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Purpose: Dupilumab, a fully human monoclonal antibody, blocks the shared receptor component for interleukins-4/-13, key and 
central drivers of type 2 (T2) inflammation in multiple diseases. In phase 3 QUEST (NCT02414854), dupilumab vs placebo 
significantly reduced asthma exacerbation rates (AER) and improved pre-bronchodilator forced expiratory volume in 1 second 
(FEV1) in patients with uncontrolled, moderate-to-severe asthma, with greater effects in patients with elevated T2 biomarkers 
(≥150 eosinophils/µL or fractional exhaled nitric oxide [FeNO] ≥25 parts per billion). Overall safety was consistent with the 
known dupilumab safety profile. This post hoc analysis assessed dupilumab efficacy in QUEST patients with T2 asthma with evidence 
of an allergic phenotype (baseline serum IgE ≥30 IU/mL and aeroallergen-specific IgE ≥0.35 IU/mL) by number of aeroallergen 
sensitizations: 1, 2, 3, or ≥4. Non-sensitized patients (serum total IgE <30 IU/mL without evidence of allergic phenotype) were also 
assessed.
Patients and Methods: Endpoints were annualized AER, change from baseline in pre-bronchodilator FEV1 and asthma control 
(5-item Asthma Control Questionnaire [ACQ-5]), and FeNO and serum total IgE levels over the 52-week treatment period.
Results: In all subgroups by number of allergens sensitized, dupilumab vs placebo reduced AER by 35–67% and improved both pre- 
bronchodilator FEV1 at Week 12 (least squares mean differences: 0.10–0.26 L across subgroups) and ACQ-5 score at Week 52 (–0.26 
to –0.43). Dupilumab significantly reduced FeNO and total IgE levels at Week 52 compared with placebo. Similar results were 
observed in non-sensitized patients.
Conclusion: Dupilumab improved clinical outcomes and reduced biomarker levels in patients with uncontrolled, moderate-to-severe 
T2 asthma irrespective of allergen sensitization status or number.
Clinical Trial Registration: ClinicalTrials.gov Identifier: NCT02414854.
Keywords: dupilumab, allergic asthma, type 2 asthma, perennial aeroallergen

Introduction
Patients with type 2 inflammation represent a large proportion of the overall population of patients with asthma. 
Many of those with type 2 asthma also have evidence of an allergic phenotype, which is characterized by an 
increased expression of specific IgE to 1 or more aeroallergens.1,2 Re-exposure to allergens and their binding to IgE 
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results in the release of inflammatory mediators that attract T helper type 2 cells. These, in turn, secrete cytokines, 
including interleukin (IL)-4, IL-13, and IL-5, all of which are thought to contribute to the airway inflammation 
associated with allergic asthma.2 These cytokines are also key drivers in type 2 inflammatory pathways and, in 
recent years, a number of biologics have been developed to target them and inhibit their signaling.3 One of these, 
dupilumab is a fully human VelocImmune®-derived monoclonal antibody that blocks the shared receptor component 
of IL-4 and IL-13, thus inhibiting their signaling, and has demonstrated efficacy in a number of type 2 inflammatory 
diseases.4–7

In the phase 3 LIBERTY ASTHMA QUEST study (NCT02414854), add-on dupilumab 200 mg and 300 mg every 2 weeks 
(q2w) vs matched placebo significantly reduced severe asthma exacerbations and improved pre-bronchodilator forced 
expiratory volume in 1 second (FEV1) in patients with uncontrolled, moderate-to-severe asthma. Overall safety was consistent 
with the known dupilumab safety profile.8 Treatment effects were greater in patients with elevated type 2 biomarkers at 
baseline (blood eosinophils ≥150 cells/μL or fractional exhaled nitric oxide [FeNO] ≥25 parts per billion [ppb]). Dupilumab 
has also been shown to be efficacious in the subgroup of patients in QUEST with evidence of an allergic phenotype, and 
suppresses type 2 inflammatory biomarkers, highlighting the key role of IL-4 and IL-13 in airway inflammation.9

Previous work demonstrated that dupilumab reduced severe asthma exacerbation rates and improved pre-bronchodilator 
FEV1 and asthma control across subgroups of patients with moderate-to-severe asthma with different baseline levels of serum 
total IgE.10 However, it is unknown whether the number of perennial aeroallergen sensitizations affects the efficacy of 
dupilumab in patients with moderate-to-severe asthma. This post hoc analysis of QUEST aimed to address this knowledge gap 
by assessing the efficacy of dupilumab in the population of enrolled patients who had a type 2 inflammatory phenotype, 
defined as baseline levels of ≥150 eosinophils/µL or FeNO ≥25 ppb, and who showed evidence of an allergic phenotype with 
sensitization to 1, 2, 3, or ≥4 common perennial aeroallergens at baseline. Efficacy was also assessed in the subpopulation of 
patients with type 2 asthma who were not sensitized to any perennial aeroallergen at baseline.

Materials and Methods
Study Design and Patients
CONSORT diagrams and full details of the study design, eligibility criteria, and methodology of LIBERTY 
ASTHMA QUEST have been reported previously.8,11 This study was a phase 3, multinational, randomized, double- 
blind, placebo-controlled, parallel-group design conducted in patients with uncontrolled, moderate-to-severe asthma 
despite receiving continuous treatment with medium-to-high doses of inhaled corticosteroids (ICS) plus 1 or 2 
additional asthma medications (eg, long-acting beta agonist, leukotriene receptor antagonist, theophylline, etc.) 
Patients requiring oral steroids as controller medication or biologics were excluded from the study. Patients were 
enrolled in the study without a required minimum level of any type 2 biomarker (blood eosinophils, serum total IgE, 
or FeNO). Following a 4-week screening period (±1 week), eligible patients ≥12 years of age were randomized in 
a 2:2:1:1 ratio to receive 52 weeks of add-on treatment with subcutaneous injections of dupilumab 200 mg (after 
a 400 mg loading dose), or 300 mg (after a 600 mg loading dose) q2w, or matched-volume placebo.

The study was sponsored by Sanofi and Regeneron Pharmaceuticals, Inc.; data were collected by the study 
investigators and analyzed by the sponsors. QUEST was conducted in accordance with the Declaration of Helsinki, 
the International Conference on Harmonisation Good Clinical Practice guideline, and applicable regulatory requirements. 
An independent data and safety monitoring committee conducted blinded monitoring of patient safety data. The 
Institutional Review Board of the study was the Copernicus Group, which oversaw trial conduct and documentation 
according to ethics committees at each trial center (Supplementary Section 1). All patients (or their legal guardians) 
provided written informed consent before participating in the trial.

Populations Analyzed
The primary population of interest in this post hoc analysis of QUEST comprised patients with elevated type 2 
biomarkers at baseline (ie, blood eosinophils ≥150 cells/µL or FeNO ≥25 ppb). Patients with a type 2 phenotype were 
classified according to whether they met the criteria for allergic asthma at QUEST baseline. Evidence of allergic asthma 
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was defined as a total serum IgE ≥30 IU/mL and ≥1 perennial aeroallergen-specific IgE ≥0.35 IU/mL at baseline, as 
described previously.9 Sensitization to the following common perennial aeroallergens was assessed: molds (Aspergillus 
fumigatus, Alternaria tenuis/alternata, Cladosporium herbarum), dust mites (Dermatophagoides farinae, 
Dermatophagoides pteronyssinus), cat and dog dander, and German and Oriental cockroaches. Patients with evidence 
of allergic asthma were further categorized into subgroups according to the number of perennial aeroallergens to which 
they were sensitized: 1, 2, 3, or ≥4 allergens.

The population of patients in QUEST who showed evidence of a type 2 signature at baseline but had no evidence of 
an allergic phenotype at baseline (ie, total serum IgE <30 IU/mL and no sensitivity to any of the perennial aeroallergens 
tested [specific IgE <0.35 IU/mL]) was also assessed.

Endpoints
Endpoints assessed included the annualized rate of severe exacerbation events during the 52-week treatment period. 
A severe asthma exacerbation was defined as a deterioration of asthma requiring treatment with systemic glucocorticoids 
for ≥3 days or hospitalization/emergency room visit requiring systemic glucocorticoids.12 Changes from baseline over the 
52-week treatment period were measured in pre-bronchodilator FEV1 and in asthma control, as assessed using the 5-item 
Asthma Control Questionnaire (ACQ-5; negative score denotes improvement [scale 0–6, with higher scores indicating 
lower asthma control]).13 The effect of treatment on levels of biomarkers (FeNO and serum total IgE) over the 52-week 
treatment period was also assessed.

Statistical Analysis
Adjusted annualized rates of severe exacerbation events were analyzed using a negative binomial regression model, 
which included the total number of events observed from randomization up to Week 52 or last study contact date 
(whichever came earlier) as the response variable. Treatment group, age, region (pooled country), baseline eosinophil 
strata, baseline ICS dose level, and number of severe exacerbation events within 1 year prior to the study were included 
as covariates, log-transformed standardized observation duration as an offset variable. The interaction between number of 
allergen sensitizations and dupilumab effect on exacerbation rates was tested using a negative binomial model, which 
included the same response variable and covariates listed above, with subgroup (if different from the aforementioned 
covariates) and treatment-by-subgroup interaction as additional covariates.

Change from baseline in pre-bronchodilator FEV1 was analyzed using a linear mixed-effect model with repeated 
measures (MMRM), which used change from baseline in pre-bronchodilator FEV1 values up to Week 52 as the response 
variable. Covariates were treatment, age, sex, baseline height, region (pooled country), baseline eosinophil strata, 
baseline ICS dose level, visit, treatment-by-visit interaction, baseline pre-bronchodilator FEV1 value, and baseline-by- 
visit interaction. Change from baseline in ACQ-5 score over time was also analyzed using a linear MMRM, with change 
from baseline in ACQ-5 score up to Week 52 as the response variable. Covariates were treatment, age, region (pooled 
country), baseline eosinophil strata, baseline ICS dose level, visit, treatment-by-visit interaction, baseline ACQ-5, and 
baseline-by-visit interaction. The interaction between number of perennial aeroallergen sensitizations and dupilumab 
effect on pre-bronchodilator FEV1 at Week 12 and ACQ-5 score at Week 24 was tested using a linear MMRM. The 
response variable was change from baseline in pre-bronchodilator FEV1 values up to Week 12 or ACQ-5 values up to 
Week 24. Covariates were the same as those listed above and subgroup (if different from the aforementioned covariates), 
subgroup-by-treatment interaction, and subgroup-by-treatment-by-visit interaction were included as additional covariates. 
The least squares (LS) means are predicted population margins (ie, marginal means) which were obtained from the 
adjusted multivariate regression models. LS means difference is the difference between the two predicted group/ 
treatment LS means.

The effect of treatment on biomarkers was assessed using a rank-transformed analysis of covariance model adjusted 
for baseline FeNO or serum total IgE, age, sex, region (pooled country), baseline eosinophil strata, and baseline ICS dose 
level comparing dupilumab vs matched placebo. Interaction between the number of perennial aeroallergen sensitizations 
and dupilumab effect on biomarker levels was tested by including the subgroups defined by number of perennial 
aeroallergen-specific IgE ≥0.35 IU/mL and subgroup-by-treatment interaction as covariates in the aforementioned 
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model. P values denoting statistical significance were included for statistical testing performed on the change from 
baseline in FeNO or serum total IgE for combined dupilumab vs combined matched placebo at each timepoint.

Results
Study Patients
Of 1902 patients (the intention-to-treat [ITT] population) randomized to QUEST, 885 (47%) had a type 2 phenotype and 
were considered to have allergic asthma as evidenced by a total serum IgE ≥30 IU/mL and sensitivity to at least 1 of the 
perennial aeroallergens assessed (ie, allergen-specific IgE levels of ≥0.35 IU/mL). Of these, 254 (29%) had sensitivity to 
1 allergen, 219 (25%) to 2 allergens, 173 (20%) to 3 allergens, and 239 (27%) to 4 or more allergens; 114 (6% of the 
overall ITT population) patients with a type 2 phenotype did not present evidence of an allergic phenotype based on total 
serum IgE levels <30 IU/mL and non-sensitivity to each of the panels of perennial aeroallergens assessed.

The baseline demographics and disease characteristics of patients with a type 2 phenotype are shown in Table 1 by 
combined treatment group and number of allergen sensitizations (1, 2, 3, ≥4, and non-sensitized). Patients with a type 2 
phenotype who were sensitized were more likely to have ongoing atopic comorbidities and higher total serum IgE at 
baseline vs those who were non-sensitized. Non-sensitized patients with a type 2 phenotype were more likely to be older 
and female.

Annualized Rate of Severe Asthma Exacerbations
Dupilumab vs placebo significantly reduced severe exacerbation rates in patients with type 2 asthma and aeroallergen 
sensitization across most subgroups of number of allergens. Reductions in exacerbation rates (relative risk, 95% 
confidence interval [CI]; P value) were 40% (0.597, 0.386–0.923; P = 0.0205), 67% (0.332, 0.209–0.526; P < 
0.0001), 49% (0.515, 0.292–0.907; P = 0.0220), and 35% (0.651, 0.394–1.073; P = 0.0921) in the groups of patients 
sensitized to 1, 2, 3, and ≥4 allergens, respectively (Figure 1). The number of allergen sensitizations did not impact 
dupilumab efficacy in reducing exacerbations (P = 0.2737 for the interaction). Patients with a type 2 phenotype who were 
non-sensitized also benefited significantly from dupilumab, with a 65% reduction in exacerbations compared with 
placebo treatment (0.351, 95% CI 0.176–0.700; P = 0.0033) (Figure 1).

Pre-Bronchodilator FEV1 Over Time
Patients with a type 2 phenotype, irrespective of whether they were sensitized to 1 or more perennial aeroallergens, had 
improvements in pre-bronchodilator FEV1 observed over time with dupilumab vs placebo (Figure 2A–D). Improvements 
in pre-bronchodilator FEV1 were observed as early as the first assessment at Week 2, and these were maintained for the 
duration of the 52-week treatment period. While patients sensitized to 2 or 3 perennial aeroallergens showed the highest 
numerical improvements in pre-bronchodilator FEV1 vs placebo throughout most of the study period, the effect of 
dupilumab on lung function was not significantly different across subgroups by number of aeroallergen sensitizations 
(P = 0.2730 for the interaction at Week 12). The LS mean differences vs matched placebo (95% CI; P value) in pre- 
bronchodilator FEV1 improvement at Week 12 in patients with 1, 2, 3, and ≥ 4 allergen sensitizations were 0.12 L (0.03– 
0.22; P = 0.0124), 0.26 L (0.13–0.38; P < 0.0001), 0.14 L (0.01–0.28; P = 0.0383), and 0.10 L (–0.01 to 0.21; P = 
0.0825), respectively. By Week 52, LS mean differences (95% CI; P value) in pre-bronchodilator FEV1 improvement in 
patients with 1, 2, 3, and ≥4 allergen sensitizations were 0.19 L (0.09–0.30; P = 0.0004), 0.23 L (0.09–0.36; P = 0.0013), 
0.17 L (0.03–0.31; P =0.0195), and 0.14 L (0.02–0.26; P = 0.0219), respectively.

Numerical improvements, statistically significant at some timepoints, in pre-bronchodilator FEV1 with dupilumab vs 
placebo were also observed in patients with type 2 asthma without evidence of an allergic phenotype (Figure 2E). At 
Week 12, the LS mean difference vs matched placebo (95% CI; P value) in this subgroup was 0.12 L (–0.02 to 0.26; P = 
0.0865). In patients with type 2 asthma who were non-sensitized, the LS mean difference vs matched placebo (95% CI; 
P value) in change from baseline in pre-bronchodilator FEV1 at Week 52 was 0.16 L (0.004–0.32; P = 0.0451).
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Table 1 Baseline Demographics, Disease Characteristics, and Biomarker Levels of Patients with a Type 2 Phenotype (Blood Eosinophils ≥150 Cells/µL or FeNO ≥25 ppb) Who Were 
Sensitized to 1, 2, 3, or ≥4 Perennial Aeroallergens, or Non-Sensitized, at QUEST Baseline

Characteristic 1 Perennial Aeroallergen 
Sensitization

2 Perennial Aeroallergen 
Sensitizations

3 Perennial Aeroallergen 
Sensitizations

≥4 Perennial Aeroallergen 
Sensitizations

Non-Sensitized

Combined 
Placebo  
N = 86

Combined 
Dupilumab  
N = 168

Combined 
Placebo  
N = 73

Combined 
Dupilumab  
N = 146

Combined 
Placebo  
N = 65

Combined 
Dupilumab  
N = 108

Combined 
Placebo  
N = 83

Combined 
Dupilumab  
N = 156

Combined 
Placebo  
N = 42

Combined 
Dupilumab  
N = 72

Age, years, mean (SD) 47.1 (13.6) 47.3 (16.2) 47.5 (15.5) 46.3 (14.4) 40.0 (17.7) 41.8 (15.5) 40.2 (16.2) 39.7 (15.7) 54.7 (12.3) 53.9 (14.4)

Female, n (%) 56 (65.1) 92 (54.8) 48 (65.8) 85 (58.2) 40 (61.5) 69 (63.9) 35 (42.2) 75 (48.1) 31 (73.8) 50 (69.4)

Pre-bronchodilator FEV1 (L) 1.67 (0.59) 1.76 (0.58) 1.71 (0.63) 1.84 (0.58) 1.95 (0.66) 1.88 (0.67) 1.99 (0.59) 2.04 (0.61) 1.55 (0.45) 1.72 (0.57)

Percent predicted pre- 
bronchodilator FEV1 (%),  
mean (SD)

55.78 (12.79) 57.86 (13.53) 56.88 (16.26) 58.93 (12.70) 60.97 (13.16) 58.87 (14.12) 58.23 (13.51) 60.39 (13.54) 57.67 (14.62) 59.06 (13.14)

FEV1 reversibility (%) 27.61 (22.37) 25.04 (20.04) 30.78 (20.81) 27.18 (23.65) 25.60 (13.80) 28.01 (22.79) 27.79 (19.76) 26.38 (20.06) 24.11 (16.14) 25.62 (20.52)

Number of exacerbations in 
past year, mean (SD)

2.02 (1.43) 2.14 (3.95) 2.29 (2.16) 1.91 (1.62) 2.22 (2.05) 1.69 (1.26) 1.73 (1.28) 1.94 (1.72) 2.60 (2.18) 2.04 (1.40)

High-dose ICS, n (%) 49 (57.0) 76 (45.2) 32 (43.8) 68 (46.6) 38 (58.5) 48 (44.4) 41 (49.4) 80 (51.3) 22 (52.4) 43 (59.7)

ACQ-5 total scorea,  
mean (SD)

2.72 (0.64) 2.69 (0.80) 2.69 (0.72) 2.71 (0.75) 2.70 (0.72) 2.68 (0.68) 2.73 (0.81) 2.96 (0.93) 3.07 (0.90) 2.91 (0.85)

AQLQ(S) global scoreb, mean (SD) 4.26 (0.86) 4.39 (1.12) 4.25 (0.88) 4.26 (1.01) 4.35 (1.09) 4.41 (0.96) 4.46 (1.05) 4.25 (1.18) 3.90 (1.20) 4.15 (1.18)

Ongoing atopic or allergic 
conditionc, n (%)

83 (96.5) 157 (93.5) 69 (94.5) 141 (96.6) 65 (100) 104 (96.3) 82 (98.8) 155 (99.4) 27 (64.3) 39 (54.2)

Blood eosinophil count, median 
(Q1–Q3), cells/µL

360.0  
(200.0–530.0)

280.0  
(170.0–530.0)

310.0  
(200.00–550.00)

310.0  
(200.00–540.00)

360.0  
(200.00–670.00)

270.0  
(175.00–440.00)

330.0  
(200.00–480.00)

340.0  
(210.00–515.00)

280.0  
(200.0–420.0)

250.0  
(170.0–395.0)

FeNO, median (Q1–Q3), ppb 32.0  
(18.0–56.0)

29.0 (17.0–49.0) 38.5  
(27.00–67.50)

30.5  
(18.00–56.50)

33.0  
(18.00–57.00)

27.5  
(18.00–50.00)

29.5  
(19.00–49.00)

29.0  
(18.00–53.00)

23.0  
(12.0–34.0)

22.0  
(14.0–37.0)

Total IgE, median (Q1–Q3), IU/mL 243.0  
(123.0–464.0)

208.0  
(101.0–443.5)

321.0  
(137.00–564.00)

319.5  
(136.00–612.00)

416.0  
(160.00–608.00)

361.0  
(179.00–650.50)

730.0  
(319.00–1538.00)

834.5  
(333.50–1683.00)

18.0  
(8.0–25.0)

15.5  
(9.0–21.5)

Notes: aThe ACQ-5 is a patient-reported measure of the adequacy of asthma control and change in asthma control; higher scores indicate less asthma control. Change in ACQ-5 score of at least 0.5 is regarded as clinically meaningful. 
bThe AQLQ is a patient-reported measure of asthma-related quality of life; higher scores indicate higher quality of life. Change in AQLQ score of at least 0.5 is regarded as clinically meaningful. cPatients were considered to have an 
ongoing atopic medical condition if they had any of the following ongoing conditions: atopic dermatitis, allergic conjunctivitis or rhinitis, eosinophilic esophagitis, food allergy, or hives; or had baseline total IgE ≥100 IU/mL and at least 1 
aeroallergen-specific IgE ≥0.35 IU/mL at baseline. 
Abbreviations: ACQ-5, 5-Item Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; ICS, inhaled corticosteroid; ppb, parts 
per billion; Q1–Q3, interquartile range; SD, standard deviation.
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matched combined placebo. 
Abbreviations: CI, confidence interval; FeNO, fractional exhaled nitric oxide; IgE, immunoglobulin E; IU, international units; ppb, parts per billion.
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Asthma Control (ACQ-5 Scores)
Numerical improvements in asthma control, as measured by ACQ-5 score, were observed with dupilumab vs placebo as early as 
the first assessment at Week 2 and throughout the study period in patients with a type 2 phenotype irrespective of the number of 
allergen sensitizations (Figure 3A–D). Such improvements in asthma control were statistically significant in patients sensitized to 
1 and 2 perennial aeroallergens but did not reach statistical significance (except at a few timepoints) in patients sensitized to 3 and 
≥4 perennial aeroallergens, among whom greater increases in ACQ-5 score in the placebo arm were noticed compared with the 1 
and 2 perennial aeroallergen sensitization subgroups. Despite this, dupilumab’s effect on asthma control was not impacted by the 
number of perennial aeroallergen sensitizations (P = 0.3027 for the interaction at Week 24). At Week 52, the LS mean difference 
vs matched placebo (95% CI; P value) in change from baseline ACQ-5 score in patients with 1, 2, 3, and ≥4 perennial 
aeroallergen sensitizations was –0.43 (–0.70 to –0.16; P = 0.0018), –0.41 (–0.71 to –0.12; P = 0.0067), –0.27 (–0.58 to 0.03; P = 
0.0786), and –0.26 (–0.53 to 0.01; P = 0.0585), respectively. The greater improvements observed with dupilumab vs placebo at 
Week 52 in patients sensitized to only 1 or 2 perennial aeroallergens, compared with those sensitized to more perennial 
aeroallergens, were driven by relatively higher LS mean (Standard error) changes evident in the placebo arms of groups 
sensitized to 3 or ≥4 perennial aeroallergens (ie, –1.05 [0.11] and –1.16 [0.12] in placebo recipients with 1 and 2 perennial 
aeroallergen sensitizations, compared with –1.22 [0.12] and –1.49 [0.12] in placebo recipients with 3 and ≥4 perennial 
aeroallergen sensitizations).

Rapid and, in most cases, statistically significant improvements sustained during the treatment period were also 
observed with dupilumab vs placebo in patients with type 2 phenotype and without evidence of an allergic phenotype 
(Figure 3E). At Week 52, the LS mean difference vs matching placebo (95% CI; P value) in change from baseline in 
ACQ-5 score was –0.68 (–1.16 to –0.19; P = 0.0071).
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Figure 3 ACQ-5 score over time in patients with ≥150 eosinophils/µL or FeNO ≥25 ppb by sensitization (A-E). *P < 0.05, **P < 0.01, ***P < 0.001 vs matched placebo. 
Abbreviations: 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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Biomarkers
FeNO
Dupilumab vs placebo significantly reduced FeNO levels during treatment in patients with a type 2 phenotype 
irrespective of whether they were sensitized to 1, 2, 3, or ≥4 perennial aeroallergens (Figure 4A–D). Median baseline 
levels of FeNO in these subgroups ranged from 27.5 ppb to 38.5 ppb across sensitization subgroups and treatment arms 
(Table 1). At Week 52, the median percentage change from baseline in FeNO levels in dupilumab vs placebo arms by 
number of perennial aeroallergen sensitizations was –43.6% vs 8.6% (absolute median change [95% CI]: –11.0 [–15.0 
to –8.0] ppb vs 2.0 [–3.0 to 5.0] ppb, P < 0.0001) in patients sensitized to 1 allergen; –44.0% vs –21.8% (–11.5 [–19.0 
to –8.0] ppb vs –7.5 [–13.0 to –5.0] ppb, P = 0.1074) in patients sensitized to 2 allergens; –49.1% vs 4.3% (–13.5 [–18.0 
to –8.0] ppb vs 1.0 [–4.0 to 9.0] ppb, P = 0.0006) in patients sensitized to 3 allergens; and –47.2% vs –18.8% (–13.0 [– 
19.0 to –10.0] ppb vs –3.0 [–8.0 to 0.0] ppb, P = 0.0003) in patients sensitized to ≥4 allergens. The number of allergen 
sensitizations did not impact dupilumab effect on FeNO levels (P = 0.0782 for the interaction at Week 52).

Dupilumab also reduced FeNO levels over time compared with placebo in patients with type 2 phenotype without 
evidence of an allergic phenotype (Figure 4E). At Week 52, the median percentage change from baseline in FeNO levels 
was –40.7% (absolute median change [95% CI]: –6.5 [–12.0 to –4.0] ppb) in the dupilumab arm vs 2.8% (0.5 [–3.0 to 
3.0] ppb) in the placebo arm (P = 0.0244).

Serum Total IgE
Dupilumab vs placebo significantly reduced serum total IgE levels during treatment in patients with a type 2 phenotype, 
irrespective of the number of perennial aeroallergen sensitizations (Figure 5A–D). Median baseline levels of total serum 
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Figure 4 Median (95% CI) FeNO over time in patients with ≥150 eosinophils/µL or FeNO ≥25 ppb by sensitization (A-E). *P < 0.05, **P < 0.01, ***P < 0.001 vs matched 
placebo. 
Abbreviations: CI, confidence interval; FeNO, fractional exhaled nitric oxide; ppb, parts per billion.
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IgE were higher with an increasing number of perennial aeroallergen sensitizations, with values ranging from 208.0– 
243.0 IU/mL in patients sensitized to 1 perennial aeroallergen to 730.0–834.5 IU/mL in those sensitized to ≥4 perennial 
aeroallergens for dupilumab and placebo treatment arms (Table 1).

At Week 52, the median percentage change from baseline in serum total IgE for dupilumab vs placebo in patients 
sensitized to 1 perennial aeroallergen was –70.2% vs 1.9% (absolute median change [95% CI]: –136.5 [–184.0 to –114.0] 
IU/mL vs 3.0 [–25.0 to 28.0] IU/mL; P < 0.0001). These values were –73.4% vs –8.5% (–224.0 [–283.0 to –159.0] IU/ 
mL vs –16.0 [–44.0 to 13.0] IU/mL; P < 0.0001) in patients sensitized to 2 perennial aeroallergens; –72.8% vs –15.6% (– 
267.0 [–342.0 to –183.0] IU/mL vs –50.0 [–80.0 to –8.0] IU/mL; P < 0.0001) in patients sensitized to 3 perennial 
aeroallergens; and –72.0% vs –1.9% (–523.0 [–633.0 to –382.0] IU/mL vs –5.5 [–118.0 to 12.0] IU/mL; P < 0.0001) in 
patients sensitized to ≥4 perennial aeroallergens. Therefore, dupilumab vs placebo significantly reduced levels of total 
IgE at the end of the treatment; this effect was independent on the number of allergens (P = 0.1812 for the interaction at 
Week 52). Significant reductions in serum total IgE levels were also observed with dupilumab vs placebo in patients with 
type 2 phenotype without evidence of an allergic phenotype (Figure 5E). At Week 52, the percentage change in serum 
total IgE levels in the dupilumab vs placebo arm was –56.0% vs 17.3% (absolute median change [95% CI]: –9.0 [–11.0 
to –7.0] IU/mL vs 1.0 [0.0–5.0]; P = 0.0006).

Discussion
In this post hoc analysis of QUEST, dupilumab significantly reduced severe exacerbation rates while improving lung function 
(pre-bronchodilator FEV1) and asthma control (ACQ-5 score) in patients with type 2 asthma (≥150 eosinophils/µL or FeNO 
≥25 ppb) and evidence of an allergic asthma phenotype at baseline, as demonstrated by total serum IgE ≥30 IU/mL and 

*** *** *** ***

*** *** *** ***

0

A

Combined placebo

Combined dupilumab

Number of patients

Week

1 perennial aeroallergen sensitization

3 perennial aeroallergen sensitizations

Non-sensitized

12 24 36 52

S
er

um
 t

o
ta

l I
g

E
 o

ve
r 

ti
m

e,
 

m
ed

ia
n 

(9
5%

 C
I)

86 86 80 75 68

168 168 162 154 132

0

C

Combined placebo

Combined dupilumab

Number of patients

Week

12 24 36 52

S
er

um
 t

o
ta

l I
g

E
 o

ve
r 

ti
m

e,
 

m
ed

ia
n 

(9
5%

 C
I)

64 62 61 59 49

109 109 106 94 85

*** *** *** ***

0

B

Combined placebo

Combined dupilumab

Number of patients

Week

2 perennial aeroallergen sensitizations

 ≥4 perennial aeroallergen sensitizations

12 24 36 52

S
er

um
 t

o
ta

l I
g

E
 o

ve
r 

ti
m

e,
 

m
ed

ia
n 

(9
5%

 C
I)

73 71 69 69 60

146 145 136 134 113

D

Combined placebo

Combined dupilumab

Number of patients

S
er

um
 t

o
ta

l I
g

E
 o

ve
r 

ti
m

e,
 

m
ed

ia
n 

(9
5%

 C
I)

*** *** *** ***

0

Week

12 24 36 52

83 82 75 70 66

156 152 149 141 125

Combined placebo Combined dupilumab

0

0
100
200
300
400

1300

1100

600
700
800
900

1000

1200

500

0
100
200
300
400

1300

1100

600
700
800
900

1000

1200

500

0
100
200
300
400

1300

1100

600
700
800
900

1000

1200

500

0
100
200
300
400

1300

1100

600
700
800
900

1000

1200

500

** *** *** ****

0

1300
E

Combined placebo

Combined dupilumab

Number of patients

Week

0

20

10

30

12 24 36 52

S
er

um
 t

o
ta

l I
g

E
 o

ve
r 

ti
m

e,
 

m
ed

ia
n 

(9
5%

 C
I)

42 42 38 36 30

72 72 67 63 55

Figure 5 Median (95% CI) serum total IgE over time in patients with ≥150 eosinophils/µL or FeNO ≥25 ppb by sensitization (A-E). **P < 0.01, ***P < 0.001 vs matched 
placebo. 
Abbreviations: CI, confidence interval; FeNO, fractional exhaled nitric oxide; ppb, parts per billion.
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sensitivity to at least 1 of a panel of common perennial aeroallergens (allergen-specific IgE levels ≥0.35 IU/mL). The 
improvements in lung function and asthma control were achieved rapidly in all subgroups by number of perennial aeroaller-
gens sensitized, and these were then sustained throughout the 52-week treatment period, which is consistent with the findings 
in other dupilumab studies.8,9,14–16 Dupilumab vs placebo also improved clinical outcomes in patients with a type 2 
inflammatory phenotype who had serum total IgE <30 IU/mL and were not sensitized to any perennial aeroallergen.

Although dupilumab improved clinical outcomes regardless of the number of perennial aeroallergen sensitizations, 
we noticed that exacerbation rates were numerically relatively lower in both the placebo and dupilumab groups of 
patients sensitized to more perennial aeroallergens (3 and, in particular, ≥4 allergen sensitizations), which may suggest 
a decrease in exacerbation susceptibility for these patients.

Consistent with its mechanism of action and in keeping with results from other dupilumab studies, dupilumab also 
suppressed the levels of FeNO and serum total IgE in patients with type 2 asthma and evidence of an allergic 
phenotype.9,16 Furthermore, the levels of these biomarkers were also reduced in the subgroup of patients without 
evidence of an allergic phenotype.

Other biologics, such as omalizumab,17 benralizumab,18 and mepolizumab,19,20 have been evaluated for the treatment 
of allergic asthma, and their effects were shown to be independent of serum total IgE concentrations and number of 
sensitized allergens. In this analysis of patients with type 2 asthma, dupilumab demonstrated efficacy across all subgroups 
of patients with total serum IgE ≥30 IU/mL and 1, 2, 3, or ≥4 perennial aeroallergen sensitizations at baseline, and with 
no interaction between number of sensitized aeroallergens and dupilumab benefits. The fact that efficacy was also 
observed in patients with type 2 asthma who did not have an allergic asthma phenotype at baseline (ie, total serum IgE 
<30 IU/mL and no sensitivity to any of the perennial aeroallergens tested), suggests that a type 2 phenotype is a greater 
predictor of dupilumab efficacy than an allergic phenotype.

Strengths of this analysis include the large sample size of QUEST, and the fact that patients were included in QUEST 
without any requirement for minimum serum total IgE levels. In terms of limitations, this is a post hoc analysis in subgroups 
that were not pre-specified. The study was not powered to detect differences among patients with controlled, moderate-to- 
severe asthma by number of perennial aeroallergen sensitizations, or between patients with and without evidence of allergic 
phenotype. Additionally, over-the-counter antihistamine medication use was allowed in QUEST. Patients with sensitization 
to a higher number of aeroallergens might have been more likely to take anti-allergy medications that are available without 
a prescription, which could impact the interpretation of some observations in this analysis. Finally, seasonal allergens were 
not accounted for in this analysis, so one cannot exclude that some patients in the non-sensitized subgroup might have been 
sensitized to 1 or more seasonal allergens. Further discussion of limitations can be found in previous work.9

Conclusion
Dupilumab reduced severe asthma exacerbations and improved lung function and asthma control in patients with type 2 
(≥150 eosinophils/µL or FeNO ≥25 ppb), uncontrolled, moderate-to-severe asthma, regardless of their sensitization status and 
number of perennial aeroallergen sensitizations. Dupilumab also significantly reduced levels of FeNO and serum total IgE.

Abbreviations
ACQ-5, 5-item Asthma Control Questionnaire; CI, confidence interval; FeNO, fractional exhaled nitric oxide; FEV1, 
forced expiratory volume in 1 second; ICS, inhaled corticosteroids; IL, interleukin; ITT, intention-to-treat; MMRM, 
mixed-effect model with repeated measures; ppb, parts per billion; q2w, every 2 weeks; SD, standard deviation; SE, 
standard error.
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