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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a hetero-
geneous disease with several clinical phenotypes, including
emphysema and chronic mucus hypersecretion (CMH),
which is a symptom of chronic bronchitis."™* CMH is
defined by a medical history of chronic cough and
sputum,”*” and characterized by an increase in goblet cells,
enlarged submucosal glands and mucus production, leading
to airway obstruction and productive cough."* Patients
with CMH are more likely to have a heavier burden of bac-
terial colonization of airways, more frequent and more
severe exacerbations and reduced lung function and health
status, compared with patients without CMH.""*®7 It is
not known whether the clinical features of CMH affect
response to COPD inhaled treatment. An understanding
of the impact of CMH in this regard may help predict
treatment response, achieve a more personalized approach
to COPD treatment and potentially lead to development of
new therapies.”

The IMPACT trial found that once-daily fluticasone
furoate/umeclidinium/vilanterol (FF/UMEC/VI) reduced
moderate/severe exacerbation rates and improved lung func-
tion and health status versus FF/VI and UMEC/VI, with a
similar safety profile, in patients with symptomatic COPD at
risk of exacerbations.® This exploratory post hoc analysis of
the IMPACT trial evaluated CMH prevalence in the trial
population and assessed the effect of baseline CMH status
on treatment response.

METHODS
Study design

The IMPACT trial (GSK CTT116855/NCT02164513) was a
52-week, Phase III, multicentre, randomized, double-blind and
parallel-group study.*” The trial design has previously been
published.®’ Briefly, following an open-label, 2-week run-in
period on existing COPD medications, patients were random-
ized (2:2:1) to once-daily FF/UMEC/VI 100/62.5/25 pg,
FF/VI 100/25 pg or UMEC/VI 62.5/25 pg.*’

UMEC/VI in CMH+ (0.62) and CMH— (0.74) subgroups. Similar improvements in
health status and lung function with FF/UMEC/VI were observed, regardless of CMH
status. In CMH+ patients, FF/VI significantly (p < 0.001) reduced on-treatment
moderate/severe and severe exacerbation rates versus UMEC/VI (0.83 and 0.70).
Conclusion: FF/UMEC/VT had a favourable benefit: risk profile versus dual therapies
irrespective of CMH status. The presence of CMH did not influence treatment
response or exacerbations, lung function and/or health status. However, CMH did
generate differences when dual therapies were compared and the impact of CMH
should be considered in future trial design.

chronic mucus hypersecretion, chronic obstructive pulmonary disease, clinical outcomes, COPD, single-

SUMMARY AT A GLANCE

The relationship between chronic mucus hypersecretion
(CMH) and treatment response to FF/UMEC/VI, FF/VI
or UMEC/VI was assessed in symptomatic patients with

COPD and a history of exacerbations. FF/UMEC/VI
reduced exacerbation rates versus FF/VI and UMEC/VI
irrespective of CMH status; similar improvements in
health status and lung function were observed.

Study population

Full eligibility criteria for the IMPACT trial have been
described previously.®” Eligible patients were > 40 years
of age, had a COPD Assessment Test (CAT) score = 10
and either a post-bronchodilator forced expiratory
volume in 1 second (FEV,;) <50% predicted and a
history of >1 moderate/severe exacerbation, or a
post-bronchodilator FEV; 50%-<80% predicted and >2
moderate or >1 severe exacerbation in the previous
12 months. Patients with a concomitant diagnosis of
asthma or other respiratory disorders were excluded, as
were those with pneumonia or other respiratory tract
infections not resolved <14 days or <7 days, respec-
tively, prior to screening.

Study endpoints

Presence of CMH at baseline (CMH+ status) was defined as
patients reporting cough (St George’s Respiratory Questionnaire
[SGRQ] question 1) and sputum (SGRQ question 2) on
most or several days per week (baseline score of 1 or 2 for
each question).'®! This definition has been shown to be
an independent predictor of severe exacerbation frequency
unlike the classic definition of cough and phlegm for
>3 months per year for >2 consecutive years.'> Subgroups
based on CMH status (CMH +/—) were derived post hoc
from the intent-to-treat (ITT) population and study
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TABLE 1 Baseline characteristics by baseline CMH status
CMH+ CMH-
FF/UMEC/VI FF/VI UMEC/VI Total FF/UMEC/VI1 FF/VI UMEC/VI  Total
Characteristic (N = 2539) (N=12580) (N=1264) (N=6383) (N=1569) (N=1512) (N=786) (N = 3867)
Age, mean (SD) years 64.9 (8.2) 64.7 (8.3) 64.7 (8.3) 64.8 (8.3) 66.1 (8.3) 66.3 (8.1) 66.1 (8.2) 66.2 (8.2)
Male sex, n (%) 1737 (68) 1765 (68) 838 (66) 4340 (68) 1000 (64) 961 (64) 503 (64) 2464 (64)
BMI*, mean (SD) kg/m? 26.6 (6.3) 26.5(6.0) 264 (5.8) 265 (6.1) 267 (6.1) 269 (6.2)  269(59) 268 (6.1)
Post-bronchodilator 1291 (505) 1284 (495) 1275 (490) 1285 (498) 1251 (495) 1254 (493) 1271 (494) 1256 (494)
FEV,®, mean (SD) ml

Post-bronchodilator FEV,“ % predicted, n (%)

<30% 411 (16) 399 (15) 203 (16) 1013 (16) 250 (16) 237 (16) 112 (14) 599 (15)

30-<40% 584 (23) 625 (24) 311 (25) 1520 (24) 344 (22) 329 (22) 176 (22) 849 (22)

40-<50% 594 (23) 675 (26) 322 (25) 1591 (25) 391 (25) 384 (25) 197 (25) 972 (25)

>50% 948 (37) 880 (34) 428 (34) 2256 (35) 581 (37) 562 (37) 300 (38) 1443 (37)
Exacerbations in the previous year, n (%)

>2 moderate or >1 1781 (70) 1789 (69) 889 (70) 4459 (70) 1140 (73) 1073 (71) 552 (70) 2765 (72)

severe

>2 moderate/severe 1399 (55) 1364 (53) 692 (55) 3455 (54) 871 (56) 834 (55) 438 (56) 2143 (55)
Current smokers, n (%) 1079 (42) 1087 (42) 550 (44) 2716 (43) 345 (22) 314 (21) 172 (22) 831 (21)
SGRQ total score at 54.0 (16.3) 534 (16.6)  53.1(16.0) 53.6 (16.3)  45.6 (16.3) 46.1(16.8) 45.6 (16.8) 45.8 (16.6)

baseline, mean (SD)

CAT score’, mean (SD) 19.9 (6.8) 199 (6.8)  19.7 (6.6) 198 (6.8)  15.4 (6.4) 157 (65)  155(65) 155 (6.4)
COPD medication at screening®, n (%)

ICS + LAMA + LABA 1026 (40) 1043 (40) 554 (44) 2623 (41) 622 (40) 586 (39) 298 (38) 1506 (39)

ICS + LABA 797 (31) 813 (32) 382 (30) 1992 (31) 546 (35) 513 (34) 262 (33) 1321 (34)

LAMA + LABA 229 (9) 213 (8) 117 (9) 559 (9) 159 (10) 133 (9) 76 (10) 368 (10)

LAMA 202 (8) 245 (9) 91 (7) 538 (8) 98 (6) 118 (8) 71 (9) 287 (7)
Blood eosinophil count’, 0.221 (0.249) 0.228 (0.237) 0.227 (0.225)  0.225(0.239) 0.217 (0.204) 0.216 (0.244) 0.226 (0.229) 0.219 (0.225)

mean (SD) 10°/L

Abbreviations: BMI, body mass index; CAT, COPD Assessment Test; CMH, chronic mucus hypersecretion; COPD, chronic obstructive pulmonary disease; FEV, forced expiratory
volume in 1 second; FF, fluticasone furoate; ICS, inhaled corticosteroid; LABA, long-acting p,-agonist; LAMA, long-acting muscarinic antagonist; SD, standard deviation; SGRQ, St

George’s Respiratory Questionnaire; UMEC, umeclidinium and VI, vilanterol.

*CMH+, total n = 6382, FF/UMEC/VI n = 2538; CMH—, total n = 3865, FF/UMEC/VI n = 1567.

"CMH+, total n = 6319, FE/UMEC/VI, n = 2515, FF/VI n = 2549, UMEC/VI n = 1255; CMH—, total n = 3828, FF/UMEC/VI n = 1550, FF/VI n = 1500, UMEC/VI n = 778.
‘CMH-+, total n = 6380, FF/UMEC/VI, n = 2537, FF/VI n = 2579, UMEC/VI n = 1264; CMH—, total n = 3863, FF/UMEC/VI n = 1566, FF/VI n = 1512, UMEC/VI n = 785.
4CMH+, total n = 6327, FF/lUMEC/VI n = 2523, FF/VI n = 2551, UMEC/VI n = 1253; CMH—, total n = 3829, FE/UMEC/VI n = 1553, FF/VI n = 1495, UMEC/VI n = 781.

“Between date of screening —3 days and screening (inclusive).

fCMH+, total n = 6368, FE/UMEC/VI n = 2532, FF/VI n = 2574, UMEC/VI n = 1262; CMH—, total n = 3860, FF/UMEC/VI 1 = 1568, FF/VI n = 1509, UMEC/VI n = 783.

endpoints were assessed by CMH status at baseline. Only
patients with non-missing data on SGRQ question 1 and
2 at baseline were included in this analysis.

Endpoints assessed by baseline CMH status in this
analysis included rate of on-treatment moderate/severe and
severe exacerbations; change from baseline in trough FEV,
SGRQ total score and CAT score at Week 52 and over time;
proportion of SGRQ responders (patients with a decrease in
SGRQ total score from baseline of >4 points) at Week 52;
proportion of CAT responders (patients with a decrease in
CAT total score from baseline of >2 points) at Week 52; and
all-cause mortality up to Week 52. Safety endpoints included
incidence of adverse events of special interest (AESIs),
including cardiovascular effects, local corticosteroid effects
and pneumonia.

Moderate exacerbations were defined as requiring treat-
ment with oral/systemic corticosteroids and/or antibiotics.
Severe exacerbations were defined as requiring hospitaliza-
tion or resulting in death.

Statistical analysis

Study population characteristics and efficacy and safety
endpoints were assessed in the ITT population. On-treatment
moderate/severe and severe exacerbation rates by baseline
CMH status and by treatment as an interaction were
analyzed using a generalized linear model assuming a negative
binomial distribution and covariates of treatment group,
sex, exacerbation history (<1, >2; moderate/severe), smoking
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© FF/UMEC/VI versus FF/VI @ FF/UMEC/VI versus UMEC/VI @ FF/VI versus UMEC/VI
Modelled annual exacerbation rate
(95% CI) Favours Favours
Treatment A Treatment B

Treatment A Treatment B < >
FF/VI versus UMEC/VI FF/VI UMEC/VI Rate ratio (95% CI) p-value
CMH+ (FF/VI n = 2579; UMEC/VI n = 1264) 1.08 (1.02, 1.14) 1.30 (1.20, 1.40) o 0.83 (0.76, 0.92) <0.001
CMH- (FF/VIn =1512; UMEC/VI n = 785) 1.05 (0.97, 1.13) 1.07 (0.96, 1.18) —— 0.98 (0.87, 1.11) 0.810
FF/UMEC/VI versus FF/VI FF/UMEC/VI FF/VI
CMH+ (FF/UMEC/VI n = 2537; FF/VI n = 2579) 0.94 (0.89, 0.99) 1.08 (1.02, 1.14) o 0.87 (0.80, 0.94) <0.001
CMH- (FF/UMEC/VI n = 1566; FF/VI n = 1512) 0.86 (0.80, 0.92) 1.05 (0.97, 1.13) —o— 0.82 (0.74, 0.91) <0.001
FF/UMEC/VI versus UMEC/VI FF/UMEC/VI UMEC/VI
CMH+ (FF/UMEC/VI n = 2537; UMEC/VI n = 1264) 0.94 (0.89, 0.99) 1.30 (1.20, 1.40) - 0.72 (0.66, 0.79) <0.001
CMH- (FF/UMEC/VI n = 1566; UMEC/VI n = 785) 0.86 (0.80, 0.92) 1.07 (0.96, 1.18) —o— 0.80 (0.71, 0.91) <0.001

1

FIGURE 1

hypersecretion; FF, fluticasone furoate; UMEC, umeclidinium and VI, vilanterol

& FF/UMEC/VI versus FF/VI® FF/UMEC/VI versus UMEC/VI
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Favours Favours
Treatment A Treatment B

@ FF/VI versus UMEC/VI

FF/V1 versus UMEC/VI FF/VI UMEC/NVI Rate ratio (95% CI) p-value
CMH+ (FF/VI n =2579; UMEC/VI n = 1264) 0.15(0.13,0.17) 0.21 (0.18, 0.25) —— 0.70 (0.56, 0.86) <0.001
CMH- (FF/VI n = 1512; UMEC/VI n = 785) 0.15(0.12, 0.18) 0.17 (0.13, 0.21) ——1 0.88 (0.66, 1.19) 0.421
FF/UMEC/VI versus FF/VI FF/UMEC/VI FF/VI
CMH+ (FF/UMEC/VI n = 2537; FF/VI n = 2579) 0.13(0.11, 0.15) 0.15(0.13,0.17) ——— 0.89 (0.75, 1.07) 0.211
CMH- (FF/UMEC/VI n = 1566; FF/VI n = 1512) 0.12(0.10, 0.15) 0.15(0.12, 0.18) —— 0.84 (0.66, 1.07) 0.155
FF/UMEC/VI versus UMEC/VI FF/UMEC/VI UMEC/NVI
CMH+ (FF/UMEC/VI n = 2537; UMEC/VI n = 1264) 0.13 (0.11, 0.15) 0.21 (0.18,0.25) +—&— 0.62 (0.50, 0.77) <0.001
CMH- (FF/UMEC/VI n = 1566; UMEC/VI n = 785) 0.12 (0.10, 0.15) 0.17 (0.13,0.21) —— 0.74 (0.56, 1.00) 0.049
r T T 1
0.5 0.8 1.1 14

Rate ratio (95% Cl)

FIGURE 2 On-treatment severe exacerbation rates by baseline CMH status (CMH+, CMH—). CI, confidence interval; CMH, chronic mucus
hypersecretion; FF, fluticasone furoate; UMEC, umeclidinium and VI, vilanterol

status (at screening), geographical region, baseline SGRQ
CMH group, post-bronchodilator percent predicted FEV;
(at screening) and treatment group by baseline SGRQ CMH
subgroup interaction. Change from baseline in trough FEV,
SGRQ total score and CAT score by baseline CMH status were
analyzed using a repeated measures model. The proportions
of SGRQ and CAT responders at Week 52 by baseline CMH
status were analyzed using a generalized linear mixed model
with a logit link function. Statistical models included multiple
covariates, including smoking status at screening, with further
details listed in Appendix S1 in the Supporting Information.
Safety endpoints were summarized descriptively.

RESULTS

On-treatment moderate/severe exacerbation rates by baseline CMH status (CMH+, CMH—). CI, confidence interval; CMH, chronic mucus

Study population

The ITT population included 10,355 patients; of which
10,250 reported baseline SGRQ data and were included in
this analysis. Of those, 6383 (62%) were CMH+ (Table 1).
History of exacerbations, body mass index and lung func-
tion were similar across subgroups; however, there was a
greater proportion of current smokers in the CMH+ versus
the CMH— subgroup (43% vs. 21%), and higher baseline
CAT scores (19.8 vs. 15.5). Baseline SGRQ total score was
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FIGURE 3 Change from baseline in (A) trough FEV,, (B) in SGRQ total score and (C) CAT score at Week 52 by baseline CMH status (CMH+,
CMH—). Analysis performed using a repeated measures model with covariates of treatment group, smoking status (screening), geographical region, baseline
SGRQ CMH status, visit, baseline, baseline by visit, treatment group by visit, treatment group by baseline SGRQ CMH status and treatment group by visit by
baseline SGRQ CMH status interactions. CAT, COPD Assessment Test; CFB, change from baseline; CI, confidence interval; CMH, chronic mucus
hypersecretion; FEV), forced expiratory volume in 1 s; FF, fluticasone furoate; LS, least squares; SGRQ, St George’s respiratory questionnaire; UMEC,
umeclidinium and VI, vilanterol
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TABLE 2 Proportion of SGRQ® and CAT® responders at week 52 by baseline CMH status

CMH+

CMH-

FF/UMEC/VI

(N =2539) FF/VI (N = 2580)

UMEC/VI (N = 1264) (N = 1569)

FF/UMEC/VI

FF/VI (N = 1512) UMEC/VI (N = 786)

SGRQ responders,
n (%)

FF/UMEC/VI
versus
comparator,
OR (95% CI);
p-value

FF/VI versus
UMEC/VI,
OR (95% CI);
p-value

1088 (43) 899 (35) 457 (36)

CATS, responders,
n (%)

FF/UMEC/VI
versus
comparator,
OR (95% CI);
p-value

FF/VI versus
UMEC/VI,
OR (95% CI);
p-value

1071 (42) 928 (36) 451 (36)

1.40 (1.25, 1.57); <0.001 1.32 (1.14, 1.51); <0.001

0.94 (0.82, 1.09); 0.394

1.30 (1.16, 1.46); <0.001 1.31 (1.14, 1.51); <0.001

1.01 (0.87, 1.16); 0.928

635 (40) 491 (32) 239 (30)

1.44 (1.24, 1.67); <0.001 1.58 (1.31, 1.89); <0.001

1.10 (0.91, 1.32); 0.338

627 (40) 536 (38) 279 (36)

1.15 (0.99, 1.33); 0.068  1.23 (1.03, 1.48); 0.023

1.08 (0.89, 1.28); 0.439

Abbreviations: CAT, COPD Assessment Test; CI, confidence interval; CMH, chronic mucus hypersecretion; FF, fluticasone furoate; OR, odds ratio; SGRQ, St George’s Respiratory

Questionnaire; UMEC, umeclidinium; VI, vilanterol.

“Response was defined as an SGRQ total score decrease of >4 points from baseline. Patients were not included in the SGRQ responder analysis if their SGRQ total score was

missing at the Week 52 visit.

PResponse was defined as a CAT total score decrease of >2 points from baseline. Patients were not included in the CAT responder analysis if baseline CAT score was missing.
‘CMH-+, FF/UMEC/VI n = 2523, FF/VI n = 2551, UMEC/VI n = 1253; CMH—, FF/UMEC/VI n = 1553, FF/VI n = 1495, UMEC/VI n = 781.

also higher in the CMH+ subgroup compared with the
CMH-— subgroup (53.6 vs. 45.8) with this direction of differ-
ence seen across all SGRQ domains (Table S1 in the
Supporting Information).

On-treatment exacerbation rates

On-treatment moderate/severe exacerbation rates were numeri-
cally higher in the CMH+ subgroup than the CMH— subgroup
for all treatment groups (Figure 1). FF/UMEC/VI significantly
reduced the rate of on-treatment moderate/severe exacerbations
compared with FF/VI and UMEC/VI in both CMH subgroups
(Figure 1), while FF/VI demonstrated a significant reduction
versus UMEC/VI in the CMH+ subgroup (rate ratio: 0.83; 95%
confidence interval [CI]: 0.76, 0.92; p < 0.001), but not the
CMH-— subgroup (Figure 1). There was no evidence of a statisti-
cally significant interaction between CMH subgroup and treat-
ment effect (p = 0.112).

FF/UMEC/VI also significantly reduced severe exacerba-
tion rates versus UMEC/VI in both CMH subgroups
(Figure 2). Rate ratios for severe exacerbations favoured
FF/UMEC/VT over FF/VI in both CMH subgroups but were
not statistically significant (Figure 2). FF/VI significantly
reduced the rate of on-treatment severe exacerbations

compared with UMEC/VI in the CMH+ subgroup (rate
ratio: 0.70; 95% CI: 0.56, 0.86; p < 0.001) but not in the
CMH-— subgroup (Figure 2).

Lung function

Lung function improvements from baseline at Week 52 were
significantly greater in patients receiving FF/UMEC/VI
compared with both dual therapies as well as in patients
receiving UMEC/VI versus FF/VI, regardless of CMH status
at baseline (Figure 3A). This was consistently seen at all time
points (Figure S1 in the Supporting Information).

Health status

At Week 52, significant improvements from baseline in SGRQ
total score were observed with FE/UMEC/VI compared with
both dual therapies across both CMH subgroups (Figure 3B);
this was consistently observed at all time points (Figure S2 in
the Supporting Information). Treatment with FF/UMEC/VI
also resulted in a significantly greater proportion of SGRQ
responders compared with either dual therapy, regardless of
CMH status (Table 2).
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At Week 52, and consistently at all time points, significant
improvements in CAT score were observed with FF/UMEC/VI
compared with FF/VI across both CMH subgroups (Figure 3C
and Figure S3 in the Supporting Information). FF/UMEC/VI
significantly improved CAT score versus UMEC/VI at Week
4 in both CMH subgroups but the between-treatment differ-
ence was no longer significant at Week 28 or 52 (Figure S3 in
the Supporting Information). Treatment with FF/UMEC/VI
resulted in a significantly greater proportion of CAT responders
at Week 52 compared with UMEC/VI in both CMH sub-
groups, and compared with FF/VI in the CMH+ subgroup
(Table 2).

Both FF/VI and UMEC/VI improved SGRQ total score
and CAT score from baseline at Week 52 irrespective of CMH
status, with no significant difference between treatments;
however, CAT score improvements from baseline were numeri-
cally lower in the CMH+ versus the CMH— subgroup
(Figure 3B,C). At Week 52, there was no difference in the
proportion of SGRQ and CAT responders with FF/VI and
UMEC/VI in either CMH subgroup (Table 2).

All-cause mortality

All-cause mortality incidence was numerically higher in the
CMH+ subgroup than the CMH— subgroup in all treat-
ment arms (1.3%-2.1% and 1.1%-1.4%, respectively;
Table 3). In the CMH+ subgroup, the incidence of all-cause
mortality was numerically higher in the UMEC/VI treat-
ment arm compared with both inhaled corticosteroid (ICS)-
containing arms (Table 3).

Safety

The AESI profile of FF/UMEC/VI was similar to that of the
dual therapies in both subgroups (Table 3). Pneumonia was
reported in a small proportion of patients, with similar inci-
dence in CMH+ and CMH— subgroups (Table 3). Pneumo-
nia incidence was numerically higher in ICS-containing
treatment arms than in the UMEC/VI arm, irrespective of
CMH status at baseline. The incidence of cardiovascular effects
was numerically higher in the CMH+ subgroup compared
with the CMH— subgroup in all treatment arms (Table 3;
Table S2 in the Supporting Information), and the incidence of
hypersensitivity events was slightly lower in the CMH+ sub-
group compared with the CMH— subgroup in all treatment
arms (Table 3; Table S2 in the Supporting Information).

DISCUSSION

In this post hoc analysis, FF/UMEC/VI reduced on-
treatment exacerbation rates and improved lung function
and health status versus FF/VI and UMEC/VTI in patients
with symptomatic COPD and a history of exacerbations
irrespective of their CMH status at baseline.

At baseline both subgroups were similar regarding
exacerbation history and lung function. However, patients
with CMH at baseline were more likely to be current
smokers and have worse health status compared with those
without CMH. On-treatment moderate/severe exacerbation
rates were significantly lower for patients receiving FF/UMEC/VI
versus FF/VI and UMEC/VI, regardless of CMH status.
Additionally, when comparing dual therapies, FF/VI
reduced exacerbation rates versus UMEC/VI, albeit only in
the CMH+ subgroup. These results suggest that ICS is
likely to be driving this benefit, despite the potential blunt-
ing effect of smoking on the clinical response to ICS in
COPD.">'* This is in line with a recent post hoc analysis of
IMPACT, which found FF/UMEC/VI improved clinical
outcomes versus dual therapy in patients with symptomatic
COPD and a history of exacerbations, regardless of smoking
status."”

While both subgroups had similar exacerbation history,
patients in the CMH+ subgroup had numerically higher rates
of on-treatment moderate/severe and severe exacerbations
during the study compared with the CMH— subgroup, with
the greatest difference between CMH subgroup seen in the
UMEC/VI treatment arm. This observation provides further
support that CMH as defined using the SGRQ respiratory
items on chronic cough and phlegm may be a predictor for
the risk of future exacerbations. Other studies that have
shown an association between CMH defined using the SGRQ
criteria utilized in the current analysis and an increased risk
of exacerbation, hospitalization and death.*'°"'* This finding
may be explained by CMH+ patients having a greater
number of resident bacteria’ and pre-existing low-grade
bronchial reactivity compared with CMH— patients.”*°
In addition, their airway obstruction may be more proximal
and vulnerable to environmental stimuli such as particulate
air pollution.”"** It is worth noting that in IMPACT, baseline
exacerbation history was determined retrospectively by
physician-confirmed exacerbations, rather than patient self-
reported events. On-treatment exacerbations, however, were
judged by the investigators, based on patients’ symptoms
reported via an eDiary. As such, not all exacerbations during
the 12 months prior to study entry may have been recorded.

As shown in this analysis, treatment with triple therapy
resulted in improvements in outcomes irrespective of CMH
baseline status compared with either dual therapy. A pooled
analysis of the oral selective phosphodiesterase-4 inhibitor
roflumilast has shown certain COPD phenotypes such as
chronic bronchitis with/without concurrent ICS may be
more likely to respond to therapy.”® Together, this suggests
that CMH status could be used as an enrichment biomarker
in future clinical trials for dual therapies to assess whether
this may be a treatment biomarker similar to blood
eosinophils.** ¢

As would be expected from the definition of CMH used
in this study (i.e., using SGRQ respiratory items on chronic
cough and phlegm), on-treatment CAT and SGRQ scores in
the CMH+ group suggested worse health-related quality of
life throughout the study. This is in line with previous
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studies, that have found that CMH can result in worse qual-
ity of life in patients with COPD.'®'” Additionally, the
PLATINO study found that patients with COPD and
chronic bronchitis had worse lung function and health
status, and more exacerbations than patients without
chronic bronchitis.””

For all-cause mortality, incidence was numerically higher
in the CMH+ subgroup than the CMH— subgroup in all
treatment arms, likely due to the worse health status and
numerically higher on-treatment moderate/severe exacerbation
rates seen in the CMH+ subgroup. In the CMH+ subgroup,
the incidence of all-cause mortality was numerically higher in
the UMEC/VI treatment arm compared with both ICS-
containing arms, which is consistent with the mortality benefit
seen in the IMPACT trial among patients treated with
FF/UMEC/VI versus UMEC/VL.® However, given the low
numbers of events in the overall trial, subgroup analyses
on mortality should be interpreted with caution. The safety
profile of triple therapy was similar to dual therapy in both
subgroups. Occurrence of pneumonia was low across all
treatment groups, although a numerically higher incidence
was seen with FF-containing therapies versus UMEC/VTI in
both CMH subgroups. The incidence of cardiovascular AESIs
was numerically higher, and that of hypersensitivity AESIs
numerically lower, in the CMH+- versus the CMH— subgroup
in all treatment arms.

The Medical Research Council (MRC) defines CMH as
symptoms of chronic cough and sputum for >3 months over
at least a year for 2 consecutive years®; however, the current
analysis defined CMH using SGRQ respiratory items on
chronic cough and phlegm (SGRQ question 1 or 2). Despite
using a different definition this approach has previously
been validated in an analysis of the COPDGene cohort,
which showed that the use of the SGRQ identified CMH
with a high sensitivity and specificity compared with the
classical MRC definition and was a similar, if not better, pre-
dictor of future severe exacerbations.'®'? Another study has
shown that the CAT questionnaire could also be used to
assess CMH status.”® CAT is short and simple, and it is rou-
tinely carried out in clinical practice to evaluate and monitor
health status in patients with COPD, making it a potential
valuable tool to assess CMH status and thus personalize
COPD treatment in clinical practice.

This analysis of the IMPACT trial is not without its limi-
tations. Analyses were exploratory and conducted post hoc
and the IMPACT trial was not powered to analyse end-
points by CMH status. Additionally, patients were selected
based on history of exacerbation, and thus findings from
this analysis may not apply to a population at low risk of
exacerbations. Strengths of the study include the large
sample size of the IMPACT trial, which allowed for this
subgroup analysis and provided the opportunity to gain
insight into whether there is another phenotype besides
blood eosinophil levels that may predict the effect of
FF/UMEC/VI in COPD.

In conclusion, FF/UMEC/VI reduced moderate/severe
exacerbation rates and improved lung function and health

status compared with FF/VI and UMEC/VTI in patients with
symptomatic COPD and a history of exacerbations, regard-
less of their CMH status at baseline, with a similar safety
profile. These results highlight the favourable benefit: risk
profile of once-daily FF/UMEC/VI across a multitude of
COPD endpoints, regardless of CMH status at baseline.
Differences in clinical efficacy and safety outcomes between
CMH+ and CMH- subgroups were observed when
comparing the two dual therapies. Future studies should
seek to determine whether treatment alleviates the defining
symptoms on CMH over time. The analysis presented here
highlights that phenotyping patients may be useful in future
clinical trials and that CMH status could be used to help
optimize pharmacological management approaches for this
population.

AUTHOR CONTRIBUTION

Philip J. Thompson: Visualization (equal); writing — origi-
nal draft (equal); writing - review and editing (equal).
Gerard Criner: Investigation (lead); visualization (equal);
writing — original draft (equal); writing — review and edit-
ing (equal). Mark T. Dransfield: Visualization (equal);
writing — original draft (equal); writing — review and edit-
ing (equal). David M. G. Halpin: Investigation (lead); visu-
alization (equal); writing — original draft (equal); writing -
review and editing (equal). MeiLan K. Han: Investigation
(lead); visualization (equal); writing — original draft (equal);
writing - review and editing (equal). David A. Lipson:
Conceptualization (lead); data curation (lead); investigation
(lead); methodology (lead); visualization (equal); writing -
original draft (equal); writing — review and editing (equal).
Ghassan J. Maghzal: Visualization (equal); writing — origi-
nal draft (equal); writing - review and editing (equal).
Fernando Martinez: Investigation (equal); visualization
(equal); writing - original draft (equal); writing - review
and editing (equal). Dawn Midwinter: Formal analysis
(equal); visualization (equal); writing - original draft
(equal); writing — review and editing (equal). Dave Singh:
Investigation (equal); visualization (equal); writing — origi-
nal draft (equal); writing - review and editing (equal). Lee
Tombs: Formal analysis (equal); visualization (equal); writ-
ing - original draft (equal); writing — review and editing
(equal). Robert A. Wise: Investigation (equal); visualization
(equal); writing - original draft (equal); writing - review
and editing (equal).

ACKNOWLEDGEMENTS

Editorial support (in the form of writing assistance, includ-
ing preparation of the draft manuscript under the direction
and guidance of the authors, collating and incorporating
authors’ comments for each draft, assembling tables and fig-
ures and grammatical editing and referencing) was provided
by Maria Guillermina Casabona, PhD, and Alexandra Berry,
PhD, from Fishawack Indicia Ltd, UK, part of Fishawack
Health, and was funded by GSK. Dave Singh is supported
by the National Institute for Health Research (NIHR)
Manchester Biomedical Research Centre (BRC).



MUCUS HYPERSECRETION AND THERAPY IN COPD

| 1043

CONFLICTS OF INTEREST

This study was funded by GSK (study number CTT116855).
The funders of the study had a role in the study design, data
analysis, data interpretation and writing of the report. Philip
J. Thompson received consultancy fees from AstraZeneca,
Boehringer Ingelheim, CSL Behring, Grifols, GSK and
Novartis. Gerard J. Criner received personal fees from GSK,
Boehringer Ingelheim, Novartis, Almirall, AstraZeneca,
Chiesi, Pulmonx, Olympus, Nuvaira, Eolo, CSA Medical,
HGE Technologies and Verona. Mark T. Dransfield received
consulting fees from Pumonx and Teva, and personal fees
and contracted clinical trial support from Boehringer Ingelheim,
GSK, AstraZeneca and PneumRx/BTG. He received personal
fees from Quark Pharmaceuticals as well as grant support from
the American Lung Association, Department of Defence,
Department of Veterans Affairs and NIH. Additionally, he
received contracted clinical trial support from Novartis, Yungjin,
Pulmonx, Boston Scientific, Gala and Nuvaira. David M. G.
Halpin received personal fees from AstraZeneca, Boehringer
Ingelheim, Chiesi, GSK, Novartis and Pfizer. Meilan K. Han
reports personal fees from GSK, AstraZeneca, Boehringer
Ingelheim, Cipla, Chiesi, Novartis, Pulmonx, Teva, Verona,
Merck, Mylan, Sanofi, DevPro, Aerogen, Polarian, Regeneron,
United Therapeutics, Altesa Biopharma, UpToDate, Medscape
and Integrity. She has received either in-kind research support
or funds paid to the institution from the NIH, Novartis,
Sunovion, Nuvaira, Sanofi, AstraZeneca, Boehringer Ingelheim,
Gala Therapeutics, Biodesix, the COPD Foundation and the
American Lung Association. She has participated in Data
Safety Monitoring Boards for Novartis and Medtronic with
funds paid to the institution. She has received stock options
from Meissa Vaccines and Altesa Biopharma. David A. Lipson,
Ghassan J. Maghzal and Dawn Midwinter are employees and
shareholders at GSK. Fernando J. Martinez received consulting
fees from AstraZeneca, Boehringer Ingelheim, Chiesi, CSL
Behring, Gala, GSK, Novartis, Polarean, Pulmonx, Sanofi/
Regeneron, Sunovion, Teva, Theravance/Viatris and Verona;
grant support from AstraZeneca, Chiesi, GSK and Sanofi/
Regeneron; honoraria from UpToDate for participation in
COPD CME activities; and participated in an event adjudica-
tion committee for MedTronic. Dave Singh received consult-
ing fees from Aerogen, AstraZeneca, Boehringer Ingelheim,
Chiesi, Cipla, CSL Behring, Epiendo, Genentech, GSK,
Glenmark, Gossamerbio, Kinaset, Menarini, Novartis,
Pulmatrix, Sanofi, Synairgen, Teva, Therevance and Verona.
Lee Tombs is a contingent worker on assignment at GSK.
Robert A. Wise received consulting fees for participation on
Data Safety Monitoring Boards or Advisory Boards from
AstraZeneca/MedImmune, Boehringer Ingelheim, Contrafect,
Roche-Genetech, Bristol Myers Squibb, Merck, Verona,
Theravance, AbbVie, GSK, Chemerx, Kiniksa, Savara,
Galderma, Kamada, Pulmonx, Kinevant, Vaxart, Polarean,
Chiesi, 4D Pharma and Puretech; and received grant support
from AstraZeneca, Boehringer Ingelheim, Genentech, Verona,
4DX imaging and Sanofi. He has received payment for expert
testimony from the United States Government and Genentech;
and support for attending meetings and/or travel from

AstraZeneca. Additionally, he has received editorial sup-
port from GSK, AstraZeneca, Boehringer Ingelheim and
Merck Foundation; and has served on the Board of Direc-
tors/Medical and Scientific Advisory Committee for the
COPD Foundation, and on a Scientific Advisory Board for
the American Lung Association.

DATA AVAILABILITY STATEMENT

Anonymized individual participant data and study docu-
ments can be requested for further research from www.clini-
calstudydatarequest.com.

HUMAN ETHICS APPROVAL DECLARATION
The study was conducted in accordance with Good Clinical
Practice guidelines and the provisions of the Declaration of
Helsinki. It received approval from the institutional review
boards and/or human research ethics committees of all
investigator sites for the IMPACT study. All patients pro-
vided written informed consent.

Clinical trial registration: NCT02164513 at https://
clinicaltrials.gov

ORCID

Philip J. Thompson
2939

Gerard J. Criner ‘© https://orcid.org/0000-0003-1267-3483
David M. G. Halpin ‘® https://orcid.org/0000-0003-2009-
4406

David A. Lipson ‘© https://orcid.org/0000-0001-6732-4593
Dawn Midwinter ‘© https://orcid.org/0000-0003-2434-1152
Dave Singh © https://orcid.org/0000-0001-8918-7075

https://orcid.org/0000-0002-3472-

REFERENCES

1. Global Initiative for Chronic Obstructive Lung Disease (GOLD).
Global strategy for the diagnosis, management and prevention of
chronic obstructive pulmonary disease. 2022.

2. Barnes PJ]. Endo-phenotyping of COPD patients. Expert Rev Respir
Med. 2021;15:27-37.

3. Kim V, Han MK, Vance GB, Make BJ, Newell JD, Hokanson JE, et al.
The chronic bronchitic phenotype of COPD: an analysis of the
COPDGene Study. Chest. 2011;140:626-33.

4. Ramos FL, Krahnke JS, Kim V. Clinical issues of mucus accumu-
lation in COPD. Int ] Chron Obstruct Pulmon Dis. 2014;9:
139-50.

5. Cantor JO, Turino GM. COPD pathogenesis: finding the common in
the complex. Chest. 2019;155:266-71.

6. Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D,
Wedzicha JA. The presence of chronic mucus hypersecretion across
adult life in relation to chronic obstructive pulmonary disease devel-
opment. Am ] Respir Crit Care Med. 2016;193:662-72.

7. Khurana S, Ravi A, Sutula J, Milone R, Williamson R, Plumb ],
et al. Clinical characteristics and airway inflammation profile of
COPD persistent sputum producers. Respir Med. 2014;108:
1761-70.

8. Lipson DA, Barnhart F, Brealey N, Brooks J, Criner GJ, Day NC, et al.
Once-daily single-inhaler triple versus dual therapy in patients with
COPD. N Engl ] Med. 2018;378:1671-80.

9. Pascoe S], Lipson DA, Locantore N, Barnacle H, Brealey N,
Mohindra R, et al. A phase III randomised controlled trial of single-
dose triple therapy in COPD: the IMPACT protocol. Eur Respir J.
2016;48:320-30.


https://clinicaltrials.gov
https://clinicaltrials.gov
https://orcid.org/0000-0002-3472-2939
https://orcid.org/0000-0002-3472-2939
https://orcid.org/0000-0002-3472-2939
https://orcid.org/0000-0003-1267-3483
https://orcid.org/0000-0003-1267-3483
https://orcid.org/0000-0003-2009-4406
https://orcid.org/0000-0003-2009-4406
https://orcid.org/0000-0003-2009-4406
https://orcid.org/0000-0001-6732-4593
https://orcid.org/0000-0001-6732-4593
https://orcid.org/0000-0003-2434-1152
https://orcid.org/0000-0003-2434-1152
https://orcid.org/0000-0001-8918-7075
https://orcid.org/0000-0001-8918-7075

1044

THOMPSON ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kim V, Crapo ], Zhao H, Jones PW, Silverman EK, Comellas A, et al.
Comparison between an alternative and the classic definition of chronic
bronchitis in COPDGene. Ann Am Thorac Soc. 2015;12:332-9.

Jones PW, Quirk FH, Baveystock CM, Littlejohns P. A self-complete
measure of health status for chronic airflow limitation. The St. George’s
Respiratory Questionnaire. Am Rev Respir Dis. 1992;145:1321-7.

Kim V, Zhao H, Regan E, Han MK, Make BJ, Crapo JD, et al. The
St. George’s Respiratory Questionnaire definition of chronic bronchi-
tis may be a better predictor of COPD exacerbations compared with
the classic definition. Chest. 2019;156:685-95.

Bhatt SP, Anderson JA, Brook RD, Calverley PMA, Celli BR,
Cowans NJ, et al. Cigarette smoking and response to inhaled cortico-
steroids in COPD. Eur Respir J. 2018;51:1701393.

Snoeck-Stroband JB, Lapperre TS, Sterk PJ, Hiemstra PS,
Thiadens HA, Boezen HM, et al. Prediction of long-term benefits of
inhaled steroids by phenotypic markers in moderate-to-severe COPD:
a randomized controlled trial. PLoS One. 2015;10:e0143793.

Halpin DMG, Bardsley S, Criner G, Dransfield M, Han MK, Jones CE,
et al. The IMPACT trial: single inhaler triple therapy fluticasone fur-
oate/umeclidinium/vilanterol versus fluticasone furoate/vilanterol and
umeclidinium/vilanterol in patients with COPD: analysis according to
smoking status. Am J Respir Crit Care Med. 2019;199:A3339.

Kim V, Criner GJ. The chronic bronchitis phenotype in chronic
obstructive pulmonary disease: features and implications. Curr Opin
Pulm Med. 2015;21:133-41.

Tian PW, Wen FQ. Clinical significance of airway mucus hypersecre-
tion in chronic obstructive pulmonary disease. ] Transl Int Med. 2015;
3:89-92.

Burgel PR, Nesme-Meyer P, Chanez P, Caillaud D, Carre P, Perez T,
et al. Cough and sputum production are associated with frequent exacer-
bations and hospitalizations in COPD subjects. Chest. 2009;135:975-82.
Vestbo J, Prescott E, Lange P, The Copenhagen City Heart Study
Group. Association of chronic mucus hypersecretion with FEV1
decline and chronic obstructive pulmonary disease morbidity.
Am J Respir Crit Care Med. 1996;153:1530-5.

Lee JH, Cho MH, McDonald M-LN, Hersh CP, Castaldi PJ, Crapo JD,
et al. Phenotypic and genetic heterogeneity among subjects with mild
airflow obstruction in COPDGene. Respir Med. 2014;108:1469-80.
Health effects of outdoor air pollution. Committee of the Environ-
mental and Occupational Health Assembly of the American Thoracic
Society. Am J Respir Crit Care Med. 1996;153:3-50.

Kousha T, Rowe BH. Ambient ozone and emergency department
visits due to lower respiratory condition. Int ] Occup Med Environ
Health. 2014;27:50-9.

Rennard SI, Calverley PMA, Goehring UM, Bredenbroker D,
Martinez FJ. Reduction of exacerbations by the PDE4 inhibitor

24.

25.

26.

27.

28.

29.

roflumilast—the importance of defining different subsets of patients
with COPD. Respir Res. 2011;12:18.

Pascoe S, Barnes N, Brusselle G, Compton C, Criner GJ,
Dransfield MT, et al. Blood eosinophils and treatment response with
triple and dual combination therapy in chronic obstructive pulmonary
disease: analysis of the IMPACT trial. Lancet Respir Med. 2019;7:
745-56.

Pascoe S, Locantore N, Dransfield MT, Barnes NC, Pavord ID. Blood
eosinophil counts, exacerbations, and response to the addition of
inhaled fluticasone furoate to vilanterol in patients with chronic
obstructive pulmonary disease: a secondary analysis of data from two
parallel randomised controlled trials. Lancet Respir Med. 2015;3:
435-42.

Vestbo ], Papi A, Corradi M, Blazhko V, Montagna I, Francisco C,
et al. Single inhaler extrafine triple therapy versus long-acting musca-
rinic antagonist therapy for chronic obstructive pulmonary disease
(TRINITY): a double-blind, parallel group, randomised controlled
trial. Lancet. 2017;389:1919-29.

de Oca MM, Halbert R], Lopez MV, Perez-Padilla R, Talamo C,
Moreno D, et al. The chronic bronchitis phenotype in subjects with
and without COPD: the PLATINO study. Eur Respir J. 2012;40:28-36.
Definition and classification of chronic bronchitis for clinical and epi-
demiological purposes. A report to the Medical Research Council by
their Committee on the Aetiology of Chronic Bronchitis. Lancet.
1965;1:775-9.

Stott-Miller M, Mullerova H, Miller B, Tabberer M, El Baou C,
Keeley T, et al. Defining chronic mucus hypersecretion using the CAT
in the SPIROMICS Cohort. Int ] Chron Obstruct Pulmon Dis. 2020;
15:2467-76.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Thompson PJ, Criner GJ,
Dransfield MT, Halpin DMG, Han MK, Lipson DA,
et al. Effect of chronic mucus hypersecretion on
treatment responses to inhaled therapies in patients
with chronic obstructive pulmonary disease: Post hoc
analysis of the IMPACT trial. Respirology. 2022;
27(12):1034-44. https://doi.org/10.1111/resp.14339



https://doi.org/10.1111/resp.14339

	Effect of chronic mucus hypersecretion on treatment responses to inhaled therapies in patients with chronic obstructive pul...
	INTRODUCTION
	METHODS
	Study design
	Study population
	Study endpoints
	Statistical analysis

	RESULTS
	Study population
	On-treatment exacerbation rates
	Lung function
	Health status
	All-cause mortality
	Safety

	DISCUSSION
	AUTHOR CONTRIBUTION
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT

	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


