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with severe AD have a multidimensional disease burden characterized by skin lesions, itching, frequent
infections, sleep deprivation, and a high rate of comorbidities. These impact the mental health and overall quality of life of not only the
children but also of their parents and caregivers. There are few effective available treatment options for young children with severe AD
that are suitable for long-term use. Due to their adverse effects, practice guidelines consider systemic agents inappropriate for this age
group, although they are still used off-label in extreme cases. The biologic dupilumab has recently been approved for children aged 6—
11 years with severe (EU) and moderate-to-severe (USA) AD, offering hope to this population of patients with a high unmet clinical
need. The purpose of this review is to describe the unmet needs of AD patients aged 6—11 years prior to dupilumab approval and to
summarize existing clinical data supporting dupilumab’s safety and efficacy in these children.
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Introduction

Atopic dermatitis (AD) is a common inflammatory skin disease of childhood affecting as many as 20% of children worldwide,
with a prevalence of 13% in children aged 6-11 years." The proportion of children aged 6-11 years with mild AD that can be
controlled adequately with topical therapies ranges from 33.2% to 76.4%, while a small subset (0.9—12.3%) have severe disease.'

Children with severe AD have multidimensional disease burden characterized by skin lesions, itching, frequent
infections, sleep deprivation, and a high rate of comorbidities, all of which impact the mental health and the overall
quality of life of the children and also their parents and caregivers.”

Once young children with severe AD have become refractory to conventional topical medications, there are few
effective available treatment options suitable for long-term use available to them . Due to the adverse effects of systemic
agents, practice guidelines generally consider them inappropriate for this age group; however, they are still used off-label
in severe cases.”’ Prior to dupilumab’s approval, the only approved treatments for children with uncontrolled moderate-
to-severe AD in the USA and EU were topical agents and systemic corticosteroids. Cyclosporine is approved in several
countries for patients aged >16 years but used off-label in younger children.>®'°

The biologic dupilumab was approved for children aged 6-11 years with severe (EU) and moderate-to-severe
(USA) AD in 2020, ameliorating the high unmet clinical need in this population of patients.'""'* The purpose of this
narrative review is to describe the unmet needs of patients with AD aged 6—11 years prior to dupilumab’s approval and to

summarize existing clinical data supporting the safety and efficacy of dupilumab in these children.
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Pathophysiology of AD

For decades, dermatologists considered skin barrier dysfunction to be an earlier factor in AD pathophysiology than
inflammatory response. Recent data have shown that the skin barrier dysfunction that enables penetration of antigens is
caused mainly by the type 2 inflammatory cytokines interleukin (IL)-4 and IL-13. These cytokines — produced by
keratinocytes, lymphocytes (eg, T helper type 2 cells), mast cells, basophils, and eosinophils — disrupt the skin barrier
through interference in several different components: downregulating filaggrin expression; reducing tight junction barrier
function; reducing synthesis of long-chain ceramides; reducing production of antimicrobial peptides and natural
moisturizing factors; and inducing microbiome dysbiosis.'> Additional clinical evidence has confirmed this finding by

showing reversibility of skin barrier dysfunction with dupilumab treatment.'*”

AD in Children Aged 6-11 Years

Prevalence, Clinical Presentation, and Multidimensional Disease Burden

The Epidemiology of Children with Atopic Dermatitis Reporting on their Experience (EPI-CARE) study is a cross-
sectional worldwide survey set up to establish the prevalence and severity of AD across the pediatric age range, with the
aim of informing country-specific healthcare allocation and evaluating the real-world burden of AD." Among more than
22,000 6-11-year-olds surveyed from 18 countries in North America, Latin America, Europe, the Middle East, and
Eurasia/East Asia, the 1-year diagnosed AD prevalence was 13%, ranging from 2.4% in Israel to 19.5% in Italy." Across
all countries, disease severity as assessed by the Patient-Oriented Eczema Measure (POEM)'® was moderate in 22.4—
57.3% and severe in 1.5-12.3% of included patients.’

Identifying patients with more severe disease is important. A systematic review of 110,651 patients with AD aged
between 0.04 and 17.5 years showed that children with persistent disease, later-onset disease, and/or more severe disease
were more likely to have AD that persists into adulthood.' Analysis of data from two British cohorts followed from birth
through midlife identified subtypes of AD based on patterns of disease, in which similar proportions of participants had
a decreasing, increasing, or persistently high probability of AD symptoms with age.?® Individuals in the persistently high
subtype were most likely to experience asthma and rhinitis, and those in the increasing subtype were at higher risk of
poor self-reported general (OR, 1.29; 95% CI, 1.09—1.53) and mental (OR 1.45; 95% CI, 1.23—1.72) health in midlife.

Clinical signs of AD change with age. Infants and children under 2 years of age tend to have pruritic, erythematous,
weeping lesions on the cheeks, scalp, and extensor surfaces of extremities (Figure 1A). In children (aged 2—12 years),
these lesions can progress into thickened dry plaques, papules, and excoriations located on the wrists and flexural
surfaces of extremities (Figure 1B).>' The cardinal symptom of childhood AD is a debilitating pruritus (itch), but sleep
loss and impaired mental health are also very common and debilitating.

Children with AD have a multidimensional disease burden, which increases with higher disease severity.**** The
physical burden of AD made patients experience chronic sleep disturbance, which can lead to high rates of emotional
distress, social isolation, depression, anxiety, attention deficit hyperactivity disorder-associated behaviors, and other
behavioral problems such as irritability, crying, learning disability, school productivity losses, and limitations to everyday

Figure | Clinical signs of atopic dermatitis in infants (A) and children (B). Photos courtesy of Dr Tanigushi Abagge. Caregivers and investigators authorized the publication
of these photos.
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activities.”> >’ In a population-based birth cohort study, AD was associated with emotional and conduct problems, as well
as symptoms of hyperactivity and inattention in children. Risk of internalizing symptoms was increased even for children
with mild AD beginning early in childhood, highlighting the importance of behavioral and mental health awareness in
this population.”® In a global, observational survey, the PEDIatric Study in Atopic Dermatitis (PEDISTAD;
NCT03687359) of children aged <12 years in approximately 20 countries,*” baseline disease activity analysis revealed
that children in the cohort aged 6-11 years (n = 431) had moderate-to-severe symptoms and that their disease had
a moderate-to-very large impact on quality of life, based on mean baseline POEM and Children’s Dermatology Life
Quality Index (CDLQI) scores, respectively (mean [standard deviation, SD] POEM, 15.3 [7.2]; mean [SD] CDLQI
10.8 [6.7]).2

Parents and caregivers of children with AD also frequently report sleep disturbance, exhaustion, worry, and social

isolation related to their child’s disease,31

and the psychological impact on their children, along with emotional and
behavioral difficulties, may impact their ability to implement treatment plans effectively.”**? In the PEDISTAD study,
caregivers of children with AD reported low-to-moderate family impact (Dermatitis Family Impact [DFI] questionnaire)
and moderate-to-severe disease severity (Caregiver’s Global Assessment of Disease), demonstrating a multidimensional
impact of AD on children and their caregivers.>® EPI-CARE surveyed 7465 pairs of pediatric participants and their
parents/caregivers, and it found that DFI score increased with disease severity and that, across geographic areas and age
groups, even mild AD affected family life.> AD also poses a serious public health and financial burden due to its high
prevalence, significant morbidity, and increased healthcare utilization to treat medical and mental comorbidities and

associated costs. 22333

Specific Challenges in Treatment Management
Type 2 Inflammatory Comorbidities in Patients with AD

Other diseases resulting from aberrant type 2 inflammation often occur as comorbidities in adult and adolescents with AD
and include allergic rhinitis (AR), asthma, chronic rhinosinusitis with or without nasal polyps, food allergies, inhaled
allergies, and eosinophilic esophagitis. These comorbidities increase the disease burden and healthcare costs and have an
additional detrimental effect on quality of life, adding to the complexity of treatment management.?2%>%

As is the case with adults and adolescents, atopic comorbidities are common among pediatric patients with AD;
prevalence increases with disease severity and adds to the complexity of treatment management.”>** Currently available
systemic therapies for AD, such as oral corticosteroids and cyclosporin A, have not been shown to have a positive
treatment impact on these comorbidities. In fact, there are data showing that immunoglobulin E production stimulated by

allergen exposure is not inhibited by cyclosporin A-mediated T-cell suppression®”

and that cyclosporin may
exacerbate AD in some patients.*’

Data from the EPI-CARE study have shown that children with AD have a high burden of self-reported atopic
comorbidities, most notably asthma and AR. This burden is high even among those with clear/mild AD and is worse with
increasing AD severity. Of 7465 children surveyed, 92% of those in the cohort aged 611 years reported at least one
atopic comorbidity.” In the cohort aged 6-11 years of the PEDISTAD study, 68% of patients had at least one comorbidity
at baseline; the most common were AR (46%) and asthma (36%), and these appeared to increase with age vs younger

cohorts.?

Therapeutic Options and the Unmet Need of Patients Aged 6—11 Years with AD
There are few effective treatment options suitable for long-term use available to children aged 6-11 years with
severe AD; as a result, a significant unmet need exists for these patients.

Most therapeutic guidelines recommend a stepped approach, in which treatment is tailored to disease severity and is
stepped up or down accordingly.”®*"**! Emollients and moisturizers form the basis of treatment and should always be
used, even when lesions are not active.

As a chronic disease, AD requires long-term treatment and disease management. Topical therapies often fail to
adequately control AD.**** In addition to therapeutic inadequacies, topical treatments are limited by low adherence and
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potential local and systemic side effects, especially for patients in whom AD occurs in sensitive areas or covers a large
body surface area. Oral corticosteroids are unsuitable for chronic or relapsing AD due to their poor benefit-risk profile
and likelihood of disease recurrence.’ Systemic non-steroidal immunosuppressants (NSISS), including cyclosporin A,
methotrexate, mycophenolate mofetil, and azathioprine, are frequently prescribed to treat severe AD that is refractory to
topical therapy.>** Despite the extensive use of these in the moderate-to-severe AD population, there is a lack of robust
evidence from large, well-designed, randomized clinical trials to support their use, especially in children. Multiple small
trials have supported the use of cyclosporin A to treat moderate-to-severe AD refractory to topical therapy, but the
toxicity profile requires frequent laboratory monitoring, and long-term treatment is not recommended. Apart from
cyclosporin A, which is approved in some countries for severe AD, in patients 16 years and older the remaining
NSISS are prescribed off-label. Of note, cyclosporin A use for treatment of severe AD was approved in the 1980s, when
robust randomized controlled studies were not required for registration, and medications could be approved by national
procedures based on small studies, potentially with methodological flaws.

Biologic Therapy

Several biologic drugs targeting key pathogenic mechanisms of the atopic immune response are under clinical investiga-
tion, including those targeting cytokines, Janus kinases, and phosphodiesterases;*'**> however, only dupilumab is
approved for the treatment of children aged 6-11 years.'"'

Dupilumab is a fully human monoclonal antibody that blocks the shared receptor component for IL-4 and IL-13,
inhibiting signaling of both IL-4 and IL-13, key and central drivers of type 2-mediated inflammation in multiple
diseases.*® The efficacy and safety of dupilumab have also been established in adult and adolescent patients with
moderate-to-severe AD.*’? In addition, a Phase III study in children aged 6 months to less than 6 years showed that

dupilumab provided clinically meaningful benefits in this age group and is well tolerated.’”

Clinical Experience with Dupilumab in Patients Aged é6-11 Years with AD
The pediatric clinical development program for dupilumab in AD includes several clinical trials (Figure 2). Efficacy and
safety have been investigated in pediatric patients aged as young as 6 months and up to 18 years. In addition to the Phase
IT and Phase III trials, there are several ongoing Phase IV and observational studies in pediatric populations. Dupilumab
dosing in the various clinical trials is shown in Figure 2. This review focuses on the clinical data in children aged 6—11
years with severe AD inadequately controlled by topical medication, enrolled in clinical trials R668-AD-1412
(NCT02407756), LIBERTY AD PEDS (AD-1652; NCT03345914), and LIBERTY AD PED-OLE (R668-AD-1434;
NCT02612454).

R668-AD-1412 (NCT02407756)
Dupilumab in Patients Aged >6 to <18 Years

Treatment:
* Single dose dupilumab 2 mg/kg or 4 mg/kg followed by
an 8-week pharmacokinetic sampling period
* Thereafter, patients received the same dose weekly for
4 weeks, followed by an 8-week safety follow-up period

R668-AD-1539 (NCT03346434)
Dupilumab in Patients 26 Months to <6 Years
(LIBERTY AD PRESCHOOL)

Treatment:
* Part A (open label): A single dose dupilumab, two
sequential dosing groups — 3 mg/kg, then 6 mg/kg
* Part B (double-blind): dupilumab (200/300 mg for baseline
body weight >5 to <15 kg/>15 to <30 kg), and matched placebo

R668-AD-1434 (NCT02612454) R668-AD-1526 (NCT03054428) R668-AD-1652 (NCT03345914)
Long-term Safety of Dupilumab in Patients 26 Months to Dupilumab in Participants 212 to <18 Years of Age, with Dupilumab with TCS in Participants 26 to <12 Years with
<18 Years (LIBERTY AD PED-OLE) Moderate-to-severe AD (LIBERTY AD ADOL) Severe AD (LIBERTY AD PEDS)
Treatment: Treatment: Treatment:
Patients aged 26 to <12 years and 212 to <18 years * Dupilumab g2w: 200 mg for baseline weight of * Dupilumab 300 mg g4w with concomitant TCS
received 2 mg/kg or 4 mg/kg dupilumab SC weekly (up to <60 kg; 300 mg for baseline weight of =60 kg * Dupilumab g2w: 100 mg for baseline weight <30 kg; 200 mg
a maximum of 300 mg) * Placebo for baseline weight >30 kg with concomitant TCS

* Placebo with concomitant TCS

Figure 2 Dupilumab pediatric development program: clinical trials.
Abbreviations: AD, atopic dermatitis; SC, subcutaneously; TCS, topical corticosteroids; q2w, every 2 weeks; q4w, every 4 weeks.
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Open-Label and Extension Studies
R668-AD-1412 (NCT02407756) was a global, multicenter, open-label, ascending-dose, sequential cohort Phase Ila
study; it was followed by LIBERTY AD PED-OLE (R668-AD-1434; NCT02612454), an ongoing, open-label extension
(OLE) Phase III study. Of 38 children enrolled, 37 completed AD-1412 and 33 continued to the PED-OLE; full study
design details and data have been reported previously.**

Briefly, children aged 6-11 years with severe AD inadequately controlled by topical medications were enrolled.
Patients received single-dose dupilumab 2 or 4 mg/kg (Part A) followed by an 8-week pharmacokinetic sampling period.
Thereafter, patients received the same dose weekly for 4 weeks (Part B), followed by an 8-week safety follow-up period.
To assess long-term safety and efficacy of dupilumab, the patients could then enroll in the PED-OLE, continuing the
same dose regimen for up to Week 52 of the PED-OLE study.

Signs of AD were assessed using the Investigator’s Global Assessment (IGA), Eczema Area and Severity Index
(EASI), SCORing Atopic Dermatitis (SCORAD), and body surface area (BSA) affected by AD. Improvements in all
measures were observed after a single dose of dupilumab at Week 2 and increased in Part B of the study, and then were
maintained throughout the PED-OLE to Week 52 (Table 1), at which time over 90% of patients achieved 50%
improvement from baseline in EASI score (EASI-50), over 80% achieved EASI-75, and over 50% achieved an IGA
score of 0 or 1 and/or EASI-90. Improvement in SCORAD was defined as a reduction by more than 70%, and
improvement in BSA as a reduction by more than 50%.

AD symptoms in AD-1412 and the PED-OLE were assessed using the Peak Pruritus Numerical Rating Scale (NRS)
(Table 1). Proportions of patients with a >3-point and a >4-point reduction in Peak Pruritus NRS increased from Part A to
Part B in AD-1412, and then in the PED-OLE, in which over 75% of patients achieved a >3-point reduction, and over
65% achieved a >4-point reduction, in the pruritus measure.

Additionally, symptoms in the PED-OLE were assessed by POEM, and health-related quality of life were assessed by
the CDLQI. Mean improvements (SD) by 11.6 points (6.6) were reported in POEM [range 0-28] and by 8.8 points (6.4)
in CDLQI [range 0-30] at Week 52.

Dupilumab treatment for up to 52 weeks was generally well tolerated in this population, with an acceptable safety
profile consistent with the known safety profile in adolescents and adults with moderate-to-severe AD.*’ %2 Two
patients (5.4%) reported serious treatment-emergent adverse events (TEAEs) in AD-1412 and 5 (15.2%) in the PED-
OLE; none were deemed to be related to the study drug (Table 2). The majority of TEAEs were mild or moderate and
transient and none led to treatment discontinuation®* (Table 2). The most frequent TEAEs in both AD-1412 and the PED-
OLE were nasopharyngitis and exacerbation of atopic dermatitis (Table 2).

LIBERTY AD PEDS

LIBERTY AD PEDS (AD-1652; NCT03345914) was a randomized, double-blind, parallel-group Phase III trial. Eligible
patients were children aged 6-11 years with severe AD inadequately controlled by topical medications. Patients (N =
367) were randomized 1:1:1 to placebo, dupilumab 300 mg every 4 weeks (q4w) (loading dose 600 mg), or weight-based
dupilumab every 2 weeks (q2w) (100 mg with loading dose 200 mg if weight <30 kg, or 200 mg with loading dose
400 mg if weight >30 kg) for 16 weeks. All patients received medium-potency topical corticosteroids (TCS) starting 2
weeks before baseline, with a possibility to escalate to high-potency TCS as rescue therapy; very-high-potency TCS were
prohibited. Results and design details have previously been reported in full.>

The primary endpoint was the proportion of patients with an IGA score of 0 or 1 (“clear” or “almost clear”) at Week
16. A co-primary outcome in EU and EU-reference countries was the proportion of patients with EASI-75 at Week 16.
Key secondary endpoints included the percent change in EASI from baseline at Week 16 and changes in the weekly Peak
Pruritus NRS score.

The trial met all the primary and key secondary endpoints. Improvements in all measures were consistent with those
observed in the PED-OLE, and they were significant compared with placebo for both dupilumab dose regimens (Table 1).
At Week 16, ~30% of patients who received dupilumab achieved an IGA score of 0 or 1 vs 11.4% in the placebo group
(P <0.0001 for g4w vs placebo and P < 0.001 for g2w vs placebo). The proportions of patients achieving EASI-75 were
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Table | Efficacy of Dupilumab in Clinical Trials in Children Aged 6 to || Years with Severe Atopic Dermatitis

R668-AD-1412 R668-AD-1434 R668-AD-1652
NCT02407756 (Phase lla)® LIBERTY AD PED-OLE LIBERTY AD PEDS
NCT02612454 NCTO03345914 (Phase IlI)°
(Phase 111)°
Week 2 Week 12 Week 52 Week 16
Dupilumab Dupilumab Dupilumab | Dupilumab Dupilumab 2 mg/kg or Placebo + TCS Dupilumab Dupilumab
2 mglkg + TCS | 4 mg/kg + TCS 2 mglkg 4 mglkg 4 mglkg qw + TCS 300 mg 100/200 mg
qw + TCS qw + TCS q4w + TCS q2w + TCS
n=18 n=19 n=18 n=19 n=33 n=123 n =122 n=122
IGAOor I, n (%) 1 (5.6) 0 3 (l6.7) 4 (21.1) 17 (51.5) 14 (11.4) 40 (32.8)* 36 (29.5)"
EASI mean percent change —36.6 (34.1) —32.6 (284) —76.2 (25.5) | —63.4 (25.4) —88.2 (15.8) —48.6 (2.5) —82.1 (2.4)* —78.4 (2.4)*
(SD/SE)*
EASI-50, n (%) 7 (38.9) 5(26.3) 14 (77.8) Il (57.9) 31 (93.9) 53 (43.1) Il (91.0% 101 (82.8)*
EASI-75, n (%) 3 (l67) 2 (10.5) 10 (55.6) 9 (47.4) 28 (84.8) 33 (26.8) 85 (69.7)* 82 (67.2)*
EASI-90, n (%) 1 (5.6) 0 6 (33.3) 5(26.3) 19 (57.6) 9 (7.3) 51 (41.8)* 37 (30.3)*
SCORAD mean percent —24.7 (21.3) —27.7 (18.7) =575 (23.1) | —46.9 (24.3) —73.2 (18.5) -29.8 (2.3) —62.4 (2.1)* —60.2 (2.1)*
change (SD/SE)?
BSA mean change (SD/SE)® —12.4 (14.6) —12.6 (12.1) —37.0 (22.1) | —28.8 (26.0) —54.9 (284) -21.7 (1.7) —40.5 (1.6)* —39.4 (1.6)*
Peak Pruritus NRS 4 (22.2) 7 (36.8) 7 (389) 10 (52.6) 25 (75.8) 26/123 (21.1) 73/121 (60.3)* 81/120 (67.5)*
improvement of 23 points,
n (%)
Peak Pruritus NRS 2(1.1) 5(26.3) 5(27.8) 9 (47.4) 22 (66.7) 15/122 (12.3) 61/120 (50.8)* 70/120 (58.3)*
improvement of 24 points,
n (%)
POEM mean change (SD/SE)® N/A N/A N/A N/A -11.6 (6.6) -5.3 (0.7) -13.6 (0.7)* —13.4 (0.7)*
CDLQI mean change (SD/SE)® N/A N/A N/A N/A -8.8 (6.4)' —6.4 (0.5) —10.6 (0.5)* —-10.7 (0.5)*

[€ 32 340D
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Notes: *Dupilumab 2 or 4 mg/kg single dose, followed by 8 weeks of observation, then dupilumab 2 or 4 mg/kg qw for 4 weeks; mild-to-moderate potency TCS allowed as needed. "Dupilumab 2 or 4 mg/kg qw for 52 weeks; mild-to-
moderate potency TCS allowed as needed. “Dupilumab 300 mg q4w + TCS, or dupilumab 100 mg (baseline weight <30 kg) or 200 mg (baseline weight 230 kg) q2w + TCS, or placebo +TCS, for 16 weeks (TCS of moderate potency). ‘In
study AD-1412 and the PED-OLE, mean percent change from baseline (SD); in PEDS, least-squares mean percent change from baseline (SE). °In study AD-1412 and the PED-OLE, mean change from baseline (SD); in PEDS, least-squares
mean change from baseline (SE). Week 48. *P < 0.0001; P < 0.001.

Abbreviations: AD, atopic dermatitis; BSA, Body Surface Area; CDLQI, Children’s Dermatology Life Quality Index; EASI, Eczema Area and Severity Index; EASI-50/75/90, 250%/75%/90% improvement from baseline in EASI; IGA,
Investigator’s Global Assessment; n(%), number (percentage) of patients; N/A, not available; NRS, Numerical Rating Scale; OLE, open-label extension; POEM, Patient-Oriented Eczema Measure; SCORAD, SCORing Atopic Dermatitis;
SD, standard deviation; SE, standard error; TCS, topical corticosteroids; q2w, every 2 weeks; q4w, every 4 weeks; qw, weekly;.
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Table 2 Safety of Dupilumab in Clinical Trials in Children Aged 6—11 Years with Severe Atopic Dermatitis

R668-AD-1412
NCT02407756
(Phase lla)

R668-AD-1434
LIBERTY AD PED-
OLE NCT02612454

(Phase IlI)

R668-AD-1652
LIBERTY AD PEDS
NCTO03345914
(Phase IlI)

Dupilumab 2 mg/kg + TCS | Dupilumab 4 mg/kg + TCS | Dupilumab 2 mg/kg or | Placebo + Dupilumab 300 mg Dupilumab 100/200 mg
4mglkg qw + TCS TCS qd4w + TCS q2w + TCS
Part A® Part B® Part A® Part B® Week 52 Week 16
n=18 n=19 n =33 n=120 n=120 n=122

Patients with 2| TEAE, n (%) 9 (50.0) 10 (55.6) 16 (84.2) 17 (89.5) 32 (97.0) 88 (73.3) 78 (65.0) 82 (67.2)
Patients with 2| serious TEAES, n (%) 0 0 2 (10.5) 0 5(15.2) 2 (1.7) 2 (1.7) 0
Patients with 2| TEAE leading to treatment 0 0 0 0 0 2 (1.7) 0 2 (1.6)
discontinuation?, n (%)
Deaths 0 0 0 0 0 0 0 0
TEAE (PT) reported in 25% of patients, n (%)

Dermatitis atopic 4 (22.2) 4(22.2) 5 (26.3) 3 (15.8) 7 (21.2) 17 (14.2) 8 (6.7) 10 (8.2)

Nasopharyngitis 3 (l6.7) 4(22.2) 6 (31.6) 4 (21.1) 17 (51.5) 8(6.7) 15 (12.5) 8 (6.6)

Asthma 0 0 0 1 (5.3) 2 (6.1) 12 (10.0) 2(1.7) 4 (3.3)

Upper respiratory tract infections 0 1 (5.6) 0 1 (5.3) 6 (18.2) 12 (10.0) 13 (10.8) 10 (8.2)

Cough 0 1 (5.6) 5 (26.3) 3 (15.8) 7 (21.2) 9 (7.5) 3(2.5) 5 (4.1)

Headache 0 1 (5.6) 2 (10.5) 1 (5.3) 6 (18.2) 10 (8.3) 6 (5.0) 7 (5.7)
TEAE of interest, n (%)

Infections and infestations (SOC) 6(33.3) 8 (44.4) 10 (52.6) 12 (63.2) 27 (81.8) 61 (50.8) 52 (433) 49 (40.2)

Conjunctivitis cluster® 0 0 1 (5.3) 2 (10.5) 7(21.2) 5(4.2) 8 (6.7) 18 (14.8)

Rhinitis allergic 0 0 0 0 309.) 5(4.2) 3 (2.5 4 (3.3)

Skin infection (adjudicated) I (5.6)f I (5.6)f 6 (31.6)f 5 (26.3)f 7 21.2)f 16 (13.3) 7 (5.8) 10 (8.2)

Herpes viral infections (HLT) I (5.6) 0 I (5.3) 0 6 (18.2) 6 (5.0 2 (1.7) 4 (3.3)

Injection site reactions (HLT) 0 0 1 (5.3) 1 (5.3) 309.1) 7 (5.8) 12 (10.0) 13 (10.7)

Notes: *Part A, dupilumab 2 or 4 mg/kg single dose, followed by 8 weeks of observation. °Part B, dupilumab 2 or 4 mg/kg qw for 4 weeks, followed by 8 weeks of observation. In study AD-1412, serious TEAEs included bacterial
arthritis, infected dermatitis and AD exacerbation, all of which were deemed not related to treatment. In the PED-OLE, serious TEAEs reported included lymphadenopathy, anaphylactic reaction, pneumonia, allergy test, arthralgia,
complex regional pain syndrome and postural dizziness; all events were considered not related to the treatment. In LIBERTY AD PEDS, serious TEAEs included one event of asthma and one event of dermatitis atopic (placebo), and one
event of food allergy and one event of urinary tract infection (dupilumab 300 mg q4w + TCS). “Includes one event of asthma and one event of dermatitis atopic (placebo), and one event of food allergy and one event of conjunctivitis

bacterial (dupilumab 100/200 mg q2w + TCS). ®Includes PTs conjunctivitis, conjunctivitis allergic, conjunctivitis bacterial, conjunctivitis viral and atopic keratoconjunctivitis. Non-herpetic skin infections (adjudicated).

Abbreviations: AD, atopic dermatitis; HLT, MedDRA High-Level Term; MedDRA, Medical Dictionary for Regulatory Activities; PT, MedDRA Preferred Term; SOC, MedDRA System Organ Class; TEAE, treatment-emergent adverse

event; TCS, topical corticosteroids; q2w, every 2 weeks; q4w, every 4 weeks; qw, every week.
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69.7%, 67.2%, and 26.8% for patients who received, respectively, dupilumab q4w, dupilumab q2w, and placebo (P <
0.0001 for each dose regimen vs placebo). These improvements were ongoing at Week 16, suggesting that longer
treatment may add further benefit. Significant improvements were also reported in other measures of disease activity such
as EASI percent change from baseline, SCORAD, and BSA.

AD symptoms were assessed using Peak Pruritus NRS and POEM scores. Of patients treated with dupilumab q4w,
approximately three times more dupilumab-treated patients than placebo-treated patients achieved a >3-point reduction in
the pruritus measure, and 50.8% vs 12.3% achieved a >4-point reduction at Week 16 (P < 0.0001 for both comparisons).
Similarly, dupilumab-treated patients reported POEM mean score reductions (SE) of 13.6 points (0.7), compared with 5.3
points (0.7) in placebo-treated patients (P < 0.0001).

Improvements in quality of life, as measured by reduction in CDLQI scores, were also significant compared with
placebo and mirrored the improvements in POEM. The efficacy of dupilumab in this study is illustrated by images and
outcomes of a participating patient (Figure 3).

A

=F~=1mm

B (of Percent improvement from baseline

—@— Week 16 (AD-1652)

e © & & BSA

@ 1/00/\ -

30 v

: &

& o

IGA EASI BSA  SCORAD PP-NRS ItchVAS Sleeploss  pogm  cpLal
(0-4) (0-72)  (0-100) (0-103)  (0-10)  (0-10) ((\)I_A}%) (0-28)  (0-30)

@ Baseline (AD-1652) ¢ Week 16 (AD-1652)

Itch VAS

Figure 3 Images of dupilumab efficacy before and after treatment. (A) Photo of a patient with AD signs and symptoms depicted in rainbow graphics (B) and spider plots (C)
before and after dupilumab treatment in AD-1652. The rainbow graphics show changes in scores from baseline to Week 16. The spider plots show percent improvement
from baseline to Week |6. Caregivers and investigators authorized the publication of these photos.

Abbreviations: AD, atopic dermatitis; BSA, body surface area; CDLQI, Children’s Dermatology Life Quality Index; EASI, Eczema Area and Severity Index;
IGA, Investigator’s Global Assessment; POEM, Patient-Oriented Eczema Measure; PP-NRS, Peak Pruritus Numerical Rating Scale; SCORAD, SCORing Atopic Dermatitis;
VAS, Visual Analog Scale.
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More patients receiving placebo than either dupilumab regimen required rescue medication (19.2% vs 4.9% [q2w]
and 2.5% [q4w]).

The overall incidence of TEAEs was lower in dupilumab-treated patients than in placebo-treated patients for both
dupilumab dose groups (65.0% [g4w] and 67.2% [q2w] vs 73.3%) (Table 2). Two placebo-treated patients and two
dupilumab-treated patients in the q4w group reported serious TEAEs; none were related to the study drug. Treatment
discontinuations due to TEAEs were uncommon (placebo, n = 2; dupilumab 2w, n = 2). No deaths, treatment-related
hypersensitivity, or anaphylaxis events were observed.

Injection-site reactions were more common with dupilumab than placebo treatment (approximately 10% of dupilu-
mab-treated patients vs 5.8% of placebo-treated patients); none were severe or led to discontinuation. Conjunctivitis was
also more common in dupilumab-treated patients (14.8% [q2w] and 6.7% [q4w] vs 4.2%). Apart from one event, all were
of mild-to-moderate severity; one patient in the dupilumab q2w group discontinued treatment due to moderate bacterial
conjunctivitis. In contrast, exacerbation of atopic dermatitis occurred in approximately twice as many placebo-treated
patients (14.2%) than in either dupilumab treatment group (8.2% [q2w] and 6.7% [q4w]).

Dupilumab-treated patients vs placebo-treated patients also had lower incidences of systemic infections, skin
infections, and herpes virus infections, as well as reduced incidence of exacerbation of other type 2 inflammatory
diseases (Table 2 and Figure 4).

Laboratory outcomes from LIBERTY AD PEDS indicate no need for routine laboratory monitoring of children aged
6-11 years treated with dupilumab plus TCS for severe AD.*°

AD and Other Type 2 Inflammatory Conditions

As stated previously, most children with AD have at least one type 2 comorbidity, irrespective of disease severity.>*>>2
The shared pathophysiology between type 2 conditions provides a compelling rationale for treatments targeting their
underlying type 2 inflammatory processes.”’ Indeed, in adults with moderate-to-severe AD and comorbid asthma and/or
chronic sino-nasal conditions, dupilumab significantly improved the signs and symptoms of all three diseases in
a clinically meaningful manner.’® Post hoc analyses of LIBERTY AD PEDS have also shown that dupilumab with
concomitant TCS significantly improved the signs and symptoms of severe AD in children aged 6-11 years with and
without comorbid asthma®® or comorbid AR, although no data were collected during these studies with respect to the
efficacy of dupilumab on comorbid asthma or AR directly. This demonstrates that the efficacy of dupilumab on AD
disease parameters is maintained irrespective of the presence of comorbid atopic conditions and, as with adults, is likely
to benefit comorbid conditions that share a common underlying mechanism.
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Placebo + TCS (n = 120) ™ Dupilumab 300 mg g4w + TCS (n = 120) Dupilumab 100/200 mg g2w + TCS (n = 122)

Figure 4 Rate of infections and skin infections in LIBERTY AD PEDS (NCT03345914).
Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; SOC, MedDRA system organ class; TCS, topical corticosteroids, q2w, every 2 weeks; q4w, every 4 weeks.
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Discussion and Future Perspectives

Severe AD has a multidimensional patient burden and can have significantly negative impacts on the physical and
psychosocial development of children aged 6-11 years. Prior to dupilumab’s approval, few effective treatment options
that were suitable for long-term use existed for these patients, resulting in a significant unmet need in this population.

Currently, the clinical experience of these patients with dupilumab administered either open-label up to 52 weeks or
for 16 weeks in a placebo-controlled Phase III trial is consistent with those of adults and adolescents.*’>? Rapid,
sustained, and long-term improvements were observed in signs and symptoms of AD and patient quality of life. Given
the high prevalence of comorbidities in children aged 611 years with AD, dupilumab treatment offers the potential
added benefit of treating these comorbidities as well.

The lower incidence of infections with dupilumab treatment compared with placebo is likely due to its targeted action on IL-4
and IL-13, key type 2 inflammation cytokines that drive skin barrier dysfunction. It has been demonstrated that dupilumab
treatment normalizes the skin barrier, including Staphylococcus aureus colonization, in both lesional and non-lesional skin.'* '
Another benefit of specifically targeting type 2 inflammation is that the human body’s defenses against bacteria, viruses, and
fungi are not affected, as is observed with the use of broad immunosuppressors (including JAK inhibitors).

Needle phobia, which can interfere with treatment in some of the patients in this age group, can be substantially reduced
or cured by cognitive behavioral therapy. In addition, needle-hiding devices have become available to address this problem.
Moreover, the lack of required lab monitoring during treatment with dupilumab is valuable for these patients.

A technical limitation of the paper is that clinical data of placebo-controlled dupilumab treatment beyond 16 weeks in
the pediatric population is not available. However, the results consistently show a positive impact of dupilumab in the
treatment of AD in this population.

The data suggest that dupilumab offers an effective treatment option for children aged 611 years with severe AD and
support its use as a continuous long-term treatment in this age group.

Abbreviations

AD, atopic dermatitis; AR, allergic rhinitis; BSA, body surface area; CDLQI, Children’s Dermatology Life Quality Index; CI,
confidence interval; DFI, dermatitis family impact; EASI, Eczema Area and Severity Index; EASI-50/75/90, >50%/75%/90%
improvement from baseline in EASI; HLT, MedDRA High-Level Term; IGA, Investigator’s Global Assessment; JAK, Janus
kinase; MedDRA, Medical Dictionary for Regulatory Activities; N/A, not available; NRS, Numerical Rating Scale; NSISS,
systemic non-steroidal immunosuppressants; OLE, open-label extension; OR, odds rate; POEM, Patient-Oriented Eczema
Measure; PP-NRS, Peak Pruritus Numerical Rating Scale; PT, MedDRA Preferred Term; q2w, every 2 weeks; g4w, every 4
weeks; qw, weekly; SCORAD, SCORing Atopic Dermatitis; SD, standard deviation; SE, standard error; SOC, MedDRA System
Organ Class; TCS, topical corticosteroids; TEAE, treatment-emergent adverse event; VAS, Visual Analog Scale.
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