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Abstract: Atopic dermatitis (AD) is a common disease of childhood, and infantile AD may
manifest from birth to 2 years. Guidelines for the management of infantile AD are lacking,
and our aim is to provide a comprehensive review of best practices and possible interven-
tions. We will focus on topical therapy, since the use of systemic immunomodulating agents
in infantile AD is rarely advised. Topical agents include emollients, topical corticosteroids
(TCS), topical calcineurin inhibitors (TClIs), and phosphodiesterase 4 (PDE-4) inhibitors. We
will also provide a brief overview of promising emerging therapies currently under investi-
gation in the pediatric population.
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Introduction
Atopic dermatitis (AD) is an inflammatory skin disorder affecting 5% to 20% of
children worldwide.'? The estimated annual cost of AD in the United States in
2004 was $4.228 billion, which is the equivalent of approximately $5.9 billion in
2020.** The current lack of uniform diagnostic criteria and availability of an
objective test to confirm diagnosis impacts prevalence estimates; however, the
burden of AD seems to be increasing, especially among younger children in
developing nations.>>® Numerous sets of diagnostic criteria for AD have been
proposed, with the Hanifin and Rajka criteria being the most widely used followed
by the United Kingdom Working Party criteria.” ® Common clinical features of AD
include pruritus, xerosis, lichenification, flexural involvement, disease course influ-
enced by emotional and/or environmental factors, and early onset of disease.'’
Various methods have been established to measure disease severity, such as the
Severity Scoring of Atopic Dermatitis index (SCORAD) and the Eczema Area and
Severity Index (EASI), which are recommended to estimate objective disease
severity.!" AD is often more severe in African American than white children, and
structural racism is an important risk factor that contributes to this disparity.'?
The three phases of AD are infantile, childhood, and adult. The focus of this review
article will be on the infantile phase, which may manifest from birth to 2 years. AD is
part of the ‘atopic march’, which is a progression of allergic conditions that develop
during infancy and childhood. While not all atopic individuals progress through all
features, the atopic march classically begins with AD, followed by IgE-mediated food
allergies, asthma and allergic rhinitis. The atopic march is believed to be initiated by
allergen exposure through inflamed skin, which may trigger an immunologic
response.”> Infantile AD typically begins with erythematous papules and vesicles
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arising on the cheeks, forechead, and/or scalp, which are
intensely pruritic and exudative. These lesions may remain
localized or extend to the trunk and extremities, particularly
the extensor surfaces. The affected areas are edematous,
leading to serous oozing and crusting. Generalized xerosis
is also characteristic.'* AD is common in infancy, and almost
half the children with infantile AD are in remission by age 3
years.'>'® Significant predictors of a poor prognosis of
infantile AD are severity of disease, atopic sensitization,
carly wheeze, and a strong family history of atopy.'®
Quality of life is significantly impacted by infantile AD,
with patients suffering from intense pruritus and sleep dis-
turbances, and parents affected by poor sleep quality, cost,
emotional stressors and time off work to care for the
child."”'®

Pathogenesis

The pathogenesis of AD includes genetic risk factors, envir-
onmental triggers and dysregulation of innate and adaptive
immunity."® Epidermal barrier dysfunction is a common pre-
cursor of AD in some, and filaggrin gene mutations are
a major genetic predisposing factor due to impaired integrity
of the stratum corneum.”® Environmental factors that may
adversely impact the skin barrier include mechanical
damage, such as from repetitive scratching, and certain cli-
mate conditions.'®?' The immune response in AD is skewed
towards TH2 cell-mediated pathways, with activated TH2
cells releasing IL-4 and IL-13, and systemic IgE-mediated
sensitization.”* The skin microbiome is abnormal in patients
with AD, which leads to increased Staphylococcus aureus
colonization and susceptibility to cutaneous infections.** The
goal of AD management is to control inflammation, improve
symptoms and achieve long-term disease control. Guidelines
for the management of infantile AD are lacking, and our aim
is to provide a comprehensive review of possible interven-
tions. We will evaluate topical and systemic treatment
options indicated for infantile AD, as well as off-label
therapies.

Literature Search

A systematic search of the PubMed database was per-
formed to identify contributions associated with treatment
of infantile AD. Searches were limited to publications in
the English language. MeSH terms used in various com-
binations in the literature search included: atopic dermati-
tis, eczema, infants, pediatric, children, treatment, topical
therapy, emollient, bleach baths, wet wrap therapy, topical
corticosteroid, topical calcineurin inhibitor, tacrolimus,

pimecrolimus, crisaborole, phototherapy, systemic therapy,
dupilumab, and emerging therapy.

Topical Therapy

Topical therapy for AD includes emollients, topical corti-
costeroids (TCS), topical calcineurin inhibitors (TClIs), and
phosphodiesterase 4 (PDE-4) inhibitors. Topical agents
provide the foundation of therapy in the management of
patients with AD and are often used concomitantly with
systemic or phototherapy in more severe cases. TCS are
most effective in treating and controlling moderate to
severe flares of AD compared to TCIs and PDE-4 inhibi-
tors. We will not discuss topical antimicrobials or antihis-
tamines, since these are generally not recommended in
infants.*

Emollients, Bathing Practices and Wet
Wrap Therapy

One of the most common clinical features of AD is xerosis
resulting from a dysfunctional epidermal barrier, caused
by primary epidermal defects or secondary to cutancous
inflammation. Topical emollients should be used to
improve skin hydration in patients with AD, and have
been shown to prolong the time to flare, decrease the
number of flares, and reduce the amounts of topical corti-
costeroids required to control AD.*> Furthermore, topical
anti-inflammatory treatment for AD is more effective
when used in combination with emollients.>® There is little
evidence that certain emollients perform better than others,
and the ideal moisturizing product should be safe, effec-
tive, inexpensive, and free of sensitizing agents including
additives, fragrances, and perfumes.”**> Emollient usage
seemed promising for primary prevention of AD in high-
risk infants; however, a population-based, randomized
clinical trial showed that development of AD by age 12
months was not prevented by regular use of emollient bath
additives and emollient facial cream beginning at age 2
weeks.*

There is no standard for the frequency or duration of
bathing for patients with AD; however, once daily bathing is
generally recommended and moisturizer should be applied
soon after, especially in the setting of xerotic skin.** Non-
soap cleansers that are neutral to low pH, hypoallergenic,
and fragrance-free may be used sparingly.>* A systematic
review found that dilute bleach baths do not appear to be
more effective than water baths in decreasing AD severity,
and there were no differences in S. aureus density in patients
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treated with dilute bleach baths compared to water baths.?’
The utility of dilute bleach baths in the management of AD
remains controversial, and any benefits derived are likely
due to direct anti-inflammatory activity on the skin rather
than the inhibition of S. aureus.*® Wet wrap therapy involves
the application of a topical agent under a wet inner layer and
dry outer layer of cotton bandages or cotton pajamas. While
time intensive and tedious to perform at home, wet wraps
may be recommended for patients with moderate to
severe AD to decrease disease severity and water loss during
flares.** However, a systematic review found low-quality
evidence supporting that wet wrap therapy is more effective
than conventional treatment with topical corticosteroids.*’

Topical Corticosteroids (TCS)

TCS are used as first-line therapy in the management of
patients with AD for both acute flares and maintenance
when lesions fail to respond to emollients alone. TCS were
introduced in the 1950s for the treatment of inflammatory skin

diseases and are classified into 7 groups based on potency.*

Potency levels are measured with a vasoconstrictor assay, in
which skin blanching is evaluated after topical application.’’
TCS approved for infants 3 months of age and older include
hydrocortisone butyrate cream 0.1%, desonide gel/foam
0.05%, fluticasone propionate cream/lotion 0.05%, and fluo-
cinolone acetonide oil 0.01%.%*" TCS approved for infants
1 year of age and older include prednicarbate emollient cream
0.1% and alclometasone dipropionate cream/ointment 0.05%
(Table 1).*** For long-term management, the least potent
corticosteroid that is effective should be used, however, during
acute flares, the use of higher potency TCS may be appropriate
and more effective to achieve symptom control. Caution
regarding TCS potency and chronicity is required when treat-
ing areas such as the face, neck, axillae, perineum, and inter-
triginous surfaces since these are thin skin sites at higher risk
for potential atrophy. TCS are generally applied twice daily
until the lesions are significantly improved. Previously, when
symptom improvement was achieved TCS usage was

Table | Therapies Approved for Infantile and Childhood Atopic Dermatitis

Class Drug Age

Mechanism

Topical Desonide gel/foam 0.05%

3 months and older

Broad anti-inflammatory, antipruritic, and vasoconstrictive

Corticosteroids

Fluocinolone acetonide oil
(TCS)

0.01%

3 months and older

properties

Hydrocortisone butyrate
cream 0.1%

3 months and older

Fluticasone propionate
cream/lotion 0.05%

3 months and older

Alclometasone | year and older
dipropionate cream/

ointment 0.05%

Prednicarbate cream 0.1%

| year and older

Topical Calcineurin
Inhibitors (TCls)

Tacrolimus ointment
0.03%

2 years and older

Inhibits T cell activation by blocking the transcription of cytokines

Pimecrolimus cream 1%

2 years and older

Tacrolimus ointment 0.1%

16 years and older

Topical
Phosphodiesterase 4
(PDE-4) Inhibitors

Crisaborole ointment 2%

3 months and older

PDE-4 inhibition results in increased intracellular cyclic adenosine
monophosphate (cAMP) levels, which prevents the activation of

cytokines

Systemic
Immunomodulating

Agents

Dupilumab

6 years and older

Inhibits interleukin-4 (IL-4) and interleukin-13 (IL-13) cytokine-

induced inflammatory responses

Note: Data from references 32-39, 47, 48, 62, and 85.
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discontinued, however, recent studies have shown that
a proactive approach may help prevent relapses.*%*!

Adverse effects of TCS may be local as well as systemic,
however, local effects are more common. These include skin
atrophy, striae, rosacea, perioral dermatitis, acne, purpura,
hypertrichosis, pigmentation alterations, delayed wound heal-
ing, and exacerbations of skin infections. Systemic reactions
include hyperglycemia, glaucoma, and adrenal insufficiency.**
Children are more at risk for developing systemic reactions to
TCS because of their higher ratio of total body surface area to
body weight. The quantities of TCS to apply to children
with AD have been described based on patient age and anato-
mical region beginning at age 3 months.**** If TCS usage is
discontinued upon the resolution of acute inflammation and
the ensuing return of normal-appearing skin, it is very unlikely
for patients to experience local or systemic adverse effects.
A meta-analysis of 12 clinical trials determined that the inci-
dence of adrenal insufficiency in children (including those
younger than age 3 years) using TCS is low, and thus, routine
testing of the HPA axis following up to 4 weeks of TCS usage
is not recommended unless symptoms of adrenal insufficiency
arise.* Regardless of TCS application frequency and potency,
no detrimental growth parameter effects were demonstrated in
a study comparing age versus predicted parental heights.*®

Topical Calcineurin Inhibitors (TCls)

TCIs are used as second-line therapy in the management
with mild to
moderate AD for short-term and non-continuous chronic

of non-immunocompromised patients

treatment when lesions fail to respond to other topical
prescriptions or when those treatments are not
advisable.*”*® Introduced in the early 2000s, TCIs are
immunosuppressants that inhibit T cell activation by
blocking cytokine transcription.*”*® Pimecrolimus cream
treats mild to moderate AD and tacrolimus ointment treats
moderate to severe AD. Tacrolimus ointment 0.03% and
pimecrolimus cream 1% are approved for individuals age
2 years and older, while tacrolimus ointment 0.1% is
approved for those age 16 years and older (Table 1).*®
While not very effective for moderate to severe flares,
twice daily application of TCIs during AD exacerbations
is recommended to achieve greater symptomatic improve-
ment compared to once daily application.**>® In addition
to treating acute flares, a proactive approach of applying
TCIs to recurrent sites of disease two to three times
weekly may help reduce relapses.’’ >*

The most common adverse effects of TCIs are loca-

lized site reactions, including burning, stinging, and

pruritus.”* Unlike TCS, TCIs do not cause skin atrophy
and can be used in areas with thinner skin such as the face
and flexor surfaces. Although TClIs are not FDA-approved
to treat infantile dermatitis, systematic reviews and meta-
analyses of clinical trials support the safe and effective use
of TCIs in infants less than 2 years of age.”” >’ TCIs are
used off-label to treat these infants, and Lugar et al argue
that the labeling restrictions should be reconsidered.’® In
2006, the FDA issued a black box warning based on
a theoretical risk of malignancy with TCI use. Since
then, there is little evidence that a causal relationship
exists between TCI use and lymphoma risk based on
several  epidemiological and  clinical  studies.”
A multicenter database cohort study that included 19,948
children and 66,127 adults initiating topical tacrolimus,
and 23,840 children and 37,417 adults initiating topical
pimecrolimus concluded that the use of topical tacrolimus
and pimecrolimus was associated with a small excess risk
of lymphoma for individual patients, and that results may
have been confounded by the severity of atopic
dermatitis.®® An observational prospective cohort study
of 7954 children with AD treated with topical tacrolimus
before 16 years of age for greater than 6 weeks found no
evidence of increased long-term cancer risk.®!

Crisaborole

Crisaborole ointment 2% is a PDE-4 inhibitor indicated for
topical treatment of mild to moderate AD in adults and
pediatric patients age 3 months and older (Table 1).°* The
inhibition of PDE-4 results in increased intracellular cyclic
adenosine monophosphate (cAMP), which prevents the
activation  of  proinflammatory  cytokines.*”  In
December 2016, the FDA approved crisaborole ointment
to treat mild to moderate AD in patients age 2 years and
older, and in March 2020, this indication was expanded to
include patients as young 3 months of age.®> Crisaborole
has been shown to be an efficacious and safe option for the
treatment of mild to moderate AD in multiple clinical
trials.®*7%%7% A phase IV study of 137 infants aged 3 to
less than 24 months with mild to moderate AD demon-
strated that twice daily application of crisaborole for 28
days was well tolerated, and 47.3% of patients achieved an
Investigator’s Static Global Assessment (ISGA) of clear or
almost clear by day 29.7° A network meta-analysis showed
that crisaborole was superior to vehicle and pimecrolimus,
and comparable to tacrolimus 0.1% or 0.03% in achieving
an ISGA of clear or almost clear in patients aged 2 years
and older with mild to moderate AD.”’
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The most commonly reported adverse effect of crisa-
borole is application site burning or stinging.®? In the
clinical study of crisaborole in infants aged less than 24
months, crisaborole was well tolerated and the most fre-
quently reported side effects were similar to those asso-
ciated with childhood illnesses, including pyrexia, upper
respiratory tract infection, diarrhea, and cough.
Application site pain and application site discomfort
were reported at similar rates to those seen in crisaborole
studies in patients aged 2 years and older.”” Importantly,
crisaborole is FDA-approved to treat infantile AD, albeit
less effective, while most TCS and TCIs are used off-label
in this population. However, medication cost may limit its
clinical use, and head-to-head trials over longer periods of
time are needed to compare crisaborole to other topical

therapies.

Phototherapy
Phototherapy is used in the management of patients
with AD when lesions fail to respond to topical treatments.
Phototherapy delivers ultraviolet (UV) radiation to patients
and exerts a variety of immunomodulatory effects, includ-
ing the suppression of T cell pathways.”>”* Due to com-
plications with administration in infants, this modality is
rarely utilized in this age group. Multiple forms of light
therapy are available, with narrowband (NB) UVB being
the preferred modality based on its low risk profile, rela-
tive efficacy, availability, and provider comfort level.”*
Retrospective and prospective studies have shown that
phototherapy is an effective and generally well tolerated
treatment for childhood AD; however, none of these trials
included infants less than 2 years of age.””> *°

Short-term adverse effects of UVB phototherapy
include erythema, blistering, xerosis, pruritus, photosensi-
tive eruptions, and recurrent herpes simplex virus infec-
tions. Long-term risks include photo-aging and cutaneous
carcinogenesis.®’ Further investigations are needed to
assess long-term adverse effects, including the true carci-
nogenic risk of NB-UVB. Certain challenges may arise
when using phototherapy in children, including poor com-
pliance with wearing eyewear, difficulty holding still for
treatment, and anxiety when entering the light box alone.®*
Due to long-term safety risks and treatment challenges,
phototherapy may be best utilized as a potential adjunctive
treatment in older children, especially those with chronic,
lichenified AD.>

Systemic Therapy
Systemic therapy is recommended when the signs and
symptoms of AD are not adequately controlled with opti-
mized topical regimens, or when the patient’s medical,
physical, or psychological state is negatively impacted.”*
Systemic immunomodulating agents include cyclosporine
A (CsA), azathioprine (AZA), methotrexate (MTX),
mycophenolate mofetil (MMF), interferon gamma (IFN-
v), and biologics, such as dupilumab. The use of systemic
agents in childhood and infantile AD is rare and typically
off-label, with the only FDA-approved treatment being
dupilumab in patients aged 6 years and older. There is
a lack of randomized trials in this younger population,
especially in infants less than 2 years of age. Insufficient
data exist to firmly recommend optimal dosing or duration
of therapy for the systemic immunomodulating medica-
tions, but all agents should be adjusted to the minimal
effective dose once an adequate response is attained.”*
Of the off-label agents, CsA, AZA, and MTX are recom-
mended for the treatment of refractory AD, while MMF
and IFN- y may be considered as alternative therapies.”
The TREatment of severe Atopic dermatitis in children
(TREAT), a
Dermatology Research Alliance (PeDRA), developed

Taskforce project of the Pediatric
a survey to gather information on systemic agent prescrib-
ing practices for severe childhood AD among clinicians in
the US and Canada. The survey was completed by 122
members of the Society for Pediatric Dermatology and
showed that the most commonly chosen first-line agents
were CsA and MTX, second-line agents were MTX and
MME, and third-line agents were AZA and MMF.**

The choice of systemic therapy should be based on
each individual patient’s needs, taking into account effi-
cacy and safety, as well as convenience and cost. Most
systemic immunomodulating medications require baseline
and follow-up laboratory monitoring, with the exception of
dupilumab, and some may be cost prohibitive. Detailed
mechanisms of action, efficacy, adverse effects, laboratory
monitoring, and off-label pediatric dosing for CsA, AZA,
MTX, MMF, and IFN- y may be found elsewhere, as these
are not typically appropriate for infantile AD.** Systemic
corticosteroids are not recommended, and their use should
be reserved for acute, severe exacerbations as a short-term
bridge to another systemic, steroid-sparing agent.”*
Adverse effects include rebound flares and increased dis-
ease severity upon discontinuation of treatment, as well as

decreased linear growth in children.”* The use of systemic
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antibiotics is recommended in patients with bacterial
infections and systemic antiviral agents are recommended

in patients with eczema herpeticum.”

Dupilumab

Dupilumab is a human monoclonal IgG4 antibody indi-
cated for the treatment of moderate to severe AD in
patients aged 6 years and older whose disease is not
adequately controlled with topical prescription therapies
or when those therapies are not advisable (Table 1).%
Dupilumab inhibits IL-4 and IL-13 cytokine-induced
In March 2017 the FDA
approved dupilumab to treat adults with moderate to

inflammatory responses.®’

severe AD, and in May 2020 this indication was
expanded to include children aged 6 years and older,
making it the only biologic approved to treat AD for
this patient population.®” It is administered by subcuta-
neous injection, and the recommended dose in pediatric
patients is specified by body weight.®> Dupilumab has
been shown to be an efficacious and safe option for the
treatment of moderate to severe AD in multiple clinical
trials.®*®® A phase III study of 367 children aged 6 to 11
years with severe AD demonstrated that patients treated
with dupilumab plus TCS for 16 weeks had a significant
improvement in Investigator’s Global Assessment (IGA)
compared to those treated with placebo plus TCS.*

The most common adverse reactions of dupilumab are
injection site reactions, conjunctivitis, blepharitis, oral herpes,
keratitis, eye pruritus, other herpes complex virus infections,
and dry eye.*® In the clinical study of dupilumab in children
aged 6 to 11 years, dupilumab was well tolerated and the most
frequently reported side effects were upper respiratory tract
infections, nasopharyngitis, headache, vomiting, injection site
erythema and conjunctivitis.* While dupilumab is not
approved to treat infantile AD, a phase II/III study investigat-
ing the pharmacokinetics, safety, and efficacy of dupilumab in
patients aged greater than 6 months to less than 6 years with
moderate to severe AD is currently recruiting.”® It should be
noted that access to dupilumab may be restricted due to cost,
especially when used off-label in children less than 6 years of
age, since patient age may be used to justify denial of insur-
ance coverage.

Emerging Therapies

Emerging topical therapies for AD include janus kinase (JAK)
inhibitors, PDE-4 inhibitors, and aryl hydrocarbon receptor
modulators. Topical JAK inhibitors currently in clinical trials
include ruxolitinib and delgocitinib. Ongoing phase III studies

are assessing the efficacy and safety of ruxolitinib cream in
patients aged 12 years and older with AD.”"*> An ongoing
phase I study is evaluating the safety and pharmacokinetics of
delgocitinib cream in pediatric patients aged 2 to 17 years and
adults with AD.”* Roflumilast cream is a topical PDE-4 inhi-
bitor and a phase I study is currently recruiting to evaluate its
pharmacokinetics, safety and efficacy in pediatric patients
aged 2 to 17 years with mild to moderate AD.”* Tapinarof
cream is a therapeutic aryl hydrocarbon receptor (AhR) mod-
ulating agent shown to be efficacious and well tolerated in 247
patients aged 12 years and older with AD in a phase II study.”’
Emerging systemic therapies for AD include biologics
and oral JAK inhibitors. Tralokinumab and lebrikizumab
are monoclonal antibodies that target IL-13, and nemoli-
zumab is a monoclonal antibody that targets IL-31. An
ongoing phase III study is evaluating the efficacy of tralo-
kinumab compared with placebo in treating adolescents
aged 12 to 17 years with moderate to severe AD.’°
Several phase I1I trials are recruiting to assess the efficacy
and safety of lebrikizumab in patients aged 12 years and
older with moderate to severe AD.””'°" An ongoing phase
IT study is assessing the pharmacokinetics and safety of
nemolizumab in adolescents aged 12 to 17 years with
moderate to severe AD.'%* Phase III studies are recruiting
and enrolling by invitation to evaluate the safety and
efficacy of nemolizumab in patients aged 12 years and
older with moderate to severe AD.'>'% Oral JAK inhi-
bitors currently in clinical trials include baricitinib, upada-
citinib, and abrocitinib. A phase III trial is recruiting to
assess the efficacy and safety of baricitinib in pediatric
patients aged 2 to 17 years with moderate to severe AD.'*
Phase III trials are recruiting and ongoing to assess the
efficacy and safety of upadacitinib in patients aged 12
years and older with moderate to severe AD.'®"'°
A phase I study is recruiting to evaluate the safety, phar-
macokinetics and tolerability of upadacitinib in pediatric
patients aged 6 months to 12 years with severe AD.'"!
A phase III study is enrolling by invitation to evaluate the
efficacy and safety of abrocitinib in patients aged 12 years
and older with moderate to severe AD.''? Ultimately, few
clinical trials evaluating emerging therapies for AD have
been completed in the pediatric population; however, it is
promising that several of these studies are ongoing.

Conclusion

The goal of infantile AD management is to control inflam-
mation, improve symptoms and achieve long-term disease
control. Once daily bathing is generally recommended, and
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topical emollients should be applied soon after to improve
skin hydration. The pharmacologic treatment of infantile AD
is mainly comprised of topical therapy, as systemic therapy is
rarely utilized in this population due to long-term safety
concerns. TCS are superior to other topical agents for acute
flares and maintenance of moderate to severe AD. While
TCS may be prescribed off-label, several are approved for
infants as young as 3 months of age. Systemic corticosteroids
are not recommended, while the use of systemic antibiotics
and antiviral agents may be appropriate for patients suffering
from superimposed infections. Currently, the only approved
systemic treatment for childhood AD is dupilumab in
patients aged 6 years and older. However, clinical trials
investigating the efficacy and safety of novel topical and
systemic therapies for infantile and childhood AD are
ongoing. Ultimately, the choice of therapy should be indivi-
dualized to each patient’s needs and family education is
advised to improve treatment adherence.
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