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A B S T R A C T

Background: SLS COPD was the first open-label randomised controlled trial demonstrating a reduction in
moderate/severe COPD exacerbations with once-daily inhaled fluticasone furoate/vilanterol (FF/VI) in everyday
clinical practice. Here we report FF/VI effectiveness and safety in predefined patient subgroups.
Methods: Patients with COPD, exacerbation history, and receiving maintenance inhaler therapy, were rando-
mised to initiate FF/VI 100/25 μg or continue usual care (UC) with 12 months’ follow-up. Annual rates of
moderate/severe exacerbations (primary outcome), selected secondary outcomes, and incidence of pneumonia
serious adverse events of special interest (SAESI) were compared between randomisation groups across various
patient subgroups/baseline treatment strata. SAESI rates by actual treatment were also assessed.
Results: Lower exacerbation rates were observed for FF/VI versus UC across all subgroups/strata, including
ICS + LABA therapy subset (8.0% [0.1, 15.4]), except in patients without baseline airflow limitation (−0.5%
[–29.8, 22.1]). Larger reductions compared to the overall analysis were observed for patients on ICS-containing
regimens (excluding LAMA) before the study (15.6% [3.4, 26.3]), and with baseline CAT score< 10 (25.3%
[–0.4, 44.4]). Pneumonia SAESI rates were similar for FF/VI versus UC across all subgroups/strata, except the
LABA, LAMA or LABA+ LAMA stratum (incidence ratio 2.8 [0.9, 8.5]). SAESI rates were not increased for FF/VI
versus other ICS + LABA.
Conclusions: Initiating FF/VI versus continuing UC reduced exacerbation rates without increased pneumonia
SAESI risk compared to other ICS-containing regimens and in various patient subgroups, consistent with primary
study findings. FF/VI may be a therapeutic option for a broad population of COPD patients, including those with
more severe disease.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is currently the
fourth leading cause of death worldwide but is expected to become the
third leading cause of death by 2020 [1]. Based on large-scale epide-
miological studies, the number of COPD cases was estimated at 384
million in 2010, with a global prevalence of 11.7% [2]. In the UK,
approximately 1.2 million people have been diagnosed with COPD, but
many more may remain undiagnosed [3]. Thus, COPD represents a
significant cause of morbidity and mortality, and poses a considerable
social and economic burden that is projected to increase [1,4,5].

Symptoms of COPD range from chronic cough and sputum pro-
duction, to severe breathlessness, and significantly impact patients’
everyday activities. Acute exacerbations of respiratory symptoms often
require prolonged recovery periods and are a major cause of morbidity
and mortality in individuals with COPD. Indeed, exacerbations are the
greatest contributor to the total COPD healthcare burden [1]. Exacer-
bation frequency is correlated with reduced quality of life and a decline
in pulmonary function [6–8]. Accordingly, treating symptoms and re-
ducing exacerbation risk are key goals of pharmacological therapy for
patients with COPD [1]. International treatment guidelines recommend
the use of inhaled corticosteroid (ICS)-containing regimens for patients
with COPD who are at a high risk of exacerbations [1].

Double-blind randomised controlled trials (RCTs) are valuable and
necessary for securing regulatory approval. However, the highly se-
lected populations that they typically include may not fully represent
the relevant patient populations [9–14]. Therefore, there is a need for
complementary randomised controlled effectiveness trials to be con-
ducted in conditions that more closely reflect usual clinical practice
[14–17]. Such trials may explore the true benefit:risk profile of a
medicine more fully, allowing for more informed treatment decisions
[14,15]. The Salford Lung Study in COPD (SLS COPD) was the first
large-scale, prospective, randomised study (2802 adults with COPD
were randomised) to evaluate the clinical effectiveness and safety of
initiating fluticasone furoate/vilanterol (FF/VI) in everyday clinical
practice using electronic health records—enabling data to be collected
continuously and remotely with minimal intrusion into patients’ ev-
eryday lives [18–20]. Initiation of once-daily combined FF/VI was as-
sociated with a statistically significantly lower mean annual rate of
moderate/severe exacerbations compared with continuation of usual
care (UC) (8.4% reduction, p=0.02), without increased risk of serious
adverse events (SAEs) such as pneumonia [20].

In this analysis, the primary effectiveness outcome of mean annual
rate of moderate/severe exacerbations and several secondary outcomes
were assessed for initiation of FF/VI versus continuation of UC in pre-
defined patient subgroups according to several different baseline
parameters and/or baseline treatment strata. We also examined safety,
looking at SAEs of special interest (SAESI), with a particular focus on
predefined pneumonia SAESI. Our aim was to evaluate the comparative
effectiveness and safety of initiating FF/VI versus continuing UC in
different predefined patient subgroups, and thus the potential role of
FF/VI as a pharmacological therapy in a broad range of patients with
COPD.

2. Materials and methods

2.1. Patients and study design

This was a prespecified subgroup analysis of SLS COPD
(HZC115151; NCT01551758), a prospective, 12-month, open-label,
parallel-group RCT that evaluated the effectiveness and safety of in-
itiating FF/VI versus continuing UC in patients with COPD. The study
was conducted in the setting of everyday clinical practice at primary
care centres in Salford, Trafford, and South Manchester, UK. Detailed
study design and eligibility criteria have previously been published
[18,20].

SLS COPD included patients aged ≥40 years, with a documented
general practitioner's (GP's) diagnosis of COPD, who had experienced
≥1 exacerbation of COPD within the previous 3 years. Unusually, and
in contrast to traditional efficacy studies, the entry requirement for this
trial was a GP diagnosis of COPD; there was no spirometric requirement
to be eligible for recruitment. This pragmatic approach means that this
is representative of real practice (i.e. FF/VI was evaluated in a popu-
lation who would be likely to receive this medicine in everyday prac-
tice). The spirometry performed at baseline allowed us to assess the
subgroup of those with a spirometric diagnosis. We have not analysed
the way GPs diagnose COPD in Salford but we assume that a clinical
diagnosis is the predominant driver in a small number of cases where
spirometry does not support the diagnosis.

Patients were also required to be taking regular COPD maintenance
inhaler therapy, comprising ICS, long-acting beta2-agonist (LABA) or
long-acting muscarinic antagonist (LAMA), alone or in any combina-
tion. Patients were stratified according to baseline COPD maintenance
therapy and the presence/absence of a COPD exacerbation in the pre-
vious 12 months, and subsequently were randomised in a 1:1 ratio to
initiate FF/VI 100/25 μg (Relvar/Breo, GlaxoSmithKline plc.) ad-
ministered once daily using the ELLIPTA inhaler (GlaxoSmithKline
plc.), or to continue their existing maintenance therapy (UC) as de-
termined by their GP. Patients who were randomised to initiate FF/VI
and who had been previously treated with two long-acting bronchodi-
lators and an ICS were allowed to continue taking a LAMA in addition
to FF/VI. As described in previous SLS COPD publications [18,20],
treatment could be modified during the study period as determined by
the attending physician; in both randomisation arms (FF/VI and UC),
physicians had free choice of prescribing an ICS-containing regimen or
bronchodilator therapy only. Due to SLS COPD commencing prior to
FF/VI licence approval, patients randomised to continue UC could not
switch to FF/VI during the study period.

Patient characteristics recorded at baseline included disease dura-
tion, smoking status, lung function and concomitant medical history.
Patients were also assessed at baseline for COPD symptoms using the
COPD assessment test (CAT™ [21]). The study protocol was approved
by the National Research Ethics Service Committee North West, Greater
Manchester South, and all patients provided written informed consent
for participation.

2.2. Outcome measures

2.2.1. Mean annual rate of moderate/severe exacerbations
As per the main trial, the primary effectiveness outcome measure for

this subgroup analysis was the mean annual rate of moderate/severe
exacerbations, defined as any worsening of respiratory symptoms ne-
cessitating treatment with antibiotics or systemic glucocorticoids (i.e.,
moderate), or hospitalisation due to an exacerbation of COPD (i.e.,
severe).

2.2.2. Secondary outcomes
Secondary outcomes evaluated in this analysis included the number

of COPD-related contacts with primary care and secondary care, the
proportion of CAT responders (post-hoc analysis), rates of treatment
modifications, and safety with a particular focus on pneumonia SAESI.
Effectiveness and safety outcomes were evaluated as previously de-
scribed [18,20].

All SAEs and non-serious adverse drug reactions were collected in
SLS COPD; however, with the exception of pneumonia, safety analyses
by patient subgroups were not conducted.

2.2.3. SAESI
SAESI were SAEs associated with the known pharmacological action

of ICS or LABA therapy and were defined in one of two ways.
Standardised Medical Dictionary for Regulatory Activities (MedDRA)
queries (SMQs; predefined MedDRA lists of preferred terms allowing for
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comprehensive review of safety data not limited to a specific preferred
term) were used where available for specific SAESI. Where SMQs were
not available in MedDRA, a sponsor-defined list of all relevant preferred
terms was used.

The SAESI groups of interest in SLS COPD were adrenal suppression,
cardiovascular effects (with subgroups of cardiac arrhythmias, cardiac
failure, central nervous system haemorrhages and cerebrovascular
conditions, hypertension and ischaemic heart disease), corticosteroid-
associated eye disorders, decreased bone mineral density and associated
fractures, effects on glucose (with a subgroup of hyperglycaemia/new
onset diabetes mellitus), effects on potassium, hypersensitivity (with
subgroups of anaphylactic reaction, angioedema and hypersensitivity),
local steroid effects, lower respiratory tract infection (LRTI) excluding
pneumonia, pneumonia, and tremor.

The pneumonia SAESI group was defined by 69 MedDRA preferred
terms; any verbatim term for an SAE that mapped to one of these terms
was therefore counted as a pneumonia SAESI. A diagnostic X-ray was
not required, although it was possible to identify those patients who
had an X-ray and review whether the imaging showed pneumonia.

2.3. Analysis populations

The total SLS COPD population (randomised and received a pre-
scription of study medication) comprised 2799 patients. Of these, 2269
(81%) had experienced ≥1 moderate/severe exacerbation in the year
before the study, and formed the primary effectiveness analysis (PEA)
population that was the basis for the subgroup analyses of the primary
effectiveness outcome described herein. Both the total and the PEA
populations were analysed according to the intent-to-treat principle
(analysis according to assigned randomisation group). Detailed de-
scriptions of the trial populations have been published previously [20].

Predefined subgroups for the primary effectiveness outcome in the
PEA population were: baseline COPD maintenance therapy as per ran-
domisation stratification (LABA, LAMA or LABA + LAMA: n = 276,
12%; ICS, ICS + LABA or ICS + LAMA: n = 762, 34%;
ICS + LABA + LAMA: n = 1231, 54%; and ICS + LABA-containing
therapy [patients in Stratum 2 (ICS, ICS + LABA or ICS + LAMA) or
Stratum 3 (ICS + LABA + LAMA) whose actual pre-randomisation
treatment included an ICS + LABA, hereafter referred to as the
ICS + LABA therapy subset: n = 1835, 81%]); baseline COPD severity
(Global initiative for chronic Obstructive Lung Disease [GOLD] 2007
spirometry classification); exacerbation history; baseline smoking
status; adherence to study medication (proportion of days covered
[PDC]); and CAT score. The primary effectiveness outcome was also
analysed in a subgroup of patients from the total study population who
were receiving fluticasone propionate (FP)/salmeterol (patients in
Stratum 2 [ICS, ICS + LABA or ICS + LAMA] or Stratum 3
[ICS + LABA + LAMA] whose actual pre-randomisation treatment
included FP/salmeterol, hereafter referred to as the FP/salmeterol
therapy subset: n = 1765, 63%).

Secondary outcomes were assessed in subgroups of patients from
the total study population who were receiving baseline treatment with:
LABA, LAMA or LABA + LAMA (n = 391, 14%); ICS, ICS + LABA or
ICS + LAMA (n = 958, 34%); ICS + LABA + LAMA (n = 1450, 52%);
and ICS + LABA therapy subset (n = 2207, 79%). Other subgroups
were also assessed for secondary outcomes as well as subgroups in the
PEA population, but are not presented here. Rates of on-treatment
pneumonia SAESI were also assessed in predefined subgroups in the
total study population: baseline COPD maintenance therapy; age;
gender; body mass index; past history of diabetes mellitus; exacerbation
history; and baseline smoking status. The incidence of SAESI by current
class of treatment (FF/VI or ICS + LABA) was also evaluated in the
total study population.

2.4. Statistical analyses

The PEA was based on a two-sided hypothesis testing approach
(alpha=0.05). The analysis was performed using a general linear
model, assuming a negative binomial distribution with a log-link
function and logarithm of time on treatment as an offset variable and
adjusted for randomised treatment, baseline COPD maintenance
therapy per randomisation stratification, subgroup, treatment by sub-
group interaction, number of moderate/severe COPD exacerbations in
the year prior to randomisation (< 2 or ≥2), and smoking status at
baseline. This methodology was also used to evaluate the secondary
outcomes of the number of COPD-related contacts with primary and
secondary care in the baseline treatment subgroups.

For analyses of the incidence of pneumonia SAESI, the non-in-
feriority margin for the ratio of the proportions of patients with ≥1
SAESI with initiating FF/VI versus continuing UC was set at 2. Non-
inferiority would be demonstrated if the upper limit of the two-sided
95% confidence limits (CL) for the incidence ratio (IR) for FF/VI / UC
was< 2. A non-inferiority margin was not prespecified for the analyses
by patient subgroups, but consistency of the overall total study popu-
lation IR was assessed. The IR was calculated as the percentage of pa-
tients who had at least one pneumonia SAESI in the FF/VI group di-
vided by the percentage of patients who had at least one pneumonia
SAESI in the UC group. The two-sided CL of the IR was calculated with
the assumption that the natural logarithm of the IR followed a normal
distribution.

3. Results

3.1. Study population and patient characteristics

Analysis of the primary effectiveness outcome in patient subgroups
and by baseline randomisation strata was conducted for the PEA po-
pulation. Of the 2269 patients comprising this population, half initiated
FF/VI (n = 1135) and half continued with their UC (n = 1134). At the
time of randomisation, 54% of patients in the PEA population were
receiving triple therapy (ICS + LABA + LAMA); of these, the patients
who were randomised to FF/VI were then initiated on FF/VI in com-
bination with a LAMA. A summary of the patient subgroups by treat-
ment arm in the PEA population is presented in Table 1 (baseline
characteristics for the PEA population have been reported previously
[20]); see Supplementary Table 1 for a summary of patient subgroups
by treatment arm in the total study population. Baseline characteristics
for the total study population and all patient subgroups according to
COPD maintenance therapy are shown in Table 2.

Compared with the total study population, in this analysis, patients
in the ICS + LABA + LAMA stratum had more severe COPD at baseline
and a higher rate of moderate/severe exacerbations in the year prior to
randomisation. In contrast, patients in the LABA, LAMA or
LABA + LAMA and ICS, ICS + LABA or ICS + LAMA strata had less
severe COPD and fewer moderate/severe exacerbations in the previous
year in comparison with the total study population.

3.2. Annual rate of moderate/severe exacerbations by patient subgroups/
strata (primary effectiveness outcome)

In the PEA population, a reduction in the annual rate of moderate/
severe exacerbations was observed in favour of FF/VI for each of the
individual patient subgroups/strata, except in patients without evi-
dence of airflow limitation at baseline (−0.5% reduction, 95% CL:
29.8, 22.1) (Supplementary Table 2 and Fig. 1). In the ICS, ICS + LABA
or ICS + LAMA baseline therapy stratum, there was a reduction in the
annual rate of moderate/severe exacerbations with initiation of FF/VI
versus continuation of UC (15.6% reduction [3.4, 26.3]) compared to
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the overall PEA analysis. The percent reduction for FF/VI versus UC in
the LABA, LAMA or LABA + LAMA stratum was 11.6% [–13.6, 31.2])
and in the ICS + LABA + LAMA stratum was 3.6% [–6.5, 12.8]). For
patients in the ICS + LABA therapy subset (i.e. on dual ICS + LABA
therapy or triple therapy with ICS + LABA + LAMA), the exacerbation
rate was reduced statistically significantly for FF/VI versus UC (8.0%
reduction [0.1, 15.4], p = 0.047) (Supplementary Table 2 and Fig. 1).
Where the baseline COPD therapy was specifically containing
FP/salmeterol (FF/VI n=889; UC n=876; total study population
N=1765), the percent reduction in moderate/severe exacerbations for
FF/VI was statistically significant versus UC (10.1% reduction [1.8,
17.8], p= 0.018). A reduction in the rate of moderate/severe exacer-
bations for FF/VI versus UC was also observed for patients with GOLD

grade 1 or 2 at baseline (12.1% reduction [1.0, 21.9]).
In most of the subgroups for which a reduction in exacerbation rate

was observed, the results were consistent with the overall PEA popu-
lation analysis, since the point estimate for the observed percent re-
duction was within the bounds of the 95% CL for the overall analysis.
Exceptions were the subgroup of patients in the ICS, ICS + LABA or
ICS + LAMA baseline therapy stratum and the subgroup of patients
with a CAT score< 10 at baseline (25.3% reduction [–0.4, 44.4]),
where larger reductions were observed; however, it should be noted
that the baseline CAT score< 10 subgroup only comprised 201 pa-
tients. The rate ratio for patients without airflow limitation at baseline
was just outside the bounds of the 95% CL for the overall PEA analysis,
as shown in Fig. 1.

Table 1
Summary of predefined subgroups by treatment arm for the PEA population.

Subgroup Number (%) of patients

UC
N=1134

FF/VI
N=1135

Total
N=2269

COPD maintenance therapy at baseline per randomisation stratification
n 1134 1135 2269
Stratum 1: LABA, LAMA or LABA + LAMA 140 (12) 136 (12) 276 (12)
Stratum 2: ICS, ICS + LABA or ICS + LAMA 380 (34) 382 (34) 762 (34)
Stratum 3: ICS + LABA + LAMA 614 (54) 617 (54) 1231 (54)

COPD maintenance therapy at baseline per randomisation stratification including an ICS and actual pre-randomisation treatment including ICS+ LABA
ICS + LABA therapy subset 908 (80) 927 (82) 1835 (81)

Number of moderate/severe exacerbations in the year prior to randomisation
n 1134 1135 2269
<2 450 (40) 452 (40) 902 (40)
≥2 684 (60) 683 (60) 1367 (60)

COPD severity category at baseline
n 893 888 1781
No airflow limitation 105 (12) 100 (11) 205 (12)
GOLD grade 1 or 2 512 (57) 517 (58) 1029 (58)
GOLD grade 3 or 4 276 (31) 271 (31) 547 (31)

Smoking status at baseline
n 1134 1135 2269
Current smokers 531 (47) 515 (45) 1046 (46)
Former/non-smokers 603 (53) 620 (55) 1223 (54)

Adherence to study medication
n 1102 1121 2223
PDC <80% 364 (33) 282 (25) 646 (29)
PDC ≥80% 738 (67) 839 (75) 1577 (71)

CAT score at baseline
n 1133 1133 2266
<10 90 (8) 111 (10) 201 (9)
≥10 1043 (92) 1022 (90) 2065 (91)

Abbreviations: CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; FF/VI, fluticasone furoate/vilanterol; GOLD, Global initiative for chronic
Obstructive Lung Disease (spirometry classification); ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; PDC,
proportion of days covered; PEA, primary effectiveness analysis.

Table 2
Baseline characteristics for total study population according to COPD maintenance therapy at baseline.

Baseline characteristics LABA, LAMA or
LABA + LAMA stratum
(N = 391)

ICS, ICS + LABA or
ICS + LAMA stratum
(N = 958)

ICS + LABA + LAMA
stratum (N = 1450)

ICS + LABA therapy
subset (N = 2207)

Total study population
(N=2799)

Age, mean (SD) years 66 (10) 66 (10) 67 (10) 67 (10) 67 (10)a

Male, % 51 50 52 52 51a

COPD duration ≥5 years, % 35 45 63 57 53a

CAT score, mean (SD) 19.1 (8.52) 20.4 (9.04) 23.3 (8.42) 22.3 (8.79) 21.7 (8.82)
GOLD grade 3 or 4, % 13 20 39 33 29a

Number of moderate/severe exacerbations
in prior year, mean (SD)

1.30 (1.47) 1.76 (1.73) 2.37 (2.19) 2.17 (2.07) 2.01 (1.99)a

Abbreviations: CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; GOLD, Global initiative for chronic Obstructive Lung Disease (spirometry
classification); ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; SD, standard deviation.
a Prespecified summary; the remainder were post-hoc.
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3.3. Secondary outcomes according to COPD maintenance therapy at
baseline

In this analysis, secondary outcomes were assessed in the total study
population in subgroups according to the COPD maintenance therapy
received at baseline, as detailed in Table 3. All analyses were pre-
specified by baseline maintenance therapy except the CAT responder
analysis. Analysis of the frequency of COPD-related contacts with pri-
mary and secondary care revealed no differences in the rate of contacts
between patients randomised to initiate FF/VI versus those randomised
to continue UC in all three baseline treatment strata, or in the
ICS + LABA therapy subset. However, there was a greater likelihood of
a clinically meaningful improvement in CAT score with initiating FF/VI
compared with continuing UC for patients in the ICS, ICS + LABA or
ICS + LAMA stratum (odds ratio [OR] 1.50, 95% CL: 1.13, 1.98), the
ICS + LABA + LAMA stratum (OR 1.67 [1.33, 2.09]), and in the
ICS + LABA therapy subset (OR 1.59, [1.32, 1.91]) (Table 3).

3.4. Treatment modifications by patient subgroups/strata

Rates of study treatment modifications were higher with initiation
of FF/VI versus continuation of UC for patients in the ICS, ICS + LABA
or ICS + LAMA stratum (28% vs 19%), the ICS + LABA + LAMA
stratum (23% vs 3%), and the ICS + LABA therapy subset (25% vs 7%);
rates were similar between arms in the LABA, LAMA or LABA + LAMA
stratum (23% vs 25%). However, rates of treatment modifications due
to a need for improved disease control were lower with initiation of
FF/VI versus continuation of UC across the total study population (all
strata), and in the ICS + LABA subgroup (Table 3).

3.5. Incidence of on-treatment SAESI and pneumonia SAESI in the total
study population

As previously reported for the total study population, in the analysis
by randomised treatment, there was no notable difference in the in-
cidence of SAESI in patients who initiated FF/VI compared with those
who continued on UC [20]. When SAESI were analysed by the actual
treatment patients were taking at the time of the event, there was no
increased incidence of any SAESI with FF/VI compared with other
ICS + LABA (Supplementary Table 3).

Pneumonia SAESI were of particular interest in SLS COPD. The in-
cidence of pneumonia SAESI in the total study population was 7% with
initiation of FF/VI and 6% with continuation of UC (IR 1.1, 95% CL:
0.9, 1.5) [20]. Analysis of time to first on-treatment pneumonia SAESI
showed that the risk of a patient experiencing a pneumonia SAESI was
similar between the FF/VI and UC groups (Supplementary Figure 1).
The incidence of on-treatment pneumonia SAESI (including the subset
of events supported by chest X-ray) with initiating FF/VI was non-in-
ferior to that with continuing UC across the ICS, ICS + LABA or
ICS + LAMA, and the ICS + LABA + LAMA strata, and the
ICS + LABA therapy subset, with IRs consistent with the overall study
population (Table 3). As expected, in the LABA, LAMA or
LABA + LAMA stratum, the incidence of on-treatment pneumonia
SAESI was higher in patients initiating treatment with FF/VI compared
with those continuing UC (IR 2.8, 95% CL: 0.9, 8.5) (Table 3 and
Fig. 2).

4. Discussion

Findings from this analysis of data from SLS COPD suggest that

Fig. 1. Interaction tests for mean number of moderate/severe exacerbations in the PEA population.∗

For each subgroup interaction, a separate analysis was performed using a general linear model assuming an underlying negative binomial distribution with a log-link
function and logarithm of time on treatment as an offset variable and adjusted for randomised treatment, baseline COPD maintenance therapy per randomisation
stratification, number of moderate/severe COPD exacerbations in the previous year to randomisation (< 2 or ≥2), smoking status at baseline, subgroup and
randomised treatment by subgroup interaction. For the ICS + LABA therapy subset analysis, the same model was used, but without the subgroup and randomised
treatment by subgroup interaction.
Abbreviations: CAT, COPD assessment test; CL, confidence limits; COPD, chronic obstructive pulmonary disease; FF/VI, fluticasone furoate/vilanterol; GOLD, Global
initiative for chronic Obstructive Lung Disease (spirometry classification); ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; LAMA, long-acting mus-
carinic antagonist; PDC, proportion of days covered; PEA, primary effectiveness analysis.
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initiation of treatment with FF/VI is associated with a favourable
benefit:risk profile in a variety of subgroups of patients with COPD and
a history of exacerbations. The mean annual rate of moderate/severe
exacerbations was reduced with initiation of FF/VI versus continuation
of UC across all subgroups/strata, except for patients without baseline
airflow limitation. Reductions in exacerbation rates were consistent
with the overall PEA population analysis for most of the patient sub-
groups, with the exception of patients in the ICS, ICS + LABA or
ICS + LAMA stratum and patients with a baseline CAT score< 10,
where larger reductions were observed. A reduction consistent with the
overall PEA population analysis was also observed for patients in the
ICS + LABA therapy subset.

Across the three baseline treatment strata and in the ICS + LABA
therapy subset, there were no differences in the rates of COPD-related
primary or secondary care contacts with initiating FF/VI versus con-
tinuing UC. Patients in the ICS, ICS + LABA or ICS + LAMA stratum,
ICS + LABA + LAMA stratum, and ICS + LABA therapy subset who
initiated FF/VI had a greater likelihood of achieving a clinically
meaningful improvement in CAT score, and fewer patients in all base-
line treatment strata/subgroups required treatment modifications due
to a need for better disease control, when compared with those who
continued UC.

Similar rates of pneumonia SAESI were observed with initiation of
FF/VI versus continuation of UC across all ICS-containing baseline

Table 3
Secondary outcomes according to COPD maintenance therapy received at baseline in the total study population.a

Outcomes according to COPD maintenance therapy received at baseline UC FF/VIf Ratio FF/VI / UC (95% CL)

Stratum 1: LABA, LAMA or LABA+ LAMA (N=196) (N=195)

COPD-related primary care contacts, LS mean 2.24 2.09 RR 0.93 (0.77, 1.13)
COPD-related secondary care contacts, LS mean 1.03 1.13 RR 1.10 (0.67, 1.79)
CAT responders, %bc 39 41 OR 1.05 (0.68, 1.62)
Patients with study treatment modification, n (%) 49 (25) 44 (23)
With >1 treatment modificationd 7 (14) 10 (23)
Due to need for better disease controle 27 (14) 10 (5)

Patients with ≥1 pneumonia SAESI, n (%) 4 (2) 11 (6)
Supported by chest X-ray 3 (2) 7 (4) IR 2.8 (0.9, 8.5)

Stratum 2: ICS, ICS+ LABA or ICS+ LAMA (N=480) (N=478)

COPD-related primary care contacts, LS mean 2.36 2.42 RR 1.03 (0.91, 1.15)
COPD-related secondary care contacts, LS mean 1.20 1.22 RR 1.02 (0.75, 1.38)
CAT responders, %bc 37 45 OR 1.50 (1.13, 1.98)
Patients with study treatment modification, n (%) 90 (19) 133 (28)
With >1 treatment modificationd 11 (12) 37 (28)
Due to need for better disease controle 57 (12) 27 (6)

Patients with ≥1 pneumonia SAESI, n (%) 24 (5) 23 (5) IR 1.0 (0.6, 1.7)
Supported by chest X-ray 16 (3) 11 (2)

Stratum 3: ICS+ LABA+ LAMA (N=727) (N=723)

COPD-related primary care contacts, LS mean 2.58 2.51 RR 0.97 (0.89, 1.06)
COPD-related secondary care contacts, LS mean 1.87 2.03 RR 1.09 (0.86, 1.38)
CAT responders, %bc 35 47 OR 1.67 (1.33, 2.09)
Patients with study treatment modification, n (%) 21 (3) 165 (23)
With >1 treatment modificationd 11 (52) 16 (10)
Due to need for better disease controle 30 (4) 17 (2)

Patients with ≥1 pneumonia SAESI, n (%) 55 (8) 60 (8) IR 1.1 (0.8, 1.6)
Supported by chest X-ray 27 (4) 32 (4)

ICS+ LABA therapy subset (N=1096) (N=1111)

COPD-related primary care contacts, LS mean 2.54 2.52 RR 0.99 (0.92, 1.07)
COPD-related secondary care contacts, LS mean 1.77 1.81 RR 1.02 (0.84, 1.24)
CAT responders, %c 36 46 OR 1.59 (1.32, 1.91)
Patients with study treatment modification, n (%) 80 (7) 276 (25)
With >1 treatment modificationd 17 (21) 45 (16)
Due to need for better disease controld 69 (6) 38 (3)

Patients with ≥1 pneumonia SAESI, n (%) 75 (7) 81 (7) IR 1.1 (0.8, 1.4)
Supported by chest X-ray 41 (4) 41 (4)

Abbreviations: CAT, COPD assessment test; CL, confidence limits; COPD, chronic obstructive pulmonary disease; eCRF, electronic case report form; FF/VI, fluticasone
furoate/vilanterol; IR, incidence ratio; LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; LS, least squares; OR, odds ratio; RR, rate ratio;
SAESI, serious adverse event(s) of special interest.
a Analysis performed using a general linear model, assuming a negative binomial distribution with a log-link function and logarithm of time as an offset variable,

and adjusted for randomised treatment, baseline COPD maintenance therapy per randomisation stratification, subgroup, treatment by subgroup interaction, number
of moderate/severe COPD exacerbations in the year prior to randomisation (< 2 or ≥2), and smoking status at baseline. For the ICS + LABA therapy subset analysis,
the same model was used, but without the subgroup and randomised treatment by subgroup interaction.
b Post-hoc analysis; all other analyses were prespecified by baseline maintenance treatment.
c Responders defined as patients with a clinically meaningful improvement in CAT score (minimal important difference of at least 2) from baseline to 12-month

visit.
d Calculated as a percentage of patients with a study treatment modification.
e Due to need for better disease control: if “Dose increased due to need for better control” or “Treatment stopped and substituted due to need for potent treatment”

were selected in the eCRF as reasons for study medication modification.
f Patients on ICS + LABA + LAMA at baseline and randomised to FF/VI were prescribed their usual LAMA therapy in addition to FF/VI.
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treatment strata/subgroups (with IRs consistent with the IR for the total
study population); however, a higher rate of pneumonia SAESI was
reported for FF/VI versus UC for the LABA, LAMA or LABA + LAMA
stratum. In this subgroup, pneumonia SAESI were only reported in a
small number of patients in each treatment group (n = 11, 6% with
initiation of FF/VI vs n = 4, 2% with continuation of UC). There was no
increased incidence of SAESI with FF/VI compared to other
ICS + LABA.

SLS COPD was the first trial of its kind—conducted in a broad po-
pulation of patients with COPD who were recruited by the GPs pro-
viding their routine care, with study medications accessed in the
normal way from local community pharmacies, and utilising patients’
electronic health records to capture data in the setting of everyday
clinical practice. Overall, our findings in predefined patient subgroups
are consistent with, and complement, the findings in the overall SLS
COPD population [20] and also those of previous efficacy RCTs [22] in
demonstrating that once-daily FF/VI inhaled therapy appears to be an
effective combination in reducing exacerbations in patients with COPD
who are at risk of exacerbations. The benefit of initiating FF/VI also
held true in the FP/salmeterol therapy subset (i.e., FF/VI vs FP/sal-
meterol as UC). In general, we found that point estimates in the sub-
group analyses of SLS COPD were typically in the range of a 6–12%
reduction in the mean annual rate of moderate/severe exacerbations
with initiation of FF/VI versus continuation of UC, consistent with the
8.4% reduction observed in the primary analysis [20].

A comprehensive assessment of pneumonia SAESI, including ana-
lyses by patient baseline characteristics and baseline treatment strata,
was undertaken in SLS COPD at the request of regulatory authorities.
We observed no significant difference in the rate of pneumonia SAESI in
patients with more severe COPD on triple therapy at baseline who were
randomised to initiate FF/VI or to continue with their UC (IR 1.1), or in
patients receiving treatment with ICS, ICS + LABA or ICS + LAMA, or
ICS + LABA-containing therapy at baseline (IR 1.0 and IR 1.1, re-
spectively). This finding is consistent with the observation of no excess

SAEs of pneumonia in the overall SLS COPD study population (IR also
1.1) [20]. As expected, a higher frequency of pneumonia SAESI was
noted in SLS COPD in patients receiving FF/VI versus bronchodilators
only [20]. In 2014, a Cochrane review concluded that both FP or bu-
desonide treatment in patients with COPD were associated with an
increased relative risk of SAEs of pneumonia [23]. In addition, the
European Medicines Agency reported that there is evidence to support a
causal association between the use of ICS-containing products and an
increased risk of pneumonia in patients with COPD [24,25]. Therefore,
before initiating ICS-containing therapy, it is important to assess risk
factors for developing pneumonia, such as: current smoker; age ≥55
years; history or exacerbations of pneumonia; body mass index<25
kg/m2; poor modified Medical Research Council (mMRC) dyspnoea
grade; and/or severe airflow limitation [26].

The main limitation of this analysis was that SLS COPD was de-
signed and powered to detect treatment differences in the primary ef-
fectiveness outcome in the overall PEA population. Therefore, the
present analyses of exacerbation rates and secondary outcomes by
predefined subgroups according to baseline patient characteristics
lacked the power of the overall PEA population, but numerical trends
were observed in favour of initiating FF/VI over continuing UC in most
cases. As expected, the 95% CLs were larger than those observed in the
overall study population (including PEA) and in most cases en-
compassed 1.0. Furthermore, in the absence of adjustment for multiple
statistical comparisons, it remains possible that the observed differ-
ences between subgroups could have occurred by chance.

At the start of the study, FF/VI was pre-licensed. Although SLS
COPD was a randomised trial, its open-label design may have poten-
tially introduced bias. This was ameliorated as far as practicably pos-
sible by striving to ensure that all patients had a similar treatment ex-
perience and training regarding the use of their inhaler. Nevertheless, it
remains possible that the study findings may have been impacted by
knowledge around whether patients had received the trial medication
or UC. Also, patients were recruited solely in Salford, Trafford, and

Fig. 2. Analysis of the incidence of on-treatment pneumonia SAESI in the total study population.
A separate analysis was performed using either: *a negative binomial regression model, or †a Poisson regression model, with covariates of randomised treatment,
subgroup and treatment by subgroup interaction, and with the logarithm of time on treatment as an offset variable.
Abbreviations: BMI, body mass index; CL, confidence limits; COPD, chronic obstructive pulmonary disease; FF/VI, fluticasone furoate/vilanterol; ICS, inhaled cor-
ticosteroid; LABA, long-acting beta2-agonist; LAMA, long-acting muscarinic antagonist; SAESI, serious adverse event(s) of special interest.
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South Manchester, UK, and because the study was conducted in the
setting of everyday clinical practice across 75 general practices, the
design did not incorporate a protocol-defined approach to the diagnosis
or treatment of exacerbations (these were detected via patients’ elec-
tronic health records). These points highlight the challenges associated
with designing an effectiveness trial that is sufficiently inclusive to
accurately reflect routine clinical practice and yet also stringent enough
to ensure that adequate data are available on numerous variables such
as comorbidities, smoking history and spirometry [14]. Despite these
caveats, we believe that the SLS COPD trial is the most generalisable
study conducted to date regarding initiation of FF/VI in patients with
COPD and that the analyses presented herein provide important data
that complement those generated in previous double-blind RCTs. Taken
together, these studies provide a compelling data set that consistently
indicates the benefit of FF/VI in various populations of patients with
COPD.

5. Conclusions

Initiation of once-daily FF/VI 100/25 μg therapy appeared to reduce
the mean annual rate of moderate/severe COPD exacerbations versus
continuation of UC across a range of patient subgroups in SLS COPD,
consistent with findings in the total study population. This benefit was
most pronounced for patients in the ICS, ICS + LABA or ICS + LAMA
stratum and patients with baseline CAT score< 10. FF/VI also showed
effectiveness without increased pneumonia SAESI risk in patients with
more severe COPD and on ICS-containing regimens at baseline. Thus,
FF/VI may be a therapeutic option for a broad population of patients
with COPD, including those with severe disease.
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