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ABSTRACT

Introduction: Atopic dermatitis (AD) is hetero-

geneous in distribution pattern and clinical

features. This analysis assessed the effect of

dupilumab on the extent and severity of AD

across various signs (erythema, edema/papula-

tion, excoriation, lichenification) in different

anatomical regions (head and neck, trunk,

upper extremities, lower extremities) in patients

aged 6 months to 5 years.

Methods: In LIBERTY AD PRESCHOOL, a dou-

ble-blind, placebo-controlled, phase III clinical

trial, children aged 6 months to 5 years with

moderate-to-severe AD were randomized 1:1 to

subcutaneous dupilumab or placebo with con-

comitant low-potency topical corticosteroids
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(TCS) every 4 weeks for 16 weeks. Changes in

AD signs across anatomical regions were asses-

sed using unweighted Eczema Area and Severity

Index (EASI) body region scores.

Results: Overall, 162 patients were randomized

to dupilumab (n = 83) or placebo (n = 79). A

significant improvement in least squares mean

EASI area score was seen by week 2 in all four

anatomical regions (P\0.0001 for dupilumab

vs. placebo) and sustained throughout treat-

ment. Least squares mean EASI sign scores in

erythema, excoriations, and infiltration/papu-

lation showed significant improvement by week

2 in all regions (P\ 0.001), while lichenifica-

tion showed significant improvement in all

regions by week 4 (P\ 0.001).

Conclusion: Dupilumab use with concomitant

low-potency TCS treatment resulted in rapid

and consistent improvement in AD signs in all

anatomical regions, in patients aged 6 months

to 5 years with moderate-to-severe AD.

Trial Registration: ClinicalTrials.gov Identifier:

NCT03346434 Part B.

Keywords: Anatomical regions; Atopic

dermatitis; Dupilumab; Eczema; Pediatric

dermatology

Infographic
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Key Summary Points

Why carry out this study?

Infants and young children with atopic

dermatitis (AD) often present lesions

located on sensitive skin areas, such as the

face, neck, and skin folds, which can

severely impair quality of life and affect

treatment options.

This post hoc analysis assessed the effect of

dupilumab on AD signs in different

anatomical regions in pediatric patients

aged 6 months to 5 years with moderate-

to-severe AD.

What was learned from the study?

Dupilumab significantly improved AD

signs in all anatomical regions by week 4

of treatment, with sustained

improvement throughout the 16-week

study.

These results suggest that treatment with

dupilumab can improve AD severity

equally well in different anatomical

regions, including sensitive skin areas, in

infants and young children with

moderate-to-severe AD.

DIGITAL FEATURES

This article is published with digital features,

including a video and graphical abstract to

facilitate understanding of the article. To view

digital features for this article go to https://doi.

org/10.6084/m9.figshare.23182073.

INTRODUCTION

Atopic dermatitis (AD) is heterogeneous in dis-

tribution pattern and often affects distinct

anatomical regions in different age groups [1].

In infants with AD, acute lesions are usually

located on the face, neck, and trunk; from the

age of 2 years onwards, eczema lesions become

more localized and chronic, particularly in skin

folds [1]. Thin and sensitive skin areas, such as

the face, neck, and skin flexures, are more vul-

nerable to irritants and allergens [2]; thus,

lesions in these areas can be exacerbated by

irritant contact dermatitis [3]. Furthermore, lip

licking, drooling, and the introduction of solid

food in young children may initiate facial AD

flares [4]. Facial AD may have a negative impact

on patient quality of life by impairing self-con-

fidence and social relationships as children

reach school age. Topical corticosteroids (TCS)

are the mainstay for treatment of AD, but can

have adverse effects that occur particularly in

sensitive areas [2, 5]. TCS use on the face can

lead to perioral dermatitis and/or infantile acne,

and prolonged use of TCS can cause skin atro-

phy, especially on the face, back of the hands,

and intertriginous areas [5, 6].

Dupilumab is a fully human monoclonal

antibody that inhibits signaling of the cytokines

interleukin (IL)-4 and IL-13 [7], which are key

drivers of type 2-mediated inflammation in

several diseases [8, 9]. Phase III trials in infants

[10], children [10, 11], and adolescents [12] with

moderate-to-severe or severe AD showed that

dupilumab use led to substantial improvement

in disease severity, with an acceptable safety

profile. In addition, phase III trials in adults and

adolescents with moderate-to-severe AD and in

children aged 6–11 years with severe AD showed

that dupilumab significantly improved disease

severity equally well in all anatomical regions,

as assessed by the Eczema Area and Severity

Index (EASI) [13, 14]. Improvements in adults

were seen as early as week 4, with responses

maintained up to week 52 [13]; in adolescents

and children, improvements were also seen

early, and maintained up to week 16 [14].

The aim of this analysis was to characterize

the effect of dupilumab on the extent and

severity of AD signs (erythema, edema/papula-

tion, excoriation, lichenification) in different

anatomical regions (head and neck, trunk,

upper extremities, lower extremities) in patients

aged 6 months to 5 years.
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METHODS

Study Design

We performed a post hoc analysis of data from a

randomized, double-blind, placebo-controlled,

phase III trial (NCT03346434 Part B) in patients

aged 6months to 5 years with moderate-to-severe

AD inadequately controlled by topical medica-

tions. Details of the trial design are reported in the

primary study [10]. The study was conducted in

accordance with the Declaration of Helsinki, the

International Conference on Harmonisation

Good Clinical Practice guideline, and applicable

regulatory requirements. An independent data

and safety monitoring committee conducted

blinded monitoring of patient safety data. The

local institutional review board or ethics com-

mittee at each study center oversaw trial conduct

and documentation. All patients, or their par-

ents/guardians, provided written informed con-

sent before participating in the trial. Pediatric

patients provided assent according to the Ethics

Committee (Institutional Review Board/Indepen-

dent Ethics Committee)-approved standard prac-

tice for pediatric patients at each participating

center.

Patients were randomized 1:1 to placebo or

subcutaneous dupilumab (200 mg if baseline

weight C 5 to\15 kg, 300 mg if C 15

to\30 kg) every 4 weeks (q4w) during a

16-week treatment period. All patients received

concomitant low-potency TCS (hydrocortisone

acetate 1% cream), starting 2 weeks before

baseline. Systemic immunomodulating treat-

ments, medium- or high-potency TCS, and

topical calcineurin inhibitors were prohibited,

but could be used as rescue treatment at the

discretion of the investigator after day 14.

Endpoints

Changes in AD signs across anatomical regions

were assessed using unweighted EASI body

region scores [15, 16]. Least squares (LS) mean

of absolute value in unweighted EASI from

baseline to week 16 and LS mean percentage

change in EASI from baseline to week 16 were

evaluated in the four anatomical regions (head

and neck, trunk, upper extremities, lower

extremities). In addition, LS mean of the abso-

lute value in EASI signs (erythema,

edema/papulation, excoriation, and lichenifi-

cation) from baseline to week 16 and LS mean

percentage change in EASI signs from baseline

to week 16 were evaluated in the four anatom-

ical regions. EASI sign scores were calculated as

a composite of the intensity (0–3) and extent of

involvement (0–6) of each sign. For each

anatomical region, the intensity of signs was

summated (0–12) and then multiplied by extent

of involvement (0–6).

Statistical Analysis

All randomized patients were included in efficacy

analyses. Endpoints were analyzed using an

analysis of covariance (ANCOVA) model, with

baseline measurements as covariate and treat-

ment, randomization strata (baseline disease

severity [Investigator’s Global Assessment

{IGA} = 3 vs. IGA = 4]), geographical region

(North America vs. Europe), and baseline weight

group (5 to\15 kg vs. 15–30 kg) as fixed factors.

Values after first rescue treatment use were set to

missing. Patients with missing values due to res-

cue treatment, withdrawn consent, adverse

effects, and lack of efficacy were imputed by

worst-observation-carried-forward (WOCF) or

baseline value if there was no post-baseline value.

Patients with missing values due to other reasons

(including COVID-19) were imputed by multiple

imputation (MI). All non-missing data before

imputation of WOCF were used for MI.

RESULTS

A total of 162 patients (mean age approx.

4 years; 61% male) were randomized to dupilu-

mab ? TCS (n = 83) or placebo ? TCS (n = 79).

At baseline, overall EASI score and regional

scores were comparable between the dupilumab

and placebo arms (Table 1).

In 16 weeks of treatment, dupilumab signif-

icantly improved regional EASI scores (Table 1;

Fig. 1) and EASI signs (erythema, edema/papu-

lation, excoriation, lichenification; Table 1;

Figs. 2, 3, 4, 5) across the four anatomical
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Table 1 Disease characteristics at baseline and week 16

EASI regional scores

and signs

EASI

range

Placebo 1 TCS arm (n = 79)a Dupilumab 200/300 mg q4w 1 TCS (n = 83)a

Head Trunk Upper limbs Lower limbs Head Trunk Upper limbs Lower limbs

BL W16 BL W16 BL W16 BL W16 BL W16 BL W16 BL W16 BL W16

EASI area score 0–6 3.4

(1.5)

3.2

(0.2)

3.7

(1.3)

3.1

(0.2)

4.0

(1.3)

3.5

(0.2)

4.1

(1.3)

3.6

(0.2)

3.7

(1.6)

2.0*

(0.2)

3.8

(1.5)

1.5*

(0.2)

4.2

(1.3)

2.0*

(0.2)

4.3

(1.3)

2.0*

(0.2)

Erythema EASI score 0–3 2.0

(0.8)

2.0

(0.1)

2.1

(0.7)

1.7

(0.1)

2.5

(0.5)

2.1

(0.1)

2.6

(0.5)

2.2

(0.1)

2.1

(0.8)

1.3*

(0.1)

2.1

(0.8)

1.0*

(0.1)

2.4

(0.6)

1.2*

(0.1)

2.5

(0.6)

1.3*

(0.1)

Infiltration/papulation

EASI score

0–3 1.6

(0.9)

1.6

(0.1)

1.8

(0.8)

1.6

(0.1)

2.3

(0.6)

1.9

(0.1)

2.4

(0.6)

2.0

(0.1)

1.7

(0.9)

0.9*

(0.1)

2.0

(0.8)

0.8*

(0.1)

2.3

(0.6)

1.0*

(0.1)

2.3

(0.7)

1.1*

(0.1)

Excoriation EASI score 0–3 1.5

(1.0)

1.6

(0.1)

1.7

(1.0)

1.6

(0.1)

2.4

(0.8)

2.0

(0.1)

2.4

(0.8)

2.0

(0.1)

1.7

(1.0)

0.7*

(0.1)

1.8

(0.9)

0.7*

(0.1)

2.5

(0.7)

0.9*

(0.1)

2.3

(0.8)

1.0*

(0.1)

Lichenification EASI

score

0–3 1.5

(1.0)

1.5

(0.1)

1.6

(0.8)

1.3

(0.1)

2.3

(0.7)

1.9

(0.1)

2.4

(0.7)

2.0

(0.1)

1.7

(1.0)

0.9*

(0.1)

1.6

(0.9)

0.8*

(0.1)

2.3

(0.6)

1.3*

(0.1)

2.4

(0.6)

1.2*

(0.1)

BL Baseline, EASI Eczema Area and Severity Index, LS least squares, q4w every 4 weeks, SE standard error, TCS topical corticosteroid(s), W week

*P\ 0.0001 vs. baseline (dupilumab q4w ? TCS vs. placebo ? TCS)
aValues presented as mean (SE) imputed baseline/LS mean (SE)
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Fig. 1 Analysis of value in EASI body region scores from
baseline to week 16. a LS mean of absolute value in
unweighted EASI body region score. The right side of the
body diagram represents patients treated with dupilumab,
the left side represents patients treated with placebo.
Dupilumab led to a significant improvement in EASI score

in all anatomical regions by week 2 (P\ 0.0001 in head,
trunk, upper extremities, and lower extremities). b LS
mean percentage change from baseline in EASI body
region score. EASI Eczema Area and Severity Index, LS
least squares, q4w every 4 weeks, SE standard error, TCS
topical corticosteroids
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Fig. 2 Analysis of value in erythema EASI body region
score from baseline to week 16. a LS mean of absolute
value in erythema EASI sign score. The right side of the
body diagram represents patients treated with dupilumab,
the left side represents patients treated with placebo.
Dupilumab led to a significant improvement in erythema
EASI score in all anatomical regions by week 2

(P\ 0.0001 in head and lower extremities; P = 0.0001
in upper extremities; P = 0.0014 in trunk). b LS mean
percentage change from baseline in erythema EASI sign
score. EASI Eczema Area and Severity Index, LS least
squares, q4w every 4 weeks, SE standard error, TCS topical
corticosteroids
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Fig. 3 Analysis of value in excoriations EASI body region
score from baseline to week 16. a LS mean of absolute
value in excoriations EASI sign score. The right side of the
body diagram represents patients treated with dupilumab,
the left side represents patients treated with placebo.
Dupilumab led to a significant improvement in excoria-
tions EASI score in all anatomical regions by week 2

(P\ 0.0001 in head, upper extremities, and lower
extremities; P = 0.0002 in trunk). b LS mean percentage
change from baseline in excoriations EASI sign score. EASI
Eczema Area and Severity Index, LS least squares, q4w
every 4 weeks, SE standard error, TCS topical
corticosteroids
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Fig. 4 Analysis of value in infiltration/papulation EASI
body region score from baseline to week 16. a LS mean of
absolute value in infiltration/papulation EASI sign score.
The right side of the body represents patients treated with
dupilumab, the left side represents patients treated with
placebo. Dupilumab led to a significant improvement in
infiltration/papulation EASI score in all anatomical

regions by week 2 (P\ 0.0001 in head, trunk, upper
extremities, and lower extremities). b LS mean percentage
change from baseline in infiltration/papulation EASI sign
score. EASI Eczema Area and Severity Index, LS least
squares, q4w every 4 weeks, SE standard error, TCS topical
corticosteroids
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Fig. 5 Analysis of value in lichenification EASI body
region score from baseline to week 16. a LS mean of
absolute value in lichenification EASI sign score. The right
side of the body represents patients treated with
dupilumab, the left side represents patients treated with
placebo. Dupilumab led to a significant improvement in
lichenification EASI score by week 2 in the head

(P = 0.0025) and lower extremities (P = 0.0081), and by
week 4 in the trunk (P = 0.0006) and upper extremities
(P = 0.0003). b LS mean percentage change from baseline
in lichenification EASI sign score. EASI Eczema Area and
Severity Index, LS least squares, q4w every 4 weeks, SE
standard error, TCS topical corticosteroids
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regions compared with placebo. A significant

improvement in regional EASI scores with

dupilumab versus placebo was seen as early as

week 2 in all four anatomical regions, with

improvements sustained through week 16

(Fig. 1a). LS mean percentage change from

baseline in unweighted EASI score was signifi-

cantly different between dupilumab- and pla-

cebo-treated patients by week 2 in the head,

upper extremities, and lower extremities, and

by week 8 in the trunk (Fig. 1b).

Significant improvements in excoriations,

infiltration/papulation, and erythema were

observed in all regions as early as week 2

(Figs. 2a, 3a, 4a), whereas a significant

improvement in lichenification was seen in the

head and lower extremities by week 2, and in

the trunk and upper extremities by week 4

(Fig. 5a). LS mean percentage change from

baseline in EASI sign score was significantly

different between the two treatment arms by

week 2 in all anatomical regions with erythema

(Fig. 2b) and infiltration/papulation (Fig. 4b).

With excoriations, a significant difference in LS

mean percentage change from baseline between

dupilumab and placebo was observed by week 2

in the head, and in the trunk, upper extremities,

and lower extremities by week 4 (Fig. 3b), while

a significant difference in LS mean percentage

change from baseline in EASI lichenification

score was observed by week 2 in the head and

lower extremities, and by week 4 in the trunk

and upper extremities (Fig. 5b).

DISCUSSION

In this analysis of data from a randomized,

placebo-controlled, phase III trial in children

aged 6 months to 5 years with moderate-to-

severe AD, dupilumab rapidly improved AD

severity and the intensity of all AD signs eval-

uated with EASI (erythema, edema/papulation,

excoriation, lichenification) equally well across

all four anatomical regions (head and neck,

trunk, upper extremities, lower extremities)

within 16 weeks of treatment. Baseline disease

burden in both the placebo and dupilumab

groups was slightly higher in the upper and

lower extremities compared with the head and

trunk. Although infantile AD tends to favor the

face, scalp, and trunk [1], this study population

included both infants and young children up to

5 years old, which may explain the similar dis-

tribution across regions. From age 2 years

onwards, AD lesions usually become more

localized, typically affecting flexural folds [1].

At baseline, upper and lower extremities

were equally affected across all four EASI signs,

while head and trunk were slightly more affec-

ted by erythema than the other signs.

Improvement across all four anatomical regions

suggests that all signs and regions are responsive

to dupilumab in this age group. It is noteworthy

that, although head and neck dermatitis may be

multifactorial and exacerbated by contact der-

matitis [2, 3], as well as lip licking, drooling, and

the introduction of solid food in infants [4], the

effect of dupilumab in this region was similar to

that in the other regions assessed. Lichenifica-

tion, a sign of chronic disease and often resis-

tant to therapy, improved significantly within

4 weeks in all regions in the treatment arm

compared to the placebo arm, illustrating the

benefit of type 2 inflammatory inhibition in

both acute and chronic AD lesions.

Observed improvement in all AD signs across

four anatomical regions is comparable to results

seen in adults and adolescents with moderate-

to-severe AD and in children aged 6–11 years

with severe AD [13, 14]. As with adults, adoles-

cents, and children older than 5 years,

improvements in AD signs in infants and young

children were seen by week 4 in all anatomical

regions, and sustained throughout the duration

of treatment. There have been concerns about

the efficacy of dupilumab in the treatment of

facial dermatitis [17]; this analysis showed a

significant improvement in head and neck der-

matitis with dupilumab, consistent with results

in older age groups. Dupilumab was generally

well tolerated, and overall safety was consistent

with the known dupilumab safety profile [10].

A potential limitation of this study is that its

analysis of EASI by anatomical region was not

prespecified. In addition, EASI does not allow

for further breakdown by anatomical regions:

upper and lower extremities cannot be subdi-

vided to assess hand or foot involvement and

improvement, and head and neck cannot be

Dermatol Ther (Heidelb) (2023) 13:1987–2000 1997



subdivided to assess facial involvement and

improvement. Other limitations are the short

treatment duration (16 weeks) and the rela-

tively small number of patients (n = 162).

CONCLUSION

In a randomized, placebo-controlled, phase III

trial of dupilumab in infants and children aged

6 months to 5 years with moderate-to-severe

AD, dupilumab treatment with concomitant

low-potency TCS significantly improved AD

severity in all anatomical regions. Dupilumab

treatment showed equal efficacy in EASI sign

scores across all anatomical regions. While

individual sign scores of excoriation, infiltra-

tion/papulation, and erythema showed

improvements as early as week 2, all signs were

significantly improved by week 4, with sus-

tained improvement through 16 weeks of

treatment. Dupilumab was generally well toler-

ated with an acceptable safety profile.
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