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1 EXECUTIVE SUMMARY 
 
GlaxoSmithKline (GSK) proposes fluticasone furoate/vilanterol (FF/VI) inhalation powder, 
administered once daily for the long-term treatment of airflow obstruction in patients with 
chronic obstructive pulmonary disease (COPD) including chronic bronchitis and/or emphysema 
and to reduce exacerbations of COPD in patients with a history of exacerbations. GSK is 
requesting approval for dosage strength of fluticasone furoate 100 mg (FF) and vilanterol 25 mg 
(VI). Neither of the components is approved for treatment of COPD. 
 
The clinical program for FF/VI includes multiple dose-ranging and dose-interval studies for the 
FF and VI monocomponents and for the FF/VI combination, four key efficacy and safety studies, 
as well as four additional active comparator studies. The focus of the statistics review is on the 
four efficacy and safety studies. All four studies were designed to demonstrate the efficacy of 
FF/VI and its components in terms of improvement in airflow obstruction and symptomatic 
endpoints, including reduction in the annual rate of moderate and severe COPD exacerbations 
(studies HZC102871 and HZC102970 only).  
 
Lung function endpoints (weighted mean FEV1 (0–4 h) and change from baseline in trough 
FEV1) were the primary endpoints in studies HZC112206 and HZC112207 and the primary 
endpoint in studies HZC102970 and HZC102871 was annual rate of moderate and severe 
exacerbations. Of note, within each of the four primary studies, in order to account for 
multiplicity across treatment comparisons and key endpoints, a specific step-down testing 
procedure was applied, whereby inference for a test in the pre-defined hierarchy was dependent 
upon statistical significance having been achieved for the previous tests in the hierarchy.   
 
Compared to placebo, both VI 25 and all dosage strengths of FF/VI showed efficacy with respect 
to the weighted mean FEV1 (0–4 h) and change from baseline in trough FEV1 (studies 
HZC112206 and HZC112207). These studies also demonstrated the contribution of VI to the 
FF/VI combination at all dosage strengths, based on the difference in weighted mean  
FEV1 (0–4 h). However, neither study demonstrated the contribution of FF to the FF/VI 
combination at all dosage strengths based on trough FEV1. Change from baseline in trough FEV1 
for VI 25 was 100 mL compared to 150 mL for FF/VI 100/25 and about 140 mL for FF/VI 
200/25. Therefore, for the proposed dose of FF/VI 100/25, the difference when compared to  
VI 25 was about 50 mL (95% CI -6, 102). Since the confidence interval includes zero, this 
implies that the direction of the difference, if any, is not known with much confidence.  
 
In both studies, the higher dose FF/VI combination did not have a larger effect on the primary 
endpoints (weighted mean FEV1 or trough FEV1) compared to the lower dose FF/VI 
combination. 
 
Only one of the two exacerbation studies showed a statistically significant improvement for all 
FF/VI doses over VI 25 for annual rate of moderate and severe exacerbations. In study 
HCZ102970, the mean rate of moderate and severe exacerbation in the VI 25 group was about 
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one exacerbation per year. For the proposed dose of FF/VI 100/25, the rate of moderate and 
severe exacerbation was reduced by about a quarter of an event in one year. 
 
The Pulmonary-Allergy Advisory Committee will convene on April 17, 2013 to discuss the 
efficacy and safety of Breo Ellipta (fluticasone furoate 100 mg and vilanterol 25 mg) 
administered once daily for the long-term treatment of airflow obstruction in patients with 
chronic obstructive pulmonary disease (COPD) including chronic bronchitis and/or emphysema 
and to reduce exacerbations of COPD in patients with a history of exacerbations. 
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2 INTRODUCTION 
 
2.1 Overview 

2.1.1 Class and Indication 
 
GlaxoSmithKline (GSK) proposes fluticasone furoate/vilanterol inhalation powder (hereafter 
referred to as FF/VI), administered once daily for the long-term treatment of airflow obstruction 
in patients with chronic obstructive pulmonary disease (COPD) including chronic bronchitis 
and/or emphysema and to reduce exacerbations of COPD in patients with a history of 
exacerbations. It contains fluticasone furoate, an inhaled corticosteroid (ICS), hereafter referred 
to as FF, and vilanterol tridentate, a long acting beta2-agonist (LABA), hereafter referred to as 
VI. GSK is requesting approval for dosage strength of fluticasone furoate 100 mg and vilanterol 
25 mg. As neither of the components is approved for treatment of COPD, the clinical 
development program aimed to demonstrate the efficacy of FF and VI individually, their 
contribution to the combination, and the efficacy of the FF/VI combination.  

2.1.2 History of Drug Development 
 
GSK had several interactions with the Division of Pulmonary, Allergy, and Rheumatology 
Products regarding their FF/VI clinical development program for COPD (under IND 77,855). 
They also met with the Division to discuss their clinical development program for asthma, as 
well as their development program for each of the individual components (under IND 74,696 for 
the VI program and under IND 70,297 for the FF program). Pertinent parts of the statistical 
portion of the communications and interactions for the FF/VI COPD program are summarized 
herein.   
 
The design and analysis of the phase 3 studies (Table 1) as well as the results from the Phase 2 
dose-ranging and dose-interval studies were discussed at the End-of-Phase 2 meeting held on 
June 17, 2009. In this meeting the applicant discussed the primary endpoint, the annual rate of 
COPD moderate/severe exacerbations, for the two 52-week studies (HCZ102871 and 
HCZ102970, hereafter referred to as 2871 and 2970, respectively). The applicant stated that the 
rate would be calculated as the total number of moderate and/or severe exacerbations 
experienced by the patient during the treatment period and analyzed using a generalized linear 
model, assuming the Negative Binomial distribution, with the logarithm of time on treatment as 
an offset variable. While the Division informally agreed to the applicant’s proposed primary 
analysis, we recommended that the applicant also analyze the exacerbation rates by Poisson 
regression as a sensitivity analysis. The applicant also discussed the primary endpoints, namely 
the trough FEV1 for comparisons pertaining to the evaluation of the FF and VI components and 
weighted mean (based on the AUC) FEV1 over 0–4 hours for comparisons pertaining to the 
evaluation of the VI component, for the two 6-month studies (HCZ112206 and HZC112207, 
hereafter referred to as 2206 and 2207, respectively). The applicant stated that for each of these 
endpoints, change from baseline would be analyzed using mixed models repeated measures 
(MMRM), with an unstructured variance-covariance matrix. Visit would be fitted as a 
categorical variable and a treatment by visit interaction term would be fitted to allow estimates of 
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treatment effect at each visit separately. While the Division informally agreed to the applicant’s 
proposed approach, we also recommended that the applicant conduct sensitivity analyses using 
other missing data imputation methods and other covariance matrix structures. The applicant also 
proposed a hierarchy of statistical tests across the primary and pre-defined secondary endpoints 
in order to control for multiplicity. The Division at that time responded  
 

When there are multiple studies available and each study has multiple doses, the efficacy evidence 
will be evaluated collectively from the multiple studies and multiple doses. The error rate of 
approving an ineffective drug will be controlled if the dose- response relationship is reasonable 
and results across studies are consistent. The proposed hierarchical testing procedure protects 
against type I error in a rigid way and may lead to irrational conclusion when the dose- response 
was guessed incorrectly. In addition, this procedure does not add any value in the selection of the 
optimal doses, as the optimal doses should be selected based on the effect size, safety concerns, 
and risk/benefit ratio. 

 
In the discussion that followed, the applicant agreed that the closed testing procedure protects 
Type I error in a rigid way and may lead to an irrational conclusion. However, the applicant still 
would like to use the procedure. The Division agreed the procedure was acceptable and 
recommended that the applicant not include the comparison between FF versus placebo in the 
testing procedure and to include the comparison between the FF/VI versus VI for trough FEV1 in 
order to evaluate the contribution of FF. While the evidence of efficacy is evaluated collectively 
from the multiple studies, we agree with the applicant that a strong control of type 1 error should 
be in place for each individual studies. 
 
A Type B pre-NDA meeting was held on July 13, 2011, to discuss the applicant’s data to support 
the use of the FF/VI inhalation powder in the treatment of COPD and Asthma. The Division 
raised concerns regarding the lack of robust results to support the proposed bronchodilation 
indication and satisfy the Combination Rule for COPD population. Based on the preliminary 
review of the data from studies 2206 and 2207 at that time, only the lowest combination dose 
FF/VI 50/25 mcg showed a statistically significant benefit in terms of trough FEV1 over VI 25 
and there does not appear to be a replicated comparison of FF/VI 50/25 to placebo in the clinical 
program. Furthermore, trough FEV1 data for FF/VI 100/25 and FF/VI 200/25 compared to VI 
were not supportive. The Division noted that the COPD exacerbation studies (2871 and 2970) 
may provide efficacy support for the addition of FF to VI, but positive exacerbation results may 
be problematic in the context of the negative lung function results.  There was also a discussion 
of the proposed statistical methodology for examining subgroups as outlined in the summary 
Document Analysis Plans for the ISE (submitted on March 11, 2011 with serial No. 0291) and 
for the ISS (submitted on March 24, 2011 with serial No. 0296) for COPD in IND 77,855. The 
Division informally agreed that their approach was reasonable and noted that generally the 
results from individual studies to support any claims in the label are used. 
 

Pooled analyses are not usually very helpful in this regard with the exception of required analyses 
by age, sex and race. Additional analyses may be performed using pooled data; however, little 
weight will be given to the results from these analyses.  
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2.1.3 Specific Studies Reviewed 
 
The clinical program for FF/VI includes multiple studies for the FF and VI monocomponents and 
for the FF/VI combination. The applicant submitted data from 12 dose-ranging and dose-interval 
studies for the FF and VI monocomponents and for the FF/VI combination, data from four key 
efficacy and safety studies, as well as data from four additional active comparator studies. 
 
The focus of the statistics review is on the four key efficacy and safety studies (Table 1). All four 
studies were phase 3, randomized, double-blind, parallel-group, multi-center studies in male and 
female patients at least 40 years of age at screening. The review will also include results from the 
active-comparator studies, except for study 3107 where the dose of the active comparator is not 
approved in the US for COPD (Table 2). Review of the dose-ranging and dose-interval studies 
can be found in the Clinical Review.   
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Table 1: Study Design for the Four Efficacy Studies 
 Phase and Design Length of the 

Study  
Treatment Arms Number 

of 
Patients 
per Arm 

Study 
Population 
 

Primary Efficacy Endpoints % in US 
Sites 

HZC112206 Phase 3, 
randomized, 
double-blind, 
parallel-group, 
multi-center  

RI: 2 weeks 
TP: 24 weeks  
FU: 1 week 

FF/VI 50/25 mcg   
FF/VI 100/25 mcg  
FF/VI 100 mcg  
VI 25 mcg  
Placebo 

206 
206 
206 
205 
207 

Moderate/severe 
COPD  

Weighted mean Clinic Visit 
FEV1 0–4 hours on Day 168 
 
Change from baseline in 
Clinic Visit trough FEV1 on 
Day 169    
 

39% 

HZC112207 Phase 3, 
randomized, 
double-blind, 
parallel-group, 
multi-center 

RI: 2 weeks 
TP: 24 weeks  
FU: 1 week 

FF/VI 100/25 mcg  
FF/VI 200/25 mcg  
FF 100 mcg  
FF 200 mcg  
VI 25 mcg 
Placebo 

204 
205 
204 
204 
204 
205 

Moderate/severe 
COPD 

Weighted mean Clinic Visit 
FEV1 0–4 hours on Day 168 
 
Change from baseline in 
Clinic Visit trough FEV1 on 
Day 169    
  

25% 

HZC102871 Phase 3, 
randomized, 
double-blind, 
parallel-group, 
multi-center 

RI: 4 weeks 
TP: 52 weeks  
FU: 1 week 

FF/VI 50/25 mcg   
FF/VI 100/25 mcg   
FF/VI 200/25 mcg  
VI 25 mcg 

408 
403 
402 
406 

Moderate/severe 
COPD 

Annual rate of moderate and 
severe exacerbations  

33% 

HZC102970 Phase 3, 
randomized, 
double-blind, 
parallel-group, 
multi-center 

RI: 4 weeks 
TP: 52 weeks  
FU: 1 week 

FF/VI 50/25 mcg   
FF/VI 100/25 mcg   
FF/VI 200/25 mcg  
VI 25 mcg 

412 
403 
409 
409 

Moderate/severe 
COPD 

Annual rate of moderate and 
severe exacerbations 

36% 

• RI: Run-in period, TP: Treatment period, FU: Follow-up 
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Table 2 Study Design for the Active Comparator Studies 
 Phase and Design Length of the Study  Treatment 

Arms 
Number of 
Patients per 
Arm 

Study 
Population 
 

Primary Efficacy Endpoints % in US 
Sites 

HZC112352 Phase 3b, randomized, 
double-blind, double-
dummy, parallel-group, 
multi-center  

RI: 2 weeks 
TP: 12 weeks  
FU: 1 week 

FF/VI 100/25 
mcg   
FP/salmeterol 
250/50 mcg  
 

259 
 
252 
 

COPD  Change from baseline 
trough in 24–hour weighted 
mean serial FEV1 on Day 84   
 
 

29% 

HZC113109 Phase 3b, randomized, 
double-blind, double-
dummy, parallel-group, 
multi-center 

RI: 2 weeks 
TP: 12 weeks  
FU: 1 week 

FF/VI 100/25 
mcg  
FP/salmeterol 
250/50 mcg  
 

261 
 
260 
 

COPD Change from baseline 
trough in 24–hour weighted 
mean serial FEV1 on Day 84   
 
  

28% 

HZC113107 Phase 3, randomized, 
double-blind, double-
dummy, parallel-group, 
multi-center  

RI: 2 weeks 
TP: 12 weeks  
FU: 1 week 

FF/VI 100/25 
mcg   
FP/salmeterol 
500/50 mcg  
 

266 
 
262 
 

COPD  Change from baseline 
trough in 24–hour weighted 
mean serial FEV1 on Day 84   
 
 

0% 

HZA113091 Phase 3, randomized, 
double-blind, double-
dummy, parallel-group, 
multi-center 

RI: 4 weeks 
TP: 24 weeks  
FU: 1 week 

FF/VI 100/25 
mcg  
FP/salmeterol 
250/50 mcg  
 

403 
 
403 
 

Persistent 
bronchial 
asthma 

Weighted mean for 24–hour 
serial FEV1 at the end of the 
24–week treatment period 
 

30% 

• RI: Run-in period, TP: Treatment period, FU: Follow-up 
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2.2 Data Sources  
 
NDA 204-275 was submitted on July 12, 2012. The study reports including protocols, statistical 
analysis plan, and all referenced literature were submitted by the Applicant to the Agency.   

3 STATISTICAL EVALUATION 
 
3.1 Data and Analysis Quality 
 
In general, the submitted efficacy data are acceptable in terms of quality and integrity. I was able 
to reproduce the primary and secondary efficacy endpoint analyses for each clinical study 
submitted. I was able to verify the randomization of the treatment assignments. 
 
3.2 Evaluation of Efficacy 

3.2.1 Study Design and Endpoints 
 

The summary of the study designs and endpoints for the four key efficacy studies are given in 
Table 1. All four studies were Phase 3, randomized, double-blind, parallel-group, multi-center 
studies in male and female patients at least 40 years of age at screening (Visit 1). The design and 
efficacy endpoints are explained in detail in the following paragraphs. 
 
Studies 2206 and 2207 were designed similarly. Both studies consisted of 24 weeks of treatment 
and were designed to assess the efficacy and safety of FF/VI when administered once daily via 
the novel dry powder inhaler in patients with COPD. Study 2206 studied the dosage strengths of 
FF/VI 50/25 mcg and 100/25 mcg, FF 100 mcg, VI 25 mcg and placebo. Study 2207 studied the 
dosage strengths FF/VI 100/25 mcg, 200/25 mcg, FF 100 mcg, FF 200 mcg, VI 25 mcg and 
placebo. Studies 2871 and 2970 were designed similarly. These two studies were designed to 
evaluate the effects of once daily dosing in the morning with dosage strengths FF/VI (50/25, 
100/25 and 200/25 mcg) versus one dosage strength of VI (25 mcg) in patients with COPD. For 
each of the four studies, following the run-in period, patients were randomized into treatment 
arms with stratification on smoking status (current smoker or previous smoker). 
  
The primary endpoints for both studies 2206 and 2207 were weighted mean clinic visit FEV1 0–4 
hours post-dose on treatment Day 168 (Visit 11) and change from baseline in clinic visit trough 
(pre-bronchodilator and pre-dose) FEV1, on treatment Day 169 (Visit 12). Trough FEV1 on 
treatment Day 169 was defined as the mean of the FEV1 values obtained 23 and 24 hours after 
dosing on treatment Day 168, measured at visit 12. If one of the two paired assessments was 
missing then trough FEV1 was defined as the single 23 or 24 hour assessment. For inclusion in 
the calculation the 23- and 24-hour values must have been pre- the next day’s dose.  

 
Baseline FEV1 was defined as the mean of the two assessments made 30 and 5 minutes pre-dose 
on Treatment Day 1. The -30 and 0 minutes pre-dose measurements must have had time of 
assessments less than or equal to the time of Day 1 dosing to be included in the baseline 
calculation; measurements after the time of Day 1 dosing were set to missing. If one of these two 
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assessments was missing then baseline was defined as the single pre-dose FEV1 value on Day 1. 
If both were missing then baseline was missing. 
  
The weighted mean clinic FEV1 was used to evaluate the contribution of VI and the trough FEV1 
was used to evaluate the contribution of FF in the intent-to-treat (ITT) population. The ITT 
population was defined as all patients who were randomized to and received at least one dose of 
randomized double-blind study medication in the treatment period. The secondary endpoints for 
studies 2206 and 2207 were peak FEV1 on treatment Day 1 and time to onset (increase of 100 
mL above baseline in FEV1) on treatment day 1 in the ITT population. 
 
The primary endpoint in both studies 2871 and 2970 was the annual rate of moderate and severe 
exacerbations. The secondary endpoints for both studies were time to first moderate and severe 
exacerbation, annual rate of exacerbations requiring systemic/oral corticosteroids, and change 
from baseline in trough FEV1 at visit 11. COPD exacerbation was defined as an acute worsening 
symptom of COPD requiring the use of any treatment other than study medication or rescue 
albuterol/salbutamol. A moderate exacerbation was defined as worsening symptoms of COPD 
that required treatment with oral corticosteroids and/or antibiotics. A severe exacerbation was 
defined as worsening symptoms of COPD that required treatment with in-patient hospitalization. 
Albuterol/salbutamol was used as rescue medication. 
 
There was a strong control of the Type 1 error for the primary endpoints. Studies 2206 and 2207 
used a step-down procedure to account for multiplicity across treatment comparisons and key 
endpoints (Figure 1 and Figure 2).  
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Figure 1: Statistical Testing Strategy Study 2206 

 
Source: Clinical Study Report-Protocol Number HZC112206 Attachment 2, page 2043  
 
Figure 2: Statistical Testing Strategy Study 2207 
 
 

 
Source: Clinical Study Report-Protocol Number HZC112207 Attachment 1, page 2029 
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A step-down testing approach (Figure 3) was used to account for multiplicity across treatment 
comparisons and key endpoints in both studies 2871 and 2970. Using this approach the inference 
for the primary efficacy endpoint for the FF/VI 100/25 combination dose versus VI 25 was 
dependent upon statistical significance at the 5% level having first been achieved for the primary 
efficacy endpoints for the FF/VI 200/25 versus VI 25. For a given FF/VI combination dose, the 
secondary endpoints were nested under the primary endpoint.  
 
Figure 3: Statistical Testing Strategy Studies 2871 and 2970 
 

 
Source: Protocol Amendment Protocol-Protocol Number HZC102871 Figure 1, page 64 and Clinical Protocol-
Protocol Number HZC102970 Figure 1, page 63 
 
The summary of the study designs and endpoints for the four active-comparator studies are given 
in Table 2. Studies HZC112352, HZC113109 and HZC113107, hereafter referred to as 2352, 
3109 and 3107, respectively were designed similarly. All three studies consisted of 12 weeks of 
treatment and were designed to assess the efficacy and safety of FF/VI inhalation powder 
administered once daily in the morning versus FP/salmeterol inhalation powder administered 
twice daily on lung function in subjects with COPD. Studies 2352 and 3109 studied the dosage 
strengths of FF/VI 100/25 mcg and FP/salmeterol 250/50 mcg. Study 3107 studied the dosage 
strengthens FF/VI 100/25 mcg and FP/salmeterol 500/50 mcg. Because the dose of the active 
comparator FP/salmeterol 500/50 mcg is unapproved, the results from this study are not included 
in the review. Study HZA113091 hereafter referred to as 3091 was designed to evaluate the 
efficacy and safety of once daily in the evening treatment with FF/VI 100/25 mcg compared with 
twice daily FP/salmeterol 250/50 mcg (morning and evening) on lung function in subjects with 
persistent bronchial asthma over a 24-week treatment period. For each of the COPD studies 
(2352, 3107 and 3109), following the run-in period, patients were randomized into treatment 

Reference ID: 3278249

BEST AVAILABLE COPY



16 
 

arms with stratification on the subject’s reversibility (reversible or non-reversible) to albuterol 
(salbutamol). 
 
The primary endpoint for studies 2352, 3107 and 3109 was change from baseline trough in 24–
hour weighted mean serial FEV1 on Day 84. The weighted mean was calculated from the pre-
dose FEV1 and post-dose FEV1 measurements at 5, 15, 30 and 60 minutes and 2, 4, 6, 8, 12, 13, 
14, 16, 20 and 24 hours on treatment Day 84. Baseline trough FEV1 was the mean of the two 
assessments made 30 and 5 minutes pre-dose on treatment Day 1. The primary endpoint for 
study 3091 was weighted mean for 24 hour serial FEV1, calculated from serial spirometry over 
0–24 hours at the end of 168-day double-blind treatment period. The 24 hour serial FEV1 
included a pre-dose assessment within 5 minutes prior to dosing and post-dose assessments after 
5, 15 and 30 minutes and 1, 2, 3, 4, 11, 12, 12.5, 13, 14, 16, 20, 23 and 24 hours.  
  

3.2.2 Statistical Methodologies 
 
For studies 2206 and 2207 the primary analyses for the primary endpoints, 0–4 hours post-dose 
weighted mean FEV1 and trough FEV1, were analyzed using mixed model repeated measures 
(MMRM) in the ITT population. The model covariates were baseline FEV1, smoking status 
(stratum), Day (1, 14, 56, 84 and 168), center grouping, treatment, Day by baseline interaction 
and Day by treatment interaction. Additional analyses assessed whether the effect of the active 
treatment groups were modified by smoking status at screening, center grouping or baseline 
FEV1. This was achieved by fitting separate repeated measures models identical to the primary 
analysis model but also including additional terms for the treatment by smoking status 
interaction, treatment by center grouping and treatment by baseline FEV1 interaction, 
respectively. An assessment of whether the effect of the active treatment groups were modified 
by reversibility, percent predicted GOLD categories, and cardiovascular (CV) history/risk factors 
were also conducted by fitting separate repeated measures models, identical to the primary 
analysis model but also included additional terms for reversibility and the reversibility by 
treatment interaction, percent predicted and the percent predicted by treatment interaction, 
cardiovascular history/risk factors and the cardiovascular history/risk factors by treatment 
interaction respectively. If the interactions from any of these analyses were significant at the 
10% level, further investigation and characterization of the interactions was undertaken. The 
applicant defined reversibility as an increase in FEV1 of ≥12% and ≥200 mL following 
administration of albuterol/salbutamol. The applicant defined percent predicted GOLD 
categories as: 
 

I: FEV1 ≥ 80 % predicted 
II: 50 % ≤ FEV1 < 80 % predicted 
III: 30 % ≤ FEV1 < 50 % predicted 
IV: FEV1 <30 % predicted  
 

The CV history/risk factors were defined as any patient with at least one of the following current 
or past medical conditions at screening: 
 

• Coronary Artery Disease  
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• Myocardial Infarction  
• Arrhythmia  
• Congestive Heart Failure  
• Hypertension  
• Cerebrovascular Accident  
• Diabetes Mellitus  
• Hypercholesterolemia. 

 
The secondary endpoint, peak FEV1 on treatment Day1, for studies 2206 and 2207 was analyzed 
using an Analysis of Covariance (ANCOVA) model. The covariates included in this model were 
baseline FEV1, smoking status, center grouping and treatment. The secondary endpoint, time to 
≥100 mL increase from baseline in FEV1, was analyzed using the log-rank test, stratified for 
smoking status for each of the treatment comparisons. Actual times of FEV1 results were used. A 
Kaplan-Meier plot showing the survival curves for all treatment groups was produced. Median 
time to ≥100 mL increase from baseline in FEV1 (taken from the Kaplan-Meier analysis) was 
also presented.    

 
For studies 2871 and 2970 the primary endpoint, annual rate of moderate and severe 
exacerbations, was analyzed using a general linear model assuming the negative binomial 
distribution in the ITT population. The response variable was the number of recorded, on-
treatment, moderate and severe exacerbations experienced per patient. The explanatory variables 
consisted of treatment group, smoking status at screening (stratification variable), baseline 
disease severity (as percent predicted FEV1) and center grouping. The model also included the 
logarithm of time on treatment per patient (derived from exposure start and stop) as an offset 
variable. The same model was also used assuming a Poisson regression model on the ITT 
population. Subgroup analyses were conducted to explore the effect of treatment by covariate 
interactions. There were three models fitted for both the negative binomial and the Poisson 
regression models in the ITT population: (i) with the addition of an interaction term for treatment 
by smoking status; (ii) with the addition of an interaction term for treatment by center grouping; 
and (iii) with the addition of an interaction term for treatment by percent predicted FEV1. Two 
additional models were fitted to investigate the effect of treatment by covariate interactions: (iv) 
with the addition of a covariate of CV history/risk factors and an interaction term for treatment 
by CV history/risk factors, and (v) with the addition of a covariate of reversibility (yes/no) and 
an interaction term for treatment by reversibility. 

 
The secondary endpoint, time to first moderate or severe exacerbation, in studies 2871 and 2970 
was analyzed using a Cox proportional hazard model, with the exact method for handling ties in 
times of first exacerbation in the ITT population. The covariates included in the model were 
treatment group, smoking status at screening, baseline disease severity (percent predicted FEV1) 
and center grouping. Annual rate of exacerbations requiring systemic/oral corticosteroids was 
analyzed using a generalized linear model assuming a negative binomial distribution. The 
response variable was the annual rate of exacerbations requiring systemic/oral corticosteroids for 
each patient. The explanatory variables were treatment group, smoking status at screening, 
baseline disease severity and center grouping. The model also included the logarithm of time on 
treatment per patient (derived from exposure start and stop) as an offset variable. The secondary 
endpoint, trough FEV1 at visit 11 (week 52), was analyzed using mixed–models repeated–
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measures with a repeated effect of visit within each patient and an unstructured covariance 
matrix. The response variable was change from baseline in trough FEV1 at visits 3 to 11 with 
explanatory variables: treatment group, smoking status at screening (stratum variable), visit by 
baseline and visit by treatment interaction. Similar to the primary efficacy endpoint, additional 
models were fitted which explored the effect of treatment by covariate interactions: (i) with the 
addition of an interaction term for treatment by smoking status; (ii) with the addition of an 
interaction term for treatment by center grouping; and (iii) with the addition of an interaction 
term for treatment by baseline FEV1.  
 
In studies 2206 and 2207, the applicant pre-specified four additional analyses to explore missing 
data for the primary endpoints in the ITT population. One of the sensitivity analyses conducted 
by the applicant was the last observation carried forward (LOCF) for both primary endpoints. If 
the data was missing for the endpoint then the last non-missing post-baseline value was imputed.  
The LOCF analysis was performed using an ANCOVA model with covariates baseline FEV1, 
smoking status, center grouping, and treatment. The Division generally does not accept LOCF as 
an imputation strategy because this implies patients who discontinue treatment will have the 
same outcome over time. This may lead to a biased standard error estimates since we are 
ignoring inherent uncertainty in the imputed values. In addition, this approach may not be 
conservative in terms of the patient’s imputed outcome. For example, if a patient discontinued 
due to adverse events but had a good FEV1, we will then be imputing a good score when in fact 
this patient was not successfully treated.  
 
The applicant also applied two multiple imputation approaches, which they referred to as  
missing at random (MAR) and copy differences from control (CDC), to show how different 
assumptions influence the results obtained in the primary analysis. The multiple imputation 
methods allowed post-discontinuation missing observations to be imputed by fitting a Bayesian 
multivariate normal model for the data (including the same covariates as for the primary MMRM 
analysis) within each treatment using a Markov Chain Monte Carlo approach and quasi-
independent samples drawn from the posterior distributions for the parameters of the multivariate 
normal distribution for each arm. Joint distribution of the pre- and post-withdrawal data was 
constructed based on the applicant’s pre-specified assumptions concerning the post-withdrawal 
data (i.e., MAR and CDC). Conditional distribution of post-withdrawal given pre-withdrawal 
data and also covariates values for the individual subjects was then constructed using the joint 
distribution. This approach allowed the creation of completed datasets. 
 
The MAR approach is based on the means and variance-covariances structures using patients in 
the same treatment group as the withdrawn patient. The main difference is that this approach 
uses separate covariance parameter estimation for each arm and also separate regression 
parameters using baseline covariates within each arm. Since the MAR approach assumes missing 
at random mechanism, this is concerning given that we are assuming that the behavior of the 
post-withdrawal data can be predicted from the observed variables. Like LOCF, this approach 
may not be conservative given that patients who discontinued from treatment may have the 
worse post-withdrawal outcome (e.g., they may be the more severe population) than patients who 
continued treatment. 
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An alternative method is the CDC approach. This is based on the assumption that patients who 
withdrew from the treated group would have followed the same trend over time (difference in 
mean value between time points) as those in the placebo group. According to the article provided 
by the applicant1, a patient’s mean profile in the treated group following withdrawal tracks that 
of the mean profile in the placebo group, but starting from the benefit already obtained. Post-
withdrawal data in the placebo group are imputed under the MAR approach. Therefore, the 
placebo patients who withdrew are handled the same way as those who continued treatment. 
While this approach provided a specific assumption about the treated patients who withdrew 
from the study, it is unclear whether the assumption is suitable given that placebo patients who 
completed the trial may be more likely to be doing better than those placebo patients who 
discontinued. Furthermore, this approach may not account for patients who may have worse 
post-withdrawal outcomes (e.g. they may be the more severe population) that potentially decline 
over time compared to those who continued treatment. 
 
To shed light on the nature and pattern of missing data, data for the 0–4 hours weighted mean 
FEV1 and the trough FEV1 endpoints were examined through cohorts of patients where the 
cohorts are defined based on the scheduled visits that were completed by each patient. The 
cohorts helped to show if there were any differences between the treatment groups in the mean 
values at each visit within and across cohorts. Such comparisons may be of use in speculating 
whether or not the MAR assumption is reasonable and whether the pre-specified primary and 
sensitivity analyses are adequate to address the missing data problem.   
 
In studies 2871 and 2970, the exacerbation data was summarized in terms of recorded (i.e., not 
imputed) on-treatment exacerbations only and imputed year rates and counts of moderate and 
severe exacerbations. Supplementary analyses used imputed yearly rates and counts of moderate 
and severe exacerbations using a linear equation that accounted for the number of recorded on-
treatment exacerbations and which quarter the exacerbation fell into (Table 3). The calculation of 
imputed exacerbation rates was based on treatment period intervals in order to avoid obtaining 
high imputed rates if a subject withdrew very early from the study after experiencing an 
exacerbation. Since treatment courses for moderate/severe exacerbations were to be ≤4 weeks 
when possible, imputed numbers of exacerbations for subjects who withdrew from the study 
were based on 4-week intervals of the treatment period.  

 
Table 3: Exacerbation Quarters 
Period Period Start Period End 
Quarter 1 day 1 day 91 
Quarter 2 day 92 day 182 
Quarter 3 day 183 day 273 
Quarter 4 day 274  day 364  
N/A day 365 N/A 
 
Like the primary analysis, this approach assumes that there is no relationship between the 
response and the missing outcome i.e., the method assumes that the event rate after withdrawal 

                                                           
1 Carpenter, Roger and Kenward. Analysis of Longitudinal Trials with Protocol Deviation: A Framework for 
Relevant, Accessible Assumptions, and Inference via Multiple Imputation 
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from trial is the same as the event rate on study treatment. This is often not the case, particularly 
when the reason for missing data is treatment-related.  
 
For studies 2352 and 3109 the primary analysis for the primary endpoint, change from baseline 
trough in 24–hour weighted mean serial FEV1 on Day 84, was analyzed using an ANCOVA 
model with covariates baseline FEV1, reversibility stratum, smoking status (at screening), 
country and treatment. For study 3091 the primary analysis for the primary endpoint, weighted 
mean serial FEV1 over 0–24 hour post-dose at the end of the 24-week treatment (Day 168), was 
analyzed using an ANCOVA model with covariates baseline FEV1, region, sex, age, and 
treatment group. All analyses were conducted on the ITT population. 

3.2.3 Patient Disposition, Demographic and Baseline Characteristics 
 
The summary of the patient disposition in studies 2206 and 2207 is given in Table 4 and Table 5 
respectively and studies 2871 and 2970 are shown in Table 5. Study 2206 had about 30% of the 
patients withdraw from the study. Study 2207 had about 25% of the patients withdraw from the 
study. Note that the applicant assumed that approximately 27% of patients would withdraw 
before the end of the treatment period in studies 2206 and 2207. The primary reasons for 
discontinuation were adverse advent (AE) with 7% to 9% in the FF/VI groups and 7% to 12% in 
the VI group and lack of efficacy with 3% to 6% in the FF/VI groups, 6% to 10% in the placebo 
group, 5% to 7% in the VI groups and 2% to 9% in the FF group. For both studies, lack of 
efficacy was higher in the placebo groups compared to the other treatment groups. Protocol 
violations accounted for 1% to 3% overall for the discontinuations.  
 
About 25% of the patients withdrew in study 2871 and about 27% of the patients withdrew in 
study 2970 (Table 6). The primary reasons for discontinuation was AE (7% overall in both 
studies) and withdrawal of consent (6% overall in both studies). Lack of efficacy accounted for 
4% to 5% of the discontinuation. Lack of efficacy due to exacerbations accounted for 3% in both 
studies.  
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Table 4: Study 2206 Summary of Patient Disposition 
 Number (%) of Patients 
 FF  

100 
VI  
25 

FF/VI 
50/25 

 

FF/VI 
100/25 

Placebo 

Randomized 206 205 206 206 207 
Completed 145 (70) 142 (69) 147 (71) 151 (73) 138 (67) 
ITT 206 205 206 206 207 
PP 204 191 195 197 196 
Discontinued 61 (30) 63 (31) 59 (29) 55 (27) 69 (33) 
Adverse Event 23 (11) 24 (12) 17 (8) 14 (7) 15 (7) 
Lack of Efficacy 18 (9) 15 (7) 12 (6) 12 (6) 20 (10) 
     Exacerbation 16 (8) 13 (6) 9 (4) 12 (6) 17 (8) 
Protocol 
Deviation 

4 (2) 2 (<1) 1 (<1) 4 (2) 3 (1) 

Patient Reached 
Protocol-defined 
Stopping Criteria 

5 (2) 8 (4) 13 (6) 9 (4) 11 (5) 

Study 
closed/terminated 

0 0 0 0 0 

Lost to Follow-
up 

0 2 (<1) 1 (<1) 3 (1) 4 (2) 

Investigator 
discretion 

2 (<1) 5 (2) 5 (2) 4 (2) 5 (2) 

Patient Withdrew 
Consent 

9 (4) 7 (3) 10 (5) 9 (4) 11 (5) 

Source: Clinical Study Report-Protocol Number HZC112206 Table 6, page 72  
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Table 5: Study 2207 Summary of Patient Disposition 
 Number (%) of Patients 
 FF 

100 
FF 
200 

VI 
25 

FF/VI 
100/25 

 

FF/VI 
200/25 

Placebo 

Randomized 204 204 204 204 205 205 
Completed 155 (76) 160 (79) 161 (79) 144 (71) 158 (77) 146 (71) 
ITT 204 203 203 204 205 205 
PP 193  190  191  193  194  198 
Discontinued 49 (24) 43 (21) 42 (21) 60 (29) 47 (23) 59 (29) 
Adverse Event 12 (6) 15 (7) 15 (7) 17 (8) 19 (9) 18 (9) 
Lack of Efficacy 5 (2) 6 (3) 11 (5) 8 (4) 7 (3) 12 (6) 
     Exacerbation 2 (<1) 5 (2) 11 (5) 7 (3) 7 (3) 12 (6) 
Protocol 
Deviation 

7 (3) 2 (<1) 3 (1) 8 (4) 4 (2) 7(3) 

Patient Reached 
Protocol-defined 
Stopping Criteria 

12 (6) 7 (3) 7 (3) 15 (7) 12 (6) 7 (3) 

Study 
closed/terminated 

1 (<1) 0 0 0 1 (<1) 0 

Lost to Follow-
up 

2 (<1) 0 0 2 (<1) 1 (<1) 3 (1) 

Investigator 
discretion 

1 (<1) 6 (3) 3 (1) 1 (<1) 1 (<1) 4 (2) 

Patient Withdrew 
Consent 

9 (4) 7 (3) 3 (1) 9 (4) 2 (<1) 8 (4) 

Source: Clinical Study Report-Protocol Number HZC112207 Table 6, page 71  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 3278249



23 
 

Table 6: Summary Patient Disposition Study 2871 and Study 2970 
 Number (%) of Patients 
 VI 25 FF/VI 

50/25 
FF/VI 
100/25 

 

FF/VI 
200/25 

Study 2871 
Randomized 409 408 403 402 
Completed 294 (72) 315 (77) 312 (77) 301 (75) 
ITT 409 408 403 402 
PP 390  393  381  381 
Discontinued 115 (28) 93 (23) 91 (23) 101 (25) 
Adverse Event 22 (5) 25 (6) 29 (7) 31 (8) 
Withdrew Consent 34 (8) 18 (4) 17 (4) 22 (5) 
Lack of Efficacy 24 (6) 16 (4) 11 (3) 18 (4) 
     Exacerbation 15 (4) 10 (2) 4 (<1) 13 (3) 
Protocol Deviation 8 (2) 7 (2) 8 (2) 7 (2) 
Patient Reached 
Protocol-defined 
Stopping Criteria 

10 (2) 14 (3) 13 (3) 10 (2) 

Study 
closed/terminated 

2 (<1) 0 1 (<1) 0 

Lost to Follow-up 11 (3) 7 (2) 6 (1) 5 (1) 
Investigator 
discretion 

4 (<1) 6 (1) 6 (1) 8 (2) 

Study 2970 
Randomized 409 412 403 409 
Completed 284 (69) 303 (74) 291 (72) 306 (75) 
ITT 409 412 403 409 
PP 382 391 379 386 
Discontinued 125 (31) 109 (26) 112 (28) 103 (25) 
Adverse Event 25 (6) 32 (8) 35 (9) 30 (7) 
Withdrew Consent 30 (7) 22 (5) 25 (6) 25 (6) 
Lack of Efficacy 35 (9) 14 (3) 16 (4) 14 (3) 
     Exacerbation 20 (5) 8 (2) 9 (2) 7 (2) 
Protocol Deviation 7 (2) 11 (3) 9 (2) 8 (2) 
Patient Reached 
Protocol-defined 
Stopping Criteria 

11 (3) 13 (3) 12 (3) 9 (2) 

Study 
closed/terminated 

1 (<1) 1 (<1) 0 0 

Lost to Follow-up 6 (1) 8 (2) 6 (1) 10 (2) 
Investigator 
discretion 

10 (2) 8 (2) 9 (2) 7 (2) 

Source: Clinical Study Report-Protocol Number HZC102871 Table 4, page 55 and  HZC10290 Table 4, page 54 
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The demographics and baseline characteristics in studies 2206 and 2207 are summarized in 
Table 20 and Table 20, respectively for the ITT population (see appendix). The patients’ mean 
age was about 62 to 63 years in the two studies. Most of the patients were White (72% ~ 94%) 
and male (67% ~ 72%) in these two studies. The mean body mass index (BMI) of the patients 
was 26.1 kg/m2 to 26.5 kg/m2 which indicated that the patients were slightly overweight in both 
studies. 
 
The demographics and baseline characteristics in studies 2871 and 2970 are summarized in 
Table 22 and Table 23, respectively for the ITT population (see appendix). The patients’ mean 
age was about 63.6 to 63.7 years in these two studies. Most of the patients were White (82% ~ 
88%) and male (59% ~ 55%) in these two studies. The BMI of the patients was 26.69 kg/m2 to 
27.05 kg/m2 which indicated that the patients were slightly overweight in both studies. 
 
Less than 11% of patients withdrew from the three active-comparator studies (7% in study 2352, 
9% in 3109, and 11% in 3091). The reasons for discontinuation varies from withdraw of consent, 
protocol deviation, lack of efficacy, and adverse events, but generally they were well-balanced 
across treatment groups. For studies 2352 and 3109 the patients’ mean age was about 61 to 62 
years. Majority of the patients were White (94% ~ 97%) and male (64% ~ 68%) in these three 
studies. The BMI of the patients was 27.3 kg/m2 to 27.5 kg/m2 which indicated that the patients 
were slightly overweight in these studies. In the asthma study, study 3091, the patients are 
younger with a mean age of 43 years. Most of the patients were White (59%) and female (61%). 
The median height was 163 cm and the median weight was 70.5 kg.  

3.2.4 Results and Conclusions 

3.2.4.1 Lung Function Studies (Studies 2206 and 2207)  
 
In both studies, the VI 25 treatment group showed a statistically significant improvement in the 
weighted mean FEV1 compared to the placebo group, with a 103 mL improvement in study 2206 
(Table 7) and a 185 mL improvement in study 2207 (Table 8).  
 
In study 2206, the FF/VI 100/25 treatment group showed a statistically significant improvement 
over the placebo group (with a 173 mL improvement), as well as over the FF 100 treatment 
group (with a 120 mL improvement). This statistically significant improvement supports the 
demonstration of the benefit of FF/VI 100/25 over FF 100 on lung function in study 2206.  In 
study 2207, the FF/VI 200/25 treatment group showed a statistically significant improvement 
over the placebo group with a 209 mL improvement, as well as over the FF 200 treatment group 
with a 168 mL improvement. This statistically significant improvement supports the 
demonstration of the benefit of FF/VI 200/25 over FF 200 to lung function, similar to study 2206 
but in a different dosage. In both studies, the higher dose FF/VI combination did not have a 
larger effect on the weighted mean FEV1 compared to the lower dose FF/VI combination.  
 
In both studies, the results for trough FEV1 also showed a statistically significant improvement 
for the VI 25 treatment group compared to the placebo group, with a 67 mL improvement in 
study 2206 and a 100 mL improvement in study 2207.  
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In study 2206, the FF/VI 100/25 treatment group showed a statistically significant improvement 
in trough FEV1 over the placebo group but failed to show statistically significant improvement 
over the VI 25 group. The same was observed in study 2207 where FF/VI 200/25 treatment 
group also failed to show statistical significant improvement over VI 25. In both studies, a 
numerical improvement was observed comparing FF/VI to VI 25 (48 mL in study 2206 and  
32 mL in study 2207).  In both studies, the higher dose FF/VI combination did not have a larger 
effect on the trough FEV1 compared to the lower dose FF/VI combination. 
 
Because multiple endpoints and multiple arms were being evaluated in both studies, hierarchical 
order for testing the null hypotheses was pre-specified by the applicant (Figures 1 and 2) with the 
high dose combination tested first (level 1) before the low dose combination (level 2a) or the 
secondary endpoints (level 2b and level 3). In both studies, achievement of level 1 in the 
hierarchical step-down approach at the 5% significance level was not met since the FF/VI 
treatment group did not achieve statistical significance over the VI 25 treatment group for the 
primary endpoint trough FEV1 at day 169. In the strictest sense of alpha spending, all the alpha 
has been spent at level 1. Therefore, the p-values reported by the applicant from their analyses of 
the lower dosages are nominal p-values (Tables 7 and 8).  
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Table 7: Study 2206 Primary Efficacy Results (ITT Population) 
 FF  

100 
N=206 

VI  
25 

N=205 

FF/VI 
50/25 

N=206 

FF/VI 
100/25 
N=206 

Placebo 
 

N=207 
0–4 hrs Weighted Mean FEV1 (L) at Day 168 
n1 206 205 205 206 207 
LS Mean 1.29 1.34 1.43 1.41 1.24 
LS Mean Δ 0.08 0.13 0.22 0.20 0.03 
Drug vs Placebo 
Difference 
95% CI 
p-value 

 
0.053 

0.003,0.104 
0.040* 

 
0.103 

0.052, 0.153 
<0.001 

 
0.192 

0.141,0.243 
<0.001* 

 
0.173 

0.123, 0.224 
<0.001 

 
 

Drug vs FF 100 
Difference 
95% CI 
p-value 

    
0.120 

0.07, 0.17 
<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

   
0.090 

0.039,0.140 
<0.001* 

 
0.071 

0.021,0.121 
0.006* 

 

Trough FEV1 (L) at Day 169 
n1 202 202 204 206 205 
LS Mean 1.28 1.32 1.38 1.36 1.25 
LS Mean Δ 0.07 0.10 0.17 0.15 0.04 
Drug vs Placebo 
Difference 
95% CI 
p-value 

 
0.033 

-0.022,0.088 
0.241* 

 
0.067 

0.012,0.121 
0.017 

 
0.129 

0.074,0.184 
<0.001* 

 
0.115 

0.06,0.17 
<0.001 

 

Drug vs FF 100 
Difference 
95% CI 
p-value 

    
0.082 

0.028,0.136 
0.003* 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

   
0.062 

0.008,0.117 
0.025* 

 
0.048 

-0.006,0.102 
0.082 

 

Source: Clinical Study Report-Protocol Number HZC112206 Table 19, page 91 and Table 21, page 96. 
1 Number of patients with analyzable data for 1 or more time points  
* Nominal p-values 
Black font = Level 1 of the testing hierarchy, Red font = Level 2a of the testing hierarchy, Blue font = additional 
analyses 
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Table 8: Study 2207 Primary Efficacy Results (ITT Population) 
 FF  

100 
N=204 

FF  
200 

N=203 

VI  
25 

N=203 

FF/VI 
100/25 
N=204 

FF/VI 
200/25 
N=205 

Placebo 
 

N=205 
0–4 hrs Weighted Mean FEV1 (L) at Day 168 
n1 203 203 202 203 205 205 
LS Mean 1.38 1.37 1.52 1.55 1.54 1.33 
LS Mean Δ 0.03 0.03 0.17 0.20 0.20 -0.01 
Drug vs 
Placebo 
Difference 
95% CI 
p-value 

 
 

0.046 
-0.006,0.098 

0.085* 

 
 

0.041 
-0.011,0.093 

0.123* 

 
 

0.185 
0.133, 0.237 

<0.001 

 
 

0.214 
0.161,0.266 

<0.001 

 
 

0.209 
0.157, 0.261 

<0.001 

 
 

Drug vs FF 100 
Difference 
95% CI 
p-value 

    
0.168 

0.116, 0.220 
<0.001 

 
 

 

Drug vs FF 200 
Difference 
95% CI 
p-value 

     
0.168 

0.117, 0.219 
<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

    
0.029 

-0.023,0.081 
0.274* 

 
0.024 

-0.027,0.075 
0.357* 

 

Trough FEV1 (L) at Day 169 
n1 202 202 202 200 204 202 
LS Mean 1.39 1.36 1.45 1.49 1.48 1.35 
LS Mean Δ 0.05 0.01 0.10 0.15 0.14 0.004 
Drug vs 
Placebo 
Difference 
95% CI 
p-value 

 
 

0.044 
-0.008,0.097 

0.095* 

 
 

0.008 
-0.044,0.060 

0.756* 

 
 

0.100 
0.048,0.151 

<0.001 

 
 

0.144 
0.091,0.197 

<0.001* 

 
 

0.131 
0.08,0.18 
<0.001 

 

Drug vs FF 100 
Difference 
95% CI 
p-value 

    
0.100 

0.047,0.152 
<0.001* 

 
 

 

Drug vs FF 200 
Difference 
95% CI 
p-value 

     
0.123 

0.072,0.174 
<0.001* 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

    
0.045 

-0.008,0.097 
0.093* 

 
0.032 

-0.019,0.083 
0.224 

 

Source: Clinical Study Report-Protocol Number HZC112207 Table 19, page 89 and Table 21, page 95. 
1. Number of patients with analyzable data for 1 or more time points  
* Nominal p-values 
Black font = Level 1 of the testing hierarchy, Red font = Level 2a of the testing hierarchy, Blue font = additional 
analyses 
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A large percentage of patients withdrew from studies 2206 (30%) and 2207 (25%). The primary 
reasons for the discontinuations were adverse events and lack of efficacy. The observed FEV1 
scores (0–4 hours weighted mean, Figure 4 and Figure 5, or trough, Figure 6 and Figure 7) for 
patients in the active arm appeared to be better than those in the placebo arm. Although cohorts 
who discontinued early appeared to have worse observed scores than those who discontinued 
later or those who completed the study, this is not as concerning because this happened in almost 
all treatment arms. The pre-specified primary analysis method and the sensitivity analyses have 
limitations since these approaches do not account for patients who may get worst post-
withdrawal. Nonetheless, it is reassuring that the results of the LOCF, MAR and the CDC 
multiple imputations analyses (applying various missing data assumptions) conducted by the 
applicant were all consistent in magnitude and direction to the primary analysis (MMRM) and 
that the dropout rates and the reasons for discontinuations were well-balanced across the active 
treatment arms.   
 
Figure 4: Study 2206- Raw Mean 0–4 hours Weighted Mean FEV1 (L) at Each Visit by Cohort 

 
Source: Clinical Study Report-Protocol Number HZC112206 Figure 6.09, page 640 
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Figure 5: Study 2207- Raw Mean 0–4 hours Weighted Mean FEV1 (L) at Each Visit by Cohort 

 
Source: Clinical Study Report-Protocol Number HZC112207 Figure 6.09, page 566 
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Figure 6: Study 2206-Raw Mean Change from Baseline in Trough FEV1 (L) at Each Visit by 
Cohort 

 
 
 

 
Source: Clinical Study Report-Protocol Number HZC112206 Figure 6.19, page 651 
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Figure 7: Study 2207-Raw Mean Change from Baseline in Trough FEV1 (L) at Each Visit by 
Cohort 
 

 
 
 

   
+  Day 2 only (n=47)         X Days 2, 7, 14, 28, 56 and 84 only (n=58) 
▲ Days 2 and 7 only (n=34)          Δ Days 2, 7, 14, 28, 56, 84 and 112 only (n=24) 
♦ Days 2, 7 and 14 only (n=23)                 ◊ Days 2, 7, 14, 28, 56, 84, 112 and 140 only (n=23) 
■ Days 2, 7, 14 and 28 only (n=31)           □ Days 2, 7, 14, 28, 56, 84, 112, 140 and 168 only (n=41) 

                          ● Days 2, 7, 14, 28 and 56 only (n=39)     ○ Days 2, 7, 14, 28, 56, 84, 112, 140, 168 and 169 (n=870) 
 

Source: Clinical Study Report-Protocol Number HZC112207 Figure 6.19, page 577 
 
To complete the review, the results for the secondary endpoints, peak FEV1 (Table 9 and Table 
10) and time to 100 mL increase from baseline in FEV1 (Table 11and Table 12) are shown for 
studies 2206 and 2207, respectively. These results are described for descriptive purposes only 
and the p-values reported are nominal p-values. The results from both studies were consistent in 
that FF/VI combination with at least a 140 mL improvement from placebo in peak FEV1.  The 
median time to onset at Day 1, which was defined a 100 mL increase from baseline in FEV1, was 
16 to 17 minutes post-dosing for all the FF/VI combination groups as well as VI 25 in both 
studies 2206 and 2207. 
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Table 9: Study 2206 Peak FEV1 at Day 1-ITT Population 
 FF  

100 
VI  
25 

FF/VI 
50/25 

 

FF/VI 
100/25 

Placebo 

Randomized1 206 205 205 206 207 
LS Mean 1.33 1.46 1.47 1.46 1.32 
LS Mean Δ 0.12 0.25 0.25 0.25 0.11 
Drug vs Placebo 
Difference 
95% CI 
p-value* 

 
0.012 

-0.015,0.039 
0.393 

 
0.142 

0.114,0.169 
<0.001 

 
0.148 

0.120,0.175 
<0.001 

 
0.139 

0.112,0.166 
<0.001 

 

Drug vs FF 100 
Difference 
95% CI 
p-value* 

    
0.127 

0.100,0.154 
<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value* 

   
0.006 

-0.022,0.033 
0.672 

 
-0.003 

-0.030,0.025 
0.844 

 

Source: Clinical Study Report-Protocol Number HZC112206 Table 25, page 104. 
* p-values are nominal 
 
Table 10: Study 2207 Peak FEV1 at Day 1-ITT Population 
 FF 

100 
N=204 

FF 
200 

N=203 

VI 
25 

N=203 

FF/VI 
100/25 
N=204 

FF/VI 
200/25 
N=205 

Placebo 
 

N=205 
N1 203 202 201 203 205 204 
LS Mean 1.49 1.47 1.61 1.61 1.60 1.46 
LS Mean Δ 0.14 0.13 0.27 0.27 0.26 0.12 
Drug vs 
Placebo 
Difference 
95% CI 
p-value* 

 
 

0.024 
-0.006,0.055 

0.111 

 
 

0.007 
-0.023,0.037 

0.635 

 
 

0.147 
0.117,0.177 

<0.001 

 
 

0.152 
0.122,0.182 

<0.001 

 
 

0.141 
0.111,0.171 

<0.001 

 
 

Drug vs FF 
100 
Difference 
95% CI 
p-value* 

    
 

0.128 
0.100,0.158 

<0.001 

 
 
 

 

Drug vs FF 
200 
Difference 
95% CI 
p-value* 

    
 

 
 

0.134 
0.104,0.164 

<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value* 

    
0.005 

-0.025,0.036 
0.725 

 
-0.006 

-0.036,0.024 
0.699 

 

Source: Clinical Study Report-Protocol Number HZC112207 Table 25, page 103. 
* all p-values are nominal 
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Table 11: Study 2206 Log-Rank Analysis of Time to 100 mL or More Increase from Baseline in 
0-4 h Post-Dose FEV1 at Day 1 (ITT Population) 
 FF  

100 
N=206 

VI  
25 

N=205 

FF/VI 
50/25 

N=205 

FF/VI 
100/25 
N=206 

Placebo 
 

N=207 
Number of 
Events, n(%) 

 
97 (43) 

 
175 (85) 

 
174 (85) 

 
175 (85) 

 
90 (43) 

Number 
Censored, n(%) 

 
109 (53) 

 
30 (15) 

 
31 (15) 

 
31 (15) 

 
117 (57) 

Median time 
(min) 

 
NA 

 
16 

 
17 

 
17 

 
NA 

Drug vs Placebo 
p-value* 

 
0.697 

 
<0.001 

 
<0.001 

 
<0.001 

 

Drug vs FF 100 
p-value* 

    
<0.001 

 

Drug vs VI 25 
p-value* 

   
0.762 

 
0.848 

 

Source: Clinical Study Report-Protocol Number HZC112206 Table 27, page 106. 
* p-values are nominal 
 
Table 12: Study 2207 Log-Rank Analysis of Time to 100 mL or More Increase from Baseline in 
0-4 h Post-Dose FEV1 at Day 1 (ITT Population) 
 FF 

100 
N=204 

FF 
200 

N=203 

VI 
25 

N=203 

FF/VI 
100/25 
N=204 

FF/VI 
200/25 
N=205 

Placebo 
 

N=205 
Number of 
Events, n(%) 

118 (58) 106 (52) 180 (90) 172 (85) 177 (86) 101 (50) 

Number 
Censored, 
n(%) 

85 (42) 96 (48) 21 (10) 31 (15) 28 (14) 103 (50) 

Median Time 
(min) 231 242 17 16 17 NA 

Drug vs 
Placebo 
p-value* 

 
 

0.086 

 
 

0.538 

 
 

<0.001 

 
 

<0.001 

 
 

<0.001 

 
 

Drug vs FF 
100 
p-value* 

    
 

<0.001 

 
 
 

 

Drug vs FF 
200 
p-value* 

    
 

 
 

<0.001 

 

Drug vs VI 25 
p-value* 

    
0.777 

 
0.427  

Source: Clinical Study Report-Protocol Number HZC112207 Table 27, page 105. 
* all p-values are nominal 
 

3.2.4.2 Exacerbation Studies (Studies 2871 and 2970)  
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Neither study 2871 nor study 2970 included a placebo group since it was not appropriate to 
include a placebo control arm for the duration of one year in patients with a history of 
exacerbations. Treatment with  FF/VI at all strengths provided a statistically significant 
improvement over the VI 25 group in study 2970, but FF/VI 200/25 failed to show a statistically 
significant improvement over the VI 25 group in study 2871 (Table 13). In study 2871, there was 
a numeric improvement with FF/VI at all strengths with 13%, 34%, and 15% reduction in the 
annual rate of moderate and severe exacerbations for FF/VI 50/25, FF/VI 100/25 and FF/VI 
200/25, respectively. For the FF/VI 100/25 group in both studies, the rate of moderate and severe 
exacerbation was reduced by about a quarter to a third of an event in one year. The results from 
the Poisson analysis were consistent in magnitude and direction with the negative binomial 
results in the ITT population.  
 
Achievement of level 1 in the hierarchical step-down approach at the 5% significance level was 
not met in study 2871 since the FF/VI 200/25 treatment group did not achieve statistical 
significance over the VI 25 treatment group for the primary endpoint, annual rate of moderate 
and severe exacerbations (Figure 3). Therefore, the p-values reported by the applicant from their 
analyses of the lower dosages in study 2871 are nominal p-values (Table 13). 
 
Table 13: Study 2871 and Study 2970 analysis of Moderate and Severe Exacerbations Negative 
Binomial Model-ITT Population 
 VI  

25 
FF/VI 
50/25 

FF/VI 
100/25 

FF/VI 
200/25 

Study 2871 
N 
n 

409 
407 

408 
404 

403 
401 

402 
398 

LS Mean Annual 
Rate 

1.05 0.92 0.70 0.90 

Column vs. VI 25 
Ratio  0.87 0.66 0.85 

95% CI  0.72, 1.06 0.54, 0.81 0.70, 1.04 
p-value  0.181* <0.001* 0.109 

Percent Reduction  13 34 15 
95% CI  -6, 28 19, 46 -4, 30 

Study 2970 
N 
n 

409 
402 

412 
411 

403 
401 

409 
407 

LS Mean Annual 
Rate 

1.14 0.92 0.90 0.79 

Column vs. VI 25 
Ratio  0.81 0.79 0.69 

95% CI  0.66, 0.99 0.64, 0.97 0.56, 0.85 
p-value  0.040 0.024 <0.001 

Percent Reduction  19 21 31 
95% CI  1, 34 3, 36 15, 44 

Source: Clinical Study Report-Protocol Number HZC102871 Table 13, page 67 and Protocol Number HZC102970 
Table 13, page 66. 
* nominal p-values 
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Like the lung function studies, a large proportion of patients withdrew from studies 2871 (25%) 
and 2970 (27%).  The dropout rate was slightly higher in the VI 25 group but the reasons for 
discontinuation were generally well-balanced.  The applicant attempted to address the missing 
data problem by imputing the annual rates and counts of moderate and severe exacerbations 
using a linear equation that accounted for the number of recorded on-treatment exacerbations and 
which quarter the exacerbation occurred. Like the primary analysis, this approach assumes that 
there is no relationship between the response and the missing outcome i.e., the method assumes 
that the event rate after withdrawal from trial is the same as the event rate on study treatment. 
This is often not the case particularly when the reason for missing data is treatment-related. In 
fact, it is difficult to predict the number of exacerbations one may have post-withdrawal except 
to collect the actual exacerbation data after patient withdraws from the study.  Therefore, the 
applicant’s reported rates are crude estimates based on the assumption that the same event rates 
occur between pre- and post-withdrawal.  
 
Examining the exacerbation data in other ways can be informative. One such analysis is the time 
to first moderate or severe exacerbation. Compared to the primary endpoint (i.e., annual rate of 
moderate and severe exacerbation), the number of missing data can be smaller since many 
patients may have had their first exacerbation prior to withdrawal. In study 2871, of the 25% of 
patients who withdrew from the study or treatment, about 54% had missing exacerbation data. 
Therefore, only 14% of the ITT population had missing exacerbation data. In study 2970, of the 
27% of patients who withdrew from study or treatment, about 59% had missing exacerbation 
data. Therefore, only 16% of the ITT population had missing exacerbation data. Assigning 
patients with missing data as having an exacerbation at the time of withdrawal, the results were 
consistent with the Applicant’s findings (Table 14).  
 
Table 14: Study 2871 and Study 2970 Analysis of Time to First Moderate or Severe On-
treatment Exacerbations ITT Population 
 Study 2871 Study 2970 
 VI  

25 
FF/VI 
50/25 

FF/VI 
100/25 

FF/VI 
200/25 

VI  
25 

FF/VI 
50/25 

FF/VI 
100/25 

FF/VI 
200/25 

Applicant’s Results 
N 
n 

409 
407 

408 
404 

403 
401 

402 
398 

409 
402 

408 
411 

403 
401 

409 
407 

Column vs. VI 25 
Hazard 
Ratio 

 0.92 0.72 0.85  0.87 0.80 0.66 

95% CI  0.76, 1.13 0.59, 0.89 0.69, 1.04  0.71, 1.06 0.66, 0.99 0.54, 0.82 
Reviewer’s Results 

Column vs. VI 25 
Hazard 
Ratio 

 0.88 0.78 0.84  0.89 0.83 0.71 

95% CI  0.73, 1.04 0.65, 0.93 0.7, 1.00  0.75, 1.05 0.69, 0.98 0.59, 0.84 
Source: Clinical Study Report-Protocol Number HZC102871 Table 16, page 72 and Protocol Number HZC102970 
Table 16, page 70. 
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The time to first moderate or severe exacerbation showed a numerical treatment benefit for 
FF/VI 100/25 over VI 25 alone in both trials (Figure 8 and Figure 9). The findings are the same 
(figures not shown) for imputed data.   
 
Figure 8: Kaplan-Meier Plot of Time to First Moderate or Severe Exacerbation – Study 2871 

 
Source: Clinical Study Report-Protocol Number HZC102871 Figure 4, page 73 
 
Figure 9: Kaplan-Meier Plot of Time to First Moderate or Severe Exacerbation – Study 2970 
 

 
 
Source: Clinical Study Report-Protocol Number HZC102970 Figure 4, page 71 
 
At the Pre-NDA meeting held last July 13, 2011, the Agency raised concerns regarding the lack 
of robust results to support the proposed bronchodilation indication from the two lung function 
studies (studies 2206 and 2207). The applicant proposed that the contribution of FF be 
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demonstrated in these exacerbation studies by the difference in exacerbation rates. Since these 
studies also measured trough FEV1, they could further define the contribution of FF to changes 
in lung function. As noted in Section 2.1.2, the Division noted that the COPD exacerbation 
studies (2871 and 2970) may provide efficacy support for the addition of FF to VI, but positive 
exacerbation results may be problematic in the context of the negative lung function results 
observed in studies 2206 and 2207.  
 
Because FF/VI 200/25 failed to show a statistically significant improvement over the VI 25 
group in study 2871 for the primary endpoint, the pre-specified multiplicity plan does not allow 
the test of hypotheses at the lower dosages or secondary endpoints. Nonetheless, in study 2871, 
all three FF/VI dosage strengths showed numerical improvement compared to VI 25 for trough 
FEV1 (Table 15); both FF/VI 200/25 and 100/25 had about 60 mL improvement over VI 25 and 
FF/VI 50/25 had a 41 mL improvement over VI 25. 
 
On the other hand, in the positive exacerbation study 2970, there was no statistically significant 
improvement over VI 25 for dosages FF/VI 200/25 or FF/VI 100/25 for trough FEV1. All three 
dosage strengths showed numerical improvement of about 20 to 30 mL over VI 25. 
 
Table 15: Studies 2871 and 2970 Trough FEV1 (L) at Week 52/Visit 11-ITT Population 
 VI  

25 
FF/VI 
50/25 

FF/VI 
100/25 

FF/VI 
200/25 

Study 2871 
N 
N 

409 
392 

408 
395 

403 
388 

402 
387 

LS Mean (SE) 1.18 (0.0114) 1.22 (0.0112) 1.24 (0.0112) 1.24 (0.0114) 
Column vs. VI 25 
Difference  0.041 0.058 0.064 
95% CI  0.009, 0.072 0.027, 0.090 0.033, 0.096 
p-value  0.011* <0.001* <0.001* 
Study 2970 
N 
N 

409 
387 

412 
387 

403 
381 

409 
391 

LS Mean (SE) 1.22 (0.0116) 1.25 (0.0113) 1.24 (0.0115) 1.24 (0.0113) 
Column vs. VI 25 
Difference  0.034 0.024 0.026 
95% CI  0.003, 0.066 -0.008, 0.056 -0.006, 0.057 
p-value  0.034 0.143 0.115 
Source: Clinical Study Report-Protocol Number HZC102871 Table 18, page 75 and Protocol Number HZC102970 
Table 18, page 73. 
* nominal p-values 
 
In summary, only one of the two exacerbation studies showed a significant improvement for all 
FF/VI doses over VI 25 for annual rate of moderate and severe exacerbations. In both studies, the 
mean rate of moderate and severe exacerbation in the VI 25 group was about 1 exacerbation per 
year. For the proposed dose of FF/VI 100/25, the rate of moderate and severe exacerbation was 
reduced by about a quarter to a third of an event in one year.  
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3.2.4.3 Active Comparator Studies (Studies 2532, 3109 and 3091)  
 
In study 2532, 7% of patients discontinued from the study; however, there were an additional 8% 
of patients without Day 84 primary endpoint data. Similarly, in study 3109, only 9% of patients 
discontinued from the study, but an additional 6% (4% in FF/VI group and 8% in FP/Salmeterol 
group) of patients had missing Day 84 primary endpoint data. Therefore, the results presented 
(Table 16) by the applicant included only about 85% of the ITT population (i.e., observed case 
analysis). Using only observed cases in the analysis will likely introduce bias. In many cases, the 
use of observed cases only may not preserve the baseline comparability between treatment 
groups achieved by randomization. In addition, excluding patients who dropped out that are 
related to outcome may introduce bias and influence the results. To examine the effect of missing 
data, a zero change from baseline was assigned to the missing data (i.e., baseline imputation). 
This assumed that patients who dropped out from treatment or study did not improve and 
reverted back to their original baseline score. The results were consistent with the Applicant’s 
results (Table 17). In study 3109, there was a significant improvement in weighted mean FEV1 in 
the FF/VI 100/25 OD treatment group compared to FP/Salmeterol 250/50 mcg BID. Although 
the difference did not reach statistical significance in study 2532, there was a numeric 
improvement of about 25 mL in favor of FF/VI 100/25 treatment group.    
 
Table 16: Applicant’s Analysis of Weighted-Mean FEV1 (L) up to 24 Hours on Day 84 
(Completer’s) 
 Study 2352 Study 3109 
 FF/VI 100/25 

OD PM 
N=259 

FP/salmeterol 
250/50 mcg BID 

N=252 

FF/VI 100/25 
OD PM 
N=260 

FP/salmeterol 
250/50 mcg BID 

N=259 
N 219 217 228 213 
LS Mean  1.475 1.447 1.513 (0.015) 1.433 (0.016) 
LS Mean Change 0.142 (0.018) 0.114 (0.018) 0.174 (0.015) 0.094 (0.016) 
     
FF/VI 100/25 mcg vs. 
FP/salmeterol 250/50 mcg 
95% CI 
p-value 

0.029 
 

(-0.022, 0.080) 
0.267 

0.08 
 

(0.037, 0.124) 
<0.001 

Source: Clinical Study Report HCZ112352, Table 13 page 51; Clinical Study Report HCZ113109, Table 13 page 53 
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Figure 11: LS Mean Change from baseline in FEV1 (L) on Day 1 and Day 84 (ITT Population) – 
Study 3109
 

 
 
 

     

 
 

 
Source: Clinical Study Report HCZ112352, Figure 2 page 53 and Figure 4 page 57 
Note: Scale in the y-axis is slightly different. 
 
In the asthma study, study 3091, there were 11% of patients who discontinued treatment or from 
study. Unlike the COPD studies where 6% to 8% additional patients have missing Day 84 data, 
in this study only 2% additional patients have missing Day 168 data. Assigning a zero change 
from baseline to the missing data, the results were still consistent with the applicant’s findings 
(Table 18). There was no significant difference observed in weighted mean FEV1 between the 
FF/VI 100/25 group and FP/Salmeterol 250/50 group. There was a numeric improvement of 
about 22 to 37 mL in favor of FP/salmeterol treatment group in this patient population.  
 
Table 18: Analysis of Weighted-Mean FEV1 (L) up to 24 Hours on Day 84 (ITT Population) – 
Study 3091 
 Applicant’s Reviewer’s 
 FF/VI 100/25 

OD PM 
N=403 

FP/salmeterol 
250/50 mcg BID 

N=403 

FF/VI 100/25 
OD PM 
N=260 

FP/salmeterol 
250/50 mcg BID 

N=259 
N 352 347 401 401 
LS Mean  2.364 2.400 2.34 2.36 
LS Mean Change 0.341 (0.018) 0.377 (0.019) 0.31 0.33 
     
FF/VI 100/25 mcg vs. 
FP/salmeterol 250/50 mcg 
95% CI 
p-value 

-0.037 
 

(-0.088, 0.015) 
0.162 

-0.022 
 

(-0.070, 0.027) 
0.380 

Source: Clinical Study Report HCA113091 Table 12 page 49 
 
There is a separation of curves between FF/VI (a once a day dosing) and FP/Salmeterol (a twice 
a day dosing) favoring the FP/salmeterol group. The profiles appear to be similar at Days 1 and 
168. The findings were the same (figures not shown) for the observed data.   
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Figure 12: LS Mean Change from baseline in FEV1 (L) on Day 1 and Day 168 (ITT Population) 
– Study 3091

  
 

      
Source: Clinical Study Report HZA113091, Figure 3 page 52 and Figure 4 page 53 
Note: Scale in the y-axis is the same. 
 
In summary, studies 2532 and 3109 provided an additional benchmark comparison for FF/VI. 
The results of these studies demonstrated a similar or slightly increased mean change from 
baseline for FF/VI 100/25 compared to FP/Salmeterol 250/50. In the asthma study (study 3091), 
FP/Salmeterol 250/50 numerically outperformed FF/VI.     
 
3.3 Evaluation of Safety  
 
Safety evaluations for this submission will be evaluated by the Medical Reviewer, Sofia 
Chaudhry, M.D. Please refer to her review for more details regarding the safety findings.  

4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
 
The applicant evaluated the consistency of the treatment effect on the primary efficacy endpoints 
for studies 2206, 2207, 2871 and 2970 across subgroups by adding treatment-by-subgroup 
interaction into the primary analysis models.  The statistical significance of the interaction term 
indicated whether the treatment effect was different among the subgroups.  If any interaction p-
value was less than 0.1 then further investigations were carried out.  
 
The prespecified subgroup analyses that were considered included the following. 

1. age (≤64 years and ≥65 years) 
2. race (African American/African Heritage, American Indian or Alaskan Native, Asian, 

Native Hawaiian or other Pacific Islander, White and Mixed Race) 
3. gender 
4. region (US, European Union, other) 
5. reversibility 
6. percent predicted GOLD categories 
7. smoking status 
8. baseline FEV1 
9. center grouping  
10. cardiovascular (CV) history/risk factors 
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In study 2206, there was a nominal significant quantitative interaction between treatment and 
reversibility for the primary endpoints, weighted mean FEV1 0–4 hours at Day 168 (p=0.003) 
and change from baseline in clinic visit trough FEV1 on treatment Day 169 (p=0.018), as well as, 
for weighted mean FEV1 0–4 hours at Day 168 in study 2207 (p=0.004) (Table 24, Table 25 and 
Table 26, respectively). For both endpoints in study 2206, as expected, the magnitude of the 
treatment effect was greater in the reversible patients than in the non-reversible patients. For 
study 2207, the magnitude of the treatment effect was smaller in the non-reversible patients 
relative to the reversible patients in the FF 100, FF 200, VI 25 and FF/VI 100/25 groups. In the 
FF/VI 200/25 group the magnitude of the effect was larger in the non-reversible group. Both 
effects were in the same direction for both endpoints. On the other hand, a nominal significant 
quantitative interaction between treatment and smoking status at screening (p=0.065), as well as, 
treatment and baseline FEV1 for change from baseline in clinic visit trough FEV1 on treatment 
Day 169 (p=0.096) was observed in study 2207 (Table 26). The treatment effects in former 
smokers were smaller than those of the current smokers in the VI versus placebo and FF/VI 
100/25 versus placebo. There was a larger treatment effect seen in former smokers compared to 
current smokers for the FF/VI 200/25 versus the placebo group. In general, for the treatment by 
baseline FEV1 interaction, larger effects were seen with the VI 25 and FF/VI 200/25 groups 
compared with the placebo group in those with baseline FEV1 values above the median of 1.3L 
than in those with baseline FEV1 values below the median. In both studies, no evidence of 
interaction was found with treatment and age, gender, race, region, center grouping, GOLD 
category, baseline disease severity (pre-dose Day 1 percent predicted FEV1) or CV history.   
 
For study 2871, there was a nominal significant quantitative interaction between treatment and 
reversibility for the negative binomial model (p=0.093) (Table 28). There was a greater reduction 
in the annual rate of moderate and severe exacerbation for FF/VI 50/25 and FF/VI 200/25 
compared to VI in the reversible subjects than in the non-reversible subjects, however the effect 
was opposite in the FF/VI 100/25 versus VI group. This interaction was not observed in study 
2970. Instead, there was a significant interaction between treatment and smoking status for the 
negative binomial model in study 2970 (p=0.065) (Table 30). There was a greater reduction in 
the annual rate of moderate and severe exacerbation for FF/VI 50/25 and FF/VI 200/25 
compared to VI in former smokers than in the current smokers, however the effect was opposite 
in the FF/VI 100/25 versus VI group. For study 2871, there was a nominal significant 
quantitative interaction between treatment and smoking status at screening (p=0.060) (Table 29). 
There was a greater reduction in the LS mean treatment differences for VI in all three FF/VI 
doses in trough FEV1 for former smokers compared to current smokers. In study 2970 there was 
a nominal significant quantitative interaction between treatment reversibility for trough FEV1 
(p=0.062) (Table 31). There was a greater LS mean treatment difference for VI in all three FF/VI 
doses in trough FEV1 for reversible subjects compared to non-reversible subjects. No evidence of 
interaction was found with treatment and age, gender, race, region, baseline disease severity 
(pre-dose Day 1 percent predicted FEV1), center grouping, Gold category, or CV history in either 
study. Similar results were seen for the Poisson analysis. 
 
In summary, there was some evidence of a quantitative interaction between treatment and 
reversibility, and between treatment and smoking in lung function and in exacerbation. The 
magnitude of effect appears to be greater in reversible patients and in current smokers in some of 
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the combination dose groups, but appears to be smaller in other combination dose groups. In the 
absence of a consistent effect, it is difficult to draw any definitive conclusion.  

5 SUMMARY AND CONCLUSIONS 
 
In study 2206, VI 25 showed a significant improvement compared to placebo for weighted mean 
0–4 hours FEV1 (Table 19). VI also showed a significant improvement compared to placebo for 
trough FEV1. However, FF/VI 100/25 did not show a significant improvement over VI 25 for 
trough FEV1, failing to show the contribution of FF in the FF/VI combination. This is in 
agreement with the applicant’s conclusion. Change from baseline in trough FEV1 for VI 25 was 
100 mL compared to 150 mL for FF/VI 100/25; therefore, the difference, if any, was about 50 
mL (95% CI: -6 mL, 100 mL).  
 
Study 2207 showed similar results, but at the higher dosage of FF/VI, 200/25. VI also showed a 
significant improvement from placebo for trough FEV1. However, FF/VI 200/25 did not show a 
significant improvement over VI 25 for trough FEV1, failing to show the contribution of FF in 
the FF/VI combination. This is also in agreement with the applicant’s conclusion. Change from 
baseline in trough FEV1 for VI 25 was also 100 mL compared to 150 mL for FF/VI 100/25 and 
about 140 mL for FF/VI 200/25; therefore, the difference, if any, was about 45 mL (95% CI: -8 
mL, 97 mL) and 32 mL (-19 mL, 83 mL), respectively. 
 
Only one of the two exacerbation studies showed a significant improvement for all FF/VI doses 
over VI 25 for annual rate of moderate and severe exacerbations. In study 2970 there was a 
significant improvement for all FF/VI doses over VI 25 for annual rate of moderate and severe 
exacerbations. Study 2871 did not show a significant improvement for FF/VI 200/25 compared 
to VI 25 for annual rate of moderate and severe exacerbations, thus failing to show the 
contribution of FF in the FF/VI combination. However, there was a numeric improvement with 
FF/VI at all strengths with 13%, 34%, and 15% reduction in the annual rate of moderate and 
severe exacerbations for FF/VI 50/25, FF/VI 100/25 and FF/VI 200/25 respectively in study 
2871.  For the FF/VI 100/25 group in both studies, the rate of moderate and severe exacerbation 
was reduced by about a quarter to a third of an event in one year. Exploratory analyses of the 
change in trough FEV1 showed a significant improvement at all FF/VI dosage strengths 
compared to VI 25 in study 2871 but not in study 2970. When compared to VI 25, the numeric 
improvements at all FF/VI dosage strengths were below 35 mL in study 2970 and about 50–60 
mL in study 2871 that is consistent with the findings in studies 2206 and 2207.  
 
Active comparator studies 2532 and 3109 provided an additional benchmark comparison for 
FF/VI. The results of these studies demonstrated a similar or slightly increased mean change 
from baseline for FF/VI 100/25 compared to FP/Salmeterol 250/50. In study 3091 (asthma 
study), FP/Salmeterol 250/50 numerically outperformed FF/VI.     
 
In summary, there was evidence of efficacy for the VI 25 and all dosage strengths of FF/VI in 
the weighted mean FEV1 (0–4 h) and change from baseline in trough FEV1 when compared to 
placebo (studies 2206 and 2207). These studies also successfully demonstrated the contribution 
of VI 25 in the FF/VI at all dosage strengths, based on the difference in weighted mean FEV1  
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(0–4 h). However, neither study demonstrated the contribution of FF in the FF/VI combination at 
all dosage strengths based on trough FEV1. Change from baseline in trough FEV1 for VI 25 was  
100 mL compared to 150 mL for FF/VI 100/25 and about 140 mL for FF/VI 200/25; therefore 
for the proposed dose of FF/VI 100/25, the difference was about 50 mL (95% CI: -6, 102). Since 
the confidence interval includes zero, this implies that the direction of the difference, if any, was 
not known with much confidence. In both studies, the higher dose FF/VI combination did not 
have a larger effect on the primary endpoints (weighted mean FEV1 or trough FEV1) compared 
to the lower dose FF/VI combination. 
 
Only one of the two exacerbation studies showed a significant improvement for all FF/VI doses 
over VI 25 for annual rate of moderate and severe exacerbations. In this study, the mean rate of 
moderate and severe exacerbation in the VI 25 group was about 1 exacerbation per year. For the 
proposed dose of FF/VI 100/25, the rate of moderate and severe exacerbation was reduced by 
about a quarter of an event in one year. 
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Table 19: Summary of Efficacy Findings  
 Study 2206 Study 2207 Study 2871 Study 2970 

 WMFEV 
 

Diff 
P-Value 

Trough 
 

Diff 
P-Value 

WMFEV 
 

Diff 
P-Value 

Trough 
 

Diff 
P-Value 

%Reduction 
Exacerbation 

 
P-value 

Trough at 
Week 52 

Diff 
P-Value 

%Reduction 
Exacerbation 

 
P-Value 

Trough at 
Week 52 

Diff 
P-Value 

VI 25 vs PBO 103 mL 
<0.001 

67 mL 
0.017 

185 mL 
<0.001 

100 mL 
<0.001 

    

FF/VI 200/25 vs PBO   209 mL 
<0.001 

131 mL 
<0.001 

    

FF/VI 200/25 vs FF 
200 

  168 mL 
<0.001 

     

FF/VI 200/25 vs VI    32 mL 
0.224 

15% 
0.109 

64 mL 
<0.001* 

31% 
<0.001 

26 mL 
0.115 

          
FF/VI 100/25 vs PBO 173 mL 

<0.001 
115 mL 
<0.001 

214 mL 
<0.001 

144 mL 
<0.001* 

    

FF/VI 100/25 vs FF 
100 

120 mL 
<0.001 

 168 mL 
<0.001 

     

FF/VI 100/25 vs VI  48 mL 
0.082 

 45 mL 
0.093* 

34% 
<0.001* 

58 mL 
0.001* 

21% 
0.024 

24 mL 
0.143 

          

FF/VI 50/25 vs PBO 192 mL 
<0.001 

129 mL 
<0.001* 

      

FF/VI 50/25 vs VI  62 mL 
0.025* 

 

  13% 
0.181* 

 

41 mL 
0.007* 

19% 
0.040 

34 mL 
0.034* 

Key: * = nominal p-value; red font = p-value greater than 0.05 
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APPENDICES  
 
Table 20: Study 2206-Summary of Demographics Characteristics-ITT Population 
 FF 

100 
N=206 

VI 
25 

N=205 

FF/VI 
50/25 

N=206 

FF/VI 
100/25 
N=206 

Placebo 
 

N=207 
Age (years)  
Mean (SD) 62.7 (9.47) 63.4 (9.58) 62.8 (9.13) 62.3 (8.49) 62.1 (8.80) 
Sex n (%) 
Female 
Male 

74 (36) 
132 (64) 

65 (32) 
140 (68) 

71 (34) 
135 (66) 

69 (33) 
137 (67) 

66 (32) 
141 (68) 

Race and Racial Combinations, n (%) 
African 
American/African 
Heritage 
American Indian or 
Alaska Native 
Asian 
    Central/South 
Asian Heritage 
White 

 
 

3 (1) 
 

0 
64 (31) 

 
0 

139 (67) 

 
 

7 (3) 
 

0 
57 (28) 

 
1 (<1) 

141 (69) 

 
 

6 (3) 
 

1 (<1) 
43 (21) 

 
0 

156 (76) 

 
 

9 (4) 
 

1 (<1) 
46 (22) 

 
0 

150 (73) 

 
 

7 (3) 
 

1 (<1) 
44 (21) 

 
0 

155 (75) 
Ethnicity, n (%) 
Hispanic or Latino 
Not Hispanic or 
Latino 

9 (4) 
 

197 (96) 

6 (3) 
 

199 (97) 

12 (6) 
 

194 (94) 

9 (4) 
 

197 (96) 

10 (5) 
 

197 (95) 
Height (cm) 
Mean (SD) 166.1 (8.46) 167.7 (9.09) 167.7 (9.24) 167.9 (9.66) 168.8 (8.16) 
Weight (kg) 
Mean (SD) 71.4 (17.32) 72.2 (18.51) 73.7 (18.68) 76.5 (22.51) 74.5 (18.45) 
BMI (kg/m2) 
Mean (SD) 25.7 (5.44) 25.6 (5.98) 26.1 (5.73) 26.9 (6.80) 26.0 (5.61) 
Source: Clinical Study Report-Protocol Number HZC112206 Table 8, page 76  
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Table 21: Study 2207-Summary of Demographic Characteristics-ITT Population 
 FF 

100 
FF 
200 

VI 
25 

FF/VI 
100/25 

 

FF/VI 
200/25 

Placebo 

Age (years)  
Mean (SD) 61.8 (8.28) 61.8 (9.02) 61.2 (8.62) 61.9 (8.79) 61.1 (8.67) 61.9 (8.14) 
Sex n (%)       
Female 
Male 

54 (26) 
150 (74) 

52 (26) 
151 (74) 

52 (26) 
151 (74) 

60 (29) 
144 (71) 

68 (33) 
137 (67) 

53 (26) 
152 (74) 

Race and Racial Combinations, n (%) 
African 
American/African 
Heritage 
American Indian 
or Alaska Native 
Asian 
    Japanese/East    
Asian Heritage/~ 
South East Asian 
Heritage 
White 

 
 

2 (<1) 
 

0 
5 (2) 

 
5(2) 

 
 

197 (97) 

 
 

5 (2) 
 

1 (<1) 
14 (7) 

 
14 (7) 

 
 

183 (90) 

 
 

3 (1) 
 

0 
4 (2) 

 
4 (2) 

 
 

196 (97) 

 
 

4 (2) 
 

2 (<1) 
8 (4) 

 
8 (4) 

 
 

190 (93) 

 
 

2 (<1) 
 

0 
11(5) 

 
11 (5) 

 
 

192 (94) 

 
 

0 
 

0 
8 (4) 

 
8(4) 

 
 

197 (96) 
Ethnicity, n (%) 
Hispanic or 
Latino 
Not Hispanic or 
Latino 

1 (<1) 
 

203 (>99) 

0 
 

203 (100) 

0 
 

203 (100) 

1 (<1) 
 

203 (>99) 

0 
 

205 (100) 

0 
 

205 (100) 

Height (cm) 
Mean (SD) 171.7 (9.01) 169.7 (8.34) 171.2 (8.43) 171.1 (9.09) 170.3 (9.24) 170.9 (8.66) 
Weight (kg) 
Mean (SD) 80.3 (19.38) 77.3 (20.24) 77.0 (17.18) 77.3 (18.81) 75.4 (16.08) 78.8 ( 17.08) 
BMI (kg/m2) 
Mean (SD) 27.1 (5.71) 26.7 (6.35) 26.2 (5.21) 26.2 (5.12) 25.9 (4.86) 26.9 (5.36) 
Source: Clinical Study Report-Protocol Number HZC112207 Table 8, page 75  
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Table 22: Study 2871- Summary of Demographic Characteristics-ITT Population 

n(%) 

VI 
25 

N=409 

FF/VI 
50/25 

N=408 

FF/VI 
100/25 
N=403 

FF/VI 
200/25 
N=402 

Total 
 

N=1622 
Age 
(years) 

n 
Mean 
SD 
Min-Max 

409 
63.6 
9.43 

40-87 

408 
63.6 
9.06 

40-88 

403 
63.6 
9.06 

41-88 

402 
63.8 
9.30 

41-90 

1622 
63.6 
9.21 

40-90 
Sex n 

Female 
Male 

409 
170 (42) 
239 (58) 

408 
163 (40) 
245 (60) 

403  
172 (43) 
231 (57) 

402 
153 (38) 
249 (62) 

1622 
658 (41) 
964 (59) 

Race n 
White 
African American/African 
  Heritage 
Asian 
Other 

408 
331 (81) 

9 (2) 
 

39 (10) 
29 (7) 

408  
334 (82) 

8 (2) 
 

37 (9) 
29 (7) 

403 
332 (82) 

6 (1) 
 

37 (9) 
28 (7) 

401 
324 (81) 

9 (2) 
 

41 (10) 
27 (7) 

1620 
1321 (82) 

32 (2) 
 

154 (10) 
113 (7) 

Ethnicity n 
Hispanic or Latino 
Not Hispanic or Latino 

409 
78 (19) 

331 (81) 

408 
73 (18) 

335 (82) 

403 
72 (18) 

331 (82) 

402 
76 (19) 

326 (81) 

1622 
299 (18) 
1323 (82) 

Body Mass Index 
(kg/m2) 

n 
Mean 
SD 
Min-Max 

407 
26.17 
5.596 

14.7-44.9 

408 
26.94 
5.771 

14.6-47.1 

402 
27.14 
6.144 

15.5-58.2 

402 
26.52 
6.191 

12.4-54.4 

1619 
26.69 
5.936 

12.4-58.2 
Source: Clinical Study Report-Protocol Number HZC102871 Table 6, page 58  
 
Table 23: Study 2970- Summary of Demographics Characteristics-ITT Population 

n(%) 

VI 
25 

N=409 

FF/VI 
50/25 

N=412 

FF/VI 
100/25 
N=403 

FF/VI 
200/25 
N=409 

Total 
 

N=1633 
Age 
(years) 

n 
Mean 
SD 
Min-Max 

409 
63.6 
9.29 

40-85 

412 
63.7 
9.56 

40-85 

403 
64.0 
9.28 

40-88 

409 
63.5 
8.84 

40-86 

1633 
63.7 
9.24 

40-88 
Sex n 

Female 
Male 

409 
174 (43) 
235 (57) 

412 
181 (44) 
231 (56) 

403  
181 (45) 
222 (55) 

409 
191 (47) 
218 (53) 

1633 
727 (45) 
906 (55) 

Race n 
White 
African American/African 
  Heritage 
Asian 
Other 

409 
360 (88) 

9 (2) 
 

4 (<1) 
36 (9) 

412  
359 (87) 
14 (3) 

 
3 (<1) 
36 (9) 

403 
353 (88) 

7 (2) 
 

5 (1) 
38 (9) 

409 
359 (88) 

9 (2) 
 

3 (<1) 
38 (9) 

1633 
1431 (88) 

39 (2) 
 

15 (<1) 
148 (9) 

Ethnicity n 
Hispanic or Latino 
Not Hispanic or Latino 

409 
70 (17) 

339 (83) 

412 
68 (17) 

344 (83) 

403 
74 (18) 

329 (82) 

409 
73 (18) 

336 (82) 

1633 
285 (17) 
1348 (83) 

Body Mass Index 
(kg/m2) 

n 
Mean 
SD 
Min-Max 

409 
27.31 
6.184 

14.5-63.2 

412 
27.10 
5.737 

15.1-51.6 

403 
26.97 
5.638 

14.9-50.4 

408 
26.82 
5.979 

13.7-56.5 

1632 
27.05 
5.886 

13.7-63.2 
Source: Clinical Study Report-Protocol Number HZC102970 Table 6, page 57  
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Table 24 Subgroup Analysis for 0-4 Hours Weighted Mean FEV1 (L) at Day 168 by 
Reversibility for Study 2206 (ITT Population) 
 FF 100 

 
N=206 

VI 25 
 

N=205 

FF/VI  
50/25 

N=206 

FF/VI  
100/25 
N=206 

Placebo 
 

N=207 
Not Reversible      
LS Mean (SE) 1.284 (0.0224) 1.328 (0.0218) 1.380 (0.0227) 1.395 (0.0219) 1.236 (0.0228) 
Drug vs Placebo 
Difference 
95% CI 
p-value 

 
0.048 

-0.014, 0.111 
0.132 

 
0.092 

0.030, 0.154 
0.004 

 
0.145 

0.081, 0.208 
<0.001 

 
0.160 

0.098, 0.222 
<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

   
0.052 

-0.009, 0.114 
0.097 

 
0.067 

0.007, 0.128 
0.029 

 

Drug vs FF 100 
Difference 
95% CI 
p-value 

    
0.111 

0.050, 0.173 
<0.001 

 

Reversible      
LS Mean (SE) 1.306 (0.0304) 1.373 (0.0325) 1.510 (0.0299) 1.453 (0.0311) 1.244 (0.0312) 
Drug vs Placebo 
Difference 
95% CI 
p-value 

 
0.062 

-0.023, 0.148 
0.153 

 
0.129 

0.040, 0.217 
0.004 

 
0.266 

0.182, 0.351 
<0.001 

 
0.209 

0.122, 0.295 
<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

   
0.138 

0.051, 0.224 
0.002 

 
0.080 

-0.008, 0.168 
0.076 

 

Drug vs FF 100 
Difference 
95% CI 
p-value 

    
0.146 

0.061, 0.232 
<0.001 

 

Source: Clinical Study Report-Protocol Number HZC112206 Table 6.74, page 1377-1386 
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Table 25 Subgroup Analysis for Trough FEV1 (L) at Day 169 by Reversibility for Study 2206 
 FF 100 

 
N=206 

VI 25 
 

N=205 

FF/VI  
50/25 

N=206 

FF/VI  
100/25 
N=206 

Placebo 
 

N=207 
Not Reversible      
LS Mean (SE) 1.278 (0.0244) 1.313 (0.0236) 1.346 (0.0247) 1.355 (0.0238) 1.246 (0.0246) 
Drug vs Placebo 
Difference 
95% CI 
p-value 

 
0.032 

-0.036, 0.100 
0.359 

 
0.067 

0, 0.134 
0.050 

 
0.100 

0.031, 0.168 
0.004 

 
0.109 

0.042, 0.176 
0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

   
0.033 

-0.034, 0.100 
0.340 

 
0.042 

-0.024, 0.108 
0.208 

 

Drug vs FF 100 
Difference 
95% CI 
p-value 

    
0.077 

0.010, 0.144 
0.024 

 

Reversible      
LS Mean (SE) 1.289 (0.0330) 1.328 (0.0352) 1.428 (0.0324) 1.386 (0.0338) 1.257 (0.0343) 
Drug vs Placebo 
Difference 
95% CI 
p-value 

 
0.031 

-0.062, 0.125 
0.511 

 
0.070 

-0.026, 0.167 
0.153 

 
0.171 

0.078, 0.263 
<0.001 

 
0.129 

0.034, 0.223 
0.008 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

   
0.100 

0.006, 0.194 
0.036 

 
0.058 

-0.037, 0.154 
0.231 

 

Drug vs FF 100 
Difference 
95% CI 
p-value 

    
0.098 

0.005, 0.190 
0.039 

 

Source: Clinical Study Report-Protocol Number HZC112206 Table 6.75, page 1387-1406  
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Table 26 Subgroup Analysis for 0–4 Hours Weighted Mean FEV1 (L) at Day 168 by 
Reversibility for Study 2207 (ITT Population) 
 FF 100 

 
N=204 

FF 200 
 

N=203 

VI 25 
 

N=203 

FF/VI 
100/25 
N=204 

FF/VI 
200/25 
N=205 

Placebo 
 

N=205 
Not Reversible 
LS Mean 
(SE) 

1.368 
(0.0224) 

1.351 
(0.0215) 

1.479 
(0.0222) 

1.503 
(0.0227) 

1.512 
(0.0222) 

1.326 
(0.0225) 

Drug vs 
Placebo 
Difference 
95% CI 
p-value 

 
 

0.042 
-0.020,0.104 

0.187 

 
 

0.025 
-0.036,0.086 

0.424 

 
 

0.153 
0.091,0.215 

<0.001 

 
 

0.176 
0.114,0.239 

<0.001 

 
 

0.186 
0.124,0.248 

<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

    
0.023 

-0.039,0.086 
0.460 

 
0.033 

-0.029,0.095 
0.293 

 

Drug vs FF 
100 
Difference 
95% CI 
p-value 

    
 

0.135 
0.072,0.197 

<0.001 

 
 
 

 

Drug vs FF 
200 
Difference 
95% CI 
p-value 

     
 

0.161 
0.101,0.222 

<0.001 

 

Reversible 
LS Mean 
(SE) 

1.403 
(0.0344) 

1.423 
(0.0364) 

1.599 
(0.0330) 

1.642 
(0.0351) 

1.609 
(0.0344) 

1.338 
(0.0346) 

Drug vs 
Placebo 
Difference 
95% CI 
p-value 

 
 

0.065 
-0.031,0.161 

0.184 

 
 

0.085 
-0.014,0.183 

0.092 

 
 

0.260 
0.166,0.354 

<0.001 

 
 

0.304 
0.207,0.400 

<0.001 

 
 

0.271 
0.175,0.366 

<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

    
0.043 

-0.051,0.138 
0.369 

 
0.010 

-0.083,0.104 
0.829 

 

Drug vs FF 
100 
Difference 
95% CI 
p-value 

    
 

0.239 
0.142,0.335 

<0.001 

 
 
 

 

Drug vs FF 
200 
Difference 
95% CI 
p-value 

     
 

0.186 
0.087,0.284 

<0.001 

 

Source: Clinical Study Report-Protocol Number HZC112207 Table 6.68, page 1243-1262  
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Table 27 Subgroup Analysis for Trough FEV1 (L) at Day 169 by Smoking Status for study 2207 
(ITT Population) 
 FF 100 

 
N=204 

FF 200 
 

N=203 

VI 25 
 

N=203 

FF/VI 
100/25 
N=204 

FF/VI 
200/25 
N=205 

Placebo 
 

N=205 
Current Smoker 
LS Mean 
(SE) 

1.398 
(0.0247) 

1.345 
(0.0248) 

1.457 
(0.0260) 

1.504 
(0.0263) 

1.443 
(0.0259) 

1.347 
(0.0265) 

Drug vs 
Placebo 
Difference 
95% CI 
p-value 

 
 

0.051 
-0.020,0.122 

0.157 

 
 

-0.002 
-0.073,0.069 

0.958 

 
 

0.110 
0.037,0.183 

0.003 

 
 

0.157 
0.084,0.230 

<0.001 

 
 

0.096 
0.023,0.169 

0.010 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

   

 
0.047 

-0.026,0.119 
0.205 

 
-0.014 

-0.086,0.058 
0.705 

 

Drug vs FF 
100 
Difference 
95% CI 
p-value 

   

 
 

0.106 
0.035,0.176 

0.003 

 
 
 

 

Drug vs FF 
200 
Difference 
95% CI 
p-value 

    

 
 

0.098 
0.028,0.168 

0.006 

 

Former Smoker 
LS Mean 
(SE) 

1.382 
(0.0287) 

1.368 
(0.0280) 

1.433 
(0.0265) 

1.477 
(0.0279) 

1.518 
(0.0264) 

1.348 
(0.0271) 

Drug vs 
Placebo 
Difference 
95% CI 
p-value 

 
 

0.033 
-0.044,0.111 

0.397 

 
 

0.020 
-0.056,0.096 

0.605 

 
 

0.085 
0.010,0.159 

0.026 

 
 

0.129 
0.053,0.205 

<0.001 

 
 

0.169 
0.095,0.243 

<0.001 

 

Drug vs VI 25 
Difference 
95% CI 
p-value 

   

 
0.044 

-0.031,0.120 
0.250 

 
0.085 

0.011,0.158 
0.024 

 

Drug vs FF 
100 
Difference 
95% CI 
p-value 

   

 
 

0.095 
0.017,0.174 

0.017 

 
 
 

 

Drug vs FF 
200 
Difference 
95% CI 
p-value 

    

 
 

0.149 
0.074,0.225 

<0.001 

 

Source: Clinical Study Report-Protocol Number HZC112207 Table 6.69, page 1263-1302 
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Table 28 Subgroup Analysis for Annual Rate of Moderate and Severe Exacerbations by 
Reversibility for Study 2871(ITT Population) 
 VI 

25 
N=409 

FF/VI 
50/25 

N=408 

FF/VI 
100/25 
N=403 

FF/VI 
200/25 
N=402 

Not Reversible 
LS Mean Annual 
Rate 

 
0.94 

 
0.88 

 
0.61 

 
0.91 

Drug vs VI 25 
Ratio 
95% CI 
p-value 

  
0.93 

0.74,1.19 
0.576 

 
0.64 

0.50,0.83 
<0.001 

 
0.97 

0.76,1.23 
0.794 

Percent Reduction 
95% CI 

 7 
-19, 26 

36 
17, 50 

3 
-23, 24 

Reversible 
LS Mean Annual 
Rate 

 
1.32 

 
1.04 

 
0.91 

 
0.80 

Drug vs VI 25 
Ratio 
95% CI 
p-value 

 

 
0.79 

0.56,1.11 
0.177 

 
0.69 

0.49,0.98 
0.037 

 
0.61 

0.42,0.88 
0.008 

Percent Reduction 
95% CI  21 

-11, 44 
31 

2, 51 
39 

12,58 
Source: Clinical Study Report-Protocol Number HZC102871 Table 6.48, page 714-715 
 
 
Table 29 Subgroup Analysis for Trough FEV1 (L) at Week 52 by Smoking Status for Study 2871 
(ITT Population) 
 VI 

25 
N=409 

FF/VI 
50/25 

N=408 

FF/VI 
100/25 
N=403 

FF/VI 
200/25 
N=402 

Former Smoker 
LS Mean (SE) 1.167 (0.0150) 1.224 (0.0146) 1.251 (0.0148) 1.267 (0.0147) 
Drug vs VI 25 
Difference 
95% CI 
p-value 

  
0.057 

0.016,0.098 
0.007 

 
0.084 

0.042,0.125 
<0.001 

 
0.100 

0.059,0.142 
<0.001 

Current Smoker 
LS Mean (SE) 1.197 (0.0176) 1.215 (0.0174) 1.220 (0.0171) 1.208 (0.0181) 
Drug vs VI 25 
Difference 
95% CI 
p-value 

  
0.018 

-0.030,0.067 
0.454 

 
0.023 

-0.025,0.071 
0.342 

 
0.012 

-0.038,0.061 
0.639 

Source: Clinical Study Report-Protocol Number HZC102871 Table 6.49, page 716-733 
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Table 30 Subgroup Analysis for Annual Rate of Moderate and Severe Exacerbations by Smoking 
Status for Study 2970 (ITT Population) 
 VI 

25 
N=409 

FF/VI 
50/25 

N=412 

FF/VI 
100/25 
N=403 

FF/VI 
200/25 
N=409 

Former Smoker 
LS Mean Annual 
Rate 

 
1.19 

 
0.90 

 
0.98 

 
0.66 

Drug vs VI 25 
Ratio 
95% CI 
p-value 

  
0.76 

0.57,1.01 
0.056 

 
0.82 

0.62,1.09 
0.175 

 
0.55 

0.41,0.74 
<0.001 

Percent Reduction 
95% CI 

 24 
-1, 43 

18 
-9, 38 

45 
26, 59 

Current Smoker 
LS Mean Annual 
Rate 

 
1.09 

 
0.94 

 
0.81 

 
0.94 

Drug vs VI 25 
Ratio 
95% CI 
p-value 

  
0.86 

0.64,1.16 
0.330 

 
0.74 

0.55,1.01 
0.055 

 
0.86 

0.64,1.16 
0.324 

Percent Reduction 
95% CI 

 14 
-16, 36 

26 
-1, 45 

14 
-16, 36 

Source: Clinical Study Report-Protocol Number HZC102970 Table 6.47, page 714-715 
 
Table 31 Subgroup Analysis of Trough FEV1 (L) by Reversibility for Study 2970 (ITT 
Population) 
 VI 

25 
N=409 

FF/VI 
50/25 

N=412 

FF/VI 
100/25 
N=403 

FF/VI 
200/25 
N=409 

Not Reversible 
LS Mean (SE) 1.213 (0.0135) 1.231 (0.0131) 1.229 (0.0134) 1.229 (0.0130) 
Drug vs VI 25 
Difference 
95% CI 
p-value 

 

 
0.017 

-0.019,0.054 
0.354 

 
0.015 

-0.022,0.053 
0.417 

 
0.016 

-0.021,0.053 
0.396 

Reversible 
LS Mean (SE) 1.204 (0.0204) 1.279 (0.0195) 1.258 (0.0195) 1.250 (0.0199) 
Drug vs VI 25 
Difference 
95% CI 
p-value 

  
0.075 

0.020,0.130 
0.008 

 
0.055 

-0.001,0.110 
0.052 

 
0.046 

-0.010,0.102 
0.107 

Source: Clinical Study Report-Protocol Number HZC102970 Table 6.48, page 716-733 
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1 STATISTICAL REVIEW AND EVALUATION OF EVIDENCE   
 
1.1 Introduction and Background    
The sponsor proposes use of Parametric tolerance interval testing (PTIT) for Dose Content 
Uniformity and Dose Content Uniformity through Life. Office of New Drug Quality and 
Assessment sent the request to CMC statistical team in Division of Biometric VI for evaluating 
the adequacy of the proposed test for control of this product on September 21, 2012. On January 
7, 2013, the agency sent the information request regarding the PTIT method and alternative 
sample size to the sponsor. The sponsor responded the agency’s request on February 7, 2013. 
The sponsor’s response dated on March 12, 2013 to the Agency’s March 7’s information request 
was also reviewed. 
 
1.2  Data Analyzed and Sources 
There was no data submitted for review.  
 
1.3 Sponsor’s proposal and justification 
1.3.1 Sponsor’s proposal for sampling plan with 2-tier test of total 30 canisters (60 

observations) 
 
GSK proposes to apply the acceptance criteria for Content Uniformity of the Emitted Dose 
outlined in the FDA’s October 25, 2005 Advisory Committee of Pharmaceutical Science 
Proposal for Parametric Tolerance Interval Test (PTI Test) Criteria.  
 
The sponsor’s acceptance criteria for sample size 20 at 1st tier and 60 at 2nd tier are following: at 
the first tier, the Content Uniformity of the Emitted Dose test is initially performed on 10 
inhalers and yields 20 results. Each individual determination represents a single inhalation (the 
minimum clinical dose). The lot passes the PTIT test and is then released to the market if the 
sample mean falls within  label claim and the 2 1-sided tolerance interval with (1-
α1)*100% confidence level and at least 87.5% coverage, (X1 – K1 *S1, X1 + K1*S1),  falls within 
(80, 120)% Label claim. X1, S1 are the sample mean of 20 determinations and sample standard 
deviation of 20 determinations, respectively, where K1 = . If not, the sponsor continues to 
the second stage. At the second tier testing, an additional 20 inhalers are sampled to provide 60 
results in total. The lot passes the PTIT test and is then released to the market if the sample mean 
falls within  label claim and the 2 1-sided tolerance interval with (1-α2)*100% 
confidence level and at least 87.5% coverage, (X2 – K2 *S2, X2 + K2*S2), falls within (80, 120)% 
Label claim. If not, the lot can’t be released to the market. X2, S2 are the sample mean of 60 
determinations and sample standard deviation of 60 determinations, respectively, where K2 = 

. α1 and α2 are determined  
 
1.3.2 Sponsor’s alternative sample size  
In the original submission, the sponsor proposed an alternative sample size at post-approval and 
intended to commit to maintain a 1:3 ratio between the sample sizes for the first and second tier, 
and to use the Lan-DeMets implementation of the Pocock approach to calculate the 
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File name: 5_Statistics Filing Checklist for a New NDA 204275  

 
NDA Number: 204275 Applicant: GSK Stamp Date: July 12, 2012 

Drug Name: Breo Ellipta 
(fluticasone furoate/vilanterol) 
Inhalation Powder 

NDA/BLA Type: NDA  

 
On initial overview of the NDA/BLA application for RTF: 
  

 Content Parameter Yes No NA Comments 

1 Index is sufficient to locate necessary reports, tables, data, 
etc. 

X    

2 ISS, ISE, and complete study reports are available 
(including original protocols, subsequent amendments, etc.) 

X    

3 Safety and efficacy were investigated for gender, racial, 
and geriatric subgroups investigated (if applicable). 

X    

4 Data sets in EDR are accessible and do they conform to 
applicable guidances (e.g., existence of define.pdf file for 
data sets). 

X    

 
IS THE STATISTICAL SECTION OF THE APPLICATION FILEABLE? ____Yes____ 
 
If the NDA/BLA is not fileable from the statistical perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
No comments to the Sponsor for the 74-day letter. 
 
Content Parameter (possible review concerns for 74-
day letter) 

Yes No NA Comment 

Designs utilized are appropriate for the indications requested. X    
Endpoints and methods of analysis are specified in the 
protocols/statistical analysis plans. 

X    

Interim analyses (if present) were pre-specified in the protocol 
and appropriate adjustments in significance level made.  
DSMB meeting minutes and data are available. 

  X  

Appropriate references for novel statistical methodology (if 
present) are included. 

X    

Safety data organized to permit analyses across clinical trials 
in the NDA/BLA. 

X    

Investigation of effect of dropouts on statistical analyses as 
described by applicant appears adequate. 

X    
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