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Abbreviations used
AD- Atopic dermatitis
BEEP- Barrier Enhancement for Eczema Prevention
BSA- Body surface area
EASI- Eczema Area and Severity Index
FDA- Food and Drug Administration
IGA- Investigator Global Assessment
JAK- Janus kinase
MTX- Methotrexate
NB-UVB- Narrow-band ultraviolet B
PDE-4- Phosphodiesterase-4

Atopic dermatitis is a common, chronic inflammatory skin
disorder, present in about 12% of children worldwide.
Optimizing management of severe atopic dermatitis in pediatric
patients is critical to reduce signs of inflammation, alleviate
pruritus and sleep disturbance, minimize the development and/
or impact of comorbidities, and improve the patient and
caregiver’s quality of life. Evaluating the longitudinal severity of
pediatric atopic dermatitis is an important component of
measuring therapeutic response and long-term management, and
is different in clinical practice versus clinical trials. This article
describes when and how to use different treatments for pediatric
patients with severe atopic dermatitis, including topical
medications, phototherapy, and systemic medical therapies
(traditional immunosuppressants, biologics, and small molecule
inhibitors). It also provides recommendations useful in clinical
practice for nonpharmacologic interventions for pediatric
patients with severe atopic dermatitis. © 2021 Published by
Elsevier Inc. on behalf of the American Academy of Allergy,
Asthma & Immunology (J Allergy Clin Immunol Pract
2021;9:1462-71)

Key words: Atopic dermatitis, Therapeutics; Immunosuppressive
agents; Phototherapy; Biologics

INTRODUCTION

Atopic dermatitis (AD) is a chronic, pruritic dermatosis that
develops most commonly during early infancy and childhood but
is seen at all ages. In most cases, it is associated with a personal or
family history of atopy, including allergic rhinitis or asthma, and
may be associated with multiple comorbidities. Pathogenesis
broadly includes abnormalities in skin barrier function and im-
mune dysregulation. Cutaneous features of severe pediatric AD
include acute, subacute, and chronic inflammation, characterized
by erythematous patches and plaques with scaling, excoriations
(from scratching), lichenification (from disease chronicity), and
occasional erythroderma (Figure 1). AD therapy is determined by
the patient’s age, symptoms, comorbidities, and the extent and
distribution of the disease. Goals of AD management include
educating patients and families, improvement in symptoms and
signs of AD, minimizing pruritus, reducing frequency and degree
of flares, improving quality of life, and minimizing the devel-
opment and/or impact of associated comorbidities. The evolu-
tion of management of severe AD in children and adolescents is
dynamic, with the introduction and active study of multiple new
topical and systemic agents, including biologic agents, Janus
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kinase (JAK) inhibitors, phosphodiesterase-4 (PDE-4) inhibitors,
tapinarof, and microbiome-based interventions.

EPIDEMIOLOGY

AD is a common, chronic inflammatory skin disorder
affecting about 10% of children in the United States and about
12% of children worldwide.! In 2007, a national survey of
children aged 0 to 17 years revealed that about 7% of children
with AD were considered severe.” Children with severe AD were
more likely to have persistent disease beyond childhood.”

SEVERITY CLASSIFICATION

There is no universally accepted pediatric AD severity measure
for use in clinical practice or research. Clinical research studies
often capture the SCORing of Atopic Dermatitis index, the
Eczema Area and Severity Index (EASI), and/or the more recent
Validated Investigator Global Assessment for Atopic Dermatitis,
with validation performed in mixed populations of adults, ado-
lescents, and children.”” The global Harmonising Outcome
Measures for Eczema initiative is an international group of ex-
perts who have identified the EASI score and other outcomes
measures with adequate validity, responsiveness, internal con-
sistency, and intraobserver reliability.(’ EASI scores can assign
subjects in trials to clear, almost clear, mild, moderate, and very
severe.” AD may also be considered moderate-severe when there
is a minimum of 10% body surface area (BSA) involvement,
although involvement of highly visible or functional areas and
significantly impaired quality of life are other features that affect
severity.8 BSA can be estimated using the hand method (the
child’s extended hand, including palm and fingers, represents 1%
of the total BSA) or “Rule of 9’s.” The Patient-Oriented Eczema
Measure and Children’s Dermatology Life Quality Index are
helpful tools to gauge disease severity and response to treatment
from the patient’s perspective.

In clinical practice, assessment of AD as severe may include
extent of lesions, quality of lesions (eg, erythema, induration,
lichenification, and excoriation), frequency of flares, pruritus,
sleep disturbance, response to therapy, and difficulty with long-
term disease control, psychological conditions (eg, anxiety,
depression, and self-esteem), impact on school, work, and leisure
activities, and comorbidities. Simpler composite measures have
recently been proposed that could be rapidly assessed in clinical
practice, including the product of the Investigator Global
Assessment (IGA) and the BSA (IGA x BSA), which correlates
strongly with the EASI in pediatric AD.” The peak pruritus
numerical rating scale is a useful, validated single-item patient-
reported outcome of worst itch severity, with a scale of 0 (“no
itch”) to 10 (“worst itch imaginable”), and can easily be used in
clinical practice."” The authors find it useful at least notating a
global score and/or BSA (objective measures) along with assessing
the impact of the disease on quality of life, including itch nu-
merical rating scale and sleep disturbance, or having the patient/
parent capture the Patient-Oriented Eczema Measure score when
evaluating AD in pediatric patients.

TOPICAL THERAPY

Topical corticosteroids are the first-line treatment for acute
flares of AD. Severe disease typically warrants medium- to high-
potency topical corticosteroids twice daily for a few days beyond
clearance. Lower potency steroids or nonsteroidal topical
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medications may be prescribed for sensitive areas or younger
children. Soak and seal or wet wrap therapy are useful for more
severe disease. Wet wrap therapy involves the application of
topical therapy on the affected skin, covered by a wet layer of
bandage, gauze, or a cotton garment, and then wrapped by an
outer dry layer."" If there is lack of improvement, one may need
to consider nonadherence, infection, or contact allergy to med-
ications.'” In rare cases, hospitalization is indicated for an intense
regimen of wet wrap therapy and treatment of any
superinfection.

Parental education is critical for appropriate management of
AD. Steroid phobia often leads to poor compliance with rec-
ommended therapies. A short 2-day educational program had a
significant impact on the disease severity and parental concerns
over corticosteroids, but interestingly, it did not influence the
amount of corticosteroid used.'”

Once the flare is under control, proactive intermittent topical
corticosteroids are helpful to prevent exacerbations. For main-
tenance, topical corticosteroids can be used 1 to 3 times per
week.'” However, if frequent steroid use is anticipated, topical
nonsteroidal anti-inflammatory agents with a lower risk of long-
term side effects should be considered. These include topical
calcineurin inhibitors (tacrolimus and pimecrolimus) and the
PDE-4 inhibitor crisaborole. Topical tacrolimus and pimecroli-
mus are Food and Drug Administration (FDA)-approved for use
in children 2 years and older with moderate to severe and mild to
moderate AD, respectively. Although both tacrolimus and
pimecrolimus have had a black box warning for a theoretically
increased risk of lymphoma, studies during the past 20 years have
not shown evidence of an increased risk of malignancy.'®"
Crisaborole was FDA-approved in March 2020 for children 3
months and older for the treatment of mild to moderate AD.
The phase IV open-label study demonstrated that the use of
crisaborole in young children resulted in close to a 60% reduc-
tion from baseline in EASI scores.'® Both topical calcineurin
inhibitors and crisaborole have a common side effect of burning
and stinging with initial application, particularly when used on
sensitive skin areas such as the eyelids, a frequently affected site
for AD, which limits their use. Other PDE-4 topical agents in
clinical studies for pediatric AD include difamilast and
roflumilast.

Currently in development are topical JAK inhibitors rux-
olitinib and delgocitinib. Ruxolitinib, which predominantly
suppresses JAK-1 and JAK-2 signaling, has shown promising
results in 2 phase III clinical trials for patients 12 years and older
with mild to moderate AD."” Delgocitinib ointment, a pan-JAK
inhibitor approved in Japan for AD in patients 16 years and
older, has demonstrated more than 50% improvement in
modified EASI scores after 4 weeks in Japanese children aged 2 to
15 years in a phase I trial.'® Tapinarof, a therapeutic aryl hy-
drocarbon receptor modulating agent, has shown evidence of
efficacy and safety in a phase II clinical trial of adults and ado-
lescents with moderate to severe AD.'” Topical JAK inhibitors
and tapinarof appeared highly tolerable, with low rates of
burning/stinging in the clinical trials.

The cutaneous microbiome is intimately associated with the
epidermal function. In patients with AD, Smphylococcus aureus
predominates during disease flares with a decrease in microbiome
diversity and greater AD severity is associated with less micro-
biome diversity.”’ Coagulase-negative staphylococci with anti—S
aureus activity are common on the skin of healthy human
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subjects, but much less frequent on those with AD. Interventions
with reintroduction of commensal strains can decrease S aureus
colonization in subjects with AD.”" Several early clinical trials
suggest that targeting the microbiome through topical applica-
tion of commensal organisms, including Staphylococcus hominis
and Roseomonas mucosa, reduce S aureus colonization, skin
inflammation, and AD severity.”””’ Two open-label studies
involving 5 adults and 20 children with AD assessed the topical
treatment of R mucosa. Results showed significant decreases in
measures of disease severity, topical steroid requirement, and S
aureus burden, with no adverse events.”>”> Double-blind, pla-
cebo-controlled studies are needed and topical commensals are
not currently available.

PHOTOTHERAPY

Phototherapy with narrow-band ultraviolet B (NB-UVB) is an
appropriate second-line therapy for patients with moderate to
severe AD that is refractory to intensive topical regimens. It is
most feasible for older children, typically aged at least 5 to 6
years, who can cooperate with treatment. The favorable safety
profile compared with systemic agents is often appreciated by
parents, with adverse event rate thought to be similar to that in
adults and overall quite mild.”® Inconvenience of 2 to 3 times
weekly in-office treatments is a barrier for many school-age
children and working parents. Home-phototherapy devices
may be an option for patients with insurance coverage, typically
after they have successfully used in-office phototherapy. NB-
UVB has a slow onset of efficacy and is best considered as a
maintenance therapy that is not useful for acute flares. Although
ultraviolet Al and psoralen plus ultraviolet A have also been
shown to be effective, NB-UVB is typically preferred because of
its more favorable safety profile and accessibility.””

In 1 study of 50 children who completed more than 10 NB-
UVB treatments administered 3 times weekly for their AD, 40%
of patients achieved complete clearance or minimal residual
disease, good improvement was achieved in 23%, and moderate
improvement in 16%, determined by the same dermatologist.”
Another study of 30 children (age 4-14 years) with moderate to
severe AD demonstrated a significant reduction in SCORing of
Atopic Dermatitis index compared with baseline as well as sig-
nificant improvement in pruritus and sleep loss.”

SYSTEMIC THERAPIES

The decision to start a systemic therapy for a patient with AD
is difficult, and many factors must be taken into consideration. A
subgroup of the International Eczema Council with experts from
9 countries created a consensus statement as a recommended
approach to this decision, which although not specifically dis-
cussing pediatric patients has been used effectively for pediatric
patients.”’ The International Eczema Council statement rec-
ommends consideration of the following for patients with severe
AD (based on cutaneous extent as well as impact on quality of
life) before initiation of a systemic medication:

1. Has adequate patient education been provided?

2. Has the diagnostic workup been completed, including the
following: have alternative diagnoses been considered, have
infections been treated, has patch testing been considered, and
is referral to Allergy warranted?

3. Has intensive topical therapy been given an adequate trial,
including wet wrap or soak and seal techniques?
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FIGURE 1. Severe AD.

4. Has phototherapy been considered or given a trial?

This algorithm can be helpful in determining the appropriate
patients in whom to start systemic therapy, with the choice of
therapy based on age, lifestyle, comorbidities, and patient/family
preference.”

A 2016 survey of prescribing practices of Society of Pediatric
Dermatology members in the United States and Canada was
completed by TREatment of severe Atopic dermatitis in children
Taskforce.”’ Among those who completed the survey, cyclo-
sporine (45.2%), methotrexate (MTX) (29.6%), and mycophe-
nolate mofetil (13%) were the first-line drugs of choice.”’ A
similar survey performed by the European TREatment of severe
Atopic dermatitis in children Taskforce in 2013 showed first-line
drugs of choice including cyclosporine (43.0%), corticosteroids
(30.7%), and azathioprine (21.7%).** A database assessment of
treatment by any health care provider (including dermatologist,
allergist/immunologist, primary care providers, etc) of 607,258
pediatric AD patients from 2011 to 2016 shows that systemic
immunosuppressants were rarely prescribed (<0.5%), whereas
systemic corticosteroids were prescribed in 24.4% of patients.”
Of these therapies, only systemic corticosteroids are approved
for use in pediatric AD. However, it is highly evident that the
rank ordering of utilization of systemic agents has changed
greatly since approval of dupilumab for pediatric patients in the
United States. Table I outlines available systemic therapies that
are used for moderate to severe AD.

Systemic corticosteroids

Before the FDA approval of dupilumab, systemic corticoste-
roids were the only FDA-approved systemic therapy for AD.
Systemic corticosteroids are frequently used given their quick
onset and impressive efficacy even in severe disease. However,
specialists commonly avoid using systemic corticosteroids due to
the multiple and generally severe adverse effects, as well as the
rebound flares that are seen after cessation. The International
Eczema Council published a consensus statement of the 77
participating members in 2018, stating that systemic
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corticosteroids should generally be avoided, but short-term use of
systemic corticosteroids can be used in rare circumstances for
severe AD, including lack of other treatment options, as a bridge
to systemic therapy or phototherapy, during acute flares in need
of immediate relief, or in anticipation of a major life event.”
Most on the council (57%) agreed that systemic corticosteroids
should be avoided for AD in pediatric patients younger than 12

34
years.

Cyclosporine

Cyclosporine is a calcineurin inhibitor that blocks transcrip-
tion of cytokines and decreases activation of T lymphocytes. It is
an efficacious treatment option with a rapid onset of action
compared with other steroid-sparing agents, with response often
seen within 2 to 3 weeks. However, continuous therapy beyond
1 year is typically not recommended and it is unknown how
many short courses can be given. Cyclosporine should be grad-
ually tapered to prevent flaring, often while starting another
agent. Cyclosporine is typically dosed at 2.5 to 5 mg/kg/d; some
experts prefer cyclosporine microemulsion at 3 mg/kg/d.

Cyclosporine is generally well tolerated in the pediatric pop-
ulation, with an overall lower number of associated comorbidities
compared with adults. The 2 most notable side effects include
nephrotoxicity and hypertension, which are dose and duration
dependent, and may require dose adjustment. Other adverse
effects include possible increased risk of malignancy, including
nonmelanoma skin cancer, gastrointestinal upset, hyperlipid-
emia, hyperuricemia, hypomagnesemia, and hyperkalemia. Thus,
careful blood pressure and lab monitoring is essential, with fre-
quencies varying widely among experts. A systematic review of
oral cyclosporine in patients with severe AD included 5 studies
and 602 patients, showing similar efficacy in adults and children,
although tolerability may have been better in children.””

Methotrexate

Low-dose MTX is an alternate immunosuppressive thera-
peutic option for severe AD that does not respond to topical
therapies. MTX is a folic acid antagonist that inhibits dihy-
drofolate reductase, thereby inhibiting cell division and
lymphocyte proliferation, resulting in anti-inflammatory effects.
Compared with cyclosporine and systemic corticosteroids, it has
a slower onset of action, with results typically seen after a min-
imum of 6 weeks of treatment. Dosing in children with AD
typically ranges from once weekly 0.2 to 0.7 mg/kg administered
orally (more commonly used due to ease of administration) or
subcutaneously (less gastrointestinal side effects; however, weekly
injections can be difficult in children), with a maximum dose of
25 mg weekly. The injectable solution can be given orally in
younger children who cannot swallow the pills; there is also a
newly approved oral MTX solution on the market. It is
administered with folic acid 1 mg daily except the day of MTX
administration to reduce MTX toxicity, including decrease in
nausea, vomiting, diarrhea, liver function test abnormalities, and
risk of pancytopenia. Laboratory monitoring is required given
these potential side effects, but the frequency of testing varies
among dermatologists. Although MTX is generally well toler-
ated, common side effects include gastrointestinal upset, head-
ache, fatigue, and dizziness for 1 to 2 days after the weekly dose.
Rare but serious adverse effects include hepatotoxicity, life-
threatening pancytopenia during the first 4 to 6 weeks of



TABLE I. Systemic therapies for moderate to severe AD

Medication General indication for use

Dosing and frequency Monitoring Onset of efficacy Common adverse effects Serious adverse effects

Systemic corticosteroids Should generally avoid,
exceptions include as a
bridge to other therapy,
concomitant allergic
contact dermatitis, major
life events, etc

Cyclosporine First- or second-line therapy
for severe AD, including

acute flares

MTX First- or second-line therapy
for moderate to severe AD
Azathioprine Second- or third-line therapy

for moderate to severe AD
Mycophenolate mofetil Second- or third-line therapy
for moderate to severe AD
Dupilumab Recently used as first-line
therapy for moderate to
severe AD in children 6 y
and older

JAK inhibitors (upadacitinib, Not FDA-approved for AD.
abrocitinib, baricitinib) Clinical trials performed
for adolescents and adults
with moderate to severe
AD

0.5-1 mg/kg/d Not needed for short courses Rapid, within days to Increased appetite/weight Many, including growth
prednisone tapered weeks gain, hyperglycemia, impairment, opportunistic
over 2-4 wk hypertension infections, osteoporosis

CBC, CMP, lipid panel, Mg,
divided BID, uric acid and blood hypertension (dose/
usually limited to pressure; frequency varies duration dependent),
ly increased risk of infection

0.2-0.7 mg/kg PO CBC, CMP-frequency varies
weekly, with
maximum dose of
25 mg weekly.
Folic acid 1 mg on
non-MTX days

1-2.5 mg/kg/d PO,
dependent on
TPMT activity

30-50 mg/kg/d

Possible increased risk of
malignancy, GI upset, lab
abnormalities

2.5-5 mg/kg/d PO Rapid, within weeks Nephrotoxicity and

Slow, usually after 6 wk  GI upset, headache, fatigue,
of treatment and dizziness 1-2 d after
dose

Hepatotoxicity, pancytopenia,
idiosyncratic acute
pneumonitis, pulmonary
fibrosis

TPMT at baseline; CBC,
CMP- frequency varies

Slow, weeks to months GI upset, increased risk of

infection

Rare hypersensitivity
syndrome, increased risk of
malignancy

CBC, CMP-frequency varies

Slow, maximal effect after GI upset, increased risk of Myelosuppression, risk of

divided BID 8-12 wk infection carcinogenesis in transplant
patients
Subcutaneous None required Relatively rapid, early Injection-site reactions, Rare reports of anaphylaxis,
injection: * results within weeks noninfectious serum sickness, keratitis,

and maximal results in
3-4 mo

conjunctivitis, exacerbation
or new onset of facial
redness

parasitic infections,
vasculitis

>60 kg: 600 mg LD

followed by

300 mg q 2 wk
30-59 kg: 400 mg LD

followed by

200 mg q 2 wk
15-29 kg: 600 mg LD

followed by

300 mg q 4 wk
Abrocitinib: 100 or

200 mg PO q day
Upadacitinib: 30 mg

PO q day in adults
Baricitinib: 2-4 mg

PO q day

Baseline viral hepatitis screen. Relatively rapid, some
CBC, CMP, and lipid panel ~ improvement within
baseline and periodically weeks, full results in

few months

Acne/folliculitis,
hyperlipidemia, nausea,
headaches, nasopharyngitis

Thrombocytopenia,
hyperlipidemia, increase in
creatine phosphokinase

BID, Twice daily; CBCd, complete blood cell count with differential; CMP, comprehensive metabolic panel; GI, gastrointestinal; LD, loading dose; Mg, magnesium; PO, per os (by mouth); g, every (ie, day, week); TPMT, thiopurine

methyltransferase.
*Approved dosing in the United States. May vary in other countries.
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therapy, and very rarely, idiosyncratic acute pneumonitis and
pulmonary fibrosis.

Pediatric AD studies of MTX are limited and overall of low
quality, with only 1 small randomized unblinded controlled trial
comparing MTX to cyclosporine, showing overall similar results
between the two.>® However, MTX has a slower onset of action
compared with cyclosporine; thus, many physicians will start
both simultaneously, using a short course of cyclosporine to get
faster control of severe disease while overlapping with MTX,
which is continued as maintenance therapy. There are several
retrospective studies demonstrating MTX as a cost-effective, safe,
and efficacious therapy for longer-term control of AD.””**

Azathioprine

Azathjoprine is an immunosuppressive, steroid-sparing agent
that inhibits purine synthesis as a G-mercaptopurine analog.
Laboratory monitoring is required because bone marrow sup-
pression and liver toxicity are serious concerns. Additional side
effects include gastrointestinal upset, rare hypersensitivity syn-
drome, infection, and increased risk of infection and malignancy
(including lymphoma and squamous cell carcinoma, although it
is unclear whether this is relevant at dermatologic doses). Base-
line thiopurine methyltransferase allele activity levels must be
checked, and azathioprine should be dosed on the basis of result.
Dosing in children and adults is generally 2.5 mg/kg/d in pa-
tients with normal thiopurine methyltransferase activity, with
lower doses (such as 1 mg/kg/d) used for carriers of mutant alleles
and/or definite intermediate thiopurine methyltransferase levels.
Similar to MTX, it has a relatively slow onset of action compared
with systemic corticosteroids and cyclosporine. Evidence of
azathioprine for children with AD is limited to a few observa-
tional studies.””*"

Mycophenolate mofetil

Mycophenolate mofetil inhibits purine synthesis by binding
inosine monophosphate dehydrogenase, thereby inhibiting
lymphocyte activation. Common adverse effects include gastro-
intestinal upset; less common risks include infections, myelo-
suppression, and a risk of carcinogenesis in transplant patients,
but this risk in dermatology patients is unclear.

Two retrospective case series demonstrate efficacy and overall
safety of mycophenolate mofetil use for pediatric AD, although
numbers are quite low.*""** Heller et al* used doses of 40 to 50
mg/kg/d in younger children (likely due to increased surface area-
to-volume ratios) and 30 to 40 mg/kg/d in adolescents, with
maximal effect after 8 to 12 weeks of therapy. Similar to MTX
and azathioprine, mycophenolate mofetil has a slower onset of
action and thus is best for maintenance therapy rather than
treating an acute AD flare. A recent systematic review and meta-
analysis of mycophenolate mofetil demonstrated no difference in
treatment outcome rates between adult and pediatric cases.”

Biologics and small molecules

Dupilumab is the first FDA-approved biologic therapy for the
treatment of AD, and recently became approved for children
aged 6 to 11 years with moderate to severe AD not adequately
controlled with topical therapies. It is a monoclonal antibody
(mAD) that binds the IL-4 receptor alpha subunit, thus blocking
signaling of both IL-4 and IL-13. Dupilumab may be beneficial
in patients with several AD-related comorbidities, because it is
also approved for moderate to severe asthma in patients 12 years
and older with an eosinophilic phenotype or with oral
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corticosteroid—dependent asthma, chronic rhinosinusitis with
nasal polyps in adults, and is in clinical trials for eosinophilic
esophagitis. It is safe for long-term use with a favorable safety
profile, superior to that of conventional immunosuppressive
agents, and does not require routine lab monitoring. Many pe-
diatric dermatologists now use dupilumab as first-line treatment
for moderate to severe AD when topical therapies are not
adequate and phototherapy is not sufficient or tenable.

Adverse effects include injection-site reactions, noninfectious
conjunctivitis, and exacerbation or new onset of facial redness.
Most studies have shown higher rates of conjunctivitis in patients
treated with dupilumab than placebo groups; prophylactic
treatment with topical eye lubricants has been suggested but not
tested for efficacy. For conjunctivitis recalcitrant to conservative
measures, treatment can be coordinated with Ophthalmology
using ophthalmic tol%)ical corticosteroids, tacrolimus, cyclo-
sporine, or lifitegrast.”* Facial redness associated with dupilumab
was not described in the AD clinical trials, but has been
frequently described postmarketing. Several theories have been
proposed to explain this phenomenon, including a hypersensi-
tivity reaction to dupilumab, site-specific treatment failure, a
seborrheic dermatitis-like reaction to facial Malassezia species, or
a paradoxical flaring of allergic contact dermatitis. It typically
does not require treatment cessation. "’

Dupilumab is administered as a subcutaneous injection, and
the approved pediatric AD dosing is weight-tiered: children 60
kg and over are dosed as adults, with a 600-mg loading dose
followed by 300 mg every 2 weeks. Per FDA-approved guide-
lines, children aged 6 to 11 years and adolescents weighing 30 to
59 kg are dosed with a 400-mg loading dose followed by 200 mg
every 2 weeks and children weighing 15 to 29 kg receive a 600-
mg loading dose followed by 300 mg every 4 weeks. The Eu-
ropean Medicines Agency has approved the 600-mg loading and
300 mg every 4 weeks for children aged 6 to 11 years weighing
15 to less than 60 kg, with flexibility to increase the dosing to
200 mg every 2 weeks.

A phase III randomized trial of 251 adolescents aged 12 to 18
years with severe AD treated with dupilumab showed that a
higher proportion of patients receiving dupilumab than placebo
achieved 75% or more improvement from baseline in the EASI
and an IGA of clear or almost clear.”® A recent phase IIT ran-
domized 16-week trial of dupilumab plus topical corticosteroids
showed similar efficacy and side effect profile in children aged 6
to 11 years as in adults with severe AD.”” Another phase Ila,
open-label study with a phase III open-label extension in ado-
lescents demonstrated long-term safety and efficacy of dupilumab
in adolescents for up to 52 weeks of treatment.””

Multiple novel therapeutic agents are undergoing clinical trials
and development for the treatment of AD. Oral and topical small
molecule JAK inhibitors, including upadacitinib, abrocitinib,
and baricitinib, show promising early results for pediatric and
adult AD, but have not yet received approval for the AD indi-
cation. A recent randomized, phase III monotherapy clinical trial
was performed with 391 patients 12 years and older (including
40 patients aged 12-18 years) with moderate to severe AD treated
with abrocitinib (200 mg or 100 mg), an oral, once-daily JAK 1
selective inhibitor, compared with placebo.”’  Significantly
greater proportions of those treated with abrocitinib than placebo
achieved an IGA response of clear or almost clear with
improvement of at least 2 grades and/or at least 75% improve-
ment in EASI scores. Adverse events were reported in 65.8% of
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FIGURE 2. Schematic of possible influence of sensitization to food allergens in the development of food allergy and other atopic con-

ditions, and interventions that may modulate this.

patients in the 200-mg group, 62.7% of patients in the 100-mg
group, and 53.8% of patients in the placebo group. Nausea was
the most commonly reported adverse event in the 200-mg group
in 14.2% of patients, whereas nasopharyngitis was the most
commonly reported adverse event in the 100-mg group in 12.7%
of patients. Mild to moderate acne/folliculitis is the most com-
mon adverse event with oral (and topical) JAKs. Notably,
thrombocytopenia was reported only in the 200-mg group in
3.2% of patients. Hyperlipidemia and increases in creatine
phosphokinase have also been described more often with JAK
inhibitors. Upadacitinib as monotherapy has shown efficacy in
adults and adolescents with moderate to severe AD, with greatest
clinical benefit at the higher 30-mg once-daily dose in a phase IIb
randomized trial.’® Baricitinib, an oral selective JAK 1 and 2
inhibitor, has shown efficacy in adult patients with moderate to
severe AD within 16 weeks of treatment.”’ Use of these JAK
inhibitors as a class will almost certainly be limited by black box
warnings (serious malignancies, infections, and thrombosis);
baricitinib and upadacitinib indications for rtheumatoid arthritis
have these warnings. Nemolizumab (anti—IL-31 receptor A
antibody—studied in individuals 13 years and older with AD
and pruritus), lebrikizumab (anti—IL-13 antibody), and tralo-
kinumab (anti—IL-13) are in trials or have recently completed
trials in adolescents for the treatment of AD.””

NONPHARMACOLOGIC INTERVENTIONS AND
ALLERGIC DISEASE CONSIDERATIONS

Numerous nonpharmacologic interventions have been
described to help prevent or mediate the severity of pediatric AD.
Liberal use of bland emollients is recommended to all patients
with AD to help repair the skin barrier and may prevent disease
flares.

Optimal bathing practices for children with AD are yet to be
determined. Bathing with water can hydrate the skin but may
also lead to transepidermal water loss if left to evaporate without
moisturizers.”” In a cohort study of 1303 healthy 3-month-old
infants assessing the development of AD, frequent bathing was
associated with skin barrier dysfunction and a higher prevalence
of AD.”* In this study, there was an increase in mean

transepidermal water loss across bathing categories, from up to
once weekly to at least daily. However, the data differ for in-
dividuals with established, diagnosed moderate to severe pediatric
AD. One study by Cardona et al’” showed that frequent bathing
with immediate application of moisturizers was found to be
superior as an acute intervention for moderate to severe pediatric
AD, with the SCORing of Atopic Dermatitis decreased by 21.2
compared with the group that bathed less frequently. Bleach
baths are frequently recommended by specialists to improve
clinical symptoms of AD due to anti-inflammatory and anti-
pruritogenic effects.”

There is debate whether early intervention affects the devel-
opment and course of AD. A significant number of children with
AD later develop asthma, allergic rhinitis, and/or food allergies,
known as the atopic march. It is thought that the march typically
starts with AD because the skin barrier defect and/or alterations
in the microbiome result in sensitization, which ultimately pro-
gresses to the other atopic disorders. However, there may be
genetic and/or early environmental risk factors that predispose to
the development of atopic diseases in a “cluster” pathway and the
march reflects tissue-driven manifestations rather than true pro-
gression.”” A randomized clinical trial in Norway and Sweden
revealed that early skin emollients and/or early complementary
feeding of peanut, cow’s milk, wheat, and egg did not reduce the
development of AD by age 12 months.”” A separate large, 2-year
multicenter randomized controlled trial (Barrier Enhancement
for Eczema Prevention [BEEP]) assigned 1394 newborns with a
family history of AD to the emollient group, provided with
emollient for daily application until 1 year of life, or the control
group given standard skin-care advice. This study found no ev-
idence that daily emollient during the first year of life prevents
AD in high-risk individuals, and may increase the risk of skin
infections.”” The BEEP trial published in 2020 refuted a smaller
trial from 2014 that showed daily emollient therapy to be a safe
and effective approach for AD prevention. In this study of 124
neonates at high risk for AD, daily emollient therapy from birth
to 6 months of life demonstrated a statistically significant pro-
tective effect on the cumulative incidence of AD, with a relative
risk reduction of 50% (95% CI, 0.28-0.9; P = .017).” An
important difference between the BEEP main published in 2020
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and the smaller 2014 pilot is adherence. Adherence in BEEP
main was defined as satisfactory in the intervention group if
emollients were applied at least 3 to 4 times per week to most of
the child’s body (defined as at least 2 of face and neck, arms and
legs, or trunk), and was achieved in 74% of responders at 12
months. Strict adherence defined as 7 days a week of emollient
application was achieved in 81% of patients in the intervention
group in the pilot study at 24 weeks. Nonadherence was 11% in
the BEEP main and 0% in the pilot.””*® Studies are being
developed to evaluate whether early aggressive treatment for AD
may prevent the development of other atopic diseases by
reducing allergen sensitization.®'

There is some evidence suggesting that exclusive breast-
feeding for 3 to 4 months decreases the incidence of AD in
the first 2 years of life, but insufficient evidence that hypoaller-
genic hydrolyzed formulas prevent the development of atopic
disease.” Maternal diet, dietary supplements, and prebiotics and
probiotics do not appear to have a significant impact on pediatric
AD.®

Environmental factors, such as irritants, pollutants, and harsh
climate, may exacerbate AD flares.* Although children with AD
are often IgE sensitized to house dust mites, there is not enough
evidence based on the lack of robust clinical trials to recommend
reduction and avoidance of house dust mites.”’

About one-third of patients with moderate to severe AD have
IgE-mediated food allergy.®® The National Institutes of Health
recommends food allergy evaluation for milk, egg, peanut, wheat,
and soy for children younger than 5 years with moderate to se-
vere AD with persistent disease despite optimized management
and topical therapy and/or history of immediate reaction after
ingestion of a specific food.”” The Learning Early About Peanut
Allergy (LEAP) trial demonstrated that early introduction of
peanuts can decrease the frequency of peanut allergy develop-
ment in infants with atopy.®® Updated guidelines indicate that
screening for peanut sensitivity is not required before introducing
peanuts to an infant’s diet.”’

Importantly, there are reports of strict dietary limitations
imposed by parents for their children with AD in attempts to
treat their skin disease, which have resulted in nutritional de-
ficiencies, with lower intake of calories, protein, fat, riboflavin,
vitamin By,, calcium, phosphorous, and iron, and lower docu-
mented serum iron, protein, and albumin values. This has
resulted in lower Z scores for weight, height, head circumference,
and body mass index.”” Children with severe AD may develop
hypoproteinemia, probably due to protein loss through damaged
skin.”' This can lead to serious complications such as hypo-
volemia and failure to thrive.

We should keep in mind that food allergens detected as
positive in serum IgE and/or skin prick test are usually not the
causes of AD, but indicate the results of sensitization via
inflamed skin of AD.”””* A retrospective study of 125 pediatric
patients, many of whom had active AD, highlighted that 89% of
oral food challenges performed on foods avoided because of
previous immunoassays were negative and did not exacerbate AD
flares, thus distinguishing IgE sensitization from true food al-
lergies.”” Severe AD and early-onset AD are strong risk factors of
food allergy and allergic comorbidities.”* ™ Early introduction of
allergenic foods and early aggressive intervention for severe AD
may be considered to reduce the likelihood of developing food
allergiv:—:s(’x’go’81 (Figure 2).

MANCUSO ETAL 1469

CONCLUSIONS

Optimal management of severe AD is critically important
given the severe impact on quality of life this condition can have
for pediatric patients and their caregivers. Topical therapy with
corticosteroids and nonsteroid medications and liberal emollient
use are standard of care for initial treatment of all patients with
AD. However, many patients with moderate to severe AD
require further treatment with phototherapy or a systemic
immunosuppressive or immunomodulatory agent. Determining
the ideal therapy for a patient is individualized for every patient
on the basis of their medical history, severity of disease, symp-
toms, and an in-depth discussion with the family. There is
currently extensive research and development for novel AD
therapeutics, and it is likely that management practices will be
continuously changing and progressing for the ultimate benefit
of our patients.
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