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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 inflammation in multiple diseases. This post hoc analysis of the Phase 3 LIBERTY ASTHMA VOYAGE study 
(NCT02948959) evaluated the efficacy of dupilumab in children aged 6 to 11 years with moderate-to-severe asthma with a type 2 
inflammatory phenotype (blood eosinophil count ≥150 cells/µL or fractional exhaled nitric oxide [FeNO] ≥20 ppb) and a history of 1, 2, 
or ≥3 prior exacerbations. The impact of baseline type 2 biomarker levels on the efficacy of dupilumab in this population was also investigated.
Patients and Methods: Patients were stratified by the number of exacerbations in the prior year (1, 2, or ≥3) and level of FeNO or blood 
eosinophil count at baseline. Endpoints included rate of severe exacerbations, percentage of non-exacerbators, and change from baseline in 
both lung function parameters (pre- and post-bronchodilator [BD] percent predicted forced expiratory volume in 1 s (ppFEV1) and ppFEV1 

/forced vital capacity [FVC] ratio) and Asthma Control Questionnaire 7 Interviewer-Administered (ACQ-7-IA) score.
Results: A total of 350 patients were included in this analysis. Across patients with 1, 2, or ≥3 prior exacerbations and different levels of type 2 
biomarkers, dupilumab reduced the risk of severe asthma exacerbations vs placebo by 53.0–96.0% and improved both pre-BD ppFEV1 and pre- 
BD FEV1/FVC ratio at Week 52. Dupilumab led to significant reductions in ACQ-7-IA scores in all groups of patients by Week 52.
Conclusion: In children with uncontrolled, moderate-to-severe asthma with a type 2 phenotype, dupilumab consistently reduced the 
risk of asthma exacerbations, improved lung function, and reduced ACQ-7-IA scores, regardless of exacerbation history.
Keywords: pediatric asthma, type 2 asthma, lung function, asthma control, biologics, anti-interleukin-4 and -13

Introduction
Asthma, the most prevalent childhood chronic disease, affects 1 in 12 children in the US,1 with approximately 5–10% 
presenting with poorly controlled or uncontrolled severe disease despite receiving standard-of-care treatments at 
maximally tolerated doses.2,3 Over half of children with asthma are estimated to have at least one potentially life- 
threatening severe exacerbation per year.1 Asthma exacerbations carry significant mortality and economic burden and can 
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predict risk of future exacerbations.4–6 Thus, there is a considerable need for novel treatments that can reduce asthma 
exacerbations and improve lung function and asthma control.

Type 2 inflammation has been identified as the most common driver of asthma in children,7 and type 2 inflammatory 
cytokines such as interleukin (IL)-4 and IL-13 are key in the pathogenesis of asthma.8 Dupilumab is a fully human monoclonal 
antibody that blocks the shared receptor component for signaling by IL-4 and IL-13, key and central drivers of type 2 diseases 
such as atopic dermatitis (AD), asthma, allergic rhinitis, and food allergies, which are often associated comorbidities.9–11

In VOYAGE (NCT02948959), a 52-week, randomized, double-blind, placebo-controlled study, dupilumab showed 
clinical efficacy with an acceptable safety profile in children aged 6 to 11 years with uncontrolled, moderate-to-severe 
asthma who received medium- or high-dose inhaled corticosteroids (ICS).12

The aim of this post hoc analysis was to evaluate the efficacy of dupilumab in pediatric patients with uncontrolled, 
moderate-to-severe asthma with a type 2 inflammatory phenotype and a history of 1, 2, or ≥3 exacerbations in the year 
before VOYAGE enrollment. We also assessed whether type 2 inflammation biomarker levels had any effect on the 
efficacy of dupilumab in this population.

Materials and Methods
Study Design and Patients
Full details of the VOYAGE (NCT02948959) study have been described previously.12 In brief, VOYAGE was a 52-week, phase 
3, randomized, double-blind, placebo-controlled, parallel-group, multinational study that assessed the efficacy and safety of 
dupilumab in children aged 6 to 11 years with uncontrolled moderate-to-severe asthma. Children were eligible to participate if 
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they had physician-diagnosed moderate-to-severe asthma according to Global Initiative for Asthma (GINA) 2020 guidelines.4 

Complete inclusion and exclusion criteria have been previously reported.12 Eligible patients were randomized to receive add-on 
subcutaneous dupilumab 100 mg/200 mg (according to baseline bodyweight ≤30 kg/>30 kg, respectively) every 2 weeks for 52 
weeks or volume-matched placebo. Full details of the study design and methodology have been previously reported.12

The study was conducted in accordance with the Declaration of Helsinki, the International Conference on 
Harmonisation Good Clinical Practice guidelines, 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 Washington University School of Medicine, which oversaw trial conduct and documentation according to 
the local ethics committee at each study center (Supplementary Sections 1 and 2). Parents or guardians of patients 
provided written informed consent before trial participation began. The children provided assent according to standard 
practice for pediatric patients that had been approved by the ethics committee at each participating center.

Populations Analyzed
This post hoc analysis included patients who participated in VOYAGE and had a type 2 inflammatory asthma phenotype (defined 
as blood eosinophil count ≥150 cells/µL or FeNO ≥20 ppb) at study baseline. Patients were categorized into a total of 15 
subgroups: 3 groups according to the number of exacerbations they experienced in the year prior to VOYAGE (1, 2, or ≥3 prior 
exacerbations), and this grouping was applied to each of 5 populations divided according to their levels of type 2 biomarkers, taken 
by the physician at the first visit (VOYAGE baseline): blood eosinophil count ≥150 cells/µL or FeNO ≥20 ppb; blood eosinophil 
count ≥150 cells/µL; FeNO ≥20 ppb; blood eosinophil count ≥300 cells/µL; and blood eosinophil count ≥500 cells/µL.

Endpoints
The efficacy endpoints assessed in this analysis were the annualized rate of severe exacerbations at the end of the 52- 
week treatment period; the proportion of children without exacerbations (non-exacerbators); and the change from 
baseline in pre-BD ppFEV1, post-BD ppFEV1, pre-BD FEV1/forced vital capacity [FVC] ratio, and Asthma Control 
Questionnaire 7 Interviewer-Administered (ACQ-7-IA) score at Week 52. ACQ-7-IA scores range from 0 (totally 
controlled asthma) to 6 (severely uncontrolled asthma), with a change in ACQ-7-IA score >0.5 indicating a minimal 
clinically important change (MCID) in asthma control.13

Safety endpoints included frequency of patients reporting treatment-emergent adverse events (TEAEs) and treatment- 
emergent serious adverse events (SAEs) during the 52-week treatment period.

Statistical Analyses
Efficacy analyses were performed in all groups of patients by number of prior exacerbations and baseline levels of type 2 
biomarkers. Safety analysis was performed in the group of patients with ≥1 prior exacerbation and blood eosinophil 
count ≥500 cells/µL at baseline.

The adjusted annualized rate of severe exacerbations was derived using a negative binomial model, with the total number of 
events occurring from randomization to Week 52 after treatment start or last contact date (whichever came earlier) as the response 
variable and with pooled treatment groups, age, baseline weight group (≤30 kg, >30 kg), baseline eosinophil stratum (<300 cells/ 
µL, ≥300 cells/µL), baseline FeNO level (<20 ppb, ≥20 ppb), baseline ICS dose level, region, and number of severe exacerbation 
events in the previous year as covariates. Log-transformed standardized observation duration was the offset variable. All severe 
exacerbations occurring up to Week 52 were included in the analysis, regardless of whether the patient was receiving treatment. 
The relative risk ratio of severe exacerbations (dupilumab vs placebo) was calculated, with P values derived using the delta 
method. Overall P values for interactions between subgroups were derived using a negative binomial model as above with 
subgroup (if different from the aforementioned covariates) and subgroup-by-treatment interactions as additional covariates. The 
covariates baseline eosinophil stratum (<300 cells/µL, ≥300 cells/µL), baseline FeNO level (<20 ppb, ≥20 ppb), and number of 
severe exacerbation events within 1 year prior to the study may have been included/excluded based on the subgroup under 
consideration.

The number needed to treat (NNT) to prevent 1 exacerbation was calculated as: 1/([annualized rate of severe 
exacerbations]placebo – [annualized rate of severe exacerbations]dupilumab).
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Changes from baseline in pre-BD ppFEV1, post-BD ppFEV1, pre-BD FEV1/FVC ratio, and ACQ-7-IA score were 
derived using mixed-effects models with repeated measures. The models included change from baseline value to Week 
52 after treatment start as the response variable, and treatment, age, baseline weight group (≤30 kg, >30 kg), region, 
baseline eosinophil stratum (<300 cells/µL, ≥300 cells/µL), baseline FeNO level (<20 ppb, ≥20 ppb), baseline ICS dose 
level, visit, treatment-by-visit interaction, baseline-by-visit interaction, and baseline value of pre-BD ppFEV1 (for pre- 
BD ppFEV1) or post-BD ppFEV1 (for post-BD ppFEV1) or pre-BD FEV1/FVC ratio (for pre-BD FEV1/FVC ratio) or 
ACQ-7-IA score (for ACQ-7-IA score) as covariates. Additional covariates in the model were ethnicity for pre-BD 
ppFEV1 and post-BD ppFEV1 and sex and baseline height for pre-BD FEV1/FVC ratio. Overall P values for interactions 
between subgroups were derived using mixed-effects models with repeated measures as above, with subgroup (if 
different from the aforementioned covariates), subgroup-by-treatment interactions, and subgroup-by-treatment-by-visit 
interactions as additional covariates. The covariates baseline eosinophil stratum (<300 cells/µL, ≥300 cells/µL) and 
baseline FeNO level (<20 ppb, ≥20 ppb) may have been included/excluded based on the subgroup under consideration.

In all the models mentioned above, low-dose baseline ICS was considered under the medium-dose baseline ICS level. 
A P value of <0.05 for the comparison between dupilumab and placebo (within each group) was considered statistically 
significant. All analyses were conducted using SAS software, version 9.4.

Results
Study Patients
Of the 408 patients who underwent randomization in VOYAGE, 350 patients with a type 2 inflammatory asthma phenotype at 
baseline (defined as blood eosinophil count ≥150 cells/µL or FeNO ≥20 ppb) and ≥1 prior exacerbations (per VOYAGE inclusion 
criterion) were included in this analysis: 236 were randomized to dupilumab and 114 to placebo. Of these, 132 experienced 1 

Table 1 Baseline Demographic and Clinical Characteristics of LIBERTY ASTHMA VOYAGE Patients Included in This Analysis with 
Blood Eosinophil Counts ≥150 Cells/µL or FeNO ≥20 Ppb, at Baseline by Exacerbation History

Characteristic 1 Exacerbation In Prior Year 2 Exacerbations in Prior Year ≥3 Exacerbations in Prior Year

Placebo Dupilumab Placebo Dupilumab Placebo Dupilumab

n = 47 n = 85 n = 32 n = 75 n = 35 n = 76

Age, mean (SD), years 8.8 (1.6) 9.0 (1.6) 8.9 (1.7) 9.0 (1.7) 9.2 (1.5) 8.8 (1.7)

Male sex, n (%) 31 (66.0) 52 (61.2) 21 (65.6) 53 (70.7) 26 (74.3) 47 (61.8)

BMI, mean (SD), kg/m2 18.8 (3.9) 18.2 (3.4) 19.3 (3. 8) 18.6 (3.5) 19.1 (4.3) 19.1 (3.6)

Age at asthma onset, mean (SD), years 4.0 (2.5) 3.3 (2.7) 4.2 (2.7) 3.9 (2.5) 3.3 (2.6) 2.5 (2.2)

Number of exacerbations in past year, mean (SD) 1.00 (0.00) 1.00 (0.00) 2.00 (0.00) 2.00 (0.00) 3.91 (1.72) 5.01 (3.41)

Pre-BD ppFEV1, mean (SD), % 80.3 (13.8) 78.4 (13.6) 77.5 (13.7) 76.8 (16.1) 76.5 (16.1) 77.7 (13.5)

Post-BD ppFEV1, mean (SD), % 90.9 (13.3) 92.7 (15.4) 88.9 (17.4) 92.8 (14.2) 88.6 (16.9) 91.6 (14.6)

Pre-BD FEV1/FVC ratio, % 74.5 (10.2) 74.7 (9.2) 73.7 (9.6) 72.6 (11.4) 72.0 (8.4) 74.5 (10.6)

ACQ-7-IA score, mean (SD) 2.01 (0.73) 2.04 (0.72) 2.03 (0.77) 2.21 (0.69) 2.33 (0.77) 2.20 (0.70)

Biomarkers

Blood eosinophil count, mean (SD), cells/µL 475.74 (284.75) 545.18 (294.55) 428.44 (247.02) 601.87 (457.58) 666.29 (484.94) 649.21 (417.94)

FeNO, mean (SD), ppb 24.85 (16.41) 27.88 (21.80) 26.55 (25.97) 33.41 (23.76) 35.03 (28.16) 34.75 (28.54)

Total IgE, mean (SD), IU/mL 733.89 (969.53) 1005.60 (1158.86) 477.50 (621.15) 851.75 (910.62) 1256.41 (1577.92) 978.81 (1309.00)

Notes: ACQ-7-IA scores range from 0 to 6, with higher scores indicating less asthma control. 
Abbreviations: ACQ-7-IA, Asthma Control Questionnaire 7 Interviewer-Administered; BMI, body mass index; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; 
ppFEV1, percent predicted forced expiratory volume in 1 second; pre-BD, pre-bronchodilator; SD, standard deviation.
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prior exacerbation (per VOYAGE inclusion criterion, dupilumab: 85; placebo: 47), 107 patients experienced 2 prior exacerba-
tions (dupilumab: 75; placebo: 32) and 111 experienced ≥3 prior exacerbations (dupilumab: 76; placebo: 35).

There were no major differences in baseline demographic or disease characteristics between treatment arms across exacer-
bation history groups, except that the mean concentration of total IgE tended to be lower in the placebo vs dupilumab arm in 
patients with 1 or 2 prior exacerbations and tended to be higher in those with ≥3 prior exacerbations in all biomarker subgroups 
analyzed (Tables 1–5). Lung function and asthma control parameters were comparable across exacerbation history groups.

In each group defined by baseline type 2 biomarker levels and exacerbation history, baseline characteristics were generally 
balanced between dupilumab and placebo arms. Baseline values of lung function and asthma control parameters were 
comparable in all groups regardless of baseline type 2 biomarker levels or number of prior exacerbations.

Severe Exacerbations
Risk of Severe Exacerbations
In children with type 2 asthma, dupilumab vs placebo significantly reduced the adjusted annualized severe exacerbation 
rate in the majority of subgroups with 1, 2, or ≥3 prior exacerbations regardless of baseline type 2 biomarker levels 
(P < 0.05) (Figure 1), with no significant difference between subgroups (all interaction P > 0.05).

In patients with type 2 asthma, exacerbation risk was reduced by 78.9%, 62.7%, and 55.6% in patients with 1, 2, and 
≥3 prior exacerbations, respectively, with corresponding NNT to decrease the AER by 1 of 2.24, 2.53, and 1.72. Overall, 
in groups of patients with 1 and 2 prior exacerbations, reductions in exacerbation risk ranged from 78.9% to 87.1% (1 
exacerbation, NNT ranging from 1.98 to 3.75) and from 53.0% to 96.0% (2 exacerbations, NNT ranging from 0.81 to 
3.37) across groups by baseline type 2 biomarker levels, with greater reductions generally detected with increasing blood 
eosinophil count. In the group of patients with ≥3 prior exacerbations, the reductions in exacerbation risk ranged from 
54.5% to 61.1%, with NNT values ranging from 1.41 to 3.31.

Table 2 Baseline Demographic and Clinical Characteristics of LIBERTY ASTHMA VOYAGE Patients Included in This Analysis with 
Blood Eosinophil Count ≥150 Cells/µL at Baseline by Exacerbation History

Characteristic 1 Exacerbation in Prior Year 2 Exacerbations in Prior Year ≥3 Exacerbations In Prior Year

Placebo Dupilumab Placebo Dupilumab Placebo Dupilumab

n = 43 n = 84 n = 30 n = 68 n = 35 n = 71

Age, mean (SD), years 8.8 (1.6) 9.0 (1.6) 8.8 (1.7) 8.9 (1.7) 9.2 (1.5) 8.7 (1.6)

Male sex, n (%) 29 (67.4) 51 (60.7) 19 (63.3) 49 (72.1) 26 (74.3) 45 (63.4)

BMI, mean (SD), kg/m2 18.3 (3.7) 18.2 (3.4) 19.4 (3.9) 18.5 (3.6) 19.1 (4.3) 18.9 (3.7)

Age at asthma onset, mean (SD), years 4.0 (2.6) 3.3 (2.7) 4.0 (2.6) 3.8 (2.4) 3.3 (2.6) 2.5 (2.2)

Number of exacerbations in past year, mean (SD) 1.00 (0.00) 1.00 (0.00) 2.00 (0.00) 2.00 (0.00) 3.91 (1.72) 5.14 (3.49)

Pre-BD ppFEV1, mean (SD), % 81.3 (13.6) 78.4 (13.7) 78.5 (13.2) 77.3 (16.4) 76.5 (16.1) 77.6 (13.7)

Post-BD ppFEV1, mean (SD), % 91.4 (13.6) 92.6 (15.5) 89.9 (16.6) 93.2 (14.3) 88.6 (16.9) 91.2 (14.8)

Pre-BD FEV1/FVC ratio, % 74.8 (9.6) 74.7 (9.2) 73.8 (9.9) 72.8 (11.3) 72.0 (8.4) 74.00 (10.6)

ACQ-7-IA score, mean (SD) 1.95 (0.66) 2.03 (0.72) 2.04 (0.79) 2.21 (0.70) 2.33 (0.77) 2.21 (0.71)

Biomarkers

Blood eosinophil count, mean (SD), cells/µL 513.49 (267.55) 550.71 (291.83) 451.00 (237.97) 656.91 (445.13) 666.29 (484.94) 691.97 (398.65)

FeNO, mean (SD), ppb 24.83 (17.11) 27.39 (21.45) 26.66 (26.86) 32.52 (23.98) 35.03 (28.16) 35.14 (29.46)

Total IgE, mean (SD), IU/mL 793.86 (992.82) 1015.06 (1162.63) 506.67 (631.12) 872.03 (929.02) 1256.41 (1577.92) 1040.22 (1335.85)

Notes: ACQ-7-IA scores range from 0 to 6, with higher scores indicating less asthma control. 
Abbreviations: ACQ-7-IA, Asthma Control Questionnaire 7 Interviewer-Administered; BMI, body mass index; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; 
ppFEV1, percent predicted forced expiratory volume in 1 second; pre-BD, pre-bronchodilator; SD, standard deviation.
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Proportion of Non-Exacerbators During the Study
In the majority of all exacerbation history subgroups, dupilumab vs placebo increased the percentage of patients who did 
not experience any severe asthma exacerbation during the 52-week treatment period (non-exacerbators) (Figure 2).

The difference in the percentages of non-exacerbators for dupilumab vs placebo trended numerically smaller with 
increasing number of exacerbations in the previous year (Figure 2).

Lung Function
Pre-BD and Post-BD ppFEV1

At Week 52, dupilumab vs placebo significantly improved pre-BD ppFEV1 in patients with 1, 2, or ≥3 prior exacerba-
tions across the majority of groups by baseline type 2 biomarker levels (P < 0.05), with no significant difference between 
groups (all interaction P > 0.05) (Figure 3). Numerical improvements in post-BD ppFEV1 were seen at Week 52 in all 
patients with 1, 2, or ≥3 prior exacerbations across all groups by baseline type 2 biomarker levels, reaching significance 
for patients with FeNO ≥20 ppb and 1 prior exacerbation (LS mean difference vs placebo 7.59% [95% CI 1.38, 13.79]; 
P = 0.0173) (Figure 4).

Pre-BD FEV1/FVC Ratio
Dupilumab vs placebo improved the pre-BD FEV1/FVC ratio at Week 52 across the majority of groups by number of 
prior exacerbations and baseline type 2 biomarker levels (Figure 5). The benefits were statistically significant in all 
groups, except in patients with blood eosinophil count ≥500 cells/µL and either 1 or 2 prior exacerbations (LS mean 
difference vs placebo: 3.54% [95% CI −0.63, 7.71]; P = 0.0944 and 3.64% [95% CI −2.37, 9.66]; P = 0.2260, 
respectively) (Figure 5).

Considering all groups by number of prior exacerbations and baseline type 2 biomarker levels, LS mean differences 
vs placebo in change from baseline in pre-BD FEV1/FVC ratio ranged from 2.59% to 6.42%. Values tended to be 

Table 3 Baseline Demographic and Clinical Characteristics of LIBERTY ASTHMA VOYAGE Patients Included in This Analysis with 
FeNO ≥20 Ppb at Baseline by Exacerbation History

Characteristic 1 Exacerbation in Prior Year 2 Exacerbations in Prior Year ≥3 Exacerbations in Prior Year

Placebo Dupilumab Placebo Dupilumab Placebo Dupilumab

Subjects, n n = 27 n = 49 n = 13 n = 46 n = 22 n = 46

Age, mean (SD), years 9.0 (1.5) 9.4 (1.4) 9.6 (1.5) 9.1 (1.7) 9.3 (1.4) 9.1 (1.6)

Male sex, n (%) 18 (66.7) 29 (59.2) 10 (76.9) 34 (73.9) 14 (63.6) 25 (54.3)

BMI, mean (SD), kg/m2 19.4 (4.1) 18.1 (3.2) 18.8 (3.8) 19.0 (3.7) 19.0 (4.8) 19.3 (3.6)

Age at asthma onset, mean (SD), years 4.1 (2.5) 3.4 (2.6) 4.4 (3.0) 4.0 (2.6) 3.7 (2.6) 2.4 (2.2)

Number of exacerbations in past year, mean (SD) 1.00 (0.00) 1.00 (0.00) 2.00 (0.00) 2.00 (0.00) 3.91 (1.15) 5.13 (3.89)

Pre-BD ppFEV1, mean (SD), % 79.0 (15.4) 76.9 (14.7) 72.0 (11.8) 74.4 (16.3) 77.6 (17.1) 75.0 (13.4)

Post-BD ppFEV1, mean (SD), % 92.0 (14.7) 89.5 (14.1) 86.5 (18.5) 91.3 (15.6) 90.7 (18.5) 90.1 (14.4)

Pre-BD FEV1/FVC ratio, % 73.6 (11.6) 73.1 (10.0) 69.7 (8.9) 70.5 (10.9) 71.4 (8.1) 72.2 (11.1)

ACQ-7-IA score, mean (SD) 2.13 (0.66) 2.08 (0.80) 2.20 (0.98) 2.25 (0.78) 2.28 (0.77) 2.27 (0.78)

Biomarkers

Blood eosinophil count, mean (SD), cells/µL 504.07 (259.65) 612.24 (300.11) 465.38 (281.98) 670.43 (506.70) 794.09 (560.45) 703.91 (432.07)

FeNO, mean (SD), ppb 34.37 (15.03) 40.49 (20.53) 45.46 (31.50) 45.35 (21.33) 47.00 (27.30) 49.52 (27.40)

Total IgE, mean (SD), IU/mL 721.89 (849.67) 1112.47 (1069.48) 766.54 (832.85) 1074.82 (1035.94) 1312.50 (1524.15) 1174.20 (1469.50)

Notes: ACQ-7-IA scores range from 0 to 6, with higher scores indicating less asthma control. 
Abbreviations: ACQ-7-IA, Asthma Control Questionnaire 7 Interviewer-Administered; BMI, body mass index; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; 
ppFEV1, percent predicted forced expiratory volume in 1 second; pre-BD, pre-bronchodilator; SD, standard deviation.
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numerically greater with increasing levels of type 2 biomarkers at baseline and in those groups with ≥3 prior exacer-
bations (except in patients with FeNO ≥20 ppb) (Figure 5).

Asthma Control
In patients with type 2 asthma, dupilumab vs placebo produced statistically significant improvements in ACQ-7-IA score 
at Week 52, regardless of the number of prior exacerbations (Figure 6). Similar significant improvements in ACQ-7-IA 
score were also observed in patients with blood eosinophil count ≥150 cells/μL, regardless of the number of prior 
exacerbations. For patients with FeNO ≥20 ppb, improvements in ACQ-7-IA score were significant for groups of patients 
with 2 or ≥3 prior exacerbations but did not reach significance for those with 1 prior exacerbation (LS mean square 
difference vs placebo: −0.17 [95% CI −0.48, 0.14]; P = 0.2786) (Figure 6). Significant improvements were also seen in 
patients with blood eosinophil count ≥300 cells/μL, regardless of the number of prior exacerbations (except for the 
subgroup with only 2 prior-year exacerbations); however, for patients with blood eosinophil count ≥500 cells/μL, 
improvements reached significance in only the group with ≥3 exacerbations (Figure 6).

Numerically greater benefits were observed with increasing number of prior exacerbations, and significant improve-
ments in asthma control were found in the groups of patients with ≥3 prior exacerbations, regardless of baseline type 2 
biomarker levels (Figure 6).

Safety
Safety was assessed in the group of patients with ≥1 exacerbation in the prior year and blood eosinophil count ≥500 cells/ 
µL who had received at least 1 dose of the treatment (124 patients in the dupilumab arm and 47 in the placebo arm). 
A total of 106 (85.5%) patients in the dupilumab arm and 35 (74.5%) patients in the placebo arm reported at least 1 
TEAE. Treatment-emergent SAEs were reported in 10 (8.1%) patients in the dupilumab arm and 2 (4.3%) patients in the 

Table 4 Baseline Demographic and Clinical Characteristics of LIBERTY ASTHMA VOYAGE Patients Included in This Analysis with 
Blood Eosinophil Count ≥ 300 Cells/µL at Baseline by Exacerbation History

Characteristic 1 exacerbation in Prior Year 2 Exacerbations in Prior Year ≥3 Exacerbations in Prior Year

Placebo Dupilumab Placebo Dupilumab Placebo Dupilumab

n = 32 n = 64 n = 20 n = 53 n = 32 n = 58

Age, mean (SD), years 8.8 (1.5) 9.2 (1.5) 9.0 (1.7) 8.8 (1.7) 9.3 (1.4) 8.7 (1.7)

Male sex, n (%) 23 (71.9) 38 (59.4) 12 (60.0) 41 (77.4) 23 (71.9) 37 (63.8)

BMI, mean (SD), kg/m2 19.0 (4.0) 18.2 (3.5) 18.5 (3.24) 18.5 (3.8) 19.2 (4.4) 18.9 (3.7)

Age at asthma onset, mean (SD), years 3.6 (2.4) 3.4 (2.7) 3.9 (2.7) 3.7 (2.6) 3.3 (2.7) 2.5 (2.2)

Number of exacerbations in past year, mean (SD) 1.00 (0.00) 1.00 (0.00) 2.00 (0.00) 2.00 (0.00) 3.97 (1.79) 5.45 (3.77)

Pre-BD ppFEV1, mean (SD), % 81.3 (15.3) 77.4 (14.7) 76.9 (13.0) 75.1 (15.6) 75.1 (16.1) 76.4 (13.7)

Post-BD ppFEV1, mean (SD), % 92.5 (13.7) 92.0 (16.9) 86.8 (17.3) 92.5 (14.8) 88.3 (17.4) 90.2 (15.2)

Pre-BD FEV1/FVC ratio, % 74.3 (10.5) 74.5 (10.0) 72.0 (10.5) 72.2 (11.0) 70.9 (7.8) 73.3 (11.0)

ACQ-7-IA score, mean (SD) 1.97 (0.67) 2.04 (0.79) 2.10 (0.84) 2.24 (0.64) 2.35 (0.81) 2.24 (0.75)

Biomarkers

Blood eosinophil count, mean (SD), cells/µL 613.44 (236.86) 649.06 (265.25) 566.00 (209.40) 782.08 (427.06) 704.06 (490.61) 798.28 (363.10)

FeNO, mean (SD), ppb 28.94 (17.72) 30.21 (22.06) 26.26 (22.16) 33.61 (23.76) 37.00 (28.65) 40.11 (30.42)

Total IgE, mean (SD), IU/mL 1003.63 (1073.40) 1208.33 (1227.14) 527.35 (674.87) 940.56 (943.13) 1348.10 (1624.10) 1145.33 (1418.99)

Notes: ACQ-7-IA scores range from 0 to 6, with higher scores indicating less asthma control. 
Abbreviations: ACQ-7-IA, Asthma Control Questionnaire 7 Interviewer-Administered; BMI, body mass index; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; 
ppFEV1, percent predicted forced expiratory volume in 1 second; pre-BD, pre-bronchodilator; SD, standard deviation.
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placebo arm. One patient included in the safety analysis (dupilumab arm) reported a TEAE leading to permanent 
treatment discontinuation. Dupilumab has demonstrated an acceptable safety profile.12

Discussion
In this post hoc analysis, treatment with dupilumab for 52 weeks vs placebo significantly reduced the risk of severe 
asthma exacerbations, regardless of whether patients had experienced 1, 2, or ≥3 exacerbations in the previous year, with 
mean reductions in exacerbation risk ranging from 53.0% to 96.0%. As higher numbers of prior exacerbations are 
associated with a greater risk of future exacerbations,14 our findings suggest that dupilumab is efficacious in reducing risk 
of exacerbations even among patients with the highest number of prior exacerbations analyzed, who tend to be at the 
greatest risk of future exacerbations. At Week 52, the majority of groups of patients achieved statistically significant 
reductions in ACQ-7-IA scores, ppFEV1, and pre-BD FEV1/FVC ratio with dupilumab treatment, regardless of number 
of prior exacerbations or baseline levels of type 2 biomarkers.

The categorization of patients into subgroups by exacerbation history and levels of type 2 biomarkers (baseline blood 
eosinophil count and FeNO) was based on the fact that recent asthma exacerbation history has been associated with 
higher risk of future exacerbations and a decline in lung function,4,15 and patients with elevated type 2 biomarkers 
normally present with more severe disease.16

Dupilumab’s effect in reducing exacerbations was consistent across groups with different levels of type 2 biomarkers; 
however, this reduction did not reach statistical significance in the group of patients with ≥3 prior exacerbations and 
blood eosinophil count ≥500 cells/µL (or in the group of patients with ≥2 prior-year exacerbations and blood eosinophil 
count ≥300 cells/µL), possibly due to the high severity of disease that would be expected in this population,4,16 or due to 
the low number of patients. In line with that, the group with ≥3 prior exacerbations and blood eosinophil count ≥500 
cells/µL was the only group where dupilumab failed to increase the proportion of patients without exacerbations during 

Table 5 Baseline Demographic and Clinical Characteristics of LIBERTY ASTHMA VOYAGE Patients Included in This Analysis with 
Blood Eosinophil Count ≥ 500 Cells/µL at Baseline by Exacerbation History

Characteristic 1 Exacerbation in Prior Year 2 Exacerbations in Prior Year ≥3 Exacerbations in Prior Year

Placebo Dupilumab Placebo Dupilumab Placebo Dupilumab

n = 23 n = 44 n = 10 n = 32 n = 15 n = 50

Age, mean (SD), years 8.9 (1.5) 9.2 (1.6) 9.5 (1.9) 8.6 (1.6) 9.6 (1.2) 8.6 (1.7)

Male sex, n (%) 15 (65.2) 27 (61.4) 8 (80.0) 27 (84.4) 9 (60.0) 34 (68.0)

BMI, mean (SD), kg/m2 19.6 (4.4) 18.2 (3.2) 20.4 (3.3) 18.6 (4.4) 18.5 (3.8) 19.0 (3.7)

Age at asthma onset, mean (SD), years 3.8 (2.5) 3.6 (2.7) 3.4 (2.6) 2.9 (2.3) 3.9 (2.4) 2.5 (2.2)

Number of exacerbations in past year, mean (SD) 1.00 (0.00) 1.00 (0.00) 2.00 (0.00) 2.00 (0.00) 3.60 (0.91) 5.56 (3.95)

Pre-BD ppFEV1, mean (SD), % 80.0 (15.7) 79.1 (15.6) 78.3 (10.8) 73.9 (16.7) 68.3 (16.7) 75.8 (14.4)

Post-BD ppFEV1, mean (SD), % 90.7 (14.6) 90.4 (15.7) 92.9 (12.7) 90.7 (15.7) 81.4 (19.6) 90.7 (16.3)

Pre-BD FEV1/FVC ratio, % 74.8 (11.8) 74.1 (10.4) 71.2 (6.7) 72.5 (11.1) 68.5 (7.2) 73.0 (11.2)

ACQ-7-IA score, mean (SD) 1.98 (0.63) 1.99 (0.88) 2.19 (0.96) 2.30 (0.71) 2.48 (0.76) 2.23 (0.78)

Biomarkers

Blood eosinophil count, mean (SD), cells/µL 697.39 (226.32) 766.36 (236.29) 728.00 (177.88) 1026.25 (384.95) 1061.33 (522.00) 867.00 (343.24)

FeNO, mean (SD), ppb 27.14 (14.79) 29.63 (19.29) 30.70 (27.27) 36.23 (25.47) 50.93 (32.42) 41.90 (31.89)

Total IgE, mean (SD), IU/mL 881.39 (1079.65) 1387.77 (1352.24) 822.70 (839.74) 1215.31 (1077.11) 1721.21 (1956.55) 1256.53 (1500.39)

Notes: ACQ-7-IA scores range from 0 to 6, with higher scores indicating less asthma control. 
Abbreviations: ACQ-7-IA, Asthma Control Questionnaire 7 Interviewer-Administered; BMI, body mass index; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; 
ppFEV1, percent predicted forced expiratory volume in 1 second; pre-BD, pre-bronchodilator; SD, standard deviation.
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Figure 1 Forest plots of relative risk of severe asthma exacerbations by exacerbation history for patients with (A) blood eosinophil count ≥150 cells/µL or FeNO ≥20 ppb, 
(B) blood eosinophil count ≥150 cells/µL, (C) FeNO ≥20 ppb, (D) blood eosinophil count ≥300 cells/µL, or (E) blood eosinophil count ≥500 cells/µL at baseline. *P < 0.05; 
**P < 0.01; ***P < 0.001. 
Abbreviations: FeNO, fractional exhaled nitric oxide; ppb, parts per billion.
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the study, compared with placebo. In patients with 1 or 2 prior exacerbations, reductions in exacerbations tended to be 
greater with increasing eosinophil counts.

Dupilumab also provided significant improvement in lung function parameters (pre-BD ppFEV1 and pre-BD FEV1 

/FVC ratio) in the majority of patients, irrespective of number of prior exacerbations or baseline type 2 biomarkers. The 
main exception to this was patients with blood eosinophil count ≥500 cells/µL, in whom numerical improvements in pre- 
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Figure 2 Percentage of patients who did not experience any asthma exacerbation (non-exacerbators) during VOYAGE by exacerbation history for patients with (A) blood 
eosinophil count ≥150 cells/µL or FeNO ≥20 ppb, (B) blood eosinophil count ≥150 cells/µL, (C) FeNO ≥20 ppb, (D) blood eosinophil count ≥300 cells/µL, or (E) blood 
eosinophil count ≥500 cells/µL at baseline. 
Notes: Percentages were calculated using number of total patients assessed for respective subgroup as denominator. 
Abbreviations: FeNO, fractional exhaled nitric oxide; n, number of patients without exacerbations; ppb, parts per billion.
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Figure 3 Forest plots of LS mean difference in the change from baseline to Week 52 (in percentage points) in pre-BD ppFEV1 by exacerbation history for patients with (A) 
blood eosinophil count ≥150 cells/µL or FeNO ≥20 ppb, (B) blood eosinophil count ≥150 cells/µL, (C) FeNO ≥20 ppb, (D) blood eosinophil count ≥300 cells/µL, or (E) 
blood eosinophil count ≥500 cells/µL at baseline. *P<0.05; **P<0.01. 
Abbreviations: BD, bronchodilator; FeNO, fractional exhaled nitric oxide; LS mean difference, least squares mean of the difference; ppb, parts per billion; ppFEV1, percent 
predicted forced expiratory volume in 1 s.
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Figure 4 Forest plots of LS mean difference in the change from baseline to Week 52 in post-BD ppFEV1 by exacerbation history for patients with (A) blood eosinophil 
count ≥150 cells/µL or FeNO ≥20 ppb, (B) blood eosinophil count ≥150 cells/µL, (C) FeNO ≥20 ppb, (D) blood eosinophil count ≥300 cells/µL, or (E) blood eosinophil 
count ≥500 cells/µL at baseline. *P < 0.05. 
Abbreviations: BD, bronchodilator; FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroid; LS mean difference, least squares mean of the difference; ppb, parts 
per billion; ppFEV1, percent predicted forced expiratory volume in 1 s.
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Figure 5 Forest plots of LS mean difference in the change from baseline to Week 52 in pre-BD FEV1/FVC (%) ratio by exacerbation history for patients with (A) blood 
eosinophil count ≥150 cells/µL or FeNO ≥20 ppb, (B) blood eosinophil count ≥150 cells/µL, (C) FeNO ≥20 ppb, (D) blood eosinophil count ≥300 cells/µL, or (E) blood 
eosinophil count ≥500 cells/µL at baseline. *P < 0.05; **P < 0.01. 
Abbreviations: BD, bronchodilator; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LS mean difference, least 
squares mean of the difference; ppb, parts per billion.
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Number of prior-year exacerbations Dupilumab Placebo LS Mean Difference vs Placebo (95% CI)
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Number of prior-year exacerbations Dupilumab Placebo LS Mean Difference vs Placebo (95% CI)

Dupilumab better Placebo better

no. of patients

1

2

42

44

22
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Figure 6 Forest plots of LS mean difference in the change from baseline to Week 52 in ACQ-7-IA score by exacerbation history for patients with (A) blood eosinophil 
count ≥150 cells/µL or FeNO ≥20 ppb, (B) blood eosinophil count ≥150 cells/µL, (C) FeNO ≥20 ppb, (D) blood eosinophil count ≥300 cells/µL, or (E) blood eosinophil 
count ≥500 cells/µL at baseline. *P < 0.05; **P < 0.01; ***P < 0.001. 
Abbreviations: ACQ-7-IA, Asthma Control Questionnaire 7 Interviewer-Administered; FeNO, fractional exhaled nitric oxide; LS mean difference, least-squares mean of 
the difference; ppb, parts per billion.

https://doi.org/10.2147/JAA.S416292                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Journal of Asthma and Allergy 2024:17 156

Guilbert et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


BD FEV1 reached significance in only patients with 1 prior exacerbation. Improvements in pre-BD FEV1/FVC ratio 
reached statistical significance in the ≥3 prior exacerbation group only – again, this could be explained by the high 
disease severity expected in this population or by the low number of patients in the group.4,16 Dupilumab also provided 
some benefits in terms of post-BD ppFEV1, especially in the population of patients with 1 prior exacerbation and with 
FeNO ≥20 ppb.

Significant improvements in ACQ-7-IA scores >0.5 points (MCID) were observed in patients with ≥3 prior exacer-
bations across baseline type 2 biomarker levels, indicating clinically important improvements in asthma control in these 
patient groups. Most subgroups – except for patients with 2 exacerbation events in the year prior and blood eosinophil 
count ≥300 cells/µL or ≥500 cells/µL, or with 1 prior exacerbation and blood eosinophil count ≥500 cells/µL or FeNO 
≥20 ppb – also showed significant improvements vs placebo even though they did not reach the MCID threshold, which 
could also be due to the low patient numbers.

The efficacy profile of dupilumab reported here across exacerbation history and baseline type 2 biomarker populations 
in pediatric patients is in line with similar findings in adult patients, where dupilumab provided significant reductions in 
severe exacerbation rates and improvements in asthma control and lung function in patients with elevated type 2 
inflammation biomarkers, irrespective of exacerbation history.17 The safety findings in this post hoc analysis of patients 
with ≥1 prior exacerbations in the past year and baseline blood eosinophil count ≥500 µ/L were consistent with the 
known dupilumab safety profile in patients aged 6 to 11 years with uncontrolled, moderate-to-severe asthma.12

This analysis is limited by its post hoc nature, since the VOYAGE study was not statistically powered to detect 
differences in the groups presented here. The sample size of some groups in this analysis is low, and the results are to be 
thus interpreted considering these circumstances. Finally, the etiology of the asthma exacerbations considered in this 
analysis (before and during the study treatment period) was unknown.

Conclusion
In pediatric patients with uncontrolled, moderate-to-severe asthma with a type 2 phenotype, dupilumab consistently 
reduced the risk of asthma exacerbations, improved lung function (pre-BD ppFEV1 and pre-BD FEV1/FVC ratio), and 
reduced ACQ-7-IA scores, regardless of exacerbation history.
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