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Abstract

Background: Guidelines recommend reducing treatment in patients with well-controlled asthma after 3 months of stability. However, there is inadequate real-life data to guide physicians on therapy change in daily practice. 

Objective: To assess asthma control following change to and step-down of fluticasone propionate/formoterol fumarate dihydrate (FP/FOR) in real-life patients.

Methods: In a randomized controlled, pragmatic, open-label trial, 225 well-controlled asthmatics were randomized 1:2 to maintain high-dose fluticasone propionate/salmeterol xinafoate (FP/SAL,1000/100µg) or switch to FP/FOR (1000/40µg) daily for 12 weeks (Phase 1). 116 patients stable on FP/FOR at week 12 were subsequently randomized 1:1 to maintain this therapy, or step-down to FP/FOR (500/20µg) daily for 12 weeks (Phase 2). The primary endpoint was the 7-question Asthma Control Questionnaire (ACQ7) score.

Results: In Phase 1, FP/FOR (1000/40µg) (n=126) was non-inferior to FP/SAL (1000/100µg) (n=73) for ACQ7 (difference in means = -0.12 [95% CI -0.32, 0.09]). In Phase 2, FP/FOR (500/20µg) (n=52) was non-inferior to FP/FOR (1000/40µg) (n=52) for ACQ7 (difference in means = 0.01 [95% CI -0.20, 0.22]). There was no significant difference in exacerbation rate between the groups in either Phase. However, 1-2 exacerbations in 12 months prior to Phase 1 was associated with the occurrence of an exacerbation after step-down (P=0.007).

[bookmark: _GoBack]Conclusion: In patients with well-controlled asthma, a change from FP/SAL to FP/FOR did not compromise asthma control. Step-down of FP/FOR was well-tolerated; however, in contrast to current guidelines, our data suggest caution in stepping down patients uncontrolled in the last 12 months. Larger step-down studies are required to confirm these findings. 

Trial registration: ClinicalTrials.gov: NCT02388373; EudraCT: 2013-005365-39


Highlights:
What is already known about this topic?
A few randomized trials have investigated step-down of ICS therapy; however, very few have looked at predictors for response to step-down.

What does this article add to our knowledge?
We identified exacerbation history in the last 12 months to be a significant predictor for exacerbations following ICS/LABA step-down.

How does this study impact current management guidelines?
This study suggests that asthma stability for 3 months, as indicated in current guidelines and consensus documents, is likely to be insufficient to determine whether a patient is suitable for step-down.
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Abbreviations: 
ACQ7:  	Asthma Control Questionnaire-7
CI: 		confidence interval
FeNO: 	fractional exhaled nitric oxide
FEV1: 		forced expiratory volume in 1 second
FP/FOR:	 fluticasone propionate/formoterol fumarate
FP/SAL:	 fluticasone propionate/salmeterol xinafoate
FVC: 		forced vital capacity
GINA: 	Global Initiative for Asthma
ICS: 		inhaled corticosteroid
LABA: 	long-acting beta2-agonist
Mini-AQLQ: 	Mini Asthma Quality of Life Questionnaire
OR: 		odds ratio
pMDI: 	pressurised metered-dose inhaler
SD: 		standard deviation
VAS: 		visual analogue scale

Main text
Introduction 

The Global Initiative for Asthma (GINA) document  recommends a step-up in treatment for patients whose asthma is not controlled on low-dose inhaled corticosteroid (ICS) monotherapy, to a combination of an ICS and a long-acting β2-agonist (LABA).1 Once asthma has been well-controlled for at least 3 months, a step-wise reduction of treatment, by approximately 25–50% each time, is recommended, such that patients should be maintained at the lowest possible dose of ICS that effectively achieves disease stability.1 Yet these recommendations are often not implemented leading many asthmatics to be over-treated with high doses of ICS and LABA, which increases treatment costs and unnecessarily exposes the patients to treatment side effects.2 While ICS reduces exacerbations, real-life data suggest that LABA is more effective in controlling asthma symptoms.3 It is therefore possible that even symptomatic patients who are not frequently exacerbating could be managed with lower doses of ICS without compromising asthma control.

A few randomized trials have investigated step-down of ICS therapy;4-10 however, very few have looked at predictors for response to step-down and the findings from these studies have not provided conclusive answers as to who can be safely stepped down.10-13 Importantly, none of the studies undertook simultaneous step-down of both ICS and LABA, which is highly relevant in daily clinical practice. Therefore, there is clearly a need for pragmatic evidence-based data on the effectiveness and safety of therapy step-down of ICS/LABA combination therapy. This may help overcome the hesitancy that clinicians experience to change or reduce treatment, particularly in those patients they have spent time and effort in stabilizing in their day-to-day practice.

The primary objective of this randomized controlled, pragmatic trial was to assess asthma control following a change from fluticasone propionate/salmeterol xinafoate (FP/SAL) to fluticasone propionate/formoterol fumarate dihydrate (FP/FOR) and then step-down of FP/FOR, where the treatments were all delivered by a pressurized metered dose inhaler (pMDI) with the same ICS. In addition, we sought to identify factors that might predict worsening of asthma following step-down, as such factors may guide individualized treatment decisions in a clinical setting and improve clinical outcomes.

 

Methods
Study design
This was a 24-week randomized controlled, pragmatic, open-label trial (clinicaltrials.gov: NCT02388373; EudraCT: 2013-005365-39) consisting of a 12-week change phase (Phase 1) followed by a 12-week step-down phase (Phase 2) (Figure 1). In order to obtain a representative sample of real-life well-controlled adult patients with asthma, study participants were recruited from 27 primary care practices across England (between July 2014 and February 2016).

In Phase 1, the investigative treatment was fluticasone propionate/formoterol fumarate dihydrate 250µg/10µg taken 2 puffs twice a day (hereafter indicated as “FP/FOR(1000)”) (flutiform® 250 pMDI, Napp Pharmaceuticals Limited, Cambridge, UK), and the comparator treatment was fluticasone propionate/salmeterol xinafoate 250µg/25µg 2 puffs twice a day (hereafter indicated as “FP/SAL(1000)”) (Seretide® 250 Evohaler® pMDI, GlaxoSmithKline, Brentford, UK). In Phase 2, the investigative treatment was FP/FOR 125µg/5µg 2 puffs twice a day (hereafter indicated as “FP/FOR(500)”) (flutiform® 125 pMDI, Napp Pharmaceuticals Limited, Cambridge, UK). Comparator treatment in Phase 2 was FP/FOR(1000).

In Phase 1, participants meeting the eligibility criteria were randomized (2:1) to either change to FP/FOR(1000) or to stay on FP/SAL(1000). After 12 weeks, participants in the FP/FOR(1000) arm who had remained stable on the therapy and provided consent to continue were randomized (1:1) to either stay on FP/FOR(1000) or to step down to FP/FOR(500) for 12 weeks. There was also an interim visit at week 4 of Phase 2. Randomization for both phases was performed using a centralized computer-based program, stratified in blocks of 3 for Phase 1 and blocks of 4 for Phase 2, based on center code and occurrence of exacerbations in the 12 months before enrolment into Phase 1 (no exacerbation or 1-2 exacerbations).

Study population
Participants eligible for Phase 1 were aged between 18 and 75 years, had a diagnosis of asthma, had been prescribed FP/SAL(1000) (as Seretide® 250 Evohaler® pMDI 2 puffs twice a day) for at least 6 months before enrolment and demonstrated a satisfactory inhaler technique without serious inhaler technique errors, following device training if required, at screening. Exclusion criteria were diagnosis of any other chronic respiratory disease than asthma, pregnancy, ≥1 severe asthma exacerbations in the 3 months before enrolment, ≥3 severe asthma exacerbations in the 12 months before enrolment, and uncontrolled asthma assessed in accordance with 2012 GINA recommendations based on symptoms in the last week.14 A severe exacerbation was defined as worsening of asthma requiring treatment with a course of oral corticosteroids, hospitalization or Accident and Emergency department attendance. Participants eligible for Phase 2 had been previously randomized to FP/FOR in Phase 1, had not had any severe exacerbations during Phase 1, and were considered suitable for step-down by the consenting physician. 

The study was conducted in accordance with Good Clinical Practice guidelines and the Declaration of Helsinki, and approved by National Research Ethics Service (NRES) Committee East of England (Cambridgeshire and Hertfordshire). Conduct of the trial at the study centers was approved by the local NHS R&D offices. All patients provided written informed consent at the beginning of each phase before any study-specific procedures were conducted.

Study outcomes
The primary outcome in both phases was asthma control measured with the 7-question Asthma Control Questionnaire (ACQ7) score.15 Secondary outcome measures included occurrence of asthma exacerbations (as defined in the previous section), asthma control assessed by the research healthcare professional at each site in accordance with the 2012 GINA recommendations (i.e., uncontrolled, partially controlled, and controlled asthma),14 Mini Asthma Quality of Life (Mini-AQLQ) score,16 Visual Analog Scale (VAS) test score (to assess patients' perception of asthma symptoms on a scale from 0 [not at all bothersome] to 10 [extremely bothersome]; see Supplementary File 1)17,18 and lung function (as assessed by forced vital capacity [FVC], forced expiratory volume in one second [FEV1], FVC % predicted, FEV1 % predicted, and FEV1/FVC ratio). An additional secondary outcome in Phase 2 was fractional exhaled nitric oxide (FeNO), measured using the NIOX MINO® or VERO® device (Aerocrine AB, Solna, Sweden) to assess airway inflammation.19,20 All outcomes were also assessed and analyzed for Phase 2 at an interim visit (week 4), except for exacerbations for which the 4-week period was not considered sufficiently long. Blood eosinophil levels were measured at Phase 2 baseline and along with other clinical and demographics characteristics was used to test for correlation with response to step-down. Adherence was calculated from dose counter values and analyzed in both phases. Finally, adverse events were classified based on System Organ Class (MedDRA Version 17.0)21 and summarized by treatment group. 

Sample size
The study was powered to reject the null hypothesis that the mean ACQ7 scores are not equivalent between two treatments when the expected difference in mean ACQ7 score is 0.0, with a common standard deviation of 0.8, and the acceptable maximum difference is -0.3. In Phase 1, a sample size of 201 (134 FP/FOR: 67 FP/SAL, 2:1 ratio) was estimated to have 80% power to reject the null hypothesis at 0.050 one-sided significance level. Assuming a 10% drop-out rate, 224 patients were required for randomization for Phase 1. It was estimated that 51 patients in each group would continue to complete Phase 2 of the study, providing 59% power to reject the null hypothesis in Phase 2.

Statistical analysis
An intention-to-treat analysis as initially presented in the study protocol (see Supplementary File 2) was not considered appropriate because patients randomized to the experimental FP/FOR group were more likely to switch to the control FP/SAL treatment (i.e. revert to usual treatment) during the study than vice versa and therefore non-inferiority could have been erroneously concluded. Hence, an amendment to the analysis plan was made prior to initiating data analyses (see Supplementary File 3). In each phase, for the analysis of the primary outcome, ACQ7, we defined a non-inferiority analysis set, which included all patients who remained in the study for at least eight weeks (i.e. if terminating early, did not complete the final visit of that phase any earlier than eight weeks after the baseline visit) and did not change treatment at any time during the follow-up period (i.e. before the final visit of that phase). For secondary outcome analyses, we defined a full analysis set, which included all randomized patients. Secondary outcomes were tested for superiority.

Baseline characteristics were compared using Mann-Whitney U-test and Chi-squared test for continuous and categorical variables, respectively. ACQ7, was analyzed using a linear mixed model and adjusted for baseline ACQ7 and randomization variables (i.e. occurrence of exacerbations in the 12 months before enrolment into Phase 1 and center number [fitted as a random effect]). For both Phases, non-inferiority boundary for difference in adjusted mean ACQ7 between the groups was set at 0.3 with non-inferiority declared if the upper limit of 95% CI was ≤0.3. Secondary outcomes were tested for superiority. Lung function outcomes, VAS and Mini-AQLQ were analyzed using a linear mixed model, adjusting for randomization variables; VAS was also corrected for baseline VAS. Significance was declared if the lower limit of 95% CI was >0. GINA asthma control and FeNO were analyzed using an ordinal mixed model, and logistic mixed model was used to compare occurrence of exacerbations. Significance was declared if the lower limit of 95% CI was >1. A Chi-squared test was used to compare adherence using data from inhaler dose counters. 

To investigate potential predictive markers for response to step-down, only patients randomized to FP/FOR(500) in Phase 2 were considered. Two definitions for worsening or maintenance of asthma control following step-down were used as outcomes in these analyses. Firstly, patients were classified based on a change in the ACQ7 score at week 12 from Phase 2 baseline with worsening defined as an increase in ACQ7 of ≥0.5. Secondly, patients were classified based on an occurrence of an exacerbation with worsening of asthma defined as an occurrence of ≥1 exacerbation in Phase 2. Univariate logistic regression models were used to test whether age, sex, smoking status, selected comorbidities, number of exacerbations in the 12 months before Phase 1, and baseline ACQ7, GINA, FeNO, blood eosinophil count and FEV1 % predicted were related to the two response outcomes. 

For all analyses where P-value is provided, statistical significance was set at 0.05. All analyses were performed using Statistical Analysis Software version 9.3 (SAS Institute Inc).


Results
Patient disposition and characteristics
Of 259 participants enrolled in the study, 225 met all eligibility criteria and were randomized 2:1 into Phase 1, 151 to FP/FOR(1000) and 74 to FP/SAL(1000) (Figure 2). Of the 34 patients who failed at one or more eligibility criteria, 27 had uncontrolled asthma according to GINA criteria, 5 failed to achieve a satisfactory inhaler technique, 3 had an asthma exacerbation in the 3 months prior to screening visit and 2 had ≥3 exacerbations in the 12 months prior to screening visit; 3 patients failed at ≥1 criteria. A total of 134 (88.7%) participants in the FP/FOR(1000) group and 73 (98.6%) in the FP/SAL(1000) group completed the 12-week outcome visit. One hundred twenty six participants in the FP/FOR(1000) group and 73 in the FP/SAL(1000) group met the criteria for the non-inferiority analysis set for Phase 1. Of the 134 participants in the FP/FOR(1000) group who completed Phase, 1, 116 were eligible and randomized into Phase 2, 58 to FP/FOR(1000) and 58 to FP/FOR(500) (Figure 3). Of the remaining 18 patients, 5 were not eligible for Phase 2 due to an exacerbation in Phase 1 and 13 patients did not provide consent to Phase 2; 3 of the 13 were uncontrolled according to GINA criteria, 3 reported AEs on FP/FOR, 1 was uncontrolled and reported AEs and 6 did not want to continue in the study for other reasons. Fifty four participants in the FP/FOR(1000) and 53 in the FP/FOR(500) group completed the 12-week outcome visit. Finally, 52 participants in each group met the criteria for the non-inferiority analysis set for Phase 2. The demographic and clinical characteristics of the participants did not differ significantly between the groups in either phase (Table 1).

Change from FP/SAL to FP/FOR (Phase 1)
At week 12 of Phase 1, asthma was well-controlled in both FP/FOR(1000) and FP/SAL(1000) groups (mean ACQ7 scores 0.7 and 0.8, respectively), and FP/FOR(1000) was non-inferior to FP/SAL(1000) in terms of ACQ7 at 0.3 non-inferiority boundary (difference in means = -0.12, 95% CI: -0.32, 0.09) (Table 2). Using the minimal clinically important difference of 0.5 in ACQ7, 18.0% of patients in the FP/FOR(1000) group and 15.3% in the FP/SAL(1000) group improved from baseline, whereas 12.8% and 19.4% deteriorated, respectively. There was no significant difference between the FP/FOR(1000) and FP/SAL(1000) groups in Mini-AQLQ score, VAS score, lung function measures, and percentage of patients with an exacerbation during Phase 1 (Table 2). However, the odds of being more controlled according to GINA criteria were significantly higher for the FP/FOR(1000) group (odds ratio [OR] = 2.00, 95% CI: 1.14, 3.52, P = 0.016) (Table 2). Adherence was high in both groups and there was no significant difference in the distribution into adherence categories between the groups in patients with GINA asthma control outcome data (P = 0.51) (see Table E1 in the Online Repository).

Step-down of FP/FOR (Phase 2)
At week 12 of Phase 2, good control of asthma was maintained in both FP/FOR(1000) and FP/FOR(500) groups, although there was a small but clinically non-significant worsening in mean ACQ7 scores from Phase 2 baseline in both groups (Table 3). Adjusted difference in means at week 12 was 0.01 (95% CI: -0.20, 0.22), within the 0.3 non-inferiority boundary indicating that FP/FOR(500) was non-inferior to FP/FOR(1000). Using the minimal clinically important difference of 0.5 in ACQ7, 7.5% of participants in FP/FOR(500) group and 7.4% in the FP/FOR(1000) group improved from baseline, whereas 22.6% and 18.5% deteriorated, respectively. There was no significant difference between the FP/FOR(500) and FP/FOR(1000) groups in Mini-AQLQ score, VAS score, lung function measures, FeNO or GINA asthma control at week 4 or week 12, or in percentage of participants with an exacerbation during Phase 2 (Table 3). Finally, there was no significant difference in the distribution into adherence categories between the groups (P = 0.69) (see Table E2 in the Online Repository).

Predictors for worsening of asthma following step-down
To identify factors that might predict worsening of asthma following step-down, selected demographic and clinical variables were tested for correlation with deterioration in ACQ7 by 0.5, or occurrence of an exacerbation in Phase 2 in the FP/FOR(500) group. None of the tested variables showed a statistically significant relationship with worsening of the ACQ7 score (see Table E3 in the Online Repository). However, a significant relationship was found with history of exacerbations in the last 12 months before the study when occurrence of an exacerbation following step-down was used as the outcome variable (Table 4, see Table E4 in the Online Repository) (P = 0.007).

Adverse Events
Four Serious Adverse Events (SAE) were reported during the study of which two were considered to be possible Serious Adverse Reactions (SAR) to study drug. Both SARs were hospitalizations due to pneumonia; one occurred in the FP/SAL(1000) group and one in the FP/FOR(500) group. The other two SAEs were a death due to causes unrelated to the study in the FP/FOR(500) group and a self-inflicted injury in a patient in the FP/SAL(1000) group. Occurrence of adverse events recorded as treatment-related was overall low in both phases (see Table E5 and Table E6 in the Online Repository).
Discussion
There is currently little real-life evidence to support pragmatic recommendations in existing asthma guidelines on how to effectively step-down treatment for individual patients in day-to-day practice. To address this gap, we conducted a randomized controlled pragmatic trial to assess asthma control in a real-life population of adult patients following ICS/LABA treatment change and step-down. We showed that patients previously stable on FP/SAL(1000) maintained good asthma control after changing to FP/FOR(1000) in Phase 1, and asthma control was also maintained after stepping down from FP/FOR(1000) to FP/FOR(500) in Phase 2 of our study. Our study is the first to simultaneously step-down both the ICS and LABA component of a combination treatment in well-controlled asthmatics and is supported by previous studies suggesting that reducing ICS therapy can maintain or even improve asthma control.4,6,8,22,23 However, we observed that those patients who had an exacerbation following step-down of their ICS/LABA dose had significantly more exacerbations in the prior year before the study, while no such association was found in the group maintained on FP/FOR(1000) in Phase 2 of our study (results not shown). This is to our knowledge the first prospective study to suggest that disease stability for 3 months, as indicated in current guidelines and consensus documents, is likely to be insufficient to determine whether a patient is suitable for step-down. 

We sought to identify factors that could predict worsening of asthma, but found no association between specific baseline characteristics (such as age, gender, smoking status or asthma control) or biomarkers (e.g. blood eosinophils and FeNO) and response to step-down in terms of occurrence of exacerbations or decrease in asthma control as assessed with ACQ7. Data on potential factors associated with response to step-down from previous studies are limited. Moreover, although many factors (including hyperresponsiveness to histamine and mannitol, percentage of sputum eosinophils, FeNO and FEV1 % predicted, among others) have shown a potential association with response to therapy reduction, in multiple studies none of these factors have been consistently confirmed.10-12 It therefore remains unclear how patients suitable for step-down should be identified in routine daily clinical practice. Our findings suggest that the patient’s exacerbation history can provide a very practical and simple predictor that can be easily and readily applied in day-to-day clinical practice. This is in line with data from a previous claims database study, which found that the length of asthma stability prior to stepping down asthma medication was strongly associated with the risk of an asthma exacerbation in the subsequent 24-month period.24

Tools to assess asthma control are another factor that may influence not only interpretation of research results but also decisions in clinical settings. Our findings highlight the importance of using different tools to assess asthma control. Indeed, it has been suggested that an inappropriate assessment of asthma control might even contribute to over-treatment of patients in clinical practice.14 Although we found that asthma control in terms of ACQ7 was similar between the FP/FOR(1000) and FP/SAL(1000) groups, a significantly higher percentage of patients were controlled on FP/FOR(1000) when control was defined according to GINA criteria. This finding might be explained by various factors including the fundamental differences in the properties of the two assessment tools. ACQ7 is assessed with a validated questionnaire and gives a score between 0 and 6, whereas no standardized questionnaire exists for assessment of asthma control according to GINA criteria, which categorizes patients into three groups using specified cut-offs. It is also possible that the sensitivity of these methods varies depending on the level of asthma control, although this hypothesis should be further explored. Finally, we acknowledge the potential risk of assessor bias associated with the assessment of GINA asthma control by unblinded healthcare professionals.

We acknowledge that the present study has its limitations. Firstly, the 12-week follow-up period in each Phase is likely to have been insufficient to capture seasonal variations in asthma control and exacerbation rates, and the power to detect significant predictors of response to step-down was limited owing to the relatively small number of patients (especially in the group of patients with asthma worsening). Although patient retention rates were high in both groups in both Phases, our study design might have contributed to the differential rate of non-completion and missing outcome data between the groups in Phase 1; the 11.3% drop-out rate in the FP/FOR(1000) group was significantly higher than in the FP/SAL(1000) group, where only one patient (1.4%) discontinued. This might have been anticipated given that all randomized patients had used FP/SAL(1000) for at least 6 months and were well-controlled when randomized to FP/FOR(1000). While baseline demographics or clinical characteristics, including asthma control, were not significantly associated with non-completion in Phase 1 (results not shown), we were not able to investigate the potential impact of factors such as worsening of asthma or device preference on non-completion. Only two serious treatment-related AEs were reported during the study, one of which occurred in the FP/SAL(1000) group and one in the FP/FOR(500) group. Both SAEs were hospitalizations due to pneumonia, risk of which is increased in patients with COPD treated with ICS.25.26 However, conclusive clinical evidence for intra-class differences in the magnitude of the risk among ICS products in COPD is still lacking, and the role of long-term ICS use in increasing the risk of pneumonia and other side-effects in patients with asthma also remains to be confirmed.27-29

In summary, our findings suggest that patients with well-controlled asthma can be switched from FP/SAL(1000) to FP/FOR(1000) and stepped-down to FP/FOR(500) without compromising asthma control or increasing the risk of exacerbations. Importantly, our results suggest that caution should be taken in stepping down ICS/LABA in patients with a history of one or more exacerbations in the last year, even if asthma has been stable and well-controlled for the previous 3 months. The patient’s clinical history can provide a simple predictor of future exacerbation risk. Larger studies with longer follow-up periods and further reductions in therapy will be required to further investigate asthma outcomes following step-down and to confirm whether other factors including biomarkers could be useful for predicting response to step-down.
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Figures 

Figure 1. Study design and number of patients randomized to each Phase



Figure 2. CONSORT diagram – Phase 1











Figure 3. CONSORT diagram - Phase 2
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Tables
Table 1. Patient baseline characteristics
	
	Phase 1
	Phase 2

	
	FP/FOR(1000) (N=151)
	FP/SAL(1000)
(N=74)
	P-value
	FP/FOR(500)
(N=58)
	FP/FOR(1000)
(N=58)
	P-value

	Age
	
	
	
	
	
	

	Mean (SD)
Min, Max
	53.0 (13.4)
20.0, 74.0
	55.1 (13.7)
20.0, 74.0
	0.204*
	52.3 (13.8)
21.0, 72.0
	53.5 (13.1)
20.0, 74.0
	0.689*

	
	
	
	
	
	
	

	Male, N (%)
	69 (45.7%)
	31 (41.9%)
	0.59†
	23 (39.7%)
	29 (50.0%)
	0.263†

	
	
	
	
	
	
	

	Ethnic group, N (%)

Asian/Asian British

Black/African/Caribbean/Black British

White
	

1 (0.7%)

1 (0.7%)


149 (98.7%)
	

1 (1.4%)

0 (0.0%)


73 (98.6%)
	

0.685†
	

1 (1.7%)

0 (0.0%)


57 (98.3%)
	

0 (0.0%)

0 (0.0%)


58 (100.0%)
	

0.315†

	
	
	
	
	
	
	

	Body Mass Index categorized, N (%)

Normal
Obese
Overweight
Underweight
	


26 (17.2%)
69 (45.7%)
54 (35.8%)
2 (1.3%)
	


13 (17.6%)
34 (45.9%)
27 (36.5%)
0 (0.0%)
	


0.803†
	


9 (15.5%)
28 (48.3%)
19 (32.8%)
2 (3.4%)
	


9 (15.5%)
25 (43.1%)
24 (41.4%)
0 (0.0%)
	


0.432†

	
	
	
	
	
	
	

	Asthma exacerbations in the 12 months before Phase 1, N (%)

0
1
2
	



113 (74.8%)
29 (19.2%)
9 (6.0%)
	



56 (75.7%)
14 (18.9%)
4 (5.4%)
	



0.984†
	



44 (75.9%)
11 (19.0%)
3 (5.2%)
	



42 (72.4%)
13 (22.4%)
3 (5.2%)
	



0.899†

	
	
	
	
	
	
	

	Employment status, 
N (%)

Employed
Retired
Unemployed
	


94 (62.3%)
35 (23.2%)
22 (14.6%)
	


44 (59.5%)
26 (35.1%)
4 (5.4%)
	


0.043†
	


34 (58.6%)
12 (20.7%)
12 (20.7%)
	


40 (69.0%)
11 (19.0%)
7 (12.1%)
	


0.397†

	
	
	
	
	
	
	

	Smoking status, N (%)

Never smoked
Ex-smoker
Smoker
Data missing
	

63 (41.7%)
63 (41.7%)
22 (14.6%)
3 (2.0%)
	

33 (44.6%)
28 (37.8%)
10 (13.5%)
3 (4.1%)
	

0.773†
	

23 (39.7%)
22 (37.9%)
12 (20.7%)
1 (1.7%)

	

24 (41.4%)
28 (48.3%)
6 (10.3%)
0 (0.0%)

	

0.291†

	Alcohol units/week,
 N (%)

0
1-10
10-30
30-50
50-100
	


54 (35.8%)
61 (40.4%)
29 (19.2%)
4 (2.6%)
3 (2.0%)
	


30 (40.5%)
26 (35.1%)
15 (20.3%)
2 (2.7%)
1 (1.4%)
	


0.938†
	


25 (43.1%)
23 (39.7%)
7 (12.1%)
1 (1.7%)
2 (3.4%)
	


17 (29.3%)
22 (37.9%)
15 (25.9%)
3 (5.2%)
1 (1.7%)
	


0.216†

	
	
	
	
	
	
	



Abbreviations: FP/FOR = fluticasone propionate/formoterol fumarate dihydrate; FP/SAL = fluticasone propionate/salmeterol xinafoate. 
*P-value from Mann-Whitney U test
†P-value from Chi-square test

2


Table 2. Phase 1 outcomes 

	
	Phase 1 baseline
	Phase 1 week 12
	Estimate of Treatment Effect (95% CI)*
	P-value

	
	FP/FOR(1000) 
	FP/SAL(1000)

	FP/FOR(1000)
	FP/SAL(1000) 
	
	

	ACQ7, N
Mean (SD)
Min, Max
	126
0.7 (0.6)
0.0, 3.1
	73
0.7 (0.6)
0.0, 2.4
	125
0.7 (0.8)
0.0, 5.1
	72
0.8 (0.8)
0.0, 4.3
	
-0.12 (-0.32, 0.09)
	
N/A**

	
	
	
	
	
	
	

	Mini-AQLQ, N
Mean (SD)
Min, Max
	150
6.0 (1.0)
2.0, 7.0
	74
5.9 (1.0)
3.0, 7.0
	133
6.1 (1.1)
1.1, 7.0
	73
5.8 (1.1)
2.6, 7.0
	
0.24 (-0.05, 0.53)
	
0.103

	
	
	
	
	
	
	

	GINA, N (%)
Controlled
Partially Controlled
Uncontrolled
	
68 (45.0)
83 (55.0)
0 (0.0)
	
32 (43.2)
42 (56.8)
0 (0.0)
	
71 (53.0)
53 (39.6)
10 (7.5)
	
28 (38.4)
33 (45.2)
12 (16.4)
	
2.00 (1.14, 3.52)
	
0.016

	
	
	
	
	
	
	

	VAS, N
Mean (SD)
Min, Max
	149
16.6 (18.8)
0.0, 100.0
	74
20.8 (24.0)
0.0, 95.0
	134
14.1 (22.1)
0.0, 100.0
	73
18.0 (23.5)
0.0, 83.0
	
-2.01 (-7.33, 3.32)
	
0.458

	
	
	
	
	
	
	

	Exacerbations, N (%)
None
≥ 1
	
N/A
	
N/A
	
144 (95.4)
7 (4.6)
	
67 (90.5)
7 (9.5)
	
2.36 (0.75, 7.47)
	
0.143

	
	
	
	
	
	
	

	Spirometry, N
FEV1 mean (SD), L
FEV1 % predicted mean (SD)
FVC mean (SD), L
FVC % predicted mean (SD)
	151
2.6 (0.8)
89.0 (17.7)
3.6 (1.0)
97.9 (17.2)
	74
2.5 (0.8)
89.8 (18.9)
3.4 (1.0)
99.7 (16.3)
	133
2.6 (0.7)
88.4 (16.8)
3.6 (1.0)
100.8 (16.4)
	72
2.5 (0.8)
89.3 (18.1)
3.5 (0.9)
101.0 (17.6)
	
0.09 (-0.13, 0.31)
-0.76 (-5.69, 4.17)
0.15 (-0.13, 0.43) 
-0.01 (-4.74, 4.72)                  
	
0.426
0.762
0.285
0.997

	
	
	
	
	
	
	


Abbreviations: ACQ7 = 7-question Asthma Control Questionnaire; CI = confidential interval; FEV1 forced expiratory volume in 1 second; FP/FOR = fluticasone propionate/formoterol fumarate dihydrate; FP/SAL = fluticasone propionate/salmeterol xinafoate; FVC = forced vital capacity; GINA = Global Initiative for Asthma; Mini-AQLQ = Mini Asthma Quality of Life Questionnaire; SD = standard deviation; VAS = visual analogue scale.

*ACQ7, Mini-AQLQ, VAS and spirometry were analyzed with linear mixed model. GINA was analyzed with ordinal mixed model and exacerbations with logistic mixed model.
**FP/FOR(1000) was considered non-inferior to FP/SAL(1000) if estimate of treatment effect was within a 0.3 boundary and upper limit of the 95% CI was ≤0.3

Table 3. Phase 2 outcomes

	
	Phase 2 baseline
	Phase 2 Week 4
	Phase 2 Week 12
	Estimate of Treatment Effect 
(95% CI)*
Week 4
	P-value
	Estimate of Treatment Effect 
(95% CI)*
Week 12
	P-value

	
	FP/FOR
(500)
	FP/FOR
(1000)

	FP/FOR
(500)

	FP/FOR
(1000)

	FP/FOR
(500)

	FP/FOR
(1000)

	
	
	
	

	ACQ7, N
	52
	52
	51
	52
	52
	52
	0.21
(-0.02, 0.43)
	N/A**
	0.01
(-0.20, 0.22)
	N/A**

	Mean (SD)
	0.6 (0.8)
	0.6 (0.6)
	0.8 (0.9)
	0.6 (0.5)
	0.8 (0.8)
	0.7 (0.8)
	
	
	
	

	Min, Max
	0.0, 5.1
	0.0, 2.7
	0.0, 4.3
	0.0, 2.6
	0.0, 4.7
	0.0, 3.7
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Mini-AQLQ, N
	58
	58
	53
	57
	53
	54
	-0.12
(-0.35, 0.11)
	0.320
	-0.04
(-0.31, 0.24)
	0.793

	Mean (SD)
	6.1 (1.3)
	6.2 (0.9)
	6.1 (1.0)
	6.3 (0.6)
	6.2 (1.1)
	6.3 (0.9)
	
	
	
	

	Min, Max
	1.0, 7.0
	4.0, 7.0
	3.1, 7.0
	4.5, 7.0
	2.1, 7.0
	2.4, 7.0 
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	GINA, N (%)
	
	
	
	
	
	
	0.59
(0.28, 1.24)
	0.161
	0.86
(0.40, 1.85)
	0.697

	Controlled
	33 (56.9)
	31 (53.4)
	25 (47.2)
	33 (56.9)
	26 (49.1)
	30 (55.6)          
	
	
	
	

	Partially Controlled
	17 (29.3)
	22 (37.9)
	21 (39.6)
	23 (39.7)
	19 (35.8)
	15 (27.8)
	
	
	
	

	Uncontrolled
	3 (5.2)
	1 (1.7)
	7 (13.2)
	2 (3.4)
	8 (15.1)
	9 (16.7)
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	VAS, N (%)
	
	
	
	
	
	
	1.35
(0.53, 3.44)
	0.529
	0.79
(0.30, 2.09)
	0.636

	Score ≤15
	40 (75.5)
	38 (70.4)
	42 (79.2)
	42 (72.4)
	37 (69.8)
	38 (70.4)
	
	
	
	

	Score >15
	13 (24.5)
	16 (29.6)
	11 (20.8)
	16 (27.6)
	16 (30.2)
	16 (29.6)
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Exacerbations, 
N (%)
	N/A
	N/A
	N/A
	N/A
	
	
	N/A
	N/A
	0.82
(0.25, 2.77)
	0.753

	None
	
	
	
	
	51 (87.9)
	52 (89.7)
	
	
	
	

	≥ 1
	
	
	
	
	7 (12.1)  
	6 (10.3)
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Spirometry, N
	58
	58
	53
	58
	53
	58
	
	
	
	

	FEV1 mean (SD), L
	2.5 (0.7)
	2.7 (0.8)
	2.5 (0.7)
	2.5 (0.8)
	2.5 (0.7)
	2.7 (0.8)
	-0.14
(-0.42, 0.14)
	0.320
	-0.14
(-0.42, 0.14)
	0.320

	
	
	
	
	
	
	
	
	
	
	

	FEV1 % predicted mean (SD)
	86.8 (14.3)
	91.2 (16.3)
	87.9 (14.4)
	89.6 (17.0)
	87.9 (14.4)
	89.6 (17.0)
	-1.76
(-7.75, 4.23)
	0.561
	-1.76
(-7.75, 4.23)
	0.561

	
	
	
	
	
	
	
	
	
	
	

	FVC mean (SD), L
	3.5 (0.9)
	3.8 (1.1)
	3.5 (0.9)
	3.8 (1.1)
	3.5 (0.9)
	3.8 (1.1)
	-0.29
(-0.69, 0.10)
	0.144
	-0.29
(-0.69, 0.10)
	0.144

	
	
	
	
	
	
	
	
	
	
	

	FVC % predicted mean (SD)
	98.7 (13.4)
	103.1 (16.9)
	99.2 (12.8)
	101.4 (17.9)
	99.2 (12.8)
	101.4 (17.9)
	-2.15
(-8.09, 3.80)
	0.475
	-2.15
(-8.09, 3.80
	0.475

	
	
	
	
	
	
	
	
	
	
	

	FeNO, N (%)
	
	
	
	
	
	
	1.13
(0.44, 2.91)
	0.802
	1.12
(0.41, 3.05)
	0.830

	≤25 ppb
	42 (85.7)
	47 (88.7)
	41 (78.8)
	45 (80.4)
	39 (79.6)
	42 (79.2)
	
	
	
	

	25–50 ppb
	7 (14.3)
	5 (9.4)
	10 (19.2)
	11 (19.6)
	7 (14.3)
	10 (18.9)
	
	
	
	

	≥50 ppb
	0 (0.0)
	1 (1.9)
	1 (1.9)
	0 (0.0)
	3 (6.1)  
	1 (1.9)  
	
	
	
	



Abbreviations: ACQ7 = 7-question Asthma Control Questionnaire; CI = confidential interval; FeNO = fractional exhaled nitric oxide; FEV1 forced expiratory volume in 1 second; FP/FOR = fluticasone propionate/formoterol fumarate dihydrate; FP/SAL = fluticasone propionate/salmeterol xinafoate; FVC = forced vital capacity; GINA = Global Initiative for Asthma; Mini-AQLQ = Mini Asthma Quality of Life Questionnaire; ppb = parts per billion; SD = standard deviation; VAS = visual analogue scale.

*ACQ7, Mini-AQLQ, VAS and spirometry were analyzed with linear mixed model. GINA and FeNO were analyzed with ordinal mixed model and exacerbations with logistic mixed model.
**FP/FOR(500) was considered non-inferior to FP/FOR(1000) if estimate of treatment effect was within a 0.3 boundary and upper limit of the 95% CI was ≤0.3



Table 4. Relationship between history of exacerbations and occurrence of an exacerbation following step-down 

	
	No exacerbations in Phase 2
(N=51)
	Exacerbation in Phase 2
 (N=7)
	Total
(N=58)
	OR (95% CI)
	P-value

	Exacerbations in 12 months prior to Phase 1, N (%)
	
	
	
	
	

	None
	42 (95.5%)
	2 (4.5%)
	44 (100.0%)
	
	

	One
	8 (72.7%)
	3 (27.3%)
	11 (100.0%)
	
	

	Two
	1 (33.3%)
	2 (66.7%)
	3 (100.0%)
	11.67 (2.16, 91.20)*
	0.007*


CI = confidential interval; OR = odds ratio
*Due to the small number of patients in the individual groups, patients with no exacerbations in 12 months prior to Phase 1 were compared with combined group of patients with 1 or 2 exacerbations.





Figure legends

Figure 1. Study design and number of patients randomized to each Phase.

Scheme depicting the study design and timeline, and the number of patients randomized into the different study phases.

Abbreviations: FP/FOR = fluticasone propionate/formoterol fumarate dihydrate; FP/SAL = fluticasone propionate/salmeterol xinafoate. 

Figure 2. CONSORT diagram for Phase 1

CONSORT diagram showing the number of patients at different stages of Phase 1, including those initially enrolled in the study, those lost after screening for inclusion/exclusion criteria or for drop-outs, and those who completed Phase 1. The non-inferiority set included all patients who used the randomized treatment for at least eight weeks and did not change treatment at any time during the follow-up period. The full analysis set included all randomized patients. 

Abbreviations: FP/FOR = fluticasone propionate/formoterol fumarate dihydrate; FP/SAL = fluticasone propionate/salmeterol xinafoate

Figure 3. CONSORT diagram for Phase 2

CONSORT diagram showing the number of patients at different stages of Phase 2, including those lost after screening or for drop-outs, and those who completed Phase 2. The non-inferiority set included all patients who used the randomized treatment for at least eight weeks and did not change treatment at any time during the follow-up period. The full analysis set included all randomized patients. 

Abbreviations: FP/FOR = fluticasone propionate/formoterol fumarate dihydrate
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