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ABSTRACT

Introduction: The phase 3 InforMing the
PAthway of COPD (chronic obstructive pul-
monary disease) Treatment (IMPACT) trial,
single-inhaler therapy with fluticasone furoate

(FF) 100 lg, umeclidinium (UMEC) 62.5 lg, and
vilanterol (VI) 25 lg demonstrated a reduction
in the rate of moderate or severe exacerbations
compared with FF/VI or UMEC/VI in patients
with symptomatic COPD at risk of exacerba-
tions. This article reports additional evidence of
improvements in symptoms and health-related
quality of life (HRQoL) with FF/UMEC/VI com-
pared with either FF/VI or UMEC/VI from the
IMPACT study.
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Methods: Patient-reported HRQoL assessments
and symptom measures included as pre-speci-
fied IMPACT end points were the St George’s
Respiratory Questionnaire (SGRQ), COPD
Assessment Test (CAT), and Baseline Dyspnea
Index (BDI) as the anchor for the Transitional
Dyspnea Index (TDI) focal score (BDI/TDI) in a
subset of patients enrolled at study sites in
North America and Europe. Change from base-
line was assessed at weeks 4, 28, and 52.
Results: The intent-to-treat population inclu-
ded 10,355 patients (TDI population: 5058
patients). Clinically meaningful improvements
in SGRQ total score between baseline and week
52 favored FF/UMEC/VI over FF/VI (- 1.8 units,
p\0.001) and UMEC/VI (- 1.8 units,
p\0.001). Similar improvements in the CAT
and TDI focal score were also observed with FF/
UMEC/VI versus FF/VI or UMEC/VI.
Conclusions: This study demonstrates that in
patients with symptomatic COPD at risk of
exacerbations, once-daily FF/UMEC/VI, com-
pared with FF/VI or UMEC/VI, improves
patient-perceived HRQoL and symptoms.
Trial Registration Number: NCT02164513.

Keywords: COPD; Exacerbations; Health-
related quality of life; IMPACT trial; Patient-
reported outcomes; Single-inhaler triple therapy

Key Summary Points

Why carry out this study?

Historically, improvements in lung
function and exacerbation reduction have
been the focus of trials to assess new
treatments for COPD

However, the need to assess the impact of
COPD symptoms on patient health-
related quality of life is also important

This article provides additional evidence
of improvements in patient-reported
outcomes within the InforMing the
PAthway of COPD Treatment (IMPACT;
NCT02164513) study in patients with
symptomatic COPD and a history of
exacerbations

What was learned from the study?

Clinically meaningful improvements in
patient-reported outcomes favored FF/
UMEC/VI over FF/VI or UMEC/VI for the
treatment of patients with symptomatic
COPD at risk of exacerbations

Treatment of patients with symptomatic
COPD at risk of exacerbations with FF/
UMEC/VI improves patient-perceived
health-related quality of life and
symptoms compared with FF/VI or
UMEC/VI

INTRODUCTION

Historically, the focus of developing treatments
for chronic obstructive pulmonary disease
(COPD) has been targeted toward improve-
ments in lung function and reductions in acute
exacerbations [1–3]. More recently, however,
the importance of assessing the impact of
symptoms and physical impairment has been
highlighted [4, 5]. These factors have been
shown to both substantially reduce patients’
quality of life and increase healthcare resource
utilization [4, 5]. Patient-reported outcome
(PRO) measures are of increasing importance
and have been applied in clinical studies to
demonstrate patient-perceived changes in
symptoms and health-related quality of life
(HRQoL) [6].

Measuring the patients’ perspective of treat-
ment using patient-centered outcomes is
therefore an important focus when assessing
the benefits of novel therapies. Inclusion of
reliable and responsive tools to assess symptoms
and HRQoL provides complementary informa-
tion to data about lung function and exacerba-
tions, giving a broader view of the response to
treatment and guiding clinical practice. Histor-
ically, response to treatment has been defined,
at least in part, by comparing mean changes in
the measure from baseline in relation to what
was considered the minimum relevant effect
that could be discerned by a patient. More
recently, there has been greater interest in
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determining the proportion of patients who
achieve a meaningful change with different
therapies and a focus on defining this mean-
ingful change [7, 8]. The use of anchor-based
approaches, whereby simple global questions
are used as an external indicator against which
changes can be determined, can allow cross-
sectional and longitudinal assessment of
meaningful change [9]. Global anchor ques-
tions relating to disease severity or perceived
change in disease severity can be used in studies
alongside more complex measures of symptoms
and HRQoL to define different levels of mean-
ingful response for both improvement and
deterioration of disease.

Previously published data [1, 6] demon-
strated improvements in COPD symptoms and
HRQoL during treatment with once-daily fluti-
casone furoate (FF), umeclidinium (UMEC), and
vilanterol (VI) compared with the twice-daily
inhaled corticosteroid/long-acting b2-agonist
(ICS/LABA) combination, budesonide/for-
moterol. This article provides additional evi-
dence of an improvement in PROs with FF/
UMEC/VI compared with either FF/VI or
UMEC/VI by describing pre-specified symptom
and HRQoL results from the InforMing the
PAthway of COPD Treatment (IMPACT;
NCT02164513) study in patients with symp-
tomatic COPD and a history of exacerbations
[2, 10].

METHODS

Study Design

The IMPACT study was a phase 3 landmark trial
whose protocol [2, 10] and principal findings
[2, 10] have been previously published. IMPACT
was conducted in accordance with Good Clini-
cal Practice guidelines and the provisions of the
Declaration of Helsinki and received approval
from local institutional review boards or inde-
pendent ethics committees. The primary
objective was to compare the effects of 52 weeks
of a once-daily, single-inhaler combination of
FF/UMEC/VI (100 lg/62.5 lg/25 lg) with dual
combinations of FF/VI (100 lg/25 lg) or UMEC/
VI (62.5 lg/25 lg), administered using the

ELLIPTA inhaler (GlaxoSmithKline plc, Brent-
ford, UK), on the rate of moderate or severe
COPD exacerbations. Secondary objectives
included changes in symptoms and HRQoL.

Participants

Eligible patients were C 40 years old, with
symptomatic COPD (COPD Assessment Test
[CAT] score C 10) and either a forced expiratory
volume in 1 s (FEV1)\ 50%, predicted together
with a history of C 1 moderate or severe exac-
erbation in the previous year, or an FEV1 of
50–80% predicted with C 2 moderate exacer-
bations or C 1 severe exacerbation in the pre-
vious year. All patients were required to provide
written informed consent.

Efficacy Outcomes

The following patient-reported assessments of
HRQoL and dyspnea were included in the
IMPACT study: St George’s Respiratory Ques-
tionnaire for COPD patients (SGRQ-C; con-
verted to SGRQ), the Baseline Dyspnea Index
(BDI) as the anchor for the Transitional Dysp-
nea Index (TDI) focal score (BDI/TDI), and the
CAT. BDI/TDI data were only collected for a
subset of patients at sites in Belgium, Canada,
the Czech Republic, Denmark, Germany, The
Netherlands, Poland, Spain, the UK, and the
USA where approved translations of the ques-
tionnaire existed. Patient Global Rating of
COPD Severity (PGRS) and Patient Rating of
Change in Severity of COPD (PGIC) were also
collected. All patient-reported data were col-
lected using electronic data capture.

Change from baseline SGRQ total score at
week 52 comparing FF/UMEC/VI with FF/VI was
a secondary end point, and the comparison
with UMEC/VI was exploratory. SGRQ-C, which
contains 40 items grouped into three domains
to measure the impact of COPD and its treat-
ment on HRQoL [11], was completed at ran-
domization and at weeks 4, 28, and 52. The
score is calculated to be equivalent to the orig-
inal SGRQ and ranges from 0 to 100; a decrease
in score indicates an improvement in HRQoL
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[12]. A four-unit change is regarded as clinically
meaningful [13].

BDI was measured in a subgroup of patients
enrolled at sites in North America and Europe at
randomization and TDI, measuring the change
from baseline, which was assessed at weeks 4,
28, and 52. BDI/TDI was assessed using a self-
administered computerized questionnaire [14].
The scores in both indices depend on ratings for
three different categories: functional impair-
ment, magnitude of task, and magnitude of
effort [14]. A TDI focal score of C 1 unit has
been defined as meaningful [15].

The CAT was completed at screening, as an
inclusion criterion at randomization, and at
weeks 4, 28, and 52. This short validated ques-
tionnaire is used in routine clinical practice to
measure the health status of patients with
COPD [16, 17]. Higher CAT scores indicate
greater disease impact, with improvement
shown by a decrease in scores. The meaningful
improvement for the CAT is a C 2-unit decrease
from baseline [18].

In addition, an electronic daily diary col-
lected responses on limitation in daily activity,
rescue medication use, and nighttime awaken-
ings. Baseline mean rescue medication use was
only calculated if patients had recorded their
use over C 7 days between day - 13 and day 1.

Patients completed the PGRS at randomiza-
tion and at all subsequent visits, including the
final visit or at treatment discontinuation. This
single global question asked patients to rate
their COPD severity using a 4-point scale (mild,
moderate, severe, very severe). Patients also
completed the PGIC comparing change with
the previous visit at all study visits subsequent
to randomization. PGIC responses are collected
on a 7-point Likert scale (ranging through much
better, better, slightly better, no change, slightly
worse, worse, and much worse). This measure
was included to be used as an anchor to deter-
mine meaningful changes from baseline in
other study parameters. The response option
‘slightly better’ was used as the anchor to
determine a minimum detectable change.

Statistical Analyses

All analyses were performed in the intent-to-
treat (ITT) population, except for the BDI and
TDI, which were assessed in a subset of 5058
patients who completed a BDI assessment at
baseline (TDI population). Change from base-
line in SGRQ total score was analyzed using a
mixed-effect model repeat measurement analy-
sis. Least-square (LS) means and LS mean
change from baseline for each treatment group
with associated standard errors (SE) and 95%
confidence intervals (CI) were calculated. Esti-
mated treatment differences with correspond-
ing SE, 95% CI, and p values are also provided.
Patients were classified as responders or non-
responders for various end points based on pre-
determined cutoffs that define a meaningful
change using a mixed-effect model repeat
measurement (MMRM). Patients with missing
on-treatment data were imputed as non-re-
sponders at all subsequent visits, up to and
including week 52; the only exception was for
intermittent missingness, where data were
recorded as missing. The proportion of respon-
ders was analyzed using a generalized linear
mixed model with a logit link function. The
number and percentage of patients achieving or
not achieving a response was calculated as an
odds ratio (OR) with corresponding 95% CI and
p value for the pairwise comparisons. Different
levels of response were defined for SGRQ total
score by directly mapping individual change in
SGRQ total score against the patient’s PGIC,
using the mean change in SGRQ total score for
each response to PGIC to provide a more com-
plete picture of effect on HRQoL for each
treatment group.

RESULTS

Study Population

The ITT population comprised 10,355 patients
(FF/UMEC/VI, n = 4151; FF/VI, n = 4134; and
UMEC/VI, n = 2070). The TDI population
included 5058 patients (FF/UMEC/VI, n = 2029;
FF/VI, n = 2014; and UMEC/VI, n = 1015) who
completed a BDI assessment at baseline.
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Baseline demographics (Table 1) and CAT scores
were broadly similar between treatment arms in
both the ITT and TDI populations. Further

discussion of patient demographics in the
IMPACT study has been previously published
[2].

Table 1 Baseline demographics and patient characteristics in the ITT and TDI populations

FF/UMEC/VI FF/VI UMEC/VI Overall

ITT population [2] (n = 4151) (n = 4134) (n = 2070) (N = 10,355)

Mean age (SD), years 65.3 (8.2) 65.3 (8.3) 65.2 (8.3) 65.3 (8.3)

Male, n (%) 2766 (67) 2748 (66) 1356 (66) 6870 (66)

Former smoker, n (%) 2715 (65) 2711 (66) 1342 (65) 6768 (65)

Baseline CAT score (n = 4076) (n = 4047) (n = 2034) NA

Mean (SD) 18.2 (6.98) 18.3 (6.99) 18.1 (6.88) NA

Baseline SGRQ total score (n = 4108) (n = 4092) (n = 2050) NA

Mean (SD) 50.8 (16.8) 50.7 (17.0) 50.2 (16.7) NA

Baseline pre-bronchodilator % predicted FEV1 (n = 4144) (n = 4133) (n = 2068) (n = 10,345)

Mean (SD) 41.9 (14.6) 41.6 (14.4) 41.8 (14.4) 41.8 (14.5)

Baseline post-bronchodilator % predicted FEV1 (n = 4145) (n = 4133) (n = 2069) (n = 10,347)

Mean (SD) 45.7 (15.0) 45.5 (14.8) 45.4 (14.7) 45.5 (14.8)

GOLD grade, n (%) (n = 4145) (n = 4133) (n = 2069) (N = 10,347)

1 (mild; % predicted FEV1 C 80) 10 (\ 1) 8 (\ 1) 4 (\ 1) 22 (\ 1)

2 (moderate; C 50% predicted FEV1\ 80) 1535 (37) 1455 (35) 729 (35) 3719 (36)

3 (severe; C 30% predicted FEV1\ 50) 1934 (47) 2031 (49) 1017 (49) 4982 (48)

4 (very severe; % predicted FEV1\ 30) 666 (16) 639 (15) 319 (15) 1624 (16)

Exacerbation history in the previous year, n (%) (n = 4151) (n = 4134) (n = 2070) (N = 10,355)

C 1 moderate and no severe 1198 (29) 1242 (30) 616 (30) 3056 (30)

C 2 moderate or C 1 severe 2953 (71) 2892 (70) 1454 (70) 7299 (70)

TDI population* (n = 2029) (n = 2014) (n = 1015) (N = 5058)

Mean age (SD), years 64.6 (8.2) 64.8 (8.3) 64.5 (8.3) 64.7 (8.3)

Male, n (%) 1151 (57) 1134 (56) 571 (56) 2856 (56)

Mean BDI (SD) 5.9 (1.9) 5.9 (2.0) 5.9 (2.0) NA

BDI Baseline Dyspnea Index, CAT COPD (chronic obstructive pulmonary disease) Assessment Test, FEV1 forced expi-
ratory volume in 1 s, FF fluticasone furoate, GOLD Global Initiative for Chronic Obstructive Lung Disease, ITT intent to
treat, NA not available (not measured at screening), SD standard deviation, SGRQ St George’s Respiratory Questionnaire,
TDI Transitional Dyspnea Index, UMEC umeclidinium, VI vilanterol
*BDI/TDI data were only collected for a subset of patients at sites in Belgium, Canada, the Czech Republic, Denmark,
Germany, The Netherlands, Poland, Spain, the UK, and the USA where approved translations of the questionnaire existed
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SGRQ

Baseline SGRQ total scores were similar across
all three treatment groups (Table 1). Patients
receiving FF/UMEC/VI demonstrated a clini-
cally meaningful improvement in the LS mean
change from baseline in SGRQ total score at
week 52 of - 5.5 units (Fig. 1a). As previously
reported, improvements in the LS mean change
from baseline in SGRQ total score at week 52 for
FF/VI and UMEC/VI were - 3.7 units for both
groups [2]. Statistically significant differences in
LS mean change from baseline of SGRQ total
score favoring FF/UMEC/VI were observed at
week 52 compared with FF/VI (- 1.8 units, 95%
CI - 2.4 to - 1.1, p\ 0.001) and UMEC/VI
(- 1.8 units, 95% CI - 2.6 to - 1.0, p\0.001).
Improvements favoring FF/UMEC/VI compared
with FF/VI or UMEC/VI were observed at all
time points (all p\ 0.001, Fig. 1a). This pattern
was also apparent for all three SGRQ domain
scores, with greater decreases from baseline
observed at weeks 4, 28, and 52 in those who
received FF/UMEC/VI compared with those who
received either FF/VI or UMEC/VI (Fig. 1b).

At week 52, a larger proportion of patients
within the FF/UMEC/VI treatment group were
SGRQ responders compared with the FF/VI or
UMEC/VI groups (Table 2). The odds of being an
SGRQ responder versus a non-responder at week
52 were statistically significantly higher for
patients who received FF/UMEC/VI compared
with FF/VI (OR, 1.41, 95% CI 1.29–1.55,
p\0.001) or UMEC/VI (OR, 1.41, 95% CI
1.26–1.57, p\0.001).

Mapping SGRQ total score change from
baseline across all treatment arms using the
global rating of change in COPD severity as a
global anchor of change demonstrated that a

reduction of three points in SGRQ total score
(n = 2213) was associated with a response of
‘slightly better’ on the PGIC, lower than the
4-point change, which is considered to be clin-
ically meaningful. A moderate response was
associated with a reduction from baseline (im-
provement in HRQoL) in SGRQ total score of
C 8 units (n = 2096), and a major response with
a reduction from baseline of C 14 units
(n = 982). Changes from baseline in SGRQ total
score for those who reported worsening fol-
lowed a similar pattern with an increase of C 3
points for ‘slightly worse’ (n = 581) and C 6
points for moderate worsening (n = 201). Few
patients (n = 33) reported major worsening with
wide variability in change from baseline SGRQ
total score.

At week 52, the likelihood of being a
major/moderate responder compared with a less
than major/moderate responder by SGRQ was
higher for patients randomized to receive FF/
UMEC/VI compared with those randomized to
receive either FF/VI or UMEC/VI (both
p\0.001). The odds of being a major responder
compared with a less than major responder
were also higher following treatment with FF/
UMEC/VI compared with either FF/VI or
UMEC/VI (both p\0.001, Table 2).

CAT

A CAT score C 10 was required for enrollment
to IMPACT. When measured at baseline, CAT
scores were similar across all three treatment
groups (Table 1). In the ITT population
(n = 10,355), a clinically meaningful and statis-
tically significant improvement in LS mean
change from baseline in CAT score was observed
at all time points for FF/UMEC/VI compared
with FF/VI or UMEC/VI, with the exception of
the comparison with UMEC/VI at week 28. At
week 52, the LS mean change from baseline was
- 2.0 units for those patients treated with FF/
UMEC/VI, - 1.5 units with FF/VI, and - 1.6
units with UMEC/VI (Fig. 2).

Compared with the other treatment groups,
a larger proportion of patients in the FF/UMEC/
VI group were CAT responders versus the FF/VI
or UMEC/VI groups (Table 2). The odds of being

bFig. 1 a LS mean change (95% CI) from baseline in
SGRQ total score; b mean change from baseline in SGRQ
domain scores over 52 weeks (ITT population).
*p\ 0.001 for FF/UMEC/VI compared with FF/VI or
UMEC/VI. CI confidence interval, FF fluticasone furoate,
ITT intent to treat, LS least squares, SGRQ St George’s
Respiratory Questionnaire, UMEC umeclidinium, VI
vilanterol
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Table 2 Proportion of responders at week 52

FF/UMEC/VI FF/VI UMEC/VI

SGRQ* (n = 4108) (n = 4092) (n = 2050)

Responder, n (%) 1723 (42) 1390 (34) 696 (34)

Non-responder, n (%) 2385 (58) 2702 (66) 1354 (66)

FF/UMEC/VI vs. column

OR – 1.41 1.41

95% CI – 1.29–1.55 1.26–1.57

p value – \ 0.001 \ 0.001

Major/moderate responder, n (%) 1298 (32) 1034 (25) 495 (24)

Major responder, n (%) 749 (18) 609 (15) 291 (14)

Moderate responder, n (%) 549 (13) 425 (10) 204 (10)

Less than moderate responder, n (%) 2810 (68) 3058 (75) 1555 (76)

FF/UMEC/VI: major/moderate responder vs. less than major/moderate responder vs. column

OR – 1.38 1.45

95% CI – 1.25–1.52 1.29–1.64

p value – \ 0.001 \ 0.001

FF/UMEC/VI: major responder vs. less than major responder vs. column

OR – 1.29 1.35

95% CI – 1.15–1.45 1.16–1.56

p value – \ 0.001 \ 0.001

CAT score� (n = 4076) (n = 4047) (n = 2034)

Responder, n (%) 1698 (42) 1491 (37) 730 (36)

Non-responder, n (%) 2378 (58) 2556 (63) 1304 (64)

FF/UMEC/VI vs. column

OR – 1.24 1.28

95% CI – 1.14–1.36 1.15–1.43

p value – \ 0.001 \ 0.001

TDI focal score� (n = 2029) (n = 2014) (n = 1015)

Responder, n (%) 730 (36) 591 (29) 302 (30)

Non-responder, n (%) 1299 (64) 1423 (71) 713 (70)

FF/UMEC/VI vs. column

OR – 1.36 1.33

95% CI – 1.19–1.55 1.13–1.57

p value – \ 0.001 \ 0.001

CAT COPD (chronic obstructive pulmonary disease) Assessment Test, CI confidence interval, FF fluticasone furoate, ITT intent to treat, OR
odds ratio, SGRQ St George’s Respiratory Questionnaire, TDI Transitional Dyspnea Index, UMEC umeclidinium, VI vilanterol
*ITT population with analyzable data at week 52; major response defined as an SGRQ total score C 14-unit decrease below baseline; moderate
response defined as\ 14-unit, but C 8-unit decrease below baseline; less than moderate response defined as\ 8-unit decrease below baseline or a
missing SGRQ total score with no subsequent on-treatment scores
� ITT population with analyzable data at week 52; response defined as a CAT score decrease C 2 units below baseline; non-response defined
as\ 2-unit decrease below baseline
� TDI population with analyzable data at week 52; response defined as a TDI focal score of C 1 unit; non-response defined as TDI focal score
of\ 1 unit
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a CAT responder versus a non-responder at
week 52 were statistically significantly higher
for FF/UMEC/VI versus FF/VI (OR, 1.24, 95% CI
1.14–1.36, p\ 0.001) or UMEC/VI (OR, 1.28,
95% CI 1.15–1.43, p\0.001). The odds of being
a CAT responder were also statistically signifi-
cantly higher at weeks 4 and 28 for the com-
parison of FF/UMEC/VI with FF/VI (OR, 1.27
and 1.30, respectively; both p\0.001) or with
UMEC/VI (OR, 1.30 and 1.32, respectively; both
p\0.001).

TDI Focal Score

In the TDI subset of patients (n = 5058), iden-
tical BDI scores were observed across all three
treatment groups (Table 1). At week 52, the LS
mean TDI focal score in each of the FF/UMEC/
VI, FF/VI, and UMEC/VI treatment groups was
0.98, 0.71, and 0.89 points, respectively.
Patients in the FF/UMEC/VI group demon-
strated a statistically significant improvement
in LS mean TDI focal score of 0.27 points com-
pared with FF/VI (p = 0.020) at week 52 (Fig. 3);
statistically significant improvements in LS
mean TDI focal score were also observed at
weeks 4 (0.47 points, p\0.001) and 28 (0.29
points, p = 0.006). In contrast, although a sta-
tistically significant improvement in LS mean

TDI focal score at week 4 (0.53 points,
p\0.001) was observed for FF/UMEC/VI versus
UMEC/VI, the difference was not statistically
significant at week 28 (- 0.02 points, p = 0.872)
or week 52 (0.09 points, p = 0.522).

At week 52, a larger proportion of patients
were TDI responders in the FF/UMEC/VI group
compared with the FF/VI or UMEC/VI groups
(Table 2). Statistically significantly higher odds
of being a TDI responder were observed at all
time points (weeks 4, 28, and 52, respectively)
for FF/UMEC/VI versus FF/VI (OR, 1.46, 1.36,
and 1.36, all p\0.001) or UMEC/VI (OR, 1.41
[p B 0.001], 1.20 [p B 0.027], and 1.33
[p\0.001]).

Rescue Use and Nighttime Awakenings

Baseline mean rescue medication use per day
was similar across all treatment groups.
Although all three treatment groups had a slight
increase in rescue medication use over the
52-week treatment period, as measured by LS
mean change from baseline, statistically signif-
icant differences were observed at each 4-week
time period in favor of FF/UMEC/VI compared
with FF/VI or UMEC/VI (Fig. 4a). Over weeks
49–52, the LS mean change from baseline in the
percentage of rescue medication-free days was
smaller with FF/UMEC/VI (- 1.9%) compared

Fig. 2 LS mean change (95% CI) from baseline in CAT
score over 52 weeks (ITT population). *p\ 0.001 for FF/
UMEC/VI compared with FF/VI or UMEC/VI;
**p = 0.021 for FF/UMEC/VI compared with UMEC/
VI. CAT COPD (chronic obstructive pulmonary disease)
Assessment Test, CI confidence interval, FF fluticasone
furoate, ITT intent to treat, LS least squares, UMEC
umeclidinium, VI vilanterol

Fig. 3 LS mean (95% CI) TDI focal score over 52 weeks
(TDI population). *p\ 0.001 for FF/UMEC/VI com-
pared with FF/VI or UMEC/VI; **p = 0.006 for FF/
UMEC/VI compared with FF/VI; ***p = 0.020 for FF/
UMEC/VI compared with FF/VI. CI confidence interval,
FF fluticasone furoate, LS least squares, TDI Transitional
Dyspnea Index, UMEC umeclidinium, VI vilanterol
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with FF/VI (- 7.1%, treatment difference 5.2%,
95% CI 3.5–6.9, p\0.001) or UMEC/VI
(- 6.3%, treatment difference 4.4%, 95% CI
2.3–6.5, p\ 0.001, Fig. 4b).

At baseline, a similar mean (± standard
deviation) number of nighttime awakenings
was reported by patients in all treatment groups
(0.69 [0.97]; 0.70 [0.98]; 0.69 [0.96] for FF/
UMEC/VI, FF/VI and UMEC/VI, respectively).
FF/UMEC/VI demonstrated a statistically sig-
nificant reduction in the LS mean change from
baseline in the mean number of nighttime
awakenings per night over weeks 49–52 com-
pared with FF/VI (treatment difference - 0.05
awakenings, p = 0.005) or UMEC/VI (treatment
difference - 0.10 awakenings, p\0.001).
Additionally, with the exceptions of weeks 1–4
(p = 0.070) and weeks 33–36 (p = 0.056), statis-
tically significant reductions in the LS mean
change from baseline in the mean number of
nighttime awakenings per night were observed
at each aggregated 4-week time period for FF/
UMEC/VI compared with FF/VI (p B 0.021).
However, statistically significant reductions in
the LS mean change from baseline in the mean
number of nighttime awakenings per night
were observed over every 4-week time period
(all p\0.001) for FF/UMEC/VI compared with
UMEC/VI (Fig. 4c).

Activity

The LS mean change from baseline in the per-
centage of days symptoms stopped usual activ-
ities was statistically significantly smaller for FF/
UMEC/VI (0.6%) over weeks 49–52 compared
with FF/VI (2.7%, treatment difference - 2.1%,
95% CI - 3.5 to - 0.7, p = 0.003) or UMEC/VI
(2.5%, treatment difference - 1.9%, 95% CI
- 3.7 to - 0.2, p = 0.026, Table 3). At the end of
treatment, patients receiving FF/UMEC/VI also
had statistically significantly higher odds of
being in a better response category versus a
worse category for change in activity limitation
compared with the previous visit than patients
treated with FF/VI (p = 0.003); the difference for
UMEC/VI did not reach statistical significance
(p = 0.283, Table 3).

DISCUSSION

The IMPACT study demonstrated a lower rate of
moderate or severe COPD exacerbations and
better lung function and HRQoL with FF/
UMEC/VI compared with FF/VI or UMEC/VI
dual therapy in patients with symptomatic
COPD and a history of exacerbations at baseline
[2]. Here, we report further detail on the HRQoL
results and change in dyspnea observed in the
IMPACT trial. The inclusion of valid and
responsive measures reporting the patient per-
spective of treatment allows a more complete
description of the effects of FF/UMEC/VI com-
pared with the component dual therapies of FF/
VI or UMEC/VI. The pre-specified analyses of
PROs from the IMPACT study presented here
expand the primary findings of the study [2]
and further demonstrate that FF/UMEC/VI
improved patient perceptions of both symptom
severity and health status compared with FF/VI
or UMEC/VI. The use of global anchor questions
to assess improvements in HRQoL has demon-
strated that FF/UMEC/VI provides benefits over
FF/VI and UMEC/VI beyond a minimal level of
improvement.

These results also demonstrate that the
effects of dual bronchodilation on lung func-
tion, whether combined with ICS in a triple
therapy or not [2], are reflected in the patient
perception of dyspnea, measured using the TDI
focal score. Improvements in the TDI focal score
with FF/UMEC/VI are apparent at 4 weeks post-
randomization and are sustained for 52 weeks.
An improvement in perception of dyspnea was
observed with UMEC/VI at weeks 28 and 52,
which is similar to that observed with FF/
UMEC/VI, a consequence of patients receiving

Fig. 4 LS mean change (95% CI) from baseline in a use of
rescue medication; b percentage of rescue medication-free
days over 52 weeks; c number of nighttime awakenings per
week (ITT population). *p\ 0.001 for FF/UMEC/VI
compared with FF/VI or UMEC/VI.; **p B 0.021 for FF/
UMEC/VI compared with FF/VI. Note: a negative LS
mean change from baseline indicates an increase in use of
rescue medication. CI confidence interval, FF fluticasone
furoate, ITT intent to treat, LS least squares, UMEC
umeclidinium, VI vilanterol

c
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dual bronchodilation. Treatment with FF/VI
showed less improvement in dyspnea at all time
points.

Additionally, the reduced use of rescue
medication in the FF/UMEC/VI arm compared
with FF/VI or UMEC/VI can be regarded as an
indicator of benefits in terms of symptoms.
There was also a reduction in nighttime awak-
enings due to COPD symptoms in the FF/
UMEC/VI arm compared with either dual ther-
apy. Previous studies have noted an association
among nighttime awakenings, decreased health
status, and an increase in the need for rescue
medication [19–21]. Reducing the frequency of
these events may also positively influence
health status [20].

Rapid and sustained improvements in
HRQoL, measured by both the SGRQ total score
and the CAT, were seen by week 4, maximal at
week 28, and maintained to week 52. The
improvements in SGRQ occurred earlier in the
IMPACT study than those observed in either the
FLAME trial [22] or the TRILOGY trial [23]
where improvements in SGRQ total score were
not observed until week 12. These results are
also reflected in the improvement in lung
function observed with triple therapy in the
IMPACT study [2]. Our work further demon-
strates the comparability of the SGRQ and CAT
and provides further evidence to support the
usefulness of the CAT in routine clinical prac-
tice as a short and easily applied measure of
health status.

The timing of perceived changes in HRQoL
can be indicative of improvements in symp-
toms, with early changes in measures such as
the SGRQ and CAT driven by reductions in
symptoms. The rapid yet sustained improve-
ment in HRQoL potentially reflects a combina-
tion of the treatment effects of FF/UMEC/VI,
with early improvement more likely to occur
because of symptomatic relief, as demonstrated
by the proportionally greater early improve-
ment in the SGRQ symptoms domain. The
comparison between groups for the domain
scores is more nuanced than the results for the
SGRQ total score. In earlier measurements at
week 4, change in the activity domain score was
minimal in the FF/VI group, although this was
not seen at later time points and was likely

related to the more immediate effects of dual
bronchodilation in the FF/UMEC/VI and
UMEC/VI arms. Later sustained effects on
HRQoL were apparent across all treatment
groups with a statistically superior improve-
ment in the FF/UMEC/VI treatment group
compared with both dual treatment groups.

In the Lung Function and Quality of Life
Assessment in COPD with Closed Triple Ther-
apy (FULFIL) study (NCT02345161), comparing
FF/UMEC/VI with budesonide/formoterol, both
treatments improved HRQoL [1, 6]. The same
trend was observed in this study with all treat-
ment groups showing improvements from
baseline. When comparing changes in PRO
scores between treatment groups, it is impor-
tant to consider the change from baseline
within the groups and whether it is meaningful
to patients to provide context. In a study com-
paring only active treatments, responder anal-
yses provide the most meaningful comparison;
achieving a between-groups difference greater
than the accepted threshold for a meaningful
change is not to be expected given that all
patient groups are expected to show improve-
ments over the course of the study. Hence, the
findings from this and other studies that have
demonstrated a greater proportion of SGRQ
responders among those patients who received
triple therapy regimens compared with
monotherapy or dual therapy are encouraging
[23, 24].

Strengths of this study include the use of an
electronic diary for reliable recording of HRQoL.
Potential limitations include the study of a
population with predominantly moderate-to-
very severe COPD. Thus, the effect of FF/UMEC/
VI versus FF/VI or UMEC/VI on HRQoL in
patients with mild COPD was not examined.

These results show that therapy with once-
daily FF/UMEC/VI single-inhaler triple therapy
improves patient symptoms and HRQoL com-
pared with dual treatment with FF/VI or UMEC/
VI in patients with symptomatic COPD and at
risk of exacerbations. These findings are associ-
ated with the benefits on exacerbations, hospi-
talization, and lung function reported
previously [2]. Moreover, despite the significant
benefits of treatment with a long-acting mus-
carinic antagonist on symptomology, compared
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with the lesser benefits of ICS on exacerbation
reduction, in this study and patient population
it would appear that the addition of FF or UMEC
to VI has a similar magnitude of impact. The
inclusion of pre-specified measures providing
the patient perspective gives additional

information to the clinician to inform treat-
ment choice and ongoing monitoring of ther-
apy. Therapy with once-daily FF/UMEC/VI
improves the symptoms and HRQoL of patients
with COPD compared with FF/VI or UMEC/VI;
these findings are likely a consequence of the

Table 3 Effects of symptoms of COPD on patients’ activities

FF/UMEC/
VI

FF/VI UMEC/VI

Percentage of days symptoms stopped usual activities (weeks 49–52)* (n = 3322) (n = 3002) (n = 1462)

LS mean (SE) 26.4 (0.49) 28.5 (0.51) 28.3 (0.72)

95% CI 25.4–27.4 27.5–29.5 26.9–29.8

LS mean change from baseline (SE) 0.6 (0.49) 2.7 (0.51) 2.5 (0.72)

95% CI - 0.4 to 1.5 1.7–3.7 1.1–3.9

FF/UMEC/VI vs. column

Difference (SE) – - 2.1 (0.71) - 1.9 (0.88)

95% CI – - 3.5 to

- 0.7

- 3.7 to

- 0.2

p value – 0.003 0.026

Global impression of change in activity limitation at the end of treatment,

n (%)�
(n = 3325) (n = 3033) (n = 1470)

Much better 233 (7) 207 (7) 100 (7)

Better 767 (23) 613 (20) 336 (23)

Slightly better 858 (26) 789 (26) 370 (25)

No change 1154 (35) 1102 (36) 507 (34)

Slightly worse 217 (7) 243 (8) 119 (8)

Worse 81 (2) 69 (2) 30 (2)

Much worse 15 (\ 1) 10 (\ 1) 8 (\ 1)

Comparison to FF/UMEC/VI�

Ordered OR – 1.15 1.06

95% CI – 1.05–1.25 0.95–1.19

p value – 0.003 0.283

CI confidence interval, COPD chronic obstructive pulmonary disease, FF fluticasone furoate, ITT intent to treat, LS least
squares, OR odds ratio, SE standard error, UMEC umeclidinium, VI vilanterol
*ITT population with analyzable data between weeks 49–52
� ITT population with analyzable data at week 52
� Odds of being in a better response category versus a worse category for change in activity limitation compared with
previous visit
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previously reported benefits on exacerbations
and lung function.
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