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Abstract

Background: Severe asthma exacerbations increase the risk of accelerated lung func-
tion decline. This analysis examined the effect of dupilumab on forced expiratory vol-
ume in 1 s (FEV,) in patients with moderate-to-severe asthma and elevated type 2
biomarkers from phase 3 LIBERTY ASTHMA QUEST (NCT02414854).

Methods: Changes from baseline in pre- and post-bronchodilator (BD) FEV, and 5-
item Asthma Control Questionnaire (ACQ-5) scores were assessed in patients with
elevated type 2 biomarkers at baseline (type 2-150/25: eosinophils 2150 cells/pl and/
or fractional exhaled nitric oxide [FeNO] =25 ppb; type 2-300/25: eosinophils =300
cells/ul and/or FeNO 225 ppb), stratified as exacerbators (21 severe exacerbation dur-
ing the study) or non-exacerbators.

Results: In exacerbators and non-exacerbators, dupilumab increased pre-BD FEV,
by Week 2 vs placebo; differences were maintained to Week 52 (type 2-150/25: LS
mean difference (LSMD) vs placebo: 0.17 L (95% Cl: 0.10-0.24) and 0.17 L (0.12-0.23);
type 2-300/25: 0.22L (0.13-0.30) and 0.21L (0.15-0.28)), in exacerbators and non-
exacerbators, respectively (p <.0001). Similar trends were seen for post-BD FEV,.
Dupilumab vs placebo also showed significantly greater improvements in post-BD
FEV, 0-42days after first severe exacerbation in type 2-150/25 (LSMD vs placebo:
0.13L [0.06-0.20]; p =.006) and type 2-300/25 (0.14L [0.06-0.22]; p =.001) pa-
tients. ACQ-5 improvements were greater with dupilumab vs placebo in both groups.
Conclusion: Dupilumab treatment led to improvements in lung function independent
of exacerbations and appeared to reduce the impact of exacerbations on lung func-

tion in patients who experienced a severe exacerbation during the study.

KEYWORDS
dupilumab, FEV,, severe exacerbations, type 2 biomarkers

Abbreviations: ACQ-5, 5-item Asthma Control Questionnaire; BD, bronchodilator; FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1 second; ICS, inhaled
corticosteroid; LSMD, least squares mean difference; MMRM, mixed model repeated measures; q2w, every 2 weeks.
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; i 0-42 days after 1t exacerbation
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GRAPHICAL ABSTRACT

This analysis assessed the effect of dupilumab on FEV, in QUEST patients with moderate-to-severe asthma and elevated type 2 biomarkers.
Dupilumab significantly increased FEV,, regardless of number of severe exacerbations; FEV, recovery was more rapid in dupilumab- vs
placebo-treated patients. Dupilumab produced rapid and sustained improvement in lung function, including in patients experiencing severe

exacerbations.

Abbreviations: ACQ-5, 5-item Asthma Control Questionnaire; BD, bronchodilator; BL, baseline; FeNO, fractional exhaled nitric oxide; FEV/,,
forced expiratory volume in 1 second; LS, least squares; g2w, every 2 weeks

1 | INTRODUCTION

Patients with asthma are at an increased risk of accelerated loss of lung
function compared with healthy individuals.* Although age-related
decline in lung function is observed in adults without asthma, this is
often accelerated in patients with asthma, and this may begin early in
childhood.>? A number of other risk factors are associated with loss of
lung function, including biological sex, smoking, and exposure to pol-
lutants.>* Regardless of asthma status, blood and sputum eosinophil
counts have been associated with accelerated lung function decline,’
and in patients with asthma, predictors include elevated type 2 inflam-
matory biomarkers such as eosinophil counts and fractional exhaled
nitric oxide (FeNO), low body mass index, and presence of nasal pol-
yps.6 In patients with either asthma or chronic obstructive pulmonary
disease, the frequency of exacerbations has been linked to a more
rapid decline in lung function.””? The use of inhaled corticosteroids
(ICS) reduces the frequency of exacerbations and degree of lung func-
tion decline,” but some patients with severe asthma fail to respond
adequately to treatment with ICS or ICS plus additional controllers.*°

Dupilumab, a fully human monoclonal antibody,“'12 blocks the
shared receptor component for IL.-4 and IL-13. These type 2 in-
flammatory cytokines are implicated in numerous diseases such as
asthma and atopic dermatitis.?>'* In the phase 3 LIBERTY ASTHMA
QUEST study (NCT02414854), add-on dupilumab 200mg or 300mg
every 2weeks (q2w) vs placebo significantly reduced severe asthma
exacerbations and improved pre-bronchodilator (BD) forced expira-
tory volume in 1 s (FEV,) in the overall population of patients with

uncontrolled, moderate-to-severe asthma. Treatment effects were
greater in patients with vs without elevated type 2 biomarkers at
baseline (blood eosinophils 2150 cells/pl or FeNO 225 ppb).*°

Given the association between severe exacerbations and reduc-
tions in FEV, and the potential for treatment to attenuate decline
in lung function, this post hoc analysis aimed to evaluate changes
in lung function in patients with elevated type 2 biomarkers who
experienced severe exacerbations during treatment with dupilumab
or placebo during the QUEST study.

2 | METHODS
2.1 | Study design

Full details of the QUEST study design have been published pre-
viously.*® In brief, QUEST was a phase 3, randomized, double-
blind, placebo-controlled study assessing the efficacy and safety
of dupilumab in patients with uncontrolled, moderate-to-severe
asthma. The study was conducted in accordance with the Declaration
of Helsinki, the principles of Good Clinical Practice, and all local ap-
plicable regulations. Patients or their parents/guardians provided
informed consent/assent prior to enrollment in the study. Subgroup
analysis of primary endpoints by number of asthma exacerbation
events with 1 year prior to study was part of the pre-specified analy-
sis in the study protocol. However, other parts of the analysis were

conducted post hoc (e.g., analysis by baseline FeNO subgroups).
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2.2 | Patients

Patients aged 212 years with physician-diagnosed persistent asthma
for 212 months based on the Global Initiative for Asthma (GINA) rec-
ommendations,'® who were receiving medium-to-high dose ICS plus
up to 2 additional controllers (e.g., a long-acting p2-agonist or leu-
kotriene receptor antagonist) were eligible for enrollment. Inclusion
criteria included pre-BD FEV, <80% of the predicted normal value
for adults (90% for adolescents); FEV, reversibility 212% and
200ml; a 5-item Asthma Control Questionnaire (ACQ-5) score 21.5;
and =1 asthma exacerbation in the past year, defined as a worsen-
ing of asthma in the preceding year that resulted in hospitalization,
emergency medical care, or treatment with systemic glucocorticoids
for 23days. Full details of inclusion and exclusion criteria have been
published previously‘15

Patients were randomized 2:2:1:1 to receive add-on subcuta-
neous dupilumab 200mg or 300mg or matched placebo gq2w for
52 weeks.

2.3 | Endpoints

Outcomes assessed in the current analysis include comparison of
the baseline demographics and disease characteristics of exacerba-
tors and non-exacerbators, change from baseline over the 52-week
treatment period in pre- and post-BD FEV,, including assessment
after the first severe exacerbation (and prior to a second severe ex-
acerbation event), and the duration between first severe exacerba-
tion and the first available measurement of pre- and post-BD FEV,
following the exacerbation event. Data were censored at onset of
the potential second exacerbation event. A severe exacerbation dur-
ing the study period was defined as a deterioration of asthma that
required either the use of systemic corticosteroids for 23 days or a
hospitalization or emergency room visit due to asthma and requiring
systemic corticosteroids.

2.4 | Statistical analysis

Data for the two dupilumab and placebo arms were combined to
create one data set for each treatment. Patients with type 2 asthma,
defined as baseline blood eosinophil count 2150cells/ul and/or
FeNO =25ppb (type 2-150/25) were included in the current analy-
sis. Analyses were also performed on the subgroup of patients with
baseline blood eosinophil count 2300 cells/pl and/or FeNO 225 ppb
(type 2-300/25). Within the type 2-150/25 and type 2-300/25
groups, patients were stratified by whether or not they experienced
a severe exacerbation during the 52-week study, with exacerbators
defined as patients who experienced 21 exacerbation and non-
exacerbators defined as patients who experience no exacerbations
during the study treatment period.

Change from baseline in pre- and post-BD FEV, was assessed
using a mixed model repeated measures (MMRM) design, with

change from baseline in pre-/post-BD FEV, up to Week 52 as the
response variable, and treatment, age, sex, baseline height, region
(pooled country), baseline eosinophil strata, baseline ICS dose level,
visit, treatment-by-visit interaction, baseline pre-/post-BD FEV,
and baseline-by-visit interactions as covariates. Additional analysis
of change from baseline in pre- and post-BD FEV, was performed by
smoking status (never smoked or former smoker). Analysis of change
in post-BD FEV, after onset of the first severe exacerbation event
using the same MMRM was conducted but with change from study
baseline in post-BD FEV, values on or after the first severe exacer-
bation event and prior to second severe exacerbation event as the
response variable. Duration between first severe exacerbation and
first FEV, measurement available after onset of first severe exacer-
bation is presented as median and interquartile ranges.

Change from baseline in ACQ-5 was assessed using a MMRM
design with change from baseline in ACQ-5 up to week 52 as the
response variable and two pooled treatment groups, age, region
(pooled country), baseline eosinophil strata, baseline ICS dose level,
visit, treatment-by-visit interaction, baseline ACQ-5, and baseline-
by-visit interaction as covariates. Lower scores indicate greater im-

provements in asthma control.

3 | RESULTS

In total, 1902 patients were included in the QUEST study, of
whom 1519 patients were included in the analysis reported in this
manuscript. All 1519 patients were included in the type 2-150/25
group, and 1219 were also included in the type 2-300/25 group.
Baseline pre- and post-BD FEV, and reversibility were higher in
non-exacerbators vs exacerbators in both type 2 subgroups (both
subgroups—p <.0001 for pre-BD and post-BD FEV1; p <.05 for
reversibility) (Table 1). Across treatment groups, a higher percent-
age of exacerbators were on high-dose ICS at baseline (both sub-
groups—p <.0001). Similarly, the mean number of severe asthma
exacerbations in the previous year was higher in patients in the exac-
erbator group (both subgroups—p <.0001) and a higher percentage
of exacerbator patients had 22 exacerbations in the year prior to the
study (both subgroups—p <.0001). No clear differences in baseline
biomarkers were seen between exacerbators and non-exacerbators.
As reported previously, exacerbations in the previous year were
less common in dupilumab-treated patients than placebo-treated

patients.15

3.1 | Changein pre- and post-BD FEV,

Non-exacerbators compared with exacerbators had significantly
higher pre- and post-BD FEV, at baseline (p <.0001), regardless of
biomarker levels at baseline. Significantly greater increases in pre-
BD FEV, were seen in both exacerbators and non-exacerbators
for dupilumab vs placebo from Week 2 onwards. These differ-
ences were maintained through to Week 52 and were similar in
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patients included in the type 2-150/25 and type 2-300/25 groups.
In patients with type 2-150/25 asthma, by Week 52, least squares
mean differences (LSMD) (95% CI) for dupilumab vs placebo were
0.17L (0.10-0.24) and 0.17L (0.12-0.23) in exacerbators and
non-exacerbators, respectively (both p <.0001; Figure 1A). In pa-
tients with type 2-300/25 asthma, these differences were 0.22L
(0.13-0.30) and 0.21L (0.15-0.28), respectively (both p <.0001;
Figure 1B). It should be noted that whereas the LSMDs vs placebo
were similar in exacerbators and non-exacerbators, the absolute
pre-BD FEV, remained lower throughout the study in exacerbators
compared with non-exacerbators in both treatment groups. Similar
trends were observed in post-BD FEV,, with significantly greater
improvements in the dupilumab vs placebo groups by Week 2, sus-
tained through to Week 52, irrespective of exacerbator status. In
patients with type 2-150/25 asthma, by Week 52, LSMD (95% Cl)
vs placebo was 0.15L (0.08-0.22) in exacerbators and 0.19L (0.14-
0.25) in non-exacerbators (both p <.0001; Figure 2A). In patients

—e— Combined placebo

with type 2-300/25 asthma, by Week 52, LSMD vs placebo was
0.17L (0.09-0.24) in exacerbators and 0.24L (0.18-0.30) in non-
exacerbators (both p <.0001; Figure 2B). As observed with pre-BD
FEV,, absolute post-BD FEV, remained lower throughout the study
in exacerbators compared with non-exacerbators, irrespective of
baseline biomarkers or treatment group.

3.2 | Smoking history

When stratified by smoking history, significantly greater changes
from baseline in pre-BD FEV, were observed for patients from both
subgroups who had never smoked when treated with dupilumab vs
placebo, independent of exacerbator status (type 2-150/25 exac-
erbators - LSMD [95% Cl] vs placebo: 0.19L [0.11-0.28], p <.0001;
type 2-150/25 non-exacerbators: 0.17L [0.10-0.23], p <.0001;
type 2-300/25 exacerbators: 0.26L [0.16-0.36], p <.0001; type

—A— Combined dupilumab 200/300 mg q2w

(A) Patients with blood eosinophils >150 cells/ul and/or FeNO >25 ppb at baseline

Exacerbator populations

0.5 1
0.4 1
0.3 1
0.2 1

0.1 1

Change from baseline in pre-BD
FEV, (L), LS mean (+ SE)

Non-exacerbator populations

0.5 1
0.4 1

0.3

0.2 1

0.1 1

24 28 32 36 40 44 48
Number of patients Week

Combined placebo 231227222219 223 217220 220 215 211 215 211 213 200 207 205
Combined dupilumab

200/300 mg q2w 280 273 272 273 270 265 268 267 268 265 261 256 261 2600 259 252

215

52 0246281012 16 20

24 28 32 36 40 44 48 52
Week

296 290 287 288 283 285290 282 283 276 271 271 272270 269 266 233

712 700 690 690 683 682 691 689 671 677 666 658 664 653 653 639 547

(B) Patients with blood eosinophils >300 cells/ul and/or FeNO >25 ppb at baseline

Exacerbator populations

0.5 1
0.4 1
0.3
0.2 1

0.1 4

Non-exacerbator populations

0.5 1
0.4 1
0.3
0.2 1

0.1 4

024681012 16 20

Change from baseline in pre-BD
FEV, (L), LS mean (+ SE)

24 28 32 36 40 44 48
Number of patients Week

Combined placebo 189 187 184 180 183 181 182 181 178 173 177 176 175 172 172 169
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FIGURE 1 Change from baseline over time in pre-BD FEV, in (A) patients with eosinophil count 2150 cells/ul and/or FeNO >25ppb at
baseline and (B) patients with eosinophil count 2300 cells/ul and/or FeNO 225 ppb at baseline. FeNO, fractional exhaled nitric oxide; FEV,,
forced expiratory volume in 1 second; LS, least squares; ppb, parts per billion; g2w, every 2weeks; SE, standard error. *p <.05; **p <.01;

EEEY

p <.001 vs matched placebo
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(B) Patients with blood eosinophils >300 cells/ul and/or FeNO >25 ppb at baseline
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FIGURE 2 Change from baseline over time in post-BD FEV, during 52 weeks of treatment in (A) patients with eosinophil count 2150
cells/ul and/or FeNO 225 ppb at baseline and (B) patients with eosinophil count 2300 cells/ul and/or FeNO 225 ppb at baseline. *p <. 05;
**p <.01; ***p <.001 vs matched placebo. FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1 second; LS, least

squares; ppb, parts per billion; g2w, every 2 weeks; SE, standard error

2-300/25 non-exacerbators: 0.20L [0.12-0.27], p <.0001). Greater
changes were also seen in non-exacerbators with a history of smok-
ing who received dupilumab vs placebo (type 2-150/25 - LSMD
[95% CI] vs placebo: 0.19L [95% CI: 0.05-0.33], p =.08; type 2-
300/25: 0.25L [0.09-0.41], p =.002); however, differences be-
tween treatment groups were not significant in exacerbators who
were former smokers (type 2-150/25 - LSMD [95% Cl] vs placebo:
0.13L [-0.04 to -0.30], p =.143; type 2-300/25: 0.12L [-0.08 to
-0.32], p =.225). Similar trends were also observed in post-BD
FEV,, with significant differences between treatment groups in
both exacerbators (type 2-150/25 - LSMD [95% ClI] vs placebo:
0.19L [0.12-0.27], p <.0001; type 2-300/25: 0.22L [0.13-0.31],
p <.0001) and non-exacerbators (type 2-150/25: 0.19L [0.13-
0.25], p <.0001; type 2-300/25: 0.23L [0.17-0.30], p <.0001) who
had never smoked, and in non-exacerbators who were former smok-
ers (type 2-150/25: 0.20L [0.06-0.33], p =.004; type 2-300/25:
0.241.[0.08-0.40], p =.003). In the group of exacerbators who were

former smokers, change from baseline in post-BD FEV, was similar
between dupilumab and placebo (type 2-150/25 - LSMD [95% ClI]
vs placebo: 0.03L [-0.12t0 0.18], p =.672; type 2-300/25: -0.0002
[-0.17 to0 0.17], p =.998).

3.3 | Change from baseline in post-BD FEV, after
onset of the first exacerbation

Within the exacerbator population, significantly greater improve-
ments from baseline in post-BD FEV, were observed 0-42 days after
the first severe exacerbation event in dupilumab- vs placebo-treated
patients with either type 2-150/25 (LSMD [95% CI] vs placebo:
0.13L [0.06-0.20], p =.0006) or type 2-300/25 (0.14L [0.06-0.22],
p =.001) asthma (Figure 3). There was also a trend toward greater
improvements from baseline in post-BD FEV, measured at either
43-125 or 126-210days after the first severe exacerbation event
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FIGURE 3 Change from baseline in post-BD FEV, after onset of the first severe exacerbation event. Two events are considered as
different if the start dates are separated by at least 4weeks. Post-BD FEV, measurements on or after the first severe exacerbation event are
split into visits based on the days elapsed between the first severe exacerbation event and these measurements: 0-42 days, 43-125days,
and 126-210days. The exacerbator group includes patients with 21 severe exacerbation event during the 52-week treatment period.
Change from baseline in post-BD FEV, was derived from MMRM with change from study baseline in post-BD FEV, values on or after the
first severe exacerbation event and prior to second severe exacerbation event as the response variable, and treatment, age, sex, baseline
height, region (pooled country), baseline eosinophil strata, baseline ICS dose level, visit, treatment-by-visit interaction, study baseline
post-BD FEV, value and study baseline-by-visit interaction as covariates. BD, bronchodilator; BL, baseline; Cl, confidence interval; FeNO:
fractional exhaled nitric oxide; FEV,, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; LS, least squares; MMRM, mixed
model repeated measures; ppb, parts per billion; g2w, every 2 weeks; SD, standard deviation; SE, standard error. **p <.01; ***p <.001
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FIGURE 4 Duration (days) between the onset of first severe exacerbation event and the latest (A) pre- and (B) post-BD FEV, (L)
measurement on or after the onset of first severe exacerbation. The exacerbator group includes patients with 21 severe exacerbation

event during the 52-week treatment period. The duration (days) is calculated as (latest pre-BD measurement date on or after first severe
exacerbation event—onset date of first severe exacerbation event +1). FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume
in 1 second; ppb, parts per billion; g2w, every 2 weeks
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in dupilumab- vs placebo-treated patients, although these were not
statistically significant (Figure 3). Overall, the median durations be-
tween first severe exacerbation event and the latest available pre-
and post-BD FEV, data were similar in the placebo and dupilumab
groups and for patients with type 2-150/25 and type 2-300/25
asthma (Figure 4A and B). Median duration between first severe
exacerbation and pre-BD FEV, data was 8days (IQR: 1-15days) for
placebo and 9days (3-15) for dupilumab, for both subgroups of pa-
tients. For type 2-150/25 patients, median duration between first
severe exacerbation and post-BD FEV, was 19days (IQR: 7-54) in
the placebo group and 23days (IQR: 9-54) in the dupilumab group.
Similar durations were observed in type 2-300/25 patients (18 days
[IQR: 7-49] and 26days [IQR: 9-54] for placebo- and dupilumab-

treated patients, respectively).

3.4 | Change from baseline in ACQ-5 scores

In both the type 2-150/25 and type 2-300/25 groups, treatment
with dupilumab in non-exacerbators resulted in significantly greater
improvements in ACQ-5 scores vs placebo from Week 2, and these
improvements were sustained through Week 52 (LSMD vs placebo
p <.0001 at all time points) (Figure 5). In exacerbators in the type
2-150/25 and type 2-300/25 groups, treatment with dupilumab
resulted in greater improvements in ACQ-5 scores vs placebo from
Week 2; however, the LSMD vs placebo was only significant at some

time points (Figure 5).

4 | DISCUSSION

The results presented here indicate that the degree of improvement in
lung function for dupilumab- vs placebo-treated patients was similar
forthose who suffered breakthrough exacerbations and those who did
not. However, absolute pre- and post-BD FEV, remained lower in exac-
erbators than non-exacerbators throughout the study. The observed
improvements in lung function in both groups indicate that, despite
differences in baseline FEV,, treatment still improves lung function
in patients who suffer breakthrough exacerbations during treatment.
Compared with non-exacerbators, exacerbators had more frequent
exacerbations during the year prior to study enrollment, indicating that
they were at higher risk of future exacerbations and more rapid lung
function decline, as indicated by a lower FEV, at baseline. Use of bio-
logics such as dupilumab in patients with moderate-to-severe asthma
has been shown to both improve lung function and reduce the number
of severe exacerbations, thus slowing any further decline in lung func-
tion that may occur during an exacerbation.>'"* As patients with
frequent exacerbations often experience poorer pulmonary function
and higher symptom burden than non-exacerbators,?%2* this study in-
dicates that optimizing biologic therapy can have substantial benefits
for patients with a frequent exacerbator phenotype.

In the current analysis, differences in treatment effects were ob-
served between exacerbators and non-exacerbators when stratified

by smoking history; however, the difference between treatments in
former smokers who were exacerbators was not significant. A pre-
vious study of the effect of smoking in adolescent and early adult
patients with asthma demonstrated that lung function impairments
were associated with asthma and smoking early in life and were not
fully responsive to bronchodilators, indicating irreversible damage
may have occurred.?? However, this is unlikely to have been the
case in the patients in the current study, as the absolute changes
from baseline in the dupilumab group in pre-BD FEV, were similar
regardless of smoking history. Caution is advised when interpreting
this result as the small population sizes in the former-smoker group
confounded clear interpretation of any population-specific impact.
In patients who experienced exacerbations during the study, a de-
cline in lung function was observed in the first 42days after the first
exacerbation in the placebo group, but not in the dupilumab group.
Patients who received dupilumab experienced continued improvement
inlung function, even in the weeks following an exacerbation. The data
from the placebo group are in line with the association between ex-
acerbation frequency and accelerated lung function decline observed
in previous studies.””? In an analysis of patients with severe asthma
enrolled in the DREAM and MENSA phase 3 mepolizumab studies, de-
cline in lung function was observed in patients with more than 1 exac-
erbation and was greater in the placebo group. Across treatments and
studies, linear regression analysis suggested that each exacerbation
event was associated with a 50ml decline in post-BD FEV1.6 However,
these studies included patients on oral corticosteroids, whereas pa-
tients dependent on oral corticosteroids were excluded from the
QUEST study, precluding direct comparisons of these analyses.
During severe exacerbation events, patients have worsening air-
way inflammation,?® and this may at least partly explain why dupi-
lumab can maintain lung function after an exacerbation. Dupilumab
blocks the shared receptor component for IL-4 and IL-13, which are
key and central drivers of type 2 inflammation in multiple diseases,
including asthma.’®?* Reduction of this underlying type 2 inflam-
mation may reduce the damage done to the airways by lessening
the decline in lung function following an exacerbation as well as by
reducing the likelihood of further severe exacerbations. Reduction
by dupilumab in IL-13-driven mucus production, and thus airway
mucus plugging, may also play a role in lessening the decline in lung
function. The role of dupilumab in reducing underlying inflammation
may also explain the greater benefits in patients with type 2-300/25
asthma compared with those with type 2-150/25. In a previous anal-
ysis of the QUEST study, the largest clinical benefits with dupilumab
were observed in patients with the highest levels of elevated type
2 biomarkers.?® It could be hypothesized this is due to more severe
disease in patients with higher levels of type 2 biomarkers, who
therefore have more potential room for improvement. However, no
clear differences in the baseline exacerbation rates or FEV, were ob-
served between the two type 2 populations studied in this analysis,
suggesting that the degree of elevated type 2 biomarkers was not
indicative of the likelihood of exacerbation or decline in lung func-
tion. Thus, this analysis demonstrates that treatment of underlying
inflammation provides beneficial impacts on the disease course even
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FIGURE 5 Change from baseline over time in ACQ-5 score during 52 weeks of treatment in (A) patients with eosinophil count 2150
cells/ul or FeNO 225 ppb at baseline and (B) patients with eosinophil count 2300 cells/ul or FeNO 225 ppb at baseline. ACQ-5, 5-item
Asthma Control Questionnaire; FeNO, fractional exhaled nitric oxide; LS, least squares; ppb, parts per billion; SE, standard error

in patients with lower levels of type 2 biomarkers, as well as in those
who continue to experience exacerbations during treatment.

Improvements from baseline in ACQ-5 scores were greater in
patients on dupilumab vs placebo. In both exacerbators and non-
exacerbators, improvements were observed as early as Week 2
and were sustained for the duration of the study, although signif-
icant differences were only consistent in the larger population of
non-exacerbators.

There are a number of limitations to this study. First, as a post
hoc analysis, the study was not powered to investigate differences
between treatments in the subgroups of exacerbators and non-
exacerbators. Small sample sizes in some subgroups may confound
interpretation of the data. Second, our post-exacerbation spirom-
etry testing was not conducted at pre-specified intervals relative
to exacerbation events, but at times specified by the overall 52-
week protocol. The higher incidence of exacerbation rates seen
in placebo-treated patients might have increased the likelihood of
spirometry occurring sooner after exacerbation events in these pa-
tients vs those treated with dupilumab, leading to higher probability

of detecting lower FEV, values. However, we found no statistically
or clinically important difference between placebo- and dupilumab-
treated patients in terms of time from exacerbation to FEV, mea-
surement. Therefore, our data point to dupilumab favoring a more
rapid improvement in lung function after exacerbation events (as
early as 0-42days) compared with placebo (from 43 days onwards).
A faster recovery after exacerbations is a priority for many patients.
Nevertheless, the FEV, increase after exacerbations appears not to
be the only determinant of the overall lung function improvement
seen with dupilumab treatment, as non-exacerbators also benefit-
ted from dupilumab therapy. Third, our study was not designed to
examine the nature of the exacerbations that occurred. For example,
it has been reported that patients receiving mepolizumab for severe
eosinophilic asthma are heterogenous, with approximately half of
exacerbations being non-eosinophilic events driven by infection.?
Fourth, as this was a randomized controlled study, it may be that
exacerbations were assessed and managed more rapidly than would
have occurred in a real-world situation. Finally, the study design re-
flects previous rather than current GINA recommendations.
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In summary, this analysis shows that treatment with dupilumab
results in significant increases in both pre- and post-BD FEV, in pa-
tients with elevated type 2 biomarkers, regardless of whether severe
exacerbations occurred. Although lung function in placebo-treated
patients declined following severe exacerbation events, dupilumab-
treated patients continued to experience improvements in lung
function, suggesting sustained preservation of lung function after

severe exacerbation can be achieved with dupilumab treatment.

AUTHOR CONTRIBUTIONS

AP, JC, MC, CD, LR, KRC, and DJJ contributed to the data collection,
data analysis, data interpretation, and writing of this manuscript. ND,
NPA, RG, JAJN, PJR, YC, and BO contributed to the study design,
data analysis, data interpretation, and writing of this manuscript.
ND accessed and verified the data and did statistical analyses. All
authors had full access to all of the data; participated in interpreta-
tion of the data, provided critical feedback, and took responsibility
for the accuracy, completeness, and protocol adherence of data and

analyses; and took final responsibility to submit for publication.

ACKNOWLEDGMENTS

Research sponsored by Sanofi and Regeneron Pharmaceuticals,
Inc. ClinicalTrials.gov Identifier: NCT02414854. Support for data
analysis and statistics was provided by Armin Altincatal. Medical
writing/editorial assistance was provided by Martina Fuchsberger,
PhD, of Excerpta Medica, and was funded by Sanofi Genzyme and
Regeneron Pharmaceuticals, Inc., according to the Good Publication
Practice guideline. Open Access Funding provided by Universita
degli Studi di Ferrara within the CRUI-CARE Agreement. Open
Access Funding provided by Universita degli Studi di Ferrara within
the CRUI-CARE Agreement.

CONFLICT OF INTEREST

AP has received grants, personal fees, non-financial support, and
other funding from AstraZeneca, Boehringer Ingelheim, Chiesi
Farmaceutici, GSK, Mundipharma GmbH, Teva Pharmaceuticals;
reports personal fees and non-financial support from Menarini,
Novartis, Zambon; and grants from Sanofi. JC reports research
grants, consultancy fees for AstraZeneca, Genentech, Novartis,
Regeneron Pharmaceuticals, Inc., Sanofi; and has received speaker
fees from AstraZeneca, Genentech, Novartis. MC has received re-
search support from American Lung Association, AstraZeneca, GSK,
NIH, Novartis, PCORI, Pulmatrix, Inc., Sanofi-Aventis, Shionogi;
is a consultant for Genentech, Novartis, Sanofi-Aventis, Teva
Pharmaceuticals; has received speaker fees from AstraZeneca,
Genentech, GSK, Regeneron Pharmaceuticals, Inc., Sanofi, Teva
Pharmaceuticals; and reports royalties from Elsevier. CD has re-
ceived travel and speaker fees from ALK, Allergy Therapeutics,
Almirall, AstraZeneca, Boehringer Ingelheim, Chiesi Farmaceutici,
Esteve, Ferrer Pharma, GSK, HAL Allergy Group, ImmunoTek,
Menarini, Novartis, Pfizer, Sanofi-Aventis, Stallergenes Greer PLC,
Takeda, Teva Pharmaceuticals. LR reports research support from
Lung Association, NIH, Sanofi; is a consultant for AstraZeneca,

Genentech, Novartis, Sanofi; and has received payments for organ-
izing educational events from AstraZeneca, Genentech. KRC has
received grants and personal fees from AstraZeneca, Boehringer
Ingelheim, CSL Behring, Genentech, Grifols Ltd., Kamada Ltd., Mereo
BioPharma Group, Novartis, Roche, Sanofi; reports grants from
Amgen, Baxter, GSK; and has received personal fees from CIHR-GSK
Research Chair in Respiratory Health Care Delivery, Merck, UHN.
DJJ is a consultant for AstraZeneca, Boehringer Ingelheim, GSK,
Novartis, Regeneron Pharmaceuticals, Inc., Sanofi, Vifor Pharma;
and reports membership of the data and safety monitoring board
for Pfizer. ND is a former employee of Sanofi and may hold stock
and/or stock options in the company. NP, JAJ, and PJR are Sanofi
employees and may hold stock and/or stock options in the company.
RG, YD, and BO are employees and shareholders of Regeneron

Pharmaceuticals, Inc.

ORCID
Alberto Papi
Daniel J. Jackson

https://orcid.org/0000-0002-6924-4500
https://orcid.org/0000-0001-6938-2690

REFERENCES

1. Lange P, Parner J, Vestbo J, Schnohr P, Jensen G. A 15-year fol-
low-up study of ventilatory function in adults with asthma. N Engl J
Med. 1998;339(17):1194-1200.

2. Sears MR, Greene JM, Willan AR, et al. A longitudinal, population-
based, cohort study of childhood asthma followed to adulthood. N
Engl J Med. 2003;349(15):1414-1422.

3. Bui DS, Perret JL, Walters EH, et al. Lifetime risk factors for pre-
and post-bronchodilator lung function decline: a population-based
study. Ann Am Thorac Soc. 2020;17(3):302-312.

4. Lee JH, Haselkorn T, Borish L, Rasouliyan L, Chipps BE, Wenzel SE.
Risk factors associated with persistent airflow limitation in severe
or difficult-to-treat asthma: insights from the TENOR study. Chest.
2007;132(6):1882-1889.

5. Hancox RJ, Pavord ID, Sears MR. Associations between blood eo-
sinophils and decline in lung function among adults with and with-
out asthma. Eur Respir J. 2018;51(4):1702536.

6. Coumou H, Westerhof GA, de Nijs SB, Zwinderman AH, Bel EH.
Predictors of accelerated decline in lung function in adult-onset
asthma. Eur Respir J. 2018;51(2):1701785.

7. O'Byrne PM, Pedersen S, Lamm CJ, Tan WC, Busse WW, START
Investigators Group. Severe exacerbations and decline in lung func-
tion in asthma. Am J Respir Crit Care Med. 2009;179(1):19-24.

8. Ortega H, Yancey SW, Keene ON, Gunsoy NB, Albers FC, Howarth
PH. Asthma exacerbations associated with lung function decline
in patients with severe eosinophilic asthma. J Allergy Clin Immunol
Pract. 2018;6(3):980-986.e1.

9. Calhoun WJ, Haselkorn T, Miller DP, Omachi TA. Asthma exacerba-
tions and lung function in patients with severe or difficult-to-treat
asthma. J Allergy Clin Immunol. 2015;136(4):1125-1127.e4.

10. Henderson |, Caiazzo E, McSharry C, Guzik TJ, Maffia P. Why do
some asthma patients respond poorly to glucocorticoid therapy?
Pharmacol Res. 2020;160:105189.

11. Macdonald LE, Karow M, Stevens S, et al. Precise and in situ genetic
humanization of 6 mb of mouse immunoglobulin genes. Proc Natl
Acad Sci US A. 2014;111(14):5147-5152.

12. Murphy AJ, Macdonald LE, Stevens S, et al. Mice with mega-
base humanization of their immunoglobulin genes generate an-
tibodies as efficiently as normal mice. Proc Natl Acad Sci U S A.
2014;111(14):5153-5158.

85UB017 SUOWILIOD 3A 1D 8|qedtidde ayp Aq paueob 81e ss i VO (88N JO S9N 10y Al 8UIIUO AB|IM UO (SUORIPUOD-pUe-SWISH LD A3 1M A1 11 IUO//SANY) SUORIPUOD pUe SWB L 38U 89S *[7202/80/80] U A%iqi8uliuo A8|IM *BIfe}eURIL00D AQ 9GST |R/TTTT OT/I0p/L0o 3| Im Afelqieul|uoy/sdny Wwolj papeojumod ‘T ‘€202 ‘S66686ET


https://orcid.org/0000-0002-6924-4500
https://orcid.org/0000-0002-6924-4500
https://orcid.org/0000-0001-6938-2690
https://orcid.org/0000-0001-6938-2690

PAPI ET AL.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Gandhi NA, Bennett BL, Graham NMH, Pirozzi G, Stahl N,
Yancopoulos GD. Targeting key proximal drivers of type 2 inflam-
mation in disease. Nat Rev Drug Discov. 2016;15(1):35-50.

Le Floc'h A, Allinne J, Nagashima K, et al. Dual blockade of IL-4
and IL-13 with dupilumab, an IL-4Ra antibody, is required to broadly
inhibit type 2 inflammation. Allergy. 2020;75(5):1188-1204.

Castro M, Corren J, Pavord ID, et al. Dupilumab efficacy and
safety in moderate-to-severe uncontrolled asthma. N Engl J Med.
2018;378(26):2486-2496.

Global Initiative for Asthma (GINA). Global Strategy for Asthma
Management and Prevention - 2015. https://ginasthma.org/wp-
content/uploads/2016/01/GINA_Report_2015_Augl1-1.pdf.
Accessed December 03, 2021.

Rabe KF, Nair P, Brusselle G, et al. Efficacy and safety of dupi-
lumab in glucocorticoid-dependent severe asthma. N Engl J Med.
2018;378(26):2475-2485.

Kavanagh JE, Hearn AP, Dhariwal J, et al. Real-world effec-
tiveness of benralizumab in severe eosinophilic asthma. Chest.
2021;159(2):496-506.

Russell R, Brightling C. Mepolizumab for the reduction of exac-
erbations in severe eosinophilic asthma. Expert Rev Respir Med.
2016;10(6):607-617.

Denlinger LC, Phillips BR, Ramratnam S, et al. Inflammatory and
comorbid features of patients with severe asthma and frequent ex-
acerbations. Am J Respir Crit Care Med. 2017;195(3):302-313.
Kupczyk M, ten Brinke A, Sterk PJ, et al. Frequent exacerba-
tors - a distinct phenotype of severe asthma. Clin Exp Allergy.
2014;44(2):212-221.

22.

23.

24.

25.

26.

Arshad SH, Hodgekiss C, Holloway JW, et al. Association of asthma
and smoking with lung function impairment in adolescence and
early adulthood: the Isle of Wight birth cohort study. Eur Respir J.
2020;55(3):1900477.

Bai TR, Vonk JM, Postma DS, Boezen HM. Severe exacerba-
tions predict excess lung function decline in asthma. Eur Respir J.
2007;30(3):452-456.

Gandhi NA, Pirozzi G, Graham NMH. Commonality of the IL-4/
IL-13 pathway in atopic diseases. Expert Rev Clin Immunol.
2017;13(5):425-437.

Busse WW, Wenzel SE, Casale TB, et al. Baseline FeNO as a prog-
nostic biomarker for subsequent severe asthma exacerbations in
patients with uncontrolled, moderate-to-severe asthma receiving
placebo in the LIBERTY ASTHMA QUEST study: a post-hoc analy-
sis. Lancet Respir Med. 2021;9(10):1165-1173.

McDowell PJ, Diver S, Yang F, et al. The inflammatory profile of ex-
acerbations in patients with severe refractory eosinophilic asthma
receiving mepolizumab (the MEX study): a prospective observa-
tional study. Lancet Respir Med 2021;9(10):1174-1184.

How to cite this article: Papi A, Corren J, Castro M, et al.
Dupilumab reduced impact of severe exacerbations on lung
function in patients with moderate-to-severe type 2 asthma.

Allergy. 2023;78:233-243. doi: 10.1111/all.15456

85UB017 SUOWILIOD 3A 1D 8|qedtidde ayp Aq paueob 81e ss i VO (88N JO S9N 10y Al 8UIIUO AB|IM UO (SUORIPUOD-pUe-SWISH LD A3 1M A1 11 IUO//SANY) SUORIPUOD pUe SWB L 38U 89S *[7202/80/80] U A%iqi8uliuo A8|IM *BIfe}eURIL00D AQ 9GST |R/TTTT OT/I0p/L0o 3| Im Afelqieul|uoy/sdny Wwolj papeojumod ‘T ‘€202 ‘S66686ET


https://ginasthma.org/wp-content/uploads/2016/01/GINA_Report_2015_Aug11-1.pdf
https://ginasthma.org/wp-content/uploads/2016/01/GINA_Report_2015_Aug11-1.pdf
https://doi.org/10.1111/all.15456

	Dupilumab reduced impact of severe exacerbations on lung function in patients with moderate-­to-­severe type 2 asthma
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study design
	2.2|Patients
	2.3|Endpoints
	2.4|Statistical analysis

	3|RESULTS
	3.1|Change in pre-­ and post-­BD FEV1
	3.2|Smoking history
	3.3|Change from baseline in post-­BD FEV1 after onset of the first exacerbation
	3.4|Change from baseline in ACQ-­5 scores

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES


