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DIVISION DIRECTOR MEMORANDUM

Date: April 4, 2007
From: Badrul A. Chowdhury, MD, PhD
Director, Division of Pulmonary and Allergy Products
To: Members, Pulmonary-Allergy Drugs Advisory Committee
Subject: Overview of the FDA background materials for SNDA 21-077, application to

add COPD indication for Advair Diskus 500/50 (fluticasone propionate 500
mcg and salmeterol 50 mcg)

Thank you for your participation in the Pulmonary-Allergy Drugs Advisory Committee
(PADAC) meeting to be held on May 1, 2007. As members of the PADAC you provide
important expert scientific advice and recommendations to the US Food and Drug
Administration (the Agency) on various regulatory decisions, including approval of new
indications for drugs already marketed in the United States. The upcoming meeting is to
discuss the supplemental NDA from GlaxoSmithKline (GSK) to add a chronic obstructive
pulmonary disease (COPD) indication to the labeling for Advair Diskus 500/50 (fluticasone
propionate 500 mcg and salmeterol 50 mcg inhalation powder).

Advair is a combination product containing fluticasone propionate, a fluorinated
corticosteroid, and salmeterol xinofoate, a long-acting beta-adrenergic agonist, formulated as
a dry powder for oral inhalation. Three dosage strengths of Advair Diskus are currently
marketed in the United States; these are Advair 100/50, Advair 250/50, and Advair 500/50,
containing 100 mcg, 250 mcg, and 500 mcg, of fluticasone propionate, respectively, and each
with 50 mcg of salmeterol. In the United States, Advair is currently approved for use in
patients with asthma and in patients with COPD. All three dosage strengths are indicated as
maintenance treatment of asthma. Only one dosage strength, Advair 250/50, has a COPD
indication. The indication is for maintenance treatment of airflow obstruction in patients
with COPD associated with chronic bronchitis. Advair 500/50 is not recommended for use
in COPD because the pivotal studies that formed the basis of approval of Advair 250/50
showed no additional benefit with the higher dose, and the higher corticosteroid dose could
have the potential for additional adverse effects in susceptible patients. GSK is now
proposing to add a COPD indication to the labeling for Advair 500/50. The proposed
indication includes increased survival, reduction of exacerbations, and improvement of
airflow obstruction in patients with COPD, including chronic bronchitis and emphysema.
Both the claims for increased survival and reduction of exacerbations are novel for a COPD
drug in the United States. Further, the current COPD indication is restricted to patients with
chronic bronchitis, while the new claim would add patients with emphysema as well.

Attached are the background materials for the meeting. The background materials include
two documents prepared by the Agency, the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) document, the currently approved product label for Advair, and an Agency



Guidance document titled “Providing Clinical Evidence of Effectiveness for Human Drugs
and Biological Products.” The documents prepared by the Agency include a clinical
summary and a statistical summary of the major clinical studies conducted by GSK to
support this application. The materials prepared by the Agency contain findings and
opinions based on reviews of the GSK submission. These represent preliminary findings and
do not represent the final position of the Agency. Indeed, the input and advice we receive
from you in this PADAC meeting will be an important part of our deliberations in coming to
our final conclusions.

Support for the COPD indication for Advair 500/50 comes essentially from two studies
conducted by GSK: a three-year study (SCO30003) primarily designed to show a survival
benefit, and a one-year study (SFCB3024) primarily designed to show reduced airflow
obstruction.

The proposed claim for increased survival is supported by one study, SCO30003. Ina
meeting between the Agency and GSK held in August 2000, prior to approval of the COPD
indication for Advair 250/50 in the United States, the study protocol SCO30003 was
discussed. At that time GSK was told that it might be possible to support an increased
survival indication on the basis of one study, but the results would have to be robust and a
sufficient number of patients would have to be enrolled in the United States to ensure that the
results in the US population trended in the same direction as the overall results.

Subsequent sections of this memorandum summarize some relevant findings from the two
pivotal studies, followed by key issues, and questions for discussion at the PADAC meeting.

Study SCO30003

Study SCO30003 was double-blind, placebo-controlled, parallel-group in design conducted
in 466 centers in 42 countries around the world. There were 190 centers in the US
contributing approximately 23% of the study patients. Patients enrolled in the study were 40
to 80 years of age with a diagnosis of COPD based on accepted criteria (ERS Consensus
Statement). Patients were required to be current or former smokers with a smoking history of
at least 10 pack-years, have a pre-bronchodilator FEV1 of <60%, a pre-bronchodilator
FEV1/FVC ratio <70%, and less than 10% increase in FEV1 following 400 mcg albuterol
administered by MDI. The study had a 2-week run-in period, a 3-year (156-week)
randomized treatment period, a 2-week follow-up period, and involved a total of 16 clinic
visits at 12-week intervals. The treatment groups were fluticasone 500 mcg plus salmeterol
50 mcg (FSC500/50), salmeterol 50 mcg (SAL50), fluticasone propionate 500 mcg (FP500),
and placebo, all administered twice-daily from the Diskus device, along with permitted
background therapy. The primary endpoint was all-cause mortality in patients treated with
FSC500/50 compared with placebo. All patients were followed for 3 years for assessment of
survival, including those who prematurely discontinued study drug. Patients who
discontinued study drug were contacted by telephone every 12 weeks. The cause of death
was initially assigned by the investigator using the information available. A blinded Clinical
Endpoints Committee (CEC) reviewed the records and assigned a cause of death to a pre-



defined set of categories (cardiovascular, pulmonary, cancer-related, other, unknown), and
also assessed if the death was COPD-related. Secondary endpoints were rates of moderate
and severe COPD exacerbation, quality of life determined by Saint George’s Respiratory
Questionnaire (SGRQ), and spirometry measures. A patient was considered to have a COPD
exacerbation if an investigator intervention was required for worsening COPD symptoms. A
COPD exacerbation was defined as moderate if treatment with systemic corticosteroids or
antibiotics or both was administered, and severe if hospitalization was required. Safety was
assessed by recording adverse events, incidence of bone fractures, oropharyngeal
examination in all patients, and bone mineral density and ophthalmologic assessments in
selected US centers.

The original sample size was 3800 to detect a 5% difference in the primary endpoint with an
80% power. This sample size was calculated based on the assumption of a 20% placebo
mortality in patients with a FEV1 of <60% (from a prior study). The assumption was
modified and two re-estimations of the sample size were done such that the final sample size
was 6040. This sample size provided 90% power to detect a 4.3% difference in the primary
endpoint.

The study had two planned interim analyses of all-cause mortality. The first analysis
occurred after approximately 300 deaths, and the second analysis occurred approximately at
the mid-point between the first interim analysis and the end of the study. At the interim
analyses a Safety and Efficacy Data Monitoring Committee (SEDMC) looked at the results
of safety and efficacy and gave a recommendation to the Steering Committee as to whether
the study or a specific treatment arm should be stopped prematurely. At the two interim
analyses no stopping boundaries were crossed and the study was continued. Both the interim
analyses occurred after the sample size re-estimations and were done as planned.

A total of 6184 patients were randomized approximately equally to the four treatment groups,
received at least one dose of study drug, and constitute the ITT population. Data from 72
patients from 5 investigators were excluded to form a modified ITT population, MITT, which
includes 6112 patients. The reasons for excluding these 5 centers are reasonable and were
acceptable to the Agency. Dispositions of study patients are shown in Table 1. There were a
large number of discontinuations in all treatment groups with more discontinuations from the
placebo treatment group compared to the active treatment groups. The discontinuations in
the placebo treatment group occurred relatively early in the course of the study compared to
the active treatment groups (Figure 1). This disproportionate discontinuation in the placebo
treatment group makes interpretation of the comparative data between active treatment
groups and placebo treatment group somewhat complicated.

Table 1. Patient disposition, n (%), [Study SC0O30003]

Placebo SAL50 FP500 FSC500/50
Randomized 1545 1542 1551 1546
Completed treatment 857 (55.5) 966 (62.7) 950 (61.3) 1014 (65.6)
Discontinued 688 (44.5) 576 (37.3) 601 (38.7) 532 (34.4)

Reasons for discontinuation




Placebo SAL50 FP500 FSC500/50
Adverse event 368 (23.8) 304 (19.7) 366 (23.6) 292 (18.9)
Consent withdrawn 139 (9.0) 137 (8.9) 118 (7.6) 120 (7.8)
Lost to follow-up 21 (1.4) 15 (1.0) 24 (1.6) 29 (1.9)
Lack of efficacy 104 (6.7) 63 (4.1) 45 (2.9) 33(2.1)
Did not fulfill entry criteria 4(0.3) 3(0.2) 5(0.3) 3(0.2)
Non-compliance 19 (1.2) 21 (1.4) 16 (1.0) 20 (1.3)
Others 32 (2.1) 33(2.1) 25 (1.6) 33(2.1)
Analysis population
ITT population 1545 1542 1551 1546
MITT population 1524 1521 1534 1533
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Figure 1. Time to study drug discontinuation — cumulative incidence curve (MITT), [Study SCO30003]

Survival status 3 years after initiation of study treatment was known for all patients in the
MITT population except for one patient (this patient was in the FSC500/50 group and treated
for 436 days). There were a total of 875 deaths that occurred in the MITT population within
3 years after start of the treatment. Causes of these deaths are shown in Table 2.



Table 2. Primary cause of death, n (%), [Study SCO30003]

Placebo SALS50 FP500 FSC500/50
(n=1524) (n=1521) (n=1534) (n=1533)
All death 231 (15.2) 205 (13.5) 246 (16.0) 193 (12.6)
COPD related death 91 (6.0) 93 (6.1) 106 (6.9) 72 (4.7)
Primary cause of death
Cardiovascular 71(4.7) 45 (3.0) 64 (4.2) 60 (3.9)
Pulmonary 74 (4.9) 80 (5.3) 91 (5.9) 61 (4.0
Cancer 45 (3.0) 44 (2.9) 51 (3.3) 44 (2.9)
Others 23 (1.5) 22 (1.4) 30 (1.9 11(0.7)
Unknown 18 (1.2) 14 (0.9) 13(0.8) 17 (1.1)

A summary of time to all-cause mortality for the four treatment groups within 3 years of
treatment is shown graphically in Figure 2. The four treatment groups did not separate
noticeably for the first 2 years of treatment; much of the separation occurred during the third
year of treatment. The FP500 group and the placebo group were similar for the first 2 years,
and then the FP500 group seemed to do worse than the placebo group. The FSC500/50
group and SAL50 group were similar for the first 2 years, and then the FSC500/50 group
seemed to do better than the SAL50 group.
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Figure 2. Time to all-cause mortality — cumulative incidence curve (MITT), [Study SCO30003]

The pre-specified primary analysis of time to all-cause mortality at 3 years stratified by
smoking status for all treatment groups is shown in Table 3. For the primary comparison of
FSC500/50 vs placebo the hazard ratio was 0.820 (unadjusted 95% CI was 0.677, 0.993) and
unadjusted p-value was 0.041. Due to the interim analyses, this unadjusted p-value needs to



be compared to a significance level of 0.040. To allow comparison to the commonly used
significance level of 0.05, the adjusted p-value was 0.052, and adjusted CI was 0.681, 1.002.

Table 3. Survival data analyses, [Study SCO30003]

Placebo SAL50 FP500 FSC500/50
(n=1524) (n=1521) (n=1534) (n=1533)
Deaths up to 3 years, n (%)
Total 231 (15.2) 205 (13.5) 246 (16.0) 193 (12.6)
On treatment 116 (7.6) 106 (7.0) 140 (9.1) 102 (6.7)
During long term follow up 115 (7.5) 99 (6.5) 106 (6.9) 91 (5.9)

Log-rank analysis of time to all
cause total death, % (95% CI)
Probability of death by 3 years
Active treatment vs placebo
Hazard ratio (95% CI)
p-value (unadjusted) *
FSC500/50 vs components

15.2 (13.4,17.0)

135 (11.8, 15.2)

0.88 (0.73, 1.06)
0.180

0.93 (0.77, 1.13)

16.0 (14.2, 17.9)

1.06 (0.89, 1.27)
0525

0.77 (0.64, 0.93)

12.6 (10.9, 14.3)

0.82 (0.68, 0.99)
0.041

Hazard ratio (95% ClI)
p-value (unadjusted) * 0.481 0.007

* Unadjusted p-value should be compared with adjusted significance level of 0.40 (adjusted for planned interim
analyses)

Table 3 also shows the total deaths broken up as on treatment and during long-term follow
up. On treatment deaths were those that occurred on or after the treatment start date and up
to and including 14 days of stopping treatment. Deaths during long-term follow up were
those that occurred more than14 days after stopping treatment. The hazard ratio for on
treatment all-cause mortality for FSC500/50 vs placebo was 0.772 (95% CI was 0.59, 1.01)
and the p-value was 0.055, which was not statistically significant. A drug with robust
efficacy is expected to have a pronounced effect while patients are on treatment, which was
not seen for FSC500/50 compared to placebo. On the other hand, early discontinuation that
occurred more in the placebo treatment group in this study may underestimate the number of
on treatment deaths in the placebo group.

On subgroup analysis of all-cause mortality based on regions, the survival improvement for
US patients appeared to be low compared to non-US patients. The improvement of survival
rate of FSC500/50 compared to placebo for the US was 1.6% (n=694). Survival
improvement in Eastern Europe was 4% (n=578), Western Europe was 2.9% (n=952), Asia
Pacific was 0% (n=376), and for other regions was 3.6% (n=457).

The prevalence and statistical analysis of moderate and severe exacerbations are shown in
Table 4. All active treatment groups were statistically significantly better compared to the
placebo group, and FSC500/50 was also statistically significantly better compared to the two
other active treatment groups.




Table 4. Moderate and severe exacerbation data analyses, [Study SC0O30003]

Placebo SAL50 FP500 FSC500/50
(n=1524) (n=1521) (n=1534) (n=1533)
Exacerbations in 3 years
Number (%) of patients with at 1057 (69.4) 1065 (70.0) 1055 (69.0) 1039 (67.8)
least one exacerbation
Number of exacerbations 3470 3258 3437 3224
Mean rate per patient per year 2.18 1.68 1.22 1.15
Negative binomial analysis of
rate of exacerbation
Mean number per year 113 0.97 0.93 0.85

Active treatment vs placebo
Hazard Ratio (95% CI)
p-value

FSC500/50 vs components
Hazard Ratio (95% Cl)
p-value

0.85 (0.78, 0.93)
<0.001

0.88 (0.81, 0.95)
0.002

0.82 (0.76, 0.89)
<0.001

0.91 (0.84, 0.99)
0.024

0.75 (0.69, 0.81)
<0.001

SGRQ results were based on a subset of ITT patients who had completed a validated
questionnaire and for whom a total score could be calculated. A total of 28 countries
contributed to the population. In all of the treatment groups there was a decrease
(improvement) in the total SGRQ score. The mean change from baseline of total SGRQ for
active treatment minus placebo was -3.1, -2.0, and -1.0, for FSC500/50, SAL50, and FP500,
respectively. Although the changes were statistically significant, none of the point estimates
for mean changes crossed the 4 unit threshold that is considered to be clinically meaningful.

Post-bronchodilator FEV1 was available at baseline and for at least one follow-up visit in
5343 patients. In all treatment groups there was an increase in mean post-bronchodilator
FEV1 at 24 weeks which gradually decreased thereafter. The mean change from baseline for
post-bronchodilator FEV1 for active treatment minus placebo was 91.5, 47.4, and 41.5 mL,
for FSC500/50, SAL50, and FP500, respectively. All active treatment groups were
statistically significantly better compared to the placebo group, and FSC500/50 also was
statistically significantly better compared to the two other active treatment groups.

Adverse events in this study were reported with similar frequency in all treatment groups if
COPD exacerbations are included as adverse events. If COPD exacerbations are excluded,
respiratory infections, both upper and lower, are increased in the FP500 and FSC500/50
groups. There were no remarkable changes in the ophthalmologic examination data and the
reported changes in bone mineral density (BMD) were small. Patients with low BMD were
advised to seek consultation, which may have influenced the decision about withdrawal from

the study.




Study SFCB3024

Study SFCB3024 was double-blind, placebo-controlled, parallel-group in design conducted
in 196 centers in 25 countries around the world. Unlike study SCO30003 there were no US
centers in this study. Patients enrolled in the study were 40 to 80 years of age with a
diagnosis of COPD based on accepted criteria (ERS Consensus Statement). Patients were
required to be current or former smokers with a smoking history of at least 10 pack-years,
have a pre-bronchodilator FEV1 of 25% to 70%, a pre-bronchodilator FEV1/FVC ratio
<70%, less than 10% increase in FEV1 with 400 mcg albuterol administered by MDI, had
coughed up sputum on most days during at least 3 months in 2 consecutive years, and a
documented history of COPD exacerbation each year for the last 3 years including at least
one exacerbation in the last year that required oral corticosteroids or antibiotics or both. The
study had a 2-week run-in period, a 1-year (52-week) randomized treatment period, a 2-week
follow-up period, and involved a total of 11 clinic visits. The treatment groups were the
same as for study SCO30003. The primary endpoint was pre-bronchodilator FEV1 measured
before the morning dose of study treatment at each clinical visit. Secondary endpoints were
COPD exacerbation, and quality of life determined by SGRQ. A patient was considered to
have COPD exacerbation if an investigator intervention was required for worsening COPD
symptoms. COPD exacerbation was defined by the treatment that was administered. COPD
exacerbation was assessed by the investigator at each clinical visit by reviewing patient daily
record entries as well as by specific questioning, and categorized as mild, moderately severe,
or severe. A mild exacerbation was defined as an exacerbation requiring increased use of
relief albuterol MDI by more than 2 occasions per 24-hour period on two or more
consecutive days compared with baseline and deemed clinically relevant by the investigator.
A moderately severe exacerbation was defined as an exacerbation requiring treatment with
antibiotics or oral corticosteroids, or both, either on the judgment of the investigator or
according to predefined criteria. A severe exacerbation was defined as an exacerbation
requiring hospitalization. Safety was assessed by recording adverse events, oropharyngeal
examination, clinical laboratory evaluation, ECG, and assessment of HPA axis by serum
cortisol.

A total of 1469 patients were randomized approximately equally to the four treatment groups,
and 1465 patients received at least one dose of study medication and constitute the ITT
population. Per-protocol (PP) population consisted of patients in the ITT who had no major
protocol violation. Dispositions of study patients are shown in Table 5. There were a large
number of discontinuations in all treatment groups with more discontinuations from the
placebo treatment group compared to the active treatment groups. The discontinuations in
the placebo treatment group occurred relatively early in the course of the study compared to
the active treatment groups (Figure 3).

Table 5. Patient disposition, n (%), [Study SFCB3024]

Placebo SAL50 FP500 FSC500/50
Randomized 363 373 375 358
Completed treatment 221 (61) 253 (68) 266 (71) 269 (75)
Discontinued 140 (39) 119 (32) 108 (29) 89 (25)

Reasons for discontinuation




Placebo SAL50 FP500 FSC500/50
Adverse event 68 (19) 61 (16) 55 (15) 46 (13)
Consent withdrawn 16 (4) 13 (3) 11 (3) 6 (2)
Lost to follow-up 8(2) 8(2) 8(2) 8(2)
Lack of efficacy 5(2) 72 11 (3) 5(2)
Did not fulfill entry criteria 3(<1) 3(<1) 3(<1) 4 (1)
Non-compliance 72 5(2) 11 (3) 5(2)
Others 15 (4) 12 (3) 9(2) 6 (2)
Analysis population
ITT population 361 372 374 358
PP population 305 311 312 297
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Figure 3. Time to study drug discontinuation — cumulative incidence curve (ITT), [Study SFCB3024]

Pre-bronchodilator FEV1 was the primary efficacy endpoint in this study. The change from
baseline averaged over the 52 weeks of treatment was of primary interest. In all active
treatment groups there was an increase in mean pre-bronchodilator FEV1 at 52 weeks (Table
6). All active treatment groups were statistically significantly better compared to the placebo
group, and FSC500/50 also was statistically significantly better compared to the two other
active treatment groups.
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Table 6. Pre-bronchodilator (trough) FEV1 (mL) data analyses, [Study SFCB3024]

Placebo SAL50 FP500 FSC500/50
(n=361) (n=372) (n=374) (n=358)
Mean baseline FEV1 1266 1245 1260 1308
Mean change from baseline -60 15 7 113
Active treatment - placebo
Mean (95% CI) 60 (32, 88) 39 (11, 66) 133 (105, 161)
p-value <0.001 0.006 <0.001
FSC500/50 - components
Mean (95% CI) 73 (46, 101) 95 (67, 122)
p-value <0.001 <0.001

The prevalence and statistical analysis of moderately severe and severe exacerbations are
shown in Table 7. All active treatment groups were statistically significantly better
compared to the placebo group, but FSC500/50 was not statistically significantly better
compared to the two other active treatment groups.

Table 7. Moderately severe and severe exacerbation data analyses, [Study SFGB3024]

Placebo SAL50 FP500 FSC500/50
(n=361) (n=372) (n=374) (n=358)
Exacerbations in 1 year
Number (%) of patients with at 204 (56.5) 197 (53.0) 200 (53.5) 193 (53.9)
least one exacerbation
Number of exacerbations 382 366 374 331
Mean rate per patient per year 2.95 1.73 1.45 1.89
Negative binomial analysis of
rate of exacerbation
Mean number per year 151 112 111 1.03
Active treatment vs placebo
Hazard Ratio (95% CI) 0.74 (0.62,0.89) 0.74 (0.61, 0.88) 0.68 (0.57, 0.83)
p-value 0.001 0.001 <0.001
FSC500/50 vs components
Hazard Ratio (95% CI) 0.92 (0.76, 1.11) 0.93(0.77,1.12)
p-value 0.390 0.439

SGRQ results were available at baseline and at the end of study for 318, 321, 340, and 320
patients in the placebo, SAL50, FP500, and FSC500/50 treatment groups, respectively. In all
of the treatment groups there was a decrease (improvement) in the total SGRQ score. None
of the point estimates for mean changes from baseline of total SGRQ for active treatment
minus placebo crossed the 4 unit threshold that is considered to be clinically meaningful.

Adverse events in this study were reported with similar frequency in all treatment groups.
The most common adverse event reported was COPD exacerbation. COPD exacerbation was
most frequent in the placebo treatment group and least frequent in the FSC500/50 treatment
group. Upper respiratory tract infection was as common in the placebo group as in the
FSC500/50 group, although oropharyngeal candidiasis was three to four times more common
in the FP500 group or FSC500/50 group than in either the placebo group or SAL50 group.
Lower respiratory tract infections and pneumonia were common in the FP500 and
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FSC500/50 groups. Serum cortisol value did not cross a predefined threshold value
differentially in any of the treatment groups, though this is not the most sensitive measure of
HPA axis integrity.

Key issues

The purpose of this PADAC meeting is to discuss the adequacy of the efficacy and safety
data submitted by GSK to the Agency to support the approval of Advair Diskus 500/50 for
COPD in the United States. While all clinical issues related to Advair are open for
discussion, we are asking for a detailed deliberation on the claims of increased survival and
reduction of exacerbation for Advair Diskus 500/50 in COPD patients. These two specific
claims would be unique amongst all drugs that are currently approved in the United States for
COPD. The drugs currently approved for COPD, including Advair 250/50, generally refer to
the treatment of bronchospasm associated with COPD, intentionally focusing solely on the
bronchodilator activity of the drugs because substantial evidence to support additional claims
has not yet been provided for any drug. In the following paragraphs brief comments are
made on the survival data and exacerbation data presented in previous sections of this
document, followed by a brief comment on the overall safety findings.

Increased survival

The outcome of survival has essentially no measurement error and is considered clinically
important. Support of an increased survival claim for Advair 500/50 comes from only one
study, SCO30003. In this study, all but one of the 6112 patients were followed-up for
survival status so there were essentially no missing data on this particular outcome. The
cause of death was confirmed by an independent committee that reviewed all of the available
data on all of the deaths. The survival outcome data of this study was well characterized and
thoroughly analyzed.

In accord with our laws and regulations, the Agency usually requires more than one adequate
and well-controlled study to provide independent substantiation of any finding that would
results in a specific efficacy claim. In some situations, a single adequate and well-controlled
study can support a specific new claim. The Agency’s current thinking concerning the
quantitative and qualitative standards for demonstrating the efficacy of a drug is articulated
in a Guidance document titled “Providing Clinical Evidence of Effectiveness for Human
Drugs and Biological Products,” which is included in this package. Some of the
considerations in accepting a single study to support an efficacy claim include persuasive
statistical findings, and consistency across study subjects. We would ask you to consider
whether the results of study SCO30003 provide such evidence.

Study SCO30003 failed to show a statistically significant difference in survival between
Advair 500/50 and placebo, with the unadjusted p-value being 0.041 versus the required
significance level of 0.04. The primary analysis result was also not robust, being sensitive to
small changes in the population analyzed. For example, by removing one country with the
most favorable result (Iceland, n=41), the hazard ratio for all-cause mortality for Advair
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500/50 vs placebo changes to 0.829 (95% CI1 0.684, 1.005) and the p-value becomes 0.056.
The finding also did not appear to be consistent across study subjects. On subgroup analysis
based on regions, the survival improvement for US patients was low when compared to some
other regions. Survival improvement of Advair 500/50 over placebo for the US was 1.6%
compared to 4% for Eastern Europe. Furthermore, survival benefit of Advair 500/50 over
placebo seemed to occur mostly during the third year of treatment (Figure 2), and was not
primarily driven by patients who survived while on treatment but by patients who survived
during long term follow up off treatment (Table 3). It is difficult to understand the
attribution of the separation of the survival curves later in the study when many patients were
off study treatments.

Although the primary comparison in study SCO30003 was between Advair 500/50 and
placebo, the salmeterol and fluticasone treatment groups provide useful information. For a
combination drug product, such as Advair, it is expected that each component would make a
contribution to the claimed effect to justify the use of the combination product rather than
one of its components. The rate and time course of discontinuations for the three active
treatment groups were comparable in this study (Table 1, Figure 1), thus there is no
confounder of early discontinuation when comparing the three active treatment groups.
Advair 500/50 provided a favorable numerical trend of increased survival over both of its
individual components, but its separation from salmeterol was marginal. Fluticasone
appeared to be the worst performer of all the groups and had numerical trends even worse
than placebo (Table 2, Table 3, Figure 2). This raises the question of whether Advair 500/50
provides substantial advantage in survival over salmeterol alone given the findings of this
study and the known safety issues with fluticasone.

Reduction in exacerbations

COPD exacerbation has been linked to co-morbid conditions, can be life-threatening, and is
believed to potentially contribute to permanent decrements in lung function. COPD
exacerbation is an important clinical outcome measure. Although there is no clear consensus
as to what constitutes an exacerbation, criteria often used to define an exacerbation include
worsening of shortness of breath, increased sputum volume or purulence, worsening
symptoms requiring changes in treatment or requiring urgent treatment or hospitalization.

Support for reduction in exacerbations for Advair 500/50 comes from two studies,
SCO030003 and SFCB3024. In both studies exacerbation was defined in terms of use of
medications or hospitalization. Although these are useful ways of capturing an exacerbation,
there were some limitations, particularly in study SCO30003. In study SCO30003, COPD
exacerbation was not defined or characterized precisely. There was no requirement for
duration of an exacerbation and no limitation on how close two separate exacerbations could
be to one another. The distinction between a COPD exacerbation and an adverse event was
also somewhat blurred. As an extreme example, if an exacerbation led to death, and was
counted as COPD related death, it would not be counted as an exacerbation if the
exacerbation was not treated with antibiotics or corticosteroids or the patient hospitalized. In
study SFCB3024 exacerbation was defined more robustly. Treatment of the exacerbation
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was specified as a 10-day course of antibiotic or systemic corticosteroid treatment and 7
treatment free days were required between separate exacerbations.

Both studies were multinational and it is likely that there would be differences in the standard
of care in various countries around the world and the threshold for starting antibiotics or
systemic corticosteroids, and hospitalization would be different.

In both studies Advair 500/50 was statistically significantly better when compared to placebo
for moderate and severe exacerbation (Table 4, Table 7). In study SCO30003 Advair 500/50
was also statistically significantly better when compared to both salmeterol and fluticasone
given alone, but in study SFCB3024 Advair 500/50 was not statistically different when
compared to either salmeterol alone or fluticasone alone.

The exacerbation program did not compare Advair 500/50 to a lower dose such as the
currently approved Advair 250/50 dose; therefore, comparative risk-benefit assessment for
different doses of Advair cannot be made. Note that the current airflow improvement
indication for COPD is limited to Advair 250/50 because the pivotal studies that formed the
basis of approval of Advair 250/50 for COPD showed no additional benefit with the higher
dose, and the higher corticosteroid dose could have the potential for additional adverse
effects.

Safety

The number of patients treated in these two studies was quite large and provides a rich source
of safety information. In both studies middle age to elderly patients with a long smoking
history and COPD were enrolled, and as expected there were a large number of deaths.

Death was distributed across various categories of cardio-respiratory diseases, which is
expected for this patient population. Death was the primary endpoint in study SCO30003, as
discussed extensively before. In study SFCB3024 there were 24 deaths spread across the
treatment groups.

Adverse events that were not fatal were also common in both studies. Adverse events were
dominated by respiratory events, of which COPD exacerbations were the most numerous.
COPD exacerbations were more frequent in the placebo-treated patients. Pneumonia was the
second most common adverse event. Pneumonia was reported in 9%, 11%, 14%, and 16% of
the patients in the placebo, SAL50, FP500, and FSC500/50 treatment groups, respectively, in
study SCO30003. Pneumonia coded as a serious adverse event occurred in 69 (4%), 82
(5%), 121 (8%), and 138 (9%) of the patients in the placebo, SAL50, FP500, and FSC500/50
treatment groups, respectively. There was a clear predilection for pneumonia in the
treatment arms containing fluticasone. While upper respiratory tract infection, such as
candidiasis, is an acknowledged adverse effect of therapy with inhaled corticosteroid as a
class, lower respiratory tract infection, such as pneumonia is not well described.

Other safety variables of interest that were evaluated in the studies were bone mineral density
(BMD), ophthalmologic findings, and serum cortisol findings. BMD was measured in a
subset of US patients enrolled in study SCO30003. Patients with low BMD withdrew earlier
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than patients with normal BMD, thus the follow-up information at 3 years was very limited.
Ophthalmologic findings including cataract and glaucoma, and serum cortisol data did not
show any new, important concerns.

Questions

The purpose of this PADAC meeting is to discuss the relevant data and deliberate upon
GSK’s proposal to add a COPD indication for Advair Diskus 500/50 and gain claims for
increasing survival and reducing exacerbations. At the meeting GSK will present an
overview of the efficacy and safety data, followed by the Agency’s presentation. There may
also be presentations by other interested parties during the open public presentations.

Please keep in mind the following questions that will be discussed and deliberated upon
following the presentations and discussion.

1. Do the data provide convincing, substantial evidence that Advair Diskus 500/50
(fluticasone propionate 500 mcg and salmeterol 50 mcg inhalation powder) increases
survival when used in the chronic treatment of patients with COPD?

a) If not, what additional data should be obtained?
b) Is additional dosing information needed (e.g., efficacy of Advair 500/50 vs. Advair
250/50)?

2. Do the data provide convincing, substantial evidence that Advair Diskus 500/50
(fluticasone propionate 500 mcg and salmeterol 50 mcg inhalation powder) provide a
clinically meaningful decrease in the rate of COPD exacerbation when used in the
chronic treatment of patients with COPD?

a) If not, what additional data should be obtained?
b) Is additional dosing information needed (e.g., efficacy of Advair 500/50 vs. Advair
250/50)?

3. Do the data provide sufficient evidence that Advair Diskus 500/50 (fluticasone
propionate 500 mcg and salmeterol 50 mcg inhalation powder) provide substantial
advantage on survival compared to salmeterol alone for the treatment of patients with
COPD?

4. Does the increased incidence of respiratory tract infections and pneumonia seen in these
studies warrant additional evaluation?

Please note that the questions above are preliminary and may change prior to the meeting.
Final questions will be distributed on the day of the meeting. The main stem of all questions
should generate a binary yes or no answer, and will be voted on by the voting members of the
Committee.

We look forward to an informative and productive meeting and thank you for your time and
commitment in this important public health service.
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Do the data provide substantial convincing evidence that Advair Diskus
(Fluticasone/salmeterol inhalation powder) 500/50 mcg increases survival when
used in the chronic treatment of patients with COPD?
a. If not, what additional data should be obtained?
b. Is additional dosing information needed (e.g., efficacy of Advair 500/50
vs. Advair 250/50)?

Do the data provide substantial convincing evidence that Advair Diskus
(fluticasone/salmeterol inhalation powder) 500/50 mcg provides a clinically
meaningful decrease in the incidence of COPD exacerbations when used in the
chronic treatment of patients with COPD?

a. If not, what additional data should be obtained?
b. Is additional dosing information needed (e.g., efficacy of Advair 500/50
vs. Advair 250/50)?

Do the data provide sufficient evidence that Advair Diskus (fluticasone/salmeterol
inhalation powder) 500/50 mcg provides substantial advantage for the treatment
of patients with COPD when compared to salmeterol alone?

Does the increased incidence of respiratory infections and pneumonia seen in
these studies warrant additional evaluation?

a. If so, what additional data should be obtained?
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1 EXECUTIVE SUMMARY

1.1 Brief Overview of Clinical Program

Advair is a combination of fluticasone propionate, a fluorinated corticosteroid and salmeterol
xinofoate a long-acting beta-adrenergic agonist, formulated as a dry powder for oral inhalation.
The proposed indication is to prolong survival, decrease the exacerbation rate, and to relieve
bronchial obstruction in patients with chronic obstructive pulmonary disease (COPD). The
proposed dose is 500/50 mcg BID with a 250/50 mcg BID dose as an alternative. Advair, at the
250/50 meg BID dose is currently approved for the relief of airflow obstruction in patients with
COPD associated with chronic bronchitis. The pivotal trials supporting the relief of air flow
obstruction indication documented the superiority of fluticasone/salmeterol 500/50 mcg BID to
placebo and to each of the two components: Fluticasone (FP) 500 mcg BID and salmeterol
(SAL) 50 mcg BID.

Support for the new indications in the current supplement is provided by two randomized,
double-blind, placebo-controlled studies: One three-year trial (Study SCO30003) was designed
to demonstrate a survival benefit for the fluticasone/salmeterol (FSC) combination product and
to demonstrate a reduction in moderate/severe COPD exacerbations. An additional, one-year
trial (Study SFCB3024) was submitted for replication of the reduction in exacerbations. Both of
these studies included the results of pulmonary function testing to support the reduced airflow
obstruction indication. In addition, the results of pulmonary function testing in Study
SFCA3006, a study that was previously reviewed by the FDA, were referenced in further support
of the reduction in airflow indication.

Study SCO30003 enrolled 6184 patients of whom 6112 were included in the ITT population.
Vital status was ascertained for 6111 of the patients in the ITTP. Of these, 1533 patients
received FSC. All 6184 were included in the safety population. Study SFCB3024 enrolled 1469
patients; however, 4 received no study medication so both the ITTP and safety population
consisted of 1465 patients. Three hundred-sixty-one patients received FSC. Total treatment
years of exposure to FSC was 3700 in Study SCO30003 and 302 years in Study SFCB3024,
resulting in a total treatment exposure of 4002 years.

1.2 Efficacy
1.2.1 Mortality

The mortality assessment was based entirely on study SCO30003, a randomized, double-blind,
placebo-controlled comparison of FSC to SAL, FP, and placebo. The patients were 40 to 80
years of age, with a clinical diagnosis of COPD and a FEV, % predicted of <60%. They were all
current or former smokers and had a lifetime smoking history of at least 10 pack-years.
Reversibility, defined as a >12% and >200 mL increase in FEV; compared to the predicted
normal FEV, was present in less than 10% of the study population. The patients could not have
been taking oral corticosteroids or long term oxygen therapy at the time of enrollment.
Enrollment into this trial was international; 442 centers in 42 countries. Patients enrolled in the
United States made up 23% of the study populations.



The vital status of all but one of the patients was documented at the three-year post initiation of
treatment time point. A cause of death was assigned by a blinded Clinical Endpoint Committee
(CEC) on the basis of all available clinical information. The CEC assigned a primary cause of
death as cardiac, pulmonary, cancer, other, and unknown. An assessment was also made as to
whether the death was COPD related, and the categories included possible, probable, and
definite, as well as no and unknown. For the analysis of COPD-related deaths, all but the “no”
and “unknown” categories were classified as COPD-related. Because follow-up was almost
complete, but time on treatment was not, an analysis of on-treatment deaths was also performed.

Results
The three-year all-cause mortality was 15.2, 13.5, 16.0, and 12.6% in the placebo, SAL, FP, and
FSC-treated patients, respectively. The difference between placebo and FSC was 2.6%. The
unadjusted Hazard Ratio (95%) for death, comparing active treatment to placebo, was 0.879
(0.729, 1.061), 1.060 (0.886, 1.268), and 0.820 (0.677, 0.993) for the comparison with SAL, FP,
and FSC, respectively. After adjustment for the interim analyses, the Hazard Ratio comparing
FSC to placebo was 0.825 (0.681, 1.002) and the p-value was 0.052. Thus the primary efficacy
outcome measure failed to reach the pre-specified significance level required to claim success.
Of note was variation within subpopulations in the response to FSC. In the US population the
difference in all-cause survival, comparing FSC to placebo, was only 1.6%. Patients with FEV,
<40 % predicted and those who were older than 65 years of age had less of a response to FSC
than those with a FEV; > 40% predicted and those <65 years of age.

The cause of death was cardiovascular in 4% of the patients, pulmonary in 5%, cancer in 3%,
and “other” or “unknown” in the remainder. The distribution of cause of death was similar in the
four treatment groups although 6% of the deaths were pulmonary in the FP treatment group
compared to 5, 5, and 4% in the placebo, SAL, and FSC-treated patients, respectively

Deaths were categorized as COPD-related in 6.0, 6.1, 6.9, and 4.7% of the patients, respectively.
The hazard ratio for death comparing active treatment to placebo was 1.013 (0.759, 1.352), 1.159
(0.876, 1.534), and 0.776 (0.776 (0.570, 1.057) for the comparison with SAL, FP, and FSC,
respectively. On-treatment mortality was 7.6, 7.0, 9.1, and 6.7% in the placebo, SAL, FP, and
FSC groups, respectively. The hazard ratio comparing FSC to placebo for on-treatment
mortality was 0.772 (95% CI 0.570, 1.057).

1.2.2 COPD Exacerbations

COPD exacerbations were defined in both Study SCO30003 and SFCB3024 by the treatment
that was administered. An exacerbation was moderate if it was treated with antibiotics or
systemic corticosteroids, and severe if the patient was hospitalized. There was no further
definition of exacerbation in study SCO30003; no requirement for specific symptoms, for
duration of symptoms, for treatment of the exacerbation, or for a duration of symptom free time
between individual events. In study SFCB3024 there was no single definition of an
exacerbation, however, lists of symptoms that would suggest that various treatments would be
appropriate, were included in the protocol. In addition, a symptom-free period of at least 7 days
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was required between each exacerbation, and treatment of the exacerbation was specified to be a
10-day course of antibiotics or systemic corticosteroids.

Study SFCB3024 was similar to SCO30003 in that it was a randomized, double-blind placebo-
controlled comparison of FSC to its component parts and placebo in the treatment of patients
with COPD. The pulmonary function in this group was slightly less decreased than in study
SCO30003; the FEV,; was between 25 and 70% of predicted. The patients were required to have
a history of chronic bronchitis and to have experienced at least one moderate or severe
exacerbation in the 12 months prior to enrollment. There was no requirement for cough or
sputum production in study SCO30003 and no requirement for previous exacerbations. Thus the
tendency to exacerbations and perhaps the responsiveness of the patients enrolled in SFCB3024
may have been greater than in the patients enrolled into SCO30003. Patients were enrolled in
SCFB3024 in Europe, S. Africa, Australia and Canada.

The exacerbation rate is highly variable among patients with COPD. Some patients suffer
progressive deterioration of function without periodic acute increases in symptomatology while
others have repeated bouts of increased shortness of breath and increased sputum production.
This variability presents analytic problems which were handled differently in the two
exacerbation studies. The Poisson distribution, commonly used to compare infrequent events
over time, is thought to underestimate this variability and to inflate the importance of the
difference in group means [1]. One solution to the problem is an analysis using what is called
the negative binomial distribution, and this technique was used in study SCO30003. The Poisson
distribution was used in study SFCB3024 so it is possible that there is some overestimation of
the differences among the treatment groups that were seen in SCFB3024. On the other hand,
because of the requirement for an exacerbation in the 12 months prior to enrollment, the
variability of the study population should be somewhat less than of the general population of
COPD patients. In both studies, exacerbations were counted only if they occurred during
treatment with study drug.

Results
In study SCO30003, 70% of the patients experienced at least one moderate/severe exacerbation
over the three-year treatment period. Using the negative binomial distribution to calculate the
rates, there were 1.13, 0.97, 0.93, and 0.85 events/year in the placebo, SAL, FP, and FSC
patients, respectively. The Hazard Ratio (95% CI) comparing FSC to placebo was 0.749 (0.689,
0.814, p <0.001) and comparing FSC to SAL the Hazard ratio was 0.878 (0.808, 0.954,
p=0.002). In study SFCB3024, 54% of the patients reported at least one exacerbation during the
one year of treatment. The rates calculated with the Poisson distribution were 1.30, 1.04, 1.05,
and 0.97 events / year. The Hazard Ratios (95% CI) comparing active treatment to placebo were
0.802 (0.694, 0.926), 0.807 (0.699, 0.931), and 0.746 (0.643, 0.865) for SAL, FP, and FSC
respectively. All of the active treatments were significantly better than placebo at lowering the
exacerbation rate. However, FSC was not superior to SAL or FP in this analysis. Thus the
degree of improvement as expressed by the Hazard ratio comparing FSC to placebo was quite
similar in the two studies (0.749 and 0.746) despite the differences in the characteristics of the
patients enrolled.
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Severe COPD exacerbations were reported for 25% of the patients in Study SCO30003. The
calculated rate was 0.19, 0.16, 0.17, and 0.16 events / year in the placebo, SAL, FP, and FSC
groups, respectively. The Hazard Ratio (95% CI) comparing FSC to placebo was 0.834 (0.710,
0.981) and the Hazard Ratios (95% CI) comparing FSC to the components were 1.022 (0.870,
1.200) for SAL and 0.954 (0.815, 1.117) for the comparison to FP. Only 120 (8.2%) of the
patients in study SFCB3024 experienced a severe exacerbation in the one year of follow-up. The
rates were estimated to be 0.07, 0.08, 0.06, and 0.07 events / year. No statistical analysis was
performed on this outcome, but it appears that FSC did not affect the rates of severe
exacerbations.

The rate of corticosteroid-treated exacerbations was decreased by treatment with FSC in both
studies. In SCO30003 the calculated rates were 0.80, 0.64, 0.52, and 0.46 events / year in the
placebo, SAL, FP, and FSC groups, respectively. In SFCB3024 the respective rates were 0.76,
0.54, 0.50, and 0.46 events / year. As was seen for the overall rates of moderate/severe
exacerbations, the hazard ratios comparing FSC to placebo were similar in the two study
populations: 0.568 in Study SCO30003 and 0.607 in Study SFCB3024. Systemic corticosteroid
use was also tabulated in Study SCO30003. It was decreased by treatment with FSC as
measured by the cumulative days of treatment: systemic corticosteroids were administered for a
mean of 41.1, 38.7, 36.9, and 35.0 days in the placebo, SAL, FP, and FSC groups, respectively.

The rate of antibiotic-treated exacerbations was not submitted in Study SCO30003. Because
respiratory infections were elevated in the FSC-treated patients, the FDA statistical reviewer
calculated the rate of exacerbations treated with antibiotics alone and found them elevated in the
FSC treated patients compared to placebo and SAL. The Hazard Ratio (95% CI) for time to
antibiotic-only-treated exacerbations was 1.15 (1.03, 1.29) comparing FSC to placebo and 1.22
(1.09, 1.36) comparing FSC to SAL. The rate was comparable in the FSC and FP groups (HR =
0.96; 95% CI 0.86, 1.07). The rate of all antibiotic-treated exacerbations was submitted in Study
SFCB3024 and they were 0.72, 0.65, 0.75, and 0.75 in the placebo, SAL, FP, and FSC groups,
respectively. These rates were based on small number of events and no statistic was calculated.
However, if anything, the rate was increased in the FSC-treated patients in this population as
well.

In summary, treatment with FSC decreased the rate of moderate/severe exacerbations and the
sub-group of moderate/severe exacerbations that were treated with corticosteroids when
compared to placebo, and the reduction was similar in both studies. For both of these outcomes,
FSC was superior to SAL and FP in study SCO30003, but all three drugs were equally
efficacious in Study SFCB 3024. Severe exacerbations were reduced by FSC treatment in study
SCO30003, but the reduction was not as great as that seen during treatment with SAL. On the
other hand, antibiotic-treated exacerbations were actually elevated during FSC treatment.

It must be noted that the analysis of exacerbations is based on a subjective endpoint. While the
administration of treatment and hospitalizations were objective events, the decision on the part of
the investigator to institute any of the therapies was based on an assessment of the patient’s

status without a requirement for physiologic measurements. In addition, in Study SCO30003
there were no time limits on either the exacerbation or the treatment. This resulted in the
inclusion of exacerbations of 1 day to more than one year in duration. While the distribution of
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exacerbation duration among the treatment groups was approximately equal, this variability does
raise the question of what exactly was being treated. It also raises a question about the adequacy
of the treatment of the exacerbations. In study SFCB3024, a ten-day treatment course was
prescribed by protocol whereas in Study SCO30003 at least some patients were treated for just
one day with solumedrol. That those patients returned with another “exacerbation” one week
later may be related more to the inadequacy of the treatment of the exacerbation than of the
chronic treatment with study drug.

Differences in treatment practices were also suggested by the regional differences in
exacerbation rates and duration reported in the regional groupings. The rate of moderate/severe
exacerbations in the placebo-treated patients, calculated with the negative binomial model, was
1.18, 1.02, 0.70, 1.28, and 1.54 in the US, Asia, Eastern Europe, Western Europe, and Other
regions, respectively. The respective difference between FSC and placebo was 0.21, 0.16, 0.07,
0.41, and 0.61 all favoring FSC. Likewise the duration of treated exacerbations varied between
14.3 and 19.7 days. Finally, severe exacerbations were defined by hospitalization, a decision
which is not only affected by the clinical appearance of the patient but by societal policies
governing the use of hospital facilities.

1.2.3 Saint George’s Respiratory Questionnaire

The Saint George’s Respiratory Questionnaire (SGRQ) was used to assess quality of life in both
studies SCO30003 and SFCB3024. The difference in the total SGRQ score comparing FSC to
placebo was 3.0 points in Study SCO30003 and 2.2 points in Study SFCB3024. Because the
minimally important difference (MID) is generally taken to be 4.0 points, neither study provided
support for a quality of life claim for FSC. The international nature of both pivotal studies also
presented a problem in administering and interpreting the SGRQ. After initiation of the studies,
it was noted that not all of the translated questionnaires had been validated. A retrospective
validation project resulted in removal of some of the questionnaires from the analysis and the
deletion of questions from questionnaires that were otherwise considered valid. Of the
remaining validated questionnaires, some used a recall period of 12 months and others a recall
period of 3 months. Analysis of subgroups based on those with and without all the questions and
those using a 3 month or 12 month recall period failed to show any differences comparing active
treatment to placebo that reached the MID.

1.2.4 Spirometry

In Study SCO30003 the FEV |, measured 30 minutes after inhalation of albuterol, was the
outcome of interest whereas in Study SFCB3024 the pre-albuterol FEV, was the primary
functional outcome. The analysis in both of these studies was a repeated measures ANOVA
which assessed the difference between active treatment and placebo averaged over the entire
treatment period.

Study SFCA3006 was also submitted to support an indication for the relief of airflow
obstruction. This study was previously reviewed by the FDA and will only be summarized here.
It was a 24 week study comparing FSC 500/50 mcg BID to the components and placebo in
patients with moderately severe COPD. The outcome variables were the pre-study medication
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and 2 hour post-study medication FEV;. These assessments were chosen because the study was
submitted to support the first approval for a new indication of a combination product. It was
therefore, important to measure the trough (pre-dose) FEV| (to assess the SAL contribution to
efficacy) as well as the 2-hour post dose FEV, (to measure the FP contribution) in order to
demonstrate that FSC was superior to each of the components. Having demonstrated the
superiority of FSC to its components, it was only necessary to choose one of the measures to
follow longitudinally in the more recent studies.

There were, however, other differences when comparing Study SCFA3006 to the other two
pivotal trials. In study SCFA3006 the analysis was based on an endpoint comparison where only
the last measurements (taken at 24 weeks or the last available value if the patient withdrew early)
were included. Endpoint analyses were included as secondary outcomes in studies SCO30003
and SCFB3024 so these can be used for comparison. Of more concern is the difference in study
populations. The patients enrolled in Study SCFA30006 were more reversible (54% of the
population) than the patients enrolled in the other two studies (18 and 17% in Study Study
SCO30003 and SFCB3024, respectively.

Results
In study SCO30003 the post bronchodilator FEV| increased in all of the treatment groups to a
maximum at 24 weeks. Subsequently the values decreased over the rest of the treatment period.
The early increase was greatest and the rate of fall smallest in the FSC-treated patients, and the
early increase was smallest and rate of fall greatest in the placebo-treated patients. Both values
were intermediate in the SAL and FP-treated patients. In the repeated measures analysis the
mean change (SE) over the course of the trial was -62.3 (6.2), -20.9 (6.0), -15.0 (5.9), and 29.2
(5.8) mL for the placebo, SAL, FP, and FSC patients, respectively. The mean (SE) difference
between FSC and placebo was 91.5 (8.5) mL. The mean (SE) difference between SAL and
placebo was 41.5 (8.6) mL and between FP and placebo it was 47.4 mL (8.6).

In study SFCB3024 the pre-bronchodilator FEV| was the primary outcome measure. The mean
change (SD) over the 52 weeks was -60 (272), 15 (255), 7 (272), and 113 (286) mL in the
placebo, SAL, FP, and FSC groups, respectively. The mean (SE) difference comparing FSC to
placebo in the repeated measures ANOVA was 133 (14.3) mL. The mean (SD) change in post-
bronchodilator FEV, were -15 (248), 33 (249), 42 (274), and 108 (336) mL, and the mean (SE)
difference comparing FSC to placebo in the repeated measure ANOVA was 76.1 (15.1) mL.

Study SFCA3006 compared the baseline, pre-treatment FEV to the 2-hour post-treatment FEV,
at six months. The values increased in all treatment groups, and the difference between FSC and
placebo of 233 mL.

1.2.5 Summary and Conclusions

All-cause mortality over three years was 2.6% less in patients randomized to treatment with FSC
compared to patients randomized to placebo treatment. In the statistical analysis that took into

account the interim analyses, the p-value for this difference was 0.052. Thus the probability that
this estimate is an accurate reflection of the population value is less than conventionally required
to accept the result as true. The mean increase in 90% survival was 132 days or approximately 4

14



months. In the patients enrolled in the United States, the results were less impressive. The
difference in survival was 1.6% at three years or 75 additional days of life.

The results for moderate/severe COPD exacerbation rates showed a decrease by all of the active
treatments. FSC was also superior to SAL and FP in the three-year follow-up study. Although
the definition of an exacerbation was less than optimal in Study SCO30003, there was clearly a
decrease in the events measured and in the use of systemic corticosteroids. Pulmonary function
was better in FSC-treated patients in three pivotal studies. Finally, the results of the SGRQ did
not support an improvement in quality of life during FSC treatment in either study SCO30003 or
SCFB3024.

1.3 Safety

The total treatment exposure to FSC in Study SCO30003 and SFCB3024 was 4002 years. All of
the patients were 40 years of age or older and all were treated with the 500/50 mcg BID dose.

1.3.1 Deaths

Deaths were reviewed as the primary efficacy outcome in study SCO30003 (Section 1.2.1, pg 9).
For the safety analysis, deaths were characterized by the adverse event that precipitated death,
instead of the CEC-adjudicated cause of death. Using this categorization there were 533 deaths
(133 [9%], 126 [8%], 160 [10%], and 114 [7%]) in the placebo, SAL, FP, and FSC groups,
respectively, that resulted from an AE that started during randomized treatment. The MedDRA
(Medical Dictionary of Regulatory Activities) preferred term of COPD was the most frequent
event and was reported in 2.1, 2.0, 2.4, and 1.5% of the patients in the placebo, SAL, FP, and
FSC groups, respectfully. Respiratory failure was the next most common event and occurred in
0.8, 1.0, 1.4, and 0.5% of the placebo, SAL, FP, and FSC patients, respectfully. All other events
occurred in less than 1.0% of the patients in any treatment groups. In order of overall frequency,
Sudden death/Cardiac arrest, MI/Acute MI, Pneumonia, Lung neoplasm, and Cerebrovascular
accident were reported in > 5 patients in any active treatment group. COPD, Respiratory failure,
and Pneumonia were most common in the FP treatment group. If Adverse events with onset
within 14 days of stopping treatment are tabulated then 9.9, 9.0, 11.9, and 9.4% of the placebo,
SAL, FP, and FSC patients, respectively, died of an AE with onset during or immediately
following randomized treatment (pg 38).

There were 24 deaths in study SFCB3024 (1 year of treatment), most of which were
cardiovascular. Death was ascribed to a pulmonary, non-cancer cause in 3 placebo and 1 SAL-
treated patient.

1.3.2 Adverse Events

In both studies, the adverse events (AEs) were reported as percentage of patients affected and as
the rate of the event / 1000 years of drug exposure. The rates were included to adjust for
differing lengths of time on study medication. In Study SCO30003, AEs were reported
separately for those that occurred during study treatment, those that occurred during the two
weeks following termination of treatment with study drug, and those that occurred more than two
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weeks after the patient had stopped study treatment. MedDRA lists adverse events by preferred
term (the most specific) grouped under Higher Level Terms (HLT) which are in turn grouped
under system organ classifications (SOC). Analyzing events by HLT may reveal relationships to
treatment that can not be detected when infrequent events (each preferred term) are analyzed
separately. The respiratory events observed in study SCO30003 were tabulated by preferred
term, by HLT, and in a grouping of “Lower respiratory tract infections of bronchitis or
pneumonia” This was a non-MedDRA classification created for this application, and it included
the pneumonia and bronchitis preferred terms.

In general, all of the summaries of adverse events were dominated by respiratory events and of
the respiratory events, exacerbations of COPD were the most numerous. In most of the
tabulations (serious events, non-serious events, respiratory events) COPD exacerbations were
most frequent in the placebo-treated patients. Only in the tabulation of serious AEs in study
SFCB3024 were COPD exacerbations more frequent in the FSC patients (8% of the patients
[99.3 events/1000 treatment-year]) than in the placebo patients (5% of the patients [89.6 events /
1000 treatment-year]). Since moderate/severe exacerbations were decreased (Section 1.2.2) this
suggests a substantial increase in mild exacerbations in the FSC treated patients in this study.
This finding was not replicated in study SCO30003 where the rate of adverse event COPD
exacerbations paralleled the rate of moderate/severe exacerbations reported in the efficacy
review.

In the listing of serious adverse events by preferred term, pneumonia was the second most
common event after COPD. It occurred in 69 (4%), 82 (5%), 121 (8%), and 138 (9%) of the
patients treated with placebo, SAL, FP, and FSC, respectively. The respective rates were 23.5,
24.1,41.9, and 47.3 events / 1000 treatment-years. In the tabulation of common adverse events
(= 5% of patients in any active treatment group), in order of frequency, COPD, Nasopharyngitis,
Upper respiratory infection, and Pneumonia were all more common in the FSC-treated patient
than in placebo or SAL treated patients. The rate for Nasopharyngitis was similar in patients
treated with FP and FSC. Headache was most common in the placebo-treated patients but
bronchitis was more common in the FSC-treated patients. A potentially important but
uncommon event was Cerebrovascular accident, which was seen more frequently in the
fluticasone-containing regimens: 2.7, 2.5, 5.1, and 3.2 events / 1000 treatment-years in the
placebo, SAL, FP, and FSC groups, respectively. The overall number of events was small
(N=45) and no clinical correlates could be found for the preponderance of events in the FP

group.

Respiratory Tract Adverse Events
In a listing of serious respiratory events by HLT in Study SCO30003, Bronchospasm and
obstruction was most frequent and occurred at a rate of 261.4, 230.5, 267.5, and 257.6 events
/1000 treatment years in the placebo, SAL, FP, and FSC-treated patients, respectively. In this
grouping, Lower respiratory tract infections was the second most common category and was
reported as 35.1, 32.9, 56.3, and 61.6 event / 1000 treatment years in the placebo, SAL, FP, and
FSC-treated patients, respectively. Respiratory failure was third and was reported as 13.4, 10.8,
14.1, and 1.8 events / 1000 treatment years in the placebo, SAL, FP, and FSC-treated patient,
respectively. Chest pain and pneumothorax were reported as serious AEs at low frequency (<10
events / 1000 treatment-years), but in more FSC patients than placebo. Grouping common
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respiratory adverse events (= 3% of patients in any active treatment group) by HLT orders Upper
respiratory tract infections (251, 226, 275, and 285 events / 1000 treatment years) second after
COPD (929, 766, 782, 672 events / 1000 treatment-years), followed by Lower respiratory tact
infections (146, 141, 186, and 195 events /1000 treatment years) and Lower respiratory tract signs
and symptoms (50, 51, 73, and 72 events / 1000 treatment years. Breathing abnormalities (57,
47,43, and 25 events / 1000 treatment-years) and Respiratory failure (15, 14, 17, and 13 events /
1000 treatment years) followed the pattern of COPD and were less frequent in the FSC-treated
patients (For less common events, see Table 13. pg 45). The pattern of events was similar in
Study FSCB 3024. Bronchospasm and obstruction and Breathing disorders were less frequent in
the FSC treated patient and infections, both upper respiratory and lower respiratory were
increased in the fluticasone-containing regimens.

Respiratory Tract Infections
Examination of AEs of lesser frequency showed the expected increase in oropharyngeal
candidiasis, dysphonia, and oropharyngeal pain in fluticasone- treated patients. These events are
all grouped under Upper respiratory tract infections in MedDRA, and the number of expected
events was sufficient to explain the increased incidence of the Upper respiratory tract infections
HLT. They are all included in the current label, and the category was not further explored.
“Lower respiratory tract infections of pneumonia and bronchitis” included all of the pneumonia,
lung infection and bronchitis terms other than COPD and Infective exacerbation of chronic
obstructive puimonary disease that occurred in the database. (For complete list of preferred
terms see Table 54, pg 105.) This combined group of events was reported in 20, 21, 24, and 29
% of the patients in the placebo, SAL, FP, and FSC groups, respectively. The respective rates
were 151.9, 147.0, 192.1, 204.6 events / 1000 treatment-years. In a time-to-event analysis the
hazard ratio comparing active treatment to placebo was 0.995 (0.851, 1.164), 1.190 (1.024,
1.384) and 1.375 (1.189, 1.591) in the placebo, SAL, FP, and FSC groups, respectively. The
hazard ratio comparing FSC to its components was 1.384 (1.199, 1.597) for SAL and 1.154
(1.007, 1.324) for FP.

To further describe the type of lower respiratory tract infection that was responsible for the
adverse events, an analysis was performed of the pneumonia cases alone. Pneumonias were
reported in 9, 11, 14, and 16% of the in the placebo, SAL, FP, and FSC groups, respectively.
The respective rates were 51.9, 51.5, 84.4, and 87.6 events / 1000 treatment-years. The hazard
ratio for time to first pneumonia was 1.088 (0.867, 1.365), 1.533 (1.240, 1.894) and 1.639
(1.331, 2.017) for the comparisons of SAL, FP, and FSC to placebo, respectively. In the
comparison of FSC to its components the Hazard was increased in comparison to SAL but not in
comparison to FP. No analysis of non-pneumonia lower respiratory tract was presented. In
order to explore this issue further, the FDA statistician performed a time-to-event analysis on the
events included in the list of “Lower respiratory tract infections of pneumonia or bronchitis” that
were not included in the “Pneumonia” analysis. The incidence of this event was 16, 15, 16, and
19%, and the hazard ratio (95% CI) comparing FSC to placebo was 1.23 (1.02, 1.23).
Bronchitis, including acute, bacterial and viral (N=660) occurred in 11, 12, 12, and 14% of the
patients, and the hazard ratio (95% CI) comparing FSC to placebo was 1.24 (0.99, 1.55). The
importance of the increase in respiratory tract infections is suggested by the increased incidence
of antibiotic-only treated exacerbations in the FSC-treated population.
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Other Adverse Events of Interest
Bone disorders and bone fractures were reported in a few more FP and FSC patients than in the
placebo and SAL groups. The rate of bone disorders was 27.5, 28.9, 29.3, and 32.2 events / 1000
treatment years and the rate of fractures was 18.6, 20.4, 20.3, and 22.4 events / 1000 treatment-
years in the placebo, SAL, FP, and FSC groups, respectively. Bone mineral density (BMD) was
measured at the hip and spine in a subset of patients enrolled in the United States. Baseline
values were higher in the SAL (0.893 gm/cm3 ) and FSC (0.905 g/cm’) than in the placebo (0.854
g/cm’) and FP (0.853 g/cm’) groups, and patients with low BMD at baseline withdrew earlier
than patients with normal BMD at baseline. In all, only 42% (277/658) of the patients enrolled
in the sub-study were examined at three years. The BMD of the hip in those who had repeated
determinations showed a decrease throughout the study, and the rate of decrease was not
markedly different among the treatment groups. BMD measured at the spine actually increased
in the SAL group and remained unchanged in the other treatment groups. Thus there was
minimal evidence of any affect of active treatment on bone metabolism.

Ophthalmic AEs, including cataract and glaucoma, were slightly elevated in the FSC treatment
group in Study SCO30003. The overall rates were 13.7, 17.8, 15.8 and 18.6 events / 1000
treatment years. Ophthalmic examination showed no clinically meaningful differences during
the three-year trial. However, the examinations were not precise enough to demonstrate a
change in the size of cataracts. Because more than 60% of the patients had cataracts at baseline
the population available for the follow-up examinations was small. The rate of development of
glaucoma did not differ among the treatment groups.

In study SFCB3024 the pattern of adverse events was similar to that seen in study SCO30003.
The patients in this study provided a much shorter observation period (307 vs. 3000 years) and
there were fewer events to analyze. However pneumonia did occur at slightly higher rates in the
active treatment groups. Pneumonia was reported as a serious AE in 3 (<1%), 9 (2%), 9 (2%)),
and 7 (2%) of the patients in the placebo, SAL, FP, and FSC groups, respectfully.

1.3.3 Other Safety Issues

In Study SCO30003, serum cortisol was measured in 83 patients at selected sites in the US.
There were enough samples to calculate a cortisol AUC for 76 patients. The Cortisol AUC was
reduced by 21 and 22% by FP and FSC, respectively. The hazard ratio comparing active
treatment to placebo was 1.0 (0.769, 1.31), 0.786 (0.58, 1.07), and 0.784 (0.594, 1.04) for SAL,
FP, and FSC, respectively.

There were no clinically important changes in laboratory values, vital signs or ECGs in either of
the two pivotal trials.

In summary in this large population of middle age to elderly patients with a long smoking history
and COPD, death was distributed, as expected across various categories of cardiorespiratory
diseases. When categorized by the AE that was thought to cause the death the most common
events that started while the patients were still on study medications were pulmonary.

Pulmonary events (COPD [N=126], Respiratory failure [N=61], and Pneumonia [N=39]) were
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reported 226 times compared to 108 cardiac events (Sudden death [N=43], Cardiac failure
[N=25], and MI [N=40]). The proportion of pulmonary AEs in this list is interesting given that
the CEC attributed almost as many deaths to cardiac as to pulmonary causes. The CEC probably
identified underlying causes of death rather than the precipitating episode.

Adverse events that were not fatal were also frequent in both study populations. COPD and
terms that were associated with breathlessness and respiratory failure were decreased in the FSC
group in most of the tabulations. Of note, treatment with FP did not provide protection. As a
matter of fact in several event-groupings the highest rate of COPD events was in the FP group.
In addition, respiratory infections both upper and lower were clearly increased in the fluticasone-
containing regimens. While upper respiratory tract involvement with candida is an
acknowledged adverse event during therapy with ICS as a class, the role of lower respiratory
tract infections has not been as well described. Events labeled as some form of pneumonia, lung
infection, or bronchitis were all elevated in patients in the fluticasone-containing regimens. It is
odd that FSC treatment appears to decrease the rate of COPD exacerbations, but increase the rate
of respiratory infections which are thought to be an etiologic factor for those same exacerbations.
Either the infections remain and the patients respond differently or sense the changes in the lungs
differently, or infections may be less important in etiology than previously thought.
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2 INTRODUCTION AND BACKGROUND

2.1 Currently Available Treatment for Indications

There is no currently approved pharmacologic therapy for the prolongation of life or for
decreasing exacerbations in patients with COPD. Smoking cessation, oxygen therapy, and lung
volume reduction therapy are the only modalities shown to improve survival. There are several
drug classes available for the relief of bronchospasm: 3-adrenergic agents, anticholinergic
agents, and combinations of the two, and methylxanthines (Table 1). Other than theophylline, all
of the drugs are administered by inhalation.

Table 1. Currently Available Drugs for the Treatment of COPD.

Drug class Brand name Formulation Dosing
Albuterol MDI QID
B-adrenergic agonist Salmeterol [Serevent] DPI BID
Formoterol [Foradil Aerolizer] DPI BID
Formoterol [Brovana] Inhalation solution BID
Anti-cholinergic Ipratropium [Atrovent] MDI QID
Titropium [Sprivia] MDI QD
Methylxanthine Theophylline [Uniphyl] Tablet QD
Combination product Ipratropium/albuterol [Combivent] MDI QID
Fluticasone/salmeterol [Advair] DPI BID
Symbicort Budesonide/Formoterol MDI BID

Advair, at a dose of 250/50 mcg BID is approved for the maintenance treatment of airflow
obstruction in patients with COPD associated with chronic bronchitis. Higher doses are not
recommended due to failure to document additional improvement in pulmonary function as
compared to the 250/50 mcg BID dose.

2.2 Presubmission Regulatory Activity

Advair (FSC), as a dry powder inhaler, was first approved for the treatment of asthma in August
2000. Approved doses include 100/50, 250/50 and 500/50 mcg BID with the recommended
starting dose dependent upon disease severity. Advair is approved for asthma for patients 4
years of age and older. A supplement for the treatment of COPD (NDA 21-077/ SE_003) was
first submitted to the agency in May 2001 and was the subject of a pulmonary advisory
committee meeting in January 2002. The supplement was ultimately approved in November
2003 after 2 review cycles. The approved indication is for the maintenance treatment of airflow
obstruction in patients with COPD associated with chronic bronchitis and the approved dose is
250/50 meg. The Applicant agreed to conduct two additional clinical trials as post-marketing
commitments. One was a two-year study to assess bone mineral changes after two years of
treatment with 250/50 mcg BID and one was a one-year study to assess the effect of FSC 250/50
mcg BID on the exacerbation rate in patients with moderate to severe COPD.

In August of 2000, prior to approval of the COPD indication, there was a meeting with the

Agency to discuss protocol SCO30003, a study designed to show increased survival in patients
with COPD who were treated with FSC 500/50. At that time, the Applicant was told that it
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might be possible to support approval of a mortality indication on the basis of one study, but that
the results would have to be robust. The Agency agreed that it would be acceptable to include
patients enrolled outside of the United States, but that a sufficient number would have to be
enrolled in the United States to make sure that the trend in the results in the US population was
in the same direction as that of the rest of the patients. The Agency also noted that it was not
appropriate to enroll patients into SCO30003 who had participated in study SFCB3024.

A statistical analysis plan (SAP) was submitted to the Agency in May of 2005. This plan
differed from the original protocol in several aspects: 1) In the mortality analysis the comparison
between FSC and placebo was followed by a comparison between FSC and SAL, not a
comparison between FSC and FP; 2) COPD exacerbation rate replaced COPD-related mortality
as the most important secondary outcome, and only FSC and SAL were included in the analysis
plan; and 3) the Applicant proposed to analyze exacerbation rate and response to SGRQ in the
absence of a statistically significant improvement in survival. The Agency responded that the
overall Type I error would have to be maintained for the entire study meaning that all of the
outcomes had to be included in the hierarchical plan. In addition, the Agency noted that a single
study would not be sufficient to support the exacerbation or quality of life indications.

3 DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY
3.1 Tables of Clinical Studies

Table 2. Studies Reviewed in Detail

Study Design Dosage Duration N Patients Evaluations

FSC 500/50

SC030003 | R, DB, PC | FP 500 156 Weeks 6184 | FEVI1 <60% predicted Survival
SAL 50 FEV1/FVC <70% Exacerbations
Placebo FEV1
FSC 500/50

SFCB3024 | R, DB, PC | FP 500 52 Weeks 1469 | FEV1 25 to 70% FEV1
SAL 50 predicted Exacerbations
Placebo FEV1/FVC <70% SGRQ
FSC 500/50

SFCA3006 | R, DB, PC | FP 500 24 Weeks 691 FEV1 <65% predicted, FEV1
SAL 50 but>0.7 L
Placebo FEV1/FVC <70%

3.2 Review Strategy

Study SCO30003 was reviewed in detail for the primary endpoint of all-cause mortality as well
as for secondary endpoints of COPD mortality and on-treatment mortality. COPD exacerbations
were enumerated in both Study SCO30003 and SFCB3024. The former was of 3 year’s duration
and the later of one year’s duration. Both were of sufficient duration and size to evaluate the
effect of Advair for this indication (Table 2). All three of the primary trials measured the FEV,
for evidence that Advair at the dose of 500/50 mcg BID was effective in the treatment of
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bronchospasm. They were all reviewed to assess this indication. A quality of life claim is not
being requested. However, the results of the Saint George’s Respiratory Questionnaire are
referred to in the proposed label, and these results were reviewed in study SCO30003 and
SCFB3024.

Study SFCA3006 was reviewed in detail by the FDA with the original supplement to NDA 21-
077, and was not reviewed again. The only data that is relevant to this application are the results
of the pulmonary function testing, and these results are included in the Integrated Review of
Efficacy (pg 32). The results of Study SFCA3006 are also not discussed in the safety section
because infectious events associated with COPD exacerbations were not recorded as adverse
events: they were treated as being part of the exacerbation. Since the primary adverse event that
in the other two studies was an increase in the incidence of respiratory infections, the results of
Study SCFA3006 can only serve to dilute the findings in SCO30003 and SFCB3024.

Twenty-two additional studies were submitted. Of these, 10 have not been completed and the
study reports consist of only synopses of the study design and a listing of serious adverse events.
Of the remaining 12 trials, 2 were small clinical pharmacology studies, and 4 efficacy trials did
not include a placebo. Six remaining supportive trials were randomized and placebo-controlled
trials (Table 3). However, none of the studies was of sufficient duration to evaluate survival and
none measured the exacerbation rate. These studies can only be used to support the
bronchodilation indication, and none is superior to the three primary studies all of which
measured spirometry for at least 6 months. Of note, none of these studies made a direct
comparison between the 500/50 BID and 250/50 BID dose of Advair.

Finally, 5 epidemiology studies were submitted to support the decreased mortality indication.
The applicant refers to them in the ISE as “observational data from patients treated in real-world
clinical practice...” If there were no randomized trial, evidence from epidemiologic studies
might be seen as supportive. However, the results from epidemiology studies would not supplant
or override the results of a randomized comparison. Therefore, these epidemiology trials were
not reviewed.

Notation
The tables and figures in this review come directly from the body of the study reports unless
indicated otherwise. References are to the Study Report or to post-text tables in the Study
Report. Page references without other notation refer to other pages within this review. Reviewer
analyses and tables are in italics. MedDRA terms are printed in 10-point Century Gothic font to
distinguish them from general use of such terms as COPD and lower respiratory tract infection.
In referring to results in the different drug treatment, a number and (%) are frequently used.
These are the number of patients and percentage of patients in the respective treatment group that
are affected. For example, “Pneumonia SAEs were reported in 86 (6%), 99 (6%), 150 (10%),
and 157 (10%) of the placebo, SAL, FP, and FSC patients, respectively” means that 86/1544
(5.57%) of the patients in the placebo safety population reported pneumonia. Adverse events are
described as having an onset during randomized treatment (patient taking placebo, FSC, SAL, or
FP at onset of AE) to distinguish the treatment period from the time of treatment of the
exacerbation with systemic corticosteroids and/or antibiotics. The combination product is
refered to as FSC 500/50 in the review. It is called SFC 50/500 in the GSK submission and this
nomenclature remains on the graphs copied from the submission.
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4 INTEGRATED REVIEW OF EFFICACY

4.1 Indication

The proposed indication is stated as “ADVAIR 500/50 mcg twice daily is indicated for the
maintenance treatment of airflow obstruction, increasing survival, and reducing exacerbations in
patients with chronic obstructive pulmonary disease (COPD).

An alternative dose is ADVAIR DISKUS 250/50 mcg BID”.

4.2 Methods

Efficacy was assessed with double-blind randomized clinical trials. Study SCO30003 compared
the effect of FSC 500/50 mcg, to FP 500 mcg, SAL 50 mcg and placebo, all administered twice
daily for three years, on survival. Secondary efficacy outcomes included COPD exacerbation
rate, quality of life measures including the SGRQ, and pulmonary function.

Study SFCB3024 compared the effect of FSC 500/50 mcg, FP 500 mcg, SAL 50 mcg, and
placebo, all administered twice daily for one year, on pulmonary function. Secondary efficacy
outcomes included COPD exacerbation rate and quality of life measures including the SGRQ.

Study SFCA3006 was reviewed in the original supplement for treatment of COPD. It compared
the effect of FSC 500/50 mcg, FP 500 mcg, and SAL 50 mcg, and placebo, all administered
twice daily for six months, on pulmonary function.

4.3 General Discussion of Endpoints

4.3.1 Mortality

The primary efficacy outcome in Study SCO30003 was all-cause mortality at three years. This
outcome has essentially no measurement error and is generally considered clinically important.
In this particular study all but one of the 6112 patients were followed-up for vital status so there
was essentially no missing data in the mortality analysis. The cause of death was confirmed by a
clinical end points committee (CEC) that reviewed all of the available data on all of the deaths.
The result of this deliberation was a categorization of deaths as pulmonary, cardiac, cancer,
other, or unknown. A further distinction was made between COPD-related and non-COPD-
related deaths. COPD-related deaths included some sudden deaths and deaths at home in
patients with severe end-stage COPD. Cases were classified as possibly and probably COPD-
related if the details did not allow for a definitive diagnosis. For analysis of the secondary
efficacy outcome of COPD-related death, all definitive, probable and possible cases were
included as COPD-related. The Intention-To-Treat (ITT) population included all of the patients
regardless of how long they had been on therapy. In the entire population 62% stayed on study
drug for three years or were still taking study drug at the time of death. As a confirmatory
analysis all-cause on-treatment deaths were also compared. Thus, the mortality outcome of this
population was well characterized and thoroughly analyzed.
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4.3.2 COPD Exacerbation Rate

COPD is characterized by episodic worsening of symptoms in some patients. The change in
symptoms may be mild, requiring only an increase in the amount of short acting bronchodilator
taken for a few days to severe with respiratory distress and respiratory failure. COPD
exacerbations have been related to the quality of life of patients with COPD [2], and are
considered an important clinical outcome measure [3]. Although there is no clear consensus on
what constitutes an exacerbation, most definitions include some combination of shortness of
breath and increased sputum production. For research purposes, when quantitation is important,
time limits are usually imposed such as a requirement for symptoms for more than two days.

In Study SCO30003, COPD exacerbations were defined only in terns of severity. They were
called moderate if they were treated with antibiotics or systemic corticosteroids and severe if the
patient required hospitalization, but there was no primary definition of an exacerbation. There
was no requirement for a minimum number of symptoms or duration of illness, and there was no
limitation on how close two separate exacerbations could be to one another. Neither the data
sheets nor the case report forms contain any clinical information other than the dates of the
exacerbations and an indicator variable for treatment (antibiotic, corticosteroid, hospitalization).
The case report forms include listings of adverse events. Each of these listings is followed by the
question, “Does this event meet the definition of a protocol defined moderate/severe COPD
Exacerbation?” The response requires the details of treatment. COPD exacerbations could have
been reported as “COPD exacerbation” or any one of 122 other diagnoses ranging from common
cold to pneumonia to abdominal pain.

The requirement for treatment with antibiotics and/or systemic corticosteroids was clearly
intended as a measure of severity, and presumably adverse events listed as a cold but not an
exacerbation were less severe than a cold that was listed as an exacerbation, but the criteria by
which this distinction was made were not specified. Lacking a definition of the event itself,
interpretation of the data could be difficult. As an example, the definition meant that cases
considered to be COPD exacerbations by the investigator and that resulted in death (i.e., serious)
were not included in the exacerbation count if for any reason (i.e., end of life decision) the
patient was not treated. This was even true if the deaths were adjudicated as COPD-related.

Another anomaly in the analysis of COPD exacerbations in this study was the distinction
between exacerbations treated with antibiotics and those treated with corticosteroids. While
treatment with either was sufficient to categorize the exacerbation as moderately severe,
randomization was permitted for patients who had had an exacerbation treated with antibiotics
during the run-in but not for patients who had had an exacerbation treated with corticosteroids.
The exception for exacerbations during the run-in that were treated with antibiotics meant that
some of the exacerbations started before the study treatment started. In addition, antibiotic
treatment and exacerbations treated with antibiotics were not reported separately, as were
treatment with corticosteroids and the incidence of corticosteroid-treated exacerbations.

Perhaps more important from the quantitative point of view is the failure to put limits on the

duration or proximity of exacerbations. Some investigators reported exacerbations that lasted for
months and were treated with several individual courses of therapy separated by up to months of
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no treatment. Other investigators administered one day of solumedrol several times in one
month and counted each treatment as a separate exacerbation. Similar variability occurred in
withdrawal rates: some patients were withdrawn after one exacerbation while others stayed on
blinded study treatment through 30 exacerbations. Guidelines suggested that patients could be
withdrawn after 2 severe and 3 moderate exacerbations, but practice clearly varied among the
investigators.

Because this was a multinational study it would be anticipated that there would be differences in
the standard of care in various regions around the world. Even if randomization balanced
differences in treatment styles across the study treatment groups, there is still the possibility that
regional variation in baseline health and the response to treatment could affect the interpretation
of the overall results of the study. Robust results in one region that were not repeated in the
other regions could make it difficult to generalize the results of the overall analysis. All of the
judgments about treatment are at least somewhat subjective; each one depends upon a personal
interaction between a patient and physician. In COPD patients with very poor pulmonary
function these decisions are often not based on laboratory or other objective data, but rather on a
general impression of the patient’s status. Finally, the designation of “Severe” exacerbation
rested solely on the need for hospitalization, an endpoint that is related to socioeconomic and
policy decisions that are only remotely related to an individual patient’s health status.

Study SFCB3024 had a slightly more robust definition of exacerbation. Although no specific
symptom complex was required, a list of symptoms that could indicate the need for treatment
with antibiotics and/or corticosteroids was provided as guidance. Treatment of the exacerbation
was specified as a ten-day course of antibiotics and/or systemic corticosteroids and 7 treatment-
free days were required between separate exacerbations.

4.3.3 Health Outcomes

The Saint George’s Respiratory Questionnaire (SGRQ) was used to assess quality of life in
studies SCO30003 and SFCB3024. This is a patient reported outcome (PRO) measure that has
been used extensively to evaluate changes in the quality of life of patients with respiratory
diseases. A change or difference from placebo of 4 units (maximum possible score of 100) has
been taken as the minimally important difference (MID). While the instrument has been
translated into numerous languages, the validation of these translated instruments has been
incomplete. In an attempt to address the issue a retrospective validation project was conducted
in Study SCO30003. The questionnaires were reviewed by investigators in the local sites and
back translated into English. COPD patients were interviewed to assess their comprehension of
the questionnaire. The results of these two processes were returned to the questionnaire
developer for further review. At the end of this process, 5 country-language combinations (in
some countries the questionnaire was given in more than one language) were declared invalid.
In an additional 14 of the questionnaires considered valid, at least one question was excluded
from the analysis. To adjust for this variability in questionnaire format subset analyses were
performed of the responses to questionnaires without modification. Finally, the original SGRQ
required patients to recall events over the previous 3 months while many of the translations
required recall over the previous 12 months. There are numerous discussions in the literature
discussing the difficulty in accurate recall over prolonged periods of time [4, 5], and some of the
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patients that participated in the validation process spontaneously mentioned that the 12-month
recall was to long for accurate recollections. Again, this problem was addressed with subset
analyses separating questionnaires that required the longer recall from those that employed the
shorter recall period.

4.3.4 Spirometry

The FEV, was measured in all three studies using standard methodology. In SCFB3024 the
efficacy outcome of interest was the pre-bronchodilator measurement and in study SCO30003 it
was the post-bronchodilator measurement. Both are standard measures of pulmonary function
and each has been used to compare different drug treatments over time. In Study SCFA3006
both the baseline pre-treatment and the 2-hour post-study drug FEV, values were assessed.

4.4 Study Design

All of the studies (SCO30003, SFCB3024, and SFCA3006) that form the primary basis of this
review were randomized, double-blind and placebo-controlled. In all three studies placebo
treatment was compared to treatment with salmeterol 50 mcg BID (SAL), fluticasone 500 mcg
BID (FP) and fluticasone/salmeterol 500/50 mcg BID (FSC). In all three, the study population
consisted of middle-age to elderly patients with a clinical diagnosis of COPD who were current
or former smokers. The patients enrolled into SCO30003 were not required to have a specified
number of exacerbations prior to enrollment, nor did they have to have a history of chronic
cough or sputum production. By comparison, the patients enrolled into SFCB3024 were
required to have a past history of exacerbations including 1 in the 12 months prior to enrollment
and to have had a history of cough and sputum production that would indicate the presence of
chronic bronchitis. Both of these factors could make the patients enrolled in SFCB3024 more

prone to exacerbations and possibly more sensitive to treatment than the average patient with
COPD.

Studies SCO30003 and SFCB3024 were multinational, although SFCB3024 did not enroll
patients in Asia or the United States. SFCA3006 was carried out at multiple sites in the US. All
of the analyses for study SCO30003 were adjusted for region which included the following:
USA, Asia, Western Europe, Eastern Europe, and Other. The “Other” group included sites in
Canada, South America, South Africa, and Australia/New Zealand. The sites in study
SFCB3024 were aggregated into groups of one or two countries except for Canada which was
divided into three geographic regions, each of which was a separate aggregate.

While the enrollment and treatment assignment was randomized there was a possible bias in
early withdrawal that was introduced by the study design of SCO30003. Almost half of the
patients in the United States were enrolled in a sub-study to measure changes in bone mineral
density during treatment. Patients with pathologically low BMD were referred for consultation,
and it is possible that knowledge of this result could have affected the investigator’s decisions
about early withdrawal. (See the discussion of withdrawals in Section 5.2.3)

26



4.5 Efficacy Findings
4.5.1 Demographics
4.5.1.1 Study SCO30003

The ITT population was divided into 1524 placebo-treated, 1521 SAL-treated, 1534 FP-treated,
and 1533 FSC-treated patients. Of the entire ITT population 23% were recruited in the United
States, 12% in Asia, 19% in Eastern Europe, 31% in Western Europe, and 15% in the Other
region. These proportions were maintained in the distribution among treatment groups within
each region. The patients had a mean age of 65 years, 82% were white, and 75% were male.
These characteristics were evenly distributed across the treatment groups.

The characteristics of the COPD history were also evenly distributed across the treatment groups.
The duration was <10 years in 66% of the patients, and the MRC dyspnea score was 1 or 2 (2=
short of breath when hurrying on the level or walking up a slight hill) in 50%. Fifty-two percent
had a moderate or severe exacerbation and 18% had been hospitalized for an exacerbation in the
12 months prior to enrollment. Fifty-seven percent of the patients were former smokers and 43%
were still actively smoking: the mean pack years was 47 to 49. Fifty-one percent of the placebo
patients had taken inhaled corticosteroids in the 12 months prior to enrollment. This compares to
45,47, and 45% of the SAL, FP, and FSC-treated patients respectively. As an index of
concomitant disease, 6 or 7% of the patients in each treatment group reported a prior history of a
myocardial infarction.

Looking at the baseline medical conditions by geographic region, prior use of inhaled
corticosteroids was lowest in Asia (25%) and highest in Western Europe (64%) with the other
regions in between. A prior history of myocardial infarction was reported in 12% of the US
population but only in 2% of the Asian population. Patients in the other regions reported a
history of myocardial infarction in 5 to 6% of the patients. On the other hand, cardiovascular
disease of any type was reported at baseline in 59, 37, 58, 48, and 48% of the patients in the US,
Asia, Eastern Europe, Western Europe and the Other region, respectively, suggesting that the
discrepancy in cardiovascular disease was less than the difference in prevalence of myocardial
infarction.

Reviewer: The differential in incidence in myocardial infarction is probably overestimated due to
changes in the manner of collection of this data over the course of the study (see Reviewer note
pg 77 for details). If all prevalent serious cardiac diseases are analyzed the prevalence was
actually highest in Eastern Europe. The baseline prevalence was 39.6, 39.9, 65.6, 41.4, and 32.7
in the US, Asian, Eastern European, Western European, and Other populations, respectively.

Pulmonary function was moderate to severely reduced in the population as a whole and in each
of the treatment groups. The mean pre-bronchodilator FEV| was 1111 mL and the mean percent
predicted was 40%. The range in FEV; was 240 to 2800 mL or 7 to 101% predicted. (There
were only 38 patients [0.62%] with FEV; % predicted >60% which were protocol violations).
The mean post-bronchodilator FEV, was 44% predicted and was 10% higher than the pre-
bronchodilator value. Eighteen percent of the patients were reversible if “Reversible” is defined
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as a >12% and >200 mL increase in FEV, after inhalation of albuterol and the change in FEV| is
compared to the pre-bronchodilator value.

4.5.1.2 Study SFCB3024

There were 1465 patients who were randomized to receive placebo (N=361), SAL (N=372), FP
(N=374), or FSC (N=358) for 52 weeks. The patients had a mean age of 63 years, 99% were
Caucasian, 73% were male, and the mean dyspnea score was 2.7. Fifty-eight, 62, 56, and 65%
had a history of COPD for ten years or less and 47, 51, 53, and 48% were current smokers in the
placebo, SAL, FP, and FSC groups, respectively. The mean baseline FEV; % predicted in each
of the treatment groups was 44 to 45%, and mean reversibility ranged between 8.0 and 8.9%.
Fifty-one percent had taken ICS prior to enrollment.

4.5.1.3 Study SFCA3006

The ITT population consisted of 674 patients who were randomized to receive placebo (N=181),
SAL (N=160), FP (N=168), or FSC (N=165) for 24 weeks. The patients had a mean age of 63
years, 93% were Caucasian, 66% were male, and 35% had a dyspnea score > 2. The mean
duration of COPD was 5.5 years and 48% were current smokers. The mean baseline pre-
bronchodilator FEV| was 1226 mL and the mean FEV, % predicted in each of the treatment
groups was 40 to 41%. The mean response to bronchodilators using the pre-bronchodilator
measured value as the baseline was 19 to 20%. Fifty-four percent of the patients enrolled in the
study were reversible. Twenty-five percent of the patients were taking ICS at screening.

4.5.1.4 Summary

Within each study, the demographic and COPD characteristics were evenly distributed across the
treatment groups. Comparing the populations across studies shows general consistencies with a
few minor deviations (Table 3). Notably, the population enrolled in Study SCO30003 included
somewhat fewer Caucasians and the pulmonary function was slightly poorer than the patients
enrolled into the other studies. The patients enrolled into Study SCFA3006 had fewer males, a
low level of ICS use at baseline, and a high prevalence of hyperresponsiveness when compared
to the other two study populations.

Table 3. Demographic Characteristics of the Study Populations

SC030003 SFCB3024 SFCA3006
N 6112 1465 674
Age, mean years 65 63 63
Male, % 76 72 66
Caucasian, % 82 99 93
Chronic bronchitis +/- + +
Dyspnea score 50% >2 Mean =2.7 35% >2
Duration of COPD, % <10 yr 66 60 Mean =5.5
Current smokers, % 43 51 48
ICS prior to enrollment, % 48 49 25
Baseline pre-BD FEV,, mL 1111 1269 1227
Baseline pre-BD FEV,, % predicted 40 45 40
Reversible, % of patients 18 17 54
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4.5.1 Mortality (Study SC0O30003)

After three years of follow-up the unadjusted mortality was 15.2, 13.5, 16.0, and 12.6 % in the
placebo, SAL, FP, and FSC-treated patients, respectively (Table 4), and the difference between
morality in FSC and placebo was 2.6%. The statistical comparison of FSC and placebo (hazard
ratio [HR] = 0.820) had a nominal significance of 0.041 prior to adjustment for the interim
analyses. After adjustment, the p-value was 0.052 (HR=0.825). Survival was better after
treatment with FSC when compared to treatment with FP. However, it was not better than
treatment with SAL. The mortality results varied by geographic region: the difference in
mortality comparing FSC to placebo was 1.6, 0.0, 4.0, 2.9 and 3.6% in the United States, Asia,
Eastern Europe, Western Europe, and Other, respectively.

Table 4 . All-cause Mortality in Study SC0O30003

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of Deaths 231 205 246 193
Probability of death by 156 weeks (%) 15.2 13.5 16.0 12.6
95% CI 13.4,17.0 11.8,15.2 14.2,17.9 10.9, 14.3
Active Treatment vs. Placebo
Hazard ratio 0.879 1.060 0.820
95% CI 0.729, 1.061 0.886, 1.268 0.677,0.993
p-value 0.180 0.525 0.041
FSC 500/50 vs. Components
Hazard ratio 0.932 0.774
95% CI 0.765, 1.134 0.641, 0.934
p-value 0.481 0.007
FSC vs. Placebo after adjustment for
interim analyses
Hazard ratio 0.825
95% CI 0.681, 1.002
p-value 0.052

The lack of robustness of these results is shown by a sensitivity analysis that removes outlying
points. Repeating the analysis after the removal of patients enrolled at one site (21 patients
treated with placebo or FSC at site 39401) resulted in a substantial change in the hazard ratio
(See FDA statistical review for details). Other clinical variables also affected the difference in
survival comparing placebo to FSC to placebo. If the population is divided in half by FEV, or
FEV, % predicted, patients with an FEV; < 1000 mL or a FEV,% < 40% predicted had a
minimal response to FSC. Similarly, patients older than 65 years of age had a very small
response to FSC. Women appeared to respond better than men, but most of this effect is
eliminated if age and pulmonary function and smoking history were used for adjustment.

Over the three years of observations 875 (14.3%) patients died. The cause of death was
adjudicated to be cardiac in 3 -5% of the population, pulmonary in 4 — 6% and cancer in 3%.
The remainder was “Other” or “Unknown” (Table 5). The distribution of cause of death was
similar across the treatment groups, although the SAL patients had a relatively low
cardiovascular mortality (2.9 % compared to 4.7, 4.0, and 3.9% in the placebo, FP and FSC-
treated patients) and there was a somewhat higher mortality due to pulmonary causes in the FP-
treated patients (5.9% compared to 4.9, 5.3, and 4.0% in the placebo, SAL and FSC-treated
patients).
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Table 5. Adjudicated Cause of Death in ITTP

Cardio- Other/

N All vascular Pulmonary Cancer Unknown
Placebo 1524 231 (15.2) 71 (4.7) 74 (4.9) 45 (2.9) 41 (2.7)
Salmeterol 1521 205 (13.5) 45 (2.9) 80 (5.3) 44 (2.9) 36 (2.4)
Fluticasone 1534 246 (16.0) 61 (4.0) 91 (5.9) 51(3.3) 43 (2.8)
Advair 1533 193 (12.6) 60 (3.9) 61 (4.0) 44 (2.9) 28 (1.8)
Cardio- Other/

N All vascular Pulmonary Cancer Unknown
USA 1388 188 (13.5) 45 (3.2) 57 (4.1) 46 (3.3) 40 (2.9)
Asia/Pacific 758 140 (18.5) 25(3.3) 75 (9.9) 22 (2.9) 18 (2.4)
E Europe 1154 187 (16.2) 65 (5.6) 57 (4.9) 41 (3.6) 24 (2.1)
W Europe 1908 207 (10.8) 67 (3.5) 54 (2.8) 47 (2.5) 39 (2.0)
Other 904 153 (16.9) 35(3.9) 63 (7.0) 28 (3.1) 27 (2.9)

The distribution of causes of death by region showed that 5.6% of the patients in Eastern Europe
died of cardiovascular causes compared to 3.2, 3.3, 3.5, and 3.9% of the patients enrolled in the
United States, Asia, Western Europe, and the Other region, respectively. On the other hand,
9.9% of the patients enrolled in Asia died of pulmonary causes compared to 4.1, 4.9, 2.8, and
7.0% of the patients in the United States Eastern Europe, Western Europe, and the Other region,
respectively.

Approximately 41% of the deaths were determined to be COPD-related. The three-year COPD-
related death rate was 6.0, 6.1, 6.9, and 4.7% in the placebo SAL, FP, and FSC groups,
respectively. Pneumonia was the second most common cause of a pulmonary death and
occurred in 13, 15, 21 and 15 patients in the placebo, SAL, FP, and FSC groups, respectively.
None of the comparisons between placebo and active treatment was statistically significant. The
Kaplan-Meier adjusted probability of on-treatment death was 10.5, 9.0, 11.5, and 8.1%,
respectively.

4.5.2 COPD Exacerbation Rate (Study SCO30003 and Study SFCB3024)

In study SCO30003, 70% of the patients experienced at least one exacerbation while they were
taking study medication. Using the negative binomial distribution the COPD exacerbation rate
in study SCO30003 was 1.13, 0.97, 0.93, and 0.85 events per year in the placebo, SAL, FP, and
FSC groups, respectively (Table 6). The hazard ratio (95% CI) comparing active treatment to
placebo was 0.858 (0.784, 0.927), 0.823 (0.758, 0.894), 0.749 (0.689, 0.814) for the comparison
to SAL, FP, and FSC, respectively. All of the active treatments were significantly better than
placebo in decreasing the rate of moderate/severe exacerbations. The rate in the FSC-treated
patients was also significantly less than the rate in the SAL and FP treatment-groups. Twenty-
five percent of the patients experienced severe exacerbations. The modeled rates were 0.19,
0.16, 0.17, and 0.16 events / year in the placebo, SAL, FP, and FSC groups, respectively. The
hazard ratio (95% CI) for a severe events comparing FSC to placebo was 0.834 (0.710, 0.981)
but the hazard ratio comparing FSC to SAL was 1.022 (0.870, 1.200). The hazard ratio
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comparing FSC to FP was 0.954, which was not statistically significant. The rate of
exacerbations that were treated with systemic corticosteroids was 0.80, 0.64, 0.52, and 0.46
events / year in the placebo, SAL, FP, and FSC-treated patients. The active treatments were all
superior to placebo in decreasing the number of exacerbations that were treated with
corticosteroids and FSC treatment was superior to SAL and FP.

Reviewer: The rate of antibiotic-treated exacerbations was not included in the application.
However, according to the FDA statistical reviewer, the rate of exacerbations treated with
antibiotics alone was increased in the FSC group. The Hazard ratio (95% CI) comparing FSC
to placebo was 1.15 (1.09, 1.36).

The exacerbation rate in study SFCB3024, modeled using the Poisson distribution, was 1.30,
1.04, 1.05, and 0.97 in the placebo, SAL, FP, and FSC groups, respectively (Table 6). The
difference between FSC and placebo was thus, 0.33 events / year which compared favorably to
the difference between FSC and placebo in study SCO30003 (0.28 events per year). There were
too few severe exacerbations to allow for statistical inference. However, the rate was not
reduced in the FSC group when compared to placebo: there were 0.07, 0.08, 0.06, and 0.07
events/year in the placebo, SAL, FP, and FSC groups, respectively. The rate of events that were
treated with corticosteroids was 0.76, 0.54, 0.50, and 0.46 events/year in the placebo, SAL, FP,
and FSC patients, respectively. All of the active treatment groups had lower rates than the
placebo-treated patients, but the rate during FSC treatment was not lower in FSC than during
SAL or FP treatment. Exacerbations treated with antibiotics were also not decreased by
treatment with FSC. The rates of antibiotic-treated exacerbations were 0.72, 0.65, 0.75, and 0.76
events per year in the placebo, SAL, FP, and FSC groups respectively.

Reviewer: The Poisson distribution used in study SFCB3024 is thought to over estimate the
difference in exacerbation rates due to an underestimate of the intra-patient variability [1].
However, the effectiveness of FSC as measured by the hazard ratio was remarkably similar in
the two studies considering the different patient characteristics and different analysis methods.

Table 6. Summary of COPD Exacerbation Rates (events/year)

Hazard Ratio
Placebo SAL FP FSC FSC/Placebo
Moderate/Severe
SCO30003* 1.13 0.97 0.93 0.85 0.749
SCFB3024** 1.30 1.04 1.05 0.97 0.746
Severe
SCO30003* 0.19 0.16 0.17 0.16 0.834
SCFB3024, ** 0.07 0.08 0.08 0.07 -
Corticosteroid-treated
SCO30003* 0.80 0.64 0.52 0.46 0.568
SCFB3024** 0.76 0.54 0.50 0.46 0.607
Antibiotic-treated
SCO030003, %71t (Antibiotic only) 0.32 0.31 0.39 0.37 1.15
SCFB3024** (Antibiotic with or without 0.72 0.65 0.75 0.75 ---
corticosteoids)

* Rates calculated using the negative binomial distribution; ** Rates calculated using the Poisson distribution
1 1 Calculated by FDA statistical reviewer
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4.5.3 Quality of Life

The Total scores from the Saint George’s Respiratory Questionnaire (SGRQ) failed to reach a
clinically meaningful difference between placebo and active treatment (at least 4 points) in either
Study SCO30003 (N=3911) or SCFB3024 (N=1299). In study SCO30003 the score decreased
(improved) over the first 6 months in all of the treatment groups and then gradually increased
over the remaining 2 2 years. The mean change over the course of the study was 1.31, -0.44,
-0.93, and -1.81 in the placebo, SAL, FP, and FSC groups, respectively. After correction for
smoking status, age, sex, baseline FEV, baseline SGRQ, region, visit and including a treatment
by visit interaction term and a SGRQ by visit interaction term the change was 0.2, -0.8, -1.8, and
-3.0. Thus, the most favorable analysis of the data resulted in a difference between placebo and
FSC of 3.2. The largest changes were in the symptom scores where the difference between FSC
and placebo wad 3.6 units. Questionnaires without scoring modification were available for 1126
patients (18% of the ITT population). The results were in the same direction as for the larger
group, though the difference comparing FSC to placebo was only 2.8 points.

In study SFCB3024 the changes were smaller with a difference between active treatment and
placebo in the repeated measures analysis of -2.2, -1.1, and -1.4 for the SAL, FP, and FSC
groups, respectively. Comparing the scores at the endpoint also indicated a greater improvement
in the SAL-treated patients than in any other treatment group.

The results of the SGRQ have to be assessed in the light of the finding that not all of the
questions in the original document could be translated into all of the languages of the patient
populations in Study SCO30003. In addition, many of the questionnaires used a 12-month recall
compared to the 3-month recall used in the original UK English document. Not only are the
results likely to differ using the two different recall periods, the patients who participated in the
validation process told the investigators that 12 months was too long to remember details. Since
the questionnaire was administered every 6 months, the 12-month recall period covered
overlapping periods of time. Finally, the validation process did not occur until after SFCB3024
had been completed. Therefore, there is no information or provision for adjustment of the results
in the earlier study.

4.5.4 Pulmonary Function

In both SCO30003 and SFCB3024 spirometry was performed throughout the treatment course.
In study SCO30003, 5343 (87.4%) of the patients had a measurement at baseline and at least one
follow-up determination. Fifty-nine percent had measurements at the 156-week time point. In
all the treatment groups, the post-bronchodilator FEV, increased over the first six months to a
peak of 4, 30, 36, and 71 mL in the placebo SAL, FP, and FSC patients respectively. The FEV;
then gradually declined in all of the treatment groups over the rest of the treatment period. The
mean raw change at 156 weeks was -127, -61, -62, and -7 mL in the placebo, SAL, FP, and FSC
groups, respectively (Table 7). After adjustment for smoking status, age, sex, baseline FEV|,
BMI, region, visit, and for baseline FEV, by treatment group and treatment group by visit
interaction terms the calculated values were -62, -21, -15, and 29 mL, respectively. The rate of
decline after 6 months was the same in all of the active treatment groups, but it was 13 to 16
mL/year less than the decline in the placebo patients. All of the active treatments were
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statistically superior to placebo, and FSC was superior to both SAL and FP in maintaining
pulmonary function.

In study SFCB3024 the mean baseline pre-bronchodilator FEV; was 1266, 1245, 1260, and 1308
mL in the placebo, SAL, FP, and FSC groups, respectively. This was comparable to the values
obtained in Eastern (1226 mL) and Western Europe (1204 mL) in study SCO30003, but was
approximately 200 mL higher than the overall mean in Study SCO30003. Comparing baseline to
week 52 using a repeated measures ANOVA and adjusting for center, age, sex, smoking status,
visit, and treatment the change was -60, 15, 7, and 113 mL, respectively (Table 7). Comparing
the function-time curves, this increase in FEV; seen in SFCB3024 is consistent with the increase
seen in the first 6 months of SCO30003. The increase in SCO30003 was stable over the
following 6 months in the FSC group and fell slightly in the SAL and FP patients. In all of the
spirometry analyses pulmonary function was maintained better with active treatment that with
placebo, and FSC was superior to SAL or FP.

Table 7. Summary of Change in FEV; (mL) in Studies SC0O30003, SFCB3024 and FSCB3006.

Placebo SAL FP FSC FSC-Placebo
SCO030003 (3 years of follow-up)*
Baseline 30 min post-albuterol FEV; mL 1257 1231 1233 1236

A 24 weeks 4 30 36 71 67

A 156 weeks -127 -61 -62 -7 91
SCFB3024 (1 year of follow-up)*
Baseline pre-albuterol FEV;, mL 1266 1245 1260 1308

A 24 weeks -37 52 16 122

A 52 weeks -60 15 7 113 133
Baseline 30 min post-albuterol FEV,, mL 1379 1346 1363 1419

A 24 weeks 33 70 78 124

A 52 weeks -15 33 42 108 76
SCFA3006 (6 weeks follow-up)
Baseline pre-dose FEV,, mL 1282 1192 1174 1254

A 24 weeks -4 107 109 156 160
2 hours post-dose FEV,, mL

A 24 weeks 28 233 138 261 233

* Raw values for change from baseline and repeated measures ANOV A means for FSC-placebo.
+ Endpoint analysis. The endpoint post-bronchodilator FEV| was compared to the baseline pre-bronchodilator FEV,

In Study SCFA3006 the pre and post-dose FEV| were measured over 6 months. The analysis
was performed on the difference between the endpoint and baseline values with no adjustment
for missing values (the last measured FEV, was the outcome measure). This type of analysis is
particularly problematic because the drop-out was relatively high. The protocol required patients
to be withdrawn if they experience one hospitalization or one exacerbation that required
treatment with systemic corticosteroid. As a result, only 65% of the patients remained on study
treatment for the 6-month treatment period. The original medical reviewer noticed that the
reversibility of this group of patients was high (54% of the patients with an increase in FEV
after albuterol of >12% and >200 mL) compared to the usual COPD population (reversibility
closer to 30% of the population). The mean reversibility was 19 to 20% in the various treatment
groups. In the 361 patients designated reversible the mean reversibility was 28 to 31%. In the
313 non-reversible patients the mean reversibility was 8 to 10%.
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In the ITT population, the mean change in pre-dose FEV; was -4, 107, 109, and 156 mL in the
placebo, SAL, FP, and FSC groups, respectively (Table 7). The overall difference in mean
change in FEV; was 160 mL comparing FSC to placebo. All of the differences comparing active
treatment to placebo were significant and FSC was significantly more efficacious than SAL or
FP. The response in the reversible group was larger than in the patients who were not reversible.
The mean change in the pre-dose FEV| in the reversible group was -1, 132, 123, and 191 mL in
the placebo SAL, FP, and FSC groups, respectively. In the non-reversible patients the changes
were -8, 80, 93, and 116 mL, respectively.

The changes in the 2-hour post-dose FEV| were numerically somewhat larger than for the pre-
dose values. The mean change from baseline was 28, 233, 138, and 261 mL in the placebo SAL,
FP, and FSC groups, respectively. The difference in mean change in post-dose FEV| comparing
FSC to placebo was 233 mL. Division of the patients into reversible and non-reversible again
demonstrated a greater effect in the reversible patients. The mean change in the reversible group
was 29, 287, 161, and 319 mL in the placebo SAL, FP, and FSC groups, respectively. In the
non-reversible patients the changes were 28, 175, 111, and 195 mL, respectively.

Reviewer: The spirometry data are difficult to compare because of the variation in the timing of
the measurements and the methods of analysis used. In Study SCO30003 and SCFB3024 the
post-albuterol FEV; was compared at each visit to the baseline pre-treatment post-albuterol
FEVi. In Study SFCB3024 the pre-albuterol FEV; was evaluated in the same way. In Study
SFCA3006 the two-hour post-(study)treatment FEV; at each visit was compared to the pre-
treatment FEV; at baseline. The results of SFCA3006 combine the increase that would be
expected comparing a trough-to-peak value and the change with time whereas Studies
SCO030003 and SCFB3024 only measured the secular change.

4.5.5 Resource Utilization

In study SCO30003 approximately 60% of the patients required unscheduled medical attention at
some time during the trial. Usage was not consistently affected by any of the treatments. The
SAL patients had the lowest usage of out-patient clinic visits, general ward admissions and ICU
admissions. They spent 647 days/ 1000 years exposure less in hospital than the placebo patients
and 155 days less than the FSC-treated patient. On the other hand the FSC patients had the
fewest ER visits and office visits. Both the SAL and FSC-treated patients had approximately
half the number of ER visits as the placebo patients. Time in the ICU was longest for the FSC
group (169, 105, 150, and 186 days/1000 years of exposure, for the placebo, SAL, FP, and FSC
patients, respectively).

In study SFCB3024, a smaller study conducted for only one year, resource utilization was less
and some of the numbers are very small. However, the FSC patients had more office visits that
any of the other groups and more general ward days than the placebo patients. Intensive care unit
(ICU) days were 2, 25, 0, and 14 in the placebo, SAL, FP, and FSC groups respectively, but
there were very few observations and two patients were responsible for 80% of the reported 41
days.
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4.5.6 Efficacy Conclusions

In a well conducted study of 6112 patients followed for three years, FSC was shown to have a
slight, statistically borderline advantage over placebo and FP treatment in all-cause mortality.
The difference in survival comparing FSC to SAL did not look different. The 90% survival time
was approximately 4 months longer with FSC and 2 months longer with SAL compared to
placebo. Looking at sub-populations, the response to FSC was restricted to patients with FEV,
% predicted >40%, age <65 years, and those with a smoking history >42 pack-years.
Approximately 42% of the deaths were COPD-related. There were fewer COPD deaths in the
FSC group (hazard ratio compared to placebo = 0.776) and more in the SAL (hazard ratio
compared to placebo=1.013) and FP (hazard ratio compared to placebo=1.159) patients. None of
the hazard ratio for COPD-related deaths approached statistical significance. The mortality
difference between FSC and placebo was less in the United States patients (1.6% 3-year
mortality or 90% survival difference of 75 days) than the mean for the ITT population.

Comparing FSC treatment to placebo in the three-year trial, the difference in moderate/severe
exacerbations was 0.28 events / year or approximately 1 every three years. The rate of
exacerbations was also significantly reduced when comparing FSC to SAL or FP. The
exacerbation rates and response to FSC were similar in study SFCB3024 in which treatment
continued for 1 year. However, FSC was not superior to SAL or FP. In the 3-year study, the rate
of severe (requiring hospitalization) exacerbations was reduced to approximately the same
degree in all of the treatment groups, though the formal analysis showed slight superiority of
SAL to FSC (Hazard ratio FSC to SAL =1.022 (95% CI 0.693, 1.200). In the 1-year study the
numbers were too small to make a statistical analysis of severe events. However, severe
exacerbations were not reduced in the FSC group compared to placebo. In both studies the rate
of exacerbations treated with systemic corticosteroids was decreased in all of the active treatment
groups. As in the analysis of all moderate/severe exacerbations, FSC was superior to SAL and
FP in the reduction of corticosteroid-treated exacerbations in the 3-year study, but not the 1-year
study. Antibiotic-treated exacerbations were actually higher in the FSC group in both studies.

The other efficacy outcomes were the SGRQ for quality of life and spirometry. The FEV,
showed the least deterioration in the FSC-treated patients and the most deterioration was seen in
the placebo group. The changes in FEV, for patients treated with SAL or FP were similar and
intermediate between the placebo and FSC changes. The difference between placebo and active
treatment in the SGRQ total score did not reach a clinically meaningful level in any of the
treatment groups in either of the studies.

In summary, FSC appears to have a small beneficial effect on some patients with COPD. Life
may be extended by a few months, and exacerbations may be decreased by one every three years.
On the other hand, severe exacerbations were not decreased and antibiotic-treated exacerbations
were increased in the FSC-treated patients. Pulmonary function was better maintained during
treatment with FSC than during any of the other treatments and this was consistent across the
three studies. In none of the studies was an improvement in quality of life documented.
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S INTEGRATED REVIEW OF SAFETY

5.1 Methods
5.1.1 Extent of exposure (dose/duration)

In the three studies summarized in the safety review, the total years of exposure was more than
3500 in all of the treatment groups. The total exposure to fluticasone/salmeterol was 4066 years
(Table 8).

Table 8. Summary of Exposure to Study Drugs

Placebo Salmeterol Fluticasone Fluticasone/
Salmeterol

Mean Total Mean Total Mean Total Mean Total
Study (weeks) (years) (weeks) (years) (weeks) (years) (weeks) (years)
SCO30003 110.8 3278 119.5 3531 119.5 3555 124.9 3700
SCFB3024 38.7 268 43.1 307 439 315 44.0 302
Sub-total 3546 3838 3870 4002
SCFA3006 18.0 64 20.2 64 18.1 60 19.7 64
Total 3610 3902 3930 4066

5.1.2 Characterization of Adverse Events

In Study SCO30003 adverse events were categorized by time period: they started while the
patient was taking randomized study medication or, in the case of withdrawal, started after
termination of study medication. The post-treatment period was further divided into the two
weeks following termination of study medication (“Post-treatment period”), and the time period
between two weeks after stopping randomized medication and three years after initiating
randomized medication (“Long Term Follow-up” [LTFU]). For the safety analysis, deaths were
categorized by the adverse event that precipitated the death: there were on-treatment-AE related
deaths, Post-treatment-AE related deaths, and LTFU-AE related deaths. If an adverse event
occurred during randomized treatment and led to the patient’s withdrawal and he/she died before
the end of the study but after withdrawal, the death was ascribed to an on-treatment adverse
event. There are more adverse event-associated deaths than actual deaths because some adverse
events persisted through two or more treatment periods. For instance, if the adverse event, itself,
persisted through the randomized treatment period into the LTFU the death was tabulated three
times. Also, more than one adverse event could have been an immediate precursor to death such
as cardiac arrest and arrhythmia. This resulted in tabulating two AE-related deaths.

In Study SFCB3024 the two weeks after stopping study medication was called the “Post-
treatment” period.

Because the primary focus of adverse event reporting was on those with onset during randomized
treatment, the events were reported as an incidence (% of patients affected) and as an event rate /
1000 treatment years. This adjustment accounted for the variable time on randomized treatment
among the treatment groups. Adverse events were recorded for all treatment periods, but the
completeness of the reporting varied in the LTFU (See detailed study report for details, Reviewer
note pg 95). For this reason this review will only discuss AEs in the LTFU that were fatal.
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5.2 Findings
5.2.1 Deaths

For the safety analysis in Study SCO30003, the deaths of patients enrolled at the sites that were
excluded from the ITTP due to data irregularities as well as the 29 deaths that occurred beyond 3
years after starting study medications were included (N=911 deaths). Two deaths occurred in the
LTFU that were the result or an AE present at enrollment and these were included in the ITT
population. Adverse events that started during randomized treatment resulted in 533 deaths: 133
(9%), 126 (8%), 160 (10%), and 114 (7%) in the placebo, SAL, FP, and FSC groups,
respectively. There were 11 diagnoses characterized as common (reported in >5 patients in any
active treatment group): COPD, Respiratory failure, Acute respiratory failure, Myocardial
infarction, Cardiac failure, Cardiac arrest, Acute myocardial infarction, Lung neoplasm,
Pneumonia, Sudden death, and Cerebrovascular accident (Table 9). One-hundred fifty-six
patients died of COPD (32, 32, 38, and 24 in the placebo, SAL, FP, and FSC groups,
respectively). The next most common event was Respiratory failure, reported in 7 (<1%), 12
(<1%), 17 (1%), and 6 (<1%) of the placebo, SAL, FP, and FSC patients, respectfully.
Pneumonia was the cause of death in 9 (<1%), 10 (<1%), 12 (<1%), and 8 (<1%) of the placebo,
SAL, FP, and FSC patients respectively. Death during treatment due to cardiac event was
slightly more common in the placebo-treated patients. The cancer deaths were primarily located
in the lung (38) with only 2 breast cancers, and 10 colorectal cancers.

Table 9. Summary of Adverse Events (MedDRA preferred term) that Started During Randomized
Treatment and Resulted in Death in Study SCO30003*

FSC
Number (%) Patients Reporting Placebo SAL 50 FP 500 500/50 Total
Events (N=1544) | (N=1542) | (N=1552) | (N=1546) | (N=6184)
Any Event 133 (8.6) 126 (8.2) | 160 (10.3) | 114 (7.4) 533 (8.6)
COPD 32(2.1) 32 (2.1) 38(2.4) 24 (1.5) 156 (2.5)
Respiratory failure/
Acute respiratory failure 13 (0.8) 15 (1.0) 22 (1.4) 8(0.5) 61 (1)
Pneumonia 9 (0.6) 10 (0.6) 12 (0.8) 8 (0.5) 39 (0.6)
Sudden Death/Cardiac arrest 14 (0.9) 12 (0.8) 9(0.6) 8(0.5) 43 (0.7)
Cardiac failure 7(0.4) 7(0.4) 5(0.3) 6 (0.4) 25(0.4)
MI/Acute MI 14 (0.9) 6 (0.4) 11 (0.7) 9(0.6) 40 (0.6)
Lung neoplasm malignant 6 (0.4) 10 (0.6) 11 (0.7) 11 (0.7) 38 (0.6)
Cerebrovascular accident 0 1(0.1) 5(0.3) 3(0.2) 9(0.1)

* Adapted from Table 42, pg 119 if ISS.

Fewer than 3% of the patients suffered AEs in the two weeks post treatment that resulted in
death: 35 (2%), 22 (1%), 31 (2%), 36 (2%) of the placebo, SAL, FP, and FSC patients,

respectively. Of these, pneumonia accounted for 4, 2, 3, and 6 deaths in the placebo, SAL, FP,
and FSC patients, respectively. In the long-term follow-up period 311 AEs were reported that
resulted in death. The most common event was COPD (15, 17, 14, and 12 patients in the
placebo, SAL, FP, and FSC groups, respectively). Of the other causes of death that occurred in
more than 5 individuals in an active treatment group, respiratory failure occurred in more
placebo patients (14 compared to 6, 9, and 7 in the SAL, FP, and FSC groups, respectively) and
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pneumonia occurred least frequently in the placebo patients (0 compared to 5, 9, and 6 in the
SAL, FP, and FSC groups, respectively).

Reviewer: In the efficacy and adverse event analysis an ““on-treatment” death is a death that
occurred within two weeks of stopping study medication, but an *““on-treatment” AE had to occur
during randomized treatment. This assumes that there is an important differential in the
potential for adverse events as opposed to deaths due to a drug reaction in the two weeks post-
treatment termination. We performed an alternative analysis in which all the adverse events
reported in the randomized treatment period and in the two weeks following treatment were
combined. Further we ascribed only one adverse event to each death. We took the first reported
event on the assumption that it would be the most likely to be associated with treatment. This
categorization (Table 10) suggested that approximately half of the deaths occurred on treatment
or in close proximity (49.4, 51.2, 55.5, and 51.7% in the placebo, SAL, FP, and FSC groups,
respectively). An additional 17% of the deaths (15.1, 13.9, 17.3, and 20.3 % in the placebo,
SAL, FP, and FSC groups, respectively) occurred after stopping study medication, but following
an AE with an onset during active treatment, and 31% percent of the deaths (35.6, 29.5, 27.2,
and 28.1% in the placebo, SAL, FP, and FSC groups, respectively) occurred more than 2 weeks
after stopping therapy, following an AE that also occurred more than 2 weeks after stopping
therapy.

Table 10. Relationship of AE Onset to Death *

Placebo SAL FP FSC
N=1544 N=1542 N=1552 N=1546
N % N % N % N %
AE during & death duringt 118 7.6 110 7.1 141 9.1 105 6.8
AE during & death in LTFU*T 36 2.3 30% 1.9 44 2.8 41% 2.6
AE in LTFU & death in LTFU 85 5.5 75 4.9 69 4.4 57 3.7
Total 239 15.4 215 13.9 254 16.3 203 13.1

* The percentages are percent of the treatment group population.
t An AE or death during occurred within 2 weeks of stopping randomized medication.
& Includes one death from an AE that was present at the time of enroliment.

In study SFCB3024 there were 24 deaths: 15 occurred during the treatment period and 9 in the
two weeks following termination of treatment. There were 10, 5, 5, and 4 deaths during
treatment in the placebo, SAL, FP, and FSC groups. Most were cardiovascular (4, 3, 3, and 2 in
the placebo, SAL, FP, and FSC patients, respectively. Four were due to cancer (2, 1, 1, and 0 in
the placebo, SAL, FP, and FSC patients, respectively. There were 3 deaths attributed to COPD
in the placebo patients and one in an FP patient.

5.2.2 Other Serious Adverse Events

The most frequent serious adverse event (SAE) in both studies SCO30003 and SFCB3024 was
listed as Chronic obstructive pulmonary disease (Table 11). Protocol-defined moderate/severe
exacerbations were discussed in the efficacy review (Section 4.3.2; pg 24). Tabulating all SAEs
in Study SCO30003 that occurred during randomized treatment and entered as MedDRA
preferred term COPD showed 339 (22%), 307 (20%), 318 (20%), and 298 (19%) of these events
in the placebo, SAL, FP, and FSC patients, respectively. There were 11 other common SAEs
events (occurring in > 1% of the patients in any active treatment group in either study):
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Pneumonia, Lobar pneumonia, Respiratory failure, Myocardial infarction, Atrial fibrillation, Chest
pain, Congestive, Cardiac failure, Lung neoplasm, Cerebrovascular accident, and
Pneumothorax. The most common event after COPD, and the only other event that occurred in
5% of the patients, was Pneumonia. It was reported as an SAE in 69 (4%), 82 (5%), 121 (8%),
138 (9%). The rate of Pneumonia events was 23.5, 24.1, 41.8, and 47.3 events per 1000
treatment-years. Respiratory failure or myocardial infarction was reported in 1 — 2% of the
patients and all other serious events were reported in 1% or less of the patients.

There were an additional 227 serious events in the two weeks following termination of study
treatment. The incidence was similar in the treatment groups. If the pneumonias that were
reported as serious events in the 2-week post treatment period (8, 5, 6, and 9) are added to those
that occurred during active treatment the total is 77 (5.0%), 82 (5.3%), 127 (8.2%), and 147
(9.5%) in the placebo, SAL, FP, and FSC groups, respectively.

In Study SFCB3024 the incidence of serious AEs was low, even given the shorter treatment
period. However, the incidence, as well as rate of COPD events, was higher in the FSC-treated
patients than placebo: 5% (90 events/1000 treatment years in placebo and 8% (99 events/1000
treatment-years for the FSC treated patients.

Subgroup analysis of SAEs showed that pneumonia occurred in 16% of the FSC-treated patients
over 75 years of age compared to 7% of those <65 years of age. The respective incidences of
pneumonia in the placebo-treated patients were 4 and 7%. Thus the difference between FSC and
placebo was 9% for those over 75 years of age and 3% for those <65 years of age. Cardiac
serious events were slightly more common in patients >75 years of age and this was most
marked in the placebo and SAL groups. Cardiac events (myocardial infarction, atrial fibrillation,
cardiac failure occurred in 1% or fewer of the patients <65 years of age, but in up to 4% of the
placebo and SAL patients > 75 years of age.

Serious respiratory events were tabulated separately. (See Section 5.2.6.1 Respiratory Tract
Adverse Events, pg 48.)
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Table 11. Serious Adverse Events That Started During Treatment and Reported in >1% of Patients in Any Active Treatment Group

SCO030003 SCFB3024
Placebo SAL FP FSC Placebo SAL FP FSC
MedDRA preferred term N=1544 N=1542 N=1552 N=1546 N=361 N=372 N=374 N=358
Any Event 627 (41) 622 (40) 655 (90) 659 (89) 54 (15) 69 (19) 55 (15) 62 (17)
430.8 398.2 437.1 412.2 283.6 338.8 228.6 274.8
COPD 339 (41) 307 (20) 318 (20) 298 (19) 19 (5) 34 (9) 25(7) 29 (8)
167.5 145.6 150.8 134.6 89.6 136.8 88.9 99.3
Pneumonia 69 (4) 82 (5) 121 (8) 138 (9) 3 (<1) 4(1) 7(2) 6(2)
23.5 24.1 41.9 47.3 11.2 13.0 22.2 19.9
Lobar pneumonia 11 (<1) 9 (<1) 23(1) 15 (<1) 0 2 (<1) 0 0
4.0 2.5 7.0 4.3 6.5
Respiratory Failure 23 (1) 29 (2) 32 (2) 26 (2) 1 (<) 0 0 0
7.9 8.8 10.1 73 3.7
Myocardial infarction 20 (1) 27 (2) 19 (1) 20 (1) 1(<1) 2 (<1) 1 (<1) 3(<1)
6.7 7.6 5.6 5.9 3.7 6.5 3.2 9.9
Atrial fibrillation 20 (1) 23 (1) 15 (<1) 16 (1) 0 2 (<1) 0 1(1)
6.7 6.5 4.8 54 6.5 33
Chest pain 8 (<1) 17 (1) 23 (1) 23 (1) 0 0 0 2 (<1
3.1 54 6.8 73 6.6
Cardiac failure, 18 (1) 18 (1) 15 (<1) 17 (1) 0 1(<1) 0 0
congestive 6.7 7.1 5.6 5.9 3.3
Cardiac failure 15 (<1) 18 (1) 16 (<1) 14 (1) 2 (<1) 2 (<1) 0 0
5.5 7.6 4.8 3.8 7.5 6.5
Lung neoplasm 12 (<1) 17 (1) 20 (1) 13 (<1) 2 (<1) 0 1 (<1) 0
3.7 4.8 5.6 3.5 7.5 3.2
Cerebrovascular 9 (<1) 8 (<1) 16 (1) 12 (<1) 2 (<1) 1 (<1) 1 (<1) 1 (<1)
accident 2.7 2.5 5.1 3.2 7.5 33 3.2 33
Pneumothorax 7 (<1) 10 (<1) 8 (<1) 16 (1) 2 (<1) 0 0 0
3.1 3.1 2.5 4.6 7.5
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5.2.3 Dropouts and Other Significant Adverse Events
5.2.3.1 Overall Profile of Dropouts

The primary reason for withdrawal was an adverse event which occurred in 24, 20, 24, and 19 %
of the placebo, SAL, FP, and FSC patients, respectively in Study SCO30003 and in 19, 16, 15,
and 13% of the respective treatment groups in Study SFCB3024 (Table 12). These drop-out
rates are quite similar, especially considering that SCO30003 was three times as long as
SFCB3024. However, it is consistent with the finding in SCO30003 of a relatively high drop-out
during the first year, especially in the placebo-treated patients, with a gradual leveling off in the
later years of the study. Lack of efficacy was more common as a reason for withdrawal of
patients treated with placebo than patients in the active treatment groups in Studies SCO30003:
in Study SFCB3024 withdrawal for lack of efficacy was similar in all of the treatment groups.

Loss to follow-up, protocol violations and lack of compliance were uncommon in both of the
studies, but consent withdrawn was the reason for withdrawal in 8-9% of the patients in
SCO30003 compared to 2-4% of the patients in Study SFCB3024. Withdrawal of consent could
be related to any number of issues. In Study SCO30003, Bone Mineral Density (BMD) was
measured in 658 (47%) of the patients enrolled in the United States. Patients with low density
(T-score <-2) were sent for a consultation, and it is possible that knowledge of the low scores
prompted patients to withdraw consent. Likewise, knowledge of low scores could affect the
investigator’s decision to withdraw a patient. There was no requirement to withdraw a patient
after a specified number of exacerbations, and some patients were withdrawn after one event
while others experienced as many as 30 events on study medication. Even if a patient was not
withdrawn specifically because they had a low BMD, the decision to withdraw during an
exacerbation (or any other time) could have been affected by knowledge of the BMD score. In
support of this, patients in the BMD population with low scores withdrew earlier than patients in
that population with normal values.

In the whole ITT population withdrawal was higher in patients who had taken corticosteroids in
the 12 months prior to enrollment, and that tendency was particularly marked in the patients who
were randomized to placebo. The withdrawal rate was very similar in all of the treatment groups
in the patients who had not been treated with corticosteroids in the 12 months prior to admission
(37, 33, 36, and 34% in the placebo, SAL, FP, and FSC patients, respectively). In the patients
treated with inhaled corticosteroids during the 12 months prior to admission, the withdrawal rate
was 50, 40, 40, and 34% in the placebo, SAL, FP, and FSC patients, respectively. Higher
withdrawal in patients previously treated with ICS was seen in all of the study-treatment groups,
although the absolute rates were highest in the placebo patients. The withdrawal category
“Consent withdrawn” was not notably different when comparing the study-treatment groups as a
whole. However, a higher percentage (30%) of the US population withdrew for this reason
compared to 15, 17, 19, 13, and 18% of the population in Asia, Eastern Europe, Western Europe,
and the “Other” region.
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Table 12. Patient Disposition in Studies SCO30003 and SFCB3024

SC030003 SCFB3024
Placebo SAL FP FSC Placebo SAL FP FSC
N=1544 N=1542 N=1552 N=1546 N=361 N=372 N=374 N=358
Completed Treatment 857 (56) 966 (63) 950 (61) 1014 (66) 221 (61) 253 (68) 266 (71) 269 (75)
Withdrawn 687 (44) 576 (37) 602 (39) 532 (34) 140 (39) 119 (32) 108 (29) 89 (25)
Reason for Withdrawal
Adverse event 368 (24) 304 (20) 366 (24) 292 (19) 68 (19) 61 (16) 55 (15) 46 (13)
Consent withdrawn 139 (9) 137 (9) 118 (8) 120 (8) 16 (4) 13 (3) 11 (3) 6(2)
Lost to follow-up 21 (1) 15 (<1) 24 (2) 29 (2) 6(2) 8(2) 8(2) 8(2)
Lack of efficacy 104 (7) 63 (4) 45 (3) 33 (2) 10 (3) 13 (3) 12 (3) 12 (3)
Lacked entry criteria 4(<1) 3(<1) 5(<1) 3(<1) 18 (5) 5(1) 2 (<1) 2 (<1)
Non-compliance 19 (1) 21 (1) 16 (1) 20 (1) 3(<1) 3 (<) 4(1) 4(1)
Other 32(2) 32(2) 25(2) 33 (2) 7(2) 5(1) 5(1) 5(1)
Missing 0 0 3 (<1) 2 (<1) 12 (3) 11 (3) 6(2) 6 (2)
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5.2.3.2 Adverse events associated with dropouts

The most common adverse event leading to withdrawal was COPD and it was most frequent in
the placebo patients in both of the studies: 11, 9, 7, and 5% of the patients in Study SCO30003
and 12, 9, 7, and 6% of the patients in study SCFB3024 treated with placebo, SAL, FP, and FSC,
respectively, withdrew due to COPD. Withdrawal from Study SCO30003 was higher in the FSC
group for the indication of dysphonia, pneumonia, and malignant lung neoplasms although these
conditions accounted for 2% or less of the withdrawals in any of the treatment groups.
Malignant lung neoplasms led to withdrawal of 6, 13, 12, and 11 of the patients in the placebo,
SAL, FP, and FSC groups, respectively: the corresponding rates were 1.8, 3.7, 3.4, or 3.0
events/1000 treatment years.

5.2.4 Common Adverse Events
5.2.4.1 Eliciting adverse events data in the development program

Patients were queried for adverse events at all clinic visits. After the patient had had a chance to
spontaneously report events he/she was asked the following standard questions:

e “Have you had any (other) medical problems since your last visit/assessment?”
e “Have you taken any new medicines, other than those given to you within this study since
your last visit/assessment?”

5.2.4.2 Appropriateness of adverse event categorization and preferred terms

Adverse events were classified using the MedDRA dictionary in Study SCO30003 and the
MIDAS dictionary for Study SFCB3024. However, for the ISS the events in Study SFCB3024
were recoded using MedDRA and all of the summary tables show the MedDRA coded term.
Some of the events of special interest (e.g., bone demineralization) were evaluated with protocol
specified laboratory examinations. However, the diagnosis of pneumonia was not prospectively
defined, and there was no requirement for Chest x-rays to confirm the diagnosis. This might be
particularly problematic in a multinational study where the use of technology could vary. In
Study SCO30003 the appropriate terms were grouped for the pneumonia analysis.

5.2.4.3 Incidence of common adverse events

Common events for this analysis were those that occurred in >3% of the patients in any of the
active treatment groups. They occurred in 90, 90, 90, and 89% of the placebo, SAL, FP, and
FSC patients, respectively in Study SCO30003. In Study SFCB3024 they were reported for 78,
79, 81, and 80% of the placebo, SAL, FP, and FSC patients, respectively. Events that occurred
in >3% of the FSC patients and in more FSC than placebo patient (incidence and rate /1000
treatment years) in one of the studies are listed in Table 13. Total exposure to study drug in
Study SCO3003 was 3278, 3531, 3555, and 3700 treatment-years in the placebo, SAL, FP, and
FSC groups, respectively. In Study SFCB3024 total exposure was 268, 307, 315, and 302
treatment-years, respectively.
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The majority of events were respiratory but Depression, Muscle spasm, Dizziness, Abdominal
pain, and Cataract were also increased in the FSC group, although the incidence was low. The
respiratory events (other than COPD exacerbation) were all conditions associated with infection
or with direct irritation of the upper airway. The incidence of Nasopharyngitis was slightly
higher in SCO30003, but the rate was lower than in SFCB3024. If events coded
Nasopharynagitis, Pharyngitis and Pharyngolarygeal pain are grouped, then the rate of this
combined events was 114.6, 117, 136.8, and 126.5 events / 1000 treatment years in Study
SCO30003. Upper respiratory tract infections, Pneumonia, and Bronchitis were less frequent in
SFCB3024, and the trend to higher rates in the fluticasone-treated patients was less marked. In
study SCO30003 the rate of Pneumonia in the FSC-treated patients was almost double the
placebo rate. As expected, candidiasis was more common in the fluticasone-treated patients. If
Oral candidiasis, Oropharyngeal candidiasis and Candidiasis are combined, the event occurred
at a rate of 22.0, 17.3, 83.3, and 70.4 events / 1000 treatment-years in the placebo, SAL, FP, and
FSC patients, respectively. Events that occurred at a rate of >3% but less frequently in the FSC-
treated patients include COPD, Headache, Back pain, Hypertension, Dyspnea, Diarrhea,
Insomnia, Constipation, Arthralgia, Peripheral edema, Urinary tract infection, Nausea, Pain in
extremity, Gastroesophageal reflux, and Dyspepsia.
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5.2.4.4 Common adverse event tables

Table 13. Adverse Events Occurring in at Least 3% of the FSC Patients and in More FSC than Placebo Patients (incidence and rate) in at Least One of

the Studies
SC030003 SCFB3024
N (%) Placebo SAL FP FSC Placebo SAL FP FSC
Events/1000 treatment-years N=1544 N=1542 N=1552 N=1546 N=361 N=372 N=374 N=358
Any Event 1385 (90) 1381 (90) 1395 (90) 1381 (89) 283 (78) 295 (79) 302 (81) 285 (80)
2981.7 2767.2 2964.8 2868.1 3783.6 35244 4181.0 36159
Nasopharyngitis 165 (11) 191 (12) 206 (13) 215 (14) 30 (8) 28 (8) 48 (13) 41 (11)
85.7 88.1 96.8 96.8 153.0 133.6 250.8 162.3
Upper Respiratory Tract 170 (11) 165 (11) 168 (11) 213 (14) 154) 10 (3) 13 (3) 10 (3)
Infection 100.7 80.4 88.0 104.9 63.4 48.9 54.0 39.7
Pneumonia 112 (7) 133 (9) 185 (12) 207 (13) 7(2) 7(2) 15 (4) 11(3)
394 41.6 69.2 71.1 26.1 54.0 53.0 53.0
Bronchitis 91 (6) 97.6 (6) 102.7 (7) 121 (8) 5(D) 5(1) 5(1) 11(3)
48.5 35.1 59.6 54.3 26.1 16.3 25.4 53.0
Sinusitis 76 (5) 66 (4) 101 (7) 93 (6) 7(2) 8(2) 13(3) 13 (4)
31.1 28.6 41.4 36.8 373 29.3 50.8 53.0
Cough 68 (4) 76 (5) 91 (6) 94 (6) 20 (6) 12 (3) 16 (4) 13 (4)
24.7 26.3 36.0 34.1 85.8 48.9 63.5 49.7
Chest pain 59 (4) 72 (5) 72 (5) 93 (6) 5(1) 11 (3) 13(3) 11(3)
22.9 24.1 27.0 30.8 18.7 45.6 413 36.4
Influenza 66 (4) 69 (4) 86 (6) 82 (5) 21 (6) 19 (5) 16 (4) 25(7)
314 26.3 28.7 28.6 89.6 91.2 57.1 99.3
Oral candidiasis 27 (2) 28 (2) 106 (7) 84 (5) 6(2) 10 (3) 37 (10) 28 (8)
11.0 9.9 45.9 36.8 26.1 35.8 107.8 129.1
Diarrhea 50 (3) 66 (4) 65 (4) 68 (4) 8(2) 6(2) 12 (3) 5(1)
20.1 23.5 20.0 21.1 33.6 22.8 413 16.6
Depression 42 (3) 42 (3) 46 (3) 554) 2 (<1) 3(<1) 4 (1) 1(<1)
14.3 12.5 14.1 14.9 7.5 9.8 12.7 3.3
Bronchitis acute 48 (3) 48 (3) 59 (4) 73 (5) 2 (<1) 1(<1) 3(<1) 3(<1)
26.5 20.1 29.5 314 7.5 6.5 9.5 23.2
Muscle spasm 35(2) 37 (2) 46 (3) 66 (4) 3 (<1 8(2) 6(2) 9(3)
12.8 13.0 14.3 22.2 11.2 423 25.4 33.1
Dizziness 43 (3) 40 (3) 42 (3) 56 (4) 2 (<1) 7(2) 4 (1) 4(1)
16.8 12.7 12.9 17.3 7.5 29.3 12.7 16.6
Dysphonia 12 (<1) 15 (<1) 52 (3) 67 (4) 2 (<1) 1 (<1 8(2) 72
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3.7 4.8 17.4 20.8 7.5 3.3 34.9 33.1
Pyrexia 26 (2) 43 (3) 37(2) 55(4) 10 (3) 6(2) 10 (3) 10 (3)
9.2 19.5 12.7 18.9 522 32.6 34.9 49.7
Lower respiratory tract 46 (3) 46 (3) 43 (3) 53(3) 15 (4) 9(2) 16 (4) 19 (5)
infection 20.1 19.0 214 23.1 67.2 35.8 88.9 102.6
Rhinitis 32 (2) 44 (3) 46 (3) 46 (3) 5(1) 8(2) 13(3) 7(2)
11.9 16.7 15.8 14.3 18.7 26.1 54.0 26.5
Respiratory tract infection 36 (2) 38 (2) 30 (2) 44 (3) 3 (<) 2 (<1) 9(2) 8(2)
14.3 19.0 13.2 17.0 11.2 6.5 31.7 29.8
Abdominal pain 28 (2) 40 (3) 38 (2) 40 (3) 2 (<) 5() 3 (<) 6(2)
104 13.3 11.5 13.0 7.5 19.5 9.5 19.9
Pharyngitis 24 (2) 23 (1) 30(2) 25(2) 5(1) 6(2) 5(1) 11(3)
7.9 7.4 11.3 7.0 18.7 254 19.0 43.0
Cataract 27 (2) 37(2) 29 (2) 48 (3) 0 2 0 0
9.2 12.5 8.4 13.8 6.5
Dyspepsia 24 (2) 32(2) 36 (2) 39 (3) 3(<1) 6(2) 2 (<1) 4(1)
9.2 13.0 12.9 13.0 18.7 22.8 12.7 13.2
Oropharyngeal candidiasis 10 (<1) 10 (<1) 27 (2) 25(2) 1(<1) 2 (<1 6(2) 9(3)
3.1 34 15.5 16.8 3.7 6.5 254 39.7
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5.2.5 Less Common Adverse Events
5.2.5.1 Bone Disorders

In Study SCO30003 the incidence of bone disorders was very slightly higher in the FSC
treatment group: 77 (5%), 85 (6%), 90 (6%), 105 (7%) were reported in the placebo, SAL, FP,
and FSC patients, respectively. The corresponding rates, adjusted for time on treatment, were
27.5,28.9,29.3, and 32.2 events/1000 treatment years.

Bone fractures were reported in 57 (3.7%), 61 (4.0%), 65 (4.2%), and 78 (5%) of the placebo,
SAL, FP, and FSC patients, respectively. The respective rates were 18.6, 20.4, 20.3, and 22.4
events/1000 treatment years. The incidence of non-traumatic bone fractures was actually lower
in the FSC group (Kaplan-Meier probability of 1.7% at three years) compared to 1.8, 2.5, and
1.7% in the placebo, SAL and FP groups, respectively. The Kaplan-Meier probability of
traumatic fracture was 3.5, 3.1, 3.7, and 4.7 % in the placebo, SAL, FP, and FSC treatment
groups.

In Study SFCB3024 the incidence of bone disorders was similar in all of the treatment groups,
but the number of events was very low. Events were reported in 8 (2%), 4 (1%), 7 (2%), and 5
(1%) of the patients in the placebo, SAL, FP, and FSC groups, respectively.

5.2.5.2 Ophthalmic Adverse Events

Overall, 2-4% of the patients enrolled in Study SCO30003 reported ophthalmic adverse events.
Adjusting for time on treatment, the rates were 13.7, 17.8, 15.8, and 18.6 events/1000 treatment-
years in the placebo, SAL, FP, FSC groups, respectively. In a time to first eye event analysis the
hazard ratio (95% CI) comparing the active treatment to placebo was 1.228 (0.830, 1.743), 1.156
(0.755, 1.769), and 1.462 (0.978, 2.187) in the placebo, SAL, FP, and FSC groups, respectively.
The incidence of some form of cataract and glaucoma were both slightly elevated in the FSC
group. Cataract occurred in 2.2, 2.8, 2.3, and 3.4% of the placebo, SAL, FP, and FSC patients,
respectively. The respective incidence of glaucoma was 0.4, 0.7, 0.9, and 0.8%.

The incidence of eye disorders in SFCB3024 was very low. Events were reported in 1 placebo, 4
SAL, 2 FP, and 1 FSC patients, respectively.

5.2.5.3 HPA-axis Disorders

HPA-axis disorders were uncommon and were reported in a total of 7 patients in the two studies
combined: 2 placebo, 1 SAL, 3 FP, and 1 FSC patient.

5.2.5.4 Cerebrovascular Events
In Study SCO30003, patients treated with FP were seen to have more Cerebrovascular
accidents than the patients in the other groups. The overall rates were low, but FP-treated

patients had higher rates that either the SAL or FSC, treated patients. The rates overall were 3.7,
3.1. 6.8, and 4.1 events/1000 treatment-years in the placebo, SAL, FP, and FSC patients,
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respectively. The rate of severe Cerebrovascular accident AEs was also elevated in the FP
group. Of the cerebrovascular adverse events, 7.4, 12.5, 35.1, and 16.7% were fatal in the
placebo, SAL, FP, and FSC patients, respectively. Additional analyses were performed using
different combinations of MedDRA terms and demographic variables were assessed but no
explanation could be found for this finding.

5.2.6 Other Search Strategies

5.2.6.1 Respiratory Tract Adverse Events

Serious Respiratory Tract Adverse Events
Respiratory tract adverse events were further explored by grouping serious respiratory events by
MedDRA Higher Level Term (HLT). Grouping the events permitted comparisons when the
number of events in each preferred term was too small to provide a basis to draw conclusions.
Overall, the incidence of severe respiratory events in study SCO30003 was similar in all of the
treatment groups with rates of 261.4, 230.5, 267.5, and 257.6 events / 1000 treatment-years in the
placebo, SAL, FP, and FSC patients, respectively (Table 14). Note that this tabulation includes
Bronchospasm and obstruction, most of which were also counted as COPD exacerbations in the
efficacy analysis. Lower respiratory tract infections were clearly elevated in the fluticasone-
containing regimens. The rates were 35.1, 32.9, 56.3, and 61.6 events per 1000 treatment-years
in the placebo, SAL, FP, and FSC groups, respectively. Respiratory failure and lung neoplasms
were slightly less frequent in the FSC group, but respiratory signs and symptoms and
pneumothorax/pleural effusion were more common.

Table 14. Serious Respiratory Adverse Events in Study SC0O30003 (MedDRA HLT)

[Rate per Thousand Treatment- Placebo SAL 50 FP 500 FSC 500/50
years]| (N=1544) | (N=1542) | (N=1552) (N=1546)
Any Respiratory Event 261.4 230.5 267.5 257.6
Bronchospasm and obstruction 168.4 146.7 151.3 1354
Lower respiratory tract infections, NEC 35.1 32.9 56.3 61.6
Respiratory failure 13.4 10.8 14.1 10.8
Lower respiratory tract neoplasms 9.8 9.1 10.4 7.6
Respiratory signs and symptoms, NEC 4.6 6.5 7.3 7.8
Pneumothorax and pleural effusion 3.7 4.2 2.8 6.2

A similar pattern of serious respiratory adverse events was seen in Study SCFB3024; 240
patients reported serious respiratory events of which 107 were due to COPD. Again, pneumonia

was the second most common event (3 (<1%), 9 (2%), 9 (2%), and 7 (2%) of the placebo, SAL,
FP, and FSC patients, respectively.

Non-Serious Respiratory Tract Adverse Events
If all respiratory adverse events that were coded in the MedDRA System Organ Class (SOC) of
Respiratory, thoracic and mediastinal disorders (Table 15) are tabulated by HLT, a similar
pattern emerges in Study SCO30003. The overall incidence of respiratory events was similar in
all of the treatment groups with a slight excess (events/1000 treatment-years) in the placebo and
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FP groups: placebo (1660) SAL (1456) FP (1604) and FSC (1518). The rate of Bronchospasm
and obstruction, the category under which a majority of the COPD exacerbations were
classified, was decreased in the FSC-treated patients as were other diagnoses that might be
associated with exacerbations (Breathing abnormalities, and Respiratory failure). The rate of
adverse respiratory events excluding these three HLTs was 659, 629, 762, and 798 events/1000
treatment-years in the placebo, SAL, FP, and FSC patients, respectively. The excess events in
the fluticasone-containing regimens was seen primarily in the infectious disease categories
(Upper respiratory tract infection NEC and Lower respiratory tact infection NEC) although, many

of the less frequent events (Respiratory tract signs and symptoms) were also elevated in the FSC-
treated patients.

Table 15. All Respiratory Tract Adverse Events (MedDRA HLT) with Onset During Randomized Treatment
Listed Under the MedDRA SOC Respiratory, Thoracic, and Mediastinal in Study SC0O30003*

SCO30003
Percentage of Patients Placebo SAL FP FSC
Rate/1000 treatment years N=1544 N=1542 N=1552 N=1546
Any Event 83 82 82 83
1660 1456 1604 1518

Bronchospasm & 63 61 60 57
Obstruction 929 766 782 672
Upper Respiratory Tract 27 28 32 34
Infection, NEC 251 226 275 285
Lower Respiratory Tract 19 20 24 28
Infection, NEC 146 141 186 195
Upper Respiratory Tract 8 8 11 12
Signs and Symptoms 50 51 73 72
Breathing abnormalities 9 8 8 7

57 47 43 35
Cough 7 7 8 9

43 40 55 55
Respiratory Signs & 5 6 6 7
Symptoms 31 31 34 37
Viral Upper Respiratory 5 5 6 6
Tract Infection 36 30 33 34
Respiratory failure 3 3 3 3

15 14 17 13
Respiratory tract infections, 3 3 2 3
NEC 15 21 14 19
Lower Respiratory Tract 2 2 3 3
Neoplasms 12 11 12 12
Nasal Congestion & 2 2 3 3
inflammation 12 14 15 15
Pulmonary Hypertension 1 2 2 2

9 8 8 8
Nasal disorders, NEC 1 1 1 1

7 6 5 7
Bronchial conditions 1 1 1 2

6 7 6 8
Pneumothorax and pleural 1 <1 <1 2
effusion 6 5 4 8
Paranasal sinus disorders 1 1 <1 1

5 6 4 7

49




Thoracic Musculoskelatal <1 <1 1 <1
disorders 2 3 5 4
Respiratory Tact Disorders, <1 <1 <1 1
NEC 3 4 4

Lower Respiratory Tract <1 <1 <1 <1
Signs & symptoms 3 0.8 3 2

* * From Table 78 (pg 186) of ISS

Table 16 is in the same format as Table 15, above. It lists the MedDRA-coded terms for the
respiratory events for study SFCB3024 with the exclusion of events that were reported in <1% in
all treatment groups. The pattern reported for Study SCO30003 is repeated: the incidence of
Bronchospasm and obstruction was lowest in the FSC-treated patients, but the incidence and rate
of upper and lower respiratory infections was higher in the FSC-treated patients. Of note, the
incidence of most of these events was lower, but the rates/1000 treatment-year were higher in
Study SFCB3024 than in Study SCO30003. This is compatible with the shorter duration of
SFCB3024 (lower incidence of events) and the increased susceptibility of the patients enrolled
into SFCB3024 to exacerbations. The requirement for a history of chronic bronchitis and for a
history of at least one moderate/severe exacerbation in the 12 months prior to admission would
select patients expected to have a high rate of events.

Table 16. Adverse Respiratory Events Listed by MedDRA HLT in Study SFCB3024*

SCFB3024
Percentage Placebo SAL FP FSC
Rate/1000 treatment years N=361 N=372 N=374 N=358
Any Event 71 66 70 69
2258 1915 2206 2040

Bronchospasm & 54 51 51 49
Obstruction 1332 1160 1089 964
Upper Respiratory Tract 16 16 23 23
Infection, NEC 280 254 454 351
Lower Respiratory Tract 8 8 11 13
Infection, NEC 134 121 191 258
Upper Respiratory Tract 8 5 7 8
Signs and Symptoms 127 68 140 129
Breathing abnormalities 3 3 2 3

52 39 38 30
Cough 4 5 5 8

68 79 76 312
Respiratory Signs & 2 3 4 3
Symptoms 22 49 48 36
Viral Upper Respiratory 6 5 4 7
Tract Infection 90 91 57 99
Respiratory tract infections, 1 <1 3 2
NEC 15 10 41 30
Nasal congestion and <1 <1 1 1
inflammations 19 3 19 17
Nasal disorders, NEC 1 1 <1 <1

15 16 19 7

* From Table 78 (pg 186) of ISS
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Respiratory Tract Infections
In the report for Study SCO30003 there is an analysis of “Lower respiratory tract infection of
pneumonia or bronchitis”. This grouping was performed by the Applicant and included all of the
pneumonia, bronchitis, and lung infection events other than COPD that were included in the
application (See Table 54, pg 105, for list of preferred terms). Using this grouping, the outcome
“Lower respiratory infections of pneumonia and bronchitis” was clearly elevated in both the FP
and FSC treatment groups. The Hazard Ratio (95% CI) comparing active treatment to placebo
was 0.995 (0.851, 1.164), 1.190 (1.024, 1.384), and 1.375 (1.189, 1.591) for the comparison with
SAL, FP, and FSC. Furthermore, the Hazard Ratio (95% CI) was also high when comparing
FSC to SAL (1.384 [1.199, 1.597]) and FP (1.154 [1.007, 1.324]).

Pneumonia
The elevated risk of lower respiratory tract infection was further investigated by grouping only
pneumonia events in the time to event analysis in Study SCO30003. The following MedDRA
terms were used in this included: Bronchopneumonia, Pneumonia, Lobar pneumonia, Lung
infection, Pneumonia bacterial, Pneumonia chlamydial, Pneumonia necrotizing, Pneumonia
staphylococcal, Pneumonia streptococcal, Superinfection lung, Pneumonitis, Pneumonia
primary atypical, Bronchopneumopathy, Lung infection pseudomonal, and Pneumocystis jiroveci
pneumonia. These aggregated conditions were reported in 9, 11, 14, and 16% of the placebo,
SAL, FP, and FSC patients, respectively. The rates adjusted for time on treatment were 51.9,
51.5, 84.4 and 87.6 events/1000 treatment-years in the placebo, SAL, FP, and FSC groups,
respectively. The hazard ratio (95% CI) comparing active treatment to placebo was 1.088
(0.867, 1.365), 1.533 (1.240, 1.894), and 1.639 (1.331, 2.017) for the comparison to SAL, FP,
and FSC, respectively. The hazard ratio (95% CI) comparing FSC to SAL was 1.508 (1.237,
1.838) and 1.068 (0.891, 1.280) comparing FSC to FP.

In Study SFCB3024 the incidence of pneumonia was not markedly different among the treatment
groups; however the number of events was relatively small. There were only 8 (2%), 17 (5%),
19 (5%), and 17 (5%) in the placebo, SAL, FP, and FSC treatment groups, respectively.

Reviewer: It is stated in the ISS that the increased incidence of lower respiratory infectious
events was entirely accounted for by the increased incidence of pneumonia. However, no
analysis of non-pneumonia, lower respiratory infections was performed. Because of the
potential importance of this group of events in the natural history of COPD, the FDA statistical
reviewer repeated the analysis using the Applicant’s group of “Lower respiratory tract infection
of pneumonia and bronchitis excluding pneumonia. In a time-to-event analysis, this group of
respiratory infections was also elevated in the FSC-treated patients: 16, 15, 16, and 19% three-
year probability in the placebo, SAL, FP, and FSC groups, respectively. The hazard ratio (95%
CI) comparing FSC to placebo was 1.23 (1.02, 1.23). The probability of any form of bronchitis
(Bronchitis, Bronchitis acute, Bronchitis bacterial, Bronchitis viral), was 11, 11, 12, and 14% in the
respective treatment groups. The hazard ratio (95% CI) comparing FSC to placebo was 1.24
(0.99, 1.55). Thus, while the differences were not as marked for the other respiratory infections
as for pneumonia, they were consistently elevated in the FSC-treated patients.

The argument that non-pneumonia respiratory infections were not increased in a clinically
important manner was supported with an analysis that grouped the “Lower respiratory tract
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infection of pneumonia or bronchitis” and all of the COPD exacerbations that were treated with
antibiotics. There was no difference in the time-adjusted incidence of this outcome among the
treatment groups.

Reviewer: The above analysis is not appropriate because there were over 10,000 COPD
exacerbations treated with antibiotics, and approximately % of these were also treated with
corticosteroids. In many areas, clinical practice dictates that COPD exacerbations be treated
with both modalities without documentation that infection is an etiologic factor. Thus inclusion
of the large number of events treated with both corticosteroids and antibiotics probably includes
many patients in whom infection was not primary. In an analysis conducted by the FDA
statistical reviewer of COPD exacerbations treated with antibiotics alone, the incidence was
found to be significantly increased in the FSC-treated patients compared to placebo (See
Detailed Study review, pg 85 and FDA statistical review).

5.2.7 Special Safety Studies
5.2.7.1 Bone Mineral Density

Bone mineral density (BMD) was measured in 658 patients enrolled in the United States. A
baseline and 3-year follow-up value were available in 277 patients. The measurements at
baseline in the total hip were highest in the SAL group (0.908 g/cm?) and lowest in the FP group
(0.850 gm/cm?®). The mean value in the Placebo group was 0.878 g/cm” and in the FSC group it
was 0.899 gm/cm”. The adjusted percent change from baseline was -3.1, -1.7, -2.9, and -3.2% in
the placebo, SAL, FP, and FSC groups, respectively. The repeated measures analysis of percent
change in BMD showed a ratio of active treatment to placebo (95% CI) of 1.14 (0.996, 1.032),
1.0017 (0.934, 1.032) and 0.9987 (0.9812, 1.017) for the comparison with SAL, FP, and FSC,
respectively. For the measurements at the lumbar spine, there were 270 patients with baseline
and end-of-study scans for comparison. The mean values at baseline were 1.008, 1.058, 0.974,
and 1.014 g/cm?2 in the placebo, SAL, FP, and FSC patients, respectively. The repeated
measures analysis of percent change in BMD showed a ratio (95% CI) comparing active
treatment to placebo of 1.015 (0.998, 1.032), 0.997 (0.980, 1.014), and 0.997 (0.981, 1.013) for
the comparison with SAL, FP, and FSC, respectively.

Thus there was not a dramatic difference among the treatment groups in the change in BMD with
treatment. One caveat in this regard is that there was a higher drop-out among patients with
lower BMD at baseline. Therefore, the analysis may under estimate the changes in the
population as a whole because a susceptible sub-group withdrew early.

5.2.7.2 Ophthalmologic Examinations

In Study SCO30003 ophthalmologic examinations were conducted by optometrists at selected

centers in the USA. The study report states that “Examinations were conducted with established
methodology”. Using these procedures, most of the patients had cataracts at baseline (64, 71, 64,
and 61% of the placebo, SAL, FP, and FSC patients, respectively. Of the 188 patients remaining
who had no cataracts at baseline, 21, 15, 17, and 26% of the placebo, SAL, FP, and FSC patients

52



developed cataracts during the trial. In a logistic regression of the number of patients developing
cataract, the odds ratio (95% CI) for FSC compared to placebo was 1.395 (0.542, 3.590).

Eight percent or fewer of the patients had glaucoma at baseline. Of the 525 remaining patients
without glaucoma at baseline, 2, 0, 5, and 2% of the patients in the placebo, SAL, FP, and FSC
groups developed glaucoma during the treatment period.

Reviewer: The ophthalmic examinations were performed by trained optometrists, but a protocol
was not used for the examination. By not using a systematic examination such as the LOCS Il11
system prevalent cataract could not be followed for growth. Sixty percent of the patient in Study
SCO30003 had cataracts at baseline and these patients were excluded from the analysis

6 OVERALL ASSESSMENT

6.1 Conclusions

The difference between FSC and placebo in all-cause, 3-year mortality was small (2.6%) and not
substantially better than the difference between SAL and placebo (1.7%). The differences
between active treatment and placebo were even less in the on-treatment mortality analysis and
in the all death analysis of the US population. The finding of a lower than expected mortality in
this disease may reflect improved general supportive care to patients enrolled in a clinical study.

FSC did consistently decrease the incidence of moderate/severe COPD exacerbations and
moderate/severe exacerbations that were treated with systemic corticosteroids. The effect on
severe exacerbations was less marked and the incidence of antibiotic-treated infections was
actually increased. The increase in antibiotic-treated exacerbations is consistent with the
increase in pneumonia and other lower respiratory tract infections that was well documented in
Study SCO30003. It is somewhat difficult to understand how the COPD exacerbation rate can
be decreased while a major component of exacerbations (i.e. infections) is increased. This alone,
suggests that there is still much to learn about the pathophysiology and natural history of COPD
and that treatment with FSC should be reserved to patients most likely to respond.

Pulmonary function was better during treatment with FSC than with any of the other treatments

in all three pivotal studies. This would be expected given the previously documented efficacy of
the 250/50 mcg BID dose.
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APPENDICES
(Review of Individual Study Reports)

1 STUDY # SCO0O30003

A multicenter, randomized, double-blind parallel group, placebo-controlled study
to investigate the long-term effects of fluticasone/salmeterol propionate
(SERETIDE™/VIANI™/ADVAIR™) 500/50 mcg bd, salmeterol 50 mcg bd and
fluticasone propionate 500 mcg bd, all delivered via the DISKUS™
/ACCUHALER™ inhaler, on the survival of patients with chronic obstructive
pulmonary disease (COPD) over 3 years of treatment.

1.1 Protocol
1.1.1 Administrative
Dates: September 7, 2000 to November 8, 2005

Centers: 466 in 42 countries including 190 in the US, 134 in Western Europe, 46 in Eastern
Europe, 37 in Asia/Pacific, and 59 in other areas. Of these, 442 enrolled patients,
including 171 in the US, 132 in Western Europe, 46 in Eastern Europe, 36 in
Asia/Pacific and 57 in “Other” areas. The Other designation included Canada,
Australia, New Zealand, 4 countries in South America and South Africa.

Steering Committee: The co-chairmen were Peter Calverley, a site investigator in the UK and
Kate Knobil, Vice President of Respiratory Medicine at GSK. Additional members
were site Principal investigators (PI) from the United States (2), Denmark (1) and
Australia (1); The study leader and statistician from GSK; and Paul Jones and Neil
Pride from the UK and Romain Pauwels from Denmark.

Safety and Efficacy Data Monitoring Committee (SEDMC):
Reuben Cherniak, Respiratory clinician, National Jewish Medical and Research
Center, Denver, Colorado, US
Anne Whitehead, Statistician, University of Reading, Reading, UK
Thomas Similowski, Respiratory clinician Hopital Pitie Saltperiere, Paris, Fr.
John Cleland, Cardiologist, Castle Hill Hospital, Hull, UK

Clinical Endpoints Committee (CEC):
Robert A. Wise, Respiratory clinician, John Hopkins University, Baltimore, MD, US
Lorcan McGarvey, Respiratory clinician, Grosvenor Road, Belfast, Northern Ireland,
UK
Matthias John, Medical Director, Barmer Ostseeklinik, Prerow, Germany
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1.1.2. Objective/Rationale

The primary objective of this study was to demonstrate a significant reduction in all-cause
mortality in COPD patients treated with fluticasone/salmeterol propionate
500/50mcg (FSC 500/50) compared with placebo, when added to usual COPD therapy.

Secondary objectives were:
* To show a significant reduction in COPD morbidity with FSC 500/50 compared
with placebo, as measured by the rate of moderate and severe exacerbations
* To show a significant difference in Quality of Life with FSC 500/50 compared
with placebo, as measured by the St. George Respiratory Questionnaire (SGRQ)
* To investigate and compare the number of adverse events in each treatment

group.
1.1.3 Study Design

This was a multi-center, randomized, double-blind, parallel-group, placebo-controlled

trial. Following a 2-week run-in period, eligible patients were randomized to 3 years

(156 weeks) of treatment with fluticasone/salmeterol 500/50 (FSC), Salmeterol 50 mcg (SAL),
fluticasone 500 mcg (FP), or placebo, all treatments administered twice daily. Patients were
randomized in a 1:1:1:1 ratio after stratification by smoking status (current vs former). Patients
who discontinued study treatment before 3 years had survival status assessed at 3 years (156
weeks or 1092 days) after beginning study treatment. The patients were seen every 12 weeks for
a maximum of 16 visits (One pre randomization, 14 on treatment, and 1 follow up visit 2 weeks
after stopping therapy). Patients who stopped study treatment were contacted by telephone every
12 weeks. The vital status was ascertained and the patient was queried about study drug-related
severe adverse events, COPD exacerbations, and concomitant medications.

The primary endpoint of this study was all-cause mortality amongst all patients in the

ITT Population within 3 years after the start of treatment. Secondary efficacy endpoints were the
rate of moderate and severe COPD exacerbations (moderate defined as requiring treatment with
systemic corticosteroids and/or antibiotics and severe defined as requiring hospitalization) and
quality of life assessed with the SGRQ. Safety evaluations included adverse event monitoring,
bone mineral density measurements and ophthalmic examinations performed on a subset of the
study population in the U.S.

1.1.4 Study Population

Inclusion Criteria
1. Male or female out-patients, aged 40-80 years inclusive, with a baseline
(pre-bronchodilator) FEV, <60% of predicted normal.

2. An established clinical history of COPD (COPD defined, in accordance with the ERS
Consensus Statement [Siafakis, 1995], as a disorder characterized by decreased maximum
expiratory flow and slow forced emptying of the lungs, which is slowly progressive, mostly
irreversible, and does not change markedly over several months)
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3. Current or former smokers with a smoking history of at least 10 pack-years (e.g., 20 cigarettes
per day for 10 years, or 10 cigarettes per day for 20 years). (Former smokers were defined as
those who had stopped smoking for at least 6 months prior to Visit 1. Former smokers were
eligible to enter the study provided they had at least 10 pack years' smoking history).

4. Poor reversibility of airflow obstruction. (Poor reversibility defined as less than 10% increase
in FEV| as a percentage of normal predicted, 30 minutes after inhalation of 400rncg salbutamol
via metered-dose inhaler (MDI) and VOLUMATIC™ spacer (ELLIPSE™ spacer for US
centers).

5. Baseline (pre-bronchodilator) FEV/FVC ratio <70%

6. Able to use a DISKUS/ACCUHALER inhaler and relief medication correctly

7. A signed and dated written informed consent was obtained prior to participation.
8. Able to comply with the requirements of the protocol.

9. A female was eligible to enter and participate in this study if she was of-
a. non-childbearing potential (i.e., physiologically incapable of becoming pregnant,
including any female who was post-menopausal); or,
b. child-bearing potential, had a negative pregnancy test (urine or serum) at screening,
and agreed to one of the following:
* Complete abstinence from intercourse for the duration of the study
+ Sterilization
 Sterilization of male partner
* Implant of levonorgestrol
» Injectable progestogen
* Oral contraceptive (combined or progestogen only)
* Any intrauterine device (IUD) with published data showing that the lowest failure rate
was less than 1% per year
* Any other methods with published data showing that the lowest failure rate was less
than 1% per year
» Barrier method only if used in combination with any of the above acceptable methods.

Exclusion Criteria
1. In the opinion of the investigator, there was a current diagnosis of asthma

2. Current respiratory disorders other than COPD (e.g., lung cancer, sarcoidosis,
tuberculosis, lung fibrosis)

3. Chest X-ray indicating diagnosis other than COPD that could have interfered with
the study (chest X-ray taken up to 6 months before entry to the treatment period)

4. Had lung-volume reduction surgery and/or a lung transplant
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5. Requirement for long term oxygen therapy (LTOT) at the start of the study (LTOT was
defined as oxygen therapy prescribed for 12 hours or more per day)

6. Was receiving long-term oral corticosteroid therapy at screening (Long-term therapy was
defined as continuous use for greater than 6 weeks. Courses of oral corticosteroids separated by a
period of less than 7 days were considered as continuous use.)

7. Serious, uncontrolled disease (including serious psychological disorders) likely to
interfere with the study and/or likely to cause death within the 3-year study duration

*8. Received any other investigational drugs in the last 4 weeks before entry to Visit 1.
Patients previously enrolled into Study SFCB3024 could have been recruited to
this trial 4 weeks after stopping their previous study medication.

9. Had, in the opinion of the investigator, evidence of alcohol, drug or solvent abuse

10. Known or suspected hypersensitivity to inhaled corticosteroids, bronchodilators or
Lactose

11. Known deficiency of a-1 antitrypsin
12. Previously had been enrolled into the Run-in Period

*Reviewer: Entry into SCO30003 after treatment in SCFB3024 was removed from the protocol
in Amendment 3 (November 15, 2000). However, the last patient treated in SCFB3024 was
enrolled into SCO30003 on May 16, 2002.

Randomization Criteria
Patients who had an exacerbation of COPD during the run-in period that required systemic
corticosteroid therapy and/or hospitalization were not eligible for randomization. There was no
other requirement for clinical stability, and patients who started antibiotics for a COPD
exacerbation were not disqualified.

Continuation Criteria
A patient could be withdrawn from treatment at his/her request, for an adverse event or lack of
efficacy if the investigator thought it would have been detrimental for the patient to continue.
Investigators were encouraged to treat exacerbations with non-study drugs and keep the patient
in the study. However, > 3 exacerbations requiring corticosteroid treatment or > 2 exacerbations
requiring hospitalization during a 6 month period were considered excessive and could be an
indication for withdrawal from treatment.

The survival of all patients was recorded even if they withdrew prematurely from the treatment
protocol.
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1.1.5 Study Procedures

Treatment
The following blinded study medications were provided by the International Clinical
Supplies Department of GSK Research and Development:

* Salmeterol xinafoate (GR33343G)/fluticasone propionate (CCI18781)
combination product 500/50mcg strength DISKUS/ACCUHALER inhaler
(formulated with lactose)

* Salmeterol xinafoate (GR33343G) 50mcg strength DISKUS/ACCUHALER
inhaler (formulated with lactose)

* Fluticasone propionate (CCI18781) 500mcg strength DISKUS/ACCUHALER
inhaler (formulated with lactose)

* Placebo DISKUS/ACCUHALER inhaler to match (formulated with lactose).

Each DISKUS/ACCUHALER contained 60 doses of study medication or placebo and all of the
canisters had an identical appearance. Ventolin (salbutamol) was provided as relief medication.

Medications for other chronic diseases and for COPD were permitted throughout the study with
the following exceptions:

e Inhaled or systemic corticosteroids

e Long acting bronchodilators including long acting B-adrenergic agonists and long acting
anticholinergics.

e LTOT was not permitted at Visit 1

Baseline Assessments
Demographic variables included the gender, ethnicity, date of birth, height, weight history of
COPD, patient-reported number of exacerbations in the previous 12 months that required
systemic corticosteroids and/or antibiotics and/or hospitalizations, history of myocardial
infarction, Medical Research Council (MRC) dyspnea scale, oxygen saturation measured with an
oximeter, smoking history current medical conditions, medication history and prior participation
in study SFCB3024.

The MRC Dyspnea Score was graded as follows:

1. Tonly get breathless with strenuous exercise

2. 1 get short of breath when hurrying on the level or walking up a slight hill

3. Twalk slower than people of the same age on the level because of breathlessness, or I
have to stop for breath when walking at my own pace on the level

4. 1 stop for breath after walking about 100 yards or after a few minutes on the level

5. Tam too breathless to leave the house or I am breathless when dressing or undressing

Smoking history was quantified by pack-years and by current or former status. To be a former
smoker, the patient had to have refrained from smoking for at least 6 months prior to visit 1.
Pack-years were calculated as number of cigarettes smoked/day divided by 20 times the number
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of years smoking. One cigar was equivalent to 7 cigarettes and one gram of tobacco was
equivalent to one cigarette.

Efficacy Evaluation
The primary efficacy outcome was all-cause mortality at 3 years. Patients who were lost to
follow-up had their survival status checked by telephone at 12-weekly intervals. The patients
agreed at the beginning of the study to allow continued follow-up in the event of study drug
termination prior to three years of treatment, A cause of death was assigned by the investigator
using the information at hand and he/she made an assessment as to whether, the death was
COPD-related. The CEC reviewed the CRF and other available evidence and assigned a cause
of death to a pre-determined set of categories (cardiovascular, pulmonary, cancer-related, other,
unknown). The CEC also assessed whether the cause was COPD related and quantitated the
certainty of this assessment with the terms “Yes”, “Probably”, “Possibly”, “Unlikely”, “No” or
“Unknown”. Deaths assigned a “Yes”, “Probably” or “Possibly” by the CEC were classed as
COPD-related deaths for analysis purposes. COPD-related deaths included such conditions as
sudden death in a patient with severe COPD who were found dead at home and did not have an
autopsy.

The secondary outcomes were the rate of moderate and severe COPD exacerbations and quality
of life as determined by the Saint George’s Respiratory Questionnaire (SGRQ).

A COPD exacerbation was defined as moderate if treatment with systemic corticosteroids and/or
antibiotics was administered and severe if hospitalization was required. Patients with worsening
COPD symptoms were told to increase their usual medication for COPD and to contact the
investigator as soon as possible if there was no relief. The site investigator was encouraged to
maximize non-study treatments (theophylline, short-acting anticholinergics, and short-acting B3-
adrenergic agonists). Any treatment with short courses of systemic corticosteroids and/or
antibiotics was recorded in the CRF. Moderate and severe COPD exacerbations were also
reported as AEs or SAEs as appropriate. The exacerbation rate was calculated by taking the
number of exacerbations that the patient had while on the study divided by the number of 13-
week periods that the patient was on the study and that number was multiplied by 4 to arrive at
an annual rate. Exacerbations that occurred after a patient was taken off of study medication
were not included in the outcome assessment.

Other efficacy endpoints included COPD-related mortality, on-treatment morality, a composite
endpoint (severe COPD exacerbation, LTOT, or on treatment mortality), post-bronchodilator
FEV,, number of withdrawals from treatment, time to first moderate or severe exacerbation, rate
of severe exacerbations, time to first severe exacerbation rate of moderate and severe
exacerbations requiring systemic corticosteroids, time to first moderate or severe exacerbations
requiring systemic corticosteroids. Deaths occurring within 14 days of stopping study
medication were considered on-therapy deaths while deaths occurring more than14 days after the
stop of therapy were considered long-term follow-up deaths.

Spirometry was performed before and 30 minutes after inhalation of 400 mcg salbutamol.

Reversibility was described in terms of the percentage of the predicted normal FEV, and was
calculated as follows:
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Reversibility = Post-bronchodilator FEV; — Pre-bronchodilator FEV; X 100
Predicted normal FEV,

Only the post-bronchodilator FEV| was assessed at 24-weekly intervals throughout the follow-
up.

Reviewer: By relating the change in FEV; to the predicted FEV; instead of the actual pre-
bronchodilator FEV; the sponsor has based the exclusion criteria on a minimum estimate of
reversibility. Reversibility calculated as a percentage of measured pre-bronchodilator FEV; is
included in the datasets and will be referred to in this review.

Health Outcomes Evaluation
The Saint George’s Respiratory Questionnaire was self-administered in countries and in
languages in which the questionnaire was available at the start of the study. The questionnaire
was completed at 24-weekly intervals (every other visit) prior to the patient obtaining the results
of their spirometry. At some time during the course of the study, the Applicant learned that the
questionnaires used were not identical to the questionnaires that Oxford Outcomes (a
questionnaire developer) designated as optimal. Therefore, to assure that the translations used
were optimal, the Applicant contracted Oxford Outcomes to conducted linguistic validation
studies.

The validation process started with a review of the original questionnaire (UK English) by
researchers in the study country and back translation into English. At the same time, the
questionnaires were piloted with 5 COPD patients who were queried about their comprehension.
The results of these two studies were referred back to Oxford Outcomes and the questionnaire
developer, Dr. Paul Jones. Both made recommendations whether or not the question as posed in
the translated questionnaire was an acceptable rendition of the original English version. As a
result of this review, 33 of the original 38 country-language combinations (the questionnaires
were administered in more than one language in some countries) were declared valid.

Reviewer: The process of “validation” was entirely retrospective. No questions were changed,
but some were dropped, and up to 5 of the 50 questions were eliminated from questionnaires
certified as “valid”. In total, 14/33 (45% of the questionnaires were not identical to the original
English version due to some modification of the scoring (Table 2 in Attachment 1, pg 5317 of the
study report). One of the most important of these was the time frame for recall. The original
questionnaire poses questions with a three month recall, but most of the translations ask for
recall of 12 months. During the validation studies, the patients repeatedly told the investigators
that the 12-month recall period was too long The manner in which differences of opinion
between Oxford Outcomes and the Developer was resolved is not clear. It appears that
problems were resolved by sub-set analysis: A separate analysis was performed that included
only questionnaires without altered questions and another sub-set analysis was performed on
questionnaires that used the 12-month recall.

The European Quality of Life Questionnaire (EQ-5D) was also self-administered every 24
weeks. This questionnaire is made up of 5 questions with a three-point grading scale (no
problem, some of moderate problem(s), unable, or extreme problem). The final score ranges
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between 0 for death and 1 for perfect health. Additionally, the patients were asked to grade their
overall health on a visual analog scale.

Health resource utilization was queried at each visit. The patients were asked if they had sought
medical treatment for COPD or a COPD-related episode since the previous visit, the type of
healthcare professional contacted, date of contact, number of visits, hospitalization and number
of days hospitalized. Estimates were acceptable if the patient could not recall the exact number
of visits. The investigator referred to his/her records to verify or supplement information given
by the patient if necessary.

Safety Evaluation
Safety was assessed with adverse events, pregnancy tests, incidence of bone fractures,
oropharyngeal examinations in all centers, and bone mineral density and ophthalmologic
assessments in selected US centers. Oropharyngeal examination was performed at each visit,
although, the results were not recorded in the CRF. Clinical evidence of candidiasis was
reported as an adverse event. The location of any reported bone fracture and whether or not it
was traumatic was recorded. A non-traumatic bone fracture was defined as a fracture caused by
a fall from less than a standing height. Adverse events were collected during treatment with
study medication. During the long-term follow-up only severe, drug-related adverse events were
recorded. COPD exacerbations were also listed as adverse events.

Bone mineral density was measured using dual energy x-ray absorptiometry (DEXA) at 75 sites
(600 patients) in the United States. The T- and Z- scores were estimated by the manufacturer’s
software. For the hip data, T- and Z- Score, bone mineral content, area and BMD were only
derived if all hip measurements (Femoral neck, Wards Triangle, Trochanter and
shaft/Intertrochanter were adequate. For the spine, T and Z-Scores were only derived if all spine
measurements (L;-L4) were adequate. Bone mineral content, area, and BMD were derived if at
least one spine measurement was adequate.

BMD data were summarized by visit and as change from baseline. The log transformed ratio of
measured to baseline was also calculated and expressed as a percentage change from baseline as
follows:

Percentage change from Baseline = 100 * (exp[log{actual/baseline}]-1)

Baseline BMD was adjusted by concomitant therapy designed to affect BMD. Patients were
classified as taking 1) bisphosphonates, 2) calcium or Vitamin D, or 3) nothing prior to the
institution of randomized medication. BMD testing was scheduled for baseline, and 48, 84, and
156 weeks of therapy. An 8-week window around the projected test date was used to group
patients for analytic purposes. Because some of the data were obtained at time-points beyond +/-
8 weeks, a supportive analysis was performed using a 16-week window.

Measurements of the total hip and the L;-L4 regions of the spine were completed at Visit 2, 6, 11,
and 16. Patients with a T-score <-1.5 at baseline were referred for consultation. After the first
year of double-blind treatment, any patient with a T-score <-2.0 or a bone mineral density loss of
> 8% were referred for consultation. After the second year of double-blind treatment, any
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patient with a T-score <-2.0 or a bone mineral density loss of > 10% was referred for
consultation.

Ophthalmic examinations were to be conducted by board certified optometrists at approximately
75 centers in the United States. ‘“Examinations were conducted with established methodology.
Irregular findings (i.e., presence of cataracts and/or glaucoma) were identified and monitored”.
A prospective protocol was not employed. Ophthalmic examinations were conducted at Visit 2
(baseline), 6, 11, and 16 (end-of-study). To maintain consistency, the same optometrist was to
perform each patient’s initial and follow-up examination where possible. Any family history of
cataract or glaucoma was recorded in the CRF.

PK/PD and pharmacogenetic studies were performed at the same selected sites in the United
States where the BMD and ophthalmic examinations were performed. Blood for SAL, FP, and
cortisol were obtained at Visit 5 (36 weeks).

1.1.6 Statistical Analysis Plan

Sample Size
The original sample size calculation was based on the assumption of a 20% placebo mortality in
patients with an FEV % <60% (From ISOLDE study FLIT78). The treatment difference in that
study comparing placebo to fluticasone 500 mcg alone was 4.4% after one year and 9.7% after 3
years. With these assumptions, the planned enrollment was 3800 to detect a difference of 4.3%
with an 80% power. In November 2000, prior to enrollment of any patients in the United States,
enrollment was increased to 5040 in order to increase the power to 90%. In May 2002, on the
basis of a blinded analysis of overall mortality, and prior to the first interim analysis, the sample
size was increased to 6040. The applicant anticipated that 440 deaths in the placebo and FSC
groups would provide 90% power to detect the 4.3% difference (83 vs 87.3%) equivalent to a
hazard ratio of 0.728.

Interim Analyses & Adjustments for Multiple Comparisons
The first interim analysis was planned to occur after 300 deaths and the second to occur midway
between the first interim analysis and the expected end of the trial. The first interim analysis
occurred in July 2003 and the second in June 2004. In each instance the SEDMC reviewed the
un-blinded data and allowed the study to proceed. The statistical analysis of survival, but not the
other efficacy outcomes made corrections for these additional looks at the data. (For a detailed
review of these procedures and calculations see the Statistical Review.)

Because of the multiplicity of treatments and outcomes, the Type I error was controlled with a
sequential, hierarchical analysis plan. The primary analysis was the all-cause 3-year mortality
comparing FSC 500/50 to placebo. If survival after treatment with FSC 500/50 was significantly
better than after treatment with placebo at the 0.05 level after correcting for the interim analyses,
then the rate of moderate and severe COPD exacerbations was compared between placebo and
FSC 500/50. If the second comparison was significant then FSC 500/50 was compared to SAL
50 for the rate of moderate and severe exacerbations. If the third comparison was significant
then FSC 500/50 was compared to placebo for the SGRQ and if this was significant then FSC
500/50 was compared to SAL for the SGRQ.
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Study Populations
The study was divided into a “Total Population”, “Safety Population”, “ITTP” “Health
Outcomes Population” “Ophthalmic and Skeletal Safety Population” and “Pharmacokinetics
Population”. All of these populations were defined prospectively using standard criteria.
However, the ITTP did not include patients who had been enrolled in five sites that were
excluded from the analysis. These 5 sites were excluded on the basis of audits that occurred
prior to breaking the blind and that indicated that integrity of the data had been compromised.
These patients (N=72) were included in the safety population.

The Health Outcomes Population consisted of patients participating in countries where SGRQ
questionnaire translations were considered to be linguistically valid for the population and could
potentially have a total score calculated for the population. To be included, a patient had to have
completed at least one questionnaire. Patients were analyzed in the treatment group to which
they were randomized. The Ophthalmic and Skeletal population was a subset of the safety
populations and consisted of patients at selected sites in the United States who had any skeletal
or ophthalmic data. Patients were analyzed in the treatment that they took for the majority of the
study.

General analytic considerations
Because of the wide geographic reach of the study all analyses were adjusted by region as listed
in Table 17.

Table 17. Description of Regional Classification Used in the Efficacy Analyses

Region Countries

USA USA

Asia/Pacific China, Hong Kong, Malaysia, Philippines, Singapore, Taiwan, Thailand

Eastern Europe Bulgaria, Croatia, Czech Republic, Hungary, Estonia, Latvia, Lithuania,
Poland, Romania, Russia, Slovakia, Ukraine

Western Europe Austria, Belgium, Denmark, Finland, France, Germany, Greece, I eland,
Italy, Netherlands, Norway, Spain, Sweden, UK

Other Australia, New Zealand, Argentina, Brazil, Chile, Mexico, South Africa,
Canada

In addition, age, sex, disease severity (post-bronchodilator FEV), and BMI were included in the
efficacy analyses as covariates. The number of exacerbations (0; 1; >2) in the 12 months prior to
screening was included in the efficacy analysis of exacerbations.

Subgroup analyses were performed on the following variables:

Smoking status (current vs former )

Age (<55; 55 to <65; 65 to <75; >75 years)

Sex

Ethnic origin (White; Black; Asian; American Hispanic; Other)
Percent predicted FEV; (<30%; 30 to <50%; > 50%)

BMI (<20; 20 to <25; 25 to <29; >29)

e Region (Table 17)
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Baseline values for exacerbation rate, SGRQ, and BMD were used for subset analysis of these
variables. Age was also included in the analysis of BMD and family history of cataract and
glaucoma were included in the analyses of the ophthalmic data.

The Saint George’s Respiratory Questionnaire (SGRQ) contained 76 weighted items grouped
into three component scores (Symptoms, Activity and Impacts). Each domain score was
calculated by summation of the weighted values for the non-missing questions within each
category, dividing by the maximum possible score for those non-missing questions for that
domain and multiplying by 100. The total score was calculated by aggregating the weighted
scores from all 76 items and dividing by the maximum possible score for the SGRQ and
multiplying by 100. Some of the questionnaires that had been validated in languages other than
English had questions excluded for linguistic reasons. If more than 25% of the questions were
missing from a domain, then the domain score was set to missing. At each visit the patient was
categorized as improved (+4), unchanged (> -4 to <+4), or deteriorated (<4) on the basis of the
change in SGRQ from the previous visit. If the SGRQ could not be calculated for any visit the
score at the last visit was carried forward unless the reason for not calculating the score was
because the patient had died, was having an exacerbation, or had withdrawn due to an adverse
event.

The BMI was calculated as follows: BMI = Weight in kg/ (height in meters)®

The rate of bone fracture, cataracts, glaucoma, AEs, and resource utilization was calculated as
follows:

Rate = (number of events * 1000) / Total treatment exposure in years.
This was equivalent to the

Rate = (number of events * 1000) / (number of patients in treatment group * mean
treatment exposure in years)

A stepwise procedure was used to handle multiplicity issues. Only if the null hypothesis was
rejected at the 0.05 level for the first comparison, was the next analysis performed. The order of
comparisons is as follows:

All-cause mortality comparing FSC to placebo

Rate of moderate and severe on-treatment exacerbations comparing FSC to placebo
Rate of moderate and severe on-treatment exacerbations comparing FSC to SAL
Change in SGRQ comparing FSC to placebo

Change in SGRQ comparing FSC to SAL

Reviewer: The original protocol submitted in June 2001 listed the efficacy outcome measures as
all-cause mortality and SGRQ. COPD exacerbations were defined only as an indication for
permitting additional medication (above blinded study medication) to treat the exacerbation.
The above stepwise procedure is the same as proposed by GSK in their SAP (May 2005) with the
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exception that the protocol requires that the first analysis reject the null hypothesis at the
adjusted 0.05 level prior to proceeding to the next level.

Missing data was not a major issue with the mortality analysis because all but one of the 6112
patients had their vital status ascertained at day 1092. The repeated measures analysis, the
primary analysis for the SGRQ, FEV; and BMD, did not explicitly use any form of imputation.
All available data for a patient was used within the analysis and the method of analysis itself
weighted the information according to the amount of information available. Individual study
visits were analyzed for patients who provided data at baseline and at the individual study visit.
However, if an interim SGRQ was not available, the last previous completed questionnaire was
used to calculate the change in score.

Reviewer: The section for exacerbations in ““5.8.6.1 Premature discontinuation and missing
data’ simply repeats the description of the calculation of the rates. It dose not discuss the
procedures for patients who missed an interim visit, but were not discontinued. Since this was a
recall variable, presumably the patient was simply asked to recall over the past 6 months instead
of 3. Missing data is also an issue with the measurement of BMD because the rate of failure to
obtain all of the follow-up scans was high and related to the baseline BMD.

Compliance and Protocol Violations
Any patient who did not fulfill the inclusion or exclusion criteria was considered to be a protocol
violator. In addition, any patient who had an exacerbation during the run-in and required
systemic corticosteroid therapy and any patient who received prohibited medication during
active treatment was considered to be a protocol violator.

Compliance was calculated assuming that one dose of medication was taken on the day of
randomization while two doses were taken on all other days:

Compliance = number of doses used / number of doses expected to be used.
Number of doses used = sum (number of doses taken at each visit)
= sum {(number inhalers returned x 60) — used doses in returned
inhalers
Number of doses expected to be used = [2 x (treatment stop date-treatment start date)] +1

If the number of doses remaining in the canister was missing then it was assumed that no doses
were remaining, but if the inhalers were not returned then it was assumed that no medication was
used.

Efficacy Analysis
The primary efficacy endpoint was time to all-cause mortality within 3 years (156 weeks)
comparing the FSC 500/50 and placebo treatment groups in the ITT population, using the log-
rank test, stratified by smoking status. Time to death was calculated in days using the date of
death and treatment start date. Adjusted p-values and the median unbiased estimate of the hazard
ratio for the final analysis was calculated using discrete stage wise ordering to account for the
interim analyses carried out previously (See statistical review for details of the calculations). A
Cox proportional hazards model was carried out as a supportive analysis. The hazard ratio for the
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FSC vs placebo comparison, along with 95% confidence limits were derived, using time to death
as the outcome variable, and covariates of treatment group, smoking status, age, sex, baseline
FEV1, BMI and region.

Other mortality outcomes were COPD-mortality and on-treatment mortality. On-treatment
mortality was calculated with the inclusion of all deaths that occurred during randomized
treatment and for two weeks after stopping the medication. The follow-up time between two
weeks after termination of randomized treatment and 1092 days was called the Long-Term
Follow-up Period.

Analysis for rate of moderate and severe exacerbations used a generalized linear model.

The number of moderate and severe exacerbations occurring during the treatment period was
assumed to follow the Negative Binomial distribution. The model included covariates of
smoking status, age, sex, BMI, baseline FEV1, number of exacerbations reported in the 12
months prior to Screening (0, 1, 2 or more), and region, with time on treatment as an offset
variable. The adjusted mean rates per year, pairwise treatment ratios and associated p-values and
confidence limits were presented. A supportive analysis comparing the rate of exacerbations
between treatment groups was performed using the non-parametric rank analysis of covariance
stratifying for smoking status, with age, sex, baseline FEV1, number of exacerbations reported in
the 12 months prior to Screening, BMI, and region as covariates . Exacerbation rate per year was
calculated for each patient as the number of exacerbations / time on study (in years).

Change from baseline FEV1 was compared between treatment groups, using a repeated measures
analysis and included patients with a baseline FEV1 and at least one on-treatment FEV1. This was
the main analysis model, and the change from baseline averaged over 3 years was of primary
interest. Treatment group was fitted as the explanatory variable, and smoking status, age, sex,
baseline FEV1, BMI and region were fitted as covariates. Visit was fitted as a categorical
variable, and the variance-covariance matrix was assumed to be unstructured. The model was:

Change in FEV1 = Treatment group + smoking status + age + sex + baseline FEVi+BMI
+ region + visit + treatment*visit+ baseline FEVi*visit

A post hoc analysis of the rate of decline in FEV1 over time was investigated using a random
coefficients model. FEV1 was fitted as the response variable with treatment group, smoking
status, age, sex, baseline FEV1, BMI, region, and time on treatment as fixed effects. In this
analysis, time on treatment was treated as a continuous variable, and defined as the number of
days which had elapsed since the start of treatment. Patient effects were assumed to be random.
The random coefficients model allowed random variation between slopes of individual patients,
as well as intercepts of individual patients.

Health Outcomes Assessment
The change from baseline in SGRQ total score was analyzed using repeated measures analysis
and included patients with a baseline SGRQ total score and at least one on-treatment SGRQ total
Score. This was the main analysis for this endpoint, and the change from baseline averaged over
3 years was of primary interest. Treatment group was fitted as the explanatory variable, and
smoking status, age, sex, baseline FEV,, baseline SGRQ total score, BMI and region were fitted
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as covariates. Visit was fitted as a categorical variable, and the variance-covariance matrix was
assumed to be unstructured. Each domain was analyzed separately and an additional analysis was
performed on questionnaires that were valid without modification and those based on a
questionnaire recall period of 12 months. The change in health status (improved, unchanged,
deteriorated [+ 4 points] on SGRQ) was also summarized.

Other efficacy measures included all cause mortality comparing SAL and FP to placebo and to
FSC, COPD mortality, on-treatment mortality, other exacerbation endpoints, and a composite
endpoint of severe COPD exacerbation, LTOT, or mortality on treatment.

Safety Analysis
Adverse events (AE) that had an onset during randomized treatment were summarized for the
entire population and for patients reporting at least one AE per 1000 treatment years. In
addition, the number and percentage of patients reporting respiratory AEs was tabulated. Deaths,
serious AEs, and AEs resulting in withdrawal were reported separately. Deaths were tabulated
separately for those who died during randomized treatment, during the two week after stopping
randomized treatment, and for the long-term follow-up period (Between two weeks after
stopping randomized treatment and 156 weeks after the start of randomized treatment). AEs of
special interest (ocular events, bone disorders, HPA-axis disorders, and lower respiratory
infections) were tabulated and the time to first event was calculated. Post hoc evaluation of
physician reported pneumonias was also reported.

The BMD data were analyzed using repeated measures analysis where treatment group was fitted
as the explanatory variable and terms for age, sex, smoking status log baseline BMD, MBI,
baseline BMD therapy and visit were fitted as covariates. The model was used to estimate
pairwise treatment differences, confidence intervals, and p-values for each visit. An ANCOVA
that fitted percentage change in BMD as the response variable was presented as supporting
evidence. Also a repeated measures analysis of absolute change in density was presented.

The results of the ophthalmic examinations were used to tabulate the incidence of glaucoma and
cataracts at baseline and at each follow-up visit.

PK Analysis
PK/PD analyses were performed at 15 US centers on 83 patients (20, 24, 15, 24 placebo, SAL,
FP, and FSC treatment, respectively). At visit 5 (week 36) blood was collected for FP and
cortisol measurement immediately prior to dosing and at 0.5, 1, 2, 4, 8, 10, and 12 hour post
dosing with study medication. Blood was also collected 10 minutes after the dose for SAL
levels. The FP and cortisol AUC and Cmax were calculated.

1.2. Results
1.2.1 Study Population
Disposition

A total of 8554 patients were screened of whom 6184 (72%) were randomized and received at
least one dose of study medication. The Safety Population was comprised of these patients,
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assigned to the treatment which they had received for the majority of the treatment period and
included 1544 patients treated with placebo, 1542 with SAL 50,

1552 with FP 500 and 1546 with SFC 50/500 (one patient randomized to placebo received FP
500 for the majority of the treatment period). Data from 72 patients recruited by five
investigators (investigators 89726, 34560, 75625, 87278 and 54948) were excluded from the ITT
Population, and thus the ITT Population included 6112 patients (99% of the Safety Population)
and comprised 1524 placebo patients, 1521 SAL 50, 1534 FP 500, and 1533 SFC 50/500. The
Health Outcomes Population, a subset of the ITT Population, included 4951 patients (80% of the
Safety Population) and the Ophthalmic and Skeletal Safety Population included 658 patients
(11%) from the Safety Population.

The Applicant responded to a query about the five excluded patients on December 15, 2006
(...\n21077\S_029\2006-12-15). Their explanation is as follows: Investigator 89726 enrolled 25
patients. Site auditors confirmed that on 2 occasions the site deliberately entered incorrect data
into the CRF to enable ineligible patients to receive study medication. Investigator 34560
enrolled 8 patients. The site did not provide adequate patient follow-up or co-operation with the
Applicant’s monitors. There was no documentation that oropharyngeal exams were conducted.
Three patients received incorrect study medication, and the site was unwilling to specify how
many incorrect doses were taken by each patient. Follow-up information on SAEs was not
provided after 7 months of requests, and the site refused monitors access to the drug storage area.
Investigator 75625 enrolled 23 patients. Monitors confirmed that the study coordinator falsified
the PI signature on 2 SAE forms and 1 patient’s source note. Multiple instances of failure to sign
notes and inappropriate backdating were detected. Investigator 87278 enrolled 3 patients. The
PI at the site died and neither office staff, not patient records could be located._Investigator
54958 enrolled 13 patients. The PI was put on probation by the Texas Medical License Board
for three years for “allegations that he did not meet the standard of care in examining diagnosing
and treating a patient with pulmonary disease” and for failing “to properly examine, diagnose
and treat patient X”. The allegations also included inappropriate prescribing of narcotics.

Reviewer: All of the exclusions are acceptable.

Patients were screened at 466 centers in 42 countries and were randomized and treated at

444 centers in 42 countries (439 centers included in the ITT Population). Patients were screened
at 190 centers in the USA, 134 in Western Europe, 46 in Eastern Europe, 37 in Asia Pacific and
59 in other regions. Patients were included in the ITT Population at 171 centers in the USA, 131
in Western Europe, 45 in Eastern Europe, 37 in Asia/Pacific, and 55 in other regions (Table 18).
Patients enrolled in the United States made up 23% of the ITT population.
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Table 18. Enrollment and Follow-up by Treatment and Geographic Region*

Not Enrolled Placebo SAL 50 FP 500 FSC 500/50

(N=1524) (N=1521) (N=1534) (N=1533)

Total Population, N 2370 1545 1542 1551 1546
USA, 1636 348 (23) 351 (23) 350 (23) 352 (23)
Asia/Pacific 228 188 (12) 189 (12) 193 (12) 188 (12)
E. Europe 31 297(19) 296 (19) 293 (19) 293 (19)
W. Europe 280 478 (31) 475 (31) 481 (31) 477 (31)
Other 195 234 (15) 231 (15) 234 (15) 236 (15)

ITT Population, N 1524 1521 1534 1533
USA 345 (23) 346 (23) 348 (23) 349 (23)
Asia/Pacific 188 (12) 189 (12) 193 (13) 188 (12)
E. Europe 290 (19) 289 (19) 287 (19) 288 (19)
W. Europe 476 (31) 475 (31) 481 (31) 476 (31)
Other 225 (15) 231 (15) 225 (15) 232 (15)

* See section 1.1.6 (pg , above) for definition of geographic areas.

Amendment #3 (November 15, 2000) specified that patients could not be enrolled into Study
SCO30003 who had been treated in Study SFCB3024 (Study 2, Pg 118). However, 346 patients
were enrolled in this manner (97, 81, 70, and 98 in the placebo, SAL, and FP groups,
respectively) between initiation of study SCO30003 and May 16, 2002. None of the patients
enrolled in Asia or in the United States had participated in SFCB3024 while 8 to 13% of the
patients in Europe and “Other” had.

Overall, 62% of the patients completed the 3 year treatment periods. The completion rate was
lowest is the placebo-treated patients (56%) and highest is the FSC -treated patients (66%).
Study treatment was continued for three years in 63 and 61% of the SAL and FP groups,
respectively (Table 19). The distribution of withdrawals was similar for the health outcomes and
ophthalmic/skeletal populations although the loss to follow-up was slightly higher in the
Ophthalmic/Skeletal population.

Table 19. Patient Disposition

Placebo SAL 50 FP 500 FSC 500/50
Safety Population, N 1544 1542 1552 1546
Completed Treatment, % 56 63 61 66
Withdrawn prior to Week 156, % 44 37 39 34
ITT Population, N 1524 1521 1534 1533
Completed Treatment, % 56 63 62 66
Withdrawn prior to Week 156, % 44 36 38 34
Health outcomes population, N 1231 1232 1248 1240
Completed Treatment, % 54 61 60 64
Withdrawn prior to Week 156, % 45 39 40 35
Ophthalmic and Skeletal Safety
populations, N 164 166 163 165
Completed Treatment, % 41 57 50 58
Withdrawn prior to Week 156, % 59 43 49 41

The withdrawal rate was significantly higher for the placebo patients than for any of the active
treatment groups (Log-rank analysis — Table 20). In addition, the withdrawal rates for the SAL
and FP treated patients were higher than for the FSC -treated patients.
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Table 20. Log-Rank Analysis of Time to Premature Study Drug Discontinuation

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of patients discontinued 673 (44) 561 (37%) 587 (38) 522 (34)
Probability of discontinuation by 156 wks 43.5 36.4 38.1 33.7
95% CI 41.0, 46.0 34.0,38.9 35.7,40.5 31.4,36.7
Active treatment vs. placebo
Hazard ratio 0.782 0.808 0.693
95% CI 0.699, 0.875 | 0.723,0.903 | 0.618,0777
p-value <0.001 <0.001 <0.001
FSC vs components
Hazard ratio 0.887 0.856
95% CI 0.787,0.999 | 0.761, 0.963
p-value 0.048 0.010

A graph of the time to withdrawal is reproduced in Figure 1.

Figure 1. Rate of Withdrawal From Study Treatment *
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The most common reason for withdrawal was an adverse event (Table 21). This was more
common in the placebo patients (24%) than in the other treatment groups, although the rate was
essentially undistinguishable from that of the FP-treated patients (23%). Lack of efficacy was
also more common in the placebo-treated patients.
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Table 21. Reason for Withdrawal in the ITT Population

FSC
Placebo SAL 50 FP 500 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of patients discontinued | 673 (44%) 561 (37%) 587 (38%) 522 (34%)
Reason for discontinuation, %
Adverse event 24 20 23 19
Consent withdrawn 9 9 7 8
Lost to follow-up 1 <1 2 2
Lack of efficacy 7 4 3 2
Did not fulfill entry criteria <1 <1 <1 <1
Non-compliance 1 1 1 1
Other 2 2 1

In order to further evaluate drop-outs, the Applicant summarized the baseline FEV; and SGRQ
for patients remaining in the study at each measurement point. The mean baseline value for both
variables improved at each time point. This suggests that the patients remaining in the study had
better pulmonary function and a higher quality of life than the patients who dropped out.

Reviewer: The rate of withdrawal was dependent upon geographic region as well as treatment
regimen. Compared to patients enrolled in the United States (47.4%), drop-out was lower in
Asia (31.9%), Eastern Europe (26.8%), and Western Europe (38.3%) It was essentially the same
in the “Other” region (44.6%). In all regions the drop-out was greatest in the placebo group,
however, the difference between placebo and FSC also varied among the regions. In the US and
Western Europe, the difference between placebo and FSC was 13 and 14%, respectively. In
Asia, Eastern Europe and ““Other” the difference was 6, 7, and 7%, respectively. (Based on the
“wdw’” variable in the subaccnt.xpt SAS transport file.)

In the sub-population in the US in which BMD was measured, the mean baseline value was
lower in the placebo and FP groups, than in the SAL and FSC-treated patients (See page 111).

In addition, the drop-out rate was inversely related to the baseline BMD. Since patients with low
BMD were referred for consultation and treatment of this abnormality, it is possible that this
knowledge had some effect on withdrawal rates.

The drop-put rate was also related to prior steroid use. In patients who had taken either inhaled
or oral corticosteroids in the 12 months prior to enrollment the drop-out rate was markedly
elevated in the placebo-treated patients compared to FSC-treated patients (49, 41, 40, and 35%
of the placebo, SAL, FP, and FSC patients, respectively). Drop-out in the SAL and FP groups
was similar and intermediate. In patients who had not taken corticosteroids in the 12 months
prior to enrollment there was little difference in drop-out among the study drug treatment-
groups (37, 32, 36, and 32% of the placebo, SAL, FP, and FSC patients, respectively).

Protocol Deviations
The number of patients with protocol deviations was slightly lower in the FSC group than in the
other treatment groups (Table 22). Fifty-one patients received an incorrect treatment during the
study (12 (<1%), 13 <1%, 18 (1%), and 8 <1% in the placebo, SAL, FP. and FSC groups). All
patients except one received no more than one incorrect packet.
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Table 22. Protocol Violations in the ITT Population

FSC
Placebo SAL 50 FP 500 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of patients with 305 (20%) 299 (20%) 287 (19%) 260 (17%)
violations during run-in or active
treatment
Use of ICS 12 9 9 8
Use of LABA 10 10 9 8
Long term (>6weeks) systemic
corticosteroid use 5 4 4 4

The study blind was broken for 22 patients (10 [<1%], 4 [<1%], 3 [<1%], and 5 [<1%] of the
placebo, SAL, FP, and FSC patients, respectively. The most common single reason for breaking
the code was an emergency requiring further treatment. This occurred in 4 patients in the
placebo group and 1 patient each in the SAL and FP groups.

Demographics and Medical History
Patient demographic variables are categorized by treatment group in Table 24 and by geographic
region in Table 23. The mean age of the patients was 65 years, 82% were white, 75% were
male, and the BMI was > 29 kg/m” in 22%. These variables were evenly distributed across the
treatment groups.

Table 23. Demographics by Treatment Group

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Age, years
Mean (SD) 65.0(8.2) 65.1 (8.2) 65.0 (8.4) 65.0 (8.3)
Range 40 -85 40 - 86 40 - 82 40 - 80
Age Categories, (%)
<65 years 44 43 44 43
>65 years 56 57 56 56
Gender, % Male 76 76 75 75
Race, (%)
White 82 82 82 82
Black 2 1 2 2
Asian 12 13 13 12
American Hispanic 3 3 3 3
Other <1 <1 <1 <1
BMLI, (%)
<20 kg/m* 13 14 13 15
20 to <29 kg/m* 65 65 66 64
> 29 kg/m’ 22 22 22 22

More variability in populations was seen when they were categorized by geographic region
(Table 24). The Asian/Pacific population, which made up 12% of the total, was older (mean age
69.9 years) and had a higher percentage of males (91%) than the other populations. Most of the
Asian patients identified themselves as of Asian descent and only 3% had BMIs of = 29 kg/m*
By comparison, the US population contained only 60% males, 92% identified themselves as
white, and the BMI was >29 kg/m® in 30%. Both of the European groups were overwhelmingly
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white (99%) and the Eastern European group had a relatively younger age (63.2 years) with 53%

less than 65 years of age.

Table 24. Demographic Variables by Geographic Region

USA Asia/Pacific E. Europe | W. Europe Other*
(N=1388) (N=758) (N=1154) (N=1908) (N=904)
Age, years
Mean (SD) 65.2 (8.2) 66.9 (7.3) 63.2 (8.5) 65.0 (8.3) 65.7 (8.3)
Range 40 - 80 41 - 80 40 - 81 40 - 86 41-81
Age Categories, (%)
<65 years 44 33 53 44 41
>65 years 56 66 45 56 60
Gender, % Male 60 91 84 78 72
Race, (%)
White 92 <1 >99 >99 74
Black 6 0 0 <1 <1
Asian <1 99 <1 <1 1
American Hispanic 1 0 0 0 19
Other <1 <1 0 0 5
BMLI, (%)
<20 kg/m* 10 35 9 9 15
20 to <29 kg/m* 59 62 66 68 65
>29 kg/m’ 30 3 25 23 20

* Other = Canada, S. Africa, Australia, New Zeeland, S America

The history of COPD also showed an even distribution of characteristics across treatment groups
(Table 25). The duration of symptoms was 5 to 10 years in 30% of the patients, 52% had had a
moderate exacerbation and 18% had had a severe exacerbation in the 12 months prior to
screening. The rate of moderate/severe exacerbations was 1.2 / year in each of the treatment
groups. Almost half (42, 44, 44, and 43%) had had no exacerbation in the year prior to
enrollment. A plurality of the patients (42%) had an MRC Dyspnea score of 2, and 57% in all
the groups were former as opposed to current smokers. Inhaled corticosteroids were used prior
to study entry by 51, 45, 47, and 45% of the placebo, SAL, FP, and FSC patients, respectively.
A prior myocardial infarction was reported by 6 to 7% of the patients in each treatment group.

Table 25. Medical History by Treatment Group

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Duration COPD, N (%)
<5 547 (36) 527 (35) 544 (35) 553 (36)
5to <10 458 (30) 466 (31) 480 (31) 450 (29)
10 to <15 263 (17) 273 (18) 265 (17) 261 (17)
=15 256 (17) 255 (17) 245 (16) 269 (18)
Moderate COPD Exacerbation, % 801 (53) 788 (52) 806 (53) 786 (51)
Severe COPD Exacerbation, % 261 (17) 277 (18) 290 (19) 279 (18)
MRC Dyspnea Score, (%)
1 128 (8) 110 (7) 108 (7) 110 (7)
2 643 (42) 645 (42) 642 (42) 660 (43)
3 466 (31) 473 (31) 509 (33) 493 (32)
4 219 (14) 235 (15) 228 (15) 207 (14)
5 67 (4) 574) 44 (3) 63 (4)
Former Smokers, % 866 (57) 870 (57) 873 (57) 873 (57)
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Mean Pack-years (SD) 48.6 (26.9) 49.3 (27.7) 49.2 (28.6) 47.0 (26.5)
Prior Medications taken within 12 N=1523 N=1520 N=1534 N=1532
months of enrollment, (%)
ICS Only 338 (22) 273 (18) 306 (20) 292 (19)
LABA Only 118 (8) 137 (9) 130 (8) 137 (9)
ICS & LABA 449 (29) 413 (27) 414 (27) 435 (28)
Any ICS 787 (51) 686 (45) 720 (47) 727 (45)
Prior myocardial infarction 108 (7) 113 (7) 92 (6) 100 (7)

Reviewer: Two tabulations of prior ICS use are included in the application. The above figures
are taken from text Table 19 (post text Table 6.035 [page 3001 of the study report]) that lists
only medication taken within 12 months of enrollment. The number of patients taking ICS is
more than the number reported in Text Table 23 (post-text Table 6.057 [pg 3161 of the study
report]) even though Table 23 reports prior medication use at any time prior to enrollment
because Table 23 only includes medication that was ascribed by the investigator as treatment for
COPD. The total difference for ICS use comparing the two tabulations is 548 patients who took
ICS within the 12 months prior to enrollment but apparently did not take them for COPD. The
condition being treated is not specified. However, by both tabulations, the placebo patients were
taking slightly more ICS than the other groups prior to enrollment.

As with the demographic variables, the manifestations of COPD varied more among the
geographic regions than among treatment groups (Table 26). Patients enrolled in Eastern Europe
had slightly longer histories of COPD and 56% had a moderate exacerbation in the 12 months
preceding screening. This compares to 47% of patients in the US who had moderate
exacerbations in the same time period. Hospitalization for an acute exacerbation was reported
for 24% of the Eastern European patients, but only 12% of the US patients. Of the patients from
Asia, 29% were hospitalized compared to 17 and 13% in Western Europe and in the group
characterized as “Other”. The Eastern Europeans also had higher MRC Dyspnea scores with
41% reaching the level of 3 compared with 26 to 33% of the other regions. The use of ICS prior
to enrollment did not correlate with any of the other variables. Only 25% of the patients in Asia
were treated with ICS (with or without LABA) as compared to 64% of the patients in Western
Europe. Use of ICS in the other regions was between 45 and 58% of the patients. A past history
of myocardial infarction was reported in twice as many of the US population (12%) as in the
patients enrolled in Europe and “Other” (5-6%) areas. Only 2% of Asian patients had a past
history of MI.

Table 26. COPD History by Geographic Region

USA Asia/Pacific | E. Europe | W. Europe Other*
(N=1388) (N=758) (N=1154) (N=1908) (N=904)
Duration COPD, %
<5 591 (43) 335 (44) 312 (27) 574 (30) 359 (40)
5to <10 443 (32) 207 (27) 339 (29) 585 (31) 280 (31)
10 to <15 207 (15) 92 (12) 225 (19) 401 (21) 137 (15)
=15 147 (11) 124 (16) 278 (24) 348 (18) 128 (14)
COPD
Moderate Exacerbation, n (%) 656 (47) 368 (49) 651 (56) 1028 (54) 478 (53)
COPD
Severe Exacerbation, n (%) 171 (12) 220 (29) 281 (24) 321 (17) 114 (13)
MRC Dyspnea Score, n (%)
1 107 (8) 79 (10) 54 (5) 138 (7) 78 (9)
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2 582 (42) 334 (44) 450 (39) 857 (45) 367 (41)
3 388 (28) 202 (27) 476 (41) 638 (33) 237 (26)
4 252 (18) 112 (15) 136 (12) 226 (12) 163 (18)
5 56 (4) 314) 38 (3) 47 (2) 59(7)
Former Smokers, n (%) 791 (57) 514 (68) 568 (49) 1053 (55) 556 (62)
Mean Pack-years (SD) 58.9 (31.0) 46.7(29.2) | 38.8(19.0) | 45.6(25.3) 52.9
(27.7)
Prior Medications, (%)
ICS Only 249 (18) 111 (15) 224 (19) 377 (20) 248 (28)
LABA Only 184 (13) 41 (5) 95 (8) 158 (8) 44 (5)
ICS & LABA 433 (31) 78 (10) 187 (16) 836 (44) 177 (20)
Any ICS 682 (49) 189 (25) 411 (45) 1213 (64) 425 (58)
Prior Myocardial Infarction,
N (%) 169 (12) 15(2) 61 (5%) 111 (6) 57 (6)

* Other= Canada, S. America, S. Africa, and Australia/New Zealand

Reviewer: Comparing the incidence of myocardial infarction among the regions is not unbiased
because a baseline history of myocardial infarction was not added to the protocol until
Amendment 7 in May of 2001. The study was initiated in Europe in September 2000, and
patients were not enrolled in the US until in July of 2001, after 2297 patients had been enrolled
in Europe. The early enrollees would not have been specifically queried about myocardial
infarction and would, for that reason, probably under report it. A past history of myocardial
infarction is only one way to assess the background of cardiovascular disease in the population.
The SAS transport file ...\\med_cont.xpt contains a list of concomitant medical conditions
present at baseline. There are 3274 conditions labeled as ““Cardiovascular”. However, over
1000 of the entries are for uncomplicated hypertension, peripheral vascular disease, and a
miscellany including palpitations, heart murmur, and migraine headaches. If these conditions
are removed, the remaining cardiovascular diagnoses were valvular disease, arrhythmia,
coronary artery disease, ischemic cardiovascular disease, and heart failure. The distribution of
these more serious conditions was uniform across the treatment groups (45.7, 47.7, 42.1, and
43.7% of the patients in the placebo, SAL, FP, and FSC groups respectively). However, the
distribution across the regions was quite skewed. By this definition, 66% of the Eastern
Europeans had a serious cardiovascular condition at entry to the study compared to 39.6, 39.9,
41.4, and 32.7% of the US, Asian, Western European, and “Other’” patients, respectively.

Pulmonary function as assessed by FEV| was moderate to severely reduced in all of the
treatment groups (Table 27). The mean pre-bronchodilator FEV; was approximately 1100 mL
which was 40 to 41% of predicted. The range in FEV| was 240 to 2800 mL and the range in the
FEV, % predicted was 7.3 to 101.3%. (38 patients had an FEV, % predicted > 60%, which was
a protocol violation [See pg 55 for inclusion criteria]). The post bronchodilator FEV; was 44%
of predicted which was 10% higher than the pre-bronchodilator value. Post-randomization, only
the post bronchodilator values were presented. The post bronchodilator FEV| was unchanged
when comparing Visit 1 (screening) to Visit 2 (Baseline).
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Table 27. Pulmonary Function at Baseline by Treatment Group

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Visit #1 (Screening)
Pre-BD FEV,, mL (mean [SD]) 1122 (400) 1103 (389) 1116 (391) 1123 (404)
% predicted Pre-BD FEV, mean (SD) 40 (11.8) 40 (12.1) 41 (12.1) 41 (12.0)
Pre-BD FVC, mL (mean [SD]) 2342 (747) 2295 (732) 2341 (778) 2331 (753)
Pre-BD Fev,/ FVC, mean (SD) 0.49 (10.9) 0.49 (10.8) 0.49 (10.7) 0.49 (10.8)
Post-BD FEV,, mL (mean [SD]) 1223 (421) 1205 (409) 1217 (414) 1224 (422)
% predicted Post-BD FEV,, mean (SD) 44 (12.3) 44 (12.6) 44 (12.3) 44 (12.3)
FEV, Reversibility (mL) 101 (105) 101 (111) 101 (104) 101 (10.3)
Reversibility, % Pre-BD FEV, 10.1 (10.7) 103 (11.4) 10.0 (11.1) 10.1 (10.7)
Reversibility, % predicted FEV, 3.7(3.7) 3.7(3.9 3.7(3.7) 3.6 (3.6)
Visit #2 (Baseline)
Post-BD FEV, 1229 (446) 1211 1230 1233
% predicted Post-BD FEV;, mean (SD) 44 (13.1) 44 (13.3) 45 (13.3) 45 (14.0)
Post-BD FEV,, % in category
<30 % predicted 14 17 14 16
30 to <50 % predicted 51 49 51 47
> 50 % predicted 35 34 35 37

Pulmonary function categorized by geographic region showed the lowest FEV, (both absolute
and percent predicted) in the Asia population (Table 28). Reversibility was highest in the US

patients (13.2%) and lowest in the Western European group (8.0%).

Table 28. Pulmonary Function at Baseline by Region*

USA Asia E. Europe W. Europe Other*
(N=1388) (N=758) (N=1154) (N=1908) (N=904)
Visit #1 (Screening)
Pre-BD FEV1,mL 1060 (403) 920 (338) 1226 (382) 1204 (379) 1042 (389)
% predicted Pre-BD FEV1 38.9 (12.5) 36.2 (12.0) 41.9 (10.9) 43.0 (11.2) 38.5(12.0)
Pre-BD FVC, mL 2250 (742) 1932 (611) 2447 (758) 2437 (714) 2396 (823)
Pre-BD Fevl/ FVC 0.47 (10.8) 0.48 (10.4) 51.1(10.3) 50.1 (10.5) 44.4 (10.8)
Post-BD FEV1, mL 1182 (422) 1013 (362) 1323 (406) 1292 (400) 1150 (416)
% predicted Post-BD FEV1 43.3 (12.8) 39.9 (12.8) 452 (11.4) 46.2 (11.8) 42.4 (12.5)
Reversibility,
% Pre-BD FEV1 13.2(12.1) 11.0 (11.2) 8.5 (10.0) 8.0 (9.7 114 (11.1)
Visit #2 (Baseline)
Post-BD FEV, mL 1197 (452) 1032 (398) 1330 (438) 1294 (427) 1155 (439)
% predicted Post-BD FEV, 43.9 (14.1) 40.6 (13.9) 45.4 (12.4) 46.2 (12.9) 42.6 (13.6)
Post-BD FEV, % in
category**
<30 17 25 11 11 19
30 to <50 48 48 51 48 52
=50 34 27 39 40 29

* Summary of post-Text table 6.046, pg 3080. ** The values represent mean (SD) except for Post-BD FEV1 in

categories of severity.

Reviewer: Oxygen saturation was available for 4178 of the patients. This represented
approximately 68% of the patients in each of the treatment groups. However, this variable was
obtained much more frequently in the United States than in the other areas: 91.6, 60.4, 48.4,
72.8, and 55.3% of the patients in the United States, Asia, E. Europe, W. Europe, and Other,
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respectively. There was very little variability in the oxygen saturation across either the
treatment groups or the regions. The range in mean values was 93 to 94%. Only 196 (4.7% of
the patients with the measurement) had a saturation <90%.

The SGRQ was obtained in 3911 (64%) patients (924, 980, 1005, and 1002 of the placebo, SAL,
FP, and FSC patients respectively). However, this included only 1126 (18.4%) who received
questionnaires that did not have scoring modifications.

The SGRQ Total Score ranged between 48.9 and 49.9.

Reviewer: The distribution of baseline characteristics by region is important because of possible
regional differences in diagnosis and treatment. When interpreting adverse events and the
severity of adverse events/exacerbations, the baseline incidence of concomitant complaints might
suggest differences in reporting frequency. The definition of an exacerbation was entirely
dependent upon the treatment administered. If there was a systematic difference in the use of
corticosteroids or antibiotics by region, this could influence the rate of exacerbation reporting.
As an example of this, the number of concomitant medical conditions at screening varied
considerably among the geographic regions. Of the patients enrolled in the United States,
49.3% were reported to have had more than 5 concomitant conditions compared to 2.2, 2.4, 2.2,
and 9.6% of the patients enrolled in Asia, Eastern Europe, Western Europe, and Other,
respectively. Conversely, only 0.6% of the patients enrolled in the United States were reported
to have had no concomitant diseases compared with 30.3, 22.1, 18.7, and 13.7% of the patients
enrolled in Asia, Eastern Europe, Western Europe, and Other, respectively. The differences
were less extreme, but still large, if a severe category of concomitant disease was analyzed.

The baseline pulmonary function suggested that the patients enrolled in Europe were slightly
less impaired as measured by the pre-bronchodilator FEV; (41.9 and 43.0% predicted compared
to less than 40% in the other groups) and the FEV1/FVC (51.1 and 50.1% compared to less than
50% in the other groups) although the reversibility was less (8.5 and 8.0% in Europe and >10%
in the other region). However the duration of COPD was longer in Eastern Europe and the
exacerbation rate was higher in all of the regions compared to the patients enrolled in the
United States.

Treatment Compliance
Compliance was defined by the number of doses remaining in the medication canisters. Mean
overall compliance was good in all of the treatment groups (Table 29).

Table 29. Compliance with Medication in the ITT Population

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Mean Overall compliance (SD) 88.5 (24.6) 89.1 (21.6) 88.4 (22.2) 88.7 (21.0)
Percentage compliance % of patients
<50% 7 5 6 5
>50 to 80% 15 14 13 15
>80 to 100% 56 58 59 60
>100 to 120% 19 21 19 18
>120% 3 1 2 2
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Reviewer: Compliance also varied by region. It was 84.4, 88.9, 94.3, 86.4, and 90.8% in the
United States, Asia, Eastern Europe, Western Europe, and Other, respectively.

1.2.2 Efficacy Results

Primary Efficacy Outcome
The primary endpoint was all-cause mortality in the Intent To Treat Population (ITTP) within 3
years (i.e. 156 weeks or 1092 days) after the start of study treatment. There were a total of 927
deaths in the entire study population: 16 occurred in patients who were not randomized, 7
occurred in patients recruited at the excluded sites, and 29 were known to have occurred after the
three-year time point. Therefore there were 875 deaths included in the ITT analysis. The
survival status was known for all patients except one, an FSC- treated patient who was treated
for 436 days and censored at the time of loss to follow-up.

Within three years of the start of treatment, there were 231 (15.2%), 205 (13.5%), 246 (16.0%),
and 193 (12.6%) deaths in the placebo, SAL, FP, and FSC groups, respectively (Table 30).
Therefore the difference between placebo and FSC was 2.6% over three years or approximately
0.87% per year. The unadjusted p-value was 0.041 for the comparison between FSC and
placebo. The comparison between SAL and placebo and FP and placebo were not statistically
significant. However the difference between FSC and SAL was also not statistically significant
(HR =0.932, p-value = 0.481). The results are presented graphically in Figure 2.

Table 30. Summary of Survival Data (without adjustment for interim analyses)

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of Deaths 231 205 246 193
Probability of death by 156 weeks (%) 15.2 13.5 16.0 12.6
95% CI 13.4,17.0 11.8,15.2 14.2,17.9 10.9, 14.3
Active Treatment vs. Placebo
Hazard ratio 0.879 1.060 0.820
95% CI 0.729, 1.061 0.886, 1.268 0.677,0.993
p-value 0.180 0.525 0.041
FSC 500/50 vs. Components
Hazard ratio 0.932 0.774
95% CI 0.765, 1.134 0.641, 0.934
p-value 0.481 0.007

Reviewer: It took s 777, 834, 795, and 909 days for 10% of the placebo, SAL, FP, and FSC
patients,, respectively, to die. Therefore, the difference in 90% survival comparing FSC to

placebo was 132 days.

Mortality in the US population was 13.9%, 14.5%, 13.5%, and 12.3% in the placebo, SAL, FP,
and FSC patients, respectively. The difference in survival comparing placebo to FSC in the US
population was thus 1.6% over three years or 0.53% per year. The time to 90% survival was
870, 759, 902, and 945 days in the placebo, SAL, FP, and FSC groups, respectively. The
difference in 90% survival comparing FSC to placebo in the United States population was 75
days.
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Figure 2. All Cause Mortality at Three Years*®

18

Probability of Event (%)

Number
at
Risk

T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156
Time to Event (Weeks)

— Placebo = -~ SAL 50 FP 500 SFC 50/500

*The number at risk does not reflect the number of patients remaining on treatment. At three years there
were 851, 960, 947, and 1011 patients in the Placebo, SAL, FP, and FSC groups still being actively
followed. & = Study report Figure 8; SFC=Advair

Inference based on the all-cause mortality outcome required adjustment for the interim analyses.
When the appropriate adjustments were made (see FDA statistical review for details), the p-value
for the difference in survival between patients treated with placebo and with Advair was 0.052
(Table 31).

Table 31. Log-Rank Analysis of Time to All-Cause Mortality at 3 years (ITT Population)

Placebo FSC 500/50

(N=1524) (N=1533)
Number of deaths 231 193
Probability of death by 156 weeks (%) 15.2 12.6
95% CI 13.4,17.0 10.9,14.3
FSC 500/50 vs placebo
Adjusted Hazard ratio (95% CI) 0.825 (0.681, 1.002)
p-value adjusted for interim analyses 0.052

Reviewer: Survival was calculated on the basis of reports of death through 3 years. These were
available for 6,111 patients. Because of withdrawal from the study, the patients were not on the
treatment protocol throughout the three-year period. Patients were considered withdrawn at the
time of death (228 [26.7%)]) or could have been withdrawn earlier. This left 647 deaths that
occurred at some time after withdrawal from study treatment (The long-term follow-up). The
time off study drug ranged from 1 to 1091 days with a mean of 442.8 days. The mean duration
off study drug ranged from 157.7 days for FSC treated patients to 244.7 days for placebo-treated
patients. The value also varied among the regions: it was 264, 106, 88.6, 222, and 230 days for
the United States, Asia, Eastern Europe, Western Europe and Other, respectively.
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A supporting log-rank analysis was performed with the data stratified by smoking status and
country. This resulted in a hazard ratio of 0.815 (p=0.036) when comparing FSC to placebo. A
Cox proportional hazards model adjusted for smoking status, age sex, region, baseline FEV, and
BMI gave a hazard ratio of 0.811 (95% CI = 0.670, 0.982).

Reviewer: A sensitivity analysis in which the results of clinical centers with exceptionally good
results for the placebo-FSC comparison were removed singly from the analysis showed that both
the hazard ratio and the estimate of significance were influenced by small changes in the
database. For instance, removal of patients enrolled at site 39401 (N=21 treated with FSC or
placebo) resulted in an increase of the hazard ratio for the remaining 3,036 patients treated with
FSC to 0.826 and an unadjusted p-value of 0.051. See FDA statistical review for further
details.) In addition, one of these influential sites (Site 34758) employed three investigators with
a financial conflict of interest.

The primary cause of death was COPD-related in 6.0, 6.1, 6.9, and 4.7% of the placebo, SAL,
PF, and FSC patients, respectively. Other causes of death were cardiovascular in 5, 3, 4, and 4%
of the placebo, SAL, PF, and FSC patients, respectively; pulmonary in 5, 5, 6, and 4% of the
placebo, SAL, PF, and FSC patients, respectively; and cancer in 3% of each treatment group
(Table 32). COPD-related deaths were more numerous than COPD deaths because some cases
of sudden death and cardiovascular collapse were ascertained as COPD-related by the CEC.

Table 32. Primary Cause of Death

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of Deaths, N (%) 231(15.2) 205 (13.5) 246 (16.0) 193 (12.6)
COPD-related * Deaths, N (%) 91 (6.0) 93 (6.1) 106 (6.9) 72 (4.7)
Primary Cause of Death
Cardiovascular 71 (5) 45 (3) 61 (4) 60 (4)
Congestive heart failure 5 5 6 7
Myocardial infarction 11 3 5 9
Stroke 6 6 15 7
Sudden death 45 30 29 35
Other 4 2 6 2
Pulmonary 74 (5) 80 (5) 91 (6) 61 (4)
COPD 60 64 67 43
Pneumonia 13 15 21 15
Pulmonary embolism 0 0 0 2
Other 1 1 3 1
Cancer 45 (3) 44 (3) 51 (3) 44 (3)
Lung 33 27 34 26
Breast 0 0 0 2
Colorectal 0 4 3 3
Other 12 13 14 13
Other 23 22 30 11
Unknown 18 14 13 17

* COPD-related deaths included conditions such as cardiac arrest and sudden death in patients with severe

pulmonary disease who died at home and who did not have an autopsy (See Section 1.1.5, pg above). The number

includes the “COPD” deaths listed under “Pulmonary”.
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For the purposes of the on-treatment mortality analysis, on-treatment was defined as any death
that occurred within 2 weeks of discontinuation of randomized study medication. By this
definition almost half of the deaths occurred after termination of treatment: 49.8, 48.3, 43.1, and
47.1% of the placebo, SAL, FP, and FSC patients, respectively (Table 33). The distribution of
cause-of-death was similar for patients dying while on study drug and those who died after more
than 14 days off of the study drug.

Table 33. Cause of Death by Treatment Status at the Time of Death

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
On Treatment Deaths* 116 (7.6) 106 (7.0) 140 (9.1) 102 (6.7)
COPD-related deaths 48 (3.1) 50 (3.3) 59 (3.8) 37 (2.4)
Primary cause of death
Cardiovascular 47 33 43 47
Pulmonary 42 42 51 36
Cancer 16 17 18 11
Other 4 12 22 3
Unknown 7 2 6 5
Long-term follow-up deaths 115 (7.5) 99 (6.5) 106 (6.9) 91 (5.9)
COPD-related deaths 43 (2.8) 43 (2.8) 47 (3.1) 35(2.3)
Primary cause of death
Cardiovascular 24 12 18 13
Pulmonary 32 38 40 25
Cancer 29 27 33 33
Other 19 10 8 8
Unknown 11 12 7 12

* Includes deaths occurring within 14 days of study drug discontinuation

The Competing Risk estimates of death by 156 weeks showed a COPD-related mortality of 6.0,
6.1, 6.9, and 4.7% for placebo, SAL, FP, and FSC respectively. As can be seen from Figure 3,
there was no difference in COPD-mortality by the two-year time-point, at which point 30% of
the patients had been lost to follow-up. Loss to follow-up continued during the last year with
only 61% of the patients remaining under treatment on day 1092.

81



Figure 3. COPD Mortality During 3-year Follow-up*
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* Study report Figure 9; SFC=Advair

The COPD mortality was not significantly reduced by any of the active treatments (Table 34).
Table 34. Death Rates and Hazard Ratios for COPD Mortality

Placebo SAL 50 FP 500 FSC 50500
(N=1524) (N=1521) (N=1534) (N=1533)
COPD-related deaths 91 (6.0) 93 (6.1) 106 (6.9) 72 (4.7)
95% CI 4.8,7.2 49,73 5.6,8.2 3.6,5.8
Active treatment vs. placebo
Hazard ratio 1.013 1.159 0.776
95% CI 0.759,1.352 | 0.876, 1.534 0.570, 1.057
p-value 0.932 0.300 0.107
Active treatment vs. placebo
Hazard ratio 0.766 0.670
95% CI 0.563,1.042 | 0.497, 0.904
p-value 0.089 0.008

Reviewer: The shape of the COPD-related survival curve is somewhat unusual in that the four
treatment lines overlap until late in the course. Only after more than two years of treatment in
the case of SAL and FP, and after more than 2 % years after treatment with placebo do the lines
diverge from the FSC line. This may be related to the relatively small number of COPD-related
deaths. On the other hand, more of the patients in the placebo and SAL treatment groups had
been off therapy for longer than one year (>30% of the patients who died) than the FSC patients
(15% of the patients who died) suggesting that the increased death rates in the SAL and placebo
groups were not related to study drug treatment.

On treatment mortality was defined as any death occurring on or after the treatment start date and
up to and including 14 days of stopping treatment. The number (%) of these deaths was 116
(7.6), 106 (7.0), 140 (9.1), and 102 (6.7) in the placebo, SAL, FP. And FSC- treated patients,
respectively. An additional 1, 3, 1, and 1 patient in the placebo, SAL, FP and FSC- treated
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patients, respectively, died after three years and they were included in the analysis of on-
treatment deaths. The analysis was performed on all of the patients (including those who died
after 3 years), but the Kaplan-Meier estimates included in Study report text table 41 (reproduced
here as Table 35) were based on those who died by 3 years. The hazard ratio comparing FSC to
placebo was 0.772 (95% CI 0.59, 1.01 [p=0.055]).

Table 35. Log-Rank Analysis of On-treatment Deaths *

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
On-treatment deaths 117 (7.7) 109 (7.2) 141 (9.2) 103 (6.7)
Probability of death 10.5 9.0 11.5 8.1
95% CI 8.7,12.3 7.3,10.6 9.7,13.3 6.5,9.6
Active treatment vs. placebo
Hazard ratio 0.858 1.100 0.772
95% CI 0.661, 1.113 0.861, 1.406 0.592, 1.006
p-value 0.248 0.445 0.055
FSC vs. components
Hazard ratio 0.898 0.701
95% CI 0.686, 1.175 | 0.544,0.904
p-value 0.433 0.006

* Reproduced from Table 40, pg 133 of Study Report

Secondary efficacy outcome measures
At least one moderate or severe exacerbation was experienced while on study medication by
70% of the patients: 48% experienced 1 to 3 exacerbations, and 22% experienced 4 or more.
Almost one third of the patients (31, 30, 31, and 32% in the placebo, SAL, FP and FSC groups,
respectively) reported no exacerbation during treatment with study drug. The annual
exacerbation rate calculated with the negative binomial model was 1.13, 0.97, 0.93, and 0.85
events per year for the placebo, SAL, FP, and FSC groups respectively (Table 36). The ratio of
events comparing FSC to placebo was 0.749 (95% CI = 0.689, 0.814; p<0.001). The ratio of
events comparing FSC to SAL was 0.878 (95% CI = 0.808, 0.954; p = 0.002) and the ratio of
events comparing FSC to FP was 0.910 (95% CI = 0.838, 0.988; p = 0.024)

Table 36. Rate of Moderate and Severe Exacerbations from the Negative Binomial Model.

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Mean number/year from model 1.13 0.97 0.93 .85
Active treatment vs. placebo
Ratio 0.858 0.823 0.749
95% CI 0.784,0.927 | 0.758, 0.894 0.689, 0.814
p-value <0.001 <0.001 <0.001
FSC vs. components
Hazard ratio 0.878 0.910
95% CI 0.808,0.954 | 0.838, 0.988
p-value 0.002 0.024

The Kaplan-Meyer estimate of the probability of an exacerbation by 156 weeks was 78.4, 76.0,
78.0, and 74.8% for the placebo, SAL, FP, and FSC groups, respectively. The hazard ratio

comparing FSC to placebo was 0.860 (95% CI = 0.790, 0.937) using this analysis. The hazard
ratio (HR) for SAL was 0.923 (95% CI = 0.847, 1.005) and for FP was 0.918 (95% CI= 0.843,
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1.000). FSC did not increase the time to the first exacerbation when compared to SAL (HR
=0.933, 95% CI = 0.856, 1.016) or FP (HR=0.934, 95% CI =0.857, 1.018)

A post hoc Andersen-Gill analysis was performed to compare the time to each moderate or
severe exacerbation among the treatment groups. This analysis showed a decreased incidence of
moderate to severe exacerbations for all of the active treatment groups and FSC was significantly
better than FP, but not SAL. The hazard ratio (95% CI) comparing FSC to placebo was 0.784
(0.718, 0.857) using this analysis. The hazard ratio (95% CI) for SAL was 0.847 (0.772, 0.929)
and for FP was 0.866 (0.718, 0.857). (See Statistical review for details).

Approximately 25% of the patients experienced a severe exacerbation at some time during the
study. The annual rate of severe exacerbations with an onset during blinded treatment,
calculated with the negative binomial model was 0.19, 0.16, 0.17, and 0.16 events per year for
the placebo, SAL, FP, and FSC groups, respectively (Table 37). The ratio of events comparing
FSC to placebo was 0.834 (95% CI=0.710, 0.981; p=0.028). The ratio of events comparing
FSC to SAL was 1.022 (95% CI = 0.870, 1.200; p = 0.790) and the ratio of events comparing
FSC to FP was 0.954 (95% CI=0.815, 1.117; p = 0.559).

Table 37. Rate of Severe COPD Exacerbations calculated using the Negative Binomial

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Mean number/year from model 0.19 0.16 0.17 0.16
Active treatment vs. placebo
Ratio 0.816 0.875 0.834
95% CI 0.693,0.962 | 0.744,1.028 0.710, 0.981
p-value 0.016 0.104 0.028
FSC vs. components
Hazard ratio 1.022 0.954
95% CI 0.870,1.200 | 0.815,1.117
p-value 0.079 0.559

The time to the first severe exacerbation did not differ among the treatment groups. The Kaplan-
Meyer estimate of the probability of an exacerbation by 156 weeks was 32.8, 29.2, 31.6, and
30.6% for the placebo, SAL, FP, and FSC groups, respectively.

Using the Andersen-Gill procedure, only SAL showed a benefit in the time to each severe
exacerbation. The hazard ratio (95% CI) comparing FSC to placebo was 0.992 (0.790, 1.078).
The hazard ratio (95% CI) for SAL was 0.850 (0.725, 0.998) and for FP was 0.949 (0.814,
1.108).

The rate of exacerbations requiring corticosteroid therapy was lower in the active treatment
groups than in the placebo-treated patients, and treatment with FSC was superior to the other
active treatments. From the negative binomial analysis, exacerbations rates were 0.80, 0.64,
0.52, and 0.46 for the placebo, SAL, FP, and FSC-treated patients, respectively. The ratio of
exacerbations comparing FSC to placebo was 0.568 (95% CI= 0.506, 0.637).
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All of the calculated exacerbation rates were similar during the first 26 weeks to the rates
observed during the rest of the study

Reviewer: The rate of antibiotic-treated or antibiotic-only treated exacerbations was not
calculated. However, the FDA statistical reviewer determined that the hazard ratio for
antibiotic-only-treated exacerbations (moderate exacerbations) comparing FSC to placebo was
1.15 (95% CI=1.03, 1.29) and the ratio comparing FSC to SAL was 1.22 (95% CI=1.09, 1.36).
There is a further discussion of respiratory tract infections see adverse events of special interest

(pg 105).

All of the calculations related to exacerbation rate are dependent upon an undefined outcome.
There were no clinical criteria for defining an exacerbation other than treatment, and no post
hoc clinical description was provided. Other than a categorical variable for treatment, the only
piece of data presented is the duration of the exacerbation. The mean duration of the 13,309
events where duration was recorded was 17.5 days with a range of 1 to 474 days. (Note: the
exacerbation file contains one record for patient 1973 for an exacerbation lasting from March
25, 2002 — April 9, 2004 or 747 days. This exacerbation is listed as occurring between March
25, and April 9, 2002 in the respiratory adverse event file. In addition, in the exacerbation file
the long exacerbation overlaps with another one listed as lasting from March 1 — March 17,
2004. The 747-day exacerbation in the exacerbation file probably represents a data entry error.)
The episodes lasted less than 6 days in 8.5% of the cases and longer than 30 days in 11.7% of
the cases. The episodes were shortest in the SAL treatment group (16.9 days) compared with
18.2,17.5, and 18.1 days in the placebo, FP, and FSC groups, respectively. The duration varied
considerably by region. The mean duration was 14.3 days in Asia compared with 16.0 days in
Eastern Europe, 17.6 days in Western Europe, 19.0 days in the United States, and 19.7 days in
the “Other”” group.

There was also no requirement that episodes be separated by a minimum time period. The
exclusion criteria define continuous oral corticosteroid use as occurring unless two episodes are
separated by at least 7 days, and the protocol for Study SFCB3024 (pg 123) required
exacerbations to be separated by at least 7 days to be designated as separate exacerbations. A
random review of case report forms submitted with the Study SCO30003 study report showed
that treatment patterns varied widely. Some investigators reported very long episodes with
multiple courses of treatment interspersed with long periods with no treatment and reported this
as a single exacerbation. Other investigators reported three separate exacerbations that lasted
for one day each and occurred within a week of one another.

Because the definition of an exacerbation rested solely on treatment, exacerbations that were not
treated (e.g., as an end-of life decision) were not counted as a COPD exacerbations even though
the death was classified as a COPD-related death. Since antibiotic treatment during the run-in
did not disqualify the patient from randomization, some of the exacerbations started prior to the
start of study medication. Of the 13,389 exacerbations, 10,203 were classified with the MedDRA
preferred term as Chronic obstructive pulmonary disease: the others were listed as Bronchitis,
Pneumonia, Bronchitis acute, Upper respiratory tract infection, Lower respiratory tract infection
and 117 other, uncommon, conditions. The respiratory adverse events not classified as an
exacerbation were classified with similar terms, although infections were listed more frequently.
The requirement for treatment with antibiotics or systemic corticosteroids was intended to
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classify the exacerbation as a moderate as opposed to a mild exacerbation. However, when
treatment is used as the only recorded criteria of an exacerbation it is unclear how the primary
designation was made by the investigators. The database contains cases with pneumonias
categorized as severe and lasting for several weeks that were not classified as moderate
exacerbations. Why such an episode would not be treated with antibiotics is unclear.

Spirometry
An FEV, was available at baseline and for at least one follow-up visit in 5343 patients. Of these,
3636 had repeat determinations at 156 weeks (819, 934, 908, and 975 in the placebo, SAL, FP,
and FSC groups, respectively). In all treatment groups there was an increase in mean post-
bronchodilator FEV, at Week 24 with maximum changes of 4, 30, 36, and 71 mL in the placebo,
SAL, FP, and FSC groups, respectively. The post-bronchodilator FEV| gradually decreased
thereafter with a mean change in the raw value at 156 weeks of -127, -61, -62, and -7 mLs for the
placebo, SAL, FP, and FSC-treated patients (Figure 4).

Figure 4. Change in post-bronchodilator FEV1*
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* Study Report Figure 12. Adjustment is for smoking status, age, sex, baseline FEV, region, visit, baseline
FEV1 by visit and treatment group by visit interaction.; SFC=Advair

In the repeated measures ANOVA the changes from baseline were of -62, -21, -15, and 29 mL

for the placebo, SAL, FP, and FSC groups respectively (Table 38). The supporting analysis of
covariance at each visit showed similar differences.
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Table 38 . Repeated Measures ANOVA Change in Post-bronchodilator FEV,

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of patients 1261 1334 1356 1392
Baseline Raw mean (SD) 1257 (444) 1231 (431) 1233 (437) 1236 (455)
Adjusted mean change (SE) -62.3 (6.2) -20.9 (6.0) -15.0 (5.9) 29.2 (5.8)
Active treatment minus
placebo (SE) 41.5 (8.6) 47.4 (8.6) 91.5(8.5)
95% CI 24.6,58.3 30.5, 64.2 74.9, 108.2
p-value <0.001 <0.001 <0.001
FSC vs. components (SE) 50.1 (8.4) 44.2 (8.3)
95% CI 33.7, 66.5 27.9, 60.5
p-value <0.001 <0.001

The rate of decline in FEV| was analyzed using a random coefficients model. The mean
adjusted rate of decline in FEV, was 55, 42, 42, and 39 mL/year in the placebo, SAL, FP, and
FSC groups, respectively. The rate of decline was decreased by all of the active treatments to
approximately the same degree. Compared with placebo, the rate of decline was decreased by 13
mL/yr by SAL and FP and by 16 mL/ yr by FSC.

Composite Endpoint
The composite endpoint consisted of on-treatment mortality, severe COPD exacerbations on
treatment, and initiation of LTOT. An event was identified when any of the three conditions
occurred on therapy even if the event occurred after 3 years. The hazard ratio ((5% CI) for this
endpoint comparing FSC to placebo was 0.888 (0.782, 1.009). The hazard ratio comparing SAL
to placebo was 0.879 (0.772, 0.999) and the hazard ratio comparing FP to placebo was 0.964
(0.850, 1.093).

Health Outcomes
According to the study protocol, the Saint George’s Respiratory Questionnaire (SGRQ) was the
second key secondary outcome (exacerbation rate was the first). These results were obtained
from the Health Outcomes Population which was the subset of the ITT population who had
completed a validated questionnaire (see Appendix Section 1.1.5 Study Procedures, Health
Outcomes Evaluations, pg. 60) and for whom a total score could be calculated. Twenty-eight
countries (387 centers) contributed to the population.

The mean total SGRQ scores were 49.0, 49.9, 49.5, and 48.9 in the placebo, SAL, FP, and FSC
groups, respectively (Table 39). In all of the treatment groups there was a decrease
(improvement) in the Total Score at 24 weeks (Figure 5). The mean change was -1.74, -2.31, -
2.92, and -3.3 in the placebo, SAL, FP, and FSC groups, respectively. At 156 weeks, the mean
changes from baseline were 1.31, -0.44, -0.93, and -1.81, respectively. Adjusting for smoking
status, age sex, baseline FEV, baseline SGRQ total score, region, visit, baseline SGRQ by visit
and treatment group by visit interaction resulted in a mean change averaged over the 3 year
treatment period of 0.2, -0.8, -1.8, and -3.0 units for the placebo, SAL, FP, and FSC groups
respectively (Figure 5 and Table 40). The average difference comparing FSC to placebo was -
3.1 (95% CI=-4.1, -2.1). The comparison between SAL and FP to placebo was —1.0 (95% CI =
-2.0, 0.0) and -2.9 (95% CI = -2.9, -1.0), respectively. The difference between FSC and SAL and
FP was -2.2 and -1.2, respectively.
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Figure 5. Change in SGRQ*
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Table 39. Difference Between Treatment Groups in the Change in SGRQ During Treatment

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of patients 924 980 1005 1002
Baseline Raw mean (SD) 48.4 (17.5) 49.4 (16.6) 49.5(17.3) 48.7 (17.1)
Adjusted mean change (SE) 0.2 (0.37) -0.8 (0.35) -1.8 (0.35) -3.0 (0.35)
Active treatment minus
placebo (SE) -1.0 (0.51) -2.0 (0.51) -3.1(0.50)
95% CI -2.0,0.0 -2.9,-1.0 -4.1,-2.1
p-value 0.057 <0.001 <0.001
FSC vs. components (SE) -2.2 (0.49) -1.2 (0.049)
95% CI -3.1,-1.2 -2.1,-0.2
p-value <0.001 0.017

As a form of sensitivity analysis, only questionnaires that had no scoring modifications were
reviewed. Results were available for 268, 289, 287, and 282 patients in the placebo, SAL, FP,
and FSC groups, respectively. The results showed a smaller, but similar order of responsiveness.
The adjusted mean change from baseline was 0.0, -0.8, -1.4, and -2.7 in the placebo, SAL, FP,
and FSC groups, respectively. The difference between FSC and placebo -2.7, and the difference

between FSC and its components was -2.0 for the comparison with SAL and -1.4 for the

comparison with FP.

Using an a priori cut off of 4 units as a clinically significant change in status, the patients were
classified as improved (+4 unit change in SGRQ), not changed (+/- <4 unit change in SGRQ)
and deteriorated (-4 unit change in SGRQ). In the FSC group 31% improved compared with
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21% in the placebo group. Twenty-seven and 28% improved in the SAL and FP groups,

respectively (Table 40).

Table 40 . Categorical Analysis of Changes in SGRQ

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of patients 1149 1148 1155 1133
Improvement 247 (21) 312 (27) 325 (28) 353 (31)
No change 241 (21) 246 (21) 279 (24) 309 (27)
Deterioration 661 (58) 590 (51) 551 (48) 471 (42)
Odds ratio for active
treatment to placebo (SE) 1.32 (0.11) 1.50 (0.12) 1.86 (0.15)
95% CI 1.13, 1.56 1.28,1.75 1.58,2.18
Odds ratio for FSC vs.
components (SE) 1.40 (0.11) 1.24 (0.01)
95% CI 1.20, 1.64 1.60, 1.45

Changes in the Domain (Symptoms, Activity, and Impact) scores were similar to those for the
Total scores. In no case was the adjusted mean difference between active treatment and placebo
> 4 units.

Sub-Group Analysis
The applicant used interaction term for smoking status, region, FEV, age, sex, ethnic origin and
BMI in a Cox Proportional Hazards analysis to assess sub-group effects on mortality. According
to this analysis (taking a p-value of 0.05 as the definition of a positive interaction) there was no
significant affect of sub-group on the relative efficacy of FSC.

The interaction p-value for smoking status (Smoker vs. no-smoker) was 0.586. The death rate

was lowest in the FSC group in both the smokers and non-smokers. However the difference in
mortality between placebo and FSC-treated patients was 3.9% in smokers and 1.6% in former

smokers.

Reviewer: The smoking analysis performed by the applicant is based on the current smoking
status of the patients and not on the cumulative smoking history. However, in the survival
analyses, pack-years smoked had a more significant effect on mortality than did current smoking
status. In a Cox regression with treatment group, smoker had no effect on mortality (HR =
0.966) whereas pack-years smoked as a continuous or categorical variable had a significant
effect in almost all divisions of the data. Entered into the regression with treatment group, a
smoking history of >42 pack-years increased mortality by 26% compared to patients with a
smoking history of 42 or fewer pack-years. The difference in mortality comparing FSC to
placebo was 1.5% in the patients with the lower smoking history and 3.5% in those with the
higher cumulative pack-years. Of note, being an active smoker was protective in patients with a
lower pack-year history. This probably occurred because active smokers were healthier and
younger. This interpretation is supported by the ablation of the effect of current smoking when a
measure of pulmonary function and age were included in the regression.

Dividing the population by region showed that mortality was generally high in Asia, Eastern
Europe and in the “Other” group. As noted by the Applicant, the mortality was less in the FSC
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than in the other treatment groups except for the Asians in which group the mortality was the
same (Table 41). However, the difference between placebo and FSC treatment varied among the
groups. The difference between FSC and placebo ranged from 0 in the Asian population to 4.0
in the Eastern European population. The difference in mortality between placebo and FSC was
1.7% in the US population.

Table 41 . Regional Variation in Probability of Death

N Placebo Salmeterol Fluticasone FSC Placebo-

1524 1521 1534 1534 FSC
USA 1388 345 346 348 349

13.9 14.5 13.5 12.3 1.7
Asia/Pacific 758 188 189 193 188

17.6 15.9 22.8 17.6 0
E Europe 1154 290 289 287 288

17.9 14.5 18.5 13.9 4.0
W Europe 1908 476 475 481 476

11.3 9.9 13.7 8.4 2.9
Other 904 225 222 225 232

19.6 16.2 16.0 16.0 3.6

Reviewer: The cause of death, analyzed by region, showed a death from cardiovascular causes
in 45 (3.3%), 25 (3.3%), 65 (5.6%), 67 (3.5%), and 35 (3.9%) of the US, Asian, Eastern
European, Western European, and Other populations respectively. Pulmonary deaths were
reported in 57(4.1%), 75 (9.9%), 57(4.9%), 54 (2.8%), and 63 (7.0%) of the US, Asian, Eastern
European, Western European, and Other populations, respectively.

The interaction p-value for percent predicted FEV, (divided into groups of <30, 30 - <50, and
>=50% predicted) was 0.402. Using this division of function, the difference in mortality
between placebo and FSC was 6.4, 0.6, and 3.6% in the low, medium, and hi-FEV, groups.

Reviewer: The group of patients with FEV; <30% had only 214 to 260 patients per region. This
is in comparison to 500+ and 700+ in the other lung function groups. In this sick population it
is likely that there was substantial variability in functional measurements and 200 patients per
analysis group may not be large enough for a stable estimate of the effect of treatment. In a Cox
regression including treatment group, the patients with an FEV; % predicted >40% had
approximately half of the mortality (HR= 0.534) of the patients with an FEV; of <40%
predicted. Comparing the effect of FSC to placebo treatment showed a difference of 1.4% for
the patients with a baseline FEV; of <=40% predicted and the comparison showed a difference
of 3.7% for the patients with an FEV; of >40% predicted.

The interaction p-value for age was 0.120. The applicant divided the treatment group into 10-
year age categories (<55, 55-64, 65-74, and >74 years). This division resulted in analysis cells
of less than 200 patients for those younger than 55 and older than 74 years. The difference in
mortality between FSC and placebo was 2.7, 3.8, 0.9, and 5.1% in the young through older
groups, respectively.
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Reviewer: Again, the small analysis groups may be giving a false impression. Dividing the
group at age 65 resulted in a mortality difference between FSC and placebo of 3.5% in the
younger group and 1.9% in the older patients.

The interaction p-value for gender was 0.671, and the difference in mortality comparing FSC to
placebo was 3.1% for men and 0.9% for women. There were 361 to 382 women per analysis
group. BMI was grouped into those <20, 20 to <25, 25- <29, and >=29. Mortality was highest
in those with a BMI <20. The difference in mortality between FSC and placebo was 0.5, 4.7,
1.6, and 3.0% in the low to high BMI groups, respectively. Mortality was higher in the FSC
patients than in the Placebo group with a BMI <20.

Including interaction terms in the negative binomial calculation of exacerbation rate suggested
no differential effect of subgroup. The rate of moderate/severe exacerbations was higher in
former smokers than in current smokers, but in each smoking category the rates were lower in
the FSC than the placebo-treated patients. The difference between FSC and placebo was 0.34
exacerbations/year in the current smokers and 0.39 exacerbations/year in the former smokers.

The rate of exacerbations was highest in the “Other” region and lowest in Eastern Europe. In all
of the regions the rates were lower in the FSC-treated than in the placebo-treated patients. Using
the capped exacerbation rate the difference between FSC and placebo was 0.281, 0.126, 0.2507,
0.471, and 0.691 in the US, Asian, Eastern European, Western European, and Other populations,
respectively.

Reviewer: The rate of exacerbations (calculated by the FDA statistical reviewer using the
negative binomial distribution) during placebo treatment was 1.18, 1.02, 0.70, 1.28, and 1.54
episode/year in the US, Asia, Eastern Europe, Western Europe, and the Other region. In all of
the regions the rate was lower in the FSC-treated patients. The difference between the rate in
the placebo and FSC-treated patients was 0.21, 0.16, 0.07, 0.41, and 0.61 episodes/year in the
US, Asia, Eastern Europe, Western Europe, and the Other region. The low placebo
exacerbation rate in Eastern Europe is interesting in light of the fact that historical exacerbation
rate during the 12 months prior to enrollment was the highest of all the regions (See Table , pg
above).

Exacerbations were more frequent in patients with poor pulmonary function at baseline, but the
rate was less in patients treated with FSC than in the patients in other treatment groups at each

level of pulmonary function. The difference between FSC and placebo was 0.30, 0.39, and 0.39
in the patients with a baseline FEV; % predicted of <30%, 30 to <50%, and >50%, respectively.

Reviewer: The difference in the rate of moderate/severe exacerbations in the entire population
comparing FSC to placebo was 0.28 so the distribution of differences by pulmonary function
group is probably in error.

The rate of exacerbations was highest in patients over 75 years of age and lowest in those less
than 55, and the rate was lower in the FSC-treated patients than in the other treatment groups in
all of the age categories. The difference between FSC and placebo was 0.28, 0.35, 0.34, and
0.67 in those <55, 55-64, 65-74, and >74 years old, respectively.
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The rate of exacerbations was higher in women than men, and the rate was lower in the FSC-
treated patients than in the other treatment groups in both genders. The difference between FSC
and placebo was 0.36 and 0.44 in the men and women, respectively

Reviewer: Significant interactions were defined by the finding of a p-value of <0.05 for an
interaction term for each variable. The usual p-value to use for this purpose is 0.10. Using a
subset analysis it appears that there are substantial differences in responsiveness in various
subgroups. Of clinical relevance is the poor response in patients with a FEV; % predicted
<40%, those who were older than 65 years of age and those with very long smoking histories.
All of this supports the unsurprising conclusion that patients with long term, severe, COPD have
a very small reversible component to their disease process. In this sub-set it is possible that
adverse events will outweigh any benefit seen in the survival function.

1.2.3 Health care utilization

Unscheduled health care contacts occurred in 3700 (60.5%) of the patients (Table 42). For all of
the variables listed, other than ER visits and Office calls, the SAL group had the lowest number
of contacts when corrected for the duration of treatment. ER visits and office calls occurred
slightly less frequently in the FSC group than in any of the other treatment groups. The patients
treated with SAL also had the shortest hospital and ICU stays (1490 and 105 days/1000 years of
exposure, respectively). The FSC patients stayed in the hospital for a mean of 1,645 days/1000
years of exposure and they stayed in the ICU for 186 days/1000 years of exposure. The ICU stay
for the FSC-treated patients was longer than any of the other treatment groups.

Table 42. Health Care Utilization.

FSC
Placebo SAL 50 FP 500 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Unscheduled health care contacts, n (%) 949 (62) 918 (60) 937 (61) 896 (58)
Rate/1000 years of exposure
ER Visits 143 75 81 72
Out-patient clinic visits 245 196 197 209
General ward admissions 200 172 195 180
ICU admissions 18 15 16 17
Office calls 593 450 603 426
Number of days/1000 years of exposure
General ward 2137 1490 1987 1645
ICU 169 105 150 186

Reviewer: There were differences in health care utilization by region. Western Europe had the
lowest mortality and the second lowest exacerbation rate. They also had a low incidence of ER
use (5.8% of patients compared to 17.2, 12.9, 24.5% of the patients in the US, Other, and Asia,
respectively). E Europe had an even lower incidence of ER use (3.5%) despite a mortality of
16.2%. Patients in the US had the second lowest mortality (13.5%), but a relative high ER use
(17.2%). They were admitted to the hospital at a rate that was close to the group average, but
the hospital stay was short (3.5 days compared with 5.8, 9.2, 4.4, and 7.8 for the patients in W
Europe, E. Europe, Other and Asia, respectively). Admission to the ICU in the US was also near
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the median, but again the stay was very short (2.9 days compared with 7.0, 4.4, 4.2, and 6.1 days
in W Europe, E. Europe, Other and Asia, respectively.

Pharmacokinetics
The PK/PD analysis was performed on 83 patients recruited at 15 sites in the United States.
Compared to the population as a whole, the patients were slightly younger (48% < 65 years),
more were female (29%), and they had a shorter history of COPD (46% <5 years). More of the
PK population were active smokers (50.6%) and more had extremely poor pulmonary function
(25% with FEV % predicted <30%) than the larger population. These differences were
quantitatively small and not expected to change the results of the PK/PD analysis. There were
20, 24, 15, and 24 patients treated with placebo, SAL, FP, and FSC, respectively, in the PK
population. Inhaled corticosteroids had been taken in the 12 months prior to enrollment in 60,
54, 26, and 63% of the patients in the placebo, SAL, FP, and FSC groups respectively. One, 0, 1,
and 3 patients, respectively, took an ICS during the course of the trial.

Blood was collected at Visit 5 (week 36 of treatment) immediately pre-dose and at 0.5, 1, 2, 4, 8,
10, and 12 hours post-dose for plasma FP and cortisol. Blood was obtained from the 83 patients
at all the planned time points except for four patients who did not provide a 12-hour sample. Of
the 158 samples provided by the 20 placebo patients, two had measurable levels of fluticasone
(139 and 129 pg/mL). These samples represented single measurable levels in two patients. No
explanation for the finding could be found. There were 118 samples in the FP and 192 samples
in the FSC-treated patients. Only 3% of the samples in the active treatment groups had no
measurable FP.

The shape of the FP-time curves was similar in the two active treatment groups (Figure 6)
although the peak was somewhat higher in the FP than the FSC group.

Figure 6. Plasma FP
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FP exposure was slightly lower after inhalation of FSC compared with an identical dose of
fluticasone inhaled as a single component (Table 43). However, the 90% confidence interval
was broad and none of the differences was significant.

Table 43. Fluticasone PK analysis

Fluticasone PK Analysis
Treatment FP FSC Ratio 90% CI
Caxs pg/mL 115 (88,173) 105 (93, 147) 0.91 0.676,1.22
T yaxs 1.0 (0.2.1) 1.0 (0, 4.0) 0 0,1
AUC,, pg hr/mL 790 (612, 1340) 736 (631, 1096) 0.93 0.659, 1.32
Ty, hr 7.0 (0.09,0.11) 6.2 (5.6,7.5)

The 83 patients had single measurements for salmeterol ten minutes post-dose. The 20 placebo
patients all had non-quantifiable levels, but one FP patient had a level close to the lower limits of
quantitation (26.3 pg/mL). The measurements were below the level of quantitation in 8/24 SAL
and 2/24 FSC patients. The remaining samples showed values ranging from 25.5 to 127 pg/mL.
The SAL concentration at 10 minutes (C;o) was 82% higher following FSC compared to that
following SAL. The C;o was 53.3 pg/mL and 29.4 pg/mL in the SAL and FSC patients,
respectively. The geometric least squares mean ratio (90% CI) was 1.82 (1.32, 2.50).

Pharmacodynamics
The serum cortisol levels reach a minimum at 12 hours post dose in 49 (60%) of the patients and
at 10 hours post-dose in 18 (22%). The cortisol AUC,, was calculated in 76 patients. Six
patients (2, 1, 3 in the placebo FP, and FSC groups, respectively) did not have an adequate 12-

hour sample. Serum cortisol was 21 and 22% lower after FP and FSC, respectively, when
compared with placebo. However, because of the wide spread in the values, none of the
comparisons was statistically significant (Table 44).

Table 44. Serum cortisol *

Placebo SAL FP FSC
(N=20) N=249) (N=15) (N=23)
Cmin, geometric mean 152 135 117 112
Ratio vs plbo 0.888 0.768 0.732
95% CI 0.623, 1.25 0.518,1.14 0.515,1.04
FSC vs. components 0.829 0.953
95% CI 0.592, 1.16 0.650, 1.40
AUCy, 3048 3423 2679 2672
Ratio vs. plbo 1.0 0.786 0.784
95% CI 0.769. 1.31 0.58, 1.07 0.594, 1.04
FSC vs. components 0.781 0.997
95% CI 0.603, 1.01 0.741,1.34

* Taken from post-text Table 12.3, pg 8655

94




1.2.3. Safety

1.2.3.1 Exposure

Mean exposure to study medication was 775 days for placebo, 836 days for SAL, 837 for FP,

and 874 for FSC (Table 45). Mean exposure was similar in the ITT and Health Outcomes

Populations. In the Skeletal Safety and Ophthalmic Population mean exposure was lower: 661

days for placebo, 782 days for SAL, 765 days for FP, and 865 days for FSC.

Table 45. Summary of Exposure to Study Drug

Placebo SAL 50 FP 500 FSC 500/50

(N=1544) (N=1542) (N=1552) (N=1546)
Mean (SD) exposure, weeks 110.8 (59.9) 119.5 (55.7) | 119.5(54.8) 124.9 (51.6
Total treatment-years of exposure 3278 3531 3555 3700
Ratio of exposure comparing
active to placebo treatment 1.08 1.08 1.13
Range of Exposure, n (%)
<12 weeks 160 (10%) 118 (8) 100 (6) 68 (4)
>12-<24 weeks 99 (6) 71 (5) 77 (5) 68 (4)
>24-<48 weeks 126 (8) 98 (7) 116 (8) 103 (7)
>48- <72 weeks 70 (5) 83 (5) 67 (5) 74 (5)
>72-<96 weeks 75 (5) 71 (4) 76 (5) 65 (4)
>96-<120 weeks 69 (4) 59 4) 74 (5) 60 (4)
>120-<144 weeks 54 (4) 50 (4) 68 (4) 63 (4)
>144-<156 weeks 246 (16) 272 (18) 291 (19) 285 (18)
>156 weeks 645 (42) 720 (47) 683 (45) 760 (49%)

1.2.3.2 Adverse Events

Reviewer: Adverse event reporting was divided into events that occurred during randomized
treatment, during the two weeks after stopping treatment, and in the LTFU (between two weeks
after stopping treatment and 3 years following starting treatment). There are 44,434 events
listed in the adverse events data sets (ae_alll.xpt and ae_all2.xpt combined). Of these, 40,706
are coded as treatment phase “During”. Only 1040 are reported for the 2-week post treatment
phase and another 1080 for the LTFU. The protocol required recording only serious, drug-
related adverse events in the LTFU. However, in the data set approximately half (523/1080) of
these events are recorded as not serious. The overall low incidence of events in the LTFU and
the inclusion of non serious events suggest that adverse event reporting in the LTFU was not as
intense as during randomized treatment and that reporting may not have been consistent.
Adverse events that occurred during the LTFU will only be discussed for fatal events because the
fatal events were all followed-up.

Because the time on treatment varied among the treatment groups, events were reported as the
rate of events /1000 treatment-years in addition to the incidence (% of patients reporting the
event). Examination of the rates is also useful in the discussion of rare events. Sometimes a
differential can be detected in the rate that would not be seen if the incidence were reported only
as <1%. Of note, the incidence and rate do not always correlate well. This is because of the
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wide range of the number of events per patient. As with exacerbations (Range 0 to 30 per
patient) the range for non-COPD-exacerbation-adverse events was high: 0-72 events/patient.

Adverse events were reported in at least 89% of the patients during randomized treatment in each
treatment group (Table 46). Serious events were reported in 41 to 43% and 18 to 24% of events
resulted in withdrawal of the patient. The overall incidence was similar in all of the treatment
groups with a slight preponderance of serious events and drug-related events in the FSC group.
Events leading to withdrawal were more frequent in the placebo group.

Table 46. Overall Summary of AEs that Started During Treatment in Safety Population

FSC

Number (%) Patients Reporting Events | Placebo SAL 50 FP 500 500/50

(N=1544) | (N=1542) | (N=1552) | (N=1546)
N (%) /Patients Reporting Events
All AE 1385 (90) | 1381 (90) 1395 (90) 1381 (89)
SAEs 627 (41) 622 (40) 655 (42) 659 (43)
Drug-related AEs * 207 (13) 187 (12) 302 (19) 285 (18)
AEs leading to withdrawal 367 (24) 315 (20) 356 (23) 272 (18)
SAEs leading to withdrawal 216 (14) 212 (14) 242 (16) 201 (13)
Rate / 1000 treatment years
All AEs 2981.7 2767.2 2964.8 2868.1
SAEs 430.8 398.2 437.1 412.2
Drug-related AEs 102.5 107.3 152.2 157.6

** Relationship to drug treatment assessed by investigators

Reviewer: As discussed below, all of the AE tabulations were dominated by respiratory events,
and COPD exacerbations were the most frequent type of respiratory AE. According to the
protocol, all moderate/severe exacerbations should have been reported as adverse events.
However, many of the adverse events categorized as COPD were the same events that were
analyzed as COPD exacerbations as an efficacy endpoint. If COPD exacerbations are removed
from the tabulation (percentage of patients with events taken from post-text Table 7.028, pg 2820
of study report) 61.2, 62.4, 65.7, and 64.5% of the placebo, SAL, FP, and FSC groups,
respectively, reported adverse events.

AEs, listed by MedDRA preferred term, which occurred in more than 5% of any treatment
groups and that had an onset during randomized treatment are summarized in Table 47. In
general, events that could be thought of as related to some form of deterioration of COPD
(COPD, dyspnea, respiratory failure) were decreased in the FSC group compared to placebo. On
the other hand, almost all events associated with infections (upper as well as lower respiratory)
were increased in the FSC group as compared to placebo and to the SAL-treated patients. The
FP treated patients also had an increased incidence of infections. (For a detailed discussion of
respiratory infectious adverse events see Events of Special Interest [pg 104].)
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Table 47. Adverse Events (MedDRA preferred term) Occurring During Randomized Treatment Group in at
Least 5% of any Active Treatment Group

FSC
Number (%) Patients Reporting Events | Placebo SAL 50 FP 500 500/50
Rate per Thousand Treatment-years (N=1544) | (N=1542) | (N=1552) | (N=1546)
COPD 969 (63) 932 (60) 928 (60) 879 (57)
919.8 757.3 775.8 666.5
Nasopharyngitis 165 (11) 191 (12) 206 (13) 215 (14)
85.7 88.1 96.8 96.8
Upper respiratory tract infection 170 (11) 165 (11) 168 (11) 213 (14)
100.7 80.4 88.0 104.9
Pneumonia 112 (7) 133 (9) 185 (12) 207 (13)
39.4 41.6 69.2 71.1
Headache 115 (7) 100 (6) 115 (7) 111(7)
81.8 58.6 59.6 50.3
Bronchitis 91 (6) 97 (6) 102 (7) 121 (8)
48.5 50.1 51.2 54.3
Back pain 94 (6) 97 (6) 96 (6) 96 (6)
37.5 35.1 35.2 37.0
Hypertension 77 (5) 92 (6) 89 (6) 82 (5)
25.3 27.5 26.2 23.0
Sinusitis 76 (5) 66 (4) 101 (7) 93 (6)
31.1 28.6 41.4 36.8
Cough 68 (4) 76 (5) 91 (6) 94 (6)
24.7 26.3 36.0 34.1
Influenza 66 (4) 69 (4) 86 (6) 82 (5)
31.4 314 28.7 28.6
Chest pain 59 (4) 72 (5) 72 (5) 93 (6)
22.9 24.1 27.0 30.8
Dyspnea 72 (5) 71 (5) 66 (4) 56 (4)
31.7 24.1 23.3 18.1
Pharyngolaryngeal pain 57 (4) 55(4) 77 (5) 61 (4)
21.0 21.5 28.7 22.7
Oral candidiasis 27 (2) 28 (2) 106 (7) 84 (5)
11.0 9.9 45.9 36.8
Acute bronchitis 48 (3) 48 (3) 59 (4) 73 (5)
26.5 20.1 29.5 314

Dysphonia and oropharyngeal candidiasis are known to be adverse reactions associated with
inhaled corticosteroid. Tabulating the events that occurred at a frequency of 1 to 5% of the
patients confirmed the elevated rates in both corticosteroid-containing treatment groups.
Dysphonia occurred at a rate of 3.7, 4.8, 17.4, and 20.8 events/1000 treatment years in the
placebo, SAL, FP, and FSC groups, respectively. Oropharyngeal candidiasis was reported at a
rate of 3.1, 3.4, 15.5, and 16.8 events /1000 treatment years, respectively. Candidiasis, which
could include infection outside of the oropharynx, was reported at a rate of 7.9, 4.0, 21.9, 16.8
events/1000 treatment-years.

Reviewer: Note that candidiasis is reported here under three different MedDRA preferred
terms: Oral candidiasis in >5% of patients, and Candidiasis and Oropharyngeal candidiasis in 1-
5% of patients. The ae_all.xpt also includes three other preferred terms that could have been
included in this group (Oral fungal infection, Oropharyngitis fungal and Pharyngeal candidiasis).
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Fifty-one events were recorded in these categories. To fully describe the extent of possible upper
airway fungal disease, the 12 events recorded as Fungal esophagitis Or Esophageal candidiasis
might have been included. All of these infrequent events other than Oropharygitis fungal were
elevated in the fluticasone-containing treatment regimens.

Contusions were also reported at a low frequency, but more often in the fluticasone-containing
regimens. A combination term that included bruise, contusion, bruising of arm bruising of leg,
contusion of hip, bruising of chest, bruising of hand, contusion of back, contusion of chest wall,
contusion of knee, bruise of head, contusion of elbow, bruising of face, bruising of foot, bruising
of thigh, contusion of ankle, and contusion or wrist was reported in 19 (1%), 16 (1%), 20 (1%,
30 (2% if the patients in the placebo, SAL, FP, and FSC groups, respectively. The respective
rates were 6.4, 5.7, 13.5, and 11.4 events / 1000 treatment-years.

Low incidence events (reported in 1-5% of the patients and > 50% more frequent than in the
placebo patients) were also tabulated. Muscle spasms, pyrexia, contusions, vomiting
hemoptysis, nasal congestion, myalgias, hypokalemia, laryngitis, vertigo, gastroenteritis,
coronary artery disease, hypercholesterolemia, pruritus, cataract and conjunctivitis occurred
more frequently in FSC-treated than in placebo-treated patients. Contusions, myalgia, malignant
lung neoplasms, hemorrhoids, anorexia, gastroenteritis, gastritis, viral infection, lobar
pneumonia, diverticulitis, chest wall pain, cerebrovascular accident, fatigue, and skin laceration,
were reported more frequently with FP, and pyrexia, nasal congestion, rhinorrhea, diverticulitis,
fatigue, coronary artery disease, hypercholesterolemia, gout, pruritus, and conjunctivitis were
reported more frequently in patients treated with SAL.

Of the events that occurred in 1-5% of the patients, the rates did not differ greatly among the
treatment groups and most of those that were seen more frequently in the active treatment groups
are already included in the approved label. However, the increased rate of cerebrovascular
accident that was reported in the FP group (6.8 events/1000 treatment years compared to 3.7, 3.1,
and 4.1 in the placebo, SAL, and FSC groups) was not expected. Therefore the Applicant
tabulated adverse events coded to the MedDRA higher level terms of “Central Nervous System
Hemorrhages and Cerebrovascular Accidents”. These events were reported in 27 (2%), 16 (1%),
37 (2%), and 24 (2%) of the placebo, SAL, FP, and FSC patients, respectively. The respective
rates were 9.5, 5.4, 11.0, and 6.8/1000 treatment years. The Applicant did not find an
explanation for this finding.

According to the investigator’s assessment, drug-related AEs occurred during randomized
treatment in 13, 12, 19, and 18% of the placebo, SAL, FP, and FSC patients, respectively.
According to this analysis, the excess events in the FP and FSC groups were entirely due to
candidiasis and dysphonia.

Reviewer: Of the 785 pneumonias reported, only 5 were considered to be drug-related by the site
investigators.

Subgroups

There were regional differences in the overall adverse event rate with the lowest rates in all
treatment groups in Eastern Europe and the highest rates in the US (Table 48).
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Table 48. Overall Rate of Adverse Events by Region*

Placebo SAL 50 FP 500 FSC 500/50

(N=1544) (N=1542) (N=1552) (N=1546)
USA 329/348 (95) | 331/351(94) | 335/350(96) | 340/352(97)
Asia/Pacific 176/188 (94) | 176/189(93) | 185/193(96) | 174/188 (93)
Eastern Europe 249/297 (84) | 238/296(80) | 239/293(82) | 225/293 (77)
Western Europe 421/477 (88) | 426/475(90) | 413/482(86) | 421/477 (38)
Other 210234 (90) | 210/231(91) | 223/234(95) | 221/236 (94)

*Reproduced from post-Text Table 8.025

Reviewer: When the number of events was tabulated, the differences were greater. The US
population reported 11.2 events per patient compared to 3.3 events per patient in Eastern
Europe. The other regions were intermediary: 7.1 events per patients in Asia, 5.0 in Western
Europe and 6.8 in the Other group (This is the total number of AEs from the ae_all.xpt data sets
divided by the number of patients in the treatment group). The variability was not as high when
comparing serious AES. There were 1.1, 1.3, 0.86, 0.88, and 0.89 serious events per patient in
the US, Asia, Eastern Europe, Western Europe, and Other, respectively. While the patients in
the US reported the most AEs overall in most of the SOCS, the pattern for severe respiratory AEs
was different. In Asia 0.77 severe respiratory events were recorded per patient compared to
0.29 in the US and 0.35, 0.38, and 0.37 events/patient in Eastern Europe, Western Europe, and
Other, respectively. These rates are not adjusted for the length of time on treatment. However,
it is unlikely that time on study medication can explain the differences in event rate because
Eastern Europe had the lowest event rate and the longest time on study (mean = 919 days). The
length of time on study medication for the other regions was 765, 896, 821, and 777 days for the
US, Asian, W European and Other population, respectively.

The population was divided by age, sex, smoking and pulmonary function status as in the
efficacy analysis (Pg 89). No effect of the subgroup analysis on the rate of adverse events using
this categorization was seen.

Reviewer: The overall number of adverse events (without adjustment for time on study
medication) was not markedly different in any subgroup. Overall events were slightly more
common in patients older than 75 years (90-93%) compare to those <55 years (85-87%)
patients with FEV; % predicted <30% (92 — 95%) compared to those with an FEV1% > 50%
(86-89%), Smoking status and pack-years had a negligible effect on adverse events. (Data taken
from post-text Table 8.025, pg 4544 of study report.)

Fatal Adverse Events

In the primary efficacy analysis, death was tabulated for all patients in the ITTP who died within
three years following the initiation of randomized treatment (N=875 deaths). A supportive
analysis was performed of the time to “on-treatment” deaths which included any death that
occurred within 2 weeks of stopping study drug but within 156 weeks of starting therapy (N=474
deaths). For the safety analysis, the 6 deaths of patients enrolled at the sites that were excluded
from the ITTP due to data irregularities, as well as the 29 deaths that occurred beyond 3 years
after starting study medications were included (N=911 deaths). The events were grouped by the
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date of onset of the adverse event that preceded the death, not by the date of death, and the
adverse event was as reported by the site investigator, not the cause of death adjudicated by the
CEC. The time periods that the Applicant reported were “During treatment”. “Post treatment”
which was made up of the 2 weeks after stopping medication, and the Long Term Follow-up
Period (LTFU) which consisted of the time from 2 weeks after stopping medication to 3 years
after starting treatment. In the Applicant’s tabulation there are more adverse events leading to
death than deaths. This is because some adverse events persisted through the randomized
treatment period into the LTFU and such a death was associated with three adverse event-
treatment groupings. Also, more than one adverse event could have been an immediate
precursor to death such as cardiac arrest and arrhythmia. Two patients died in the LTFU of
adverse events that began prior to enrollment: one SAL treated patient had congestive cardiac
failure and one FSC patient had metastatic rectal cancer. These two deaths are included in the
875 ITTP.

During Treatment
Adverse events that occurred during randomized treatment and resulted in death at any time
during follow-up were reported for 533 patients (133 [9%], 126 [8%], 160 [10%], and 114 [7%]
in the placebo, SAL, FP, and FSC groups, respectively) (Table 49). Using the MedDRA
preferred term to classify the events, no individual AE was reported in >3% of the population.
Deaths following any respiratory AE were more frequent in the FP group (94 [6%] compared to
71 [5%], 71 [5%], and 63 [4%] in the placebo, SAL, and FSC groups). The respective rates/100
treatment years were 27.8, 24.6, 31.8, and 19.2, respectively.

Table 49. Serious Adverse Events (classified by MedDRA preferred term) that Started During Treatment
and Resulted in Death in at Least 5 Patients*

FSC

Number (%) Patients Placebo SAL 50 FP 500 500/50 Total
Reporting Events (N=1544) | (N=1542) | (N=1552) | (N=1546) | (N=6184)
Any event 133 (9) 126 (8) 160 (10) 114 (7) 533 (8.6)
COPD 32(2.1) 32 (2.1) 38 (2.4) 24 (1.5) 156 (2.5)
Pneumonia 9 (0.6) 10 (0.6) 12 (0.8) 8(0.5) 39 (0.6)
Respiratory failure 7 (0.4) 12 (0.8) 17 (1.1) 6 (0.4) 42 (0.7)
Acute Respiratory failure 6 (0.4) 3(0.2) 5(0.3) 2(0.1) 16 (0.3)
Sudden Death 8 (0.5) 6(0.4) 4(0.3) 4(0.3) 22 (0.4)
Myocardial infarction 8(0.5) 5(0.3) 6(0.4) 7(0.4) 26 (0.4)
Acute myocardial infarction 6 (0.4) 1(<0.1) 5(0.3) 2 (0.01) 14 (0.2)
Cardiac failure 7 (0.4) 7(0.4) 5(0.3) 6 (0.4) 25(0.4)
Cardiac arrest 6 (0.4) 6(0.4) 5(0.3) 4(0.3) 21(0.3)
Lung neoplasm malignant 6 (0.4) 10 (0.6) 11 (0.7) 11 (0.7) 38 (0.6)
Cerebrovascular accident 0 1(0.1) 5(0.3) 3(0.2) 9(0.1)

* Taken from Study Report Table 94, pg189.

Post Treatment
There were 124 AEs reported in the two weeks following treatment that resulted in death: 35
(2%), 22 (1%), 31 (2%), and 36 (2%) in the placebo, SAL, FP, and FSC groups, respectively.
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Cardiac arrest was the only event reported in 5 or more patients: 5, 2, 2, and 3 in the placebo,
SAL, FP, and FSC groups, respectively.

Reviewer: Thirty-eight of the 124 patients reported with a fatal AE during the post treatment
period also had a fatal AE during treatment. The first, on-treatment AE is the most likely to be
related to treatment and later AEs less so, although drug effect may persist, and two weeks post
treatment is a reasonable period to include in the *““on-treatment™ period. Excluding the two
patients who died in LTFU of a pre-existing condition that was not known about at enrollment,
there were 909 deaths. If we attribute the cause of death to the first AE and include those
patients who suffered the first fatal AE within two weeks of stopping treatment, then 623 patients
died following an AE with an onset during or close to randomized treatment. There were 154
(10.0%), 139 (9.0%), 185 (11.9%) and 145 (9.4%) such patients in the placebo, SAL, FP, and
FSC groups, respectively. The incidence of death in this analysis shows slightly less difference
among the treatment groups than the on-treatment survival analysis (Appendix Section 1.2.2, pg
82). This is because there were slightly more patients in the FSC group with fatal AEs with
onset in the two weeks after stopping therapy (30 patients compared to 21, 13, and 22 in the
placebo, SAL, and FP groups, respectively. Of the AE-on-treatment-related deaths, 474 of the
deaths were on-treatment, suggesting that 149 patients died more than two weeks after suffering
an AE that was ultimately fatal. This happened to 36, 29, 44, and 40 of the patients in the
placebo, SAL, FP, and FSC groups, respectively. AEs with onset more than 2 weeks after
stopping treatment occurred in 85 (5.5%), 75 (4.9%), 69 (4.4%), and 57 (3.7%) of the placebo,
SAL, FP, and FSC patients, respectively. (All of the above calculations are based on a
rearrangement of the data in post-text Table 8.029, pg 4559 of the study report. This analysis is
summarized in Table 9, pg 45, above. Note that Table 9 includes the two patients with AE that
originated prior to study treatment.)

Three hundred eleven patients (92 [6%], 78 [5%], 77 [5%], and 64 [4%] in the placebo, SAL, FP,
and FSC groups, respectively) died of an AE that started more than two weeks after stopping

study medication. COPD was the only event recorded in >1% in any of the treatment groups: 92
(6%), 78 (5%), 77 (5%), 64 (4%) in the placebo, SAL, FP, and FSC groups, respectively.

Serious Adverse Events

SAEs (fatal and non-fatal) that started during treatment were reported in 2,563 patients: 627
(41%), 622 (40%), 655 (42%), 659 (43%) of the placebo, SAL, FP, and FSC patients,
respectively (Table 50). This was equivalent of a rate of 430.8, 398.2, 437.1, and 412.2
events/1000 treatment-years, respectively. COPD was more common (167.5 events/1000
treatment-years) in the placebo patients than in those given active treatment: 145.6, 150.8, and
134.6 events/1000 treatment years in the SAL, FP, and FSC groups, respectively. Pneumonia
was reported more frequently (events/1000 treatment-years) in the FP (41.8) and FSC (47.3)
groups compared to placebo (23.5) and SAL (24.1) groups. (For further discussion of respiratory
infectious AE see Section Events of Special Interest, pg 104). Non-specific chest pain was more
frequent in the FP and FSC groups, and there was a high rate of cerebrovascular events in the FP

group.
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Table 50. Summary of Serious Adverse Events (Fatal and non-fatal) in Study SCO30003 (MedDRA

preferred term)

FSC
Number (%) Patients Reporting Events | Placebo SAL 50 FP 500 500/50
[Rate per Thousand Treatment-years] (N=1544) | (N=1542) | (N=1552) | (N=1546)
COPD 339 (22) 307 (20) 318 (20) 298 (19)
167.5 145.6 150.8 134.6
Pneumonia 69 (4) 82 (5) 121 (8) 138 (9)
23.5 24.1 41.8 47.3
Respiratory failure 23 (1) 29 (2) 32 (2) 26 (2)
7.9 8.8 10.1 73
Myocardial infarction 20 (1) 27 (2) 19 (1) 20 (1)
6.7 7.6 5.6 5.9
Atrial fibrillation 20 (1) 23 (1) 15 (<1) 16 (1)
6.7 6.5 4.8 54
Lobar pneumonia 11 (<1) 9 (<1) 23 (1) 15 (<1)
4.0 2.5 7.0 43
Cardiac failure congestive 18 (1) 18 (1) 15 (<1) 17 (1)
6.7 7.1 5.6 59
Cardiac failure 15 (<1) 18 (1) 16 (1) 14 (<1)
55 7.6 4.8 3.8
Lung neoplasm malignant 12 (<1) 17 (1) 20 (1) 13 (<1)
3.7 4.8 5.6 3.2
Cerebrovascular accident 9(<1) 8 (<1) 16 (1) 12 (<1)
2.7 2.5 5.1 3.2
Chest pain 8 (<1) 17 (1) 23 (1) 23 (1)
3.1 5.4 6.8 73
Pneumothorax 7 (<D 10 (<1) 8 (<1 16 (1)
3.1 3.1 2.5 4.6

To further investigate the cerebrovascular events, the applicant tabulated SAEs coded to the
MedDRA HLT of “Central Nervous System Hemorrhages and Cerebrovascular Accidents.”
These events were reported in 19 (1%), 13 (<1%), 31 (2%), and 21 (1%) of the placebo, SAL,
FP, and FSC patients, respectively. The respective rates/1000 treatment years were 6.1, 4.0, 9.3,
and 5.7. Fatal events occurred in 2, 2, 13, and 4 of the placebo, SAL, FP, and FSC groups,
respectively. The Applicants stated that a thorough review of the records “suggest that the
findings are not consistent with a specific FP effect.

Reviewer: Vascular CNS events were not common and at these rates, random variation in the
populations may explain the findings. However, this category of event is important because of
the serious outcomes, especially in the FP group; 70.3, 81.2, 83.8, and 87.5% of the placebo,
SAL, FP, and FSC groups, respectively. The percentage of the events that were fatal was 7.4,
12.5, 35.1, and 16.7%, respectively.

In the two-week post-treatment period, 206 patients (60, 40, 56, and 71 in the placebo, SAL, FP
and FSC groups) reported a serious AE. COPD, pneumonia, respiratory failure, and cardiac
arrest were the only SAEs reported in five or more patients in any treatment group and the
incidence was roughly similar in the four treatment groups.
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Adverse events resulted in withdrawal of 1,310 patients (367 [24%], 315 [20%], 356 [23%], and

Adverse Events Leading to Withdrawal

272 [18%] in the placebo, SAL, FP, and FSC groups, respectively. The only events that
occurred at >1% were COPD, pneumonia, and respiratory failure (Table 51). COPD and

respiratory failure were more common in the placebo group and pneumonia was more common

in the FSC group.

Table 51. Adverse Events with an Onset During Active Treatment that Resulted in Withdrawal of at Least

1% of the Patients

Number (%) Patients Reporting Events | Placebo SAL 50 FP 500 FSC
[Rate per Thousand Treatment-years] (N=1544) | (N=1542) | (N=1552) 500/50
(N=1546)
COPD 169 (11) 144 (9) 114 (7) 81(5)
51.6 40.8 32.1 21.9
Pneumonia 17 (1) 21 (1) 23 (1) 26 (2)
5.2 5.1 5.3 7.0
Respiratory failure 10 (<1) 18 (1) 19 (1) 9 (<1)
3.1 5.1 5.3 2.4

Dysphonia and oral candidiasis were more common causes of withdrawal in the FP and FSC
groups, however the incidence was <1%. Adverse events with onset during randomized
treatment that were classified as vascular cerebrovascular events and that resulted in withdrawal
of the patient were reported in 43 patients: 5 (<1%), 3 (<1%), 18 (1%), and 7 (<1%) in the
placebo, SAL, FP, and FSC groups, respectively.

Other Adverse Events of Special Interest

Respiratory
Overall, respiratory events were reported in 82 or 83% of the patients in each treatment group
during randomized treatment. The most frequent MedDRA preferred term was Chronic
Obstructive Lung Disease and it was reported in 63, 60, 60, and 57% of the placebo, SAL, FP,
and FSC patients, respectively (Table 53). Dyspnea was also more common in the placebo-
treated patients (31.7 events/1000 treatment years) than in the other treatment groups (24.1, 23.3,
and 18.1 events /1000 treatment-years in the placebo, SAL, FP, and FSC groups, respectively).
On the other hand, events that could be related to infection were all increased in the FSC-treated
patients. This includes Nasopharyngitis, Upper respiratory tract infection, Pneumonia, Bronchitis,
Sinusitis, Cough, Oral candidiasis, Bronchitis acute, Candidiasis, and Oropharyngeal candidiasis.
(Refer to Table 47 [pg 97] for rates). Influenza was reported in 5% of the FSC-treated patients
compared to 4% of the placebo-treated patients, but the rate in the FSC group was actually lower
(28.6 compared to 31.7 events/1000 treatment years in the placebo patients). The pattern of
serious and fatal respiratory events was similar to the pattern for the common and non-serious
events.

Combining similar preferred terms into MedDRA High Level Term (HLT) can result in

groupings that show relationships between events and treatment when the number of events in
each preferred term is small. The HLTs of Bronchospasm and obstruction, Breathing
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abnormalities, and Respiratory failure were each infrequent in the FSC group compared to the
placebo-treated patients (Table 52). On the other hand, as in the overall grouping, infectious
processes were increased in the FSC group. Upper respiratory tract infections NEC, Lower
respiratory tract infections NEC, Upper respiratory tract signs and symptoms NEC, Respiratory
tract infections NEC, and Nasal congestion and inflammation were all increased in the FSC-
treated patients. The rate of upper and lower respiratory tract infection in the FP- treated patients
was similar to the rate in the FSC patients.

Table 52. Respiratory Adverse Events (MedDRA HLT) with an Onset During Randomized Treatment and

Reported by at Least 1% of the Population)*

Number (%) Patients Reporting Events | Placebo SAL 50 FP 500 FSC
[Rate per Thousand Treatment-years] (N=1544) | (N=1542) | (N=1552) 500/50
(N=1546)
Any respiratory event 1280 (82) | 1267 (82) 1269 (82) 1278 (83)
1659.9 1456.2 1603.9 1518.4
Bronchospasm and obstruction 979 (63) 941 (61) 935 (60) 885 (57)
928.9 766.1 781.7 672.2
Upper respiratory tract infection NEC 411 (27) 439 (28) 491 (32) 519 (34)
251.1 226.3 275.1 2854
Lower respiratory tract infection NEC 291 (19) 309 (20) 367 (24) 432 (28)
146.4 140.8 185.7 195.4
Breathing abnormalities 137 (9) 121 (8) 118 (8) 104 (7)
57 47.0 43.6 354
Cough 111 (7) 105 (7) 125 (8) 138 (9)
42.7 40.2 55.1 54.6
Respiratory signs and symptoms 81 (5) 85 (6) 89 (6) 108 (7)
31.1 30.6 33.8 37.0
Viral upper respiratory infection 80 (5) 81 (5) 99 (6) 98 (6)
36.0 30.3 32.9 33.8
Respiratory failure 44 (3) 42 (3) 50 (3) 42 (3)
15.3 13.6 17.4 12.7
Respiratory tract infections NEC 39 (3) 44 (3) 32 (2) 48 (3)
15.3 21.0 13.8 18.6
Lower respiratory tract neoplasms 38 (2) 36 (2) 40 (3) 41 (3)
11.6 11.0 11.5 12.4
Nasal congestion and inflammation 34 (2) 34 (2) 39 (3) 48 (3)
11.6 14.2 15.2 14.6

* Only events that occurred in >3% of the patients are shown in this table. Taken from Study Report Table 92.
pg 183, which is based on post-text Table 8.012.

Reviewer: In MedDRA respiratory infections are coded both as infectious processes and as
respiratory diseases. The applicant has submitted two separate SAS transport files, one for ““All
AEs” and one for “Respiratory AEs™. Post-text Table 8.008, derived from the All AE dataset,
shows 4287 (69.3%) of the patients with respiratory AEs, listed by preferred term. Post-text
Table 8.012 in the Study Report was taken from the Respiratory AE data sheet. It shows a
respiratory event as occurring in 5094 (82.4%) of the patients. This discrepancy occurs because
post-text Table 8.012 includes the pneumonia and bronchitis events that are listed under the
Infections and infestations SOC in Table 8.008.
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The pattern of serious respiratory events (MedDRA HLT) was similar to the pattern for the
common and non-serious events. The rates of Bronchospasm and obstruction were lower
(events/1000 treatment-years) in the FSC-treated patients (135.4) compared to the placebo
(168.4), SAL (146.7) and FP (151.3) patients, while the rates of Lower respiratory tract infection
NEC were lower in the placebo patients (35.1, 32.9, 56.3, and 61.6 events/1000 treatment-years
in the placebo, SAL, FP, and FSC groups, respectively) (Table 53).

Table 53. Serious Respiratory Adverse events by MedDRA HLT

Rate per Thousand Treatment- Placebo | SAL 50 FP 500 | FSC 500/50
years (N=1544) | (N=1542) | (N=1552) (N=1546)
Any Respiratory Event 261.4 230.5 267.5 257.6
Bronchospasm and obstruction 168.4 146.7 151.3 1354
Lower respiratory tract infections, NEC 35.1 32.9 56.3 61.6
Respiratory failure 13.4 10.8 14.1 10.8
Lower respiratory tract neoplasms 9.8 9.1 10.4 7.6
Respiratory signs and symptoms, NEC 4.6 6.5 7.3 7.8
Pneumothorax and pleural effusion 3.7 4.2 2.8 6.2

Lower Respiratory Tract Infections
In addition to MedDRA groupings, an analysis was preformed on the ad hoc grouping of
“Lower respiratory tract infection of pneumonia or bronchitis”. The MedDRA preferred terms
that were included in this event-group are listed in Table 54. There were 304 (20%), 322 (21%),
380 (24%), and 446 (29%) events in the placebo, SAL, FP, and FSC groups respectively.

Adjusting for time on treatment resulted in rates of 151.9, 147.0, 192.1, and 204.6 events/1000
treatment-years, respectively.

Table 54. MedDRA Preferred Terms for the Components of the “Lower Respiratory Tract Infections of
Pneumonias and Bronchitis” Adverse Events of Special Interest |

SCO030003
Number of patients reporting at least Placebo SAL FP FSC
one event N=1544 N=1542 N=1552 N=1546
Any event 304 322 380 446
Pneumonia* 112 133 185 207
Bronchitis 91 97 102 121
Bronchitis acute 48 48 59 73
Lower Respiratory Tract infection 46 46 43 53
Lobar pneumonia* 14 12 28 19
Bronchopneumonia* 6 10 10 13
Lung infection* 6 5 4 8
Pulmonary tuberculosis 6 4 6 5
Infective exacerbation of COPD 1 7 2 3
Superinfection lung* 3 3 2 5
Tuberculosis 4 2 7
Bronchiectasis 1 1 2 4
Bronchitis bacterial 1 1 3 2
Bronchitis viral 1 1 2 3
Pneumonitis* 1 3
Pneumonia bacterial* 1 1 1
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NS}

Pneumonia primary atypical* 1
Respiratory moniliasis 1
Bronchopulmonary aspergillosis 2
Cryptogenic organizing pneumonia 1
Pneumonia staphylococcal* 1
Bronchopneumopathy*
Bronchopulmonary aspergillosis 1
allergic

Lung infection pseudomonal*
Obliterative bronchiolitis 1
Pneumocystis jiroveci pneumonia* 1
Pneumonia chlamydial* 1
Pneumonia necrotizing* 1
Pneumonia streptococcal* 1

NS}

— | = — | —

1 Reproduced from post-test Table 8.052 (pg 4734 of study report) *Events included in the analysis of
pneumonias

The hazard ratio (95% CI) for time-to first lower respiratory tract infections of pneumonias and
bronchitis was 1.375 (1.189, 1.591) comparing FSC to placebo (Table 55). The Hazard ratio
(95% CI) comparing SAL and FP to placebo were 0.995 (0.851, 1.164) and 1.190 (1.024, 1.384),
respectively.

Table 55. Log-Rank Analysis of Time to First Lower Respiratory Tract Infection of Pneumonia or Bronchitis

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of events (%) 304 (20) 322 (21) 380 (24) 446 (29)
Probability of event by 156
weeks (%) 25.8 25.5 30.3 344
95% CI 23.3,28.4 23.0,27.9 27.7,32.9 31.8,37.1
Active treatment minus
placebo (SE)
Hazard ratio 0.995 1.190 1.375
95% CI 0.851, 1.164 1.024, 1.384 1.189, 1.591
FSC vs components (SE)
Hazard ratio 1.384 1.154
95% CI 1.199, 1.597 1.007, 1.324

The Applicant contended that all of the difference between FSC and placebo in the lower
respiratory tract infections was due to differences in the incidence of pneumonia. For this
analysis they grouped the MedDRA preferred terms listed with an asterisk in Table 56. These
physician diagnosed pneumonias were reported to have occurred in 139 (9%), 162 (11%), 224
(14%), and 248 (16%) of the placebo, SAL, FP, and FSC patients, respectively. When adjusted
for time on treatment the respective rates were 51.9, 51.5, 84.4, 87.6 per 1000 treatment-years.
The log-rank analysis of time to first pneumonia showed a hazard ratio (95% CI) of 1.639 (1.33,
2.01) comparing FSC to placebo. The Hazard ratio (95% CI) comparing SAL and FP to placebo
were 1.088 (0.867, 1.365) and 1.533 (1.240, 1.894), respectively (Table 56). The results are
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Table 56. Log-Rank Analysis of Time to First Pneumonia

Placebo SAL 50 FP 500 FSC 500/50
(N=1524) (N=1521) (N=1534) (N=1533)
Number of events (%) 139 (9) 162 (11) 224 (14) 248 (16)
Probability of event by 156
weeks (%) 12.3 13.3 18.3 19.6
95% CI 10.4,14.3 11.4,15.2 16.1,20.4 17.4,21.9
Active treatment minus
placebo (SE)
Hazard ratio 1.088 1.533 1.639
95% CI 0.867, 1.365 1.240, 1.894 1.331,2.017
FSC vs. components (SE)
Hazard ratio 1.508 1.068
95% CI 1.237, 1.838 0.891, 1.280

presented graphically in Figure 7.

Figure 7. Time to First Pneumonia Event with Onset During Randomized Treatment*

Probability of Event (%)
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|—  Placebo — - - SAL 50 FP 500 SFC 50/500]

* Study Report Figure 15; SFC=Advair

Reviewer: To explore the possibility that non-pneumonia infectious events were important, the
FDA statistical reviewer repeated the time-to event analysis in two ways: 1) using the above
classification of disease, the time to all respiratory infections excluding pneumonia was
calculated, as was 2) the time to the onset of bronchitis, including acute, bacterial, and viral
bronchitis. For the analysis of all events excluding pneumonia the three year probability was
16.0, 15.0, 16.0, and 19% for the placebo, SAL, FP, and FSC groups, respectively. The Hazard
ratio (95% CI) comparing FSC to placebo was 1.23 (1.02, 1.23). The survival curve for onset of
non-pneumonia lower respiratory tract infection is shown in Figure 8.
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Figure 8. Non-pneumonia Lower Respiratory Adverse Events
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In the analysis of bronchitis events the calculated three-year probability was 11, 12, 12, and
14%. The Hazard ratio (95% CI) comparing FSC to placebo was 1.24 (0.99, 1.55). Therefore,
the incidence of non-pneumonia lower respiratory infectious events was also elevated in the
patients treated with FSC.

The number of upper respiratory tract infections (excluding all preferred terms that referred to
candidiasis and dysphonia) was also increased in the fluticasone-treated patients; however,
statistical analysis was not performed on this outcome. There were 0.58, 0.58, 0.66, and 0.70
events/patient reported for the placebo, SAL, FP, and FSC groups respectively.

Serious pneumonia events were also increased in the FSC-treated patients. Pneumonia SAEs
were reported in 86 (6%), 99 (6%), 150 (10%), and 157 (10%) of the placebo, SAL, FP, and FSC
patients, respectively. The Hazard ratio (95% CI) for serious pneumonia comparing FSC to
placebo was 1.645 (1.265, 2.140) and the ratios for SAL and FP were 1.068 (0.800, 1.426) and
1.635 (1.254, 2.131). Fatal pneumonias occurred in 10, 11, 15, and 12 patients in the placebo,
SAL, FP, and FSC patients, respectively.

There was no protocol-driven definition of pneumonia, however, cases with a positive chest X-
ray, were also more common in the FP and FSC-treated patients. Pneumonia was more common
in older patients, those with poorer pulmonary function, and those with a low BMI.

Reviewer: Pneumonia was also reported more frequently in the United States than in Eastern
Europe. Taking the designation Pneum = ““Y”* from the respiratory AE datasheet the incidence
of pneumonia was 19.8, 18.8, 10.8, 16.7, and 12.7% in the US, Asia, E Europe, W Europe, and
Other, respectively.

To assess the impact of lower respiratory infections, COPD exacerbations that were treated with
antibiotics were combined with the “Lower respiratory tract infections of pneumonias and
bronchitis” that is summarized in Table 54 (pg 105). Using this categorization, there were 951
(62%), 958 (62%), 991 (64%), and 1009 (65%) patients in the placebo SAL, FP and FSC groups
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that had lower respiratory tract infections that were treated with antibiotics. When adjusted for
time on treatment, the rates were 878.0, 737.8, 881.0, and 812.7 events/1000 treatment-years,
respectively. The Applicant concluded from this analysis that lower respiratory tract infection
excluding pneumonia was not significantly impacted by treatment with FSC.

Reviewer: The analysis combining all lower respiratory tract infections AND all exacerbations
treated with antibiotics dilutes the effect of infection because it includes COPD exacerbations
treated with both corticosteroids and antibiotics. Since many severe exacerbations are treated
with both drug classes even if there is not good evidence of infection, this is not an accurate way
to assess the impact of the increased incidence of infections. In an independent analysis of the
rate of exacerbations treated with antibiotics alone, it was seen that the rate in the FSC-treated
patients was 20% higher than the placebo group and 22% higher than in the SAL group. (See
FDA statistical review for details.) This suggests that the increased incidence of infection is
clinically relevant.

Bone Disorders
Bone disorders were reported in 357 patients: 77 (5%), 85 (6%), 90 (6%), and 105 (7%) of the
placebo, SAL, FP, and FSC groups respectively. Adjustment for time on treatment resulted in
rates of 27.5, 28.9, 29.3, and 32.2 events/1000 treatment-years, respectively. The Hazard ratio
(95% CI) for SAL, FP and FSC compared to placebo were 1.024 (0.752, 1.393), 1.083 (0.799,
1.468) and 1.218 (0.908, 1.634), respectively.

Bone fractures were reported in 261 patients: 57 (3.7%), 61 (4.0%), 65 (4.2%), 78 (5.0%) of the
placebo, SAL, FP, and FSC patients, respectively (Table 57). When corrected for time on
therapy the respective rates were 18.6, 20.4, 20.3, and 22.4 events/1000 treatment-years. The
rates differed for traumatic and non-traumatic fractures. The incidence of non-traumatic
fractures was actually lower in the FSC group (5.9 / 1000 treatment-years) compared with 6.1,
9.6, and 6.5 / 1000 treatment years in the placebo, SAL and FP groups.

Table 57. Incidence of Fractures Reported as Adverse Events

Placebo SAL 50 FP 500 FSC 500/50

(N=1544) (N=1542) (N=1552) (N=1546)
All fractures 57(3.7) 61 (4.0) 65 (4.2) 78 (5.0)
Rate per 1000 Treatment-yrs 18.6 20.4 20.3 224
Non Traumatic fractures 20 (1.3) 29 (1.9) 21(1.4) 21(1.4)
Rate per 1000 Treatment-yrs 6.1 9.6 6.5 5.9
Traumatic fractures 39 (2.5) 37(2.4) 45 (2.9) 58 (3.8)

The Kaplan Meier estimate of probability of fracture at 3 years was 5.1, 5.1, 5.4, and 6.3% in the
placebo, SAL, FP, and FSC groups, respectively. The hazard ratio (95% CI) for fracture
comparing active treatment to placebo was 0.995 (0.693, 1.427), 1.056 (0.740, 1.507), and 1.223
(0.869, 1.720) for SAL, FP, and FSC, respectively. The Kaplan Meier estimate of probability of
non-traumatic fracture at 3 years was 1.8, 2.5, 1.7, and 1.7% in the placebo, SAL, FP, and FSC
groups, respectively. The hazard ratio (95% CI) for fracture comparing active treatment to
placebo was 1.353 (0.766, 2.393), 0.696 (0.525, 1.788), and 0.931 (0.505, 1.718) for SAL, FP,
and FSC, respectively. The Kaplan Meier estimate of probability of traumatic fracture at 3 years
was 3.5, 3.1, 3.7, and 4.7% in the placebo, SAL, FP, and FSC groups, respectively. The hazard
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ratio (95% CI) for fracture comparing active treatment to placebo was 0.878 (0.560, 1.378),
1.068 (0.696, 1.640), and 1.328 (0.855, 1.993) for SAL, FP, and FSC, respectively.

Treatment with drugs that could increase bone mineral density was distributed evenly across the
treatment groups (14, 14, 14, and 15% of the patients in the placebo, SAL, FP and FSC treatment
groups, respectively.

Eye Disorders
Some form of eye disorder was seen in 2 to 4% of the population (Table 58). When adjusted for
time on treatment, the rate for any event was slightly higher in the active treatment than in the
placebo-treated patients: 13.7, 17.8, 15.8, and 18.6 events/1000 treatment years in the placebo,
SAL, FP, and FSC groups, respectively. The rates for cataract were slightly elevated in the SAL
and FSC groups whereas glaucoma was slightly more frequent in all of the active treatment
groups. The Kaplan Meier probability of an eye event at 3 years was 3.6, 4.3, 4.1, and 5.2% in
the placebo, SAL, FP, and FSC groups, respectively. The hazard ratio for developing an eye
event comparing FSC to placebo was 1.462 (95% CI=0.978, 2.187). The hazard ratios (95% CI)
for SAL and FP were 1.228 (0.806, 1.873) and 1.156 (0.755, 1.769, respectively).

Table 58. Eye Adverse Events

FSC
Number (%) Patients Reporting Events Placebo SAL 50 FP 500 500/50
[Rate per Thousand Treatment-years]| (N=1544) (N=1542) (N=1552) (N=1546)
Any event 38 (2) 50(3) 48 (3) 63(4)
13.7 17.8 15.8 18.6
Cataract 27(2)/9.2 | 37(2)/12.5 | 29(2)/8.4 | 48(3)/13.8
Cataract operation 6 (<1)/1.8 6 (<) 5(<1)72.3 5(/14
Cataract nuclear 1 (<1)/0.3 0 1(<1)/0.3 0
Cataract subcapsular 0 0 1(<1)/0.3 0
Total cataract 34(2.2) 43 (2.8) 36 (2.3) 53(3.4)
Glaucoma 4 (<D/1.2 8 (<1)2.3 12 (<1)/3.9 | 10(<1)/2.7
IOP Increased 2 (<1)/0.6 3 (<1)/0.8 1(<1)/0.3 0
Ocular hypertension 2 (<1)/0.6 0 0 1(<1)/0.3
Angle closure glaucoma 0 0 1(<1)/0.3 1(<1)/0.3
Borderline glaucoma 0 0 0 1(<1)/0.3
Total glaucoma 6 (0.4) 11(0.7) 14 (0.9) 13 (0.8)

HPA-AXxis Disorders

See Pharmacodynamic discussion on page 94. In addition, two cases of Cushing’s syndrome
were reported in the placebo group and one case each of adrenal insufficiency and steroid
withdrawal syndrome in the FP group.

Pregnancies
As expected because of the mean age of the study population, no patient became pregnant during
the study.

Corticosteroid Treatment
Throughout the three-year trial corticosteroid use was highest in the placebo patients (Table 60).
Eleven percent of the placebo patients took ICS during randomized treatment and this increased
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to 43% during LTFU. Fifty-two percent of the placebo patients took systemic corticosteroids
during the randomized treatment period and this dropped to 22% in the LTFU. In the FSC
group, 8 % took additional ICS during randomized treatment and this increased to 40% in the
long-term follow-up period. Forty-seven percent of the FSC patients took systemic
corticosteroids during the active treatment period and this decreased to 15% during follow-up.

Table 59. Use of Corticosteroids During 3 Years of the Study

Placebo SAL 50 FP 500 FSC 500/50
(N=1544) (N=1542) (N=1552) (N=1546)
During, n (%)/ 161 (11) 133 (9) 128 (8) 115 (8)
ICS No. Courses 211 166 155 142
Duration (SD)* 54.8 (114.0) 43.0 (108.6) 46.1 (81.0) 42.7 (93.3)
LTFU, n (%)** 660 (43) 655 (43) 559 (39) 613 (40)
During, n (%) 793 (52) 747 (49) / 724 (47) 713 (47%)
Systemic | No. courses 2353 2117 1956 1788
Duration (SD)* 41.1 (66.8) 38.7 (66.3) 36.9 (61.8) 35.0 (55.3)
LTFU, n (%)** 340 (22) 281 (18) 260 (17) 237 (15)

* Mean cumulative days of treatment with corticosteroid
** LTFU = Long term follow-up. From two weeks after termination of randomized treatment to 156 weeks
following initiation of therapy

Laboratory Results
Routine laboratory examinations were not performed.

Bone Mineral Density
Bone mineral density was measured with dual energy x-ray absorptiometry (DEXA) in 658
(47.4%) of the patients enrolled in the United States: follow-up was complete in 277 (52, 78, 65,
and 82 in the placebo, SAL, FP, and FSC groups, respectively). Measurements were made of the
total hip and the L.1-L4 spine at baseline and after 48, 108, and 156 weeks. In the Skeletal Safety
Population slightly more placebo than active treatment patients took medications that could
improve BMD at some time prior to or during the trial: 74 (45%), 68 (41%), 68 (42%), and 64
(39%) of the placebo, SAL, FP, and FSC patients, respectively. However, the increased use of
BMD -promoting medication started prior to enrollment in the placebo patients and starting
BMD therapy during the trial was actually less common in the placebo patient (16%) than in the
other treatment groups (20, 21, and 22% in the placebo, SAL, FP, and FSC groups. This may be
related to the fact that more of the placebo patients were taking inhaled corticosteroids 73 (45%)
compared to the active treatment groups (64 [39%], 56 [34%], and 56 [34%] of the SAL, FP, and
FSC patients, respectively).

Baseline values for the hip BMD were higher in the SAL (0.893 gm/crnz) and the FSC (0.905
g/cm?) than in the placebo (0.854 g/cm?) and FP (0.853 g/cm?) groups, and there was a gradual
decline in BMD over the course of the study in each treatment group. At week 158 the raw mean
percent change from baseline was -3.2, -1.4, -2.4, and -2.9% in the placebo, SAL, FP, and FSC
groups, respectively. These rates underestimate the degree of loss of mineral because patients
with low BMD at baseline dropped out earlier than patients with high BMD. Figure 9 shows the
fall in BMD adjusted for smoking status, age, sex, BMI, BMD therapy, visit, and log baseline
BMD.
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Figure 9. Adjusted Mean Percent Change in BMD at the Total Hip*
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Reviewer: Because of the high differential drop-out the FDA statistical reviewer repeated the
analysis including only the patients who had baseline measurement and who completed the
study. In this analysis the change from baseline of the raw mean values was -2.71, -1.06, -2.35,
and -2.49 in the placebo, SAL, FP, and FSC-treated patients, respectively, and the difference
between FSC and placebo was -0.24. As in the primary analysis, the patients treated with SAL
lost less bone mineral.

A repeated measures analysis of percent change in BMD at the total hip showed no difference
between any active treatment and placebo. The absolute change in BMD showed similar
changes. The active vs. placebo ratio (95% CI) for percent change in BMD was 1.014 (0.996,
1.032), 1.002 (0.984, 1.020), and 0.999 (0.981, 1.017) for the SAL, FP, and FSC treatment
groups, respectively. A confirmatory analysis was performed using only patients who had not
received a BMD active drug and the results were similar. Analyses of changes at each visit were
similar for all of the analytic techniques. As suggested in Figure 9, BMD at 108 weeks was
relatively low in the FP group. However, the values were very similar to those in the placebo
and FSC groups by 158 weeks.

Results from patients treated with corticosteroids were analyzed by combining the FP and FSC
groups (N=328) and comparing them to the combined placebo and SAL groups (N=330).
Overall changes were small, but favored the non-steroid containing regimens (Table 60).

Table 60. Change in Hip BMD Comparing Patients Treated with Corticosteroids to Those Treated with
Placebo or Salmeterol

Steroid-non-steroid 95% CI
Percent change from Baseline*
Week 158 (N = 130/147) -0.82 -2.03,0.39
Week 108 (N=154/175) -1.50 -2.45,-0.54
Week 48 (N=192/230) -0.77 -1.40, -0.14
Overall (N=209/250) -1.03 -1.83,-0.23
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Absolute change from baseline

Week 158 -0.0067 -0.0017, 0.003
Week 108 -0.0118 -0.020, -0.004
Week 48 -0.0056 -0.011, -0.000
Overall -0.0080 -0.015, -0.002

* N = # non-steroid / #steroid

Results using 16-week windows for analysis and those that looked at absolute changes were
confirmatory.

Reviewer: The Skeletal Survey Population had a higher rate of withdrawal than the study as a
whole, and the final study population was small compared to the parent study. This is doubly
unfortunate because the baseline values for BMD varied among the treatment groups and
withdrawal was correlated with baseline BMD. The BMD loss was relatively high in the placebo
group. There were more females in the placebo group in this subset, but the females in the
placebo group also had a more rapid loss of BMD than the females in the other treatment groups
(see subset analysis below. Patients with a T-score of < -1.5 at baseline or < -2.0 at follow-up
were supposed to be referred for *““consultation”. At baseline 37% of the patients had a low
score at the hip and 38% has a low score at the spine. More patients in the placebo group had
abnormally low scores at the hip 69 (43%) than did the patients in the active treatment groups
(55 [34%], 62 [39%], and 53 [33%] of the SAL, FP, and FSC-treated patients, respectively). It
is possible that knowledge of the low BMD measurement influenced the investigator’s judgments
about withdrawal of the patients from the study.

Similar to what was found for the hip, the baseline values for the lumbar spine BMD were higher
in the SAL (1.042 gm/cm?) and the FSC (1.034 g/cm?) than in the placebo (1.003 g/cm?) and FP
(0.991 g/cm?) groups. Changes over time were very small in the placebo, FP and FSC groups.
BMD increased in the SAL group (Figure 10). At Week 158 (Visit 16), the raw mean percent
change from baseline was 0.0, 1.4, -0.2, and -0.5% in the placebo, SAL, FP, and FSC groups,
respectively. Baseline BMD of the lumbar spine was not different in those who completed
therapy and those who withdrew.

Figure 10. Lumbar Spine BMD*
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The active vs. placebo ratio (95% CI) for percent change in lumbar spine BMD was 1.0145
(0.998, 1.032), 0.997 (0.980, 1.014), and 0.997 (0.981, 1.013) for the SAL, FP, and FSC
treatment groups, respectively. The ratio comparing FSC to SAL was 0.982 (0.968, 0.997).
Analyses of individual visits, of the absolute change in BMD and of the change after excluding
patients who had received BMD active medications were all supportive.

Results from patients treated with corticosteroids were analyzed by combining the FP and FSC
groups (N=328) and comparing them to the combined placebo and SAL groups (N=330).
Overall changes were small, but favored the non-steroid containing regimens (Table 61).

Table 61. Change in Lumbar Spine BMD Score Comparing Patients Treated with Corticosteroids to Those
Treated with Placebo or Salmeterol

Steroid-non-steroid 95% CI

Percent change from Baseline*
Week 158 (N=126/144) -1.16 -2.27,-0.04
Week 108 (N=153/173) -0.77 -1.70,0.17
Week 48 (N=192/229) -0.41 -1.17,0.35
Overall -0.78 -1.57,0.01
Absolute change from baseline
Week 158 -0.014 -0.025, -0.002
Week 108 -0.010 -0.019, -0.000
Week 48 -0.006 -0.014, -0.002
Overall -0.010 -0.018, -0.002
* N = # non-steroid / #steroid

Subgroup Analysis

BMD loss was greater in patients 65 years or older compared to those younger than 65 in all of
the treatment groups other than SAL. Bone loss was greater in females in the placebo and FSC
groups than in the SAL and FP groups, but females in the FP and SAL groups had less bone loss.
In the males, the loss was greatest in the FP group followed by the patients in the FSC and
placebo groups. Of note, females made up 50% the placebo group compared to 34% of the FSC
group (Table 62).

Table 62. Summary of Percent Change in Hip BMD by Subgroup.

FSC

Placebo SAL 50 FP 500 500/50

(N=164) (N=166) (N=163) (N=165)
<65 years of age, n 71 77 64 76
Mean change at week 158 -2.6 -2.3 -1.1 -1.5
>=65 years of age, n 93 89 99 89
Mean change at week 158 -3.7 -0.6 -1.1 -4.4
Female, n 78 67 74 57
Mean change at week 158 -4.3 -1.1 -1.9 -39
Male, n 86 99 89 108
Mean change at week 158 -2.2 -1.5 -2.9 -2.4

The Applicant commented on the apparent large fall in hip BMD in patients with a BMI <20 (-
7.1%) and in those with a baseline BMD <0.72 (-8.2%). However, these subgroups contain only
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20 and 21 patients each, making the reliability of the estimate suspect. There was no effect of
smoking status or baseline FEV; on BMD.

Subgroup differences in the lumbar spine BMD were small and inconsistent.

Ophthalmic examination
Cataracts were present prior to randomization >60% of the patients: 105 (64%), 118 (71%), 105
(64%), and 101 (61%) of the placebo, SAL, FP, and FSC groups respectively. This left 188
patients without cataracts at baseline that could be evaluated. The number of patients developing
cataracts/number without cataracts at baseline (%) was 10/47 (21%), 6/41 (15%), 8/47 (17%),
and 14/53 (26%) in the placebo, SAL, FP, and FSC patients respectively. The respective rates
were 108.3, 64.9, 72.0, and 94.1 events / 1000 treatment-years, respectively.

The incidence of glaucoma was low at baseline and during the course of the study. Glaucoma
was present in 9 (5%), 9 (5%), 8 (5%), and 14 (8%) of the placebo, SAL, FP, and FSC patients at
baseline, respectively. Adjusting for time on treatment it developed at a rate of 7.4, 0.0, 19.7 and
8.6 events/1000 treatment-years, respectively.

1.3. Summary and Discussion

In this randomized, placebo-controlled mortality trial, 6,112 patients were treated with placebo,
SAL, FP, or FSC for up to 3 years. Approximately 60% of the patients continued on study
medication throughout the 3 years of follow-up with more placebo patients withdrawing early in
the course. Even if the patients withdrew from study medication, their vital status was
ascertained every 12 weeks until death or completion of a three-year follow-up. All deaths were
reviewed by the Clinical Endpoints Committee and the cause of death and relationship to COPD
was determined. Patients were recruited world-wide and the analysis was adjusted for
geographic region as follows: United States, Asia/Pacific, Eastern Europe, Western Europe, and
Other.

At baseline the patients had a mean age of 65 years, 82% were white, and 75% were male. They
had moderate to severe pulmonary dysfunction with a mean pre bronchodilator FEV; of 1100
mL and a mean FEV, % predicted of 41%. The duration of COPD was <10 years in 65% of the
patients and 57% were former smokers. Fifty-two percent had had a COPD exacerbation in the
12 months prior to enrollment, and 45 to 51% had taken ICS in the 12 months prior to
enrollment.

The all-cause mortality at 3 years was 15.2, 13.5, 16.0, and 12.6% in the placebo, SAL, FP, and
FSC-treated patients, respectively. The difference between placebo and FSC was 2.6% or 0.87%
per year. The Hazard ratio comparing FSC to placebo was 0.82 (95% CI=0.677, 0.993). This
difference was significant at the 0.041 level before adjusting for the interim analyses. After
correction, the p-value was 0.052. The difference in all cause mortality comparing FSC to
placebo in the US population was 1.6%. This is compared to a difference of 4.0% and 3.6% in
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Eastern and the “Other” region, respectively. Sub-group analysis showed than only patients with
pulmonary function FEV; >40% predicted and patients in the age groups <65 years of age
responded to FSC substantially better than to placebo. In addition, it was noted that removal of
just a few patients who had been enrolled at sites with an unusually good response to FSC
resulted in a substantial change in the hazard ratio and significance level of the difference
between FSC and placebo in all-cause mortality.

Approximately 40% of the patients died of a COPD-related condition. The mortality from
COPD was 6.0, 6.1, 6.9, and 4.7% for the placebo, SAL, FP, and FSC-treated patients,
respectively. The hazard ratio comparing FSC to placebo was 0.776 (95% CI1=0.570, 1.057) and
the hazard ratio comparing FSC to SAL and FP was 0.776 (95% C1 0.563, 1.042) and 0.670
(0.497, 0.904), respectively. The survival curves for COPD mortality overlapped for more than
2 years. Only during the last 9 months of the study did FP and SAL mortality diverge from the
placebo and FSC mortality, and it was only in the last 6 months that the placebo mortality
increased. There were minor differences in the patients who died at the end of the treatment
period compared to those who died earlier, but the numbers were too small to draw firm
conclusions.

Moderate and severe exacerbations were reduced in all of the treatment groups. The modeled
event rate was 1.13, 0.97, 0.93, and 0.85 exacerbations per year in the placebo, SAL, FP, and
FSC groups, respectively. The hazard ratios compared to placebo were 0.858, 0.823, and 0.749
in the SAL, FP, and FSC groups, respectively. All of these comparisons were statistically
significant at the p<0.001 level and the rate in the FSC groups was lower than the rates in the
SAL and FP groups. The rate of severe exacerbations was decreased in the SAL and FSC
groups. However, the hazard ratio comparing FSC to placebo was higher that the hazard ratio
comparing SAL to placebo. The hazard rate for the comparison of FSC to SAL was 1.022 (95%
CI=0.870, 1.200).

The inference to be drawn about the effectiveness of FSC in the reduction of exacerbations is
less precise than it might have been due to the imprecise definition of an exacerbation. They
were defined only by treatment and a severe exacerbation was defined as an exacerbation that
required hospitalization. Treatment and hospitalization rates can be influenced by local patterns
of care and socio-economic relationships. Given the multi-national nature of this study, local
differences in care were not unexpected. Exacerbations were reported infrequently in Eastern
Europe and relatively frequently in the United states, Western Europe and the Other region. The
differences between placebo and FSC were greatest in the Other region and Western Europe and
lowest in Eastern Europe.

Results of spirometric testing showed an improvement in post-bronchodilator FEV, at week 24
and then a gradual decline over the remainder of the study in all of the treatment groups. Using a
repeated measures analysis, pulmonary function was maintained at a higher level in all of the
active treatment groups than in the placebo-treated patient. The SGRQ declined over the first 24
weeks and then gradually increased in all of the treatment groups. Active treatment showed a
statistical superiority over placebo treatment, however, in no treatment group and in none of the
domains was the improvement 4 points, which is generally considered the minimal important
clinical difference.
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Adverse events occurred with similar frequency in all of the treatment groups if COPD
exacerbations (which have already been quantitated in the efficacy analysis) are included as
adverse events. If COPD exacerbations are excluded, it is clear that respiratory infections, both
upper and lower respiratory tract, are increased in the groups treated with fluticasone. The
Kaplan-Meier probability of pneumonia was 25.8, 25.5, 20.3, and 34.4% in the placebo, SAL,
FP, and FSC patients, respectively. Although, not provided by the Applicant, it can be shown
that the COPD exacerbations treated with antibiotics alone were also increased in the FSC group.
Unscheduled health care visits occurred more frequently in the placebo-treated patients, but ICU
admissions occurred with the same frequency in all of the treatment groups and the ICU stay was
longest in the FSC group. There were no remarkable changes in the ophthalmic examination and
the changes in BMD were small. However, the loss to follow-up was relatively high and may
have been influenced by the testing provided. Because patients with low BMD were advised to
seek consultation for the condition, this might have influenced subsequent decisions about
withdrawal from the study.

In summary, there was a statistically equivocal increase in all-cause mortality that at best
increased the 90% survival by 4 months. The difference between placebo and FSC treatment
was less in the United States population. There were too few COPD-related deaths for robust
statistical inference. Moderate exacerbations were decreased by all the active treatments, but
severe exacerbations were improved by only SAL and FSC. In addition, the severe exacerbation
rate appeared to be decreased more in the SAL group, and some indices of health care utilization,
especially the time in the ICU favored treatment with SAL. Pulmonary function was better
maintained during treatment with FSC than in any of the other treatment groups, but, infections
adverse events were clearly increased in patients treated with FSC.
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2 STUDY # SFCB3024

A multicenter, randomized, double-blind parallel group, placebo-controlled study
to compare the efficacy and safety of the fluticasone/salmeterol combination
product at a strength of 500/50 mcg bd with salmeterol 50 mcg bd alone and
fluticasone 500 mcg bd alone, delivered via the DISKUS™ /ACCUHALER™ in the
treatment of patients with chronic obstructive pulmonary disease (COPD) for 12
months.

2.1 Protocol
2.1.1 Administrative
Dates: August 20, 1998 to December 12, 2000

Centers: 196 in 25 countries excluding the US. There were 14 in Western Europe, 7 in Eastern
Europe, and 4 in other areas.

2.1.2 Objective/Rationale

The primary objective of this study was to demonstrate a significant reduction in all-cause
mortality in COPD patients treated with fluticasone/salmeterol propionate
500/50mcg (FSC 500/50) compared with placebo, when added to usual COPD therapy.

2.1.3 Study Design

This was a multicenter, randomized, double-blind placebo-controlled parallel group study in
patients with poorly reversible COPD. During a 2-week run-in period, patients took only
salbutamol (Ventolin) for symptomatic relief. At the end of the run-in, eligible patients were
randomized to receive fluticasone/salmeterol 500/50 mcg BID (FSC), salmeterol 50 mcg BID
(SAL), fluticasone 50 mcg BID (FP) or placebo for 52 weeks. Follow-up visits occurred at 2, 4,
8, 16,24, 32, 40, and 52 weeks. The primary efficacy outcome measure was pre-dose FEV
comparing FSC to placebo. The Secondary efficacy outcomes were the number of moderate or
severe COPD exacerbations and quality of life as determined by the Saint George’s Respiratory
Questionnaire.

2.1.4 Study Population
2.1.4.1 Inclusion Criteria

1. Male or female, aged 40-79 years inclusive.

2. An established clinical history of COPD (As per the European Respiratory Society (ERS)
Consensus Statement which defines COPD as a disorder characterized by decreased maximum
expiratory flow and slow forced emptying of the lungs, which is slowly progressive, mostly
irreversible, and does not change markedly over several months).
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3. Patients who had coughed up sputum on most days during at least 3 months in 2 consecutive
years.
4. Current or ex-smokers with a smoking history of at least 10 pack-years (20 cigarettes per day
for 10 years or 10 cigarettes per day for 20 years). (Ex-smokers were defined as those who had
stopped smoking for at least 6 months prior to visit 1. Ex-smokers were eligible to enter the
study provided they had at least 10 pack years smoking history).
5. Exacerbation history: A documented history of COPD exacerbations each year for the 3 years
prior to visit 1, including at least one exacerbation in the last year prior to visit 1 that required
oral corticosteroids and/or antibiotics.
6. Poor reversibility of airflow obstruction defined as an increase of less than 10% of the
predicted normal FEV| value 30 minutes after inhalation of 400 mcg salbutamol via MDI and
Volumatic Spacer.
7. A signed and dated written informed consent was obtained prior to participation.
8. A female was eligible to enter and participate in the study if she was:
(a) Of non-child-bearing potential (i.e. physiologically incapable of becoming pregnant,
including any female who was pre-menarchal or post-menopausal); or
(b) Of child-bearing potential, was not lactating, had a negative pregnancy test (urine or
serum) at screen, and agreed to one of the following contraceptive methods:
- Complete abstinence from intercourse for the duration of the study
- Female sterilization
- Sterilization of male partner
- Implant of levonorgetrel
- Injectable progestogen
- Oral contraceptive (combined or progestogen only)
- Any intrauterine device (IUD) with published data showing that the lowest
failure rate is less than 1% per year
- Any other methods with published data showing that the lowest failure rate is
less than 1% per year
- Barrier method only if used in combination with any of the above acceptable
methods

2.1.4.2 Inclusion criteria for entry to the treatment period

1. Baseline (pre-bronchodilator) FEV, of >25 to <70% of predicted normal. This could be
demonstrated at either visit 1 or visit 2 (or at visit 2A if the run-in period was repeated).

2. Poor reversibility of airflow obstruction defined as an increase of less than 10% of the
predicted normal FEV, value 30 minutes after inhalation of 400mcg salbutamol via MDI and
Volumatic spacer. This had to be demonstrated at visit 1 and visit 2 (and visit 2A if the run-in
was repeated).

3. Baseline (pre-bronchodilator) FEV/FVC ratio < 70%. This could be demonstrated at either
visit 1 or visit 2 (or at visit 2A if the run-in period was repeated).

4. Able to complete a daily record card and to use a mini-Wright peak flow meter correctly

5. Able to use a Diskus and relief medication correctly
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2.1.4.3 Exclusion Criteria

1. In the opinion of the investigator there was a current diagnosis of asthma, eczema or allergic
rhinitis

2. Known respiratory disorders other than COPD (eg: lung cancer, sarcoidosis, tuberculosis, lung
fibrosis)

3. Chest X-ray indicating diagnosis other than COPD that might have interfered with the study
(chest X-ray had to be taken at entry to the run-in period, or in the last 3 months before entry to
the run-in period)

4. Requirement for regular (daily) or long term oxygen therapy (LTOT was defined as >12 hours
oxygen/day)

5. Received systemic corticosteroids in the last 4 weeks before entry to the run-in period

6. Received antibiotic therapy or hospitalized for lower respiratory tract infection /COPD in the
last 4 weeks before entry to the run-in period

7. Received inhaled corticosteroids at a dose of >1000 mcg/day (beclomethasone dipropionate,
budesonide or flunisolide) or > 500 mcg/day (FP) in the last 4 weeks before entry to the run-in
period

8. Had any changes in COPD medication in the last 4 weeks before entering the run-in period

9. Were receiving B-blockers (with the exception of topical betaxolol for the treatment of
glaucoma; and the selective B-blocker celiprolol for the treatment of hypertension, provided the
dosage did not exceed 200 mg/day)

10. Serious, uncontrolled disease (including serious psychological disorders) likely to have
interfered with the study

11. Received any other investigational drugs in the last 4 weeks before entry to the run-in period
12. Had, in the opinion of the investigator, evidence of alcohol, drug or solvent abuse

13. Known or suspected hypersensitivity to inhaled corticosteroids,