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Abstract

Background The management of paediatric atopic dermatitis (AD) is challenging, mostly relying on emollients and topical
corticosteroids. Dupilumab, a fully human monoclonal antibody, has been recently approved for the treatment of children
aged 6-11 years with moderate-to-severe AD not adequately controlled with topical therapies or when those therapies are
not advisable.

Objectives The aim of this study was to evaluate in real life the effectiveness and safety of dupilumab in the treatment of
children aged from 6 to 11 years.

Methods Demographic and clinical data of children aged 6-11 years, affected by moderate-to-severe AD and treated with
dupilumab, were retrospectively collected from 24 dermatological and paediatric referral centres. Dupilumab was adminis-
tered subcutaneously at an induction dose of 300 mg on day (D) 1, followed by 300 mg on D15 and 300 mg every 4 weeks.
Disease severity was assessed at baseline and after week 2 (W2), W4 and W16 of dupilumab therapy using Eczema Area
Severity Index (EASI), Pruritus Numerical Rating Scale (P-NRS) and Sleep NRS (S-NRS) and Children’s Dermatology
Life Quality Index (c-DLQI) score.

Results A total of 55 AD children (24 males [43.64%], 31 females [56.36%]; mean age 9.35 + 1.75 years) were included. A
significant improvement in EASI score, P-NRS, S-NRS and c-DLQI was observed from baseline to W16 of treatment with
dupilumab. In particular, at W16 the proportion of patients achieving EASI75 was 74.54%. Moreover, at the same timepoint
a significant mean percentage reduction for P-NRS, S-NRS and ¢-DLQI was also observed (68.39%, 70.22% and 79.03%,
respectively).

Conclusions Our real-life data seem to confirm the effectiveness of dupilumab in paediatric patients on all disease aspects,
including extent and severity of signs, intensity of symptoms, sleep and QoL, with a good safety profile.

1 Introduction in children aged 6-11 years showed a prevalence of up to

20%; severe AD accounted for up to 8% of cases [2]. AD
Atopic dermatitis (AD) is the most common inflammatory ~ negatively impacts the quality of life of both children and
skin disease in infants and children, appearing within 6  their families in health-related aspects such as physical, psy-
months in 45%, under the age of 1 year in 60% and within chosocial and mental functioning [3]. Treatment of children

the first 5 years in 89% of all the cases [1]. A recent analysis  affected by AD can be challenging, especially in moderate-
to-severe cases. Indeed, in paediatric patients, AD manage-

ment mostly relies on emollients and topical corticoster-
oids (TCs). TCs should be used with caution in children
0<I Maddalena Napolitano because their body surface area to weight ratio is higher
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The management of paediatric atopic dermatitis (AD)
is challenging, mostly relying on emollients and topi-
cal corticosteroids. Thus, new therapies are required for
severe cases.

Dupilumab has been recently approved for the treatment
of children aged 6-11 years with moderate-to-severe
AD. However, real-life data on the effectiveness and
safety of dupilumab in children are scant.

Our multicentre study shows the effectiveness and safety
of dupilumab in paediatric patients.

absorption [4]. For this reason, the potential for both cutane-
ous and systemic side effects, including possible hypotha-
lamic-pituitary-adrenal axis suppression, should be consid-
ered [5]. Alternatively, topical calcineurin inhibitors (TCIs),
tacrolimus and pimecrolimus, can be used, particularly in
sensitive skin sites, such as the face and skin folds [5]. How-
ever, access to these drugs is often restricted by payers, and
is reserved for children aged > 2 years [5]. Phototherapy is
rarely used in children; however, it is not contraindicated,
and its use depends on feasibility and equipment (narrow-
band UVB) [6]. When AD is inadequately controlled with
topical therapies or phototherapy, the treatment options in
children are limited to short-term systemic corticosteroids
(SCs) and off-label drugs (cyclosporine, methotrexate, or
azathioprine). However, the use of systemic drugs in AD
management is challenging, requiring continuous monitor-
ing due to the risk of potential systemic adverse events (AEs)
[6-10].

Dupilumab is a fully human monoclonal antibody that
inhibits the subunit a of the interleukin (IL)-4 receptor
shared by IL-4 and IL-13. These cytokines are pivotal in the
pathogenesis of atopic diseases [11]. Dupilumab is approved
for the treatment of moderate-to-severe AD, asthma and
chronic sinusitis with nasal polyps. Recently, based on the
results of the phase III trial LIBERTY AD PEDS [12], the
European Medicines Agency approved dupilumab for the
treatment of children aged 6-11 years with moderate-to-
severe AD not adequately controlled with topical therapies
or when those therapies are not advisable [13]. Dupilumab is
also approved by the US Food and Drug Administration for
children aged 6 months and older with moderate-to-severe
atopic dermatitis whose disease is not adequately controlled
with topical prescription therapies or when those therapies
are not advisable [14].
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The aim of this multicentre, retrospective, observational
study was to evaluate in real life the effectiveness and safety
of dupilumab in the treatment of children aged from 6 to
11 years.

2 Patients and Methods

Data for children aged 6-11 years and affected by moderate-
to-severe AD treated with dupilumab were retrospectively
collected from 24 dermatological and paediatric referral
centres homogeneously distributed in Northern, Central and
Southern Italy. AD diagnosis was performed by a dermatolo-
gist based on clinical presentation, personal history and Han-
ifin and Rajka criteria. Dupilumab was prescribed through a
Managed Access Programme (MAP) run by Sanofi-Regen-
eron® and after approval by the Ethics Committee from May
to September 2021. Inclusion criteria were age from 6 to 11
years; disease inadequately controlled with topical conven-
tional approved therapies; Eczema Area and Severity Index
(EASI) >24, or one of the following characteristics: (i)
involvement of sensitive areas (face, neck, hands, genitals);
(ii) Pruritus Numerical Rating Scale (P-NRS) >7; (iii) Chil-
dren’s Dermatology Life Quality Index (c-DLQI) score >10.
These criteria establish appropriateness of patient enrolment
in the dupilumab drug prescription programme according to
the Italian Medical Agency. Dupilumab was administered
subcutaneously at an induction dose of 300 mg on day (D)1,
followed by 300 mg on D15 and 300 mg every 4 weeks
(Q4W). Based on the physician's assessment of unsatisfac-
tory clinical response, the dose could have been increased
to 200 mg Q2W. Patients were allowed to continue using
topicals, moisturizers and systemic treatments for AD.

The following demographic and clinical data were
recorded: age, sex, medical history, clinical phenotype of
AD, comorbidities (atopic and non-atopic), concomitant
medications or procedures and adverse events (AEs). Dis-
ease severity was assessed at baseline and after week 2
(W2), W4 and W16 of dupilumab therapy using EASI (range
0-72), P-NRS and sleep (S)-NRS (range 0-10) evaluated as
peak score during the past 7 days and c-DLQI score (range
0-30). AEs were routinely investigated at each visit. Only
consecutive patients with an observational period of at least
16 weeks were included in the study.

Descriptive statistics were calculated for each demo-
graphic and clinical variable, using frequencies and percent-
ages for categorical variables and mean =+ standard deviation
(SD) for continuous ones. GraphPad Prism software (v.8.0;
GraphPad Software Inc. La Jolla, CA, USA) was used for all
statistical analyses. The Mann-Whitney test and Fisher test
were used as appropriate to calculate statistical differences.
A p-value of < 0.05 was considered significant.
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3 Results

A total of 55 children with AD (24 males [43.64%], 31
females [56.36%]; mean age 9.35 + 1.75 years) were treated
with dupilumab during the reference period. None of them
had discontinued the drug; therefore, they all were included
in the study. Patients’ demographic and clinical baseline
characteristics are reported in Table 1. The mean age at
symptom onset was 1.86 + 1.72 years. Of the 55 children,
23 (41.82%) developed AD within the first year of age, 26/55
(47.27%) between 26 years and 6/55 (10.91%) after 6 years
of age. Flexural dermatitis was the most frequent clinical
phenotype and was observed in 25/55 (45.45%) patients,
followed by generalized eczema (22/55; 40.00%), nummular
eczema (6/55; 10.91%), prurigo nodularis (1/55; 1.82%) and
erythroderma (1/55; 1.82%). Current atopic comorbidities
were recorded in 36/55 (65.45%) patients (rhinitis [25/55;
45.45%], asthma [20/55; 36.36%], conjunctivitis [11/55;
20.00%] and food allergy [7/55; 12.73%]). Other comorbidi-
ties included attention deficit hyperactivity disorder (5/55;
9.09%), coeliac disease (2/55; 3.63%), von Willebrand dis-
ease (1/55; 1.82%) and primary immunodeficiency associ-
ated with Hartnup disease (1/55; 1.82%). AD family history
was reported by 29/55 (52.73%) children. Before enrolment,
all the patients had received at least one topical treatment for
AD; 41/55 (74.55%) had been treated with TCs and 27/55
(49.09%) with TCIs. Regarding systemic therapies, 36/55
(65.45%) patients had received at least one systemic treat-
ment for AD; 24/55 (43.64%) children had received SCs
and 9/55 (16.36%) phototherapy (narrow-band UVB). AD
off-label treatment had been prescribed in 18/55 (32.73%)
subjects—cyclosporine A (CsA) in 14/55 (25.45%) and
methotrexate in 4 (7.27%).

In our cohort, 9/55 (16.36%) patients had an EASI score
<24 (19.65 + 4.65), but with a high impact on quality of
life, as assessed by c-DLQI, P-NRS and S-NRS mean scores
of 26.98 + 2.28,9.02 + 0.21 and 8.56 + 1.43, respectively.
Furthermore, all the enrolled patients had AD localization
on the face and 5/9 (55.56%) on the hands.

3.1 Effectiveness Parameters

A significant improvement in EASI score, P-NRS, S-NRS
and c-DLQI was observed from baseline to W16 of treat-
ment with dupilumab (Fig. 1). The mean EASI score at
baseline was 35.6 + 15.49 and reduced to 18.29 + 10.98
at W2 (p = 0.209; mean percentage reduction 48.62%),
10.55 + 10.39 at W4 (p < 0.001; mean percentage reduc-
tion 70.36%) and 7.98 + 8.78 at W16 (p < 0.001; mean per-
centage reduction 77.58%). Overall, at W16 all the patients
reached 50% reduction in EASI score (EASI-50), 74.54%
(41/55) reached EASI-75 and 9.09% (5/55) EASI-90. P-NRS

Table 1 Demographic and clinical baseline characteristics of AD
patients (6—11 years old) treated with dupilumab (n = 55)

Variable Value
Age (y), mean + SD 9.35 +1.75
Sex, male, n (%) 24 (43.64)
AD onset (y), mean + SD 1.86 + 1.72
Weight (kg), mean + SD 28.71 +12.43
Height (m), mean + SD 1.31 £ 0.16
Body mass index, mean + SD 22.07 +5.75
AD family history, n (%)
Atopic dermatitis 26 (47.27)
Conjunctivitis/rhinitis/asthma 19 (34.55)
AD phenotype, n (%)
Lichenified/exudative flexural dermatitis 25 (45.45)
Generalized eczema 22 (40.00)
Nummular dermatitis 6(10.91)
Prurigo nodularis 1(1.82)
Erythroderma 1(1.82)
Clinical scores, mean + SD
EASI score 35.6 + 15.49
DLQI score 21.51 +6.10
Peak score on NRS for pruritus 8.86 + 1.03
Atopic comorbidities, n (%)
Rhinitis 25 (45.45)
Asthma 20 (36.36)
Conjunctivitis 11 (20.00)
Food allergy 7(12.73)
Other comorbidities, n (%)
Attention deficit hyperactivity disorder 5(9.09)
Coeliac disease 2(3.63)
Von Willebrand disease 1(1.82)
Primary immunodeficiency associated to Hartnup 1(1.82)
disease
Previous systemic treatments for AD, n (%)
Systemic corticosteroids 24 (43.64)
Cyclosporine 14 (25.45)
Phototherapy 9 (16.36)
Methotrexate 4 (7.27)
Previous topical treatments for AD, n (%)
Emollients 55 (100)
Topical corticosteroids 41 (74.55)
Topical calcineurin inhibitors 27 (49.09)

AD atopic dermatitis, DLQI Dermatology Life Quality Index, EASI
Eczema Area and Severity Index, NRS numerical rating scale, SD

standard deviation

had a mean value of 8.86 + 1.03 at baseline, 5.02 + 2.11
at W2 (p < 0.0001; mean percentage reduction 43.45%),
3.21 + 2.11 at W4 (p < 0.0001; mean percentage reduc-
tion 63.75%) and 2.8 + 1.99 at W16 (p < 0.0001; mean
percentage reduction 68.39%). As reported in Fig. 1, a
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significant P-NRS reduction was also observed from W2
to W4 and W16 (<0.001). The mean S-NRS also showed a
significant reduction from baseline to timepoint (8.16 + 2.06
at baseline, 4.3 + 2.49 at W2 [p < 0.0001; mean percent-
age reduction of 47.3%], 2.34 + 2.52 at W4 [p < 0.0001;
mean percentage reduction of 71.32%] and 2.43 + 2.25 at
W16 (p < 0.0001; mean percentage reduction of 70.22%]).
Also, for S-NRS score we observed a statistically sig-
nificant reduction (p < 0.001) from W2 to W4 and W16,
respectively (Fig. 1). A marked improvement has also been
observed for c-DLQI, with a baseline value of 21.51 + 6.10
versus 8.13 + 5.53 at W2 (p < 0.0001; mean percentage
reduction of 62.2%), 5.17 + 4.92 at W4 (p < 0.0001; mean
percentage reduction of 76.03%) and 4.1 + 4.38 at W16
(p < 0.0001; mean percentage reduction of 79.03%). No
statistically significant differences were found for any of the
studied parameters between W4 and W16, although a small
improvement was observed for all the parameters apart from
S-NRS, which remained stable over time.

TCs and/or TCIs were used at baseline by 60.00% (33/55)
and 47.27% (26/55) of patients, respectively. After 16 weeks
of treatment, TCs dropped out by 72.73% (24/33; p = ns) of
patients, while TCIs were stopped by 73.08% (19/26; p = ns)

Fig1 Mean values of EASI,

of patients. SCs and CSA were used in 21/55 (38.18%)
patients at baseline and were stopped in all these patients
during the 16 weeks of treatment with dupilumab; no relapse
of the disease was recorded in any of these patients. No
patients required an increase of the dupilumab dose.

3.2 Safety Profile

Seven out of 55 (12.73%) patients experienced at least
one AE during the 16-week treatment. In our cohort, three
(5.45%) patients were diagnosed with conjunctivitis at
baseline, while two (3.64%) subjects were diagnosed with
dupilumab-associated conjunctivitis occurring during the
observation period. Of note, the diagnosis of conjunctivitis
at baseline and on-study was made by an ophthalmologist.
On average, conjunctivitis occurred after 6.43 + 4.98 weeks,
and was successfully treated with eye drops containing TCs.
None of the conjunctivitis at baseline significantly wors-
ened during dupilumab treatment in the three patients. Other
common AEs were injection-site reaction (3/55; 5.25%) and
headache (2/55; 3.64%). Asymptomatic SARS-CoV-2 infec-
tion occurred in 4/55 (7.27%) children, on average, after
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11.22 + 4.06 weeks of treatment; these patients continued
dupilumab treatment with regular course of infection.

4 Discussion

Recent profiling studies in infants, young children and ado-
lescents affected by AD showed that their skin T helper (Th)
cells are polarized in Th2 and Th17 axis, with the absence
of the Th1 upregulation seen in adults with AD [15, 16].
Furthermore, paediatric patients with early-onset moderate-
to-severe AD already show systemic signs of inflammation
within months of onset and before chronic disease develops
[15]. These data suggest the need for early intervention in
paediatric AD to prevent disease chronicity and perhaps the
development of atopic comorbidities and other associated
disorders [15]. In this context, it is extremely important to
evaluate the effectiveness and safety of immunomodulating
drugs in age-specific clinical trials and in real-life studies.

The effectiveness and safety of dupilumab in children
was first investigated by Igelman et al. in a multicentre, ret-
rospective review evaluating 124 children who were pre-
scribed off-label dupilumab (dosing range 4-15.5 mg/kg
for the loading dose and 2.0-15.3 mg/kg every other week
for maintenance) for moderate-to-severe AD. The authors
showed that comorbidities, treatment response and AEs were
comparable to those in previous adolescent and adult tri-
als supporting dupilumab response and safety in children
[17]. These promising results were confirmed by a 3-month
multicentre French study enrolling 80 children receiving
dupilumab for moderate-to-severe AD, which showed a sta-
tistically significant improvement in SCORAD and Investi-
gator Global Assessment (IGA) at 3 months compared with
baseline (SCORAD: 21.8 + 13.8 vs 53.9 + 18.5; p < 0.0001;
IGA: 1.3 +£ 0.8 vs 3.5 + 0.7; p < 0.0001). As regards the
safety, injection-site reactions were the main AE reported
(n =14, 17.5%), followed by conjunctivitis (n =9, 11.3%).
Moreover, AEs led to treatment discontinuation in three
(3.8%) patients. No serious AEs were collected [18].

To the best of our knowledge, this is the first multicen-
tre, Italian real-life study on dupilumab treatment in chil-
dren with AD aged from 6 to 11 years. The effectiveness
of dupilumab was excellent and showed higher results
than that observed in the double-blind, 16-week, phase
III trial LIBERTY AD PEDS (ClinicalTrials.gov identi-
fier: NCT0335914) [12]. In this clinical trial, a statistically
significant improvement was assessed in both the Q4W
and Q2W dupilumab + TCs groups compared with pla-
cebo + TCs [12]. In particular, 69.7%, 67.2% and 26.8%
of patients receiving dupilumab Q4W, dupilumab Q2W

or placebo reached EASI-75, respectively. In our cohort,
74.54% of patients achieved EASI-75 at W16. Of note, all
patients received dupilumab Q4W. These results are in line
with other real-life studies in adolescents and adults [19-22].

The overall effectiveness results in an improvement in AD
signs and symptoms such as itch, which is the central and
most burdensome symptom of AD directly interfering with
daily activities [23]. From baseline to W16 we observed a
mean percentage reduction of 68.39% in P-NRS, higher than
the 54.6% reduction reported in a pivotal study [12]. Fur-
thermore, in our cohort, relevant decreases in itch severity
have been associated with sleep improvement with a mean
percentage reduction of 70.22% in S-NRS at W16. Guide-
lines list sleep as a critical aspect of disease control, also in
relation to longitudinal studies investigating the impact of
childhood sleep disturbance and suggesting an increased risk
of anxiety, inattention and impulsivity [5, 24, 25]. Indeed,
compared with peers without AD, patients with AD have
a greater incidence of behavioural issues, disrupted family
dynamics and anxious parenting [26]. They often face teas-
ing and bullying from their peers due to negative misconcep-
tions or misinformation regarding their condition, and this
stigmatization can have detrimental effects on their educa-
tion, extracurricular activities and future workplace produc-
tivity [27]. Dupilumab therapy, by improving skin lesions,
pruritus and sleep disturbance, also induced a significant
improvement in the quality of life (QoL) of these children
as measured through c-DLQI score (mean percentage reduc-
tion of 79.03%).

Compared with the baseline, the improvement was
already significant at W4 for EASI, and even at 2 weeks for
P-NRS, S-NRS and ¢-DLQI. This data seems to confirm
a particular rapidity of action of the drug in children. On
the other hand, the further improvement observed from W4
to W16, albeit observed for all parameters evaluated apart
from S-NRS, was not significant. However, this trend at
least indicates that the improvement is persistent over time,
even if longer-term studies are needed. Finally, we observed
a favourable safety profile of dupilumab in children aged
6-11 years in line with previous studies in children, adoles-
cents and adults with moderate-to-severe AD [12, 19-22,
28-32]. Injection-site reactions and conjunctivitis were the
most common AEs. No dupilumab-related events of seri-
ous infection or systemic hypersensitivity reaction were
reported.

This real-life study has some limitations; the small sam-
ple size precluded a correlation of sex, age, disease onset and
clinical phenotype with the response to dupilumab and an
observation period of 16 weeks may be too short to evaluate
the drug's effectiveness and AE occurrence.
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5 Conclusions

To our knowledge, this is the first multicentre study evaluat-
ing targeted biologic therapy with dupilumab in real life on
a large cohort of children aged 611 years with moderate-
to-severe AD. Our data seem to confirm the effectiveness
of dupilumab in all disease aspects, including extent and
severity of signs, intensity of symptoms, sleep and QoL.
The safety profile in this age group is in line with previous
studies in adults and adolescents.
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