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Abstract
Background: Dupilumab blocks the shared receptor component for interleukin (IL)-4/
IL-13, key drivers of type 2 inflammation. In phase 2b (NCT01854047) and phase 3 
LIBERTY ASTHMA QUEST (NCT02414854), add-on dupilumab 200/300 mg every 
2 weeks (q2w) reduced severe exacerbations, improved prebronchodilator (pre-BD) 
forced expiratory volume in 1 second (FEV1) and quality of life measures, and it was 
generally well tolerated in patients with uncontrolled, persistent (phase 2b), or mod-
erate-to-severe (phase 3) asthma.
Methods: In patients on high-dose inhaled corticosteroids (ICS) with type 2-high 
asthma (subgroups including baseline blood eosinophils ≥150/300  cells/µL and/or 
fractional exhaled nitric oxide [FeNO] ≥25 ppb), annualized severe exacerbation rates 
over the treatment period, changes from baseline in pre-BD FEV1 and asthma control 
(5-item asthma control questionnaire [ACQ-5]) were analyzed.
Results: In high-dose ICS type 2-high subgroups, dupilumab 200/300 mg q2w vs pla-
cebo in the phase 2b (24 weeks) and phase 3 (52 weeks) studies significantly reduced 
severe exacerbations by 55%-69%/57%-60% (all P<.05) and 53%-69%/48%-66% 
(all P < .001), respectively, except in patients with ≥ 300 eosinophils/µL in phase 2b 
study (24%/50% (P = .52/0.15). Across subgroups, pre-BD FEV1 improved by 0.18-
0.22 L/0.19-0.24 L (all P < .05) and 0.23-0.36 L/0.15-0.25 L (all P < .01) and ACQ-5 
scores were reduced by 0.46-0.55/0.47-0.85 (all P <  .05) and 0.38-0.50/0.24-0.30 
(all P < .05), respectively, except dupilumab 200 mg q2w in phase 2b in patients with 
FeNO ≥ 25 ppb (0.41; P = .09). Dupilumab was also effective in patients taking me-
dium-dose ICS.
Conclusion: Dupilumab significantly reduced severe exacerbations and improved 
lung function and asthma control in patients with type 2-high asthma on high-dose 
ICS at baseline.
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asthma control, exacerbations, inhaled corticosteroids, moderate-to-severe asthma, 
prebronchodilator FEV1
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1  | INTRODUC TION

Inhaled corticosteroids (ICS) have been the mainstay treatment of 
persistent asthma for more than 40 years. By targeting the gluco-
corticoid receptor, ICS inhibit the release of cytokines and other 
proinflammatory mediators, decrease eosinophil and mast cell re-
cruitment, and inhibit nuclear transcription factors, thus suppressing 
adhesion molecule function and inducible nitric oxide synthase.1-4 
However, the largest clinical benefits are seen at low-dose ICS, with 
diminishing returns due to increased systemic adverse events at 
higher doses.5

Uncontrolled, moderate-to-severe asthma accounts for ap-
proximately 20% of all asthma cases6,7 and includes patients who 
have persistent symptoms and/or exacerbations despite the use of 
high-dose ICS and controller medicines. This population is at an in-
creased risk of exacerbations, with many patients having substan-
tially reduced lung function and impaired quality of life, all of which 
culminate in considerable healthcare resource use and associated 
costs.8 Type 2-high asthma, characterized by type 2 inflammation, 
occurs in approximately 50% of patients with asthma.9 It includes 
the allergic phenotype, characterized by increased expression 
of specific immunoglobulin E (IgE) to aeroallergens; eosinophilic 
phenotype, characterized by eosinophilia evident in the blood, 
airways, and/or tissue9-11; and nonallergic, adult-onset, intrinsic 
phenotype. In recent years, add-on biologic treatments for use 
in patients with uncontrolled moderate-to-severe or persistent 
asthma have been developed that specifically target elements 
of type 2 inflammation such as interleukin (IL)-4, IL-5, and IL-13, 

which play crucial roles in the pathogenesis of asthma.12,13 One 
such agent, dupilumab, is a fully human VelocImmune®-derived 
monoclonal antibody that blocks the shared receptor component 
for IL-4 and IL-13, key and central drivers of type 2 inflammation in 
multiple diseases.14-17

In the phase 2 studies (NCT01312961 and NCT01854047), dup-
ilumab- vs placebo-treated patients with uncontrolled persistent 
asthma had a significantly reduced severe exacerbation rate and 
improved prebronchodilator (pre-BD) forced expiratory volume in 
1 second (FEV1).18,19 Of importance, these findings were consistent 
irrespective of baseline blood eosinophil count, a biomarker for type 
2 inflammation.19 In the subsequent phase 3 LIBERTY ASTHMA 
QUEST study (NCT02414854), add-on dupilumab significantly re-
duced severe asthma exacerbations and improved pre-BD FEV1 in 
the overall intention-to-treat (ITT) population of patients with un-
controlled, moderate-to-severe asthma.20 Treatment effects were of 
greater magnitude in subgroups of patients with elevated baseline 
levels of the type 2 biomarkers (blood eosinophils ≥150 cells/µL or 
fractional exhaled nitric oxide [FeNO] ≥25 ppb). Dupilumab was gen-
erally well tolerated by patients in each of the studies.

This analysis across the dupilumab phase 2b and phase 3 QUEST 
studies further assessed the effect of dupilumab on severe exacer-
bations, pre-BD FEV1, and asthma control in subgroups of patients 
with different characteristics of type 2-high disease who were taking 
high-dose ICS at baseline. Given the evidence from previous studies 
and in other biologics, we expected dupilumab to also be effective in 
this patient population. For completeness and transparency, we also 
repeated the analysis in patients with elevated type 2 biomarkers 

Study population

Study outcomes

Dupilumab Phase 2b 
(N = 776)

24 weeks

Phase 3 LIBERTY ASTHMA
QUEST (N = 1902)

52 weeks

+ High-dose ICS 
at baseline

231 (Phase 2b) + 
979 (Phase 3 QUEST)

Across all high-dose ICS type 2-high subgroups in the phase 2b and phase 3 studies, patients experienced:

Reduction in severe
exacerbations
Phase 2b: 55%-69%
Phase 3: 48%-69%

Improved lung function

Change from baseline 
in pre-BD FEV1
Phase 2b: 0.18-0.24 L
Phase 3: 0.15-0.36 L

Clinically significant 
improvement in asthma control 

(ACQ-5)

Phase 2b: 75%-76%
Phase 3: 66%-69%

Blood
eosinophils

≥150 cells/µL 
or FeNO ≥25 ppb

Blood
eosinophils

≥150 cells/µL

Blood
eosinophils

≥300 cells/µL

FeNO
≥25 ppb

OR OR OR

G R A P H I C A L  A B S T R A C T
This study examines dupilumab efficacy in type 2-high asthma patients receiving high-dose ICS at baseline. Dupilumab reduces severe 
exacerbations, improves lung function and asthma control in patients on high-dose ICS with elevated baseline blood eosinophils or FeNO. 
Dupilumab efficacy is rapid and sustained throughout treatment and comparable across type 2-high asthma patients receiving high-dose ICS 
at baseline.
Abbreviations: ACQ-5, 5-item Asthma Control Questionnaire; FeNO, fractional exhaled nitric oxide; FEV 1 , forced expiratory volume in 1 
second; ICS, inhaled corticosteroids; ppb, parts per billion; pre-BD, prebronchodilator
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taking medium-dose ICS at baseline and have included the findings 
in Appendix S1.

2  | METHODS

2.1 | Study design and patients

The phase 2b study (NCT01854047) was a randomized, double-
blind, placebo-controlled, parallel-group study conducted in adults 
(aged ≥18  years) with an asthma diagnosis for at least 12  months 
based on the Global Initiative for Asthma 2009 guidelines21 and 
receiving treatment with high- (>1000  µg/day) or medium- (500-
1000 µg/day) dose ICS plus long-acting β2-agonists. Patients were 
randomly assigned (1:1:1:1:1) to receive subcutaneous dupilumab 
200 or 300 mg every 2 weeks (q2w) or every 4 weeks or placebo, 
over a 24-week period. Full details of the study design and conduct, 
including inclusion and exclusion criteria, have been published previ-
ously.19 For this post hoc analysis, only the data from patients rand-
omized to dupilumab q2w regimens (the approved dosing regimen) 
and placebo were included.

LIBERTY ASTHMA QUEST was a phase 3 multinational, multi-
center, randomized, double-blind, placebo-controlled, parallel-group 
study that assessed the efficacy and safety of dupilumab in patients 
with uncontrolled asthma treated with high- (>1000 µg/day) or me-
dium- (500-1000  µg/day) dose ICS (Table S1). Patients ≥12  years 
were randomized in a 2:2:1:1 ratio to receive add-on subcutane-
ous dupilumab 200 or 300  mg q2w or volume-matched placebo 
for 52  weeks. The study was open to all patients irrespective of 
eosinophilic status or any other biomarker requirement. Full details 
of study design, methodology, and eligibility criteria have been re-
ported previously.20,22

In both the phase 2b study and LIBERTY ASTHMA QUEST, atopy 
was self-reported by patients; no further clinical assessments were 
conducted to verify.

Both studies were conducted in accordance with the Declaration 
of Helsinki and the Good Clinical Practice guidelines of the 
International Conference on Harmonisation and with applicable reg-
ulatory requirements. An independent data and safety monitoring 
committee conducted blinded monitoring of patient safety data. 
Study conduct and documentation were monitored by local insti-
tutional review boards or ethics committees, and all the patients 
provided written informed consent before participating in the trial. 
Adolescent patients provided assent according to the ethics com-
mittee and approved standard practice for pediatric patients at each 
participating center.

2.2 | Study endpoints

Annualized severe exacerbation rates (defined as number of se-
vere exacerbations per patient-year), change from baseline in pre-
BD FEV1 (L), and asthma control (using the patient-reported 5-item 

Asthma Control Questionnaire [ACQ-5]23) were assessed over the 
24-week (phase 2b study) and 52-week (QUEST) treatment periods. 
A responder analysis of ACQ-5 scores was conducted in which the 
proportion of patients with a response to treatment (responders) 
was defined as those with an improvement from baseline in ACQ-5 
score that reached or exceeded the threshold of the minimum clini-
cally important difference (MCID) of 0.5.24 In line with the primary 
analyses for these studies, patients with improvement from baseline 
of <0.5 or with a missing value were considered as nonresponders 
for that time point.

2.3 | Statistical analysis

Prespecified efficacy analyses were performed on subgroups of 
patients in the overall ITT population categorized by ICS controller 
requirement at baseline (adapted from GINA 201425; Table S1), and 
post hoc analyses, which further stratified the groups by baseline 
levels of blood eosinophils or FeNO. The subgroups examined were 
high-dose ICS and eosinophils ≥150  cells/µL, high-dose ICS and 
eosinophils ≥300 cells/µL, high-dose ICS and FeNO ≥25 ppb, high-
dose ICS and eosinophils ≥150 cells/µL or FeNO ≥25 ppb, and high-
dose ICS ITT subgroups. The same analyses were also performed on 
equivalent subgroups for completeness and transparency in patients 
taking medium-dose ICS. The ITT population was defined as all pa-
tients who were randomized, and data were analyzed according to 
the assigned intervention and whether an intervention was received. 
Results are presented separately for each study.

In both studies, the annualized rate of severe asthma exacerba-
tions was analyzed using a negative binomial regression model.19,20,22 
Change from baseline in FEV1  (L) and ACQ-5 was analyzed using 
mixed-effects models with repeated measures. Additional model 
details are provided in Appendix S1.

Descriptive statistics have been employed to present the data; 
a P value of <.05 for the comparison between each dupilumab dose 
and placebo (within each subgroup) was considered statistically 
significant.

3  | RESULTS

3.1 | Baseline characteristics

In the phase 2b study, 307 patients were randomized to dupilumab 
q2w regimens, and 158 patients were randomized to placebo (Figure 
S1A). Of these 465 patients, 231 (49.6%) received high-dose ICS, and 
221 (47.5%) received medium-dose ICS at baseline. In QUEST, a total 
of 1902 patients were randomized (placebo: n  =  638, dupilumab: 
n = 1264; Figure S1B). Fifteen (0.8%) patients were on low-dose ICS 
at study entry (in violation of the protocol) and are not included in 
this analysis, resulting in an analysis population of 1887. Of these, 
979 (51.9%) were on high-dose ICS at baseline, and 908 (48.1%) 
patients received medium-dose ICS (Table  1). In each study, the 
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subgroups of patients receiving high-dose ICS had relatively worse 
lung function, asthma control, and prior exacerbations, indicative of 
their greater disease severity and needed a higher dose of controller 
medication (Table 1). Furthermore, baseline demographics for each 
subgroup are shown in Tables S2-5.

3.2 | Annualized rate of severe asthma 
exacerbations

In the overall ITT population of the phase 2b study, dupilumab 200 
and 300 mg q2w compared with placebo significantly reduced ad-
justed annualized severe exacerbation rates in the subgroup receiv-
ing high-dose ICS at baseline by 56% (P = .004) and 57% (P = .002), 
respectively (Figure 1). Numerical reductions vs placebo were ob-
served in the subgroup on high-dose ICS with blood eosinophil 
counts ≥300 cells/µL at baseline (P = .524 and P = .149, respectively), 
and significant reductions vs placebo were observed in subgroups on 
high-dose ICS with blood eosinophil count ≥150 cells/µL (P < .05 and 
P < .01), FeNO ≥25 ppb (P < .01 and P < .05), and blood eosinophil 
count ≥150 cells/µL or FeNO ≥25 ppb (P < .01 for both) (Figure 1). In 
the phase 2b study, adjusted severe exacerbation rates could not be 
calculated for the subgroups of patients receiving medium-dose ICS 

as the number of events was deemed too small to provide valid es-
timates from an adjusted model; therefore, unadjusted data are pre-
sented. In the subgroup receiving medium-dose ICS at baseline, the 
reductions in the unadjusted annualized severe exacerbation rate 
for patients receiving dupilumab 200 and 300 mg q2w vs placebo 
were 67.5%/62.4% vs 46.3% (Figure S2). Consistent numerical im-
provements vs placebo were also observed for each subgroup when 
further stratified by blood eosinophil and FeNO levels at baseline 
(Figure S2).

In the overall ITT population of QUEST, dupilumab 200 and 
300  mg q2w compared with placebo significantly reduced ad-
justed annualized severe exacerbation rates in patients receiving 
high-dose ICS at baseline by 46% (P <  .001) and 39% (P =  .002), 
respectively (Figure 1); when further stratified by baseline type 2 
biomarker status (blood eosinophil count and/or FeNO levels), a 
greater magnitude of treatment effect was observed in patients 
with type 2-high phenotype with reductions vs placebo ranging 
from 48% to 69% (all P  <  .001) (Figure  1). In patients on medi-
um-dose ICS at baseline, significant reductions in adjusted an-
nualized severe exacerbation rates by 51% (P =  .0004) and 53% 
(P <  .0001), respectively, were observed; this was also seen for 
each subgroup when further stratified by blood eosinophil and 
FeNO levels at baseline (Figure S2).

F I G U R E  1   Annualized rate of severe exacerbations in dupilumab-treated patients (q2w) vs placebo during the 24-wk treatment period in 
the phase 2b study and 52-wk treatment period in the phase 3 QUEST study on high-dose ICS at baseline and further stratified by baseline 
eosinophil and FeNO levels. †In the phase 2b study, the same amount of placebo was given regardless of dupilumab dose (not volume-
matched as in the phase 3 QUEST study). ***P < .001, **P < .01, *P < .05 vs placebo. CI, confidence interval; FeNO, fractional exhaled nitic 
oxide; q2w, every 2 wk
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3.3 | Prebronchodilator FEV1

In the overall ITT population of the phase 2b study, treatment with 
dupilumab 200 and 300 mg q2w vs placebo improved pre-BD FEV1 
in patients receiving high-dose ICS at baseline by least squares (LS) 
mean difference (95% confidence interval [CI]) of 0.14 L (0.03-0.24; 
P =  .011) and 0.19 L (0.09-0.30; P =  .0002), respectively, by Week 
2. This improvement was sustained up to 24 weeks (0.21 L [0.09-
0.32; P = .0005] and 0.22 L [0.11-0.34; P = .0001]; Figure S3). When 
further stratified by baseline eosinophils or FeNO levels, statistically 
significant improvements vs placebo were consistently observed as 
early as Week 2 (LS mean difference range: 0.14-0.21 L and 0.18-
0.23  L, all P  <  .05, respectively), with one exception (dupilumab 
200  mg q2w patients with a baseline blood eosinophil count of 
≥300  cells/µL [0.09  L; P  =  .263]), where a statistically significant 
improvement was reached first by Week 4. In all subgroups, these 
improvements were maintained throughout the 24-week treatment 
duration (LS mean difference range: 0.18-0.22 L and 0.19-0.24 L, re-
spectively; all P < .05) (Figure 2, Table S6). Improvements in pre-BD 
FEV1 were also observed for the medium-dose ICS group; at Week 
2, the LS mean difference (95% CI) vs placebo was 0.14 L (0.03-0.26; 
P =  .01) and 0.11 L (−0.01-0.22; P =  .06). This numerical improve-
ment was sustained up to 24  weeks (0.13  L [−0.01-0.26; P  =  .06] 
and 0.09 L [−0.04-0.22; P = .18]; Figure S3). Similar results were ob-
served for each subgroup when further stratified by blood eosino-
phil and FeNO levels at baseline (Figure S4, Table S7).

In the overall ITT population of the QUEST study, dupilumab 200 
and 300 mg q2w vs placebo rapidly improved pre-BD FEV1 in the 
high-dose ICS subgroup by LS mean difference (95% CI) of 0.12 L 
(0.05-0.18; P  =  .0004) and 0.16  L (0.09-0.22; P  <  .0001), respec-
tively, at Week 2. This improvement was sustained over the 52-week 
treatment period (0.20 L [0.12-0.28; P <  .0001] and 0.13  L [0.05-
0.21; P = .002]; Figure S3). When further stratified by baseline eo-
sinophils or FeNO levels, statistically significant improvements vs 
placebo were consistently observed as early as Week 2 (LS mean 
difference range: 0.13-0.23  L and 0.19-0.30  L, respectively; all 
P <  .001) and were maintained throughout the 52-week treatment 
period (LS mean difference range: 0.23-0.36 L and 0.15-0.25 L, re-
spectively; all P  <  .05) (Figure  2, Table S6). At Week 2, treatment 
with dupilumab 200 and 300 mg q2w vs placebo also significantly 
improved pre-BD FEV1 in the medium-dose ICS subgroup by LS 
mean difference (95% CI) 0.18 L [0.11-0.25] and 0.14 L [0.07-0.21], 
respectively; both P < .0001; with sustained improvements by Week 
52 of 0.20 L (0.11-0.29; P < .0001), and 0.14 L (0.06-0.23; P = .0009), 
respectively (Figure S3). Similar results were observed in subgroups 
further stratified by baseline eosinophils or FeNO levels (Figure S4, 
Table S7).

3.4 | Asthma control (ACQ-5 scores)

In the overall ITT population of the phase 2b study, treatment 
with dupilumab 200 and 300 mg q2w vs placebo improved asthma 

control in patients requiring high-dose ICS at baseline (LS mean dif-
ference from baseline [95% CI] at Week 24: −0.49 [−0.82 to −0.16; 
P =  .004] and −0.42 [−0.74 to −0.10; P =  .01, respectively]; Figure 
S5). These improvements were also observed in the subgroups strat-
ified by baseline eosinophils or FeNO (Figure 3). Improvements in 
ACQ-5 scores were also seen in patients requiring medium-dose ICS 
at baseline (LS mean difference from baseline [95% CI] at Week 24: 
−0.35 [−0.65 to −0.05; P = .02] and −0.28 [−0.57 to 0.01; P = .06], 
respectively; Figure S5) and in the subgroups stratified by baseline 
eosinophils or FeNO (Figure S6).

Similarly, in the overall ITT population of QUEST, consis-
tent improvements in asthma control were observed for patients 
with high-dose ICS at baseline (LS mean difference from baseline 
[95% CI] vs placebo at Week 24: −0.31 [−0.51 to −0.11; P =  .002] 
and  −0.13 [−0.33 to 0.07; P  =  .21], respectively; Week 52: −0.34 
[−0.54 to −0.14; P =  .0009] and −0.15 [−0.35 to 0.05; P =  .14], re-
spectively; Figure S5) and in subgroups stratified by baseline eosino-
phils or FeNO (Figure 3). This was also the case in patients requiring 
medium-dose ICS at baseline (LS mean difference from baseline 
[95% CI] vs placebo at Week 24: −0.40 [−0.59 to  −0.22; P = .0001] 
and −0.27 [−0.45 to −0.09; P = .003], respectively; Week 52: −0.44 
[−0.63 to −0.24; P <  .0001] and −0.29 [−0.48 to −0.10; P =  .002], 
respectively; Figure S5) and in the subgroups stratified by baseline 
eosinophils or FeNO (Figure S6).

3.5 | ACQ-5 responder analysis

Many of the improvements in asthma control were clinically signifi-
cant as evidenced by the differences vs placebo in ACQ-5 scores 
reaching or exceeding the MCID of 0.5.24 In the high-dose ICS sub-
group of the phase 2b study, after 24 weeks, the proportion of re-
sponders in dupilumab-treated patients was 75% (56/75 patients; 
odds ratio [OR] 2.59 [1.29, 5.20]; P = .007) and 76% (60/79 patients; 
OR 2.85 [1.43, 5.68]; P =  .003) vs 53% (41/77) of placebo-treated 
patients.

In the overall ITT population of QUEST, at 24 weeks, a numerical 
increase in responders was observed in the high-dose ICS at baseline 
subgroup treated with dupilumab 200 and 300 mg q2w vs matched 
placebos, respectively: 75% (238/317 patients) vs 69% (118/172 pa-
tients) (OR vs placebo [95%CI] 1.36 [0.90, 2.08]; P =  .15) and 72% 
(231/323) vs 62% (104/167) (OR 1.51 [1.00, 2.26]; P =  .05]) (Table 
S8). Numerical improvements in responder rates were also observed 
in the medium-dose ICS subgroups for both studies (Table S9).

4  | DISCUSSION

In this analysis of data from the pivotal phase 2b and phase 3 
LIBERTY ASTHMA QUEST studies, dupilumab 200 and 300 mg q2w 
vs placebo reduced severe exacerbation rates and improved FEV1 (L), 
asthma control (ACQ-5), and rate of responders (ACQ improvement 
of MCID ≥ 0.5) in patients with uncontrolled, type 2-high persistent 
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or moderate-to-severe asthma taking high-dose ICS at baseline. 
Improvements were observed across each of the subgroups as early 
as the first time point assessed and were sustained until treatment 
end in both studies.

There are currently 5 biologic add-on treatments for patients 
with uncontrolled severe asthma that target underlying type 2 in-
flammatory processes: dupilumab, benralizumab, reslizumab, me-
polizumab, and omalizumab. As previously outlined, dupilumab 
blocks the shared receptor component for IL-4/IL-13, key and cen-
tral drivers of type 2 inflammation.14-17 It is approved in the EU26 
as add-on maintenance treatment in patients aged ≥12 years with 
severe asthma with type 2 inflammation characterized by raised 
blood eosinophils and/or raised FeNO levels who are inadequately 
controlled with a high-dose ICS plus another medicinal product for 
maintenance treatment. It is also approved in the USA27 and other 
countries28 as an add-on maintenance treatment in patients with 
moderate-to-severe asthma aged ≥12  years with an eosinophilic 
phenotype or with oral corticosteroid-dependent asthma.19,20,29 
Benralizumab, reslizumab, and mepolizumab are monoclonal anti-
bodies targeting IL-5, a key component in eosinophil activation, pro-
liferation, and degranulation. Benralizumab binds the alpha chain of 
the IL-5 (IL-5α) eosinophil cell surface receptor, blocking IL-5 binding 
and has been evaluated in phase 3 studies in patients ≥12 years.30 
Mepolizumab and reslizumab bind directly to IL-5, which in turn 
blocks binding with IL-5α.31,32 Mepolizumab has been evaluated 
in patients aged ≥6  years and reslizumab in patients ≥18  years. 
Omalizumab, an anti-IgE monoclonal antibody that has been eval-
uated in patients ≥6 years, binds IgE and inhibits basophil and mast 
cell release of proinflammatory mediators.33

Consistent with findings from the parent studies and other dup-
ilumab studies,19,20,29 a generally greater magnitude of dupilumab 
efficacy was observed in patients with a type 2-high endotype. In 
the QUEST study, the highest magnitude of reduction in annualized 
severe exacerbation rate was observed in patients with type 2-high 
endotypes, with differences vs placebo of 48%-69%, compared with 
39%-46% in all patients in the high-dose ICS subgroup and of 58%-
74%, compared with 51%-53% in all patients in medium-dose ICS 
subgroup. Of note, in the QUEST study, in patients taking high-dose 
ICS a significant reduction in the adjusted annualized severe exacer-
bation rate with dupilumab vs matched placebo was observed in the 
subgroup of patients with baseline eosinophils ≥300 µ/L; a similar 
trend was observed in the phase 2b study although the effect did 
not reach statistical significance, likely due to low patient numbers 
in the subgroups of the phase 2b study. These observations were 
also seen in patients taking medium-dose ICS in the QUEST study; in 
the phase 2b study, adjusted severe exacerbation rates could not be 

calculated for the subgroups of patients receiving medium-dose ICS 
as the number of events was deemed too small to provide valid esti-
mates from an adjusted model, but non-significant reductions in the 
unadjusted annualized severe exacerbation rate were observed with 
dupilumab vs matched placebo. In both the phase 2b and QUEST 
studies, higher magnitudes of responses were seen in change from 
baseline in FEV1 compared with matched placebo in patients with 
type 2-high asthma taking high-dose ICS. This result was echoed in 
patients taking medium-dose ICS in the phase 3 QUEST study.

Similar findings have also been observed with the other biologic 
add-on therapies in patients with type 2-high asthma on medium-to-
high-dose ICS. In the benralizumab phase 3 SIROCCO and CALIMA 
studies, significant reductions in annual asthma exacerbation rates 
and improvements in FEV1 and asthma symptom scores compared 
with placebo were observed in patients with high-dose ICS and 
baseline blood eosinophils ≥300 cells/µL.34,35 The phase 3 BREATH 
reslizumab studies also demonstrated reductions of clinical asthma 
exacerbations of 50%-59% and improvements in FEV1, asthma con-
trol, forced vital capacity, and rescue short-acting beta agonist use 
compared with placebo in patients with eosinophils ≥400  cells/µL 
(ITT population), and with lower efficacy in patients with <400 cells/
µL (ITT population).36,37 Higher efficacy in reduction of severe ex-
acerbations, and improvement of FEV1 and ACQ-5 in patients with 
higher baseline blood eosinophils compared with patients with lower 
levels were also demonstrated in the DREAM, MENSA, and MUSCA 
phase 3 mepolizumab studies.38-40 Finally, significantly greater re-
ductions in asthma exacerbations were seen in patients with raised 
FeNO (≥19.5 ppb), eosinophils (≥260 cells/µL), and periostin (≥50 ng/
mL) who were treated with omalizumab in the EXTRA phase 3 study, 
compared with placebo recipients.41 Although elevated eosinophils 
in peripheral blood have been associated with type 2 asthma, their 
levels can be significantly influenced by the use of ICS.42 Thus, pe-
ripheral blood eosinophilia as a type 2 inflammation marker should 
always be interpreted in view of the current dose of ICS. This could 
also account for the efficacy of dupilumab being demonstrated irre-
spective of the baseline ICS dose used by the patients.

The strength of this analysis is its randomized, double-blind 
design, its large population sizes, and the inclusion of patients re-
gardless of ICS dose at baseline. One of the limitations was that 
the findings are constrained by the low sample sizes in some of the 
subgroups, as these were not defined a priori. The studies were not 
powered specifically to investigate differences between patients 
with asthma with high/medium-dose ICS and eosinophils ≥150 cells/
µL or ≥300 cells/µL, FeNO ≥25 ppb, or eosinophils ≥150 cells/µL or 
FeNO ≥25 ppb. In addition, a large placebo effect on asthma con-
trol was observed in the QUEST study, possibly due to increased 

F I G U R E  2   Least squares mean change from baseline in FEV1 (L) during the 24-wk treatment period in the phase 2b study in patients with 
uncontrolled, persistent asthma and 52-wk treatment period in the phase 3 QUEST study in patients with uncontrolled, moderate-to-severe 
asthma on high-dose ICS at baseline and further stratified by baseline eosinophil and FeNO levels. †In the phase 2b study, the same amount 
of placebo was given regardless of dupilumab dose (not volume-matched as in the phase 3 QUEST study). ***P < .001, **P < .01, *P < .05 vs 
placebo. FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; ICS, inhaled corticosteroids; LS, least squares; q2w, 
every 2 wk; SE, standard error
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adherence in patients in the placebo group, which may have con-
tributed to the differences in ACQ-5 improvement from baseline for 
dupilumab vs placebo not being statistically significant. Finally, due 
to the timings of the trial, old versions of the GINA guidelines were 
used when designing the studies and this analysis.

5  | CONCLUSIONS

In conclusion, the outcomes of these 2 pivotal dupilumab studies 
confirm that dupilumab is effective across a spectrum of patients 
on high-dose ICS at baseline with raised type 2 biomarkers and 1 
or 2 additional controllers. Efficacy was also demonstrated in pa-
tients with type 2-high asthma on medium-dose ICS at baseline with 
1-2 additional controllers. Improvements in lung function were seen 
within 2  weeks, sustained throughout treatment, and generally of 
greater magnitude in subgroups of patients with elevated base-
line levels of type 2 biomarkers (blood eosinophils ≥150 cells/µL or 
≥300 cells/µL or FeNO ≥25 ppb).
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