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Summary

Chronic obstructive pulmonary disease (COPD) is a widespread health problem in the
United States, affecting nearly 14 million individuals. Arformoterol is a highly selective,
potent and long-acting beta2-adrenoceptor agonist. Sponsor evaluated the effects 5, 15
and 25 ug BID in Phase 2 studies along with 15ug BID, 25 pg BID and 50 ug QD in
pivotal trials on FEV;. Sponsor conducted exposure-response analysis using population
PK-PD approach. Effects of various covariates were tested for their clinical significance.
There was no covariate identified that would result in dose adjustment. Based on overall
safety and effectiveness, sponsor proposed 15 pug BID dose as the effective dose for
registration purposes.

Comments to be conveyed to sponsor
None
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Introduction

Chronic obstructive pulmonary disease (COPD) is a widespread health problem in the
United States, affecting nearly 14 million individuals. Data has shown that the
prevalence of this disease has increased dramatically since the early 1980s, with
approximately 11% of the US population currently impacted by this disease. COPD is
generally a progressive disease that is characterized by the presence of airflow
obstruction due to chronic bronchitis or emphysema. Several inhaled medications are
currently approved for COPD indications in the US. These include both short- and long-
acting inhaled beta-adrenergic agonists, which have all shown, to some degree, an
improvement in fung function and reduction in the severity of breathlessness in COPD
subjects. :

Arformoterol is a selective long-acting beta2-adrenergic receptor agonist (beta2-agonist).
Compared to racemic formoterol, arformoterol showed greater affinity for both beta
adrenergic receptor subtypes and also greater selectivity for the beta2 receptor.
Arformoterol has been extensively characterized in standard /7 vio and /7 viro models
and has been shown to preferentially bind to beta2-adrenergic receptors.

Sponsor conducted exposure-response analysis for the data collected in Phase 2 and

pivotal studies. The aim of this review is to comment on the sponsor’s analysis and any
labeling statements based on exposure-response analysis.
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Question Based Review

1. Is there an evidence of dose/concentration-response supporting the sponsor
requested approval of 15 mg BID dosing regimen?

There is evidence of dose/concentration-response relationship. Sponsor explored the
effects of various dose levels and dosing regimens (BID vs QD) on FEV,. Figure below
shows the relationship between concentration and changes in FEV, in early dose finding
(Phase 2) studies.
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Proportion of Subjects With 210% and 215% Improvement in FEV; at Trough {24 Hours)
After 14 Days of Double-blind Treatment in Part A of the Study

ARF ARF ARF
Placebo BiD Syug BID 15 pg BID 25 pg BID
% Improvement N=54 N=54 N=54 N=53
210% 26.7% {803D) 56.4% (22139} 52.2% {21140 56.8% {21/37)
215% 16.7% (530} 35.9% {14439} 45.0% (18140) 54.1% {20/37)

Note: The 24-hour in FEY, values within & hours of prior supplementalirescue medication use were excluded.

Evaluation of the FEV1 at trough for the responders who achieved =10% improvement
demonstrated greater efficacy for all 3 arformoterol BID doses than for placebo but
showed no dose-response relationship among the 3 arformoterol BID doses. Evaluation
of the FEV1 at trough for the responders who achieved 215% improvement corroborated
the dose-response relationship among the 5, 15, and 25 pg BID doses in 24-hour
postdose trough, with the percentage of responders increasing by approximately 9
percentage points with increasing arformoterol dose.
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Best Possible Copv

Based on the findings from Phase 2 studies, sponsor explored doses of 15, 25 ug BID
and 50 ug QD in pivotal trials. Figure below shows the time course of FEV1 after 15, 25
and 50 ug BID dosing regimens in pivotal trials. '
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2. Are there any effects of arformoterol on QT prolongation that would be a safety risk?

No. The table below shows the effects of arformoterol on QTc prolongation by max-
mean approach and concentration-QTc analysis. It can be concluded that the degree of
QTc prolongation observed does not constitute a safety risk.

Dose (ug BID) Mean (80% CI) QTc Effect
Concentration-QT Max-Mean
15 0.7 3.2 No/No
(0.5-0.9) (0.9-5.5)
25 1.2 3.7 No/No
(0.9-1.3) - (1.5-5.9)
Appears This Way
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Sponsor’s Analysis

Methods

Clinical Studies (Effectiveness)

Sponsor conducted two Phase 2, two pivotal and one long term clinical trial(s) to
evaluate the potential benefit and risk in patients with COPD. The brief summary of the
studies is mentioned here:

Study 091-021 (Phase 2)

» Placebo-and active-controlled single dose (QD) and single-day (BID) five way
crossover study. The doses explored were between 9.6 ug and 96 ug. The
primary endpoint was % change in FEV; whether measured at 24-hour or 12--
hour post-dose time point.

Study 091-026 (Phase 2)

e Placebo controlled, multiple-dose, dose-ranging study. The study consisted of
both BID and QD dosing regimens. The first segment (Part A) compared
bronchodilation outcomes for the 5, 15, and 25 ug BID doses of ‘arformoterol
versus placebo over a 2-week dosing period. The second segment (Part B)
compared similar outcomes for subjects randomized to 15, 25, and 50 ug of
arfomorterol dosed once daily. There were separate randomization procedures
for parts A and B with a 2-week washout period between segments. The primary
endpoint was overall improvement in airway function in the 12 (BID) or 24 (QD
doses) hours after dosing (FEV; nAUCq.12.p or FEV; NQUCq.24.5)

Study 091-050, 091-051 (Phase 3)
¢ Double-blind, double-dummy, randomized multi-center, parallel group, 12-week
trial where arfomorterol 15 pg BID, 25 pg BID, and 50 pug QD were compared to
placebo with salmeterol 42 ug BID as an active control.

Study 091-060 (Long term safety)
* Open-label, multicenter, randomized, active-controlled, parallel group, chronic
safety study comparing arfomoterol 50 pg QD versus salmeterol 42 ug BID.

Clinical Studies (Effects on QT prolongation)

The cardiovascular safety of arformoterol was characterized using data collected from
study 091-026 (Phase 2 study). Effects on cardiac repolarization, ECG abnormalities,
Holter Monitor abnormalities, and cardiovascular adverse events overall. Sponsor
states that they incorporated many design components of ‘thorough QT study’ as
mentioned in Draft ICH E-14 guidance. The following is the summary of the data
collected by the sponsor for characterizing the effects on QT prolongation.
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triplicate ECGs at 17 time points (predose and at 15 and 45 minutes and at 1,2,4,86,8,
12 hours post-first dose of study medication (pre-second dose); at 15, 30, and 45
minutes and at 1, 2, 6, 8, and 12 hours post-second dose of study medication at Visit 2
(baseline for Part A) and Visit 4 (steady-state for Part A), and Part B assessments
included triplicate ECGs at 13 time points (predose and at 15, 30, and 45 minutes and at
1,2,4,6,8, 12, 16, 20, and 24 hours postdose at Visit 5 (baseline for Part B) and Visit 7
(steady-state for Part B). Additional ECGs were obtained from the Holter Monitors at
Visits 3 and 6 following the first dose of study medication for each part of the study for
additional safety monitoring. A central ECG laboratory, eRT, processed and interpreted
each ECG using standardized procedures. Ventricular heart rate, QT interval, P-R
interval, QRS durations, R-R interval, and the QTc intervals from the central ECG over-
read were analyzed.
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Data Analysis

Effectiveness

Exposure-response analysis was performed using nonlinear mixed effects modeling
approach. For population PK analysis a total of 6807 plasma drug concentrations from
513 subjects (Phase Il + Phase Ill) were included.

A total of 13,316 (94.1%) FEV1 measurements from 501 subjects were included in
population PK/PD analysis.

Model building (basic structural and covariate models) were built using standard
approaches i.e., log-likelihood ratio, observed vs predicted plots, residual plots. For
greater details please refer to the sponsor’s population PK and PK/PD analysis report.

Safety

Effects on QT interval

An individual subject-specific QT interval corrected for heart rate, QTc-M, was derived
from the subject baseline period interval data (QT and R-R, Parts A and B baseline
periods combined) by using random coefficient linear regression methods, where QT
was the dependent variable and R-R was the independent variable. The QT and R-R
measurements were recorded in milliseconds. A random subject effect was included in
the model in order to estimate subject-specific deviations from the population mean
intercept and slope. This model generates the following QT correction formula:

QTe-Mij = QTij + (R + 5j)(1000-RRij)

Where 3 was the estimated population mean slope (fixed effect), 5j was the estimated
deviation (random effect) from the population mean slope for the jth subject, and i was
the ith assessment time point.

To validate the assumption of no time effect on the relationship between QT and R-R
between the Part A placebo run-in period and the Part B placebo run-in period, the fixed
effect of the random coefficient model, fitted separately for Part A and Part B was
examined. .

If a statistically significant difference was observed, QTc-M was derived separately using
the Part A single-blind, placebo run-in period for Part A and the Part B single-blind,
placebo run in period for Part B, and the analyses specified above were repeated.

The QTc-M (QTc corrected by individual specific baseline linear regression model) was
used as the primary measure for the analysis of QT interval throughout the dosing
interval. The QTc¢ interval derived according to the Fridericia’s formula (QTc-F=QT/(R-
R/1000 ms)1/3) and the QTc interval derived according to the Bazett's formula (QTc-
B=QT/(R-R/1000 ms)1/2) were analyzed as secondary measures.
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For all ECG parameters (including QTe-M interval), the baseline for Part A was defined
as the average of all 24 hours of assessments that were collected during the single-
blind, placebo run-in period (Visit 2). If a subject re-took the reversibility test at Visjt 2
(i.e., received a short-acting beta-agonist), the assessments that were collected within
the first 12 hours were excluded from the Part A baseline calculation. The baseline for
Part B was the average of all 24 hours of assessments that were collected during the
Part B single-blind, placebo run-in period (Visit 5).

The mean change from baseline in the QTc intervals (QTe-M, QTe-F, and QTc-B) at
steadystate was defined as the mean of changes from baseline to 12 hours post-first
dose at Visit 4 for Part A and the mean change from baseline to 24 hours postdose at
Visit 7 for Part B. Placebo-controlled changes were also calculated.

maximum change within the first 12 hours after the first dose of study medication-at Visit
4. For Part B, it was the maximum change within the 24 hours after dosing at Visit 7.
The QTc interval change from baseline at maximum plasma concentration was the
corresponding QTc¢ interval change at tmax.

Time-normalized area under the QT¢ changes frorh baseline curve at 24 hours (AUCO-
24) were calculated for Parts A and B, using the trapezoidal rule,

The above analyses were also performed excluding the subjects who had used rescue
medication during the assessment period.

Effects on serum biomarkers

Graphical displays were generated to understand the relationship between plasma drug
concentrations and changes in serum glucose, potassium levels.
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Sponsor’s Conclusions Best Possible Conv
Population PK model

The following figure shows the semi-logarithmic scatterplot of arformoterol concentration
vs time since last dose across studies.

The table below shows the Summary statistics of the subjects included in the population
pharmacokinetic analysis of arformoterol. :

Total Population

Variable N {96y Mean | 8D | Min | 25®%% | Medion 755 9% | Max
Age (years) 583 623 | o0 | 400 | 570 620 690 | 870
Weight (kg) 503 815 |204| 2395 | 8o 79.0 926 | 1940
Height (cm) 503 1708 1100 | 420 | 1836 | 1710 | 1730 1949
Body Surface Area 503 26 |03 | 13 | 1s 19 21 | 31
() |
Creatinine Clearance - . 2 > - - , 2
(i) 503 968 365 2080 | w31 59.7 1124 | 3010
Alanine
Aminotransfase 503 25 | 89| sg 16.0 210 260 | 728
L) ‘

Gender

Hales 295 (38.7)
Females 208 413)
Total 503 (109,
Ethnicity

Cancasian 473 (94.0)
Black 23 4.6}
Asinn 3 (0.6)
Hizpanic 3606
Other 1(0.2)
Total 303 (106.0)
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The summary of the pharmacokinetic parameters is shown below:

Aagoitude of
Population Mean Interindividual Variability
Parametsr [£ETN 3]
Final Estimate SHEEM Fimal Estimate | %SEM
£ (i I 71347 22.
E LSRG (R

83.31° 18.6
F, 0.736 51 26.17 293
CL/F {Libr) 437 5.1 3240 172
WF L) 3510 33 4023 172
(L) 404 83 3862 46:4
V) 6980 05 34.03 §3.3
Interaecssion Varability in 7, [R MG
Power for body weight oo ¥/ F
Praver fox body weight cn CLF
Hloge for body weight on Q
Resideal Variability, proportionel
camponent (3600}
Fesidheal Varishility, additive component
(S0

* MVOF: 32029038

& Teterindividuat variobility in K, rore ponding to the pogalats of swbacts
* Interingividual varisbilivy in K, comespending to e populati of zubjects enrolled in Studies 0R1-030 ang

{91-051
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The summary of the population pharmacokinetic analysis is as follows:

The population pharmacokinetics of arformoterol in subjects with COPD (after
nebulized administration) were linear and best described using a two
compartment model with a first-order absorption process.

Body weight (kg) was found to be a significant positive predictor of both the
apparent clearance and apparent central volume of distribution. The change in
CL/F with body weight was not considered of clinical significance. Thus, dose
adjustments according to body weight are not warranted. :

Other subject covariates (including age, gender, and race) had no additional
predictive value once body weight was incorporated into the pharmacokinetic
model for CL/F and Vc/F.

Exposure to arformoterol was not significantly different based upon race, gender,
or corticosteroid use.

The magnitude of interindividual variability in clearance, central volume of
distribution, intercompartmental clearance, and absorption rate constant was
32%, 40%, 40%, and ~77%, respectively.

The interindividual and interoccasion (between-visit) variability in relative
bioavailability for the 15 ug through 50 ug doses was 26% and 29%, respectively.
Residual variability was notably small at ~15%.

Examination of Bayesian estimates of AUC suggested that the pharmacokinetics
were essentially dose-proportional for the range of dosing regimens evaluated.
Model verification, based on measures of precision, suggested that the model
was unbiased with a mean individual prediction error of 1.9%.
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Population PK/PD model

A sequential modeling process was employed for the population PK/PD analysis; the
pharmacokinetics of arformoterol were established z o707 and then a model was fit to
the pharmacodynamic data while being conditioned on PK parameter estimates derived
from the population PK model. Various adaptations of pharmacodynamic Emax models
were evaluated to describe the relationship between %AFEV1 response and
arformoterol concentrations. Direct effect PK/PD models were initially constructed to
characterize the exposure-response relationship. Due to some degree of model
misspecification, several types of biophase distribution PK/PD link models were also
assessed. The figures below show the overlay plots of mean observed %AFEV1 and
mean predicted arformoterol plasma concentrations versus time Since last dose,
stratified by study, visit, and dose. As can be seen from figures below for various visits
(Study 026, 050, 051) there is a delay between drug concentrations and response after
single dose, but the delay is not clearly seen at steady state due to the presence of
residual drug concentrations.
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The relationship between %AFEV1 and predicted arformoterol plasma concentrations is
shown in figure below.
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The parameter estimates and standard errors for the PK/PD link model applied to single-
dose are shown below.

Final Parameter Estimaie Magnimdg gi: Inf:{ir.i-n&ixichmi
Variability
Parawmeter -
Population S5 SEM %CV 25 SEM
Mean
K., (/1) 1.49 128 12570 12.5
Emse 37.9 51 65.70 9.1
ECs; (pgimly 0.609 20.1 122,38 14.8
=

Gamma 1.00 Fixed
Proporticaal RV for PK '
rar) 8.63 13.6
Additive RV for PK 0.50 Fixed
Additive BV for PD; Phase 2 in a
Study 091-026 (SD) 10.10 13.0
Additive BV for PD; Phase 3
Studies 091530 and 091-051 663 £2
(5D}

"B 15 expressed in % changa in FEWV; scove firom study baselhine.

The parameter estimates and standard errors for the PK/PD link model applied to steady

state data are shown below.

. . Magnitude of Interindividual
Final Paraineter Estimate Variability
Parameter
Pﬂg;’i‘zz‘m SHSEM %CV ©HSEM
K, (1/ar) 3173 10.8 94 97 21.8
Bass 549 85 $2.10 110
ECsy fpgiml) 523 143 120,83 17.5
Gamma 1.0 Fixed
Proportional RV for PK. l
RIPEN 14.47 168
Additive RV for PK. 0.50 Fixed
Additive RV for PD: Phase 2 _ .
Study 091-026 (SD) 13.78 115
Additive RV for PI); Phase 3
Studies 091-050 and 191-051 16.10 3.3
(3D

"Bz i expressed in % change i FEV; score from study baselne.
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The following are the conclusions derived by the sponsor:

A population PK/PD model was developed that adequately described a clear
exposure - response relationship between predicted arformoterol plasma
concentration and %AFEV1 from study baseline.

A biophase distribution PK/PD link model was necessary to account for the
hysteresis between the time course of arformoterol plasma concentration and
%AFEV1 through the estimation of a keo. :
Considerable interindividual variability existed in both the single-dose and
steady-state pharmacodynamics of arformoterol.

Although a marked increase in EC50 between first dose and steady-state was
observed, with EC50 increasing from 0.609 to 5.23 pg/mL, respectively, only a
relatively modest decline in pulmonary outcome measures was seen clinically,
suggesting that there can be a highly non-linear relationship between
concentration.and response. This may suggest the development of some degree
of tolerance following multiple dosing of arformoterol.

The estimate of keo was larger (3.78 hr'") during steady-state compared to
single-dose (1.49 hr), suggesting a diminution in the half-life delay for the onset
of observed pharmacologic effect. This is indicative of a fairly rapid onset of
action following nebulized administration of arformoterol. Emax at steady-state
was more difficult to model due to the lack of ample informative data at
sufficiently high concentrations and a high degree of correlation with the EC50
parameter.

There was no apparent impact of race, gender, or corticosteroid use at baseline
upon model estimates of EC50 at steady-state.

Reviewer Comments

No comments. There are no major issues with the analysis.
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Effects on QT prolongation

Several metrics were evaluated by the sponsor to show that arfomorterol does not
prolong QT in comparison to placebo which are discussed below:

Average QTc interval changes

Table below summarizes the steady-state (following 14 days of treatment) change in
QTc-M averaged over the first 12 hours in Part A (Visit 4) and averaged over 24 hours in
Part B (Visit 7) of the study.

PART A :
Change From Placebe BID 5 ug BID 13 nz BID 15 ug BID
Baseline (ms)" N=54 N=54 N=54 N=33
ALL SUBJECTS
1 47 48 31 47
Mean (SD) -2.9{8.3) S3{1L5 G2 {89 -2.2{10.5;
Placebo-corracted Change {95% CTY D4{-44 35 2.7{-1.2,648) $.7{-33.4.6)
EXCLUDING SUBJECTS WHO RECEIVED IN-CLINIC RESCUE MEDICATION
3 7 38 43 38
Mean (5D -1.0¢8.5) 2 I{1LE) 2360 181l
Placebo-carrected Change {95% CIY 21{-7.1.2% 0.8 4.1, 5.6 0.6{-55 4.4}
PART B . g

ARF ARF AR¥
Change From Placebo QD 15 0g QD 25 pg QD 5z QD
Baseline {ms)" N=49 N=48 N=47 N=47
ALY SUBJECTS
n 46 46 44 43
Mean (SB) 1.4 (7.5 04{6.3) 0.6 (8.0} TN
Placebo-corrected Change (93% CIY -18{-48, 13} -0.8{-3.9, 2.3} 0.2{-3.6 2.6}
EXCLUDING SUBJECTS WHO RECEIVED IN-CLINIC RESCUE MEDICATION
1 28 36 25 31
Mean (8D} 2.5(8.0) 0.4 (6.5 20800 04{8.7)

Placebo-corrected Change {95% CIY

-2.1{-62, 2.0}

-0.6 (-3.0, 363

21(-63,2.1)

i

2

Elertrocardicgrams were cenfrzlly over-read by a Beersed cardiologist.
*  Baseline was calculated as the averaze of values collected durinz the single-biind pariod for each mubject {Visit  for Part

A apd Visit 5 for Part B). The mean dhenpe from baseline waz caleulated by averaging sach subject's changss from
haseline af each time point duwing the Hrst 12 hews postdose in Part A 3nd 24 hoaws postdose in Part B.

3

A placebo-vorected change is defined as the differenca between the arformoters] 2nd placeho doses.

The mean change in QTc-M averaged over the 12-hour dosing interval (BID dosing) or
24-hour dosing interval (QD dosing) indicates no effect of arformoterol on cardiac
repolarization either when all subjects are included in the analysis or when subjects who
used in-clinic rescue medication are excluded from the analysis. When the data are
corrected for placebo response, the conclusion is the same, with all mean placebo-
corrected changes <2.7 msec and the upper limit of the 95% Cls all <7 msec.
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Maximum Change in QTc
Table below summarizes the maximum change from baseline (after 14 days of
doubleblind treatment) in QTc-M over 12 hours in Part A (Visit 4) and over 24 hours in

Part B (Visit 7) of the study.

PART A

Maxiipum Change AR¥ ARF ARF
Fromn Baseline Placebo BID S pg BID 1% ug B 25 ug BID
{ms)"’ N=54 N=54 N=54 N=53
) 47 48 31 43
Mean (D) 15.4{10.5) 16.5(13.0) 17.3{8.6) 15.7(13.2)
Median 131 i4.4 17.9 15.0
25", 75" Percentiles | 8.2, 19.5 T 364 10.1, 238 8.3, 241
10%, 90 Percentiles | 44, 27.3 18 354 4.8 28.1 40,300
958 CT° 123,185 12.7.20.3 14.6, 20.6 11.% 19.5
EXCLURING SUBJECTS WHO RECEIVED IN-CLINIC RESCUE MEDICATION
ft 20 32 39 34
Mean (5B} 147 {8.6) 17.7{153.8) a0 151 (13.2)
Median 13.8 174 17.9 i5.1
257, 75" Percentiles | 7.1, 20.1 5.4, 306 8.6,257 11.6 268
10%, O0F Percentiles | 4.1, 29.1 18,354 24,281 40,300
95% CT° 10.2,19.2 12.7,22.7 13.3,19.8 11.5, 207

» PARTE
Maximwn Change ARF ARF ARF
From Baseline Placebe QD 15 s OB S ag D S0ngQD
(ms)™ N=49 N=48 N=47 N=47
ALL SUBFECTS
o 46 46 44 43
Mean (3D} 16.9(12.3) 15182 1378 829
Median 135 i35 155 148
25", 75" Percentiles | 83,728 87,216 9.8.21.2 104,209
10°, 90 Percentiles | 4.53,27.2 6.0,27.0 51,257 69,269
95% CT 132, 205 126 173 12.8, 18.7 133 180
EXCLUBING SURBJECTS WHO RECEIVED IN-CLTNIC RESCUE MEDICATION
n ' 28 36 26 31
Mdean (50 18.8(140) 13683 156 {10.7) 16.4{10.1)
Median 16.3 14.6 6.6 14.2
25", 75° Percentiles | 12.0, 23.1 88,221 16.8, 20.9 9.0, 21.5
10, 90F Percentiles | 4.5, 38.6 6.0,27.0 24,273 4.5, 269
952 CT° 13.3,24.2 12.8 184 12.3, 209 12.7, 20.1
1

Elechocardiograms were cenizally over-read by z Seensed cxrdiologst.

?  Bassline was cabrudated 5 the averags of values ecllected during the singie-blind paried for sach subject (Wit X fao
Part A and Wizt ¥ for Part B).

3 95% confidence inferval of the mean change.
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The maximum change in QTc-M was comparable between the placebo and arformoterol
BID and QD groups, with no consistent dose-response relationship observed across the
3 arformoterol BID or 3 arformoterol QD doses either when all subjects were included in
the analysis or when subjects who received in-clinic rescue medication were excluded
from the analysis.

QTc at tmax
Table below summarizes the change from baseline in QTc-M at tmax for Parts A and B
of the study.

: FPARTA .
Change From ARY ARF ART
Baseline in {%T,,M Placebe BID 5 wg BID 15 ug BID 25 ux BID
at tpey (15} N=34 N=%4 N=34 N=53
ALL SUBJECTS
i 43 28 42 40
Mean (3B} 04121 3.6 {1463 0319 -2.8{12.8)
Median -1.3 5.1 0.0 -22
25% 75° Percentiles | 5.8, .6 -134.290 -44. 7.0 83,58
18" 80" Percentiles | -10.7,17.1 -272.91 -13.5, 164 -18.0, 12.6
95% CT° 4.1,3.2 -13.3, 2.4 -2.9,432 -6.9 1.3
EXCLUDING SUBJECTS WHO RECEIVED IN-CLINIC RESCUE MEDICATION
i) 19 2 34 29
Mean {SD} -1.8{10.8) -7.6{16.0) G3(1LT -2.5{14.0%
Median 2.1 =35 13 -13
237 75 Percentiles | -6.0,5.6 -140.3.1 TA T H2 61
10™ 0% Percentiles | -15.6, 10.8 -21.9.91 -14.9 1654 -17.6, 149
5% T -7.0,3.4 -14.6, -0.3 -3.6,4.6 79,28
B v PART B

{hange From ARF ARF ARF
Baseline in ?T;.a‘-z’ Placehe QD 15uazQbD 25 1z QD 50 ag QD
At fyr {105 L N=49 N=48 N=47 N=47
ALL SUBIECTS
] 44 38 34 3

ean (5D} -17{107 43112y L1125 231258}
Median -1.8 =37 8.1 2.8
25% 75% Percentiles | -6.4, 4.9 -11.3,31 -84, 35 -10.7, 5.7
10™, 90 Percentiles | -14.9.0.6 -20.0, 18.7 -186, 11.6 -18.5, 18.2
938 CT 48 15 -7.9, 07 54,33 -7.1, 1.7
EXCLUDING SUBJECTS WHO RECEIVED IN-CLINIC RESCUE MEDICATION
n 28 28 22 il
Mean (8D} 21 {1y -3.3{1L5; 1.1{13.%) 43113
Median -1.9 3.4 2.6 -52
35% 75" Percentiles | 6.1, 4.4 8.6, 3.3 -80. 75 -13.0,33
10% 007 Percentiles | -14.9,9.4 <200, 16.7 -18.6, 179 -31.2, 182
95% CT -6.0,1.9 -7.7, L1 -5.0,7.2 -104, 1.7

! Foreach subject, the te-matrhed (Te change from baseline 3 fmax was computed Berause the (JTc change fivan

baseline at tmax is net svailable for placebo, the mode of the fmax for the 3 arformoternl dose groups wasused {ag.,
15 monutes postdose)

Bazeline was caboulated as fhe average of values collected during the single-biind period foe sach sulgect {Vizit 2 for
Part & and Visit 5 for Part B

95% confidenes inferval of the mean change fom bazeline at tmax.

2

3

Best Possible Copy
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There was no increase in QTc-M at tmax across the 3 arformoterol BID or 3 arformoterol
QD doses tested when all subjects were included in the analysis or when subjects who
received in-clinic rescue medication were excluded from the analysis.

Categorical Analyses

Table below summarizes the percentage of subjects with categorical QTc-M changes
from baseline after 14 days of double-blind treatment in Part A (Visit 4) and Part B (Visit
7) of the study.

PARTA
Placebo ARF ARY ARY
BID & uz BID 15 pe BID 2E pz BID
N==54 N=54 =34 N=£3
n %) n (%) 1 {%5) R d)
ALL SUBJECTS
QT pe =450 ms af 3oy postdose fHme poin’i'_i LS 3{%.3) 4048 4 {74}
QT 2y 300 ms at aoy postdose time point™ 20 {00 15 {1
Change in QT 51 260 mys at 2nry postdose Hme point O {00y 3 {00) 00 0 (00
Change in QT 3 230 mis at any postdose Sime point bt | o < 50 A
<60 s ot a1l time points 4 {74y 3187 4 3.4 54943
EXCI UDING SUBJECTS WHO RECEIVED IN-CLINIC BESCUE MEDICATION
OT 25 450 ms at any postdose Sme point 14199 3{36) 3535 3{7.5%
QT.ar308 ms 2t any postdose fima point® O¥0.0) G080 185 1{1%}
Change in 9T 2y 280 ;s 2t any postdese Hime point J{00y G {00 Rk S{0.0
Change in QT2 =30 ms 3t any postdese tims poind - . . ! .
bt <60 ms atcaiiiﬁm&pomis i ? 2067 74130 165 4(7.5)
PARTEB
ARF ARF ARYT
Placebo QDY | 15 0= QD 2B pz QD az QD
N=49 N=4§ N=4T7 N=47
n {35} u {%) n {%%) n (3%}
ALL BUBJELTS
QT 450 ms at any postdose me point” 5102} 24{4.2) 364 4 (8.5
QT 5»508 ms 3¢ any postdose Hme point” 000 1423} 0600 2.1y
Change in QT 50 260 ms 3t any postdese fime point 10 G {b4) [ R 1) {0
Change in QT 230 ms 3t any postdece fime point < . - P
bt <60 ms ot ol time points F 2@D 3{10.4) 433 2183}
EXCLUDING SUBJECTS WHD RECEIVED EN-CLINIC FESCUE MEDICATION
QT »450 ms at 2oy postdose Hme poing® 2613 1{2.1} 84 4 8.5}
QT 24300 ms =f auy postdose time point® {00 1.1} 94003 1 2.1y
Change in QT 33 260 ms 3t any postdose fime point 12 G{00) D00y {00}
- — — E—n - -
gz;gg; :Ef iy ﬁ-ﬁ&iﬂy postdose time point | 5 4y 4y sqod |36 343)

L Subjects who had QT4 valuss of »450 ms at baseline weze emduded; mubjsects who had morve than one postdese (T
wvahue of #4530 nws were counted ones.

! Subjects whohad QT ca¢ walues of »500 ms at bazeline were exchuded; subjects who had nors than one postdnsa O
valne of =50 ms were coumted ence.

Although the rates of subjects with a QTc-M >450 ms postdose were higher in all of the
arformoterol BID dose groups than in the placebo BID dose group, this trend was not
observed in Part B of the study in which the rates in all of the arformoterol QD dose
groups were lower than in the placebo QD group. Therefore, no consistent dose-related
increase was observed across the arformoterol BID or QD doses in the proportion of
outliers based on QTc-M.
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Scatterplot of Time-matched Individual Mean QTc-M With Plasma Concentration

Figure below displays time-matched individual mean QTc-M intervals by plasma
concentration (excluding placebo and pretreatment values).
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The sponsor concluded that visual inspection of the above plot suggested no association
of prolonged QTc with plasma concentration.

Effects on serum biomarkers

The sponsor states that dose-related decreases in serum potassium and increases in
serum glucose were observed at higher doses (50 ug QD), but there was no clear visual
trend with plasma arformoterol concentrations. The lack of a relationship between
concentration and these effects may be attributed, in part, to substantial intersubject
variability associated with plasma concentrations and to a lesser extent in glucose and
potassium measures.

Reviewer Comments

The analysis performed by the sponsor is not same as that proposed in E14 guidance.
The sponsor reported results which reflect “Mean of the Maximum QTc prolongation”
instead of “Maximum of Mean QTc prolongation”. Since the current application is for an
enantiomer of a racemic mixture which is already in market, it was decided to infer any
effects on QTc prolongation using concentration-QTc relationship. The sponsor
“visually” concluded that there are no effects on QTc prolongation. The reviewer
however, performed mixed-effects analysis of the QTc (Individual corrected) data
submitted by the sponsor (also referred as QTcM by sponsor).

Reviewer’s Analysis

Figure below shows the mean QTc effects (change from baseline) in placebo, 5 mg BID,

15 mg BID and 25 mg BID dose groups. There are no differences in effects between the
three dose groups.
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Two types of analysis were conducted:

1. Analysis as mentioned in E14 guidance using SAS (Ver 8.02)
2. Concentration effect analysis using NONMEM (Ver v).

1. Analysis as mentioned in E14 guidance

Based on the data submitted by the sponsor, mean QTc prolongation in placebo group
were calculated. The placebo effects were subtracted from baseline corrected QTc
values and the data was analyzed using PROC MIXED in SAS. LSMEANS were
computed at each time using time*treatment interaction. 90% C] were computed and
the results are shown in Figure below. As can be seen in figures below the upper 90%
Cl does not include 10 msec indicating that the arformoterol does not prolong QT after 5
mg BID, 15 mg BID or 25 mg BID.
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The SAS code used for data analysis is shown below:
proc mixed data=trt placebol;
class dose time usubjid;
model ddelta=dose time dose*time /ddfm=SATTERTH; ;
repeated time/sub=usubjid(dose) type=un; ;
lsmeans dose*time/ alpha=0.10;
make 'LSMEANS' out=lsmeans; /*Saves the lsmeans in a data set
*
/
titlel "LSmean for QT data";
run;

2. Concentration-QT analysis

Figure below shows the relationship between arformoterol concentrations and QTc data
(Individual corrected Change from baseline).

Arformoterol Concentration vs QTc (Change from Baseline)
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Time matched concentration-QT analysis was performed using NONMEM®. A linear
model was used to describe the relationship between individual corrected QTc¢ and
concentrations.  Although the model converged, it was not possible to estimate the
standard errors of slope and intercept.  However, upon fixing the estimate of
interindividual variability of intercept, it was possible to estimate the standard errors. It is
not clear what impact fixing the variability of intercept would have on other parameters.
The reviewer also attempted to determine the confidence intervals using log-likelihood
profiling, but the profiling was also unsuccessful. Attempts were made at estimating
standard errors by varying the significant digits, estimation methods, but none of them
were successful. However, the variance-covariance matrix was obtainable using linear
mixed effects in SPLUS. The estimates of the parameters and their standard errors (SE)
are shown in table below:

Parameter Estimate (SE) Interindividual Variability (SE)
Intercept (msec) -2.24 (0.61) 7.27

Slope (msec/pg/mL) 0.16 (0.12) 0.91

Residual Variability (msec) 10.70

Based on the estimated slope, the mean and 90% QTc prolongation at steady state
Cmax at 15 (Cmax: 4.25 pg/mL), 25 ug (Cmax: 6.98 pg/mL) BID doses were calculated.

To éummarize, the table below shows the effects of arformoterol on QTc prolongation by
max-mean approach and concentration-QT¢ analysis. It can be concluded that the
observed degree of QTc prolongation does not constitute a safety risk.

Dose (ug BID) Mean (90% CI) QT¢ Effect
Conc-QT Max-Mean
15 0.7 3.2 No/No
(0.5-0.9) (0.9-5.5)
25 1.2 3.7 No/No
(0.9-1.3) (1.5-5.9)
Appears This Way

On Origingj
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Sponsor Proposed Labeling Statements

The following are the statements proposed by the sponsor in the label which are based
on population pharmacokinetic analysis.

Special Popu/ations

Gernder

A population PK analysis indicated that there was no effect of gender upon the
pharmacokinetics of arformoterol.

Reviewer’'s Comments: This statement is based on the eta plots (CL-TVCL) vs gender
as shown below. The reviewer finds it a reasonable statement.

Best Possible Copy

Vel
k
i
1
N;

e ST

o

Gemgtar fDmbdole CmFarrodad

Race :

The influence of race on arformoterol pharmacokinetics was assessed using a
population PK analysis and data from healthy subjects participating in Phase 1 studies of
arformoterol. There was no clinically meaningful impact of race upon the
pharmacokinetic profile of arformoterol.

Reviewer's Comments: This statement is based on the table (from sponsor’s report;
091-000-CP01.pdf) as shown below. The reviewer finds it a reasonable statement.

Appears This Way
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Table 4.2.8-1: Smmmary Statistics of Bavesian Apparent Clearance {CL/T) from the Final

Population PK Model, Stratified by Race

Bayesian CLF (1/hr)
RaceEtlmdciey Mean 5D Minimwm Median Maximum

4317 1029 1845 434 4 7683
{r=473}%
Blacks - i ; < -

4053 2.6 24581 4135 5252
{8=23)
Other® .

443 4 190.9 3183 4321 3584
(=)

* “Other’ category includes Asian, Hispanic, and Other Races'sthnicities

OCP (Pharmacometrics) Proposed Labeling ‘Statements

No comments
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4.4, OCP Review Form

Office of Clinical Pharmacology and Biopharmaceutics

New Druyg Application Filing and Review Form

General Information About the Subniiss@

Information Information
NDA Number 21-912 Brand Name None
OCPB Division (I, I1, III) 1I Generic Name Arformeterol tartrate
Medical Division DPADP Drug Class
Selective B2 agonist
OCPB Reviewer Indication(s)
Shinja Kim Treatment of COPD

OCPB Team Leader

Emmanuel Fadiran

Dosage Form

Nebulized inhalation

PM Reviewer

Dosing Regimen

15 mcg Bid ong term
maintenance treatment of
broncho-constriction in
patients with COPD, including
chronic bronchitis and

emphysema
Date of Submission December 8, 2005 Route of Administration Oral inhalation
Estimated Due Date of OCPB Review Sponsor Sepracor
August 8, 2006
PDUFA Due Date October 8, 2006 Priority Classification
Standard
Division Due Date August 8’ 2006

Clin. Pharm. and Biopharm. lnformation

“X” ifincluded | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
L_Clinical Pharmacology
Mass balance: X
Isozyme characterization: X
Blood/plasma ratio: X
Plasma protein binding: X
Pharmacokinetics (e.g., Phase I) -
Lealthy Volunteers-
single dose: X
multiple dose:
X
Patients-
single dose: X
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multiple dose: X
Dose proportionality -
fasting / non-fasting single dose: X
fasting / non-fasting multiple dose: X
Drug-drug interaction studies -
In-vivo effects on primary drug: X
In-vivo effects of primary drug: X
In-vitro:
Subpopulation studies -
ethnicity: X
gender: X
pediatrics:
geriatrics: X
renal impairment: X
hepatic impairment: X
PD:
Phase 2: X
Phase 3: X
PK/PD:
Phase 1 and/or 2, proof of concept: X
Phase 3 clinical trial: X
Population Analyses -
Data rich: X
Data sparse: X
I1. Biopharmaceutics
Absolute bioavailability:
Relative bioavailability -
solution as reference:
alternate formulation as reference:
Bioequivalence studies -
traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies:
Dissolution:
(IVIVC):
Bio-wavier request based on BCS
BCS class
HI. Other CPB Studies
Genotype/phenotype studies:
Chronopharmacokinetics
Pediatric development plan
Literature References
Total Number of Studies 24 16 Clinical studies, Pop PK. PK-
PD analyses and 6 /#-vizro studies
Filability and QBR comments
“X” if yes
Comments
Application filable ? X
Comments sent to firm ?

QBR questions (key issues to be considered)

Since this is a NME, QBR questions will follow strictly as CPB review template suggested.

1 Other comments or information not

included above

Primary reviewer Signature and Date

Shinja Kim, Ph. D

Secondary reviewer Signature and Date

Emmanuel Fadiran, Ph. D
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Overview of Clinical Pharmacokinetics and Pharmacodynamics

Arformoterol (R,R-formoterol) is a selective, long acting B,-adrenoceptor agonist for the long-
term maintenance treatment of bronchoconstriction associated with COPD, including chronic
bronchitis and emphysema. Foradil® Aerolizer™ (formoterol fumarate inhalation powder;
racemic mixture of formoterol) is approved in the U.S.

The arformoterol clinical development program is comprised of 16 clinical studies. Of these, 14
studies (091-003, 091-004, 091-007, 091-012, 091-013, 091-014, 091-015, 091-016, 091-018,
091-021, 091-026, 091-050, 091-051, and 091-060) involved pharmacokinetic and/or

- pharmacodynamic assessments. Studies 091-003, 091-004 and 091-021 were initiated early in
“ the development program with a less sensitive bioanalytical method. :

Studies 091-007, 091-012, 091-013, 091-014, 091-015, and 091-018 were Phase I studies
performed in healthy subjects and/or in special populations free of respiratory disease. Study
091-016 included subjects with mild to moderate asthma and was designed, in part, to
characterize the absorption of arformoterol from the lung and GI tract. Studies 091-026, 091-050
091-051, and 091-060 included patients with a diagnosis of COPD. Data collected for the
population pharmacokinetic and pharmacodynamic analyses were obtained from three clinical
trials: one Phase 2 trial (Study 091-026) and two Phase 3 trials (Studies 091-050 and 091-051).
In addition six in vitro studies were conducted.

>

The sponsor summarized results from these studies as follows:

¢ Arformoterol appears rapidly in the systemic circulation following nebulization in both
healthy and COPD subjects.

e After administration of a single oral 35 pg dose of *H-arformoterol (2 mCi), ~90% of the
administered radio active dose was recovered in urine (67%) and feces (22%).
Approximately 1 to 3.5% of the dose was recovered in urine as unchanged arformoterol.

* Most systemic exposure and excretion of radioactivity was due to arformoterol sulphate and
glucuronide conjugates. O-Demethylation of arformoterol and conjugation of the O-
desmethyl metabolite were relatively minor pathways in man accounting for less than 17% of
the dose recovered in urine and feces.

e Phase Il metabolism is the predominant route of clearance, and several UGT isoforms are
likely to be involved in the clearance of arformoterol. Phase I metabolism is considered a
secondary clearance pathway.

¢  Arformoterol does not inhibit common cytochrome P450 enzymes.

* Arformoterol is not highly bound to plasma proteins.

* The sponsor claims that there is no chiral inversion of (R,R)-formoterol to (S,S)-formoterol,
(R,S)-formoterol and (S,R)-formoterol was observed in human plasma after a single- and

multiple-dose administration of arfonnoterol. Only a trace amount of (S,R)-formoterol was
found in a few isolated human urine samples.
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e The mean terminal phase t,, following 2 weeks of drug administration ranged from 23-31
hours across all dose levels and dosing regimens in COPD subjects.

* A dose proportional change in AUC from 10 ug to 50 pg per day was observed in COPD
subjects.

* No change in systemic exposure was observed when healthy elderly subjects were compared
to a control group of non-elderly subjects following administration of a single nebulized dose
of 50 pg arformoterol. No dose adjustment is necessary for elderly patients.

e Systemic exposure after a single nebulized dose of 50 pg arformoterol was 1.5 -2 times
higher in subjects with mild, moderate-to-severe, or severe hepatic impairment. Arformoterol
should be used with caution in this patient population.

* There was no impact of renal impairment upon exposure to arformoterol. No dose
adjustment is necessary for patients with renal impairment.

e A preliminary population PK/PD model was developed. A good fit between predicted and
observed % AFEV was observed. A responder analysis using this model support the
conclusion that 15 pg BID should be considered the recommended starting/core dose for
COPD subjects.

Recommendation: The Office of Clinical Pharmacology and Biopharmaceuticals/Division of
Clinical Pharmacology-II has reviewed NDA 21-912 submitted on December 8, 2005 and finds
the submission is fileable.

Appears This Waiy
On Crigingl
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This is a representation of an eIeCtronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Shinja Kim
8/4/2006 02:49:00 PM
BIOPHARMACEUTICS

Emmanuel Fadiran
8/4/2006 02:55:27 PM
BIOPHARMACEUTICS

I concur

Atul Bhattaram

8/4/2006 03:13:20 PM

BIOPHARMACEUTICS

Doses mentioned as mg should read as mcg.

Jogarao Gobburu
8/4/2006 03:20:09 PM
BIOPHARMACEUTICS



Office of Clinical Pharmacology and Biopharmacentics

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 21-912 Brand Name None
OCPB Division (I, II, 11I) 11 Generic Name Arformoterol tartrate
Medical Division DPADP Drug Class Selective B2 agonist
OCPB Reviewer Shinja Kim Indication(s) Treatment of COPD
OCPB Team Leader Emmanuel Fadiran Dosage Form Nebulized inhalation

PM Reviewer

Dosing Regimen

15 mcg Bid long term
maintenance treatment of
broncho-constriction in
patients with COPD, including
chronic bronchitis and

emphysema
Date of Submission December 8, 2005 Route of Administration Oral inhalation
Estimated Due Date of QCPB Review Aungust 8, 2006 Sponsor Sepracor
PDUFA Due Date October 8, 2006 Priority Classification Standard
Division Due Date August 8, 2006
Cli .
“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
I. Clinical Pharmacology
Mass balance: X
Isozyme characterization: X
Blood/plasma ratio: X
Plasma protein binding: X
Pharmacokinetics (e.g., Phase I) -
Healthy Folunreers-
single dose: X
multiple dose: X
Patienss-
single dose: X
multiple dose: X
Dose proportionality -
fasting / non-fasting single dose: X
fasting / non-fasting mutltiple dose: X
Drug-drug interaction studies -
In-vivo effects on primary drug: X
In-vivo effects of primary drug: X
In-vitro:
Subpopulation studies -
ethnicity: X
gender: X
pediatrics:




geriatrics: X
renal impairment: X
hepatic impairment: X
PD:
Phase 2: X
Phase 3: X
PK/PD:
Phase 1 and/or 2, proof of concept: X
Phase 3 clinical trial: X
Population Analyses -
Data rich: X
Data sparse: X

I1. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(AVIVC):

Bio-wavier request based on BCS

BCS class

III. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

24

16 Clinical studies, Pop PK. PK-
PD analyses and 6 7»-wizo studies

Filability and QBR comments

“X” if yes

Comments

Application filable ?

X

Comments sent to firm ?

QBR questions (key issues to be considered)

Since this is a NME, QBR questions will follow strictly as CPB review template suggested.

Other comments or information not
included above .

Primary reviewer Signature and Date

Shinja Kim, Ph. D

Secondary reviewer Signature and Date

Emmanuel Fadiran, Ph. D




Overview of Clinical Pharmacokinetics and Pharmacodynamics

Arformoterol (R,R-formoterol) is a selective, long acting B,-adrenoceptor agonist for the long-term maintenance
treatment of bronchoconstriction associated with COPD, including chronic bronchitis and emphysema.

Foradil® Aerolizer™ (formoterol fumarate inhalation powder; racemic mixture of formoterol) is approved in the
U.s.

The arformoterol clinical development program is comprised of 16 clinical studies. Of these, 14 studies (091-
003, 091-004, 091-007, 091-012, 091-013, 091-014, 091-015, 091-016, 091-018, 091-021, 091-026, 091-050,
091-051, and 091-060) involved pharmacokinetic and/or pharmacodynamic assessments. Studies 091-003, 091-
004 and 091-021 were initiated early in the development program with a less sensitive bioanalytical method.

Studies 091-007, 091-012, 091-013, 091-014, 091-015, and 091-018 were Phase I studies performed in healthy
subjects and/or in special populations free of respiratory disease. Study 091-016 included subjects with mild to
moderate asthma and was designed, in part, to characterize the absorption of arformoterol from the lung and GI
tract. Studies 091-026, 091-050, 091-051, and 091-060 included patients with a diagnosis of COPD. Data
collected for the population pharmacokinetic and pharmacodynamic analyses were obtained from three clinical
trials: one Phase 2 trial (Study 091-026) and two Phase 3 trials (Studies 091-050 and 091-051). In addition six
in vitro studies were conducted.

The sponsor summarized results from these studies as follows:

e  Arformoterol appears rapidly in the systemic circulation following nebulization in both healthy and COPD
subjects.

e  After administration of a single oral 35 pg dose of *H-arformoterol (2 mCi), ~90% of the administered radio
active dose was recovered in urine (67%) and feces (22%). Approximately 1 to 3.5% of the dose was
recovered in urine as unchanged arformoterol.

e Most systemic exposure and excretion of radioactivity was due to arformoterol sulphate and glucuronide
conjugates. O-Demethylation of arformoterol and conjugation of the O-desmethyl metabolite were
relatively minor pathways in man accounting for less than 17% of the dose recovered in urine and feces.

e Phase Il metabolism is the predominant route of clearance, and several UGT isoforms are likely to be
involved in the clearance of arformoterol. Phase I metabolism is considered a secondary clearance
pathway.

e Arformoterol does not inhibit common cytochrome P450 enzymes.

e Arformoterol is not highly bound to plasma proteins.

e The sponsor claims that there is no chiral inversion of (R,R)-formoterol to (S,S)-formoterol, (R,S)-
formoterol and (S,R)-formoterol was observed in human plasma after a single- and multiple-dose

administration of arfonnoterol. Only a trace amount of (S,R)-formoterol was found in a few isolated human
urine samples.



*  The mean terminal phase t,, following 2 weeks of drug administration ranged from 23-31 hours across all
dose levels and dosing regimens in COPD subjects.

* A dose proportional change in AUC from 10 pg to 50 pg per day was observed in COPD subjects.

* No change in systemic exposure was observed when healthy elderly subjects were compared to a control
group of non-elderly subjects following administration of a single nebulized dose of 50 pg arformoterol.
No dose adjustment is necessary for elderly patients.

* Systemic exposure after a single nebulized dose of 50 pg arformoterol was 1.5 -2 times higher in subjects
with mild, moderate-to-severe, or severe hepatic impairment. Arformoterol should be used with caution in
this patient population.

* There was no impact of renal impairment upon exposure to arformoterol. No dose adjustment is necessary
for patients with renal impairment.

* A preliminary population PK/PD model was developed. A good fit between predicted and observed %
AFEV was observed. A responder analysis using this model support the conclusion that 15 ug BID should
be considered the recommended starting/core dose for COPD subjects.

Recommendation: The Office of Clinical Pharmacology and Biopharmaceuticals/Division of Clinical
Pharmacology-1I has reviewed NDA 21-912 submitted on December 8, 2005 and finds the submission is
fileable.
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