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Background: Cytokines, such as interleukins (IL)-4/5/13, play a key role in multiple

clonal antibody, blocks the shared receptor component for IL-4/IL-13, inhibiting sign-
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Methods: Annualized severe exacerbation rates (AER) and changes in pre-
bronchodilator (Pre-BD) forced expiratory volume in one second (FEV,), percent-
predicted pre-BD FEV, (ppFEV,), and Asthma Control Score (ACQ)-7 were assessed

during the treatment period.

Abbreviations: ACQ-7-1A, Asthma Control Questionnaire 7-item version Interviewer-Administered; AER, adjusted annualized severe exacerbation rates; FeNO, fractional exhaled nitric
oxide; FEV,, forced expiratory volume in 1second; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroids; IgE, immunoglobulin E; IL, interleukin; ITT, intention-to-treat;
MMRM, mixed-effect model with repeated measures; ppb, parts per billion; ppFEV,, percent predicted forced expiratory volume in 1second; q2w, every 2weeks.
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Results: 350 children (261 with and 89 without evidence of allergic asthma) were in-
cluded. Dupilumab versus placebo significantly reduced AER in patients with (0.24 vs.
0.62, relative risk reduction [RRR]: 62% [95% ClI, 39-76], P<.0001) and without (0.39
vs. 0.80, RRR: 51% [95% CI, 0-76], P <.05) evidence of allergic asthma. Significant im-
provements in ppFEV,, pre-bronchodilator FEV,, and ACQ-7 scores were observed in
dupilumab versus placebo throughout the treatment period in patients with evidence
of allergic asthma. In patients without evidence of allergic asthma, numerical improve-
ments in pre-bronchodilator FEV, and asthma control were observed by Week 52.

Conclusion: Dupilumab versus placebo reduced asthma exacerbations in children
with type 2 asthma irrespective of evidence of allergic asthma; similar trends were
observed in changes in lung function. Significant improvement in asthma control was

observed in patients with evidence of allergic asthma, but not in those without.
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GRAPHICAL ABSTRACT

This post hoc analysis of VOYAGE (NCT02948959) evaluates efficacy of dupilumab in patients aged 6-11years with type 2 asthma with
or without evidence of allergic asthma. In type 2 patients, dupilumab versus placebo significantly reduced exacerbation rates irrespective
of allergic status. Significant improvements versus placebo in lung function and asthma control were observed throughout the treatment
period in patients with evidence of allergic asthma. In the small population of patients without evidence of allergic asthma, numerical
improvements in lung function and asthma control were observed. Patients with type 2 inflammation at baseline (2150 eosinophils/ul or
FeNO 220 ppb).

Abbreviations: NCT, national clinical trial; VOYAGE, evaluation of dupilumab in children with uncontrolled asthma

1 | BACKGROUND

Dupilumab, a fully human monoclonal antibody,”® blocks the
shared receptor component for interleukin (IL)-4 and IL-13, type 2

Type 2 inflammation is the most common type of inflammation seen
in asthma in children'? and is reflected by elevated levels of peripheral
or sputum eosinophils, fractional exhaled nitric oxide (FeNO), and/or
IgE, and includes asthma characterized as eosinophilic and/or aller-
gic.3" Allergic asthma, traditionally considered to be driven by an IgE-
mediated process, is a subtype of type 2 inflammation.®

inflammatory cytokines implicated in numerous allergic diseases
ranging from asthma to atopic dermatitis,” thus inhibiting their sig-
naling. It is approved in the USA for patients aged =6éyears with
moderate-to-severe asthma with an eosinophilic phenotype10 and
in the EU in patients aged 26 years with severe asthma with type 2
inflammation.!
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The phase 3 LIBERTY ASTHMA VOYAGE study (NCT02948959)
was a 52-week, randomized, double-blind, placebo-controlled clini-
cal trial designed to evaluate the safety and efficacy of dupilumab
in children aged 6-11years with uncontrolled, moderate-to-severe
asthma.'? Dupilumab treatment versus placebo significantly reduced
severe asthma exacerbations and rapidly improved lung function in
children with type 2 asthma. These improvements were sustained
throughout the 52-week treatment period and dupilumab was gen-
erally well-tolerated in this age group.12

In adult and adolescent patients with uncontrolled, moderate-to-
severe asthma, dupilumab reduced severe asthma exacerbations and
improved lung function and asthma control in patients with and with-
out evidence of allergic asthma.'® The potential impact of a patient's al-
lergic status on dupilumab efficacy has not been evaluated in children.
The aim of this post hoc analysis, therefore, was to explore the effi-
cacy of dupilumab among patients with type 2 inflammatory asthma in
VOYAGE, who did and did not have evidence of allergic asthma.

2 | METHODS
2.1 | Study design and oversight

Full details of the LIBERTY ASTHMA VOYAGE study have been
previously published.12 In brief, VOYAGE, a phase 3, randomized,
double-blind, placebo-controlled, parallel-group, multinational
study, assessed efficacy and safety of dupilumab in children aged
6-11years with uncontrolled, moderate-to-severe asthma. Data
were collected by the Investigators and analyzed by the spon-
sors according to a predefined statistical analysis plan. The study
was conducted in accordance with the Declaration of Helsinki, the
International Conference on Harmonization Good Clinical Practice
guideline, and applicable regulatory requirements. An independent
data and safety monitoring committee conducted blinded monitor-
ing of patient safety data. The local institutional review board or
ethics committee at each study center oversaw trial conduct and
documentation. Parents or guardians of patients provided written
informed consent before their participation in the trial. Pediatric pa-
tients provided assent according to the Ethics Committee approved

standard practice for pediatric patients at each participating center.

2.2 | Patients and interventions

Children aged 6-11years were eligible to participate in VOYAGE if
they had physician-diagnosed moderate-to-severe asthma based on
the GINA 2015 guidelines.’ Full details of inclusion and exclusion
criteria have been described previously.}? Per protocol, enrolment
of patients with baseline blood eosinophils <150 cells/ul was limited
to 20% of the total population. Eligible patients were randomized
to receive subcutaneous dupilumab or volume-matched placebo at
the same dose every 2weeks (q2w) for 52weeks in a weight-tiered
fashion: those with a bodyweight of <30kg at randomization re-
ceived dupilumab 100mg or matched placebo while those with a

bodyweight >30kg received dupilumab 200mg or matching pla-
cebo. The study period comprises from enrolment of the first par-
ticipant on 21 April 2017, to study completion on 26 August 2020.

Patientsincluded in this sub-analysis of VOYAGE were those with
type 2 asthma, defined as baseline blood eosinophils 2150 cells/ul
or FeNO 220ppb, patients with baseline eosinophils 2150 cells/pl,
and patients with FeNO 220ppb at baseline. These patients were
further stratified according to whether they met or did not meet the
criteria for evidence of allergic asthma at baseline, using functional
definitions that are narrower than definitions that would be used to
identify patients with allergic asthma in clinical practice. Evidence of
allergic asthma was defined as a total serum IgE 2301U/mL and 21
perennial aeroallergen-specific IgE 20.35 kU/L at baseline as de-
scribed previously.'® Sensitization to the following perennial aeroal-
lergens was assessed: Dermatophagoides farinae, Dermatophagoides
pteronyssinus, Alternaria tenuis/alternata, Cladosporium herbarum, cat
and dog danders, German cockroach, and Aspergillus fumigatus.

2.3 | Endpoints

The primary endpoint was the annualized severe exacerbation rate
during the 52-week treatment period. Severe exacerbations were
defined as a deterioration of asthma requiring: (i) the use of sys-
temic corticosteroids for 23 days, or (i) hospitalization or emergency
room visit because of asthma, requiring systemic corticosteroids.
Secondary endpoints analyzed were the change from baseline over
time in both pre-bronchodilator percent predicted forced expiratory
volume in 1second (ppFEV,, key secondary endpoint) and absolute
pre-bronchodilator FEV,, and change from baseline in asthma con-
trol over time, as assessed using the Asthma Control Questionnaire
7-item version Interviewer-Administered (ACQ-7-1A). The effect
of treatment on specific IgE to perennial aeroallergens over the 52-
week treatment period was also examined in patients who had sensi-
tization to one or more aeroallergens at baseline (20.35 kU/L).

2.4 | Statistical analysis

Data were analyzed on an intention-to-treat (ITT) basis according to
the assigned intervention, irrespective of whether an intervention
was received.!? Data for both weight-tiered doses of dupilumab (100
or 200mg g2w) or matched placebo were pooled for analysis.

Annualized severe exacerbation rates were analyzed using a neg-
ative binomial model, which included the total number of events ob-
served from randomization up to Week 52 or last study contact date
(whichever comes earlier) as the response variable, and included
treatment group, age, baseline weight group (<30kg, >30kg), region
(pooled country), baseline eosinophil strata (<300 cells/puL, 2300
cells/uL), baseline FeNO level (<20ppb, 220ppb), baseline inhaled
corticosteroid dose (ICS) level (medium- or high-dose), and number
of severe exacerbations within 1year prior to the study as covari-
ates, and log-transformed standardized observation duration as an
offset variable.
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Change from baseline in ppFEV, and absolute pre-
bronchodilator FEV, were analyzed using a mixed-effect model
with repeated measures (MMRM) approach, which used, as ap-
propriate, change from baseline in ppFEV, or pre-bronchodilator
FEV, up to Week 52 as the response variable, and included pooled
treatment groups, baseline weight groups, region, ethnicity, base-
line eosinophil strata, baseline FeNO level, baseline ICS dose
level, visit, treatment by visit interaction, baseline value of the re-
spective endpoint (percentage predicted or absolute FEV,), and
baseline-by-visit interaction as covariates. The change from base-
line in pre-bronchodilator FEV, up to Week 52 was derived using
MMRM model with all the covariates mentioned above along with
age, sex, and baseline height.

Change from baseline in ACQ-7-IA score over time was derived
from an MMRM model with change from baseline in ACQ-7-1A
score up to Week 52 as the response variable and pooled treat-
ment groups, age, baseline weight group, region, baseline eosinophil
strata, baseline FeNO level, baseline ICS dose level, visit, treatment-
by-visit interaction, baseline ACQ-7-IA score, and baseline-by-visit
interaction as covariates.

Change from baseline in total IgE and specific IgE over time were
analyzed using the Wilcoxon rank-sum test for patients in the safety
population.

3 | RESULTS
3.1 | Study patients

350 patients randomized in VOYAGE (86% of the overall VOYAGE
ITT population) had type 2 asthma at baseline, defined as base-
line eosinophil count of 2150 cells/pl or FeNO 220ppb, and were
included in this analysis. Of these, 261 (75%) met the criteria used
to define evidence of allergic asthma: placebo n=81, dupilumab
n=180. The remaining 89 (25%) patients (placebo n=33, dupilumab
n=56) did not meet these criteria (IgE <301U/mL or no positive spe-
cific IgE among the aeroallergens tested). In the subgroup of patients
with blood eosinophils 2150 cells/uL, 251 met the criteria for allergic
asthma (placebo n=79, dupilumab n=172), whereas the remaining
80 (placebo n=29, dupilumab n=51) did not. In the subgroup of pa-
tients with FeNO 220ppb, 176 met the criteria for allergic asthma
(placebo n=53, dupilumab n=123), whereas the remaining 27 (pla-
cebo n=9, dupilumab n=18) did not.

The baseline characteristics of patients with type 2 inflamma-
tion with and without evidence of allergic asthma are provided
in Table 1. Baseline characteristics were similar across treatment
arms and subgroups. Patients with evidence of allergic asthma at
baseline had higher median levels of total serum IgE than those
without evidence of allergic asthma (with evidence of allergic
asthma: 569 [placebo] and 680 [dupilumab] IU/mL; without ev-
idence of allergic asthma: 69.5 [placebo] and 113.5 [dupilumab]
1U/mL).

3.2 | Annualized rate of severe asthma
exacerbations

Overall, dupilumab reduced annualized severe exacerbation rates
relative to placebo in patients with and without evidence of al-
lergic asthma. In the subgroup of patients with type 2 asthma and
evidence of allergic asthma, the adjusted annualized severe asthma
exacerbation event rate was 0.24 (95% confidence interval [Cl],
0.16-0.36) in the dupilumab group versus 0.62 (95% Cl, 0.40-0.94)
in the placebo group (relative risk reduction [RRR] vs. placebo of 62%
[95% ClI, 39-76]; P<.0001) (Figure 1). In the subgroup of patients
with type 2 asthma with no evidence of allergic asthma, the adjusted
annualized severe asthma exacerbation event rates were 0.39 (95%
Cl, 0.23-0.68) versus 0.80 (95% Cl, 0.47-1.37) for dupilumab and
placebo groups, respectively (RRR vs. placebo of 51% [95% Cl, 0-76];
P=.0494). There was no statistical evidence that the treatment ef-
fect of dupilumab on exacerbations varied by allergic asthma status
(Pinteraction=0'6011)-

Similar results were seen in the subgroup of patients with 2150
eosinophils/pL, irrespective of allergic phenotype, and in patients
with 220ppb FeNO and allergic asthma at baseline (Figure S1).
Patient numbers were very low in the subgroup of patients with
220ppb FeNO without evidence of allergic asthma (n=9 [placebo]
and n=18 [dupilumab]), therefore statistical comparisons were not

possible in this subgroup, but trends were similar.

3.3 | Lung function

3.3.1 | Percentage of predicted pre-
bronchodilator FEV,

In the sub-group of patients with type 2 asthma and evidence of al-
lergic asthma, dupilumab significantly improved pre-bronchodilator
ppFEV, from baseline compared with matched placebo (Figure 2).
Significant improvements versus placebo were observed as early
as the first assessment at Week 2, and these persisted through-
out the 52-week treatment period, with an LS mean difference
versus placebo of 5.71 (95% Cl, 2.02-9.39, P=.003), and 9.27 (95%
Cl, 5.16-13.37, P<.0001), at Weeks 12 and 52, respectively. In the
sub-group of type 2 patients without evidence of allergic asthma,
numerical improvements in ppFEV, compared to placebo were ob-
served, with an LS mean difference versus placebo of 4.53 (95% Cl,
-1.30-10.35, P=.126), and 3.93 (95% Cl, -2.41-10.26, P=.221), at
Weeks 12 and 52, respectively (Figure 2). Significant improvements
compared to placebo were observed at Week 4, 6, and 48 (P <.05)
but at all other timepoints the improvements were numerical and
not significant.

Similar results were seen in the subgroups of patients with 2150
eosinophils/pL and patients with 220ppb FeNO at baseline, except in
those with elevated FeNO without evidence of allergic asthma, where

no differences were found between dupilumab and placebo (Figure S2).
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TABLE 1 Baseline characteristics of VOYAGE patients with type 2 asthma® with or without evidence of allergic asthma®.

Type 2 without evidence of allergic

Type 2 with evidence of allergic asthma asthma
Placebo Dupilumab Placebo Dupilumab

Characteristic n=81 n=180 n=33 n=56
Median age (min-max), years 9 (6-11) 9 (6-11) 8(6-11) 9 (6-11)
Male sex, n (%) 59 (72.8) 118 (65.6) 19 (57.6) 34 (60.7)
Race

White 69 (85.2) 155(86.1) 33(100) 53(94.6)

Black/of African descent 5(6.2) 9 (5.0) 0(0) 0(0)

Asian 0(0) 2(1.1) 0(0) 0(0)

American Indian or Alaska Native 0(0) 1(0.6) 0(0) 0(0)

Native Hawaiian or Other Pacific Islander 0(0) 0 (0) 0(0) 0(0)

Other 7 (8.6) 13(7.2) 0(0) 3(5.4)
Ethnicity

Hispanic or Latino 37 (45.7) 76 (42.2) 14 (42.4) 28 (50.0)

Not Hispanic or Latino 44 (54.3) 104 (57.8) 19 (57.6) 28 (50.0)
BMI, mean (SD), kg/m2 18.70 (3.36) 18.66(3.62) 19.81 (5.05) 18.41(3.17)
Age at asthma onset, mean (SD), years 3.8(2.7) 3.2(2.5) 3.8(2.4) 3.3(2.5)
Number of exacerbations in the past year, mean (SD) 2.10(1.26) 2.64(2.79) 2.36(2.12) 2.52(1.73)
Pre-bronchodilator FEV,, mean (SD), L 1.54(0.46) 1.48(0.39) 1.49 (0.45) 1.47 (0.38)
Pre-bronchodilator ppFEV,, mean (SD), % 78.62 (14.97) 76.67 (14.56) 77.73 (13.51) 80.84 (13.42)
ACQ-7-1A score, mean (SD) 2.10(0.73) 2.17 (0.74) 2.15(0.85) 2.06 (0.57)

Blood eosinophil count, median (Q1-Q3), cells/pL 490.0 575.0 360.0 290.0

(320.0-710.0) (360.0-800.0) (210.0-470.0) (185.0-605.0)
FeNO, ppb, median (Q1-Q3) 25.0(16.0-39.0) 29.5(17.0-47.0) 14.5 (9.0-20.0) 13.00 (8.0-23.0)
Total IgE, IU/mL, median (Q1-Q3) 569.0 680.0 69.5 113.5

(270.0-1013.0) (348.0-1462.5) (26.5-312.5) (32.0-286.0)

Abbreviations: ACQ-7-1A, Asthma Control Questionnaire 7-item version Interviewer-Administered; BMI, body mass index; FeNO, fractional exhaled
nitric oxide; ppb, parts per billion; ppFEV,, percent predicted forced expiratory volume in 1second; SD, standard deviation.

*Type 2 asthma is defined as patients with asthma with baseline blood eosinophils 2150 cells/pL or FeNO =20 ppb at baseline.

®The allergic asthma phenotype is defined as patients with asthma and serum total IgE 2301U/mL and 21 perennial aeroallergen-specific IgE

20.35kU/L at baseline.

The P-values for interaction between treatment arm assignment
and allergic asthma status were 0.605 at Week 12 and 0.132 at
Week 52 for the change from baseline in ppFEV, endpoint.

3.3.2 | Absolute pre-bronchodilator FEV,

In the sub-group of patients with type 2 asthma and evidence of
allergic asthma, dupilumab significantly improved the absolute pre-
bronchodilator FEV, from baseline compared with matched placebo,
with improvements observed as early as Week 2 and sustained over
the treatment period (Figure 3). At Week 2, the LS mean difference in
pre-bronchodilator FEV, improvement over baseline versus placebo
was 0.10L (95% Cl, 0.03-0.17, P=.003), which further increased to
0.12L (95% Cl, 0.04-0.19, P=.002) at Week 12 and 0.20L (95% ClI,
0.12-0.29, P<.0001) at Week 52. Similar to the findings for the
ppFEV, endpoint, in patients without allergic asthma, the magnitude

of improvements in absolute pre-bronchodilator FEV, relative to
placebo was lower than in patients with allergic asthma, with an LS
mean difference of -0.002L (95% ClI, -0.10-0.10, P=.98) at Week 2
and numerical improvements over baseline of 0.07 L (95% Cl, -0.04-
0.18, P=.184) at Week 12, and 0.07L (95% Cl, -0.06-0.21, P=.266)
at Week 52.

The p-values for interaction between treatment arm assignment
and allergic asthma status were 0.35 at Week 12 and 0.06 at Week

52 for the change from baseline in absolute FEV, endpoint.

3.4 | Asthma control (ACQ-7-IA scores)

Dupilumab significantly improved ACQ-7-IA scores compared with
placebo in patients with evidence of allergic asthma. Improvements
were rapid, with significant improvements versus placebo evident

as early as the first assessment at Week 2, and these improvements

85UB017 SUOWILIOD 3A D 8|qedlidde aup Aq paueob 81 Ss ke VO (88N JO S9N 10y Al 8UIIUO AB|IM UO (SUORIPUOD-pUe-SWISH W00 AB|IM A1 11 UO//SANY) SUORIPUOD pUe SWB L 38U} 89S *[5202/50/2T] U0 A%iqiauliuo A8|IM BIfeHBURIY00D AQ E7/ST IR/TTTT OT/I0p/L00 3| 1M Afelq|eul|uoy/Sdny WOy papeojumod ‘8 ‘€202 ‘S66686ET



PAPADOPOULOS ET AL.

With evidence of allergic asthma

0.8 A

0.6 A

0.4 1 bk

rate estimate (95% CI)

0.2

Adjusted annualized severe exacerbation

Placebo Dupilumab

Without evidence of allergic asthma

Placebo

Dupilumab

FIGURE 1 Effect of dupilumab on annualized severe exacerbation rates in pediatric patients with type 2 asthma® with or without
evidence of allergic asthma®. *P <.05; ***P <.001 versus placebo. *Type 2 asthma is defined as patients with asthma with baseline blood
eosinophils 2150 cells/pL or FeNO 220 ppb at baseline. bThe allergic asthma phenotype is defined as patients with asthma and serum total
IgE 2301U/mL and 21 perennial aeroallergen-specific IgE 20.35kU/L at baseline.

were sustained throughout the study remaining significant ver-
sus placebo at all timepoints (Figure 4). At Week 24, the LS mean
difference versus placebo was -0.41 (95% Cl, -0.61 to -0.22,
P <.0001). In the subgroup of type 2 patients without evidence of
allergic asthma, little difference between treatments was observed
throughout the treatment period (Figure 4), with an LS mean dif-
ference versus placebo of -0.12 (95% Cl, -0.47 to -0.24, P=.522)
at Week 24.

The P-values for interaction between treatment arm as-
signment and allergic asthma status were 0.11 at Week 24
and 0.14 at Week 52 for the change from baseline in ACQ-7-1A
endpoint.

3.5 | TotallgE

Dupilumab reduced levels of total IgE over time in patients with type
2 inflammatory asthma, irrespective of their allergic status (Figure S3
of this article's Online Repository). In patients with evidence of an al-
lergic asthma phenotype, median concentrations of total serum IgE
were reduced by 78.8% by Week 52, versus a 0.9% increase in pa-
tients on placebo (P<.0001). In patients without evidence of an al-
lergic asthma phenotype, even though baseline concentrations were
much lower, dupilumab still reduced median IgE levels by 77.8% over
the 52-week treatment duration, versus a 7.8% increase in patients
on placebo (P<.0001) (Figure S3).

The p-values for interaction between treatment arm assignment
and allergic asthma status were 0.70 at Week 24 and 0.13 at Week
52 for the percent change from baseline in total IgE levels over time
endpoint.

3.6 | Perennial aeroallergen-specific IgE

The effect of treatment on allergen-specific IgE levels in patients
who were positive (20.35 kU/L) at baseline for one or more of the

perennial aeroallergens examined is presented in Figure S4 of this ar-
ticle's Online Repository. In dupilumab-treated patients, substantial
reductions from baseline over the 52-week treatment period were
observed in allergen-specific IgE levels to Dermatophagoides fari-
nae, Dermatophagoides pteronyssinus, and German cockroach both
in patients with mono-allergen sensitization to the respective aer-
oallergen and in those with multi-allergen sensitization (i.e., patients
with allergen-specific IgE 20.35 kU/L for more than one aeroaller-
gen). Similar reductions over time were observed in multi-allergen-
sensitized patients treated with dupilumab who were allergic to dog
and cat dander and Alternaria tenuis/alternata. However, no differ-
ences between dupilumab and placebo were observed in patients
who were mono-sensitized to Cladosporium herbarum and Alternaria
tenuis/alternata. Dupilumab treatment did not affect serum IgE lev-
els to Cladosporium herbarum/hormodendrum or Aspergillus fumigatus
whether in mono- or multi-allergen sensitized patients. No change
was observed with placebo treatment on specific IgE levels to any of
the eight perennial aeroallergens assessed.

3.7 | Safety

In the primary analysis,*? dupilumab was well tolerated with an ac-
ceptable safety profile. In this analysis, the incidence of treatment
emergent adverse events was balanced across treatment groups
(Table S1).

4 | DISCUSSION

In this post hoc analysis of LIBERTY ASTHMA VOYAGE, conducted
in children aged 6-11years with moderate-to-severe asthma,
dupilumab significantly reduced the rate of severe exacerba-
tions and improved lung function (ppFEV, and absolute FEV,) and
asthma control (ACQ-7-1A scores) in patients with type 2 asthma
(baseline blood eosinophils 2150 cells/pL or 220 ppb FeNO) and
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Placebo

—@— Dupilumab

With evidence of allergic asthma

*k kkk kkk kkk kk kk *kk *kk

Change from baseline in percent
predicted FEV,, LS mean (SE)

*kk *%k * *% *kk * *%k *kk

Number of patients
Placebo 81 77 79 79 79 80
Dupilumab 180 172 173 175 175 173

Week

80 79 7 79 75 74 76 74
176 171 171 166 166 165 163 163

Without evidence of allergic asthma

Change from baseline in percent
predicted FEV,, LS mean (SE)

Number of patients
Placebo 33 32 33 32 31 32
Dupilumab 56 53 53 53 52 51

Week

33 33 33 32 32 33 33 32
52 53 51 51 51 49 49 35

FIGURE 2 Change from baseline over time in pre-bronchodilator ppFEV, in patients with type 2 asthma® with or without evidence

of allergic asthmaP. *P<.05, **P <.01, ***P <.001 versus placebo. *Type 2

asthma is defined as patients with asthma with baseline blood

eosinophils 2150 cells/pL or FeNO 220ppb at baseline. bThe allergic asthma phenotype is defined as patients with asthma and serum total
IgE 2301U/mL and 21 perennial aeroallergen-specific IgE 20.35kU/L at baseline.

evidence of allergic asthma, with similar trends observed in pa-
tients without evidence of allergic asthma. As reported previously,
similar treatment effects were observed in QUEST in adult and
adolescent patient populations with type 2 asthma irrespective of
their allergic status at baseline.’® The improvements in lung func-
tion and asthma control in the subgroup with evidence of aller-
gic asthma were rapid, observed by Week 2, and were sustained
throughout the treatment period. Dupilumab versus placebo also

improved lung function in patients with type 2 without evidence
of allergic asthma, although these differences were not significant
at most timepoints. These findings are consistent with the efficacy
profile seen in QUEST patients with uncontrolled, moderate-to-
severe asthma where clinical efficacy with regard to exacerbation
rates, lung function, and asthma control was observed irrespective
of evidence of allergic status: dupilumab versus placebo signifi-
cantly reduced exacerbation rates and improved lung function and
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Placebo —@— Dupilumab
With evidence of allergic asthma
*k kkk kkk kkk kkk kk *% *kk *% * *% *kk *% *% *kk

Change from baseline in pre-BD FEV,,
LS mean (SE)

Number of patients
Placebo 81 77 79 79 79
Dupilumab 180 172 173 175 175

Week

80 79 7 79 75 74 76 74
176 171 171 166 166 165 163 163

Without evidence of allergic asthma

Change from baseline in pre-BD FEV,,
LS mean (SE)

Number of patients
Placebo 33 32 33 32 31
Dupilumab 56 53 53 53 52

Week

33 33 33 32 32 33 33 32
52 53 51 51 51 49 49 52

FIGURE 3 Change from baseline over time in absolute pre-bronchodilator FEV, in patients with type 2 asthma?® with or without evidence
of allergic asthmaP. *P<.05, **P<.01, ***P <.001 versus placebo. *Type 2 asthma is defined as patients with asthma with baseline blood
eosinophils 2150 cells/pL or FeNO 220ppb at baseline. bThe allergic asthma phenotype is defined as patients with asthma and serum total
IgE 2301U/mL and 21 perennial aeroallergen-specific IgE 20.35kU/L at baseline.

asthma control for both patients with and without evidence of al-
lergic asthma, at most timepoints.'®

The results for annualized exacerbation rates support the ef-
ficacy of dupilumab in children with type 2 asthma irrespective of
evidence of allergic asthma, highlighting that suppression of IL-4
and IL-13 leads to clinically meaningful improvements in type 2

inflammatory asthma irrespective of the patient's allergic status.
Given that 75% of children with type 2 asthma included in this anal-
ysis also had evidence of allergic asthma, determining the efficacy
of dupilumab in this patient population is important, particularly
since allergens are known to trigger asthma attacks in 60%-90% of

children.*®
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Placebo
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*k kkk kk kk kkkkkk *k

0 ¢

g 0.5
o =0.
(3]
wﬂ\
<
T 0
'07,:',

£ 1.0 -
<3
£E
29
g
s -1.5 -
[§]

-2.0 T T

*kk *kk *k *kk *kk *kk *kk *kk

Number of patients
Placebo 81 77 78 80 80 80 80 79
Dupilumab 180178173 176 174 174176 175

172

176 172 172 167 169 165 168 170

Without evidence of allergic asthma

0
g i
o -0.5
(3]
wa\
< W
T 0
TH
§§ -1.0
gE
29
g
s -1.5 -
(8]
_2.0 T T T

Number of patients
Placebo 33 33 32 33 33 33 33 31
Dupilumab 56 54 53 53 53 52 53 52

32
51

FIGURE 4 Change from baseline over time in ACQ-7-1A score in patients with type 2 asthma® with or without evidence of allergic
asthma®. *P<.05, **P<.01, ***P <.001 versus placebo. *Type 2 asthma is defined as patients with asthma with baseline blood eosinophils
2150 cells/pL or FeNO 220ppb at baseline. bThe allergic asthma phenotype is defined as patients with asthma and serum total IgE 2301U/mL

and 21 perennial aeroallergen-specific IgE 20.35kU/L at baseline.

In the small population that did not have evidence of allergic
asthma despite having evidence of type 2 inflammation, numerical
improvements in lung function, were observed. Differences ver-
sus placebo in FEV, and ACQ-7-1A scores were not significant at
most timepoints; however, small patient numbers in this post hoc
analysis may provide inadequate statistical power. Additionally,
in the subgroup without evidence of allergic asthma, dupilumab

improved absolute pre-BD FEV, over baseline by 330 mL at Week
52; Santanello et al. have previously reported that patients per-
ceive improvements in pre-BD FEV,>230mL as an indication of
treatment success.'®

The steady and sustained decrease in total IgE over the 52-week
treatment period observed in dupilumab-treated patients with

evidence of allergic asthma, is consistent with the mechanism of
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action of dupilumab with reductions even greater than in QUEST,"
and was also reported in the overall VOYAGE population.*? In con-
trast, IgE levels in placebo patients without evidence of allergic
asthma, who already had lower levels at baseline compared with
the population with evidence of allergic asthma, remained stable
or even rose slightly relative to baseline. Dupilumab treatment
also reduced allergen-specific serum IgE levels against six of the
eight perennial aeroallergens tested. Why dupilumab did not af-
fect specific IgE levels in two of the three fungal allergens tested
(Cladosporium herbarum/hormodendrum and Aspergillus fumigatus)
but was effective at reducing IgE directed against Alternaria te-
nuis/alternata is presently unclear. In addition, reductions for IgE
against three allergens were only observed in patients with multi-
allergen sensitizations, who had higher baseline concentrations
of total serum IgE compared with those who had only one (mono)
sensitization or non-sensitized patients. Since polysensitization to
>2 food and/or aeroallergens is a known risk factor for the devel-
opment of asthma,'® it may be the case that patients who exhib-
ited multi-allergen sensitization may have been more responsive to
suppression of type 2 inflammation.

A limitation of this study was the post hoc nature of the analy-
ses, as the study was not primarily designed or powered to investi-
gate differences between type 2 patients with or without evidence
of allergic asthma. As only 25% of type 2 patients had no evidence
of allergic asthma, and the study design included a 2:1 dupilumab:
placebo treatment allocation, the proportion of patients without
evidence of allergic asthma receiving placebo was less than 10% of
the total population evaluated. Therefore, although findings in the
population with evidence of allergic asthma are robust, the inconsis-
tent statistical significance observed across efficacy variables in the
non-allergic population should be interpreted with caution.

Second, the racial distribution of patients included in the study
also potentially limits extrapolation across populations. The vast
majority of patients were White (>85% in each analysis group), and
therefore results may differ in more racial diverse populations.

Another limitation was how allergic status was identified. The
allergic status was identified post hoc to a defined set of common
aeroallergens, percutaneous allergy skin testing was not performed
and allergic reactions to the panel of aeroallergens were based solely
on specific IgE levels at a baseline of 20.35 kU/L. Furthermore, as
no pollen or spore counts or home allergen levels were performed
during the study to assess the amount of allergen present in individ-
ual participants' homes and/or geographic areas, it is not possible to
ascertain the degree to which each patient was exposed to these
allergens.

A further limitation is the definition of allergic asthma used in
this study, as it allows that the subgroup of patients without evi-
dence of allergic asthma may have had either IgE 230IU/mL or 21
positive specific allergen. Also, some patients without evidence of
allergic asthma may have been sensitized to allergens not included
in the panel. Further studies to investigate the efficacy of dupilumab

treatment more specifically in children with moderate-to-severe

type 2 asthma with or without evidence of allergic asthma might be
needed to help physicians optimally tailor treatment in this patient
population.

The majority of children aged 6-11years with moderate-to-
severe asthma from VOYAGE presented characteristics of type 2 in-
flammation at baseline (elevated blood eosinophils or FeNO). Among
the VOYAGE patients with type 2 asthma, the majority also exhib-
ited evidence of allergic asthma. Dupilumab versus matched placebo
significantly reduced severe exacerbation rates irrespective of evi-
dence of allergic asthma at baseline. Improvements in lung function
parameters were also observed but to a lower degree in patients
without evidence of allergic asthma.

Taken together, these data support the role of dupilumab in
treating pediatric patients aged 6-11years with moderate-to-severe
asthma, regardless of evidence of allergic asthma. However, the pa-
tient cohort without evidence of allergic asthma was small as men-
tioned earlier, thus the data should be interpreted with caution.
Patients with evidence of allergic asthma demonstrated clinically
meaningful responses to dupilumab treatment, supporting the role
of IL-4 and IL-13, and thus type 2 inflammation, as key drivers of
certain patients with allergic asthma. The position of dupilumab
among other biologics in severe allergic pediatric asthma remains to
be determined by comparative studies, aimed at identifying the most

appropriate biomarkers of responsiveness.*”?°
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