BID dosing might
result in more continuous receptor binding than QD dosing and therefore might be
associated with more adverse effects. These, if any, would be expected to be local
effects, not systemic (e.g. cardiac). This issue will be considered during the review. '

A. Pivotal Studies

As discussed above, two “pivotal” studies are submitted. These include identical 12-week
studies (091-050 and 051), both conducted in the United States.

The same inclusion criteria were used for the 2 pivotal studies. Subjects were > 35 years
old, had a smoking history of >15 pack-years, an FEV; <65% of normal predicted value and
>0.70 L, and an FEV,/FVC of <0.70. Subjects with a history of asthma or any chronic
respiratory disease other than COPD, including a current history of sleep apnea, the need for
continuous oxygen therapy, or a total blood eosinophil count > 5% of total white blood cell
count were excluded.

The primary endpoint was the percent change in trough FEV from study baseline to the end
of the dosing interval (12 hours post second dose for the BID treatment and 24 hours post
dose for the QD treatment arm) over the double-blind period. Secondary endpoints included
the time-normalized area under the percent change from visit pre-dose curve for FEV; over
12 hours, peak percent predicted FEV, time-normalized area under the percent change in
FEV, from study baseline, time to peak change in FEV], etc. Symptom and patient
functioning endpoints included supplemental ipratropium bromide use, rescue albuterol use,
COPD exacerbations, SGRQ, distance walked in 6 minutes, and baseline and transitional
dyspnea index.

In addition to a placebo group, the pivotal studies included an active control group that used
salmeterol, 42mcg BID.

Of note is that during the pivotal trials, 091-050 and 051, the sponsor unblinded itself and
the DMSB to 24 patients who had adverse events related to either cardiac or respiratory
systems. The reason stated for the internal unblinding of study participants was that in the
monitoring of the open-label safety study, 091-060, it appeared that there was a higher
incidence of cardiac and respiratory AEs in the group receiving 50mcg of arformoterol QD
than the group receiving the active comparator salmeterol at 42mcg BID. The sponsor took
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it upon itself to unblind these 24 patients and assess the safety data only. When informed, -
the Division noted concern that this unblinding could undermine the integrity of the pivotal
studies. The Division stated in a Pre-NDA meeting with the sponsor on 3/7/05 that a
convincing case concerning blind breaking must be made in the NDA and it should be
included as an appendix to NDA Section 8, including a detailed explanation of the course of
events, step by step, day by day that provides a convincing substantiation that the studies
were not compromised. Reviewer’s Comment: This issue has been discussed with the
sponsor several times and they have been notified that during NDA review we will be
looking carefully at the unblinding issue. v
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B. Supporting Studies

In addition to the 2 proposed “pivotal” studies, the sponsor states that the clinical
program in support of efficacy consists of 2 Phase 2 dose-ranging studies dose-ranging
trials (091-021 and 091-026) and 1 Phase 3, open-label, 1-year safety and efficacy trial
(091-060). The table below summarizes the features of these 3 “supporting” studies.

Study # Design Treatments Duration # of Subjects | Population Primary
Endpoint
Country/
Dates
091-021 Dose-ranging Arformoterol: Single Dose 75 COPD Safety and
tolerability
USA 10/00- | R, PC, cross-over 9.6meg qd
4/01 .
24mcg bid
48mcg qd
96mcg qd
placebo
091-026 Dose-ranging Part A Part A 14 Days Part A 215 COPD Explore airway
functi
USA 10/03- | R, DB, PG 2 part Arformoterol PartB 14 Days | PartB 191 endooints
5/04 PO
5, 15, 25mcg bid
Part B
Arformoterol
15, 25, 50mceg qd
Placebo
091-060 Safety Arformoterol 1 year 793 COPD Long-term
501 d fi
USA6/02- | R,OL, AC, PG e d safety
12/04 Salmeterol
42mcg bid

C. Other Studies

In addition to those that are mentioned in Sections A and B above, other clinical studies
have been conducted with arformoterol. These include:

e four studies in asthma subjects

e two adult/elderly normal volunteer PK studies

e two studies in subjects with either impaired renal or hepatic function
e three metabolism/drug interaction studies

Summaries of these studies are included in the Appendix to this Review.

VII. Advisory Committee Meeting

There are no issues at present that would require input from the Pulmonary Allergy Drugs
Advisory Committee.
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VIII. DSI Review / Audit

Pending review of the data from the pivotal studies by the Biometrics reviewer (Dr. Ted
Guo) to assess for evidence of treatment-by-site interaction, there are no plans to otherwise
request audits by the Division of Scientific Investigation. This decision is based on the facts
that the molecular entity is not a new NME but is the active enantiomer of racemic
formoterol which is already approved for the treatment of both asthma and COPD, the
efficacy data are as would be expected for the product, and the sponsor is not making any
novel claims for the product.

IX. Summary

This NDA is submitted in support of the use of the bronchodilator, arformoterol tartrate
inhalation solution, 15mcg, twice daily for the long term maintenance treatment of
bronchoconstriction in patients with chronic obstructive pulmonary disease (COPD),
including chronic bronchitis and emphysema. The Sponsor has identified two pivotal
clinical trials. Supporting studies include two dose-ranging studies and one long-term safety
study. The submission appears complete enough to allow for a further, more complete
review, and is therefore considered “fileable.” There are no plans at present to present this
NDA to the Pulmonary-Allergy Drugs Advisory Committee. At present, no audits of
clinical centers will be requested.

A. Decision

The submission appears adequate from a clinical standpoint to allow for further review, and
is therefore fileable.

B. Comments to Sponsor for the 74-Day Letter

1) As discussed during the telephone conference on August 15, 2005, the limited available
data in racial and ethnic subgroups will be considered during the NDA review. We
encourage you to generate safety and efficacy data in these populations.

2) On November 18, 2005, the FDA issued a public health advisory regardlng risks
associated with long-acting beta,-agonists in patients with asthma

(http://www fda.gov/cder/drug/advisory/LABA htm). This advisory states that
manufacturers of marketed long-acting betay-agonists indicated for the treatment of asthma
were asked to update their existing product labels with new warnings and a Medication
Guide. The advisory also states that information is not available to know whether there are
similar concerns in patients with COPD. During the course of the review of your NDA we
will consider how this issue should be addressed in the product label, and whether further
data to explore this issue, such as a large, simple safety study, will be requested.
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Reviewed by:

Anthony G. Durmowicz, MD
Medical Officer, DPAP

Eugene J. Sullivan, MD
Deputy Director, DPAP
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X. Appendix: Additional Clinical Trials Conducted with Arformoterol
Study No. Description of Study Total No. Country
Report No. Subjects

091-001 Tolerability and pharmacokinetics of single increasing doses in 16 USA
normal volunteers (6-96 mcg).

091-002 [Tolerability and pharmacokinetics of single increasing doses in 6 USA
subjects with mild to moderate asthma (6-96 mcg).

091-007 Evaluation of the impact of P450 2D6 and UGT1A1 40 USA
metabolism on the PK of arformoterol inhalation solution (poor
vs extensive CYP2D6 metabolizers, single 50mcg dose)

091-012 Metabolism and pharmacokinetics of a single oral radio-labeled 8 USA
dose in normal volunteers (50mcg po dose)

091-013 [Tolerability and pharmacokinetics after a single 50mcg dose in 48 USA
healthy elderly subjects

091-014 [Tolerability and pharmacokinetics of a single 50mcg dose in 40 USA
subjects with mild to severe renal insufficiency

091-015 [Tolerability and pharmacokinetics of a single SOmcg dose in 40 USA
subjects with mild to severe hepatic insufficiency

091-016 Pharmacokinetics of single increasing dose arformoterol 23 USA
compared to racemic formoterol in subjects with mild to
moderate asthma (15 and 50mcg arf/12 and 100mcg for)

091-018 Drug interaction study of multiple dose arformoterol 34 USA
concomitantly with multiple dose paroxetine (inhibitor of P450
2D6) in normal volunteers (50mcg arf/20 mg par qd)

091-003 Single-dose 6-way crossover study in the reversal of 49 USA
bronchoconstriction in adults with asthma (dose-response study
with 12, 24, 48, 72meg of arformoterol, 2.5mg albuterol, and
placebo)

091-004 Safety, efficacy, and tolerability of multiple once-daily doses in 357 USA

subjects with asthma (24, 48, 72mceg)
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