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Background: Severe, uncontrolled asthma and asthma exacerbations in children are associated with abnormal lung function and 
airway development, and increased risk of chronic obstructive lung disease in adulthood. The rationale for this post hoc analysis was to 
explore the relationship between changes in asthma exacerbation rates and lung function in children treated with dupilumab.
Methods: This post hoc analysis included children aged 6 to 11 years with uncontrolled, moderate-to-severe type 2 asthma (blood 
eosinophils ≥150 cells/μL or fractional exhaled nitric oxide ≥20 ppb) who received dupilumab or placebo in the phase 3 LIBERTY 
ASTHMA VOYAGE study (NCT02948959). Endpoints were the proportion of patients achieving clinically meaningful improvements 
(≥5% or ≥10%) in pre-bronchodilator percent-predicted forced expiratory volume in 1 second (ppFEV1) by Week 12, annualized 
severe asthma exacerbation rates from Week 12–52, and mean change from baseline in ppFEV1 to Week 12.
Results: At Week 12 of VOYAGE, 141/236 (60%) of children treated with dupilumab and 57/114 (50%) of children receiving placebo showed 
improvements of ≥5% in ppFEV1; 106/236 (45%) children receiving dupilumab and 36/114 (32%) receiving placebo achieved improvements in 
ppFEV1 ≥10%. During the Week 12–52 treatment period, dupilumab vs placebo significantly reduced severe exacerbation rates in all subgroups 
by 52–60% (all P<0.05). Dupilumab treatment resulted in rapid and sustained improvements in ppFEV1 (Week 12 least squares mean difference 
[95% CI] vs placebo: 3.54 [0.30, 6.78] percentage points; P=0.03) in children who achieved improvements of ≥5%.
Conclusion: Dupilumab vs placebo significantly improved pre-bronchodilator ppFEV1, with a higher proportion of patients achieving 
a clinically meaningful response at Week 12. Dupilumab also significantly reduced severe exacerbation rates, independent of pre- 
bronchodilator ppFEV1 response at Week 12.
Trial Registration: NCT02948959.
Keywords: asthma, children, dupilumab, exacerbations, lung function, moderate-to-severe asthma, percent-predicted FEV1, 
uncontrolled asthma

Introduction
Asthma, the most prevalent chronic airway disease in children, is often associated with abnormal lung function and 
airway development, with an increased risk of severe and uncontrolled asthma and the development of chronic 
obstructive lung disease in adulthood.1–3 Decline in pre-bronchodilator percent predicted forced expiratory volume in 
1 second (ppFEV1) in patients with severe asthma is associated with increased exacerbation rates, emphasizing the 
importance of sustaining normal lung function as a treatment goal to prevent asthma exacerbations.4,5

In children, type 2 inflammation is the most common driver of asthma, and a key mechanism driving susceptibility to 
asthma exacerbations.6 Dupilumab, a fully human monoclonal antibody,7,8 blocks interleukin (IL)-4 and IL-13 signaling, 
key and central drivers in numerous type 2 inflammatory diseases.9 In the phase 3 LIBERTY ASTHMA VOYAGE study 
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(NCT02948959), add-on dupilumab given every 2 weeks (q2w), vs placebo, demonstrated significant improvements in 
pre-bronchodilator ppFEV1 in children (6 to 11 years) with uncontrolled, moderate-to-severe type 2 asthma (blood 
eosinophil count ≥150 cells/μL or fractional exhaled nitric oxide [FeNO] ≥20 ppb).10

This post hoc analysis of VOYAGE assessed lung function responder rates and dupilumab efficacy in reducing exacer-
bation rates in children with uncontrolled, moderate-to-severe type 2 asthma who both did and did not achieve clinically 
meaningful improvements in pre-bronchodilator ppFEV1 at Week 12 of treatment. The rationale for this post hoc analysis was 
to explore the relationship between changes in asthma exacerbation rates and lung function in children treated with dupilumab.

Methods
The phase 3 LIBERTY ASTHMA VOYAGE study assessed the efficacy and safety of add-on dupilumab in children (6 to 11 
years) with uncontrolled, moderate-to-severe asthma. Full details of the study have been reported previously.10 In brief, children 
were randomized to either dupilumab 100 or 200 mg q2w (by body weight) or placebo, subcutaneously, every 2 weeks for 52 
weeks in addition to maintenance background medication. For this post hoc analysis of VOYAGE, children with moderate-to- 
severe type 2 asthma were stratified into 4 subgroups: those who achieved clinically meaningful improvements in pre- 
bronchodilator ppFEV1 of ≥5% or ≥10% at Week 12 of VOYAGE11,12 and those who did not (<5% or <10% change from 
baseline in ppFEV1). This analysis assessed the proportion of children who had an improvement from baseline in ppFEV1 of 
≥5%, ≥10%, <5%, or <10% at VOYAGE Week 12, annualized severe asthma exacerbation rates during the Week 12–52 
treatment period in the overall population and all subgroups, and a least squares mean change from baseline in pre-bronchodilator 
ppFEV1 over time.

Annualized severe exacerbation rates were derived using a negative binomial model with the total number of events 
from Week 12 to Week 52 as the response variable, with treatment group, age, region, baseline eosinophil level, baseline 
FeNO level, baseline ICS dose level, and number of severe exacerbation events within 1 year prior to the study as 
covariates, and log-transformed standardized observation duration as an offset variable. The least squares mean 
difference in change from baseline in pre-bronchodilator ppFEV1 was derived using a mixed model for repeated 
measures (MMRM) approach with change from baseline in pre-bronchodilator ppFEV1 values as the response variable, 
and treatment, baseline weight group, region, ethnicity, baseline eosinophil level, baseline FeNO level, baseline ICS dose 
level, visit, treatment by-visit interaction, baseline ppFEV1, and baseline-by-visit interaction as covariates.

Results
A total of 350 children with moderate-to-severe type 2 asthma were included in this analysis (dupilumab: n = 236; 
placebo: n = 114). Demographic and clinical characteristics of the patients across subgroups were generally similar at 
baseline (Table 1). However, children with <5% or <10% improvement in pre-bronchodilator ppFEV1 by Week 12 
presented, on average, with a higher pre-bronchodilator FEV1 and ppFEV1, and had lower FEV1 reversibility, defined as 
10% change in FEV1 at baseline,13 than those who achieved ppFEV1 improvement of ≥5% or ≥10%.

At Week 12 of VOYAGE, 141/236 (60%) children receiving dupilumab and 57/114 (50%) receiving placebo achieved 
an improvement in ppFEV1 of ≥5% (P=0.0847), 106/236 (45%) children receiving dupilumab and 36/114 (32%) 
receiving placebo achieved improvements in ppFEV1 of ≥10% (P=0.0173).

During the Week 12–52 treatment period, dupilumab vs placebo significantly reduced annualized severe exacerbation 
rates by 59–60% (all P<0.05) in children who achieved ppFEV1 improvements of ≥5% and ≥10%, and by 52% (all 
P<0.05) in those who did not (Figure 1).

Dupilumab also improved pre-bronchodilator ppFEV1 as early as Week 2 across all subgroups, and these improvements were 
generally sustained throughout the treatment period (Figure 2, Tables S1 and S2). At Week 12, dupilumab vs placebo improved 
pre-bronchodilator ppFEV1 by a least squares mean difference (95% CI) of 3.54 (0.30, 6.78) percentage points (P=0.03) in 
children who achieved an improvement in ppFEV1 of ≥5%. At Week 52, dupilumab vs placebo improved pre-bronchodilator 
ppFEV1 by least squares mean difference (95% CI) of 5.40 (0.28, 10.51) percentage points (P=0.04) in children with moderate-to- 
severe type 2 asthma who had an improvement in ppFEV1 of ≥5%, by 6.67 (0.10, 13.25) percentage points (P=0.047) in those 
with ≥10% improvement in ppFEV1, and by 7.10 (3.42, 10.78) percentage points (P<0.001) in children who had <5%, and 5.58 
(2.31, 8.84) percentage points (P<0.001) in those with <10% improvement in ppFEV1 (Figure 2, Tables S1 and S2).
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Table 1 Baseline Demographic and Disease Characteristics of Children with Moderate-to-Severe Asthma Who Did or Did Not 
Achieve 5% and 10% Improvements in Pre-Bronchodilator ppFEV1 from Baseline to Week 12

Characteristic Patients with Improvements in Pre-Bronchodilator ppFEV1 of…

… ≥5% … ≥10% … <5% … <10%

PBO DPL  
100/200mg

PBO DPL  
100/200mg

PBO DPL  
100/200mg

PBO DPL  
100/200mg

n = 57 n = 141 n = 36 n = 106 n = 54 n = 87 n = 75 n = 122

Age, mean (SD), year 8.9 (1.6) 8.8 (1.6) 9.0 (1.7) 8.8 (1.7) 9.0 (1.5) 9.1 (1.7) 9.0 (1.5) 9.0 (1.6)

Female, n (%) 18 (31.6) 46 (32.6) 11 (30.6) 33 (31.1) 17 (31.5) 33 (37.9) 24 (32.0) 46 (37.7)

Weight, mean (SD), kg 37.0 (11.4) 34.9 (10.3) 36.6 (12.6) 36.0 (11.0) 37.7 (11.9) 36.8 (9.5) 37.7 (11.1) 35.3 (9.2)

Use of high-dose ICS, 
n (%)

27 (47.4) 57 (40.4) 19 (52.8) 40 (37.7) 21 (38.9) 42 (48.3) 29 (38.7) 59 (48.4)

Number of severe 
asthma exacerbations† 

in the past year, mean 
(SD), n

2.2 (1.69) 2.5 (2.55) 2.0 (1.01) 2.3 (1.86) 2.1 (1.34) 2.7 (2.68) 2.2 (1.72) 2.8 (3.09)

Pre-BD FEV1, mean 
(SD), L

1.44 (0.45) 1.38 (0.37) 1.33 (0.38) 1.33 (0.39) 1.78 (0.48) 1.82 (0.39) 1.64 (0.45) 1.60 (0.34)

Pre-BD ppFEV1, mean 
(SD), %

75.2 (14.4) 73.3 (14.8) 69.7 (12.2) 70.2 (14.9) 82.2 (13.9) 84.6 (10.3) 82.9 (13.7) 84.0 (10.1)

FEV1 reversibility, 
mean (SD), %

20.2 (15.7) 27.6 (24.0) 25.6 (16.6) 31.3 (25.9) 9.7 (11.6) 12.2 (12.3) 9.9 (10.6) 13.2 (11.9)

ACQ-7-IA score, mean 
(SD)

2.18 (0.76) 2.22 (0.73) 2.34 (0.77) 2.25 (0.67) 2.05 (0.77) 2.05 (0.65) 2.01 (0.74) 2.07 (0.72)

Biomarkers

Blood eosinophil 
count, Giga/L

n = 57 n = 141 n = 36 n = 106 n = 54 n = 87 n = 75 n = 122

Mean (SD) 0.474 (0.307) 0.640 (0.389) 0.528 (0.337) 0.613 (0.392) 0.575 (0.415) 0.515 (0.382) 0.521 (0.380) 0.574 (0.389)

Median (Q1–Q3) 0.410  
(0.280–0.620)

0.580  
(0.310–0.830)

0.475  
(0.290–0.695)

0.535  
(0.290–0.770)

0.480  
(0.310–0.670)

0.420  
(0.250–0.650)

0.440  
(0.280–0.660)

0.480  
(0.280–0.780)

Blood eosinophil count, n (%)

≥150 cells/µL 53 (93.0) 135 (95.7) 34 (94.4) 101 (95.3) 52 (96.3) 81 (93.1) 71 (94.7) 115 (94.3)

Total IgE, IU/mL n = 57 n = 138 n = 36 n = 105 n = 52 n = 87 n = 74 n = 120

Mean (SD) 725.2  
(1094.6)

957.2  
(1171.7)

708.6 
(1145.9)

969.4  
(1227.6)

923.7 
(1234.9)

882.0  
(1053.1)

875.4  
(1175.4)

891.9  
(1031.9)

Median (Q1–Q3) 329.0  
(75.0–762.0)

517.5  
(210.0–1263.0)

342.0  
(69.0–659.5)

509.0  
(184.0–1163.0)

413.0  
(215.0–952.0)

514.0  
(202.0–1268.0)

401.0  
(168.0–952.0)

522.0  
(226.0–1275.0)

FeNO, ppb n = 55 n = 139 n = 35 n = 105 n = 52 n = 83 n = 72 n = 117

Mean (SD) 29.0 (25.5) 34.1 (26.2) 31.3 (28.8) 33.2 (22.9) 27.7 (21.8) 29.0 (21.9) 26.9 (20.8) 31.3 (26.4)

Median (Q1–Q3) 20.0  
(13.0–34.0)

27.0  
(13.0–47.0)

22.0  
(11.0–34.0)

27.0  
(13.0–47.0)

23.0  
(13.5–33.5)

24.0  
(11.0–41.0)

21.0  
(13.5–33.5)

24.0  
(12.0–41.0)

FeNO, n (%)

≥20 ppb 29 (52.7) 91 (65.5) 18 (51.4) 69 (65.7) 30 (57.7) 48 (57.8) 41 (56.9) 70 (59.8)

Notes: †Severe asthma exacerbation prior to the study is defined as any treatment with 1 systemic (oral or parenteral) steroid bursts or more for worsening asthma or 
hospitalization or an emergency/urgent medical care visit for worsening asthma. 
Abbreviations: ACQ-7-IA, Investigator Administered 7-item Asthma Control Questionnaire; BD, bronchodilator; DPL, dupilumab; ICS, inhaled corticosteroid; FeNO, 
fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; PBO, placebo; ppFEV1, percent predicted FEV1; Q, quartile; SD, standard deviation.
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Figure 1 Reduction in severe asthma exacerbation rates during the VOYAGE Week 12 to 52 treatment period in children with moderate-to-severe asthma who did or did 
not achieve 5% and 10% improvements in pre-bronchodilator ppFEV1 from baseline by Week 12. 
Notes: * P < 0.05, ** P < 0.01 vs matching placebo. †Reduction in relative risk vs matching placebo. Note: 11 patients with missing pre-bronchodilator ppFEV1 data at Week 
12 are excluded from the analysis. All severe exacerbation events that occurred during Week 12 to 52 treatment period were included, regardless of whether the patient 
was on treatment. 
Abbreviations: BD, bronchodilator; CI, confidence interval; ppFEV1, percent predicted forced expiratory volume in 1 second.

Figure 2 Change of pre-bronchodilator ppFEV1 over time in children with moderate-to-severe asthma who did or did not achieve 5% and 10% improvements in pre- 
bronchodilator ppFEV1 from baseline by Week 12. 
Notes: *P < 0.05, **P < 0.01, ***P < 0.001 vs matching placebo. Eleven patients with missing pre-bronchodilator ppFEV1 data at Week 12 are excluded from the analysis. 
Abbreviations: BD, bronchodilator; LS, least squares; ppFEV1, percent-predicted forced expiratory volume in 1 second; SE, standard error.
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Additionally, when looking at symptom improvement, dupilumab improved ACQ-7-IA at Week 4 among those with 
<10% improvement in ppFEV1 (least squares mean difference [95% CI] vs placebo: −0.31 [−0.54, −0.08] percentage 
points; P<0.05) and among those with <5% improvement in ppFEV1 (least squares mean difference [95% CI] vs placebo: 
−0.33 [−0.60, −0.06] percentage points; P<0.05). Changes in ACQ-7-IA in those with ≥10% and ≥5% improvements in 
ppFEV1 were not statistically significant at Week 4. In the VOYAGE study, adverse events were reported in 83.0% of the 
dupilumab group and in 79.9% of the placebo group.10 The most common adverse event occurring in ≥5% of the patients 
was viral infection of the upper respiratory tract, which was reported in 12.2% of the dupilumab group and 9.7% of the 
placebo group. Serious adverse events were reported in 4.8% of the dupilumab group and in 4.5% of the placebo group.

Discussion
In this post hoc analysis of children aged 6 to 11 years with uncontrolled moderate-to-severe type 2 asthma, treatment 
with dupilumab resulted in a greater proportion of children meeting the criteria for clinically meaningful response in pre- 
bronchodilator ppFEV1 compared with those receiving placebo.

Children treated with dupilumab vs placebo, who had a positive response in pre-bronchodilator ppFEV1 at Week 12, 
showed a 60% risk reduction in severe exacerbation rates; dupilumab also reduced exacerbation rates by 52% in children 
who did not meet the 5% or 10% threshold of ppFEV1 improvement. These findings are similar to those reported in 
adolescent and adult patients treated with dupilumab in LIBERTY ASTHMA QUEST14 and support the idea that the 
effects of dupilumab in reducing exacerbations are independent of an early pre-bronchodilator FEV1 response15. This 
suggests that, even in children with a modest pre-bronchodilator ppFEV1 response, beneficial treatment effects with 
dupilumab are likely. This sustained improvement and reduced exacerbation rate over time can be explained by the 
mechanism of action of dupilumab. Dupilumab, which is a monoclonal antibody used to treat inflammatory conditions, 
works by way of inhibiting the signaling of IL-13 and IL-4, which are involved in various allergic and inflammatory 
responses in the body. This targeted mechanism of action allows for persistent inhibition of the immune response related 
to these cytokines and thus the inhibition of further mediators in the downstream cascade. In addition, with long-term 
inhibition of the inflammatory actions of IL-13 and IL-4 comes the opportunity for previously damaged tissue to be 
repaired and return to higher levels of function, leading to better overall lung function and reduced exacerbations. Thus, 
dupilumab may reduce exacerbations even if there is an absence of direct significant improvement in respiratory function 
due to the unique anti-inflammatory mechanism detailed above. Reduced FEV1 in children is associated with increased 
risk of severe asthma exacerbations, therefore maintaining normal lung function will be critical for exacerbation 
prevention.4,5 Additionally, lung function impairment during childhood is a significant predictor of abnormal longitudinal 
patterns of lung-function growth and decline in adulthood.3 Therefore, improving lung function during childhood could 
be an important factor for preventing the development of chronic obstructive lung disease in adulthood.

Conclusion
In summary, treatment with dupilumab significantly improved pre-bronchodilator ppFEV1. A greater proportion of 
patients treated with dupilumab achieved a clinically meaningful response in ppFEV1 at Week 12 vs placebo. 
Dupilumab also significantly reduced severe exacerbation rates regardless of improvements in lung function, although 
stronger responses in lung function were associated with numerically lower exacerbation rates. This is highly relevant for 
individuals with type 2 asthma, specifically children, who may not show a direct significant response in ppFEV1, since 
treatment with dupilumab is likely to result in overall decreased exacerbations and thus increased quality of life.

Abbreviations
ACQ-7-IA, 7 question asthma control questionnaire; BD, Bronchodilator; FeNO, Fractional exhaled nitric oxide; FEV1, 

Forced expiratory volume in 1 second; IL, Interleukin; MMRM, mixed model for repeated measures; ppFEV1, 
Percentage predicted forced expiratory volume in 1 second.
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Data Sharing Statement
Qualified researchers may request access to patient-level data and related study documents including the clinical study 
report, study protocol with any amendments, blank case report form, statistical analysis plan, and dataset specifications. 
Patient-level data will be anonymized, and study documents will be redacted to protect the privacy of our trial 
participants. Further details on Sanofi’s data sharing criteria, eligible studies, and process for requesting access can be 
found at:  https://www.vivli.org/.

Ethics Approval and Consent to Participate
The VOYAGE trial was conducted in accordance with the principles of the Declaration of Helsinki, the Good Clinical 
Practice guidelines of the International Council for Harmonization, and applicable regulatory requirements. The local 
institutional review board or ethics committee at each trial center oversaw the conduct and documentation of the trial 
(Washington University School of Medicine, 660 S. Euclid Ave., Campus Box 8089, St. Louis, MO, 63110, UNITED 
STATES; Lead investigator: Dr Bacharier) (additional information available in Appendix 1 and 2). Parents or guardians 
of patients provided written informed consent. The children provided assent according to the standard practice for 
pediatric patients that had been approved by the ethics committee at each participating center.
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