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Introduction
Inhaled bronchodilator treatment is the foundation of 
maintenance therapy for chronic obstructive pulmo-
nary disease (COPD). Dual bronchodilator therapy 

with long-acting muscarinic agonist/long-acting  
β2-agonist (LAMA/LABA) combinations provides 
greater improvements in lung function than LAMA 
or LABA monotherapy, although the extent of 
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Abstract
Rationale: Symptom relief is a key treatment goal in patients with chronic obstructive 
pulmonary disease (COPD). However, there are limited data available on the response 
to bronchodilator therapy in patients at low risk of exacerbations with different levels of 
symptom severity. This study compared treatment responses in patients with a range of 
symptom severities as indicated by baseline COPD assessment test (CAT) scores.
Methods: The 24-week EMAX trial evaluated the benefits of umeclidinium/vilanterol versus 
umeclidinium or salmeterol in symptomatic patients at low exacerbation risk who were not 
receiving inhaled corticosteroids. This analysis assessed lung function, symptoms, health 
status, and short-term deterioration outcomes in subgroups defined by a baseline CAT score 
[<20 (post hoc) and ⩾20 (pre-specified)]. Outcomes were also assessed using post hoc fractional 
polynomial modelling with continuous transformations of baseline CAT score covariates.
Results: Of the intent-to-treat population (n = 2425), 56% and 44% had baseline CAT scores of 
<20 and ⩾20, respectively. Umeclidinium/vilanterol demonstrated favourable improvements 
compared with umeclidinium and salmeterol for the majority of outcomes irrespective of 
the baseline CAT score, with the greatest improvements generally observed in patients with 
CAT scores <20. Fractional polynomial analyses revealed consistent improvements in lung 
function, symptoms and reduction in rescue medication use with umeclidinium/vilanterol 
versus umeclidinium and salmeterol across a range of CAT scores, with the largest benefits 
seen in patients with CAT scores of approximately 10–21.
Conclusions: Patients with symptomatic COPD benefit similarly from dual bronchodilator 
treatment with umeclidinium/vilanterol. Fractional polynomial analyses demonstrated the 
greatest treatment differences favouring dual therapy in patients with a CAT score <20, 
although benefits were seen up to scores of 30. This suggests that dual bronchodilation may 
be considered as initial therapy for patients across a broad range of symptom severities, not 
only those with severe symptoms (CAT ⩾20).
Trial registration: NCT03034915, 2016-002513-22 (EudraCT number).
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improvements in symptoms and health status varies 
between studies.1–8 Dual bronchodilation can also 
reduce the risk of a short-term deterioration, as dem-
onstrated using the clinically important deterioration 
(CID) composite endpoint, compared with inhaled 
corticosteroid (ICS)/LABA combinations or bron-
chodilator monotherapy.2,8–12

The Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) 2020 strategy report 
bases treatment recommendations on the assess-
ment of symptoms using the modified Medical 
Research Council (mMRC) questionnaire and 
the COPD Assessment Test (CAT), and exacer-
bation risk.13 Patients with CAT scores ⩾10 show 
a significant impact of their symptoms on their 
health, wellbeing and daily life.14 A CAT score 
⩾10 or mMRC score ⩾2 have been suggested as 
the threshold for considering maintenance treat-
ment for COPD;13 however, there is evidence 
that these thresholds do not necessarily corre-
spond to similar levels of disease burden.15

Dual bronchodilator therapy is recommended by 
the GOLD 2020 strategy report as initial mainte-
nance treatment for symptomatic patients at low 
risk of exacerbations (GOLD B) who have severe 
breathlessness, or for symptomatic patients (CAT 
scores ⩾20) at high risk of exacerbations (GOLD 
D).13 These recommendations are based on a 
pooled post hoc analysis of two clinical trials 
showing numerically greater relative benefits of 
LAMA/LABA treatment on the St George’s 
Respiratory Questionnaire (SGRQ) score com-
pared with placebo in patients with higher CAT 
scores.16 However, when compared with broncho-
dilator monotherapy, the same analysis showed 
similar incremental benefits with LAMA/LABA 
across the full range of CAT scores.16 In addition, 
neither of the two trials included in the analysis 
prospectively demonstrated a symptomatic bene-
fit of dual bronchodilation on daily total symptom 
score compared with bronchodilator monother-
apy.17 Consequently, there remains a need for fur-
ther evidence of the incremental benefits associated 
with bronchodilator therapies in patients with 
COPD across varying levels of symptom severity.

The Early MAXimisation of bronchodilation for 
improving COPD stability (EMAX) trial examined 
the benefits of dual bronchodilation with umeclidin-
ium/vilanterol (UMEC/VI) versus UMEC or salme-
terol (SAL) monotherapy in symptomatic patients 
at low exacerbation risk who were not receiving 

ICS.8 UMEC/VI demonstrated consistent statisti-
cally significant improvements over UMEC and 
SAL in lung function and symptomatic outcomes as 
well as a significant reduction in the risk of CID 
compared with either monotherapy.8 This subgroup 
analysis of the EMAX trial compared UMEC/VI 
with both monotherapies on improvements in lung 
function, patient-reported symptom severity and 
health status, and short-term disease deterioration 
(as measured by CID) outcomes according to the 
baseline CAT score to determine whether symptom 
severity at baseline may be associated with treat-
ment responses to dual versus mono-bronchodilator 
therapy.

Materials and methods

Study design and patients
In the multicentre, randomised, double-blind, dou-
ble-dummy, three-arm parallel group EMAX trial 
(NCT03034915; GSK study number 201749), 
patients were randomly allocated 1:1:1 to once-daily 
UMEC/VI 62.5/25 µg versus the ELLIPTA inhaler, 
once-daily UMEC 62.5 µg versus ELLIPTA, or 
twice-daily SAL 50 µg versus the DISKUS inhaler.8 
Full methodology has been published previously.8 
Eligible patients were ⩾40 years of age and were cur-
rent/former smokers (⩾10 pack-years smoking his-
tory) with a COPD diagnosis, pre and post-salbutamol 
forced expiratory volume in 1 second/forced vital 
capacity (FEV1/FVC) ratio <0.7, post-salbutamol 
FEV1 of ⩾30 to ⩽80% predicted, CAT score ⩾10, 
and ⩽1 moderate exacerbation and no severe exacer-
bations in the previous year. Before screening and 
during the 4-week run-in period, bronchodilator 
maintenance therapy was limited to a LAMA or 
LABA only, with no other COPD maintenance medi-
cations permitted. All patients were free of ICS and 
ICS/LABA for ⩾6 weeks and free of LAMA/LABA  
for ⩾2 weeks prior to run-in. As needed salbutamol 
was permitted throughout the study.

The trial was conducted according to the principles 
of the Declaration of Helsinki and received appro-
priate ethical approval. All patients provided written 
informed consent. This manuscript conforms to the 
CONSORT guidelines for publication of ran-
domised controlled trials (Supplemental Table 1).

Endpoints and assessments
The primary endpoint for this study was change 
from baseline in trough FEV1 at week 24. 
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Patient-reported symptom-based assessments included 
the self-administered computerised transition dysp-
noea index (SAC-TDI), evaluating respiratory 
symptoms-COPD (E-RS) total score, daily rescue 
salbutamol use, global assessment of disease severity 
(GADS), and CAT score. Health status was assessed 
using the SGRQ total score. GADS was captured 
using a 7-point Likert scale ranging from ‘much bet-
ter’ to ‘much worse’ compared with baseline. 
Responders were prospectively defined as individual 
patients with ⩾1-point improvement in SAC-TDI 
score,18 ⩾2-point reduction from baseline in E-RS 
total score,19 ⩾4-point reduction from baseline in 
SGRQ total score,20 and ⩾2-unit improvement 
from baseline in CAT score.21 A post hoc responder 
analysis evaluated the proportion of patients with a 
⩾100 mL increase in trough FEV1 from baseline.

The risk of a first CID was assessed in individual 
patients according to three composite definitions: 
(A) a first moderate or severe exacerbation, and/or 

a decrease in trough FEV1 ⩾100 mL, and/or a 
deterioration in health status indicated by a 
decrease in SGRQ score of ⩾4 units from base-
line; (B) the same as definition A, but with a 
decrease in CAT score of ⩾2 units from baseline 
replacing the SGRQ deterioration; (C) an FEV1-
free definition including a first moderate or severe 
exacerbation, and/or a SGRQ deterioration, and/or 
a CAT deterioration, and/or a deterioration in 
SAC-TDI score of ⩾1 unit from baseline. 
Moderate exacerbations were defined as those 
necessitating treatment with oral corticosteroids 
and/or antibiotics; severe exacerbations were 
defined as those requiring hospitalisation or an 
emergency room visit.

Statistical analysis
Results are presented for two baseline CAT score 
severity subgroups [<20 (post hoc) versus ⩾20 
(pre-specified)].

Table 1.  Patient demographics and baseline characteristics.

Characteristic ITT (n = 2425) CAT <20 
(n = 1352)

CAT ⩾20 
(n = 1073)

p-value CAT <20 
versus ⩾20

Age, years, mean (SD) 64.6 (8.5) 65.5 (8.2) 63.5 (8.7) <0.001

Female, n (%) 988 (41) 513 (38) 475 (44) 0.002

No maintenance treatment during run-in, n (%) 749 (31) 329 (24) 420 (39) <0.001

Moderate COPD exacerbation history in prior year,a n (%) 393 (16) 243 (18) 150 (14) 0.009

Duration of COPD, years, mean (SD) 8.3 (6.6) 7.9 (6.3) 8.8 (6.8) <0.001

Post-salbutamol % predicted FEV1, mean (SD) 55.4 (12.7) 56.1 (12.5) 54.6 (13.0) 0.005

Baseline CAT score, n (%)

  <20 1352 (56) 1352 (100) 0 –

  ⩾20 1073 (44) 0 1073 (100) –

Baseline CAT score, mean (SD) 19.2 (6.1) 14.7 (2.8) 24.9 (4.1) –

BDI score, mean (SD) 7.0 (1.9) 7.6 (1.7) 6.3 (1.8) <0.001

Baseline E-RS total score 10.6 (5.7) 8.4 (4.7) 13.4 (5.7) <0.001

Baseline SGRQ score, mean (SD) 44.7 (16.2) 36.8 (12.4) 54.7 (14.8) <0.001

aNumber of exacerbations requiring oral or systemic corticosteroids and/or antibiotics (moderate) in 12 months prior to screening [patients with >1 
moderate exacerbation or with a severe exacerbation (requiring hospitalization) were excluded].
BDI, baseline dyspnoea index; CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease; E-RS, evaluating respiratory symptoms 
COPD; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; ITT, intent-to-treat; SD, standard deviation; SGRQ, St George’s 
respiratory questionnaire.
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Comparisons of baseline characteristics by base-
line CAT score were analysed post hoc using t-tests 
for continuous variables and Fisher’s exact test 
for proportions of categorical variables. For the 
primary endpoint, change from baseline in trough 
FEV1 at week 24 was analysed using a mixed 
model repeated measures (MMRM) analysis with 
covariates of baseline FEV1, geographical region, 
number of bronchodilators during run-in (none 
or 1), visit, treatment, and visit by baseline and 
visit by treatment interactions (where visit is 
nominal). Least squares (LS) mean and LS mean 
change from baseline with estimated treatment 
differences and 95% confidence intervals (CIs) 
are reported.

Responder analysis was performed using a gener-
alised linear mixed model with treatment as an 
explanatory variable and covariates of visit, base-
line FEV1, number of bronchodilators during 
run-in (none or 1), geographical region, and visit 
by baseline score and visit by treatment interac-
tions (where visit is nominal). Corresponding 
odds ratios (ORs) are reported with 95% CIs. 
Hazard ratios (HRs) and 95% CIs for the time to 
first CID were based on a Cox proportional haz-
ards model with covariates of treatment, stratum 
(number of bronchodilators per day during run-
in), geographical region, trough FEV1 at baseline, 
and SGRQ score at baseline.

A complementary post hoc analysis used a frac-
tional polynomial model with CAT score as a 
continuous variable. These analyses were con-
ducted across baseline CAT scores of 10–30 
due to the distribution of CAT scores within 
the study population, which included few 
patients with scores outside this range. The 
best fitting fractional polynomial (FP) model 
from the FP(2) class is presented. The fitted 
MMRM included covariates of baseline FEV1, 
geographical region, number of bronchodila-
tors per day during run-in, visit, treatment, 
FP1, FP2, and visit by baseline FEV1, visit by 
treatment, FP1*treatment and FP2*treatment 
interactions. FP1 and FP2 represent continu-
ous power transformations of CAT score at 
baseline.

Unless stated otherwise, other efficacy endpoints 
were analysed in a similar manner; for analyses of 
the E-RS score and rescue medication use, the 
4-weekly period was included as a covariate in 
place of visit.

Results

Patient disposition and demographics
Of the 2425 patients in the intent-to-treat (ITT) 
population (UMEC/VI: n = 812; UMEC: n = 804; 
SAL: n = 809), 56% and 44% of patients had 
baseline CAT scores of <20 and ⩾20, respec-
tively, with similar proportions across treatment 
arms. There were significant differences in the 
baseline characteristics of the CAT <20 and 
CAT ⩾20 subgroups; for example, 24% and 39% 
of patients did not receive maintenance treatment 
during run-in, mean E-RS total scores were 8.4 
and 13.4 and mean baseline SGRQ scores were 
36.8 and 54.7, respectively (Table 1). In addi-
tion, 593 (44%) and 610 (57%) patients were 
current smokers in the CAT <20 and CAT ⩾20 
subgroups at baseline, respectively. Overall, 317 
(23%) and 308 (29%) patients were reversible to 
salbutamol in the CAT <20 and CAT ⩾20 sub-
groups, respectively. Mean rescue medication use 
was 1.6 and 2.8 puffs/day in the CAT <20 and 
CAT ⩾20 subgroups, respectively. During the 
run-in period, 1576/2425 (65%) of patients in the 
ITT population were receiving long-acting bron-
chodilator maintenance medication [LAMA: 
1194/2425 (49%); LABA: 404/2425 (17%)].

CAT subgroup analyses
Trough FEV1.  For both CAT subgroups, 
UMEC/VI demonstrated greater improve-
ments from baseline in trough FEV1 at week 24 
than monotherapy; statistically significant 
treatment differences favoured UMEC/VI (ver-
sus UMEC: 64–67 mL; versus SAL: 110–
164 mL; all p < 0.001) and were numerically 
similar to those observed in the ITT popula-
tion (Table 2). For both subgroups, the pro-
portions of responders for FEV1 favoured 
UMEC/VI over monotherapy with ORs of 
1.65–3.88 (p < 0.01), which were similar to 
those in the ITT population, with numerically 
higher ORs in the CAT <20 subgroup versus 
the CAT ⩾20 subgroup (Figure 1).

SAC-TDI and E-RS.  In both subgroups, improve-
ments from baseline were observed in the SAC-TDI 
focal score at week 24 and E-RS total score at weeks 
21–24 for all treatment arms, with UMEC/VI dem-
onstrating the greatest improvements (Table 2). 
Larger improvements from baseline in E-RS total 
score were observed in the highly symptomatic 
(CAT ⩾20) subgroup in all treatment groups.  
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For both subgroups, treatment differences in SAC-
TDI and E-RS were similar to the differences 
observed in the ITT population (Table 2).

The proportions of responders for SAC-TDI 
focal score favoured UMEC/VI versus UMEC in 
the CAT <20 subgroup (p = 0.001) and versus 
SAL in both subgroups (p < 0.05) (Figure 1). 
The proportions of responders for E-RS total 
score favoured UMEC/VI versus monotherapy in 
both subgroups (p < 0.05). For both SAC-TDI 
and E-RS, ORs for responders versus non-
responders favoured UMEC/VI versus monother-
apy (1.29−1.62) and were also similar to those in 
the ITT population (Figure 1).

Rescue medication use.  The greatest reductions in 
rescue medication use from baseline over weeks 
1−24 were seen with UMEC/VI compared with 
monotherapy in both subgroups (Table 2). In  
both subgroups, treatment differences favoured 
UMEC/VI, as seen in the ITT population, but were 
larger in the CAT <20 subgroup (−0.33 to −0.41; 
p < 0.001) than in the CAT ⩾20 subgroup (−0.21 to 
−0.23; not statistically significant [NS]) (Table 2).

GADS.  A numerically greater proportion of 
patients receiving UMEC/VI rated their overall 
severity of COPD at week 24 as improved from 
baseline compared with monotherapy in both 
subgroups (Table 2). Treatment differences 
favoured UMEC/VI, as in the ITT population, 
and were larger in the CAT <20 subgroup 
(1.41−1.42; p = 0.008) than in the CAT ⩾20 sub-
group (1.32; NS) (Table 2).

SGRQ and CAT.  As in the ITT population, the 
proportions of SGRQ and CAT responders and 
ORs numerically favoured UMEC/VI versus 
monotherapy in both subgroups (Supplemental 
Figure 1). For SGRQ, as in the ITT population, 
greater increases in odds of responding were seen 
with UMEC/VI versus SAL in both subgroups 
(p < 0.05), but not versus UMEC. For CAT, 
greater increases in odds of responding with 
UMEC/VI versus UMEC or SAL were observed 
in the CAT <20 subgroup (34−42%; p < 0.05) 
compared with the CAT ⩾20 subgroup (11−27%; 
NS) (Supplemental Figure 1).

Short-term deterioration (CID).  When consider-
ing all CID definitions, the incidence of CID 

was generally higher in the CAT <20 subgroup 
than in the CAT ⩾20 subgroup, particularly in 
the monotherapy treatment arms (Figure 2). 
The reductions in CID risk favoured UMEC/
VI versus UMEC and SAL in both CAT sub-
groups according to all three definitions 
(13−45%), and were numerically similar to the 
ITT population (Figure 2). Larger reductions 
in risk were observed with UMEC/VI versus 
SAL in the ITT population and both subgroups 
(22−45%) than when compared with UMEC 
(13−28%).

Fractional polynomial analyses with CAT as a 
continuous variable
Trough FEV1.  In post hoc analyses, the lower 
bound of the 95% CI for improvements in trough 
FEV1 at week 24 excluded 0 for UMEC/VI and 
UMEC, but not for SAL (Supplemental Figure 
2A). Consistent improvements in trough FEV1 
were observed with UMEC/VI versus UMEC and 
SAL across the range of baseline CAT scores 
(Figure 3).

SAC-TDI and E-RS.  Improvements in the SAC-TDI 
score at week 24 and E-RS total score were observed 
across the assessed CAT scores, with the greatest 
improvements seen with UMEC/VI (Supplemental 
Figure 2B, C). Greater numerical improvements in 
the SAC-TDI focal score at week 24 in favour of 
UMEC/VI versus UMEC and SAL were also 
observed across CAT scores. The 95% CI for these 
improvements excluded 0 across baseline CAT 
scores of approximately 12–21 versus UMEC and 
approximately 12–25 versus SAL (Figure 4). Simi-
lar patterns were observed for E-RS total score at 
weeks 21–24 (Figure 5).

Rescue medication use.  Improvements from 
baseline in rescue medication puffs/day over 
weeks 1–24 were observed with all treatments 
(Supplemental Figure 2D). Numerically greater 
improvements with UMEC/VI versus UMEC and 
SAL were observed across CAT scores, and the 
95% CI excluded 0 at scores <20 in both com-
parisons (Figure 6).

SGRQ and CAT.  Improvements from baseline in CAT  
and SGRQ scores were similar with UMEC/VI 
and UMEC or SAL across CAT scores (Supple-
mental Figures 3 and 4).
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Discussion
In this analysis of the EMAX trial, UMEC/VI dem-
onstrated improvements from baseline versus both 
UMEC and SAL for most outcomes assessed in 
both CAT subgroups (<20 and ⩾20). Overall, 
patients with less severe symptoms (CAT <20) 
demonstrated larger improvements with UMEC/VI 
versus UMEC and SAL. Consistent incremental 

improvements in FEV1, E-RS scores and reductions 
in rescue medication use were also observed for  
all treatments in the CAT ⩾20 subgroup, with 
UMEC/VI demonstrating the largest improvements 
from baseline. UMEC/VI was associated with a 
consistent reduction in the risk of short-term 
deterioration compared with UMEC and SAL in 
both CAT subgroups. A complementary fractional 
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Figure 1.  Proportion of responders for trough FEV1,a SAC-TDI,a and E-RSb with UMEC/VI versus (a) UMEC and 
(b) SAL.
aAnalyses conducted using a generalised linear model with treatment as an explanatory variable and covariates of visit, 
baseline trough FEV1/SAC-BDI focal score, number of bronchodilators received during run-in (0 or 1), geographical region, 
and visit by baseline FEV1/SAC-BDI focal score and visit by treatment interactions.
bAnalyses conducted using a generalised linear model with treatment as an explanatory variable and 4-weekly period, 
baseline E-RS score, number of bronchodilators received during run-in (0 or 1), geographical region, and visit by baseline 
E-RS score and visit by treatment interactions.
CAT, COPD assessment test; CI, confidence interval; E-RS, evaluating respiratory symptoms-COPD; FEV1, forced expiratory 
volume in 1 second; ITT, intent-to-treat; n/N, number of responders/number of patients with analysable data; SAC-TDI, self-
administered computerised transition dyspnoea index; SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.
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polynomial analysis with the CAT score as a 
continuous variable, without imposing arbitrary 
cut-points, also revealed improvements in lung 
function and symptoms, as well as reductions in res-
cue medication use, favouring UMEC/VI versus 
UMEC or SAL. Consistent with the subgroup 

analyses, fractional polynomial analyses showed the 
greatest certainty of incremental treatment benefit 
with UMEC/VI versus UMEC or SAL for most out-
comes in patients with CAT scores in the range of 
10–21. Fractional polynomial models are a promis-
ing addition to traditional subgroup analyses, and 

Ex
ac

er
ba

tio
na ,

FE
V 1, 

SG
R

Q
Ex

ac
er

ba
tio

na ,
FE

V 1, 
C

AT
Ex

ac
er

ba
tio

na ,
C

AT
, S

G
R

Q
, T

D
I

Group

ITT

CAT <20

CAT ≥20

ITT

CAT <20

CAT ≥20

ITT

CAT <20

CAT ≥20

Treatment

UMEC/VI
UMEC
UMEC/VI
UMEC
UMEC/VI
UMEC

UMEC/VI
UMEC
UMEC/VI
UMEC
UMEC/VI
UMEC

UMEC/VI
UMEC
UMEC/VI
UMEC
UMEC/VI
UMEC

CID incidence
n/Nb (%)

430/780 (55)
439/741 (59)
251/447 (56)
244/407 (60)
179/333 (54)
195/334 (58)

402/781 (51)
449/743 (60)
243/447 (54)
267/409 (65)
159/334 (48)
182/334 (54)

500/791 (63)
524/761 (69)
296/450 (66)
295/416 (71)
204/341 (60)
229/345 (66)

Probability
of a CID,

% (95% CI)

53 (49, 57)
60 (57, 64)
55 (51, 60)
61 (56, 66)
50 (44, 55)
59 (53, 64)

49 (46, 53)
60 (57, 64)
53 (48, 58)
66 (61, 71)
45 (39, 50)
54 (49, 60)

61 (58, 65)
70 (66, 73)
65 (61, 70)
72 (67, 76)
56 (51, 62)
67 (62, 73)

P

0.006

0.046

0.072

<0.001

<0.001

0.028

0.007

0.082

0.033

UMEC/VI vs
comparator HR

0.83

0.83

0.83

0.75

0.72

0.79

0.84

0.87

0.81

Ex
ac

er
ba

tio
na ,

FE
V 1, 

SG
R

Q
Ex

ac
er

ba
tio

na ,
FE

V 1, 
C

AT
Ex

ac
er

ba
tio

na ,
C

AT
, S

G
R

Q
, T

D
I

Group

ITT

CAT <20

CAT ≥20

ITT

CAT <20

CAT ≥20

ITT

CAT <20

CAT ≥20

Treatment

UMEC/VI
SAL
UMEC/VI
SAL
UMEC/VI
SAL

UMEC/VI
SAL
UMEC/VI
SAL
UMEC/VI
SAL

UMEC/VI
SAL
UMEC/VI
SAL
UMEC/VI
SAL

CID incidence
n/Nb (%)

430/780 (55)
545/758 (72)
251/447 (56)
322/425 (76)
179/333 (54)
223/333 (67)

402/781 (51)
530/758 (70)
243/447 (54)
319/425 (75)
159/334 (48)
211/333 (63)

500/791 (63)
578/775 (75)
296/450 (66)
327/431 (76)
204/341 (60)
251/344 (73)

Probability
of a CID,

% (95% CI)

53 (49, 57)
70 (66, 73)
55 (51, 60)
73 (68, 77)
50 (44, 55)
65 (60, 71)

49 (46, 53)
67 (64, 71)
53 (48, 58)
72 (67, 76)
45 (39, 50)
61 (56, 67)

61 (58, 65)
73 (70, 77)
65 (61, 70)
74 (70, 78)
56 (51, 62)
73 (68, 77)

P

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.002

<0.001

UMEC/VI vs
comparator HR

0.62

0.57

0.71

0.59

0.55

0.64

0.74

0.78

0.70

Favours UMEC/VI

0 10 20 30

Favours UMEC/VI

40 50 60

0 10 20 30 40 50 60

(a)

(b)

Reduction in composite CID risk with UMEC/VI
versus SAL, % (95% CL)

Reduction in composite CID risk with UMEC/VI
versus UMEC, % (95% CL)

Figure 2.  Risk of a first CID up to day 168 according to multiple composite definitions with UMEC/VI versus (a) 
UMEC and (b) SAL.
Analyses conducted using a Cox proportional hazards model with covariates of treatment, number of bronchodilators 
received during run-in (0 or 1), geographical region, baseline trough FEV1 and baseline SGRQ score.
aModerate/severe exacerbation. 
bn/N, patients who experienced a CID/patients with ⩾1 post baseline assessment (not including exacerbations) for at least 
one of the individual components or patients who had an exacerbation.
CAT, COPD assessment test; CI, confidence interval; CID, clinically important deterioration; FEV1, forced expiratory volume in 
1 second; HR, hazard ratio; ITT, intent-to-treat; SGRQ, St George’s respiratory questionnaire; TDI, transition dyspnoea index; 
SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.
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further studies using this exploratory analysis may 
reveal non- 
linear relationships between disease severity and 
outcomes relevant to treatment decisions in 
individual patients.

These findings indicate that dual bronchodilator treat-
ment with UMEC/VI leads to greater improvements 
in lung function and symptoms versus UMEC and 
SAL monotherapy irrespective of baseline CAT score, 
at least among the symptomatic patient population 
recruited to this trial (CAT score ⩾10 at screening). 
Consistent with this, the patient subgroup with less 

severe symptoms at baseline (CAT <20) generally 
had a higher incidence of short-term deterioration 
than those with more severe symptoms (CAT ⩾20), 
particularly in the monotherapy treatment arms. Dual 
bronchodilator treatment should therefore be consid-
ered as initial maintenance therapy for patients with 
COPD across a broader range of symptom severities 
than just those with CAT scores ⩾20. Our findings 
suggest that patients with CAT scores lower than 20 
may also benefit from dual bronchodilator therapy.

Previous studies have also demonstrated consistent 
benefits of LAMA/LABA treatment versus 
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Figure 3.  Improvement in trough FEV1 at week 24 by baseline CAT score with UMEC/VI versus (a) UMEC and (b) SAL.
Vertical dotted lines indicate quintiles of CAT score at baseline. FP analyses were conducted across baseline CAT scores of 
10–30 as the study population included few patients with scores outside this range. The fitted MMRM included covariates of 
baseline FEV1, geographical region, number of bronchodilators per day during run-in, visit, treatment, FP1, FP2, and visit by 
baseline FEV1, visit by treatment, FP1*treatment and FP2*treatment interactions.
CAT, COPD assessment test; CI, confidence interval; FEV1, forced expiratory volume in 1 second; FP, fractional polynomial; 
LS, least squares; MMRM, mixed model repeated measures; SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.
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monotherapy across a range of symptom severities. 
A post hoc analysis of the PINNACLE trials demon-
strated consistent improvements in lung function 
and rescue medication use in patients receiving glyco-
pyrrolate/formoterol fumarate (LAMA/LABA) com-
pared with glycopyrrolate (LAMA) across a range of 
CAT scores.16 A post hoc analysis of the OTEMTO 
studies showed improvements in health status, symp-
toms and lung function in patients receiving tiotro-
pium/olodaterol (LAMA/LABA) versus tiotropium 
(LAMA) across a range of symptom severities.22 

The latter study did show greater improvements in 
health status among patients with more severe versus 
less severe breathlessness at baseline, but this dispar-
ity may be attributable to the use of mMRC to assess 
baseline severity, differences in study length, the pro-
portion of patients receiving concurrent ICS (which 
may impact the incremental efficacy of add-on 
LABA in COPD),23,24 and/or differences in efficacy 
within the LAMA/LABA class.24,25 Taken together, 
the existing evidence and the findings of the present 
study contrast with the current GOLD treatment 
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Figure 4.  Improvement in SAC-TDI focal score at week 24 by baseline CAT score with UMEC/VI versus (a) 
UMEC and (b) SAL.
Vertical dotted lines indicate quintiles of CAT score at baseline. FP analyses were conducted across baseline CAT scores of 
10–30 as the study population included few patients with scores outside this range. The fitted MMRM included covariates of 
SAC-BDI, geographical region, number of bronchodilators per day during run-in, visit, treatment, FP1, FP2, and visit by SAC-
BDI, visit by treatment, FP1*treatment and FP2*treatment interactions.
BDI, baseline dyspnoea index; CAT, COPD assessment test; CI, confidence interval; COPD, chronic obstructive pulmonary 
disease; E-RS, evaluating respiratory symptoms-COPD; FP, fractional polynomial; LS, least squares; MMRM, mixed model 
repeated measures; SAC, self-administered computerised; TDI, transition dyspnoea index; UMEC, umeclidinium; VI, vilanterol.
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strategy report, which recommends LAMA/LABA 
as initial therapy only in highly symptomatic patients 
(CAT ⩾20) or in patients who have severe 
breathlessness.13

Several limitations should be considered in the 
interpretation and generalisability of this analysis. 
As the study recruited patients with CAT scores 
⩾10 at screening and low exacerbation risk, we are 
not able to comment on the use of dual versus 

monotherapy in patients with less severe symptoms 
or a higher exacerbation risk. However, the findings 
of this study are relevant to the treatment needs of 
the large number of symptomatic patients with low 
exacerbation risk (GOLD B) without concurrent 
ICS. The study was powered to detect changes in 
FEV1 and SAC-TDI score in the ITT population, 
and was not powered to assess outcomes by sub-
group or to detect changes in other outcomes. 
Therefore, unlike in the ITT population, trends in 
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Figure 5.  Improvement in 4-weekly E-RS total score at weeks 21–24 by baseline CAT score with UMEC/VI 
versus (a) UMEC and (b) SAL.
Vertical dotted lines indicate quintiles of CAT score at baseline. FP analyses were conducted across baseline CAT scores of 
10–30 as the study population included few patients with scores outside this range. The fitted MMRM included covariates 
of baseline E-RS score, geographical region, number of bronchodilators per day during run-in, 4-weekly period, treatment, 
FP1, FP2, and 4-weekly period by baseline E-RS score, 4-weekly period by treatment, FP1*treatment and FP2*treatment 
interactions.
CAT, COPD assessment test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; E-RS, evaluating 
respiratory symptoms-COPD; FP, fractional polynomial; LS, least squares; MMRM, mixed model repeated measures;  
TDI, transition dyspnoea index; SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.
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treatment differences in the smaller subgroup anal-
yses did not always reach statistical significance. 
Furthermore, the analyses for the CAT <20 sub-
group and fractional polynomial modelling were 
performed post hoc, and fractional polynomial anal-
yses were only conducted over baseline CAT scores 
of 10–30 due to the small numbers of patients with 
baseline CAT scores outside this range. In addi-
tion, the study compared UMEC/VI with SAL 
rather than VI, which was not used in this post-
registration trial because it is not licensed as a mon-
otherapy in any country.

Conclusion
In symptomatic patients at low risk of exacerba-
tions who were not receiving ICS, dual bronchodi-
lator therapy with UMEC/VI provides greater 
benefits than UMEC and SAL monotherapy irre-
spective of the baseline CAT score. Fractional 
polynomial modelling of the CAT score as a con-
tinuous variable represents a promising addition to 
traditional subgroup analyses and may reveal non-
linear associations relevant to treatment decisions. 
The greatest treatment differences favouring dual 
therapy were observed in patients with a baseline 
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Figure 6.  Improvement in rescue medication use (puffs/day) across weeks 1–24 by baseline CAT score with 
UMEC/VI versus (a) UMEC and (b) SAL.
Vertical dotted lines indicate quintiles of CAT score at baseline. FP analyses were conducted across baseline CAT scores of 
10–30 as the study population included few patients with scores outside this range. The fitted MMRM included covariates of 
baseline mean rescue medication use (puffs/day), geographical region, number of bronchodilators per day during run-in, 
4-weekly period, treatment, FP1, FP2, and 4-weekly period by baseline mean rescue medication use (puffs/day), 4-weekly 
period by treatment, FP1*treatment and FP2*treatment interactions.
CAT, COPD assessment test; CI, confidence interval; COPD, chronic obstructive pulmonary disease; FP, fractional polynomial; 
LS, least squares; MMRM, mixed model repeated measures; SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.

https://journals.sagepub.com/home/tar


CF Vogelmeier, EM Kerwin et al.

journals.sagepub.com/home/tar	 13

CAT score of <20, although benefits were seen up 
to a CAT score of 30. This suggests that dual 
bronchodilation may be considered as appropriate 
initial therapy for patients with COPD across a 
broad range of symptom severities, not only those 
with severe symptoms (CAT ⩾20).

Acknowledgements
Editorial support (in the form of writing assistance 
during development of the initial draft, assem-
bling tables and figures, collating authors com-
ments, grammatical editing, and referencing) was 
provided by Mark Condon, DPhil, and Meghan 
Betts, PhD, of Fishawack Indicia Ltd., UK, and 
was funded by GSK. As authorised by the authors, 
submission support was provided by Rebecca 
Lewis of Fishawack Indicia Ltd., UK, and was 
funded by GSK.

Author contribution(s)
Claus F. Vogelmeier: Formal analysis; Writing-
original draft; Writing-review & editing.

Edward M. Kerwin: Formal analysis; 
Investigation; Writing-original draft; Writing-
review & editing.

Leif H. Bjermer: Formal analysis; Investigation; 
Writing-original draft; Writing-review & editing.

Lee Tombs: Conceptualisation; Data curation; 
Formal analysis; Methodology; Writing-original 
draft; Writing-review & editing.

Paul W. Jones: Conceptualisation; Formal 
analysis; Methodology; Writing-original draft; 
Writing-review & editing.

Isabelle H. Boucot: Formal analysis; Writing-
original draft; Writing review & editing.

Ian P. Naya: Conceptualisation; Formal analysis; 
Methodology; Writing-original draft; Writing-
review & editing.

David A. Lipson: Conceptualisation; Formal 
analysis; Methodology; Writing-original draft; 
Writing-review & editing.

Chris Compton: Conceptualisation; Formal 
analysis; Methodology; Writing-original draft; 
Writing-review & editing.

Neil Barnes: Formal analysis; Writing-review & 
editing.

François Maltais: Formal analysis; Investigation; 
Writing-original draft; Writing-review & editing.

Conflict of interest
IHB, DAL, CC, PWJ, and NB are employees of 
GSK and hold stocks and shares in GSK. IPN 
was an employee of GSK at the time of the study, 
holds stocks and shares in GSK, and is a contin-
gent worker on assignment at AstraZeneca. LT is 
a contingent worker on assignment at GSK. FM 
has received research grants for participating in 
multicentre trials for AstraZeneca, Boehringer 
Ingelheim, GSK, Sanofi, and Novartis, and has 
received unrestricted research grants and per-
sonal fees from Boehringer Ingelheim, Grifols, 
and Novartis. LHB has received honoraria for 
giving a lecture or attending an advisory board for 
Airsonett, ALK-Abello, AstraZeneca, Boehringer 
Ingelheim, Chiesi, GSK, Meda, Novartis and 
Teva. EMK has served on advisory boards, 
speaker panels or received travel reimbursement 
from for Amphastar, AstraZeneca, Boehringer 
Ingelheim, GSK, Mylan, Novartis, Pearl, 
Sunovion, Teva, and Theravance and has received 
consulting fees from Cipla and GSK. CFV has 
received grants from AstraZeneca, Boehringer 
Ingelheim, Chiesi, GSK, Grifols, Mundipharma, 
Novartis, and the German Federal Ministry of 
Education and Research (BMBF) Competence 
Network Asthma and COPD (ASCONET), and 
has received personal fees from AstraZeneca, 
Boehringer Ingelheim, Berlin Chemie/Menarini, 
Chiesi, CSL Behring, GSK, Grifols, MedUpdate, 
Mundipharma, Novartis, Nuvaira, and Teva. 
ELLIPTA and DISKUS are owned by/licensed 
to the GSK group of companies.

Data availability
Anonymised individual participant data and study 
documents can be requested for further research 
from www.clinicalstudydatarequest.com.

Ethical approval and consent to participate
The study was performed according to the 
Declaration of Helsinki and received appropriate 
ethical approval. All patients enrolled in EMAX 
provided written informed consent.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, and/
or publication of this article: this study was funded 
by GlaxoSmithKline; GSK study number: 201749, 
NCT03034915. GSK-affiliated authors had a role 
in study design, data analysis, data interpretation, 
and writing of the report and GSK funded the arti-
cle processing charges and open access fee.

https://journals.sagepub.com/home/tar
www.clinicalstudydatarequest.com


Therapeutic Advances in Respiratory Disease 14

14	 journals.sagepub.com/home/tar

ORCID iDs
Claus F. Vogelmeier  https://orcid.org/0000- 
0002-9798-2527

Edward M. Kerwin  https://orcid.org/0000- 
0002-1697-9036

Supplemental material
The reviews of this paper are available via the 
supplemental material section.

References
	 1.	 Donohue JF, Jones PW, Bartels C, et al. 

Correlations between FEV1 and patient-
reported outcomes: a pooled analysis of 
23 clinical trials in patients with chronic 
obstructive pulmonary disease. Pulm Pharmacol 
Ther 2018; 49: 11–19.

	 2.	 Maleki-Yazdi MR, Singh D, Anzueto A, 
et al. Assessing short-term deterioration in 
maintenance-naive patients with COPD receiving 
umeclidinium/vilanterol and tiotropium: a pooled 
analysis of three randomized trials. Adv Ther 
2016; 33: 2188–2199.

	 3.	 Calzetta L, Rogliani P, Matera MG, et al. A systematic 
review with meta-analysis of dual bronchodilation 
with LAMA/LABA for the treatment of stable 
COPD. Chest 2016; 149: 1181–1196.

	 4.	 Oba Y, Sarva ST and Dias S. Efficacy and safety 
of long-acting β-agonist/long-acting muscarinic 
antagonist combinations in COPD: a network 
meta-analysis. Thorax 2016; 71: 15–25.

	 5.	 Donohue JF, Singh D, Munzu C, et al. 
Magnitude of umeclidinium/vilanterol lung 
function effect depends on monotherapy 
responses: results from two randomised 
controlled trials. Respir Med 2016; 112:  
65–74.

	 6.	 Donohue JF, Maleki-Yazdi MR, Kilbride S, et al. 
Efficacy and safety of once-daily umeclidinium/
vilanterol 62.5/25 mcg in COPD. Respir Med 
2013; 107: 1538–1546.

	 7.	 Bateman ED, Ferguson GT, Barnes N, et al. 
Dual bronchodilation with QVA149 versus single 
bronchodilator therapy: the SHINE study. Eur 
Respir J 2013; 42: 1484–1494.

	 8.	 Maltais F, Bjermer L, Kerwin EM, et al. Efficacy 
of umeclidinium/vilanterol versus umeclidinium 
and salmeterol monotherapies in symptomatic 
patients with COPD not receiving inhaled 
corticosteroids: the EMAX randomised trial. 
Respir Res 2019; 20: 238.

	 9.	 Naya IP, Tombs L, Lipson DA, et al. Preventing 
clinically important deterioration of COPD with 
addition of umeclidinium to inhaled corticosteroid/
long-acting β2-agonist therapy: an integrated post 
hoc analysis. Adv Ther 2018; 35: 1626–1638.

	10.	 Anzueto AR, Kostikas K, Mezzi K, et al. 
Indacaterol/glycopyrronium versus salmeterol/
fluticasone in the prevention of clinically 
important deterioration in COPD: results from 
the FLAME study. Respir Res 2018; 19: 121.

	11.	 Anzueto AR, Vogelmeier CF, Kostikas K, et al. 
The effect of indacaterol/glycopyrronium versus 
tiotropium or salmeterol/fluticasone on the 
prevention of clinically important deterioration in 
COPD. Int J Chron Obstruct Pulmon Dis 2017; 12: 
1325–1337.

	12.	 Singh D, Maleki-Yazdi MR, Tombs L, et al. 
Prevention of clinically important deteriorations 
in COPD with umeclidinium/vilanterol. Int J 
Chron Obstruct Pulmon Dis 2016; 11: 1413–1424.

	13.	 Global Initiative for Chronic Obstructive Lung 
Disease (GOLD). Global strategy for the diagnosis, 
management and prevention of chronic obstructive 
pulmonary disease. https://goldcopd.org/wp-content/
uploads/2019/11/GOLD-2020-REPORT-
ver1.0wms.pdf (accessed 1 March 2020).

	14.	 Jones PW, Tabberer M and Chen WH. Creating 
scenarios of the impact of COPD and their 
relationship to COPD Assessment Test (CAT™) 
scores. BMC Pulm Med 2011; 11: 42.

	15.	 Smid DE, Franssen FME, Gonik M, et al. 
Redefining cut-points for high symptom burden 
of the global initiative for chronic obstructive 
lung disease classification in 18,577 patients with 
chronic obstructive pulmonary disease. J Am Med 
Dir Assoc 2017; 18: 1097.e11–1097.e24.

	16.	 Martinez FJ, Fabbri LM, Ferguson GT, et al. 
Baseline symptom score impact on benefits of 
glycopyrrolate/formoterol metered dose inhaler in 
COPD. Chest 2017; 152: 1169–1178.

	17.	 Martinez FJ, Rabe KF, Ferguson GT, et al. 
Efficacy and safety of glycopyrrolate/formoterol 
metered dose inhaler formulated using 
co-suspension delivery technology in patients 
with COPD. Chest 2017; 151: 340–357.

	18.	 Mahler DA and Witek TJ Jr. The MCID of the 
transition dyspnea index is a total score of one 
unit. COPD 2005; 2: 99–103.

	19.	 Leidy NK, Murray LT, Monz BU, et al. 
Measuring respiratory symptoms of COPD: 
performance of the EXACT-Respiratory 
Symptoms tool (E-RS) in three clinical trials. 
Respir Res 2014; 15: 124.

https://journals.sagepub.com/home/tar
https://orcid.org/0000-0002-9798-2527
https://orcid.org/0000-0002-9798-2527
https://orcid.org/0000-0002-1697-9036
https://orcid.org/0000-0002-1697-9036
https://goldcopd.org/wp-content/uploads/2019/11/GOLD-2020-REPORT-ver1.0wms.pdf
https://goldcopd.org/wp-content/uploads/2019/11/GOLD-2020-REPORT-ver1.0wms.pdf
https://goldcopd.org/wp-content/uploads/2019/11/GOLD-2020-REPORT-ver1.0wms.pdf


CF Vogelmeier, EM Kerwin et al.

journals.sagepub.com/home/tar	 15

Visit SAGE journals online 
journals.sagepub.com/
home/tar

SAGE journals

	20.	 Jones PW. Interpreting thresholds for a 
clinically significant change in health status 
in asthma and COPD. Eur Respir J 2002; 19: 
398–404.

	21.	 Kon SS, Canavan JL, Jones SE, et al. Minimum 
clinically important difference for the COPD 
assessment test: a prospective analysis. Lancet 
Respir Med 2014; 2: 195–203.

	22.	 Martinez FJ, Abrahams RA, Ferguson GT, et al. 
Effects of baseline symptom burden on treatment 
response in COPD. Int J Chron Obstruct Pulmon 
Dis 2019; 14: 181–194.

	23.	 Naya I, Tombs L, Lipson DA, et al. Impact of 
prior and concurrent medication on exacerbation 

risk with long-acting bronchodilators in chronic 
obstructive pulmonary disease: a post hoc analysis. 
Respir Res 2019; 20: 60.

	24.	 Sion KYJ, Huisman EL, Punekar YS, et al. A 
network meta-analysis of Long-Acting Muscarinic 
Antagonist (LAMA) and Long-Acting β2-Agonist 
(LABA) combinations in COPD. Pulm Ther 
2017; 3: 297–316.

	25.	 Feldman GJ, Sousa AR, Lipson DA, et al. 
Comparative efficacy of once-daily umeclidinium/
vilanterol and tiotropium/olodaterol therapy in 
symptomatic chronic obstructive pulmonary 
disease: a randomized study. Adv Ther 2017; 34: 
2518–2533.

https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar



