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ABSTRACT

Objective: To evaluate long-term infection rates in children aged 6 months to 5years with moderate-to-severe atopic dermatitis
(AD) treated with dupilumab.

Methods: This was a post hoc analysis of an ongoing open-label extension (OLE) study of dupilumab. Pediatric patients aged
6 months to 5years with moderate-to-severe AD who had previously taken part in the LIBERTY AD PRESCHOOL phase 2 and
3 clinical trials received weight-based subcutaneous dupilumab every 2 or 4weeks. Exposure-adjusted infection rates after a
median dupilumab exposure of 52weeks are compared with data from the earlier randomized, placebo-controlled, 16-week
LIBERTY AD PRESCHOOL phase 3 trial.

Results: Infection rates were overall lower in the OLE study compared with the dupilumab and placebo groups in the
earlier 16-week trial, including total infections (101.0 patients/100 patient-years [PY]), nonherpetic skin infections (22.7
patients/100PY), herpetic infections (7.3 patients/100PY), and nonskin infections (92.9 patients/100PY). The frequency
of severe and serious infections was low (3.1 patients/100PY), compared with 17.1 placebo-treated patients/100PY and O
dupilumab-treated patients in the earlier 16-week trial, and no infections leading to treatment discontinuation were ob-
served. Systemic anti-infective medication use (58.9 patients/100PY) was lower in the OLE study compared with both the
dupilumab and placebo groups in the 16-week trial.

Conclusion: Overall, reduced infection rates are observed in infants and young children with moderate-to-severe AD treated
with dupilumab long-term, supporting the known safety profile of dupilumab.

This article includes a comparison with data from a separate, previously published study (Paller et al. 2022, Lancet 400: 908-919; and Paller et al. 2024, Pediatric Drugs 26: 163-173).

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original

work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2024 Regeneron Pharmaceuticals Inc. Sanofi and The Author(s). Pediatric Dermatology published by Wiley Periodicals LLC.
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1 | Introduction

Atopic dermatitis (AD) is a chronic skin condition caused by
dysregulation of type 2 immune response [1, 2|. Patients with
AD, particularly infants and young children, are at higher risk
of developing both cutaneous and noncutaneous infections, in-
cluding herpetic infections, molluscum contagiosum, and bacte-
rial infections primarily caused by Staphylococcus aureus [3-6].
Skin colonization by S. aureus may exacerbate AD inflamma-
tion and skin barrier defects, which further increase the risk of
infections [6].

Dupilumab is a fully human monoclonal antibody that blocks
signaling of interleukin (IL)-4 and IL-13 type 2 cytokines [7]. As
bacterial, viral, and fungal infections are not primarily targeted
by type 2 immune responses [8], dupilumab is unlikely to in-
terfere with the primary host defenses against these organisms.
The efficacy and safety of dupilumab in improving AD signs and
symptoms in children aged 6 months to 5years have been eval-
uated in a placebo-controlled 16-week clinical trial (LIBERTY
AD PRESCHOOL) [9] and in a long-term, open-label extension
(OLE) study (LIBERTY AD PED-OLE) [10]. A post hoc analysis
of the 16-week trial showed that dupilumab treatment did not
increase overall infection rates and was associated with a sig-
nificantly lower rate of bacterial infections and nonherpetic skin
infections compared with placebo [11].

The aim of this analysis was to evaluate the long-term impact
of dupilumab treatment on infections in children aged 6 months
to 5years with moderate-to-severe AD who had previously par-
ticipated in the earlier, short-term LIBERTY AD PRESCHOOL
study and subsequently enrolled in the LIBERTY AD PED-
OLE study.

2 | Materials and Methods
2.1 | Study Design

This was a post hoc analysis of data from an ongoing phase 3
OLE study (LIBERTY AD PED-OLE, NCT02612454) in patients
aged 6 months to 5years with moderate-to-severe AD, who had
previously participated in the LIBERTY AD PRESCHOOL
phase 2 and 3 clinical trials (NCT03346434 Part A and B, re-
spectively). The study design, efficacy, and safety results of
both clinical trials [9, 12] and the OLE study [10] have been
previously reported. In the OLE study, patients received weight-
based subcutaneous dupilumab every 4 weeks (200 mg if body
weight was 5 to <15kg; 300 mg if 15 to <30kg) or every 2 weeks
(200mg if body weight was 30 to <60kg). Concomitant topical
corticosteroids, antihistamines, and topical calcineurin inhibi-
tors were permitted without restriction. This analysis presents
results through week 52 of the OLE study, with a data cutoff
date of March 10, 2022. Mean (standard deviation) and median
(interquartile range) treatment exposure were 64.1 (42.7) and 52
(44-60) weeks, respectively.

Infection results from a post hoc analysis of LIBERTY AD
PRESCHOOL Part B are included for comparison. In this random-
ized, double-blind, placebo-controlled, phase 3 clinical trial, pe-
diatric patients aged 6 months to 5years with moderate-to-severe

AD received subcutaneous dupilumab (200mg if baseline
weight>5 to <15kg, 300mg if >15 to <30kg) or matched pla-
cebo, every 4weeks for 16 weeks. Details of this analysis have
been previously reported [11].

The study was conducted in accordance with the Declaration of
Helsinki, the International Conference on Harmonization Good
Clinical Practice Guideline, and applicable regulatory require-
ments. An independent data and safety monitoring committee
conducted blinded monitoring of patient safety data. The local
institutional review board or ethics committee at each study
center oversaw trial conduct and documentation. All patients,
or their parents/guardians, provided written informed consent
before participating in the trial. Pediatric patients provided
assent according to the ethics committee (institutional review
board/independent ethics committee)-approved standard prac-
tice for pediatric patients at each participating center.

2.2 | Endpoints

Endpoints were based on treatment-emergent adverse events re-
ported during the study and described according to the System
Organ Class (SOC), High-Level Group Term (HLGT), High-
Level Term (HLT), and Preferred Term (PT) of the Medical
Dictionary for Regulatory Activities (MedDRA). Endpoints in-
cluded total infections (SOC), infections leading to treatment
discontinuation, severe or serious infections (severe: events that
may interfere with the patient's normal daily activities; serious:
events that may threaten the patient's life or normal function-
ing), nonherpetic skin infections (manually adjudicated by the
study's clinical director), herpes viral infections (HLT, including
PTs: herpes virus, eczema herpeticum, herpes zoster), nonskin
infections (including all adverse events in the SOC “total infec-
tions” minus manually adjudicated nonherpetic skin infections
and HLT herpes viral infections), skin structure and soft-tissue
infections (HLT; this term only represents infections that fall
within an HLGT category of “pathogens unspecified”), bacterial
infections (HLGT), viral infections (HLGT), fungal infections
(HLGT), and helminthic infections (HLGT).

2.3 | Analysis

The analysis included all patients who received at least one dose
of dupilumab (safety set). The exposure-adjusted number of pa-
tients with >1 event per 100 patient-years (100PY) is presented
for each endpoint. Analyses were descriptive; no formal statis-
tical hypothesis was tested. All observed values were used for
analysis, and no missing values were imputed.

3 | Results

The OLE study included 180 patients (mean age 3.86years,
64.4% male), of whom 19 were younger than 2years of age.
Exposure-adjusted incidence rates of total infections (SOC in-
fections and infestations) were lower in the OLE study after me-
dian dupilumab exposure of 52weeks compared with both the
dupilumab- and placebo-treated groups in the earlier 16-week
trial (Table 1, Figure 1a). In the OLE study, 101.0 patients/100PY
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TABLE1 | Exposure-adjusted number of patients with treatment-emergent infections during the study treatment period.

PRESCHOOL part B week 16* OLE 52weeks"
Placebo+TCS Dupilumab 200/300mg Dupilumab 200/300 mg
(n=78) q4w + TCS (n=83) qdw/q2w (n=180)
n (%) nP/100PY n (%) nP/100PY n (%) nP/100PY

Total infections (SOC) 40 (51.3) 245.7 35 (42.2) 185.2 114 (63.3) 101.0

Infections leading to treatment 0 0 0 0 0 0

discontinuation (SOC)

Serious or severe infections 4(5.1) 17.1 0 0 7(3.9) 3.1
Serious infections 3(3.8) 12.7 0 0 6(3.3) 2.7
Severe infections 4(5.1) 17.1 0 0 2(1.1) 0.9

Nonherpetic skin infections (manually 19 (24.4) 92.7 10 (12.0) 42.7 41 (22.8) 22.7

adjudicated)

Herpes viral infections (HLT) 4(5.1) 17.1 5(6.0) 20.0 16 (8.9) 7.3
Herpes virus infections (PT) 0 0 2(2.4) 7.8 1(0.6) 0.4
Eczema herpeticum (PT) 1(1.3) 4.2 0 0 0 0
Herpes zoster (PT) 0 0 0 0 1(0.6) 0.4
Herpes simplex (PT) 1(1.3) 4.2 0 0 5(2.8) 2.2
Oral herpes (PT) 2(2.6) 8.4 1(1.2) 39 4(2.2) 1.8
Varicella (PT) 0 0 2(2.4) 7.9 4(2.2) 1.8

Nonskin infections® 36 (46.2) 207.4 31 (37.3) 1527 109 (60.6) 92.9

Skin structures and soft-tissue 9 (11.5) 40.2 6(7.2) 24.7 17 (9.4) 8.3

infections (HLT)

Bacterial infectious disorders (HLGT) 10 (12.8) 45.6 1(1.2) 3.9 20 (11.1) 9.6

Viral infectious disorders (HLGT) 12 (15.4) 55.2 15(18.1) 64.8 65 (36.1) 35.6

Fungal infectious disorders (HLGT) 1(1.3) 4.2 0 0 8(4.4) 3.7

Helminthic infectious disorders 0 0 0 0 1(0.6) 0.4

(HLGT)

Abbreviations: HLGT, MedDRA High-Level Group Term; HLT, MedDRA High-Level Term; MedDRA, Medical Dictionary for Regulatory Activities; nP/100PY,
number of patients per 100 patient-years; OLE, open-label extension; PT, MedDRA Preferred Term; q2w, every 2weeks; q4w, every 4weeks; SOC, MedDRA System

Organ Class; TCS, topical corticosteroids.

2paller et al. 2022, Lancet 400: 908-919; Paller et al. 2024, Pediatric Drugs 26: 163-173.

"Median treatment exposure.

“Includes all adverse events in the SOC “total infections” minus manually adjudicated nonherpetic skin infections and HLT herpes viral infections.

had >1 infections, compared with 185.2 dupilumab-treated pa-
tients/100PY and 245.7 placebo-treated patients/100PY in the
16-week trial (Table 1, Figure 1a). Severe and serious infections
were infrequent in the OLE study, with a lower incidence than
in the placebo group in the 16-week trial (3.1 patients/100PY
in the OLE study vs. 17.1 placebo-treated patients/100PY and 0
dupilumab-treated patients). No infections leading to treatment
discontinuation were observed in the OLE study (Table 1).

The incidence of nonherpetic adjudicated skin infections
was lower in the OLE study compared with the dupilumab
and placebo groups in the earlier 16-week trial, affecting 22.7
patients/100PY in the OLE study versus 42.7 and 92.7 pa-
tients/100PY in the dupilumab and placebo groups from the
16-week trial, respectively (Table 1, Figure 1a). Herpes viral

infections (HLT) were also less frequent in the OLE study
compared to both treatment groups in the 16-week trial, with
7.3 patients/100 PY having >1 herpetic infections in the OLE
study versus 20.0 and 17.1 patients/100 PY in the dupilumab
and placebo groups, respectively (Table 1, Figure 1a). No pa-
tients in the OLE study had eczema herpeticum; one patient
had herpes zoster (Table 1). Furthermore, cases of molluscum
contagiosum were less frequent in the OLE study compared
with both the dupilumab and placebo groups in the 16-week
trial, with 2.7 patients/100PY in the OLE study versus 15.9
dupilumab-treated and 8.4 placebo-treated patients/100PY
(Table 2, Figure 1b).

Nonskin infections were less frequent in the OLE study (92.9
patients/100PY) compared with both the dupilumab (152.7
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FIGURE 1 | Exposure-adjusted numbers of patients with >1 treatment-emergent infection events during the study treatment period. *Median
treatment exposure. "SOC infections and infestations. Adjudicated from the SOC infections and infestations. YHLT under the SOC infections
and infestations. Preferred Terms: Upper respiratory tract infection, pharyngitis streptococcal, viral upper respiratory tract infection, rhinitis,
nasopharyngitis, and sinusitis. HLT, MedDRA High-Level Term; nP/100PY, number of patients per 100 patient-years; OLE, open-label extension;
q2w, every 2weeks; q4w, every 4 weeks; SOC, MedDRA System Organ Class; TCS, topical corticosteroids.

patients/100PY) and placebo group (207.4 patients/100PY) in
the earlier 16-week trial (Table 1). Nasopharyngitis and upper
respiratory tract infection were the most common treatment-
emergent infections in the OLE study; however, their incidence
was lower compared with both the dupilumab and placebo
groups in the 16-week trial (Table 2). A total of 3.1 patients/100PY
in the OLE study had PT conjunctivitis, compared with 11.8 pa-
tients/100PY in the dupilumab group and 0 patients in the pla-
cebo group from the 16-week trial (Table 2, Figure 1b). A small
increase in the incidence of hand-foot-and-mouth disease (4.1
patients/100PY), streptococcal pharyngitis (3.2 patients/100PY),
rhinitis (2.7 patients/100PY), bacterial conjunctivitis (2.2

patients/100PY), sinusitis (1.8 patients/100PY), and hordeolum
(1.8 patients/100PY) was observed in the OLE study, compared
with an incidence of 0 in both the dupilumab and placebo groups
in the 16-week trial (Table 2).

The incidence of viral infections was lower in the OLE study
compared with the dupilumab and placebo groups in the earlier
16-week trial (Table 1). In the OLE study, 35.6 patients/100PY
had > 1 viral infections, compared with 64.8 dupilumab-treated
patients/100PY and 55.2 placebo-treated patients/100PY in
the 16-week trial (Table 1). Bacterial and fungal infections
were less frequent in the OLE study (9.6 patients/100PY and
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TABLE 2 | Exposure-adjusted numbers of patients with treatment-emergent infections during the study treatment period.
PRESCHOOL part B week 16* OLE) 52 weeks®
Placebo+TCS Dupilumab 200/300 mg Dupilumab 200/300 mg
(n=78) qd4w + TCS (n=83) qdw/q2w (n=180)
N (nP/100PY) N (nP/100PY) N (nP/100PY)

Patients with at least one 58 (514.3) 53(361.2) 143 (195.3)

TEAE

Infections and infestations 40 (245.7) 35(185.2) 114 (101.0)

Upper respiratory tract 14 (65.3) 11 (46.4) 65 (42.5)

infection cluster?
Upper respiratory tract 6(26.2) 5(20.1) 29 (15.0)
infection
Nasopharyngitis 7(30.9) 7 (28.6) 40 (21.7)
Pharyngitis streptococcal 0 0 7(3.2)
Viral upper respiratory tract 2(8.5) 0 73.2)
infection
Rhinitis 0 0 6(.7)
Sinusitis 0 0 4(1.8)

Other infections and infestations®
COVID-19¢ 1(4.2) 1(3.9) 26 (11.9)
Ear infection 2(8.5) 0 12 (5.6)
Impetigo 6(26.2) 3(12.0) 9(4.2)
Hand-foot-and-mouth disease 0 0 9 (4.1)
Skin infection 1(4.2) 1(3.9) 7(3.2)
Conjunctivitis 0 3(11.8) 7@3.1)
Molluscum contagiosum 2(8.4) 4(15.9) 6(.7)
Croup infectious 1(4.2) 1(3.9) 5(2.2)
Herpes simplex 1(4.2) 0 5(2.2)
Conjunctivitis bacterial 0 0 5(2.2)
Otitis media 0 1(3.9) 5(.2)
Bronchitis 0 1(3.9 4(1.8)
Hordeolum 0 0 4(1.8)
Oral herpes 2(8.4) 1(3.9) 4(1.8)
Varicella 0 2(7.9) 4(1.8)

Note: Date ranges for data collection: 2AD-1539 Part B: June 30, 2020-July 8, 2021. YAD-1434 OLE: January 15, 2018-March 10, 2022 (data cutoff). ‘Median treatment
exposure. YPreferred Terms: upper respiratory tract infection, pharyngitis streptococcal, viral upper respiratory tract infection, rhinitis, nasopharyngitis, and sinusitis.
*Treatment-emergent infections with > 2% incidence in OLE (from SOC infections and infestations). ‘OLE vs. PRESCHOOL data were collected during different
pandemic periods, impacting quarantine requirements, diagnosis, and testing capabilities, and therefore, these data should not be compared directly.

Abbreviations: nP/100PY, number of patients per 100 patient-years; OLE, open-label extension; q2w, every 2weeks; g4w, every 4 weeks; SOC, MedDRA System Organ

Class; TCS, topical corticosteroids; TEAE, treatment-emergent adverse event.
2Paller et al. 2022, Lancet 400: 908-919; Paller et al. 2024, Pediatric Drugs 26: 163-173.

3.7 patients/100PY, respectively) than in the placebo group
from the earlier 16-week trial (45.6 patients/100PY and 4.2 pa-
tients/100PY, respectively) but slightly higher than in the dupi-
lumab group (3.9 patients/100PY and 0, respectively) (Table 1).
All bacterial and fungal infections in the OLE study were mild
or moderate in severity. One patient in the OLE study had a

helminthic infection (enterobiasis, commonly known as pin-
worm) of moderate severity, which was resolved by the end of
the study (Table 1).

Systemic anti-infective medication use was lower in the OLE
study compared with both the dupilumab and placebo groups
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FIGURE 2 | Exposure-adjusted number of patients using anti-
infective medication during the study treatment period. *Median
treatment exposure. nP/100PY, number of patients per 100 patient-
years; OLE, open-label extension; q2w, every 2weeks; q4w, every
4weeks; TCS, topical corticosteroids.

in the earlier 16-week trial (Figure 2). In the OLE study, 58.9 pa-
tients/100PY were administered systemic anti-infective medi-
cation during the study, compared with 104.7 patients/100PY in
the dupilumab group and 203.0 patients/100PY in the placebo
group from the 16-week trial. The most frequently used sys-
temic anti-infective medications in the OLE study were amoxi-
cillin, clindamycin, and cefalexin (Supporting Information S1).

4 | Discussion

In this analysis of data from a long-term OLE study in children
aged 6 months to 5years with moderate-to-severe AD, infection
rates were compared with results from an earlier randomized,
placebo-controlled, phase 3 trial of 16 weeks. Infection rates
were generally lower in the OLE study after a median dupi-
lumab treatment exposure of 52weeks compared with both
the dupilumab and placebo groups in the 16-week trial, in-
cluding total infections, nonherpetic skin infections, herpetic
infections, and nonskin infections. Although rates of herpetic
infections were similar between the dupilumab and placebo
groups in the 16-week trial (20.0 and 17.1 patients/100PY, re-
spectively), only 7.3 patients/100PY had one or more herpetic
infection in the OLE study. Severe and serious infections were
infrequent, and the use of systemic anti-infective medication
was lower in the OLE study than in both the dupilumab and
placebo groups in the 16-week trial.

In the earlier 16-week trial, cases of conjunctivitis and mollus-
cum contagiosum were more frequent in the dupilumab group
compared with placebo; however, a substantial decrease in
both was observed in the OLE study. Although conjunctivitis
rates in the OLE study were still higher than in the placebo
group in the 16-week study, conjunctivitis events were mild or
moderate in severity. Furthermore, the reported cases of con-
junctivitis may not be representative of infectious conjunctivi-
tis rates, as the MedDRA PT conjunctivitis does not distinguish
between infectious and noninfectious conjunctivitis (ocular
surface disease) [13].

The consistently low skin infection rates in the OLE study re-
flect an acceptable long-term safety profile of dupilumab as
seen in the primary study [11]. Dupilumab may decrease the
incidence of skin infections in patients with AD by enhancing
and normalizing skin barrier function through the reduction of
dysregulated type 2 cytokines. The restored balance enables an
effective expression of IL-17 and neutrophil responses, which in
turn significantly reduce the risk of colonization of the skin by S.
aureus [6, 14]. S. aureus skin colonization, which is often abun-
dant in patients with AD, increases the risk of skin infections by
producing cytotoxins and superantigens that contribute to skin
barrier dysfunction and inflammation [6].

In addition, because dupilumab selectively targets type 2 im-
munity, it is not expected to interfere with host defense mech-
anisms against bacterial, viral, and fungal infections, which
are typically type 1- and type 3-mediated [8, 15]. This differs
from other immunomodulators such as Janus kinase inhibitors,
which have been reported to increase the risk of infections,
including herpetic infections [15, 16]. The low risk of serious
infections with dupilumab is comparable to immunosuppres-
sants such as cyclosporine and methotrexate in the treatment
of AD [17, 18]; however, treatment with dupilumab, in contrast
to cyclosporine, decreases S. aureus abundance and tends to re-
store a healthy skin microbiome independently of the clinical
response, suggesting potential effects of IL-4RA blockade on
the microbiome [19].

These results further support the long-term continuous use of
dupilumab in pediatric patients aged 6 months to Syears with
moderate-to-severe AD. Overall, infection rates were lower fol-
lowing longer dupilumab treatment exposure, supplementing
comparable results observed in short-term clinical trials in chil-
dren, adolescents, and adults [11, 13, 20]. The main strength of
this study is that it is the first long-term analysis of the impact
of dupilumab on infections in this young population. Regarding
limitations, the study was open-label and nonrandomized, the
concomitant use of topical corticosteroids and other AD thera-
pies was not standardized, and only a small sample of patients
was younger than 2years. In addition, data are descriptive and
do not account for potential confounding factors. Further stud-
ies in pediatric patients are ongoing to evaluate longer-term
safety and efficacy of dupilumab.
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