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Impact of baseline COPD symptom severity
on the benefit from dual versus mono-
bronchodilators: an analysis of the EMAX
randomised controlled trial
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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).

The reviews of this paper are available via the supplemental material section.
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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
B,-agonist (LAMA/ILABA) combinations provides
greater improvements in lung function than LAMA

or LABA monotherapy, although the extent of
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improvements in symptoms and health status varies
between studies.!® 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.»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.!? Patients with CAT scores =10 show
a significant impact of their symptoms on their
health, wellbeing and daily life.'* A CAT score
=10 or mMRC score =2 have been suggested as
the threshold for considering maintenance treat-
ment for COPD;!3 however, there is evidence
that these thresholds do not necessarily corre-
spond to similar levels of disease burden.!>

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.!® However, when compared with broncho-
dilator monotherapy, the same analysis showed
similar incremental benefits with LAMA/LABA
across the full range of CAT scores.! 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.l” 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 62.5/25ug wversus the ELLIPTA inhaler,
once-daily UMEC 62.5ug versus ELLIPTA, or
twice-daily SAL 50ug wversus the DISKUS inhaler.?
Full methodology has been published previously.®
Eligible patients were =40years of age and were cur-
rent/former smokers (=10 pack-years smoking his-
tory) witha COPD diagnosis, pre and post-salbutamol
forced expiratory volume in 1second/forced vital
capacity (FEV,/FVC) ratio <0.7, post-salbutamol
FEV, 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/LLABA for =6weeks and free of LAMA/LLABA
for =2weeks 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 FEV, at week 24.
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Table 1. Patient demographics and baseline characteristics.

Characteristic ITT (n=2425) CAT <20 CAT =20 p-value CAT <20
(n=1352) (n=1073) 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,2 n (%) 393 (16) 243 (18) 150 (14) 0.009
Duration of COPD, years, mean (SD) 8.3(6.6) 7.9 (6.3) 8.81(6.8) <0.001
Post-salbutamol % predicted FEV,, 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 12months 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; FEV,, forced expiratory volume in 1second; FVC, forced vital capacity; ITT, intent-to-treat; SD, standard deviation; SGRQ, St George's

respiratory questionnaire.

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,!® =2-point reduction from baseline in E-RS
total score,!® =4-point reduction from baseline in
SGRQ total score,?® and =2-unit improvement
from baseline in CAT score.?! A post hoc responder
analysis evaluated the proportion of patients with a
=100mL increase in trough FEV, 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 FEV, =100mL, 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 FEV,-
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 wunit 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) wversus =20
(pre-specified)].
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Comparisons of baseline characteristics by base-
line CAT score were analysed post hoc using z-tests
for continuous variables and Fisher’s exact test
for proportions of categorical variables. For the
primary endpoint, change from baseline in trough
FEV, at week 24 was analysed using a mixed
model repeated measures (MMRM) analysis with
covariates of baseline FEV,, 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 FEV,, 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% Cls.
Hazard ratios (HRs) and 95% ClIs 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 FEV, 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 FEV,,
geographical region, number of bronchodila-
tors per day during run-in, visit, treatment,
FP1, FP2, and visit by baseline FEV,, 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 FEV, For both CAT subgroups,
UMEC/VI demonstrated greater improve-
ments from baseline in trough FEV, at week 24
than monotherapy; statistically significant
treatment differences favoured UMEC/VI (ver-
sus UMEC: 64-67mL; wversus SAL: 110-
164mL; 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 FEV, favoured
UMEC/VI over monotherapy with ORs of
1.65-3.88 (p<<0.01), which were similar to
those in the I'TT 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.

journals.sagepub.com/home/tar


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

CF Vogelmeier, EM Kerwin et al.

"JOJ3JUBYIA |A fWINIUIPIOBAWN ‘QF NN ‘Xapul eaoudsAp

uoljIsuedy ‘|gL ‘a41euuonysanb Aiojedidsad s,861099 1S ‘DYOS ‘Pasiiaindwod palaisIuIWLPe-}19S ‘QYS ‘013ed SPPO ‘YO ‘Sainseaw pajyeadal |apow paxiw ‘WY IN ‘SaJenbs }sea) ‘G f3ead3-03-3usiul ‘| || ‘puodas | Ul
awnjoA AJojedidxa padloy “*A34 ‘ad0d-swoidwAs Aiojedidsas buizenieas ‘Sy-3 ‘aseasip Aleuowind aA1}dNIISEO D1UOIYD ‘40D |BAIRIUI 8dUBPIJU0D ‘] 1S3} JUBWSSAsSe 040D ‘1vD ‘xapul eaoudsAp aunaseq ‘|ag
“uoibal 1ea1ydelbosb pue ‘(| 4o ) ul-unt BulINp paAlsdal S101B]IPOYDUOIQ JO JBGUINU JUSWIES) JO S3IBIIBA0D UM Japoul Jeaul) pashelauab e buisn yisia yoes 1e Ajsjeledss pawiiojad siskieuy,

‘suoloeJalul Juswieal) Aq poriad Ajyeam-+ pue (Aep/synd) asn uoledIpaw andsal aulaseq/a109s 1810} SY-3J aunaseq Aq poliad A)y@em-4 pue Juswiiead) ‘polad

Aptesm-# ‘(| Jo g) ul-unJ Burinp paniadal SI0}e)IpoydUOI] Jo Jaquinu ‘uoibau jediydelboab ‘(Aep/sjynd) asn uoledipa 8ndsal aUI8SE]/a100S 1810} SY-J SUNBSE(] JO S1eLIBA0D YIIM WYHININ Buisn ps1onpuod saskieuyy,
"(1EUIWIOU S| }ISIA 919UYM) SUOI}IEIS)UI JUBWIRAI) Ag JISIA pUE 81005 18204 |ag-0VS/ A3
aunaseq Ag JISIA pue Juawieal) YIsIA ‘(| Jo ) ul-und Burinp paledal siojejipoyduoq Jo Jaquinu ‘uoibai 1eaiydelboab ‘910ds 1820} |1g-0VS/'ATH 2UN9SE] JO SBIRIIBAOD UIIM NYINI Buisn paionpuod sashieuye

¥90°0=d 190°0=d 800°0=d 800°0=d 100°0>d 100°0=d (10 %G6) J0reseduwiod
(LL71 '86°0) (8471 "66°0) (z8°L '60°L) (78°L ‘oL°L) (89°L ‘71°L) (L9°L'71°1) snstaA A/QFNN Yim Alobared
4 ze'l - 1L 7L - 8e’L 8¢c’L - asuodsau 433139 104 YO PaJePIQ
(%) N/U 5z X99m
(19) (09) (99) (€9) (£9) (£9) 1B 8Ul195Bq WOy Judwanoldwl
L8Z/SLL G8Z/LLL 867/861 (29) L8e/8ET €5¢/22T 607/SLT (19) 7£9/ELY (29) 8£9/€6€ LOL/ELY Buiiodau syusiied jo uonuodoid
>%Z %99M Je A1119A8S 9SBasSIp JO JUBWSSISSE 18qo]9
201°0=d £90°0=d 100°0>d 100°0>d 100°0>d 100°0>d (10 %S6)
(700 '9%7°0-) (20°0 '87°0-) (9L°0-‘050-) (€270~ ‘85°0-) (71°0-‘€7°0-) (81°0- ‘87°0-) 80UBIBH}Ip JUBWI}eRl} UBDW
LZ'0- £2°0- = €€0- 170~ = 82°0- €€°0- = Jojesedwod snsuan |A/QTWN
(€7°0-'84°0-)  (L7'0-'9L0-) (790~ '66°0-) (200 'z2°0-) (01°0'5L°0-) (LE'0-'650-)  (¢z'0-'e7'0-) (4170~ '8€°0-) (06°0- “L£°0-) (10 %S6)
190~ 8G6°0~ 780~ oLo- €00~ e7°0- z€°0- 820~ 19°0- aunaseq woly abueyd ueaw 57
a7Z~| SY8am Jano Aep/synd uoiesipaw andsay
€70'0=d 2600=d 100°0>d 8L0°0=d 100°0>d €10'0=d (10 %S6)
(z0'0-‘s7'L-) (0L°0'ee’L-) (07°0-“LE"L-) (50°0 '76°0-) (z7°0-‘sz’L-) (LL°0-‘56°0-) 30UBJBYIP JUBWIES) UBSW
YL'0- 19°0- - 68°0- 770~ - €8°0- £6°0- - Joyesedwiod snsuan |A/QFNN
(08°0-°18'L-) (260~ "76'L-) (76'L-'56°2-) (7L'0 (6270~ '00°L-) (GL0-'e7'L-) (€70~ '86°0-) (69°0-"6Z'L-) (€Z'1-"18L-) (10 %S6)
0g'L- €71~ v0'Z- '55°0-) 02°0- G9°0- 60°L- 69°0- 66°0- 251 aunaseq woly abueyd ueaw 57
a7Z-1Z $23M e 81025 18101 SY-3 Afeem-
0le0=d ¥GL°0=d €00°0=d 160°0=d ¥00'0=d 8L0°0=d (10 %S6)
(9470 '7Z°0-) (L870'71°0-) (96°0 ‘02°0) (LL70'00°0) (9470 ‘51°0) (89°0 ‘90°0) 32UB.3JIp JUBW}eal) UBdW
920 9€°0 = 85°0 620 = S7°'0 LEO - Jojetedwiod snsan [A/QFNN
(G9°L "76°0) (75°1 ‘€8°0) (061 '0Z°L) (97°L '26°0) (L1 iy (702 15°1) (771 '00°L) (€5°L '80°L) (68°L ‘97°1)
671 61 6G'L 6L°1 6¢°1 8Ll Tl 0g'l 891 (10 %G6) 96ueyd uesw 57
e¥7Z Y99M ]e 84095 1e20J |(1-IVS
1000>d 1000>d 100°0>d 1000>d 1000>d 100°0>d (10 %S6)
(971 ‘SL) (00l ‘62) (761 ‘s€l) (L6 ‘LE) (791 ‘8LL) ‘(68 ‘€Y) 82UIBHIp JUBWI}e} UBDW
oLl 99 - 791 L9 - Lyl 99 - Joyetedwiod snsuan A/QFNN
(27 '6) (88 'L€) (261 ‘z0L) (GZ- 89~ (€L '62) (8L ‘901) (10 %S6)
LL £9 LzL 9y~ LS (6€1 'L6) 8LL (2-'se-) 61— (€L '6€) 95 144} aunaseq woly abueyd ueaw 57
W 97 Yoam je 'A34 ybno.y
(95€=U) VS (99€=U) JTWN (LS€=U) IA/23WN (€G7=U) VS  (8€7=U) IAWN (L97=U) IA/OAWN  (608=U)TVS  (¥08=U)ITWN (ZL8=U) IA/ITWN

dnosbqns gz= 1VI

dnoibqns 0z> 1V2

uoneindod J ]|

VS pue Q3NN SnssaA [A/QTINN Yim swoidwiAs pue uonouny bun) Joj dnoibgns Aq suijaseq wod) sbueyd uesw g7 "z a1qeL

journals.sagepub.com/home/tar


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

Therapeutic Advances in Respiratory Disease 14

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 wversus
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 wersus non-
responders favoured UMEC/VI versus monother-
apy (1.29—1.62) and were also similar to those in
the I'TT 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;
$<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 I'TT 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 wversus
monotherapy in both subgroups (Supplemental
Figure 1). For SGRQ, as in the I'TT population,
greater increases in odds of responding were seen
with UMEC/VI wversus SAL in both subgroups
(p<0.05), but not wersus 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 wversus
SAL in the I'TT population and both subgroups
(22—-45%) than when compared with UMEC
(13-28%).

Fractional polynomial analyses with CAT as a
continuous variable

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

SAC-TD!l 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 wversus 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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@) UMEC/VI, UMEC, Favours UMEC/VI
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o 1 2 3 4 5 6
Odds ratio (95% CI) with UMEC/VI versus UMEC
(b)
UMEC/VI, SAL, Favours UMEC/VI

Population  n/N (%) n/N (%) Odds ratio (95% Cl) —> P
> 367/796 (46)  170/786 (22)  3.25 (2.59, 4.07) —— <0.001
% CAT <20  211/455 (46)  86/445(19)  3.88 (2.86, 5.27) ——— <0.001
é CAT 220 156/341 (46) 84/341 (25) 2.63 (1.88, 3.68) —— <0.001
_om 403806 (50) 3301807 (41) 148(121,181)  |~e= <0001
§ CAT <20 235/458 (51)  188/452 (42)  1.50 (1.14, 1.96) —o— 0.003
@ CcAT=220 168/348 (48)  142/355 (40) 1.45(1.07,1.97) —8— 0.018
o 200809 (36) 217/808(27) 153(123,190)  |~e— <0001
% CAT <20 157/459 (34)  107/452 (24) 1.62 (1.20, 2.19) —o— 0.002

CAT 220 133/350 (38)  110/356 (31) 1.38 (1.00, 1.90) —o— 0.048

0 1 2 3 4 5 6
QOdds ratio (95% CI) with UMEC/VI versus SAL

Figure 1. Proportion of responders for trough FEV,,2 SAC-TDI,2 and E-RSP 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 FEV,/SAC-BDI focal score, number of bronchodilators received during run-in (0 or 1), geographical region,
and visit by baseline FEV,/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; Cl, confidence interval; E-RS, evaluating respiratory symptoms-COPD; FEV;, forced expiratory
volume in 1second; 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.

Discussion improvements in FEV, E-RS scores and reductions

In this analysis of the EMAX trial, UMEC/VI dem-
onstrated improvements from baseline wversus 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

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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8% CAT<20 UMECNI  251/447 (56) 55 (51, 60) ° 057 <0.001
8§ - SAL 322/425 (76) 73 (68, 77) : i
§m CAT220 UMECNI  179/333 (54) 50 (44, 55) e 0.71 <0.001
i - SAL 223/333 (67) 65 (60, 71) : :
o ITT UMEC/VI  402/781 (51) 49(46,53) | o
c
sk SAL 530/758 (70) 67 (64, 71) e 059 <0.001
§C CAT<20 UMECNI  243/447 (54) 53 (48, 58) ° 055 <0.001
g > SAL 319/425 (75) 72 (67, 76) : :
gl CAT220 UMEC/VI  159/334 (48) 45 (39, 50) ° 0.64 <0.001
[ SAL 211/333 (63) 61 (56, 67) ‘ :
0 7T UMECNVI  500/791 (63) 61 (58, 65)
= ’ —e—
S g SAL 578/775 (75) 73 (70, 77) 0.74 <0.001
8@ CAT<20 UMEC/NVI  296/450 (66) 65 (61, 70) — e 078 0,002
59 SAL 327/431(76) 74 (70, 78) ‘ :
8 CAT 220 UMEC/VI 204/341 (60) 56 (51, 62) — 0.70 <0.001
4 g SAL 251/344 (73) 73 (68, 77) : , : , i o :
0 10 20 30 40 50 60

Reduction in composite CID risk with UMEC/VI

versus SAL, % (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 FEV, 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; Cl, confidence interval; CID, clinically important deterioration; FEV,, forced expiratory volume in
1second; HR, hazard ratio; ITT, intent-to-treat; SGRQ, St George’s respiratory questionnaire; TDI, transition dyspnoea index;

SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.

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 wversus
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
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Figure 3. Improvement in trough FEV, 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 FEV,, geographical region, number of bronchodilators per day during run-in, visit, treatment, FP1, FP2, and visit by
baseline FEV,, visit by treatment, FP1*treatment and FP2*treatment interactions.

CAT, COPD assessment test; Cl, confidence interval; FEV1, forced expiratory volume in 1second; FP, fractional polynomial;
LS, least squares; MMRM, mixed model repeated measures; SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.

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 wversus 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 wversus

journals.sagepub.com/home/tar


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

Therapeutic Advances in Respiratory Disease 14

@ 3

>

Favours
UMEC/VI

. -['Favours
UMEC

LS mean treatment difference (95% CI)
in SAC-TDI focal score at Week 24
o
\

20 25 30

CAT score at baseline

~
=
N
N
y

b

A “Favours
SAL

LS mean treatment difference (95% Cl)
in SAC-TDI focal score at Week 24
o

20 25 30

CAT score at baseline

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; Cl, 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.

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.!® 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/LLABA) wversus tiotropium
(LAMA) across a range of symptom severities.??

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),?3:24 and/or differences in efficacy
within the LAMA/LABA class.?%25 Taken together,
the existing evidence and the findings of the present
study contrast with the current GOLD treatment
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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; Cl, 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.

strategy report, which recommends LAMA/LLABA
as initial therapy only in highly symptomatic patients
(CAT =20) or in patients who have severe
breathlessness.!?

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 wversus

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
FEV, 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 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; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FP, fractional polynomial;
LS, least squares; MMRM, mixed model repeated measures; SAL, salmeterol; UMEC, umeclidinium; VI, vilanterol.

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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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).
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