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1. Introduction

In this amendment, the sponsor submitted the updated stability data and proposed a 24-month
expiration date based on data of 24-months for Serevent Diskus 50ug Inhalation Powder stored
at 30°C/60% RH. '

II. Sponsor’s Design and Analyses

The sponsor submitted the results of the stability study for Serevent Diskus 50ug Inhalation
Powder up to 24 months stored at 30°C/60%RH. The sponsor performed the statistical analysis
on three batches (SP94/035, SP94/056 and SP94/062). Evaluations were performed for
Salmeterol content per blister, Salmeterol content of the emitted dose, content of GR87890X by

_ o ] . The
evaluation of particle size distribution by ) was performed for each of the

- following variables: mean sum of throat, preseparator and stage 0; fine particle mass; sum of

stages 3 and 4; and sum of stage 6, 7 and filter. The test time points were 0, 6, 10 12 and 24
months. '

The data were provided by the sponsor on a 3.5 floppy diskette. The statistical method used by
the sponsor is in accordance with the FDA’s “Guidelines for Submitting Documentation for the
Stability of Human Drugs and Biologics™ (February 1987). The sponsor used the FDA program
to perform the statistical analyses.

I Reviewer’s Results and Comments

Table 1 below summarizes the results obtained from the 3 batches stored at 30°C/60%RH. The
results are presented for each variable.
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Table 1

Summary of Results of the Reviewer’s analyses

Attribute Specification| Batch Model Study Fitted Line Expiry
Selection Date
Salmeterol Content per SP94/035 | Separate | Y=105.8277-0.3053X | 38
blister SP94/056 | Intercepts | Y=103.1152-0.3053X | 31
SP94/062 | Common | Y=105.4277-0.3053X | 37
Slope
Salmeterol Content of the SP94/035 | Separate | Y=47.4662+0.0271X | 84
Emitted dose SP94/056 | Intercepts | Y=46.9302+0.0271X | 84
SP94/062 | Common | Y=47.9062+0.0271X | 84
Slope

Particle size distribution

by _

. Mean Sum of Throat, SP94/035 | Separate | Y=36.1449-0.0027X | 67
Preseparator and Stage 0 SP94/056 | Intercepts | Y=35.3082+0.0134X | 54
(TPO) SP94/062 | Separate | Y=35.8634-0.1002X | 19

Slopes
. Fine particle mass SP94/035 | Separate | Y=11.3200-0.0371X | 29
(Sum of Stages 1 to 5) SP94/056 | Intercepts | Y=10.3431-0.0371X | 22
SP94/062 | Common | Y=11.2124-0.0371X | 37
Slope
. Sum of Stages 3 and 4 SP94/035 | Separate | Y=6.1569-0.0408X | 37
SP94/056 | Intercepts | Y=5.4799-0.0408X | 25
SP94/062 | Common | Y=5.9261-0.0408X | 33
, Slope :
. Sum of Stage 6,7 and filter SP94/035 | Separate | Y=0.1745+0.0157X | 34
(Mass <1 pum) SP94/056 | Intercepts | Y=0.4843-0.0048X | 84
SP94/062 | Separate | Y=0.6257-0.0109X | 84
Slopes
Content of GR97980X All Common | Y=0.0610+0.0284X | 27
batches | Intercept
Common
Slope
Total impurity content SP94/035 | Separate | Y=0.1035+0.0341X |28
SP94/056 | Intercepts | Y=0.0171+0.0424X | 25
SP94/062 | Separate | Y=0.0935+0.0349X |26
Slopes




Salmeterol Content per blister

The p-values of statistical tests for the selection of degradation model are presented in Table 2.
Based on these p-values, a model with separate intercepts and a common slope was selected.
The reviewer used the 2-sided confidence limits for the mean strength of the batch at each
storage time because the sponsor specified both the lower and the upper specification limits of
90 and 110 percent of label claim. The estimated expiration dates are 38, 31 and 37 months
rather than 40, 33 ad 39 months obtained by the sponsor using a 1-sided lower specification
limit for the three individual batches. (see appendix, Table G5.1)

Based on the stability data of this variable, the reviewer’s analysis results support the
sponsor’s proposed 24-month expiration date.

Salmeterol Content of the Emitted Dose

The p-values of statistical tests for the selection of degradation mode! are presented in Table 3.
Based on these p-values, a model with separate intercepts and a common slope was selected.

Based on the stability data of this variable, the reviewer's analysis results support the
sponsor’s proposed 24-month expiration date.

Sum Throat, Preseparator and Stage 0 bv -

The p-values of statistical tésts for the selection of degradation model are presented in Table 4.
Based on these p-values, a model with separate intercepts and separate slopes was selected.
The reviewer used the 2-sided confidence limits for the mean strength of the batch at each
storage time because the sponsor specified both the lower and the upper specification limits of
- 32 and 40 pg/blister. The estimated expiration dates are 67, 54 and 19 months rather than 80,
- 69 ad 21 months obtained by the sponsor using a 1-sided lower specification limit for the three
individual batches. (see appendix, Table G5.1)

The sponsor explained that the initial values of TPO data for Batch SP94/062 were more
variable than for the other two batches and were “unduly affecting the slope by pulling the
initials higher and increasing the steepness of the slope”. The sponsor then reanalysed the data,
excluding the initial value for batch SP94/062 and showed “no significant slope conforming to
a straight line comparable to the other two batches”. The shelf life had been extended to 84
months. Therefore, the sponsor proposed a 24-month expiration date for TPO.

The reviewer’s could not agree with the sponsor reanalysis by exclusion the initial values for
batch SP94/062. Therefore, the reviewer analysis results of the variable TPO do not support
the sponsor’s proposed 24- month expiration date. The estimated degradation line along with
the lower and the upper 95% confidence bounds are presented in Figures 1, 2 and 3.
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Fine Particle Mass (Sum of Stages 1 to 5)

The p-values of statistical tests for the selection of degradation model are presented in Table 5.
Based on these p-values a model with separate intercepts and a common slope was selected.
The reviewer used the 2-sided confidence limits for the mean strength of the batch at each
storage time because the sponsor specified both the lower and the upper specification limits of
9 and 14 pg/blister. The estimated expiration dates are 29, 22 and 37 months rather than 42, 24
ad 40 months obtained by the sponsor using a 1-sided lower specification limit. (see appendix,
Table G5.1)

Therefore, the reviewer analysis results of this variable do not support the sponsor’s proposed
24-month expiration date. The estimated degradation line along with the lower and the upper
95% confidence bounds are presented in Figures 4, 5 and 6.

Sum of Stages 3 and 4 bv

The p-values of statistical tests for the selection of degradation model are presented in Table 6.
Based on these p-values, a model with separate intercepts and a common slope was selected.

The reviewer’s analysis results of this variable support the sponsor’s proposed 24-month
expiration date.

Sum of Stages 6, 7 and Filter bv }

The p-values of statistical tests for the selection of degradation mode! are presented in Table 7.
Based on these p-values, a model with separate intercepts and separate slopes was selected.

- The reviewer's analysis results of this variable support the sponsor’s proposed 24-month
expiration date.

Content of GR97980X

The p-values of statistical tests for the selection of degradation model are presented in Table 8.
Based on these p-values, a model with common intercept and a common slope was selected.

The reviewer’s analysis results of this variable support the sponsor’s proposed 24-month
expiration date.

Total Impurity Content

The p-values of statistical tests for the selection of degradation model are presented in Table 9.
Based on these p-values, a model with separate intercepts and separate slopes was selected.



The reviewer’s analysis results of this variable support the sponsor’s proposed 24-month
expiration date.

v Summary

The sponsor requested an expiration date of 24 months for Serevent Diskus 50ug Inhalation
Powder stored at 30°C/60%. The stability data were collected up to 24 months. However, the
data of sum throat, preseparator and stage 0 and fine particle mass by Casscade Impator
supported an estimated expiration dating period of less than 24 months. Therefore, the overall
stability study data do not support the sponsor proposed 24-month expiration date.

Also, the sponsor did not follow the FDA recommended test schedule in the stability study.
Instead of testing the product every three months during the first year and every six months the
second year, the sponsor tested at 0, 6, 10, 12 and 24 months only. With only five data points
used in the analysis, the estimated expiration dating period may not be as precise as if there
were seven data points.
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Table 2
Salmeterol Content per Blister

SOURCE sS OF NS F P
A 73.58 4 18.40  1.83029  0.14097
B 68.62 2 34.31  3.41337  0.04231
c 4.97 2 2.48  0.24721  0.78210
D 422.14 42 10.05
E 511460.70 6  85243.45
Table 3
Salmeterol Content of the Emitted Dose
SOURCE s DF NS F P
A 41.79 4 10.45  1.56747  0.18614
B 23.89 2 11.95  1.79228  0.17028
c 17.90 2 8.85  1.34266  0.26440
D 959.77 144 6.67
E 340800.62 6  56800.10
Table 4
Sum Throat, Preseparator and Stage 0 by «
SOURCE SS OF NS F P
\
A 14.25 4 3.56  2.08034  0.10577
8 7.60 2 3.80  2.21804  0.12479
c 6.65 2 3.33  1.94264  0.15937
D 56.51 33 1.71
E 49258.69 6  8209.78

APPEARS THIS WAY
ON ORIGINAL

Figure 1
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BEST POSSIBLE COPY
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. BEST POSSIBLE COPY

BATCH=SP94/062
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Table §
Fine particle mass by _
SQURCE ss DOF NS F P
A 7.47 4 1.867  4.56849  0.00478
APPEARS THIS WAY 8 7.46 2 3.730  9.12703  0.00070
o c 0.01 2 0.004  0.00994  0.99012
ON ORIGINAL D 13.49 33 0.409
- E 4444.17 6  740.696
APPEAPRS THIS WAY
ON ORIGINAL
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Figure 4
BATCH=SP94/035
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BATCH=SP84/062
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Table 6
. Sum of Stages 3 and 4 by )
APPEARS THIS WAY
ON ORIGINAL .
, SOURCE sS DOF us F P

A 3.46 4 0.866  2.33994  0.07548
B 3.08 2 1.539  4.16068  0.02447
c 0.38 2 0.192  0.51919  0.59978

D 12.21 33 0.370

E 1199.73 6  199.955

Table 7
Sum of Stages 6, 7 and Filter by
SOURCE ss DF NS F P
A 0.71708 4  0.17927  4.47532  0.005335
APPEARS THIS \CJAY B 0.37590 2 0.18795  4.69198  0.016094
ON ORIGINA c 0.34118 2 0.17059  4.25866  0.022631
: ) 1.32190 33  0.04006
E 7.86810 6  1.31135
/
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Table 8
Content of GR97980X

Test of Batch Poolability (p-value cutpoint used: 0.25)
Variable Analyzed: 30/60
14:36 Wednesday, September 3, 1997

SOURCE ss DF MS F P
A 0.000Y4 Y 0.0001 0.0355 0.9971
B 0.0002 2 0.0001 0.0283 0.9722
c- 0.0002 2 0.0001 0.0428 0.9583
RES | DUAL 0.0254 9 0.0028

C: Ho: sep. Intercept com. slope, Ha: sep. Intercept sep. slope
B: Ho: com. intercept com. slope, He: sep. intercept com. slope
A: Ho: com. intercept com. slope, Hs: sep. Intercept sep. slope
Source: C:\data\Poolable.sd2
Analusia af Stahilitu

Table9 -
Total Impurity Content

Test of Batch Poé|abl||t9 (p~value cutpoint used: 0.25)
: Variable Anzlyzed: 30/60
14:47 Uednesday, September 3, 1997

SOURCE ss DF MS F . P

A i 0.0133 | 0.0033 ~ 0.8458 0.5303
B 0.0000 2 0.0000 . 0.0017 0.9983
c 0.0133 2 0.0066 1.6898 0.2382
RES | BUAL 0.035Y4 9 0.0039

C: Ho: sep. intercept com. slope, Ha: sep. intercept sep. slope
B: Ho: com. intercept com. slope, Ha: sep. intercept com. slope
A: Ho: com. .intercept com. slope, Ha: sep. intercept sep. slope
Source: C:\data\Poolsble.sd2 .
Analuzis aof Stahilitu
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Section G Stability of the Drug Product

Table G5.1. Shelf-life Predictions (months) at 30°C/60%RH from the Statistical
Evaluation of Analytical Data for Serevent Diskus 50g

Attribute Storage Expiry
SP84/035 SP94/056 SP94/062

Content per blister 30°C/60%RH 40 33 39
Emitted dose 30°C/60%RH 84 84 84
Particle size distribution 30°C/60%RH
by _

o (TPOD 80 69 3

¢ Fine particie mass 42 24 40

e Stages 3 and 4 ‘ 37 25 33

e Mass <iuym 34 84 84
GR97980X content 30°C/60%RH 2ar 27* 27
Total impurity content | 30°C/60%RH 28 - 25 26

)l *  Pooled

APPEARS TH|S WAY
ON ORIGINAL

B APPEARS THIS WAY
/ ON ORIGINAL
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NDA #: 20-692 ’ MAR 2 8 1997
APPLICANT: Glaxo Wellcome Inc.
NAME OF DRUG: Serevent (salmeterol xinafoate) Diskus

Inhalation Powder
INDICATION: Bronchodilator

DOCUMENTS REVIEWED: Volumes 1.1, 1.30, 1.45, and 1.65 dated
June 18,1996 and volume 9.1 dated November
21, 199¢6.

This review pertains to two parallel group studies comparing
salmeterol Diskhaler, albuterol and placebo in patients with
reversible obstructive pulmonary disease (ROPD) and one four week
study comparing the serevent given by Diskus with serevent given by
Diskhaler and placebo. The last study can be considered a bridging
study. :

The medical officer for this submission is S. Johnson, Pharm. D.,
(HFD-570) with whom this review was discussed.

"I.  BACKGROUND

Salmeterol xinafoate (salmeterol) is a lohg-acting B,-adrenoceptor
agonist bronchodilator. The Metered Dose Inhaler was approved
February 4, 1994.

This review will focus on the evaluable patient analyses rather
than intent-to-treat analysis because salmeterol is compared with
both placebo and an active control. The evaluable patient
population is the more meaningful population to compare drugs in
active controlled studies because this analysis provides better
estimates of treatment effects and treatment differences in the
patient population specified by the protocol. The p-values of the
intent-to-treat analyses are similar to those of the evaluable
patient analyses.

During a quality check of the data files, this reviewer noticed
problems with the data files for PFTs with no carry forward data.
An inspection of the analysis of PFTS with no carry forward data
showed that these analyses were incorrect for Weeks 4, 8 and 12.
This reviewer called the sponsor's s:atistician to report the
errors. The sponsor rrovided new data files and PFT analyses
without the carry forward values in their November '21,1996
submission.
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IX. U.S. DISKHALER STUDIES IN ROPD
A. STUDY DESCRIPTION AND METHOD OF ANALYSES

These were multi-center, double-blind, parallel group 12-week
studies comparing salmeterol 50 mcg bid given by diskhaler versus
albuterol 180 mcg q.i.d. and placebo g.i.d. in patients with
reversible obstructive airways disease. The table below gives the
dosing schedule to blind the study:

- Four Doges Per Day

(number of puffs per dose)
salmeterol (50 mcg/ puff) 1 0 0 1
50 mcg bid A (Placebo) 2 0 0 2
B (placebo) 0 2 2 0
albuterol (Placebo) 1 0 0 1
180 mcg ~ A(90 mcg/puff) 2 0 0 2
g.i.d. B(90 mcg/puff) o 2 ‘2 0
"Placebo (Placebo) 1 0 0 1
g.i.d. A (placebo) 2 0 0 2
- \B Tplacebo) 0 2 2 0

Example times of g.i.d. doses: 6 AM 11 AM 4 PM 9 PM

Ventolin (albuterol) metered-dose inhalers were supplied for use as
back-up medication to be used on an as needed basis (PRN) . [ These
studies were similar to the phase 3 studies conducted for
salmeterol MDI ( SLG-311 and SLG-312). The main difference was that
in the salmeterol MDI studies, salmeterol was given at dose 3.]

There were nine clinic visits: screening visit, seven treatment
period visits (Day 1, Weeks 2, 4, 6, 8, 10 and 12) and one post-
study visit (approximately 1 week later).

At Day 1, and Weeks 4, 8, 12 serial spircmetric pulmonary function
tests were done at 30 minutes predose and time 0 (immediately
before the first dose of test drug), and at hours 0.25, 0.5, 1, 2,
3, 4, 5, 6 ( prior to the second daily dose of study drug), and
hours 7, 8, 9, 10, 1i and 12 ( prior tc the third daily dose of

2

——r




- - -

study drug). Triplicate maneuvers were done. The maneuver with the
highest sum of FEV; and FVC was chcsen as the recorded PFT values.

Patients had to be > 12 years of age and be current nonsmokers.
They had to be have a history of asthma of at least 6-months
duration that required daily pharmacotherapy. Their baseline FEV,
had to be within 50-80% of predicted normal with reversibility in
FEV; of at least 15% within 30 minutes after 2 puffs of albuterol
(180 mcg) [ Ventolin Inhalation Aerosol].

Patients received at each clinic visit daily diary cards where they
recorded their peak flow readings, Ventolin usage, nighttime
awakenings due to asthma and daytime symptom score ratings.

Patients recorded their peak expiratory flow rates (PEFR) in the
morning and evening of each day during the study. The morning
determination was to be taken before the patient took the first

dose of study drug on that day and after getting out of bed. The _

evening determination was to be taken before taking the last dose
of study drug for the day.

Patients recorded daily at bedtime a self-rating for each of the
following four symptoms: chest tightness, shortness of breath,
wheezing and coughing.. The assessment was to be made over the
whole course of the day. Patients rated themselves on a &-point
scale with 0 being no symptoms to 5 being so severe that they could
not go to work/school/or do other normal daily activities.

The patient recorded daily the number of times that they awoke last
night due to asthma symptoms. This number included premature early
morning awakening. They\also recorded at bedtime the number of
puffs of Ventolin used since last night at bedtime. They also
recorded whether they took any Ventolin within the last four hours
before their AM and PM PEFR measurements. :

At the screening visit and at on-treatment visits ( Day 1, Weeks 4,
8, and 12) the physician gave a global rating of patient symptoms
using nearly the same 6-point scale that the patient used to record
his individual daily symptoms. { The scale was modified using the
word symptoms rather than reflecting only an individual symptom.]

The sponsor's primary analysis of PFT measurements was a repeated
measures analysis of variance which included terms for treatment,
investigator and the treatment-by-investigator interaction. The
dependent variables included the predose PFT baseline and the 14
postdose changes-from-daseline variables at Day 1, and the 16
changes-from-baseline variables at treatment Weeks 4, 8 and 12. [In
each case changes-from-baseline were calculated from Day 1 baseline
because the salmeterol FEV, values takex 30 minutes before first
dose of the day and o minute .FEV, values at later clinic visits
were elevated from the Day 1 bkaseline level.] )



At some serial PFT visits, patients were unable to complete the

12-hour evaluations due to increased asthma symptoms that required

~ additional asthma medication. Under these circumstances, the last
pre-intervention PFT values were carried-forward for the remainder
of the 12-hour schedule before analysis. Occasionally, a set of
PFTs were missing for reasons other than increased asthma symptoms.
In this case the previous value was carried forward for that PFT.
[ This latter assignment method was different from the Serevent MDI
submission where interpolation was used. Since there were very few
such missing PFT values, assignment method would have little impact
on the study results.]

The sponsor analyzed both the intent-to-treat population and
evaluable population (called by the sponsor "the efficacy
population"). The evaluable population included patients from the
intent-to-treat population who participated within the constraints
of the study protocol.

Morning (AM) PEFR and evening (PM) PEFR were tested using an
analysis of Variance F-test on change from the pretreatment period.
The pretreatment baseline for each patient was defined as the
average of the seven days immediately prior to randomization. Data
were summarized and tested for the three 4-week periods ( Weeks 1-
4, 5-8, and 9-12), and for the entire 12-week treatment period

( Weeks 1-12). Only the Weeks 1-12 analysis will be discussed in
this review because the other assessment periods lead to similar
conclusions.

* = In addition to the repeated measures analyses of PFT changes from
baseline, the sponsor analyzed the serial PFT measures ( changes
from Day 1 baseline) individually using an analysis of variance
with factors treatments, investigator and treatment-by-investigator
interaction. PEFR measurements (AM and PM) were analyzed similarly.
Patients who had missing data for more than one-half of the period
they were treated with study drug were excluded from the efficacy
analyses. Although this was not stated in the protocol, it was the
method used in the original Serevent MDI submission.

The sponsor analyzed back-up Ventolin usage, percent of nights with
no awakenings, patient-rated asthma symptoms using a van Elteren
test ( Cochran-Mantel-Haenszel test with scores = Modridit in the
SAS procedure FREQ) to control for investigators. These analyses
were done for averages of Weeks 1-4, Weeks 5-8, Weeks 9-12 and
overall Weeks 1-12. [ Only the overall Weeks 1-12 analyses will be
discussed in this review.]

Pairwise comparisons were calculated using only data from the two
treatments tested. These comparisons were not adjusted for multiple
comparisons. [ This is appropriate as each comparison was, a
priori, of interest.] '



B. SIUDY SLD-311

1. RESULTS

There were 239 patients ( 79 placebo, 80 salmeterol, 80 albuterol)
who entered this 8 center trial. There were 19 patients ( 5
placebo, 10 salmetercl and 4 albuterol) who withdrew from the study
without completing 12 weeks of treatment. There were 9 withdrawals
( 2 placebo, 6 salmeterol, and 1 albuterol) for an adverse event.
However, 4 of these ( 1 placebo and 3 salmeterol) were for an
asthma exacerbation. The evaluable patient analyses included 235 of
the 239 patients. Visit data was excluded for an additional 19
patients.

The treatment groups were comparable at baseline in demographic
variables, mean symptom scores, mean AM and PM PEFRs, mean daily
puffs of back-up Ventolin and percent of nights with no awakenings.

Sponsor's Table 19 (Study SLD-311) presents the results of the p-
values comparing treatments for changes from Day 1 baseline for
FEV, for the evaluable patient population. Significant differences
between placebo and salmeterol were seen in the repeated measures
analysis at all 4 clinic visits and in all serial time points at
these clinic visits.

The repeated measures comparison of salmeterol and albuterol was
"significant at Weeks 4, 8, and 12 ( P < 0.006 for all three weeks).
Significant differences in changes from Day 1 baseline were
observed when the effectg of albuterol should be wearing off ( at
the end of its dosing interval). These significant differences
favoring salmeterol over albuterol were at hours 3, 4, 5, 6, 11, 12
on Day 1; at -0.5 hours, 0.0 hours and hours 2, 3, 4, 5, 6, 9, 10,
11, 12 at Week 4; at hours -0.5 hours, 0.0 hours, 2, 3, 4, 5, 6,
10, 11, and 12 at Week 8; and at -0.5 hours, 0.0 hours, and hours
2, 3, 4, 5, 6, 10, 11, and 12 at Week 12.

Significant differences favoring albuterol over salmeterol were
seen at 0.25 hours, 0.5 hours and hours 1 and 7 on Day 1 indicative
of a shorter onset of effect for albuterol than salmeterol. These
assessment times did not show efficacy of albuterol over salmeterol
at Weeks 4, 8, and 12 because the effects of the last dose of
salmeterol ( taken at bedtime) had not worn off at these assessment
times.

The -0.5 hour and 0 hour ( predose) changes from Day 1 baseline at

weeks 4, 8, 12 were between .30 - .36 liters for salmeterol. These
differences were significantly different from 0 and significantly
different from the -0.06 - .11 liters level observed for placebo

and albuterol. This is indicative of salmeterol being long lasting
and why the sponsor chose to analyze changes from Day 1 baseline

5
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rather than changes from test day baseline.

The results of the analyses of changes from Day 1 baseline for FEF
25-75% and FVC ( not presented here) were essentially similar to
those of changes in FEV,. Similar results to the evaluable patient
analyses were also observed in the intent-to-treat population.

Table 1 presents mean values and mean changes from Day 1 baseline
over the 12 weeks of treatment for PEFR measurements, daily puffs
of back-up Ventolin, percent of nights with no awakenings and
asthma symptom scores for the evaluable patient population. Also
included are the- p-values comparing treatments in changes from
baseline from the van Elteren test with investigators as strata.
Significant differences favoring salmeterol over placebo were seen
in all variables except coughing. Significant differences favoring
salmeterol over albuterol were seen in changes in morning PEFR,
evening PEFR, percent of nights with no awakenings and shortness of
breath.

2. REVIEWER'S COMMENTS

This reviewer does not feel that the repeated measures analyses
performed by the sponsor are meaningful. The usual repeat factor
is time over the 12 weeks of the trial not the 12.5 hours
(including baseline) of serial FEV, measurements utilized by the
sponsor. It appears that the Day 1 analysis included baseline FEV,
and 13 on-treatment assessments of changes of FEV, from baseline.

. - The analysis on the other evaluation days included 15 changes from

baseline, two of which were the before treatment assessments at -
0.5 hours and 0 hours (predose). Since the treatment-by-time
interaction is highly \significant in the repeated measures
analysis, it is the univariate analyses of changes-from-baseline at

the serial time points that provide the most information about

treatments.

To get a global effect of treatment over the 12 hour dosing
interval it is more appropriate to analyze AUC above test day
baseline for FEV,. The sponsor analyzed this variable using a van
Elteren test with investigators as strata and found that salmeterol
and albuterol were significantly different from placebo for all on-
treatment clinic visits. Salmeterol was significantly better than
albuterol at Weeks 4, 8, and 12. The mean AUCs above baseline at
Week 12 were 0.4, 6.5 and 3.3 liter-hours for placebo, salmeterol
and albuterol, respectively. :

Overall, this study has demonstrated effectiveness compared to
placebo throughout the dosing interval for changes in PFTs. There
were also significant differences favoring salmeterol over placebo
in PEFRs, daily use of back-up Ventolin, percent of nights with no
awakenings, chest tightness, shortness of breath, and all symptoms.
Significant differences favering salmeterol over albuterol were
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seen at the end of albuterol's dosing interval 3, 4, 5, 6, 11 and
1z in PFTs at all clinic visits and some additional hours at some
of the clinic wvisits, in PEFRs, percent of nights with no
awakenings and shortness of breath.

This study has shown more significant efficacy assessments of
salmeterol diskhaler compared with albuterol for FEV, than did the
salmeterol MDI studies. This is most probably due to choosing to
dose the diskhaler at bedtime rather than at 6 PM as was done in
the MDI studies.

C. STUDY SLD-312
1. RESULTS

There were 212 patients ( 73 placebo, 69 salmeterol, 70 albuterol)
who entered this 7 center trial. There were 22 patients ( 10
placebo, 6 salmeterol and 6 albuterol) who withdrew from the study
without completing 12 weeks of treatment. The evaluable patient
analyses included 207 of the 212 patients. The main reasons for
exclusions were inappropriate usage of nebulization therapy and
violation of prestudy spirometry criteria. Efficacy data at some
assessment times were excluded for an additional 20 patients.

The treatment groups were comparable at baseline in demographic
variables, mean symptom scores, mean AM and PM PEFRs, mean daily
puffs of back-up Ventolin and percent of nights with no awakenings.

'Sponsor's Table 19 (Study SLD-312) presents the results of the P-

values comparing treatments for changes from Day 1 baseline for
FEV, for the evaluable patient population. Significant differences
between placebo and salmeterocl were seen in the repeated measures
analysis at all 4 clinic visits and in all serial time points.

The repeated measures comparison of salmeterol and albuterol was
significant at Weeks 4, 8, and 12 ( P < 0.016 for all three weeks).
Significant differences in changes from Day 1 baseline were
observed when the effects of albuterol should be wearing off ( at
the end of its dosing interval). These significant differences
favoring salmeterol over albuterol were at hours 3, 4, 5, 6, 11, 12
on Day 1; at -0.5 hours, 0.0 hours and hours 2, 3, 4, 5, 6, 9, 10,
11, 12 at Week 4; at hours -0.5 hours, 0.0 hours, 2, 3, 4, 5, &6,
10, 11, and 12 at Week 8; and at -0.5 hours, 0.0 hours, and hours
2, 3, 4, 5, 6, 10, 11, and 12 at Week 12. Significant differences
favoring albuterol over salmeterol were seen at 0.25 hours, and 0.5
hours on Day 1 indicative of a shorter onset of effect for
albuterol than salmeterol. These assessment times did not show
efficacy of albuterol over salmeterol at Weeks 4, 8 and 12 because
the effects of the last dose of salmeterol had not worn off at
these assessment times.



The -0.5 hour and 0 hour (predose) changes from Day 1 baseline at

Weeks 4, 8, 12 were between .18 - .36 liters for salmetgrol.' These
differences were significantly different from 0 and significantly
different from the -0.11 - .00 liters level observed for placebo

and albuterol. This is indicative of salmeterol being long lasting
and why the sponsor chose to analyze changes from Day 1 baseline
rather than changes from test day baseline.

The results of the analyses of changes from Day 1 baseline for FEF
25-75% and FVC (not presented here) were essentially similar to
those of changes in FEV,. Similar results to the evaluable patient
analyses were observed in the intent-to-treat population, also.

Table 2 presents mean values and mean changes from Day 1 baseline
over the 12 weeks of treatment for PEFR measurements, daily puffs
of back-up Ventolin, percent of nights with no awakenings and
asthma symptom scores for the evaluable patient population. Also
included are the p-values comparing treatments in changes from
baseline from the van Elteren test with investigators as strata.
Significant differences favoring salmeterol over placebo were seen
in all wvariables except coughing and shortness of breath.
Significant differences favoring salmeterol over albuterol were
seen in changes in morning PEFR, percent of nights with no
awakenings, Ventolin usage, wheezing and all symptoms.

2. REVIEWER'S COMMENTS

-As in Study SLD-311, this reviewer does not feel that the repeated
measures analyses performed by the sponsor are meaningful. The
usual repeat factor is time over the 12 weeks of the trial not the
12.5 hours (including ‘baseline) of serial FEV; measurements
utilized by the sponsor. It appears that the Day 1 analysis
included baseline FEV, and 13 on-treatment assessments of changes
of FEV, from baseline. The analysis on the other evaluation days
included 15 changes from baseline, two of which were the before
treatment assessments at -0.5 hours and 0 hours (predose). Since
the treatment-by-time interaction is highly significant in the
repeated measures analysis, it is the univariate analyses of
changes-from-baseline that provide the most information about
treatments.

To get a global effect of treatment over the 12 hour dosing
interval it is more appropriate to analyze AUC above test day
baseline for FEV,. The sponsor analyzed this variable using a van
Elteren test with investigators as strata and found that salmeterol
and albuterol were significantly different from placebo for all on
treatment clinic visits. Salmeterol was significantly better than
albuterol at Weeks 4, 8 and 12. The mean AUCs above baseline at
Week 12 were 1.1, 5.7 and 3.5 liter-hours for placebo, salmeterol
and albuterol, respectively. .



Overall, this study has demonstrated effectiveness compared to
placebo throughout the dosing interval for changes in PFTs. There
were also significant differences favoring salmeterol.over placebo
in PEFRs, daily use of back-up Ventolin, percent of n1gh§s yith no
awakenings, chest tightness, wheezing and all symptoms. Significant

differences favoring salmeterol over albuterol were seen at the end

of albuterol's dosing interval (hours 3, 4, 5 , 6, 11 and 12) in
PFTs at all clinic visits and some additional evaluation times at
various clinic visits, in morning PEFRs, Ventolin usage, percent of
nights with no awakenings, wheezing and all symptoms.

This study has also shown more significant efficacy assessments of
salmeterol diskhaler compared with albuterol for FEV, than did the
salmeterol MDI studies. This is most probably due to choosing to
dose the diskhaler at bedtime rather than at 6 PM as was done in
the MDI studies.

III. STUDY SLGA2004
A. STUDY DESCRIPTION AND METHOD OF ANALYSES

This study was similar to the other two studies with the following
exceptions:

l. It was only a 4 week study.

2. It compared double dummy placebo, salmeterol MDPI Diskus, and
-Salmeterol Diskhaler b.i.d. ( 8AM and 8 PM).

3. Each patient recorded on a diary card their AM and PM PEFR, use
of backup ventolin, the frequency of nighttime awakenings due to
asthma, and a self rating of asthma symptoms in the AM and PM. The
assessment was made before taking the next dose. Individual
symptoms of asthma were not assessed.

4. PFTs were only taken on Day 1 and Day 29 at 30 minutes predose,
immediately predose, and at the following times postdose: 0.25,
0.5, 1, 2, 4, 6, 8, 10 and 12 hours.

B. RESULTS

There were 210 patients ( 69 placebo, 71 salmeterol MDPI, 70
salmeterol diskhaler) who entered this 12 center trial. There were
15 patients ( 6 placebo, 7 salmeterol MDPI and 2 salmeterol
diskhaler) who withdrew from the study without completing the
trial. The evaluable patient analyses included 194 of the 210
patients. The evaluable patient population was the completers with
the one exception that patient 330 whe completed was not included
due to unevaluable spirometric .data. :

The treatment groups were comparable at baseline in demographic
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variables, mean symptom scores, mean AM and PM PEFRs, mean daily
puffs of back-up Ventolin and percent of nights with no awakenings.

Sponsor's Tables 18 and 19 (Study SLGA2004) presents the results
of the p-values comparing treatments for changes from Day 1
baseline for FEV, for the evaluable patient population.
Significant differences betwsen placebo and both salmeterol
treatments were seen in the repeated measures analysis at both
clinic visits and in all serial time points.

The repeated measures comparison of salmeterol MDPI and salmeterol
diskhaler was not significant at both clinic visits. No significant
difference was seen between the salmeterol treatments in the serial
assessments at Day 1. At Day 29, the salmeterol MDPI had a
significantly greater change from baseline in FEV, than did the
diskhaler at hours 0.5, 1, and 4. However, there was a significant
difference between the salmeterol groups at baseline. If a
baseline covariate is used to adjust for this difference, no
significant difference is seen at any of the serial time points.
The data numerically favors the diskus.

The -0.5 hour and 0 hour ( predose) changes from Day 1 baseline at
Day 29 were between .31 - .35 liters for salmeterol MDPI diskus and
.25-.27 for salmeterol diskhaler. These differences were
significantly different from 0 and significantly different from
the 0.12 liters level observed for placebo. This is indicative of
salmeterol being long lasting and why the sponsor chose to analyze
changes from Day 1 baseline rather than changes from test day

‘baseline.

The results of the analyses of changes from Day 1 baseline for FEF
25-75% and FVC ( not presented here) were essentially similar to
those of changes in FEV.. Similar results to the evaluable patient
analyses were observed in the intent-to-treat population, also.

Table 3 presents mean values and mean changes from Day 1 baseline
over the 4 weeks of treatment for PEFR measurements, daily puffs of
back-up Ventolin, percent of nights with no awakenings and asthma
symptom scores for the evaluable patient population. Also included
are the p-values comparing treatments in changes from baseline from
the van Elteren test with investigators as strata. Significant
differences favoring both salmeterol treatments over placebo were
seen in AM and PM PEFRs, daily use of backup ventolin, and percent
of nights with no awakenings. Each salmeterol treatment was
significant for one of the two symptom assessments. No significant
difference was seen between the two salmeterol treatments.

C. REVIEWER'S COMMENTS

This reviewer does nct consider the repeated measures anélysis to
be that meaningful. To get a clobal effect of treatment over the 12

10
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hour dosing interval it is more appropriate to analyze AUC above
test day baseline for FEV,. The sponsor analyzed this variable
using a van Elteren test with investigators as strata and found
that salmetercl and albuterol were significantly different from
placebo for all on treatment clinic visits. Both Salmeterol
treatments were significantly better than placebo at Day 29. The
mean AUCs above baseline at Day 29 were 2.6, 7.5 and 6.2 liter-
hours for placebo, salmeterol diskus and salmeterol diskhaler,
respectively. A 95% confidence limit on the difference in AUC above
baseline for salmeterol diskus - salmeterol diskhaler was -0.8633,
3.3019 liter hours ( adjusting for baseline difference). The

- Salmeterol Diskus could be .86 liter hours worse than the diskhaler

or 3.3019 liter hours better.

IV. QVERALL CONCLUSIONS

Studies SLD-311 and SLD-312 showed efficacy of the Salmeterol
Diskhaler over placebo in all serial FEV. changes from baseline at
all clinic visits, and average ( over 12 Weeks) changes in Morning
and Evening PEFRs , Ventolin Usage, Percent of Nights with no
Awakenings, Chest Tightness, Wheezing, All Symptoms and Shortness
of Breath ( only nearly significant in Study SLD-312).

Study SLGA2004 showed both salmeterol Diskus and salmeterol
diskhaler significantly better than placebo at all serial FEV,
changes from baseline at both Day 1 and Day 29, and average

( over 23 days) Morning and Evening PEFRs, Daily Ventolin Usage
and either AM or PM Symptom Score. Numerically the Diskus was

‘better than the Diskkaler in all of the measurements. It is

therefore reasonable to infer that the diskus would have been
significantly different from placebo if it was used rather than the

diskhaler in Studies SID-311 and SLD-312. _
| — A

ames R. Gebert, Ph.D.
Mathematical Statistician

Concur: Dr. Wilson / gw‘[—— 2./[7/??’
. Dr. Nevius /g{//\ 3-28 ‘f7

Orig. NDA 20-692
HFD-570
IIr'D £72,/Dr. Johnson

L HFD-570/Ms. Jani

HFD-344/Dr. Lisook

HFD-715/Div File

HFD-715/Dr. Wilson

HFD-715/Dr. Gebert

Chron. )

This review consists of 11 pages of text and 16 pages of Tables
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Salmoterol Xinafoate MDPY
Protocol: SLGA2004

Population: Efficacy
: Table 19
INFERENTIAL ANALYSES OF SERIAL FEV1 (Liters) ON TREATMENT DAY 29
Investigator: All
PLACEBO 50 MCG D1Isxvs 50 MCG DISK TREATMENT COMPARISON P-VALUES({1)(2)

TIME (N=63) (N=63) (N=67)

IN - PLACEBO vs PLACEBO vs S0 MCG DISKUS vs

HOURS MEAN CHG (SE) MEAN CRG (SE) MEAN CHG (SE) OVERALL 50 MCG DISKUS 50 MCG DISK SO MCG DISK
. BASE(4]) 2.69 2.83 2.54 . 0.066 ¢ 0.449 0.119 0.024

-0.5 2.81 0.12 (0.0%) 3.13  0.31 (0.0%) 2.7  0.25 (0.04) 0.009 0.006 0.032 0.285

a.0 2.1 0.12 (0.05) 3.18  0.35 (0.06) 2.81 0.27 (0.04) 0.005 0.003 0.040 0.156

0.25 2.84 0.14 (0.0S5) 3.2¢6 0.43 (0.06) 2.91 0.36 (0.04) <.001 <.001 0.001 0.207 u

0.5 2.88 0.16 (D.04%) 3.37 0.% (0.07) 2.95 0.41 (0.04) <.00%1 ¢ <.001 ¢ <.001 0.040 1§

1 2.9% 0.235 (0.906) 3.48 0.65 (0.08) 3.04 0.50 (9.05) : <.001 ¢ <.001 ¢ 0.002 ¢ 0.036 t4 :

2 2.92 0.22 (0.06) 3.53 0.7 (0.08) 3.10 0.56 (0.06) <.001 ¢ <.001 ¢ <.001 ¢ 0.058

4 2.93 0.24 (n.07) 3.57 0.74 (0.08) 3.1 0.57 (0.06) <.001 ¢ <.001 ¢ <.001 ¢ 0.033 ¢4

(3 2.91 0.22 (0.07) 3.49 0.67 (0.07) .n 0.57 (0.06) <.001 ¢ <.001 ¢ <.001 ¢ 0.101 ¢

-8 2.90 0.20 (0.07) 3.45 0.63 (0.08) 3.05 0.51 (0.06) <.001 ¢ <.001 ¢ <.001 ¢ 0.148 ¢t

10 2.94 0.24 (0.07) 3.37 0.54 (0.07) 3.02 0.48 (0,05) <.001 ¢ <.001 ¢ 0.003 ¢ 0.290 1§

12 2.90 Q.20 (0.07) 3. 0.%2 (0.08) 2.97 0.43 {0.05) <.001 ¢ <,001 ¢ 0.003 ¢ 0.227

[1]) Treatment comparisons are based on analysis of variance F-tests on change (CHG) from baseline, (on actual values at baseline).
{2} P-value footnotes: { wsignificant investigator effeact (p <=0.05), § =significant nnounao:nuv<1»=<oun»atnon interaction (p <=0.05).
[3) Baseline (BASE) is the average of the -0.5 hour and the 0 hour FEV1 measurement on Treatment Day 1.

REPEATED MEASURES ANALYS1S OF VARIANCE ON CHANGE FROM BASELINE

P-VALUES FOR OVERALL TESTS P-VALUES FOR PAIRWISE TREATMENT COMPARISONS{3) '
Treatment Effect: <.001  Investigator Effect: <.001 PLACEBO vs 50 MCG DISKUS: <.001 t 5
TMI*INV Interaction: 0.466 . PLACEBO vs S0 MCG DISK: <.001 t H

50 MCG DISKUS vs 50 Mcg DISK: 0.092 ¢

Supporting data listing in
uHOmma.’.nluu.U" {000000.SLGA2004 TABLES)PFTTST2. SAS;16 - 03NOV9S
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