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ABSTRACT

Introduction: Clinical remission (CR) is an
emerging treatment goal in asthma. However,
evidence showing whether CR is achievable
with inhaled therapy is lacking. This post hoc
analysis of CAPTAIN evaluated attainability of a
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Society 2024 International Conference, San Diego,
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7-11 September 2024 (Oppenheimer J, et al. Eur Respir
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composite CR endpoint with inhaled fluticasone
furoate/umeclidinium/vilanterol (FF/UMEC/VI)
or FF/VL

Methods: CAPTAIN (GSK 205715) was a Phase
IITA, randomized, controlled, 24-52-week trial
comparing once-daily single-inhaler FF/UMEC/
VI versus FF/VI in adults with uncontrolled
moderate-to-severe asthma despite ICS/LABA.
CR was defined as a composite endpoint com-
prising no systemic corticosteroids, no severe
exacerbations, ACQ-5 total score<1.50, and
either change from baseline in FEV,;20 ml (lung
function stabilization) or>100 ml (lung func-
tion optimization), assessed for patients meeting
the CR endpoint at Week 24 (W24) and achiev-
ing CR at W52 with FF/UMEC/VI (100/62.5/25,
200/62.5/25 nug) versus FF/VI (100/25,
200/25 pg). Additional analyses assessed the
CR endpoint at W24/W52 using ACQ-5<0.75
and <1.00 thresholds. Adjusted odds/risk ratios
for CR were calculated for W24.

Results: More patients met the CR endpoint
(lung function stabilization/optimization) with
FF/UMEC/VI versus FF/VI at W24 (stabilization:
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42-47% vs 31-36%; optimization: 31-36% vs
19-26%) and W52 (stabilization: 43-47% vs
33-34%; optimization: 30-38% vs 21-24%).
Using more stringent ACQ-5 thresholds, fewer
patients met the CR endpoint with ACQ<0.75
versus<1.50 across treatment arms and time-
points. The odds and probability of meeting the
CR endpoint versus not meeting the CR end-
point at W24 were greater with FF/UMEC/VI
versus FF/VI, regardless of FF dose.

Conclusion: The results of this post hoc anal-
ysis demonstrate that CR is achievable with
inhaled therapy in moderate-to-severe asthma
and is more likely with FF/UMEC/VI than
FF/VI. CR should be considered an attainable
treatment goal for patients with asthma, irre-
spective of disease severity or treatment history.
Trial Registration: ClinialTrials.gov identifier,
NCT02924688.
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Key Summary Points

Why carry out this study?

Previous studies have demonstrated that
clinical remission, generally defined as no
systemic corticosteroid use, no exacerbations,
symptom control, and stabilized or
optimized lung function for at least 1 year,

is achievable in patients with severe asthma
receiving biologics.

The Global Initiative for Asthma
recommends that clinical remission is a
relevant treatment goal for all patients,
irrespective of disease severity or treatment
history.

Therefore, this post hoc analysis of the

Phase IIIA CAPTAIN trial investigated the
attainability of a composite clinical remission
endpoint at 24 and 52 weeks with inhaled
fluticasone furoate/umeclidinium/vilanterol
(FF/UMEC/VI) and FF/VI in patients with
uncontrolled moderate-to-severe asthma not
yet considered for biologics.

What was learned from the study?

Clinical remission was achievable with both
FF/UMEC/VI and FF/VI in uncontrolled
moderate-to-severe asthma; greater treatment
effects were observed with FF/UMEC/VI
versus FF/VI, regardless of FF dose or asthma
control and lung function threshold used.

Expectations around asthma treatment
should include symptom control and
stabilized or even optimized lung function,
as well as elimination of exacerbations and
systemic corticosteroid use, which comprise
the components of clinical remission.

INTRODUCTION

Asthma is a heterogeneous respiratory disease
characterized by chronic airway inflamma-
tion, variable airflow limitation, and respira-
tory symptoms [1], affecting approximately 262
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million people worldwide [2]. Many patients
experience considerable disease burden, includ-
ing uncontrolled symptoms, frequent exacerba-
tions, and impaired quality of life [3-7].

In recent decades, advances in asthma
management have led to increasingly
ambitious treatment goals. In the 1990s,
asthma therapy was aimed at achieving and
maintaining symptom control [8], leading to
recommendations for stepwise pharmacologic
treatment, and the use of validated measures
of symptom control [9, 10]. The concept of
total control also evolved and was shown to
be achievable in the 2004 GOAL study, which
demonstrated that more patients were able to
achieve total asthma control after 1 year of
treatment with inhaled corticosteroid/long-
acting B,-agonist (ICS/LABA) therapy versus
ICS alone [11]. Although symptom control
remains a key treatment goal, many patients
continue to experience inadequate control and
symptom burden despite adherence to ICS/
LABA [5, 12, 13]. The introduction of targeted
biologic therapies for asthma has been paradigm
shifting, expanding treatment options for
patients with severe asthma to allow enhanced
levels of asthma control and reduced rates of
exacerbations [14-17].

Clinical remission (CR) has long been consid-
ered a treatment goal in other chronic diseases,
such as rheumatoid arthritis [18, 19]. However,
there is currently no standardized definition
of CR in asthma. Recent consensus statements
and national asthma management guidelines
generally recommend four key criteria for on-
treatment CR assessed for at least 12 months:
no systemic corticosteroid (SCS) use, no severe
exacerbations, symptom control, and lung
function stabilization (maintenance of existing
lung function) or optimization (improvement
in lung function) [1, 20-25]. In recent years,
a number of studies have demonstrated that
CR is achievable in patients with severe asthma
receiving biologic therapy [26-31], and a recent
analysis also reported achievability of CR with
azithromycin in patients with persistent uncon-
trolled asthma [32]. Notably, although reports
show that CR is attainable in patients eligible
for biologics, the findings represent a subset

of patients with severe asthma and a type-2
(T2) inflammatory phenotype [1, 26-28, 30],
and they are therefore not generalizable to all
patients with asthma. Indeed, patients with less
severe asthma not eligible for biologics may
be more likely to achieve components of CR
[33] because of lower disease burden, reduced
reliance on SCS, and less airway remodeling
[33-35].

The Global Initiative for Asthma recom-
mends that CR is a relevant treatment goal
for all patients, regardless of disease severity,
and highlights a need for clinical and quali-
tative research to determine the attainabil-
ity of CR with different asthma treatments
[1]. The Phase IIIA CAPTAIN study evalu-
ated single-inhaler triple-therapy (SITT) flu-
ticasone furoate/umeclidinium/vilanterol
(FF/UMEC/VI) versus FF/VI in patients with
uncontrolled moderate-to-severe asthma who
were not required to have a history of exac-
erbations [36]. Improvements were seen with
FF/UMEC/VI in several individual clinical
endpoints, including statistically significant
improvements in lung function, numerical
improvements in annualized moderate/severe
exacerbation rates, and nominally statistically
significant improvements in symptom con-
trol (Asthma Control Questionnaire [ACQ]-7
responder rates) versus FF/VI [36]. Given the
inclusion of key CR criteria within CAPTAIN,
the aim of this post hoc analysis was to inves-
tigate whether CR is an achievable treatment
goal with inhaled FF/UMEC/VI or FF/VI for
patients with uncontrolled moderate-to-severe
asthma not yet considered for biologics. We
also explored the impact of different compo-
nent thresholds on attainability of the CR end-
point, as well as potential indicators of CR,
which may help inform future iterations of the
evolving CR definition.

METHODS

Study Design

CAPTAIN (GSK study 205715/NCT02924688)
was a Phase IIIA, multicenter, multinational,

A\ Adis



732

Adv Ther (2026) 43:729-749

randomized, double-blind, active-controlled,
24-52-week, parallel-group study (Fig. S1); full
details have been reported previously [36]. After
screening, patients entered a 3-week run-in
period where they received twice-daily open-
label fluticasone propionate (FP) plus salmeterol
250/50 pg via DISKUS dry-powder inhaler (DPI;
GSK), followed by open-label FF/VI 100/25 ng
via the ELLIPTA DPI (GSK) during the subse-
quent 2-week stabilization period. Patients were
randomly assigned (1:1:1:1:1:1) to one of six
treatment groups: FF/VI, 100/25 or 200/25 pg
(ELLIPTA); or FF/UMEC/VI, 100/31.25/25,
100/62.5/25, 200/31.25/25, or 200/62.5/25 ng
(ELLIPTA). CAPTAIN included two pre-specified
treatment periods: a fixed treatment period from
randomization to Week 24, followed by a vari-
able treatment period up to Week 52 (Fig. S1).
All patients completed >24 weeks of study treat-
ment; patients who enrolled earlier during the
recruitment period continued to a maximum of
52 weeks.

CAPTAIN was performed in accordance
with the Declaration of Helsinki, International
Conference on Harmonisation Good Clinical
Practice, and applicable country-specific
regulatory requirements and received US
central ethics approval from the Chesapeake
Institutional Review Board (now Advarra;
IRB: 00000971, IORG: 0000635). This was a
multinational, multicenter study; a full list
of the ethics committees that approved the
study is included in Table S1. Written informed
consent was obtained from all patients before
participation.

Study Population

Eligible patients were>18 years of age, with
uncontrolled asthma (ACQ-6 score=1.50)
despite maintenance therapy with daily
ICS/LABA (daily FP>250 pg or equivalent)
for>12 weeks before pre-screening. Patients
had a best pre-bronchodilator morning forced
expiratory volume in 1 s (FEV;) between>30%
and <85% of the predicted normal value at
screening, displayed reversibility to salbutamol/

albuterol, and had documented evidence
of treatment for acute asthma symptoms in
the year before screening. Notably, patients
enrolled in CAPTAIN were not required to
have had an exacerbation in the previous year.
Permitted maintenance medication included
SCS (<5 mg/day prednisone [or equivalent dose
of an alternative SCS]), provided treatment was
initiated > 12 weeks before Visit 1 and was stable
for the 8 weeks before Visit 1.

Patients were excluded if they experienced
an asthma exacerbation requiring a change in
asthma maintenance therapy in the 6 weeks
before screening or if they had a diagnosis of
chronic obstructive pulmonary disease, had
concurrent respiratory disorders including
pneumonia, or were current smokers or former
smokers with a smoking history of =210 pack-
years. Additionally, patients who experienced
a severe exacerbation during screening or the
run-in period were excluded.

Study Endpoints

This post hoc analysis assessed the proportions
of patients meeting a CR endpoint at Week 24
and achieving CR at Week 52 with FF/UMEC/VI
(100/62.5/25 or 200/62.5/25) or FF/VI (100/25
or 200/25), as defined by a composite outcome
comprising: (1) no SCS use (including all oral,
intravenous, and subcutaneous steroids); (2) no
severe exacerbations; (3) asthma control (ACQ-5
total score<1.50); (4) stabilized lung function
(change from baseline in trough FEV, >0 ml) or
optimized lung function (Fig. 1). For lung func-
tion optimization, an increase in FEV;>100 ml
was assessed to represent a clinically meaningful
improvement. Baseline trough FEV, was defined
as the last acceptable pre-dose FEV; measure-
ment before treatment randomization. Severe
exacerbations were defined as a hospital admis-
sion or emergency department visit due to the
need for SCS, or an asthma deterioration requir-
ing SCS use (or doubling of the current mainte-
nance SCS dose) for=3 days. We also assessed
the impact of varying asthma control thresholds
on attainability of the CR endpoint at Week 24
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Composite CR definition

Assessed at Week 24 and at Week 52 for patients who continued

in the study for 52 weeks

No SCS use

All oral, intravenous and subcutaneous steroids

Patients were counted as SCS-free if no SCS use was recorded on

or prior to the study visit

No severe exacerbations

Severe exacerbations were defined as a hospital admission or ED visit
due to the need for SCS, or an asthma deterioration requiring SCS
use (or doubling of the current maintenance SCS dose) for =3 days

Patients were counted as having no severe exacerbations if no severe
exacerbation was recorded on or prior to the study visit

Asthma control
ACQ-5 total score <1.50 recorded at the study visit

Stabilized or optimized lung function

Stabilized lung function: change from baseline in trough
FEV, 20 mL recorded at the study visit

Optimized lung function: change from baseline in trough
FEV, 2100 mL recorded at the study visit

Fig. 1 Composite CR endpoint. 4CQ-5 Asthma Control Questionnaire 5-item; CR clinical remission; ED emergency
department; FEV, forced expiratory volume in 1 s; SCS systemic corticosteroid; SD standard deviation

and Week 52, using ACQ-5 total scores 0f<0.75
and <1.00.

The probability of meeting the CR endpoint
at Week 24 was calculated, and risk ratios
(RRs) for the following treatment comparisons
were estimated: (1) addition of UMEC to FF/VI
(FF/UMEC/VI 100/62.5/25 vs FF/VI 100/25 and
FF/UMEC/VI 200/62.5/25 vs FE/VI 200/25); (2)
doubling FF dose (FF/UMEC/VI 200/62.5/25
vs FF/VI 100/62.5/25 and FF/VI 200/25 vs
FEF/VI 100/25); (3) simultaneously adding
UMEC and doubling FF dose (FF/UMEC/VI
200/62.5/25 vs FF/VI 100/25). Odds ratios
(ORs) were also estimated to provide another

measure of the association between treatment
and meeting the CR endpoint. In addition,
we assessed the impact of individual compo-
nents of the CR endpoint on the proportion of
patients meeting the CR endpoint at Week 24
or achieving CR at Week 52 with FF/UMEC/VI
or FF/VI. To assess the predictive value of an
early response for achieving CR, we described
the proportion of patients who achieved CR
at Week 52, stratified by those that did and
those that did not meet the CR endpoint (lung
function optimization) at Week 24. Patients
who withdrew from the study, were lost to fol-
low-up, or had missing data were considered
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non-responders. Only the UMEC 62.5 treat-
ment comparison is reported in this post hoc
analysis as this is the UMEC dose selected for
approved doses of FF/UMEC/VI (100/62.5/25
and 200/62.5/25) [37].

Data Analyses

Endpoints were assessed in the CAPTAIN intent-
to-treat (ITT) population by treatment group.
Patient characteristics were collected at baseline,
reported descriptively using mean and standard
deviation or frequencies and percentages, and
stratified by patients who did and did not meet
the CR endpoint at Week 24. Proportions of
patients meeting the CR endpoint at Week 24
and achieving CR at Week 52 were reported.
Data at Week 52 were reported for patients
who continued in the study to Week 52. Due to
lower patient numbers in the Week 52 dataset,
these analyses were reported descriptively. The
probability (RRs, 95% confidence intervals [95%
ClIs]) of meeting the CR endpoint at Week 24
by treatment group was analyzed using a log-
binomial model. We also reported ORs (95% Cls)
for meeting the CR endpoint versus not meeting
the CR endpoint at Week 24 for completeness,
analyzed using a logistic model. Both RRs and
ORs were adjusted for covariates of treatment,
age, sex, region, and pre-study ICS dosage at
screening. Additional analyses assessed patients
meeting the CR endpoint at Week 24 stratified
by baseline T2 inflammation status, defined here
as: low T2 (combined eosinophil [EOS] <150
cells/pl and fractional exhaled nitric oxide
[FeNO] <20 parts per billion [ppb] at baseline),
high T2 (combined EOS>300 cells/ul and
FeNO >S50 ppb at baseline), and intermediate
T2 (all other patients with an EOS and FeNO
measurement). Further details are included in
the Supplementary Material.

In the pre-specified CAPTAIN analyses, a
step-down closed-testing hierarchy was used
to account for multiplicity across doses and
efficacy endpoints, whereby inference for a
test in the pre-defined hierarchy was depend-
ent on significance having been reached for
the previous tests [36]. For the study to be
positive, to pass the first step of the hierarchy,

significant improvements at the 0.05 level had
to be observed when adding UMEC 62.5 to both
FF/VI 100/25 and FF/VI 200/25 [36]. In the pri-
mary analysis of the study, the hierarchy was
broken at the key secondary endpoint, and all
subsequent analyses were considered descrip-
tive and were not adjusted for multiplicity [36].
Therefore, the analyses for this post hoc explor-
atory analysis are also considered descriptive;
p-values are not adjusted for multiplicity and are
nominal. A non-responder imputation approach
was used, where patients who discontinued the
study before the Week 24 or Week 52 visit or
had missing responses to any component were
considered not to have met the composite CR
endpoint for that visit.

RESULTS

Study Population

Data for 407 patients receiving FF/VI 100/25,
406 receiving FF/UMEC/VI 100/62.5/25, 406
receiving FF/VI 200/25, and 408 receiving
FF/UMEC/VI 200/62.5/25 were included in this
post hoc analysis. Of these, 87 patients receiv-
ing FF/VI 100/25, 91 receiving FF/UMEC/VI
100/62.5/25, 91 receiving FF/VI 200/25, and 91
receiving FF/UMEC/VI 200/62.5/25 continued in
the study to Week 52 (Fig. 2).

Baseline demographic and clinical
characteristics for the CAPTAIN ITT population
(Table 1) and for the subgroup of patients that
continued in the study to Week 52 (Table S2)
were generally similar across groups. Additional
baseline characteristics for the CAPTAIN ITT
population have been reported previously [36].

Patients Meeting the CR Endpoint at Week
24 and Achieving CR at Week 52

Overall, a greater proportion of patients met
the CR endpoint (no SCS use, no severe exac-
erbations, ACQ-5<1.50, lung function stabili-
zation/optimization) with FF/UMEC/VI versus
FF/VI during the study, regardless of FF dose
and irrespective of the lung function compo-
nent assessed (Fig. 3). Using the lung function
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CAPTAIN ITT population

N=2436

A

Data FF/VI FF/UMEC/VI FFIVI FF/UMEC/VI
available at 100/25 100/62.5/25 200/25 200/62.5/25
Week 24 N=407 N=406 N=406 N=408
Data FFIVI FF/UMEC/VI FFIVI FF/UMEC/VI
available at 100/25 100/62.5/25 200/25 200/62.5/25
Week 52 N=87 N=91 N=91 N=91

Fig.2 DPatient disposition. All doses are in pg. FF fluticasone furoate; I77 intent-to-treat; UMEC umeclidinium; V7

vilanterol

stabilization criterion, 42% (n=170/406) and
47% (n=190/408) of patients met the CR end-
point at Week 24 with FF/UMEC/VI 100/62.5/25
or 200/62.5/25, respectively, versus 31%
(n=127/407) and 36% (n=145/406) receiving
FF/VI 100/25 or 200/25, respectively (Fig. 3a).
At Week 52, 43% (n=39/91) and 47% (n=43/91)
achieved CR with FF/UMEC/VI 100/62.5/25 or
200/62.5/25, respectively, versus 34% (n=30/87)
and 33% (n=30/91) receiving FF/VI 100/25 or
200/25, respectively (Fig. 3b).

Using the lung function optimiza-
tion criterion, 31% (n=127/406) and 36%
(n=146/408) of patients met the CR endpoint
at Week 24 with FF/UMEC/VI 100/62.5/25
or 200/62.5/25, respectively, versus 19%
(n=77/407) and 26% (n=104/406) receiving
FF/VI 100/25 or 200/25, respectively (Fig. 3a).
At Week 52, 30% (n=27/91) and 38% (n=35/91)
of patients achieved CR with FF/UMEC/VI
100/62.5/25 or 200/62.5/25, respectively, versus
21% (n=18/87) and 24% (n=22/91) receiving
FF/VI 100/25 or 200/25, respectively (Fig. 3b).

The impact of varying asthma control thresh-
olds on attainability of the CR endpoint (lung
function optimization) is presented in Fig. 4.
The proportion of patients meeting the CR end-
point decreased for all treatment groups with
more stringent ACQ-5 thresholds at both Week
24 and Week 52, although more patients still

met the CR endpoint with FF/UMEC/VI than
with FF/VI, regardless of FF dose.

Probability and Odds of Meeting the
CR Endpoint Versus not Meeting the CR
Endpoint at Week 24

Using the lung function stabilization criterion,
the probability of meeting the CR endpoint at
Week 24 was greater when adding UMEC to
FF/VI with both FF 100 and 200 doses (RR [95%
CI]: 1.32 [1.10, 1.59], p=0.003; 1.30 [1.10, 1.53],
p=0.002, respectively; nominally statistically sig-
nificant) (Fig. 5a). The probability of meeting the
CR endpoint at Week 24 was numerically increased
when doubling the FF dose in both dual and tri-
ple therapy (Fig. Sb). The probability of meeting
the CR endpoint at Week 24 was also greater when
simultaneously doubling the FF dose and adding
UMEC to FF/VI 100/25 (RR [95% CI]: 1.49 [1.24,
1.77], p<0.001; nominally statistically significant)
(Fig. 5¢); ORs (95% ClIs) were generally aligned with
RRs across all treatment comparisons (Fig. 5).
When using the lung function optimization
criterion, the probability of meeting the CR end-
point at Week 24 was again greater when adding
UMEC to FF/VI with both FF 100 and 200 doses
(RR [95% CIJ: 1.60 [1.25, 2.04], p<0.001; 1.36
[1.10, 1.67], p=0.004, respectively; nominally
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Table 1 Bascline demographic and clinical characteristics

FF/VI FF/UMEC/VI FF/VI FF/UMEC/ CAPTAIN
100/25 100/62.5/25 200/25 VI ITT
(N=407) (N=406) (N=406) 200/62.5/25 population*
(N'=408) (N'=2436)
Sex, female, 7 (%) 254 (62) 248 (61) 252 (62) 258 (63) 1514 (62)
Age, years, mean (SD) 533 (13.03)  529(1339)  539(1330) 53.7(12.50)  53.2(13.11)
BMI, kg/m? mean (SD) 2929 (608)  2924(665)  2938(629) 29.66(6.93)  29.35 (6.64)
Asthma duration, years, mean (SD)  (»=407) (n=406) (n=406) (n=408) (n=2435)
204(15.03)  208(1570) 207 (1453) 223(1615) 212 (1531)
ACQ-S score at screening, mean (n=406) (n=406) (n=406) (n=407) (n=2433)
(SD) 264(0.63) 266 (0.66) 271(0.69)  2.68(0.69)  2.68(0.67)
Pre-bronchodilator FEV at (n=402) (n=404) (n=401) (n=407) (n=2423)
screening
L, mean (SD) 1.733 (0.5824) 1.756(0.5979) 1.722 1732 (0.6130) 1.734
(0.5994) (0.5843)
9% Predicted, mean (SD) 58.24 (13.061) 58.76(12.741) 58.66 58.98 (13.255) 58.48
(13.196) (12.787)
Severe exacerbations in the year
before screening, 7 (%)
0 144 (35) 160 (39) 157 (39) 124 (30) 892 (37)
1 198 (49) 179 (44) 196 (48) 216 (53) 1166 (48)
>2 65 (16) 67 (17) 53 (13) 68 (17) 378 (16)
SCS use at screening/during run-in," 2 (< 1) 3(<1) 5(1) 4(<1) 28 (1)

7 (%)

All doses are in pg

BMI body mass index; 4CQ-5 Asthma Control Questionnaire 5-item; FEV, forced expiratory volume in 1 s; FF fluticasone
furoate; I7T intent-to-treat; SCS systemic corticosteroid; SD standard deviation; UMEC umeclidinium; #7 vilanterol

*The CAPTAIN ITT population includes data from UMEC 31.25 pg treatment arms; Tincluding systemic, oral, parenteral,

and intra-articular corticosteroids

statistically significant) (Fig. 5a). The probabil-
ity of meeting the CR endpoint at Week 24 was
nominally statistically significantly greater when
doubling the FF dose in dual therapy (RR [95%
CI]: 1.37 [1.06, 1.77], p=0.017) and numerically
increased when doubling the FF dose in triple
therapy (Fig. Sb). The probability of meeting
the CR endpoint at Week 24 was greater when
simultaneously doubling the FF dose and add-
ing UMEC to FF/VI 100/25 (RR [95% CI]: 1.86

[1.47, 2.36], p<0.001; nominally statistically
significant) (Fig. 5c). Similar results were seen
with ORs across treatment comparisons (Fig. 5).

Predictive Value of Meeting the CR Endpoint
at Week 24 for Achieving CR at Week 52

The predictive value of an early response
at Week 24 for achieving CR at Week 52
was assessed in the subset of patients who
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Proportion of patients (%)

Week 24

47%

0 ™ 27 77 170 127 145 104 190 146  =n
FF/VI 100/25 FF/UMECNVI FF/VI 200/25 FF/UMECNVI
(N=407) 100/62.5/25 (N=406) 200/62.5/25
(N=406) (N=408)
b Week 52
50 47%

Proportion of patients (%)

0 ™ a0 18 39 27
FF/VI 100/25 FF/UMECNVI
(N=87) 100/62.5/25

(N=91)

M Lung function stabilization (FEV, 20 mL)

Fig.3 Proportion of patients meeting the CR endpoint at
Week 24 (a) and achieving CR at Week 52 (b) with FF/VI
or FF/UMEC/VI. This was a post hoc exploratory analy-
sis. All doses are in pg. Data at Week 52 were reported for
patients who continued in the study for 52 weeks. Solid
bars represent the CR endpoint (no SCS use, no severe
exacerbations, ACQ-5 < 1.50, and stabilized or optimized

30 22 43 35  =n
FF/VI 200/25 FF/UMEC/VI
(N=91) 200/62.5/25
(N=91)

Lung function optimization (FEV, 2100 mL)

lung function), including the lung function stabilization
component; hatched bars represent the CR endpoint
including the lung function optimization component.
ACQ-5 Asthma Control Questionnaire S-item; CR clinical
remission; FEV, forced expiratory volume in 1 s; FF fluti-
casone furoate; SCS systemic corticosteroid; UMEC ume-
clidinium; V7 vilanterol
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«Fig. 4 Impact of varying ACQ thresholds on the
proportion of patients meeting the CR endpoint at
Week 24 (a) and achieving CR at Week 52 (b) with
FF/VI or FF/UMEC/VL. This was a post hoc exploratory
analysis. All doses are in ug. Data at Week 52 were reported
for patients who continued in the study for 52 weeks. Data
represent the 4-component CR endpoint including lung
function optimization and varying ACQ-5 thresholds:
dotted bars represent ACQ-5<0.75; hatched bars repre-
sent ACQ-5<1.00; solid bars represent ACQ-5 < 1.50.
ACQ-5 Asthma Control Questionnaire 5-item; CR clinical
remission; FF fluticasone furoate; UMEC umeclidinium;
VT vilanterol

continued for the duration of the study, using
the lung function optimization criterion. For
all treatment groups, a greater proportion of
patients who met the CR endpoint at Week 24
also achieved CR at Week 52 compared with
those who did not meet the CR endpoint at
Week 24 (Fig. 6). Specifically, among patients
treated with FF/UMEC/VI 100/62.5/25 (49%
[n=45/91]) or 200/62.5/25 (37% [n=34/91])
who met the CR endpoint at Week 24, 44%
(n=20/45) and 68% (n=23/34), respectively,
went on to achieve CR at Week 52. In com-
parison, among those who did not meet the
CR endpoint at Week 24 with FF/UMEC/VI
100/62.5/25 (51% [n=46/91]) and 200/62.5/25
(63% [n=57/91]), only 15% (n=7/46) and 21%
(n=12/57), respectively, achieved CR at Week
52. Similar results were observed for FF/VI
100/25 and 200/25 (Fig. 6).

Impact of Each Component of CR

The proportions of patients who were SCS-free
and/or had no severe exacerbations were gen-
erally similar with either FF/UMEC/VI or FF/VI
at Week 24 (79-84%) and Week 52 (69-76%),
regardless of FF dose (Fig. 7). The components
of asthma control and lung function had the
greatest impact on attainability of CR. The pro-
portions of patients who were SCS-free, had no
severe exacerbations, and had an ACQ-5 total
score<1.50 at Week 24 were generally similar
across treatment groups (53-60%), although
increases were seen with FF/UMEC/VI (59%)
versus FF/VI (48-51%) at Week 52 (Fig. 7).

Greater proportions of patients met the CR
endpoint at Week 24 (42-47% vs 31-36%)
and achieved CR at Week 52 (43-47% vs
33-34%) with FF/UMEC/VI versus FF/VI when
using the lung function stabilization crite-
rion (no SCS use, no severe exacerbations,
ACQ-S total score<1.50, and change from
baseline in trough FEV,; >0 ml), regardless of
FF dose (Fig. 7). The lung function optimiza-
tion criterion (change from baseline in trough
FEV,>100 ml) resulted in lower proportions of
patients meeting the composite CR endpoint
for all treatment groups. However, a similar
pattern was observed in terms of treatment dif-
ference between FF/UMEC/VI and FF/VI, with
greater proportions of patients meeting the CR
endpoint at Week 24 (31-36% vs 19-26%) and
achieving CR at Week 52 (30-38% vs 21-24%)
with FF/UMEC/VI versus FF/VI (Fig. 7).

Baseline Characteristics of Patients Who Met
and Did Not Meet the CR Endpoint at Week
24

Across treatment groups, patients who met the
CR endpoint at Week 24 versus those who did
not were generally younger and had a better
ACQ-5 score and pre-dose FEV,, lower body
mass index (BMI), and a shorter asthma dura-
tion at baseline; fewer patients experienced >2
severe exacerbations in the year before screen-
ing (Table S3). However, these differences were
small, and results are descriptive only. There
were also some inconsistencies: baseline BMI
in the FF/VI 100/25 group and baseline pre-
dose FEV, in the FF/UMEC/VI 200/62.5/25
group were similar between those who did and
did not meet the CR endpoint at Week 24; in
the FF/UMEC/VI 100/62.5/25 group, patients
who met the CR endpoint at Week 24 had a
longer asthma duration than those who did
not. In addition, in patients treated with FF/VI
200/25 or FF/UMEC/VI 200/62.5/25, a greater
proportion who met the CR endpoint at Week
24 had high baseline EOS (>300 cells/ul) or
FeNO (>50 ppb) levels than those who did not
meet the CR endpoint at Week 24; no notable
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Adding a LAMA to
medium-dose ICS/LABA

FF/UMEC/VI 100/62.5/25 vs
FF/VI 100/25

Adding a LAMA to
high-dose ICS/LABA

FF/UMEC/VI 200/62.5/25 vs
FF/VI 200/25

b

Doubling ICS dose
in triple therapy

FF/UMEC/VI 200/62.5/25 vs
FF/UMEC/VI 100/62.5/25

Doubling ICS dose
in dual therapy
FF/VI 200/25 vs
FF/V1 100/25

Cc

Simultaneously doubling
ICS dose and adding a LAMA

FF/UMEC/VI 200/62.5/25 vs
FF/VI 100/25

Proportion of patients
meeting the CR endpoint
at Week 24, n (%)

Risk ratios Odds ratios
Lung function  Lung function
stabilization optimization
(FEV,20 mL)  (FEV, 2100 mL) RR (95% Cl) OR (95% CI)
170/406 (42) 127/406 (31) gl 1.34 (1.12, 1.61), p=.002 —e— 157 (1.18,2.10), p=.002
127/407 (31) 771407 (19) HIH  1.65(1.29, 2.12), p<.001 —{— 1.93 (1.39, 2.68), p<.001
190/408 (47) 146/408 (36) o 1.30 (1.10, 1.54), p=.002 —e— 157 (1.18,2.08), p=.002
145/406 (36) 104/406 (26) HH 1.40 (1.13, 1.72), p=.002 - 1.62(1.19, 2.19), p=.002
Favors Favors Favors Favors
FFIVI FF/UMEC/VI FFIVI FF/UMEC/VI
& > >
< » < >
T T T T TTTTT T T TTrrrrri T T T TTTTT T T Trrrrri
0.1 10 0.1 10
RR (95% ClI) OR (95% CI)
190/408 (47) 146/408 (36) He- 1.11 (0.95, 1.30), p=.177 NS H—— 1.23 (0.93, 1.62), p=.148 NS
170/406 (42) 1277406 (31) HH 1.14 (0.94, 1.39), p=.174 NS —— 1.26 (0.94, 1.70), p=.119 NS
145/406 (36) 104/406 (26) He— 1.14 (0.94, 1.39), p=173 NS H—i 1.23 (0.92, 1.65), p=.164 NS
127/407 (31) 771407 (19) 1 1.35 (1.04, 1.76), p=.022 =~ 1.51(1.08,2.11), p=.017
Favors Favors Favors Favors
FF 100 FF 200 FF 100 FF 200
d » d »
< » < >
r T T T TTTTT T T rTrTrrim T T mTTTTT T T mTrTrrimn
0.1 10 0.1 10
RR (95% Cl) OR (95% CI)
190/408 (47) 146/408 (36) 4 1.49(1.25, 1.78), p<.001 —e— 193 (1.45,258), p<.001

127/407 (31)

77/407 (19)

HOH 1.89 (1.49, 2.40), p<.001

1 2.44 (1.76, 3.37), p<.001

Favors Favors Favors Favors
FFIVI FF/UMEC/VI FFIVI FF/UMEC/VI
d » d »
l Ll l Ll
T T T mTrTrrrnm T T rrrrrnm T T mTrTrrrrr T T mrrrrm
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’ Lung function stabilization (FEV, 20 mL)

RR (95% Cl)

Fig.5 Risk ratios and odds ratios for meeting the CR end-
point at Week 24 after adding UMEC to FF/VI (a), dou-
bling ICS dose (b), and simultaneously adding UMEC
and doubling ICS dose (c). This was a post hoc exploratory

analysis; p values were not adjusted for multiplicity. All
doses are in pg. The composite CR endpoint was defined
as no SCS use, no severe exacerbations, ACQ-5 < 1.50,
and stabilized or optimized lung function. 4CQ-5 Asthma

OR (95% Cl)

I:] Lung function optimization (FEV, 2100 mL)

Control Questionnaire 5-item; C7 confidence interval; CR
clinical remission; FEV, forced expiratory volume in 1 s;
FF fluticasone furoate; ICS inhaled corticosteroid; ZABA
long-acting B,-agonist; LAMA long-acting muscarinic
antagonist; NS not significant; OR odds ratio; RR risk
ratio; SCS systemic corticosteroid; UMEC umeclidinium;

VI vilanterol
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Met the CR
endpoint at Week 24

Achieved CR
at Week 52

29%
(n=25)

. Yes 7 . Yes

No
No

FF/VI
100/25

<

Yes
No

71%

(N=87%) (n-62)

-

FF/UMEC/VI
100/62.5/25
(N=91%)

FF/IVI
200/25

(N=91*) Yes

FF/UMEC/VI
200/62.5/25
(N=91%)

Yes
No

Fig. 6 Proportion of patients who achieved CR at Week
52 and who did or did not meet the CR endpoint at Week
24, with FF/VI or FF/UMEC/VI. *For patients with
data available at Week 52. This was a post hoc explora-
tory analysis. All doses are in pg. The composite CR end-

differences were seen for FF/VI 100/25 and
FF/UMEC/VI 100/62.5/25 (Table S3).

Effect of T2 Inflammation Status on Meeting
the CR Endpoint at Week 24

In patients with either low or intermediate T2
status, a greater proportion of patients met the
CR endpoint at Week 24 with FF/UMEC/VI
versus FF/VI, regardless of FF dose (Fig. S2).

21% (n=18/87)
achieved CR
at Week 52

79% (n=69/87)
did not achieve CR
at Week 52

56% (n=14)
44% (n=11)
6% (n=4)

94% (n=58)

30% (n=27/91)
achieved CR
at Week 52

70% (n=64/91)
did not achieve CR
at Week 52

44% (n=20)
56% (n=25)
15% (n=7)

85% (n=39)

24% (n=22/91)
achieved CR
at Week 52

76% (n=69/91)
did not achieve CR
at Week 52

58% (n=15)
42% (n=11)
11% (n=7)

89% (n=58)

38% (n=35/91)
achieved CR
at Week 52

62% (n=56/91)
did not achieve CR
at Week 52

68% (n=23)

32% (n=11) --

21% (n=12) —
79% (n=45) --

point was defined as no SCS use, no severe exacerbations,
ACQ-5<1.50, and optimized lung function. ACQ-5
Asthma Control Questionnaire 5-item; CR clinical remis-
sion; FF fluticasone furoate; SCS systemic corticosteroid;
UMEC umeclidinium; 77 vilanterol

Doubling the FF dose resulted in a greater treat-
ment response in patients with a high T2 status:
38% of patients met the CR endpoint at Week 24
with FF/VI 200/25 versus 24% with FF/VI 100/25
and 23% with FF/UMEC/VI 100/62.5/25; how-
ever, 61% of patients met the CR endpoint at
Week 24 with FF/UMEC/VI 200/62.5/25 (Fig. S2).
Pooled analyses were broadly supportive of these
results: the effect of increasing FF dose on meet-
ing the CR endpoint at Week 24 was greatest in
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No SCS use

No SCS use, no severe exacerbations

HEESN

Fig.7 Impact of each component of the CR definition
on the proportion of patients meeting the CR endpoint
at Week 24 and achieving CR at Week 52 with FF/VI or
FF/UMEC/VL This was a post hoc exploratory analy-
sis. All doses are in pg. Data at Week 52 were reported

patients with a high T2 status, with minimal dif-
ferences in low and intermediate T2 subgroups,
whereas adding UMEC to FF/VI increased the
probability of meeting the CR endpoint regard-
less of T2 status (Figs. S3 and S4). Of note, results
from T2 subgroup analyses should be interpreted
with caution because of the low patient numbers
in low T2 and high T2 subgroups.

338 336 229 170 127 340 340 231 145 104

|
69 69 54 39 27

Week 24

84% 84%

342 341 246 190 146 =n

FF/UMEC/VI 200/62.5/25
(N=408)

FF/VI 200/25
(N=406)

Week 52

76% 76% 76% 76%

69 69 54 43 35 =n

FF/VI 200/25 FF/UMEC/VI 200/62.5/25
(N=91) (N=91)

No SCS use, no severe exacerbations, ACQ-5 total score <1.50
No SCS use, no severe exacerbations, ACQ-5 total score <1.50, lung function stabilization (FEV, 20 mL)

No SCS use, no severe exacerbations, ACQ-5 total score <1.50, lung function optimization (FEV, 2100 mL)

for patients who continued in the study for 52 weeks.
ACQ-5 Asthma Control Questionnaire 5-item; CR clini-
cal remission; FEV, forced expiratory volume in 1 s;
FF fluticasone furoate; SCS systemic corticosteroid;
UMEC umeclidinium; 77 vilanterol

DISCUSSION

The results of this post hoc analysis show,
for the first time to our knowledge, that CR
is achievable with both FF/UMEC/VI and
FF/VI inhaled therapy for patients with asthma
previously uncontrolled on ICS/LABA but who
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have not yet been considered for biologic ther-
apy. A greater proportion of patients met the
CR endpoint at Week 24 and achieved CR at
Week 52 with FF/UMEC/VI than FF/VI (FF 100
or 200 pg), and the probability of meeting the
CR endpoint at Week 24 was greater with FF/
UMEC/VI versus FF/VI, irrespective of FF dose
and lung function threshold used.

Recently, data have emerged showing that CR
is achievable for patients treated with inhaled
therapy alone and for those with less severe
asthma [33, 38-40]. However, these studies
have limitations in the size [39] and selection
[40] of the patient population, selection
of interventions [33, 38], and definition of
endpoints [38]. In contrast, the current post
hoc analysis evaluated asthma CR using robust
data from the CAPTAIN clinical trial, including
a defined ITT population of 2436 patients with
uncontrolled moderate-to-severe asthma, not
required to have a history of exacerbations, and
who were stabilized on FF/VI prior to treatment
randomization to either FF/UMEC/VI or FF/VL.
We also evaluated a 4-component definition
of CR, in line with the current literature,
comprising no SCS use, no severe exacerbations,
asthma control, and stabilized or optimized
lung function [1, 21, 22], and demonstrate the
attainability of CR with both FF/UMEC/VI and
FF/VI.

When assessing the impact of individual
components, we found that most patients
had no SCS use and no severe exacerbations,
with similar results across treatment groups.
This finding is not altogether surprising, given
that patients enrolled in CAPTAIN were not
required to have experienced an exacerba-
tion in the year prior. Instead, we found that
symptom control and lung function were the
components that most impacted attainability
of the CR endpoint. Despite this, over half of
patients across treatment groups had symptom
control (ACQ-5<1.50) at Week 24. Interest-
ingly, in the overall population there were only
minor differences in treatment effect between
FF/UMEC/VI and high-dose FF/VI at Week 24,
whereas in the subgroup that continued to
Week 52, more patients achieved CR using the
ACQ-5<1.50 threshold with FF/UMEC/VI than
FF/VI, regardless of FF dose. This may suggest

short-term benefits in symptom control from
increasing ICS dose versus longer-term benefits
from adding a long-acting muscarinic antago-
nist (LAMA) to ICS/LABA. When including lung
function, irrespective of the stabilization/opti-
mization definition used, a greater proportion
of patients met the CR endpoint at Week 24 or
achieved CR at Week 52 with FF/UMEC/VI ver-
sus FF/VI. These results may be expected from
the addition of a second bronchodilator. Indeed,
results from Phase III trials have demonstrated
that ICS/LAMA/LABA triple therapy improves
lung function and symptom control versus ICS/
LABA dual therapy in patients with uncontrolled
asthma [36, 41, 42]. In addition, a recent medi-
cal imaging study found that in patients with
uncontrolled asthma despite previous ICS/LABA
therapy, initiating FF/UMEC/VI led to improve-
ments in lung function and a reduction in small
airways dysfunction [43], emphasizing the
added benefit of LAMA for improving patient
outcomes.

Despite the greater treatment effect with
FF/UMEC/VI compared with FF/VI, a subset
of patients did not meet the CR endpoint at
Week 24 or achieve CR at Week 52 with either
therapy. It is unclear why the CR composite
endpoint appeared out of reach of these
patients; indeed, the high proportions meeting
individual components indicate that many
patients still responded to treatment. These
findings highlight that CR remains an ambitious
and challenging treatment goal, particularly
given the multifactorial nature of assessment.
As such, identifying characteristics associated
with CR may help improve achievability by
allowing personalization of treatment. In this
post hoc analysis, we found that patients who
met the CR endpoint at Week 24 were generally
younger, had fewer severe exacerbations in
the year prior, and had better asthma control
and lung function, a lower BMI, and shorter
asthma duration at baseline than those who
did not meet the CR endpoint at Week 24.
Although these findings are descriptive, and
were inconsistent across treatment groups, they
broadly align with those from other studies
in patients with mild-to-moderate and severe
asthma [33, 35].
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Recent research in severe asthma populations
has shown that the odds of CR with biologic
therapy are higher in patients with high T2
asthma [44, 45]. Although we assessed a patient
population with less severe asthma, not yet
considered for biologics, we also evaluated the
impact of T2 inflammation status on CR with
inhaled therapy. We found that when increas-
ing FF dose, patients with high T2 inflammation
were more likely to meet the CR endpoint at
Week 24, with little effect in patients with low
T2 inflammation. In contrast, adding UMEC to
FF/VI increased the probability of meeting the
CR endpoint at Week 24 versus FF/VI alone,
regardless of T2 status. Moreover, patients who
met the CR endpoint at Week 24 with high-dose
FF/UMEC/VI or FF/VI had higher baseline EOS
and FeNO levels than those who did not meet
the CR endpoint at Week 24. Early optimization
of treatment based on T2 phenotype may there-
fore help patients achieve CR: in patients with
moderate-to-severe asthma and low T2 inflam-
mation, addition of a LAMA to ICS/LABA may
improve rates of CR, whereas in those with high
T2 inflammation, increasing ICS dose in dual or
triple therapy could be considered.

The results of this post hoc analysis also
showed that patients meeting the CR endpoint
at Week 24 were more likely to achieve CR at
Week 52 than those who did not meet the CR
endpoint at Week 24, regardless of treatment.
This suggests that there may be predictive
value in assessing the components of CR at an
earlier timepoint, as an indicator of long-term
success in achieving CR. Healthcare providers
might therefore consider implementing regular
assessments of CR components earlier in the
treatment process to proactively manage
patients and target CR as a treatment goal.
Furthermore, earlier optimization of treatment
may increase the ability of patients to meet
CR components at earlier timepoints and in
turn maintain this as CR at 52 weeks [46, 47].
Indeed, in patients with severe asthma treated
with biologics, a shorter asthma duration prior
to treatment initiation is associated with greater
odds of remission [34].

Although CR represents an aspirational
treatment goal for patients with asthma, some
refinements are still required regarding the

component criteria. Thus far, SCS-/OCS-free
and exacerbation-free criteria are consistently
applied across CR definitions, reflecting the
objectivity of assessment and the clear benefits
of freedom from exacerbations and SCS use
[48-52]. However, despite the importance of
maintaining lung function to long-term asthma
management [53], there has been considerable
variability in lung function criteria used to assess
CR in asthma, with some studies mandating
either lung function stabilization or optimi-
zation and others omitting lung function as a
component entirely [54, 55]. We assessed lung
function optimization alongside stabilization, in
line with recommendations from expert consen-
sus statements on CR [21, 22], and found that
the lung function component had the greatest
impact on attainability of CR in this population.
Interestingly, the greater treatment effect of
FF/UMEC/VI versus FF/VI remained, irrespective
of which lung function threshold was assessed,
suggesting that the addition of UMEC offers
clinical benefits for both stabilizing and optimiz-
ing lung function in the right patients. In keep-
ing with the aim to refine and standardize the
CR definition, our results suggest that lung func-
tion stabilization could be considered the mini-
mum benchmark for CR, particularly in patients
aiming to prevent decline, such as those with
long-standing asthma who experience persistent
airway obstruction [44, 47]. For those with less
airway dysfunction, optimization could then be
explored as a further threshold in CR.

Asthma control has previously been assessed
cross-sectionally via the ACT and ACQ [26,
28-31, 55, 56], but as with lung function,
specific assessment criteria for CR have yet
to be robustly defined. We assessed symptom
control using an ACQ-5 score of<1.50, in
line with previous studies [28, 31, 55, 56], as
well as exploring more stringent thresholds
0f<0.75 and<1.00 [57]. As expected, fewer
patients met the composite CR endpoint
with ACQ-5<0.75 than ACQ-5<1.50. How-
ever, the difference between FF/UMEC/VI and
FF/VI was still evident even at the most strin-
gent ACQ-5 threshold. Further research is
needed to define the optimal thresholds and
timeline for assessment of symptom control in
CR. However, as the definition of CR evolves,

A\ Adis



Adyv Ther (2026) 43:729-749

745

the results of this post hoc analysis may help
inform discussions about the impact of differ-
ent component thresholds to ensure that CR is
a relevant and achievable goal for all patients.

Limitations associated with this analysis
include those typically associated with post hoc
analyses; care must be taken when interpreting
data because the analysis may not be powered
to optimally answer the study’s questions.
A limitation of CAPTAIN for this post hoc
exploratory analysis was the 24-week fixed
treatment period and optional continuation to
Week 52; consequently, a relatively low number
of patients contributed to the Week 52 dataset.
To mitigate this, we report data for the composite
CR endpoint at both Week 24 and Week 52.
Assessment of a 24-week CR endpoint may
lead to overestimation of the rate of remission,
as there may be fewer exacerbations versus
the 52-week period. However, the CAPTAIN
population included patients with moderate-to-
severe asthma who were not required to have
a history of exacerbations, thereby reducing
this risk of bias. Furthermore, descriptive data
at Week 24 and Week 52 showed consistent
treatment effects from FF/UMEC/VI and FF/VI
therapies, with more patients attaining the CR
endpoint at both timepoints with triple versus
dual therapy, regardless of ICS dose.

CONCLUSIONS

This post hoc analysis showed that in patients
with uncontrolled moderate-to-severe asthma
not yet considered for biologics, a greater
proportion achieved CR with FF/UMEC/VI versus
FF/VI alone, regardless of FF dose. Our findings
suggest that meeting a CR endpoint at 24 weeks
may be indicative of CR at 52 weeks, regardless
of dual or triple therapy, underscoring the
importance of early assessment and treatment
optimization to achieve CR. Collectively, these
findings indicate that CR should be considered
an ambitious but attainable treatment goal for
patients with uncontrolled asthma, irrespective
of disease severity and current therapy.
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