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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 (FEV1) 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) FEV1 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 ≥150 cells/μl and/
or fractional exhaled nitric oxide [FeNO] ≥25 ppb; type 2– 300/25: eosinophils ≥300 
cells/μl and/or FeNO ≥25 ppb), stratified as exacerbators (≥1 severe exacerbation dur-
ing the study) or non- exacerbators.
Results: In exacerbators and non- exacerbators, dupilumab increased pre- BD FEV1 
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% CI: 0.10– 0.24) and 0.17 L (0.12– 0.23); 
type 2– 300/25: 0.22 L (0.13– 0.30) and 0.21 L (0.15– 0.28)), in exacerbators and non- 
exacerbators, respectively (p < .0001). Similar trends were seen for post- BD FEV1. 
Dupilumab vs placebo also showed significantly greater improvements in post- BD 
FEV1 0– 42 days after first severe exacerbation in type 2– 150/25 (LSMD vs placebo: 
0.13 L [0.06– 0.20]; p = .006) and type 2– 300/25 (0.14 L [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.
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1  |  INTRODUC TION

Patients with asthma are at an increased risk of accelerated loss of lung 
function compared with healthy individuals.1 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.1,2 A number of other risk factors are associated with loss of 
lung function, including biological sex, smoking, and exposure to pol-
lutants.3,4 Regardless of asthma status, blood and sputum eosinophil 
counts have been associated with accelerated lung function decline,5 
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.7– 9 The use of inhaled corticosteroids 
(ICS) reduces the frequency of exacerbations and degree of lung func-
tion decline,7 but some patients with severe asthma fail to respond 
adequately to treatment with ICS or ICS plus additional controllers.10

Dupilumab, a fully human monoclonal antibody,11,12 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.13,14 In the phase 3 LIBERTY ASTHMA 
QUEST study (NCT02414854), add- on dupilumab 200 mg or 300 mg 
every 2 weeks (q2w) vs placebo significantly reduced severe asthma 
exacerbations and improved pre- bronchodilator (BD) forced expira-
tory volume in 1 s (FEV1) 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 ≥150 cells/μl or FeNO ≥25 ppb).15

Given the association between severe exacerbations and reduc-
tions in FEV1 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.15 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).

G R A P H I C A L  A B S T R A C T
This analysis assessed the effect of dupilumab on FEV1 in QUEST patients with moderate- to- severe asthma and elevated type 2 biomarkers. 
Dupilumab significantly increased FEV1, regardless of number of severe exacerbations; FEV1 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; FEV1, 
forced expiratory volume in 1 second; LS, least squares; q2w, every 2 weeks
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2.2  |  Patients

Patients aged ≥12 years with physician- diagnosed persistent asthma 
for ≥12 months based on the Global Initiative for Asthma (GINA) rec-
ommendations,16 who were receiving medium- to- high dose ICS plus 
up to 2 additional controllers (e.g., a long- acting β2- agonist or leu-
kotriene receptor antagonist) were eligible for enrollment. Inclusion 
criteria included pre- BD FEV1 ≤ 80% of the predicted normal value 
for adults (≤90% for adolescents); FEV1 reversibility ≥12% and 
200 ml; a 5- item Asthma Control Questionnaire (ACQ- 5) score ≥1.5; 
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 ≥3 days. 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 200 mg or 300 mg or matched placebo q2w 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 FEV1, 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 FEV1 
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 ≥3 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 ≥150 cells/μl and/or 
FeNO ≥25 ppb (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 ≥300 cells/μl and/or FeNO ≥25 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 ≥1 exacerbation and non- 
exacerbators defined as patients who experience no exacerbations 
during the study treatment period.

Change from baseline in pre-  and post- BD FEV1 was assessed 
using a mixed model repeated measures (MMRM) design, with 

change from baseline in pre−/post- BD FEV1 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 FEV1, 
and baseline- by- visit interactions as covariates. Additional analysis 
of change from baseline in pre-  and post- BD FEV1 was performed by 
smoking status (never smoked or former smoker). Analysis of change 
in post- BD FEV1 after onset of the first severe exacerbation event 
using the same MMRM was conducted but with change from study 
baseline in post- BD FEV1 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 FEV1 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 FEV1 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 ≥2 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  |  Change in pre-  and post- BD FEV1

Non- exacerbators compared with exacerbators had significantly 
higher pre-  and post- BD FEV1 at baseline (p < .0001), regardless of 
biomarker levels at baseline. Significantly greater increases in pre-
 BD FEV1 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 

 13989995, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.15456 by C

ochraneItalia, W
iley O

nline L
ibrary on [08/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



236  |    PAPI et al.

TA
B

LE
 1

 
Ba

se
lin

e 
de

m
og

ra
ph

ic
s 

an
d 

pa
tie

nt
 c

ha
ra

ct
er

is
tic

s

Pa
tie

nt
s w

ith
 b

lo
od

 e
os

in
op

hi
ls

 ≥
15

0 
ce

lls
/μ

l a
nd

/o
r F

eN
O

 ≥
25

 p
pb

 a
t b

as
el

in
e

Pa
tie

nt
s w

ith
 b

lo
od

 e
os

in
op

hi
ls

 ≥
30

0 
ce

lls
/μ

l a
nd

/o
r F

eN
O

 ≥
25

 p
pb

 a
t b

as
el

in
e

Ex
ac

er
ba

to
ra

N
on

- e
xa

ce
rb

at
or

b
Ex

ac
er

ba
to

ra
N

on
- e

xa
ce

rb
at

or
b

Co
m

bi
ne

d 
PB

O
Co

m
bi

ne
d 

D
PL

Co
m

bi
ne

d 
PB

O
Co

m
bi

ne
d 

D
PL

Co
m

bi
ne

d 
PB

O
Co

m
bi

ne
d 

D
PL

Co
m

bi
ne

d 
PB

O
Co

m
bi

ne
d 

D
PL

n
23

1
28

0
29

6
71

2
18

9
21

5
23

9
57

6

A
ge

, m
ea

n 
(S

D
), 

ye
ar

s
49

.0
 (1

4.
5)

49
.0

 (1
5.

4)
47

.1
 (1

5.
5)

46
.7

 (1
5.

3)
48

.5
 (1

5.
1)

48
.7

 (1
5.

2)
46

.6
 (1

5.
8)

46
.6

 (1
5.

2)

Fe
m

al
e 

se
x,

 n
 (%

)
15

5 
(6

7.
1)

17
4 

(6
2.

1)
17

8 
(6

0.
1)

42
1 

(5
9.

1)
12

1 
(6

4.
0)

13
3 

(6
1.

9)
14

5 
(6

0.
7)

34
2 

(5
9.

4)

Bo
dy

 m
as

s 
in

de
x 

m
ea

n 
(S

D
), 

kg
/m

2
29

.6
5 

(7
.3

9)
29

.6
6 

(7
.1

3)
29

.2
0 

(6
.8

4)
28

.5
9 

(6
.1

6)
28

.9
8 

(7
.1

3)
29

.4
2 

(7
.1

0)
28

.6
2 

(6
.4

6)
28

.3
4 

(5
.8

2)

Pr
e-

 BD
 F

EV
1, 

m
ea

n 
(S

D
), 

L
1.

69
 (0

.5
4)

1.
69

 (0
.5

6)
1.

82
 (0

.6
3)

1.
84

 (0
.6

3)
1.

70
 (0

.5
6)

1.
67

 (0
.5

4)
1.

83
 (0

.6
4)

1.
83

 (0
.6

3)

Pe
rc

en
t p

re
di

ct
ed

 p
re

- B
D

 F
EV

1, 
m

ea
n 

(S
D

), 
%

56
.7

7 
(1

3.
25

)
55

.9
7 

(1
3.

35
)

59
.2

2 
(1

3.
66

)
59

.3
6 

(1
3.

40
)

56
.5

0 
(1

3.
49

)
55

.3
6 

(1
3.

46
)

59
.5

9 
(1

3.
67

)
59

.0
5 

(1
3.

55
)

Po
st

- B
D

 F
EV

1, 
m

ea
n 

(S
D

), 
L

2.
06

 (0
.6

2)
2.

02
 (0

.6
7)

2.
25

 (0
.7

7)
2.

25
 (0

.7
5)

2.
07

 (0
.6

4)
2.

02
 (0

.6
4)

2.
26

 (0
.7

8)
2.

24
 (0

.7
6)

Po
st

- B
D

 F
EV

1/
FV

C
,m

ea
n 

(S
D

), 
%

65
.9

1 
(9

.3
1)

65
.0

7 
(1

1.
84

)
68

.0
3 

(1
1.

56
)

67
.5

6 
(1

0.
87

)
65

.3
0 

(9
.5

4)
64

.5
0 

(1
1.

90
)

68
.4

2 
(1

1.
35

)
67

.3
1 

(1
0.

73
)

FE
V 1 r

ev
er

si
bi

lit
y,

 m
ea

n 
(S

D
), 

%
24

.2
7 

(1
5.

79
)

25
.2

3 
(1

9.
40

)
27

.8
9 

(2
0.

03
)

26
.9

5 
(2

2.
58

)
24

.3
5 

(1
6.

20
)

25
.6

9 
(1

8.
98

)
27

.9
7 

(2
0.

28
)

27
.2

4 
(2

2.
87

)

IC
S 

do
se

, n
 (%

)

H
ig

h
13

7 
(5

9.
3)

16
8 

(6
0.

0)
14

4 
(4

8.
6)

33
6 

(4
7.

2)
11

0 
(5

8.
2)

13
2 

(6
1.

4)
11

2 
(4

6.
9)

26
4 

(4
5.

8)

M
ed

iu
m

92
 (3

9.
8)

11
0 

(3
9.

3)
15

0 
(5

0.
7)

36
8 

(5
1.

7)
77

 (4
0.

7)
82

 (3
8.

1)
12

6 
(5

2.
7)

30
6 

(5
3.

1)

W
ith

 o
ng

oi
ng

 a
to

pi
c 

m
ed

ic
al

 
co

nd
iti

on
, n

 (%
)

19
2 

(8
3.

1)
23

4 
(8

3.
6)

25
2 

(8
5.

1)
59

2 
(8

3.
1)

15
9 

(8
4.

1)
17

9 
(8

3.
3)

20
5 

(8
5.

8)
48

6 
(8

4.
4)

Fo
rm

er
 s

m
ok

er
, n

 (%
)

58
 (2

5.
1)

52
 (1

8.
6)

46
 (1

5.
5)

13
0 

(1
8.

3)
48

 (2
5.

4)
40

 (1
8.

6)
39

 (1
6.

3)
92

 (1
6.

0)

N
um

be
r o

f s
ev

er
e 

as
th

m
a 

ex
ac

er
ba

tio
ns

 e
xp

er
ie

nc
ed

 in
 

th
e 

ye
ar

 b
ef

or
e 

Q
U

ES
T

M
ea

n 
(S

D
)

2.
62

 (2
.1

9)
2.

26
 (2

.3
5)

1.
89

 (1
.5

2)
1.

99
 (2

.3
9)

2.
63

 (2
.1

7)
2.

40
 (2

.5
8)

1.
95

 (1
.6

5)
1.

95
 (1

.5
7)

M
ed

ia
n 

(Q
1–

 Q
3)

2.
00

 (1
.0

– 1
2.

0)
2.

00
 (1

.0
– 4

.0
)

1.
00

 (1
.0

– 1
0.

0)
1.

00
 (1

.0
– 5

0.
0)

2.
00

 (1
.0

– 1
2.

0)
2.

00
 (1

.0
– 2

4.
0)

1.
00

 (1
.0

– 1
0.

0)
1.

00
 (1

.0
– 1

5.
0)

1
84

 (3
6.

4)
13

3 
(4

7.
5)

15
8 

(5
3.

4)
38

5 
(5

4.
1)

69
 (3

6.
5)

96
 (4

4.
7)

12
8 

(5
3.

6)
30

6 
(5

3.
1)

≥2
14

7 
(6

3.
6)

14
7 

(5
2.

5)
13

8 
(4

6.
6)

32
7 

(4
5.

9)
12

0 
(6

3.
6)

11
9 

(5
5.

3)
11

1 
(4

6.
4)

27
0 

(4
6.

8)

Bi
om

ar
ke

rs

Bl
oo

d 
eo

si
no

ph
ils

, c
el

ls
/μ

l
n 

=
 2

31
n 

=
 2

80
n 

=
 2

95
n 

=
 7

12
n 

=
 1

89
n 

=
 2

15
n 

=
 2

38
n 

=
 5

76

M
ed

ia
n 

(Q
1–

 Q
3)

38
0.

0 (2
20

.0
– 6

90
.0

)
31

0.
0 (1
90

.0
– 5

00
.0

)
29

0.
0 (1
90

.0
– 4

80
.0

)
33

0.
0 (2
00

.0
– 5

60
.0

)
43

0.
0 (3
10

.0
– 7

90
.0

)
38

0.
0 (2
30

.0
– 5

90
.0

)
37

0.
0 (1
90

.0
– 5

30
.0

)
39

0.
0 (2
35

.0
– 6

20
.0

)

To
ta

l I
gE

, I
U

/m
l

n 
=

 2
31

n 
=

 2
77

n 
=

 2
91

n 
=

 7
05

n 
=

 1
89

n 
=

 2
12

n 
=

 2
35

n 
=

 5
69

M
ed

ia
n 

(Q
1–

 Q
3)

21
2.

0 (7
6.

0–
 51

5.
0)

16
4.

0 (6
5.

0–
 42

0.
0)

21
0.

0 (7
3.

0–
 47

7.
0)

19
4.

0 (7
6.

0–
 54

2.
0)

25
2.

0 (9
6.

0–
 56

3.
0)

19
1.

5 (8
1.

5–
 48

6.
5)

24
1.

0 (8
1.

0–
 49

6.
0)

21
5.

0 (8
8.

0–
 57

9.
0)

Fe
N

O
, p

pb
n 

=
 2

29
n 

=
 2

76
n 

=
 2

91
n 

=
 7

07
n 

=
 1

88
n 

=
 2

13
n 

=
 2

35
n 

=
 5

71

M
ed

ia
n 

(Q
1–

 Q
3)

34
.0

 (1
9.

0–
 54

.0
)

27
.0

 (1
6.

0–
 46

.0
)

30
.0

 (1
8.

0–
 50

.0
)

30
.0

 (1
8.

0–
 51

.0
)

38
.0

 (2
7.

0–
 60

.5
)

33
.0

 (2
4.

0–
 55

.0
)

34
.0

 (2
5.

0–
 55

.0
)

37
.0

 (2
5.

0–
 59

.0
)

A
bb

re
vi

at
io

ns
: B

D
, b

ro
nc

ho
di

la
to

r; 
D

PL
, d

up
ilu

m
ab

; F
eN

O
, f

ra
ct

io
na

l e
xh

al
ed

 n
itr

ic
 o

xi
de

; F
EV

1, 
fo

rc
ed

 e
xp

ira
to

ry
 v

ol
um

e 
in

 1
 s

ec
on

d;
 Ig

E.
 im

m
un

og
lo

bu
lin

 E
; I

C
S,

 in
ha

le
d 

co
rt

ic
os

te
ro

id
; P

BO
, p

la
ce

bo
; 

pp
b,

 p
ar

ts
 p

er
 b

ill
io

n;
 Q

, q
ua

rt
er

; S
D

, s
ta

nd
ar

d 
de

vi
at

io
n.

a Ex
ac

er
ba

to
rs

 w
er

e 
pa

tie
nt

s 
w

ho
 e

xp
er

ie
nc

ed
 a

 s
ev

er
e 

as
th

m
a 

ex
ac

er
ba

tio
n 

du
rin

g 
th

e 
Q

U
ES

T 
st

ud
y.

b N
on

- e
xa

ce
rb

at
or

s 
w

er
e 

pa
tie

nt
s 

w
ho

 d
id

 n
ot

 e
xp

er
ie

nc
e 

an
y 

se
ve

re
 a

st
hm

a 
ex

ac
er

ba
tio

ns
 d

ur
in

g 
th

e 
tr

ia
l.

 13989995, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/all.15456 by C

ochraneItalia, W
iley O

nline L
ibrary on [08/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  237PAPI et al.

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 
0.17 L (0.10– 0.24) and 0.17 L (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 0.22 L 
(0.13– 0.30) and 0.21 L (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 FEV1 remained lower throughout the study in exacerbators 
compared with non- exacerbators in both treatment groups. Similar 
trends were observed in post- BD FEV1, 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% CI) 
vs placebo was 0.15 L (0.08– 0.22) in exacerbators and 0.19 L (0.14– 
0.25) in non- exacerbators (both p < .0001; Figure 2A). In patients 

with type 2– 300/25 asthma, by Week 52, LSMD vs placebo was 
0.17 L (0.09– 0.24) in exacerbators and 0.24 L (0.18– 0.30) in non- 
exacerbators (both p < .0001; Figure 2B). As observed with pre- BD 
FEV1, absolute post- BD FEV1 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 FEV1 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% CI] vs placebo: 0.19 L [0.11– 0.28], p < .0001; 
type 2– 150/25 non- exacerbators: 0.17 L [0.10– 0.23], p < .0001; 
type 2– 300/25 exacerbators: 0.26 L [0.16– 0.36], p < .0001; type 

F I G U R E  1  Change from baseline over time in pre- BD FEV1 in (A) patients with eosinophil count ≥150 cells/μl and/or FeNO ≥25 ppb at 
baseline and (B) patients with eosinophil count ≥300 cells/μl and/or FeNO ≥25 ppb at baseline. FeNO, fractional exhaled nitric oxide; FEV1, 
forced expiratory volume in 1 second; LS, least squares; ppb, parts per billion; q2w, every 2 weeks; SE, standard error. *p < .05; **p < .01; 
***p < .001 vs matched placebo
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2– 300/25 non- exacerbators: 0.20 L [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: 0.19 L [95% CI: 0.05– 0.33], p = .08; type 2– 
300/25: 0.25 L [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% CI] vs placebo: 
0.13 L [−0.04 to −0.30], p = .143; type 2– 300/25: 0.12 L [−0.08 to 
−0.32], p = .225). Similar trends were also observed in post- BD 
FEV1, with significant differences between treatment groups in 
both exacerbators (type 2– 150/25 –  LSMD [95% CI] vs placebo: 
0.19 L [0.12– 0.27], p < .0001; type 2– 300/25: 0.22 L [0.13– 0.31], 
p < .0001) and non- exacerbators (type 2– 150/25: 0.19 L [0.13– 
0.25], p < .0001; type 2– 300/25: 0.23 L [0.17– 0.30], p < .0001) who 
had never smoked, and in non- exacerbators who were former smok-
ers (type 2– 150/25: 0.20 L [0.06– 0.33], p = .004; type 2– 300/25: 
0.24 L [0.08– 0.40], p = .003). In the group of exacerbators who were 

former smokers, change from baseline in post- BD FEV1 was similar 
between dupilumab and placebo (type 2– 150/25 –  LSMD [95% CI] 
vs placebo: 0.03 L [−0.12 to 0.18], p = .672; type 2– 300/25: −0.0002 
[−0.17 to 0.17], p = .998).

3.3  |  Change from baseline in post- BD FEV1 after 
onset of the first exacerbation

Within the exacerbator population, significantly greater improve-
ments from baseline in post- BD FEV1 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: 
0.13 L [0.06– 0.20], p = .0006) or type 2– 300/25 (0.14 L [0.06– 0.22], 
p = .001) asthma (Figure 3). There was also a trend toward greater 
improvements from baseline in post- BD FEV1 measured at either 
43– 125 or 126– 210 days after the first severe exacerbation event 

F I G U R E  2  Change from baseline over time in post- BD FEV1 during 52 weeks of treatment in (A) patients with eosinophil count ≥150 
cells/μl and/or FeNO ≥25 ppb at baseline and (B) patients with eosinophil count ≥300 cells/μl and/or FeNO ≥25 ppb at baseline. *p < . 05; 
**p < .01; ***p < .001 vs matched placebo. FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; LS, least 
squares; ppb, parts per billion; q2w, every 2 weeks; SE, standard error
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F I G U R E  3  Change from baseline in post- BD FEV1 after onset of the first severe exacerbation event. Two events are considered as 
different if the start dates are separated by at least 4 weeks. Post- BD FEV1 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– 125 days, 
and 126– 210 days. The exacerbator group includes patients with ≥1 severe exacerbation event during the 52- week treatment period. 
Change from baseline in post- BD FEV1 was derived from MMRM with change from study baseline in post- BD FEV1 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 FEV1 value and study baseline- by- visit interaction as covariates. BD, bronchodilator; BL, baseline; CI, confidence interval; FeNO: 
fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; LS, least squares; MMRM, mixed 
model repeated measures; ppb, parts per billion; q2w, every 2 weeks; SD, standard deviation; SE, standard error. **p < .01; ***p < .001
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F I G U R E  4  Duration (days) between the onset of first severe exacerbation event and the latest (A) pre-  and (B) post- BD FEV1 (L) 
measurement on or after the onset of first severe exacerbation. The exacerbator group includes patients with ≥1 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; FEV1, forced expiratory volume 
in 1 second; ppb, parts per billion; q2w, 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 FEV1 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 FEV1 data was 8 days (IQR: 1– 15 days) for 
placebo and 9 days (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 FEV1 was 19 days (IQR: 7– 54) in 
the placebo group and 23 days (IQR: 9– 54) in the dupilumab group. 
Similar durations were observed in type 2– 300/25 patients (18 days 
[IQR: 7– 49] and 26 days [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 
for those who suffered breakthrough exacerbations and those who did 
not. However, absolute pre-  and post- BD FEV1 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 FEV1, 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 FEV1 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.15,17– 19 As patients with 
frequent exacerbations often experience poorer pulmonary function 
and higher symptom burden than non- exacerbators,20,21 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.22 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 FEV1 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 42 days after the first 
exacerbation in the placebo group, but not in the dupilumab group. 
Patients who received dupilumab experienced continued improvement 
in lung 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.7– 9 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 50 ml 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,23 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.13,24 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.25 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 FEV1 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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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 FEV1 values. However, we found no statistically 
or clinically important difference between placebo-  and dupilumab- 
treated patients in terms of time from exacerbation to FEV1 mea-
surement. Therefore, our data point to dupilumab favoring a more 
rapid improvement in lung function after exacerbation events (as 
early as 0– 42 days) compared with placebo (from 43 days onwards). 
A faster recovery after exacerbations is a priority for many patients. 
Nevertheless, the FEV1 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.26 
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.

F I G U R E  5  Change from baseline over time in ACQ- 5 score during 52 weeks of treatment in (A) patients with eosinophil count ≥150 
cells/μl or FeNO ≥25 ppb at baseline and (B) patients with eosinophil count ≥300 cells/μl or FeNO ≥25 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
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In summary, this analysis shows that treatment with dupilumab 
results in significant increases in both pre-  and post- BD FEV1 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.
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