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New and emerging therapies for paediatric atopic dermatitis
Paras P Vakharia, Jonathan I Silverberg

Atopic dermatitis is a complex, chronic inflammatory skin disorder with a profound symptom burden, and substantially
affects patients’ quality of life. It is particularly challenging to manage in children, because conventional treatments
such as topical corticosteroids might be inadequate or cause considerable safety concerns. Research into the
pathogenesis of atopic dermatitis has led to the testing and development of numerous topical, oral, and injectable
targeted therapeutic agents. This Review explores relevant drugs that hold therapeutic promise and are being studied
in the paediatric setting, with a focus on target relevance, available efficacy and safety data, potential safety concerns,
and long-term effect in children with atopic dermatitis.

Introduction
Atopic dermatitis is a chronic inflammatory skin disease
affecting up to 15–20% of children and 1–10% of adults
worldwide, including 13% of children and 7% of adults in
the USA.1,2 This heterogeneous disorder is associated
with many different symptoms (eg, itch, pain, and sleep
disturbance), signs (eg, xerosis, oozing or weeping of the
skin, lichenification, and prurigo nodules), and dis
tributions (eg, flexural, extensor, head and neck, hands,
and trunk).3 Some characteristics can occur more
commonly in children (eg, ventral wrist dermatitis) than
in adults (eg, hand and foot dermatitis, thinning of the
eyebrows [also known as sign of Hertoghe], nipple
eczema, and disease course affected by emotional state or
the environment).3 In this Review, we summarise the
pathogenesis and current treatment, and highlight new
drugs with therapeutic potential for paediatric atopic
dermatitis.

Pathogenesis
The pathogenesis of atopic dermatitis is driven by a
complex interplay of genetic, environmental, and
immuno
logical factors (figure).4 Atopic dermatitis is a
monogenic disorder in a notable minority (10–20%) of
patients, caused by null mutations of the filaggrin (FLG)
gene that are inherited in an autosomal semidominant
pattern.5 FLG encodes filaggrin, an epidermal protein
involved in epidermal skin differentiation and skin barrier
function. FLG mutations are particularly frequent in
patients who began to develop atopic dermatitis in infancy
or early childhood (age 2–7 years), but not in those first
affected in late childhood, adolescence, or adulthood.6
Skin barrier dysfunction allows transcutaneous penetra
tion of allergens, irritants, and microbes, resulting in
immune activation and inflammation.7 Single-nucleotide
polymorphisms in many other genes have been identified;
however, most have not been consistently detected across
multiple studies. Many of the genes implicated are
relevant to the immune axis (eg, interleukin [IL]-4 receptor,
IL-31, and thymic stromal lymphopoietin) and not skin
barrier function.8 These genetic variations might lead to
pathogenic immune dysregulation even without genetic
ally predisposed skin barrier dysfunction.
Dysregulation of adaptive immunity mediated by
T-helper-1 (Th1) and T-helper-2 (Th2) cells also contributes

to the pathogenesis. A skewed Th2 immune response
occurs during the acute and chronic disease phases,
resulting in increased quantities of various pathogenic
cytokines, including IL-4, IL-5, IL-13, and IL-31.9,10, with IL-4
and IL-13 playing crucial roles in disease pathogenesis
(figure 1).9 IL-4 and IL-13 further activate and promote
Th2 cells, stimulate IgE class switching and production,
recruit eosinophils, and promote epidermal barrier
disruption, primarily through inhibition of keratinocyte
differentiation.11 Numerous other inflammatory actions,
including decreased activity of the transcription factors
aryl hydrocarbon receptor (AhR) and nuclear factor
erythroid 2-related factor 2 (Nrf2), also contribute to skin
inflammation.11 Evidence suggests that both epidermal
barrier defects and immunological dysregulation play
primary roles in the pathogenesis.5,11
Janus kinases (JAKs) are a family of intracellular
tyrosine kinases (including JAK1, JAK2, JAK3, and
tyrosine kinase 2 [TYK2]) that mediate and transduce the
effects of extracellular cytokines via phosphorylation of
signal transducer and activator of transcription (STAT)
factors, ultimately leading to modulation of gene trans
cription.12 JAK-STAT pathways mediate the effects of
many key cytokines in atopic dermatitis (eg, IL-4, IL-5,
IL-13, IL-31, and thymic stromal lymphopoietin [TSLP])
and show increased activation in skin lesions.13
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Key messages
• Paediatric atopic dermatitis can be difficult to treat,
particularly if the disease is moderate to severe, resulting
in unrelenting symptoms and impaired quality of life for
patients.
• Few drugs are approved for the treatment of paediatric
atopic dermatitis, thus making it difficult to manage
refractory cases.
• Numerous targeted drugs are being studied, including
those targeting interleukins, Janus kinases, and
phosphodiesterases.
• Many of these drugs (including dupilumab,
IL-13 inhibitors, and Janus kinase inhibitors) have shown
promise in early clinical tria ls, and further research will
help to delineate their role in the future management of
paediatric atopic dermatitis.
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Figure: Pathogenic pathways and immunological targets in atopic dermatitis
Skin barrier defects in non-lesional atopic dermatitis leads to penetration by allergens, which encounter antigen-presenting Langerhans cells in the epidermis and dendritic cells in the dermis, resulting
in immune activation and inflammatory cell recruitment. Elevated T-helper-2 cell counts in the acute state leads to increased secretion of cytokines, especially IL-4 and IL-13, which disrupt the skin
barrier by decreasing expression of barrier proteins (ie, filaggrin, loricrin, and involucrin). In addition, T-helper-2 cytokines recruit eosinophils and basophils to lesional sites, and increase B cell IgE
production. Eosinophils, basophils, and activated IgE-bound mast cells release proinflammatory mediators, further potentiating pathogenesis. T-helper-2 cytokines also impair antimicrobial peptide
responses to pathogens which, in combination with barrier disruption, increases the risk of colonisation and barrier penetration by allergens and pathogens (ie, S aureus). Chronic atopic dermatitis
results in a skewed T-helper-1 response, leading to further inflammation and immune activation. Processes mediated by JAK receptors are marked with an asterisk (green). AD=atopic dermatitis.
DC=dendritic cell. IL=interleukin. JAK=Janus kinase. LC=Langerhans cell. PDE4=phosphodiesterase-4. S aureus=Staphylococcus aureus. Th=T helper cell type.

Elevated activity of phosphodiesterase 4 (PDE4) and
other phosphodiesterases has been identified in leuco
cytes and inflammatory cells in patients with atopic
dermatitis.14 PDE4 degrades cyclic AMP expressed in
immune cells, promoting increased release of inflam
matory cytokines, such as interferon gamma and IL-17,
and decreased production of anti-inflammatory cytokine
IL-10.15 Furthermore, elevated IgE has been found in
many patients with atopic dermatitis or atopic disease,
although the role of IgE in the development and
pathogenesis of atopic dermatitis is controversial.16

Current treatments
Most therapeutic guidelines recommend a step-up
approach.17,18 All patients (and their caregivers) should be
counselled on how to maintain gentle skincare, avoid
triggers, and properly use moisturisers and emollients. A
systematic review of 77 studies on emollients and
2

moisturisers for atopic dermatitis showed at least some
efficacy of moisturisers in most studies;19 however, the
effect in reducing the severity of atopic dermatitis
was modest, with a low quality of evidence. Although
moisturisers might be sufficient for treating very mild
disease, they are rarely adequate for moderate and severe
cases. The next step-up in the treatment includes use
of topical corticosteroids and calcineurin inhibitors of
various potencies. Despite their widespread use in atopic
dermatitis and other inflammatory skin diseases, few
rigorous studies of topical corticosteroids have been
published. Furthermore, long-term use might cause
cutaneous atrophy, telangiectasia, striae, infections, and
hypothalamic–pituitary axis suppression. In children, use
of topical corticosteroids is often limited because of
concerns about these long-term cutaneous side-effects.
Topical calcineurin inhibitors have been extensively
studied in atopic dermatitis. These molecules inhibit
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Target

Route

Efficacy

Common side-effects

Dupilumab

IL-4 receptor α

Systemic injection

Substantial reductions in Eczema Area and Severity Index,
Investigator’s Global Assessment, Patient-Oriented
Eczema Measure, Dermatology Life Quality Index, and
pruritus scores maintained with long-term drug use;
Eczema Area and Severity Index and pruritus score
reductions seen in paediatric randomised control trials

Injection site reaction, nasopharyngitis, herpes simplex
infection, conjunctivitis

Tralokinumab

IL-13

Systemic injection

Reduced Eczema Area and Severity Index, Scoring Atopic
Dermatitis, and pruritus scores

Nasopharyngitis, injection site reaction

Lebrikizumab

IL-13

Systemic injection

Reduced Eczema Area and Severity Index and Scoring
Atopic Dermatitis scores

Conjunctivitis

Tofacitinib

JAK1 and JAK3

Oral or topical

Oral: reduction in Scoring Atopic Dermatitis scores
Topical: reductions in pruritus and Eczema Area and
Severity Index scores

Oral: serious infections (including tuberculosis), solid
cancers and lymphoma, decreased lymphocyte, neutrophil,
and haemoglobin counts. Topical: well tolerated

Baricitinib

JAK1 and JAK2

Oral

Improved response (achieving 50% reduction in Eczema
Area and Severity Index from baseline) and reduced
Scoring Atopic Dermatitis scores

Increased creatine phosphokinase, nasopharyngitis,
decreased neutrophil and leucocyte counts; earlier studies:
thrombosis, herpes zoster

Upadacitinib

JAK1

Oral

Reduced Eczema Area and Severity Index and pruritus
scores; 50% of patients (63/126) achieved Eczema Area
and Severity Index-90 and an Investigator’s Global
Assessment score of 0–1

Nasopharyngitis, worsening of atopic dermatitis, and
triggering of acne

PF-04965842

JAK1

Oral

Reduced Investigator’s Global Assessment and Eczema
Area and Severity Index scores

Nausea, diarrhoea, nasopharyngitis, headache

Delgocitinib

JAK1, JAK2, JAK3, and
tyrosine kinase 2

Topical

Reduced modified Eczema Area and Severity Index scores

Generally well tolerated, some nasopharyngitis

Ruxolitinib

JAK1 and JAK2

Topical

NA

NA

Crisaborole

PDE4

Topical

Improved severity and pruritus, although questionable
clinical value

Application site reactions (burning, stinging, or both),
worsening of atopic dermatitis, application site skin
infection

Apremilast

PDE4

Oral

Minimal to non-significant reductions in Eczema Area and Nausea, vomiting, diarrhoea, headache, nasopharyngitis
Severity Index, pruritus score, and various severity markers

OPA-15406

PDE4

Topical

Reduced Investigator’s Global Assessment score
reductions; decreasing superiority to placebo over time

Well tolerated

E6005

PDE4

Topical

Reduced Eczema Area and Severity Index, objective
Scoring Atopic Dermatitis, and pruritus scores

Well tolerated

Omalizumab

IgE

Systemic injection

One systematic review and meta-analysis found some
beneficial effect, whereas another found no evidence of
efficacy

Well tolerated

Tapinarof
(a non-steroidal
anti-inflammatory
drug)

Aryl hydrocarbon
receptor ligand

Topical

Reduced Eczema Area and Severity Index, Scoring Atopic
Dermatitis, Investigator’s Global Assessment, and pruritus
scores

Contact dermatitis

Source studies are described in the appendix. IL=interleukin. JAK=Janus kinase. NA=not available. PDE4=phosphodiesterase 4.

Table 1: New and emerging drugs for paediatric atopic dermatitis

calcineurin, thereby inhibiting T-cell activation and
transcription of IL-2.18 Two topical calcineurin inhibitors—
pimecrolimus and tacrolimus—have been approved by
the US Food and Drug Administration (FDA) for the treat
ment of atopic dermatitis. They are often used for skin
areas that are vulnerable to adverse events from topical
corticosteroids, such as the eyelids, face, groin, and
axillae. A systematic review and meta-analysis found
that pimecrolimus cream had similar efficacy to lowpotency topical cortico
steroids (eg, hydrocortisone),20
whereas 0·1% tacrolimus ointment had similar or slightly
weaker efficacy than low-to-mid potency topical
corticosteroids (eg, hydrocortisone butyrate). Additionally,
topical calcineurin inhibitors typically have a slower onset
of action than topical corticosteroids. Although both
pimecrolimus and tacrolimus are approved by the FDA

for patients aged 2 years and older, multiple studies have
indicated safety and efficacy in even younger children.21,22
As such, topical calcineurin inhibitors are recommended
even during infancy in the American Academy of
Dermatology guidelines for the topical treatment of atopic
dermatitis.18 Topical calcineurin inhibitors are not
associated with cutaneous atrophy or hypothalamic–
pituitary axis suppression, but are associated with
application site reactions such as burning or stinging.
The FDA issued a theoretical black box warning for
pimecrolimus and tacrolimus in 2006 based on possible
risk of malignancy, resulting in a dramatic reduction in
their use. Since then, the manufacturers of both drugs
have developed large-scale registries with 10-year followups and reported no evidence of increased risk of
lymphoma or other malignancies.20
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Regimen

Phase

Study population age
range

Disease severity

Status

Moderate to severe

Completed enrolment

Cytokine inhibitors
NCT03050151

Dupilumab (autoinjector)

1

≥12 years

NCT03346434 (Liberty AD
PRESCHOOL)

Dupilumab

2/3

≥6 months to <6 years Severe

Recruiting

NCT03526861 (ECZTRA 6)

Tralokinumab

3

12–17 years

Moderate to severe

Active, not recruiting

NCT03569293
(Measure Up 1)

Upadacitinib

3

12–75 years

Moderate to severe

Recruiting

NCT03568318
(AD Up)

Upadacitinib

3

12–75 years

Moderate to severe

Recruiting

NCT03349060
(JADE Mono-1)

PF-04965842

3

≥12 years

Moderate to severe

Recruiting

NCT03575871
(JADE Mono-2)

PF-04965842

3

≥12 years

Moderate to severe

Recruiting

NCT03422822
(JADE Extend)

PF-04965842

3

≥12 years

Moderate to severe

Recruiting

NCT03257644

Ruxolitinib

1

12–17 years

NA

Suspended, pending
protocol amendment
update

NCT02945657

OPA-15406

2

2–17 years

NA

Completed

NCT02914548

OPA-15406

2

15–70 years

NA

Completed

NCT03018691

OPA-15406

2

2–14 years

NA

Completed

NCT02950922

E6005

2

12–70 years

Mild to moderate

Completed

Omalizumab

4

4–19 years

Severe

Active, not recruiting

NA

Completed

Janus kinase inhibitors

Phosphodiesterase 4 inhibitors

IgE inhibitor
NCT02300701 (AD Anti-IgE
Paediatric Trial)

Aryl hydrocarbon receptor agonist
NCT02564055

Tapinarof

2

12–65 years

AD=atopic dermatitis. NA=not available.

Table 2: List of recruiting, active, and recently completed trials of new and emerging drugs for paediatric atopic dermatitis

See Online for appendix
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Moderate-to-severe atopic dermatitis often necessitates
the use of phototherapy, systemic immunosuppressants
(including cyclosporine, methotrexate, mycophenolate
mofetil, and azathioprine), or both, to achieve disease
control. However, these immuno
suppressants have
variable efficacy, few data to support their long-term
efficacy, and multiple safety concerns that limit their use,
especially in the paediatric setting.18,23 New systemic
drugs that are effective and safe for long-term use are
needed.
Few studies have specifically examined whether the
efficacy of treatments differs between children and adults.
However, specific challenges exist when managing paedi
atric patients. Infants need to be managed with extreme
care because of their intrinsically thinner skin, increased
ratio of skin surface area to body mass, and increased
irritation from and systemic absorption of topical medica
tions. Adverse events should be given special consideration
in children and adolescents. Sedating antihista
mines
might negatively affect long-term sleep patterns and
school performance. Systemic imm
uno
suppressive
agents and corticosteroids are associated with poor shortterm and long-term adverse event profiles, including

infection and malignancy.24 Thus, long-term physical and
psycho
social development of children and adolescents
might be negatively affected by both uncontrolled atopic
dermatitis and its treatments. Furthermore, comorbidities,
such as allergic contact dermatitis, can lead to diagnostic
challenges or more resistant atopic dermatitis.25 Manage
ment of parental concerns and adherence are additional
challenges to overcome.
As more is understood about disease pathogenesis,
novel targets are being identified and targeted drugs
developed for the treatment of childhood atopic derma
titis. The objective of this Review is to inspect these
drugs, their mechanisms, and the data on their efficacy
and safety (table 1 and appendix), and discuss their
potential role in the future treatment of paediatric atopic
dermatitis.
Of note, many systemic drugs being developed were
only allowed to be studied in children after their safety
and efficacy were established in sufficiently large cohorts
of adults, as per guidance from regulatory authorities. As
such, this Review also covers the pertinent safety and
efficacy data from adult studies, which made possible the
ongoing or recently completed paediatric studies (table 2).
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IL-4 and IL-13 inhibitors
Dupilumab is a human monoclonal antibody directed
against the IL-4 receptor α-subunit, which is part of the
type I and type II heterodimer receptor complexes that
bind to IL-4, IL-13, or both. Thus, blockade of this subunit
can lead to downstream inhibition of IL-4 and IL-13
signalling.
Phase 1 and phase 2 trials of subcutaneous dupilumab
as a monotherapy (two 4-week trials and one 12-week
trial) or in combination with topical corticosteroids
(one 4-week trial) have shown marked clinical improve
ment with tolerable safety profiles in adults with
moderate-to-severe atopic dermatitis.26 Additionally,
two identical, phase 3, double-blind, placebo-controlled
trials (SOLO-1 and SOLO-2)27 assessed the efficacy of
16 weeks of dupilumab monotherapy (300 mg weekly or
300 mg every other week) in adults with moderate-tosevere atopic dermatitis who had inadequate response to
or were unable to use topical medication. The two trials
showed similar improvements in signs and symptoms of
atopic dermatitis, quality of life, and mental health.27
Another phase 3, double-blind trial (CHRONOS)28
showed dupilumab (300 mg weekly or every 2 weeks)
combined with topical corticosteroids to have similar
efficacy to topical corticosteroids alone in adults with
moderate-to-severe atopic dermatitis at 16 and 52 weeks.
Preliminary results from an open-label extension study
(NCT01949311) assessing long-term maintenance treat
ment with dupilumab up to week 164 indicated high rates
of skin clearance.29 The most common adverse events
seen were injection site reaction, nasopharyngitis, and
conjunctivitis (table 1).29
Dupilumab was approved by the FDA in March, 2017,
for adults with moderate-to-severe atopic dermatitis and
inadequate response or contraindication with topical
therapy, and also by the European Medicines Agency for
adults with atopic dermatitis later that year. The approved
dose by both agencies is 300 mg every 2 weeks, based on
the phase 3 studies27 showing no major differences
between weekly or two-weekly dosing. Furthermore, a
16-week, phase 3, double-blind, placebo-controlled trial
(LIBERTY AD CAFÉ)30 showed dupilumab plus topical
corticosteroids to be efficacious in patients with severe
atopic dermatitis who did not respond to or were unable
to take cyclosporine A.
Studies of dupilumab (and other systemic agents in
development) for paediatric atopic dermatitis have
begun, starting in adolescents, followed by older
children, and finally infants and younger children. A
phase 2, open-label, ascending-dose trial found that
dupilumab at 2 mg/kg and 4 mg/kg alleviated the signs
and symptoms of atopic dermatitis in children and
adolescents (aged 6–17 years) with moderate-to-severe
atopic dermatitis, and 4 mg/kg was more effective than
2 mg/kg.31
Of note, dupilumab was approved in March, 2019 by
the FDA for the treatment of moderate-to-severe atopic

dermatitis in adolescents aged 12-17 years with poorly
controlled disease with topical therapies. This approval
was based on a 16-week, phase 3, double-blind, placebocontrolled trial in adolescents (aged 12–17 years) with
moderate-to-severe disease, which tested dupilumab
300 mg every 4 weeks, or a weight-based dose of 200 mg
or 300 mg every 2 weeks (NCT03054428). Both doses
were significantly more effective than placebo, but
200 mg or 300 mg every 2 weeks achieved numerically
higher Investigator’s Global Assessment (IGA) 0/1 and
Eczema Area and Severity Index (EASI)-75 responses
than 300 mg every 4 weeks (unpublished). Similar to the
adult data, the most common treatment-related adverse
events were injection site reactions and conjunctivitis.
Additionally, a phase 1 study comparing a dupilumab
autoinjector device to dupilumab injection via a prefilled
syringe in adolescents and adults (age ≥12 years) has
completed enrolment (NCT03050151), and a study in
patients aged between 6 months and 6 years with severe
atopic dermatitis is underway (table 2). Dupilumab has
shown good efficacy and safety in allergic asthma and
was approved by the FDA for moderate-to-severe asthma
with an eosinophilic phenotype or for oral corticosteroiddependent asthma.32–35 Thus, dupilumab might have
dual efficacy in a subset of children and adolescents
with both moderate-to-severe atopic dermatitis and
asthma.
Dupilumab has shown remarkable and sustained
efficacy, and an acceptable safety profile in adults with
moderate-to-severe, recalcitrant atopic dermatitis.
Dupilumab is likely to become the gold-standard
systemic drug for moderate-to-severe atopic dermatitis,
with its recent approval for use in adolescents, and
pending approval for use in younger children. In
particular, it might prove to be valuable for children with
moderate-to-severe, recalcitrant disease who require
long-term treatment.

IL-13 inhibitors
Tralokinumab and lebrikizumab are monoclonal anti
bodies directed against IL-13. Lebrikizumab blocks
signalling of IL-13 through the IL-4 receptor-α and IL-13
receptor-α1 heterodimer, whereas tralokinumab blocks
binding of IL-13 to the α1 and α2 subunits of the IL-13
receptor.36 A 12-week, phase 2, double-blind, placebocontrolled trial in adults with moderate-to-severe atopic
dermatitis found that 300 mg subcutaneous tralokinumab
administered every 2 weeks with concomitant topical
corticosteroids improved the signs and symptoms of
atopic dermatitis, quality of life, and Staphylococcus aureus
colonisation.37 Tralokinumab also had a tolerable safety
profile, with nasopharyngitis and injection site reactions
being the most common adverse events (table 1). Further
phase 3 trials of tralokinumab in adolescents and adults
with moderate-to-severe atopic dermatitis are underway
(NCT03526861 [in adolescents; table 2], NCT03131648,
and NCT03160885).
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A phase 2, double-blind, placebo-controlled trial
assessing 12 weeks of subcutaneous lebrikizumab treat
ment in adults with moderate-to-severe, refractory
atopic dermatitis showed that 125 mg lebrikizumab
administered every 4 weeks plus mid-potency topical
corticosteroids twice daily showed mixed results for
endpoints related to signs and symptoms of atopic
dermatitis, and no effect on quality of life and pruritus
scores (NCT02340234).38 Even with the highest dose
(125 mg every 4 weeks), a plateau in efficacy was not
evident at week 12, suggesting that higher doses might
increase efficacy. Another phase 2 trial of lebrikizumab
(NCT02465606) completed in 2016, and another is being
planned (NCT03443024), in adults with moderate-tosevere atopic dermatitis.
Collectively, preliminary evidence suggests selective
targeting of IL-13 as a therapeutic strategy. IL-13 inhibitors
have shown good safety and efficacy for adult atopic
dermatitis in the early phase studies, with future studies
in children and adolescents either underway or expected
to start soon. A phase 3, double-blind, placebo-controlled
trial assessing tralokinumab in adolescents (aged
12–17 years) with moderate-to-severe, refractory atopic
dermatitis is planned (table 2). The results of this trial
will be pivotal in determining the acceptance and future
of IL-13 inhibitors in the paediatric population.
IL-13 inhibitors are likely to become a mainstay in the
management of moderate-to-severe atopic dermatitis.
However, it is noteworthy that dupilumab, tralokinumab,
and lebrikizumab are adminis
tered by subcutaneous
injection, which might not be favoured by some children
or their caregivers.

JAK inhibitors
JAK-STAT inhibition appears to simultaneously suppress
the downstream effects of multiple cytokine pathways,
and JAK inhibitors are of great interest as potential
treatments for atopic dermatitis and other inflammatory
skin disorders.39
Tofacitinib, a JAK1 and JAK3 inhibitor, is approved by
the FDA for the treatment of moderate-to-severe active
rheumatoid arthritis and ulcerative colitis in adults. A
case series of six adults with moderate-to-severe,
recalcitrant atopic dermatitis found that oral tofacitinib
improved signs and symptoms of the disease.40,41
However, increased cases of serious infections (including
tuberculosis), solid cancers and lymphoma, lipid
elevations, and decreases in lymphocyte, neutrophil, and
haemoglobin counts have been observed with oral
tofacitinib use for other indications.41 A 4-week, phase 2,
double-blind, vehicle-controlled trial assessing a
2% ointment of topical tofacitinib in 69 adults with mild
to moderate atopic dermatitis found improved pruritus
and EASI scores with tofacitinib compared with placebo,
and an overall good safety profile.42 These data provide
proof of concept that JAK inhibition might be effective
in atopic dermatitis. However, to our knowledge,
6

tofacitinib is not undergoing further study in atopic
dermatitis at present.

Oral JAK inhibitors
Baricitinib is an oral JAK1 and JAK2 inhibitor that is
FDA-approved for refractory, moderate-to-severe active
rheumatoid arthritis.43 A 16-week, phase 2, double-blind,
placebo-controlled trial assessed daily baricitinib treatment
in 124 adults with moderate-to-severe atopic dermatitis,
testing doses of 2 mg and 4 mg. A 4-week active run-in
period of topical corticosteroids was done prior to
randomisation, and use of topical corticosteroids was
allowed in both treatment groups during the trial. Both
doses resulted in improvements in multiple endpoints
related to signs and symptoms of atopic dermatitis and
patient quality of life, although the 4 mg dose appeared to
be slightly more effective than the 2 mg dose. The most
common adverse event and laboratory parameter changes
that were reported included increased blood concentrations
of creatine phosphokinase, nasopharyngitis, decreased
neutrophil and leucocyte counts, and head
ache.44
Several phase 3 trials are underway in adults with
moderate-to-severe atopic dermatitis (NCT03559270,
NCT03435081, NCT03334422 [completed], NCT03334396,
NCT03334435, and NCT03428100). Adverse events
ident
ified in trials of oral baricitinib in rheumatoid
arthritis in both children and adults include thrombosis,
herpes zoster, and lipid abnormalities.43
Upadacitinib, an oral selective JAK1 inhibitor, was
assessed in a phase 2, double-blind, placebo-controlled
trial in 167 adults with moderate-to-severe atopic derma
titis, at daily doses of 7·5 mg, 15 mg, and 30 mg.45 Of
note, there was no active run-in period for topical
corticosteroids, nor were these steroids used throughout
the study, unless for rescue treatment. Dose-dependent
reductions of nearly all scores (EASI, pruritus, and
IGA) were observed; the 30 mg dose was the most
efficacious, with improvements in disease signs and
symptoms. The most common adverse events were
upper respiratory tract infection, worsening of atopic
dermatitis, and acne. Serious adverse events were rare,
and even rarer were non-serious abnormalities of liver
enzymes, creatine phosphokinase, red and white blood
cell counts, and lipids (albeit occuring at greater
frequency than with the placebo). Phase 3 trials
assessing oral upadacitinib are underway in adolescents
(age 12–17 years) and adults with moderate-to-severe
atopic dermatitis (table 2).
PF-04965842, another oral, selective JAK1 inhibitor, has
been studied in a phase 2, double-blind, placebocontrolled trial of 269 adults with moderate-to-severe
atopic dermatitis (NCT02780167). Safety profiles were
similar across the four doses (10 mg, 30 mg, 100 mg, and
200 mg), although 200 mg was most efficacious; more
patients in the 200 mg group achieved improvements in
disease signs and symptoms than in the placebo group.
The most common adverse events reported were nausea,
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diarrhoea, nasopharyngitis, and headache. Several
phase 3 trials assessing PF-04965842 at doses of 100 mg
and 200 mg are planned in adolescents and adults
(aged ≥12 years) with moderate-to-severe atopic
dermatitis (table 2).
The safety of oral JAK inhibitors has yet to be established
in children and adolescents. JAK1 is implicated in
signalling cascades for numerous cytokines involved in
the pathogenesis of atopic dermatitis, including IL-4,
IL-13, IL-31, and TSLP. Oral JAK1 inhibitors appear to
have more targeted mechanisms of action than oral
immunosuppressants currently used off-label in atopic
dermatitis, such as cyclosporine and methotrexate, and
broader mechanisms of action than biological agents
targeting individual cytokine pathways. The broad
mechanisms of action are likely to contribute to the
efficacy of oral JAK1 inhibitors, and these drugs will likely
be effective in children. However, the broad mechanisms
of action might be associated with adverse events with
short-term use (eg, infection), and theoretically, with
long-term use (eg, malignancy and impacts on physical
and endocrine development), which are particularly
concerning in the paediatric population. The safety
readouts of ongoing and planned studies are likely to
indicate if and where these drugs will fit into the
treatment guidelines for atopic dermatitis.

Topical JAK inhibitors
Delgocitinib (also known as JTE-052) is a pan-JAK
(i.e. JAK1, JAK2, JAK3, and TYK2) inhibitor. It was found
to inhibit skin inflammation in mouse models of atopic
dermatitis,46 and improve skin barrier function by
increasing terminal differentiation of proteins.47 A
4-week phase 2 trial assessed a twice-daily topical
application regimen of delgocitinib ointment at
strengths of 0·25%, 0·5%, 1%, and 3%, comparing it to
placebo or tacrolimus 0.1%, in 327 Japanese adults with
atopic dermatitis.48 All four strengths led to greater
reductions in modified EASI score compared with the
placebo, although the greatest change from baseline was
seen in the 3% group. Comparing the four strengths
with placebo, only the 3% group had a larger proportion
of patients who achieved an IGA score of 0 or 1, with at
least a 2-point improvement, and who achieved more
than 50%, 75%, and 90% improvement on the modified
EASI score. The 0·5%, 1%, and 3% groups also had
improved both daytime and night-time pruritus scores
compared with the placebo group. Overall, delgocitinib
was well tolerated, with nasopharyngitis being the most
com
monly reported adverse event (table 1). Further
more, application site pain (10%) and application site
irritation (7%) occurred at greater frequencies in the
tacrolimus group than in the delgocitinib groups (all
at <2%).
Ruxolitinib, a JAK1 and JAK2 inhibitor, is
FDA-approved for the treatment of adults with
myelofibrosis.49 An 8-week, phase 2, double-blind trial

evaluated topical ruxolitinib in phosphate cream
administered daily or twice daily at strengths of 0·15%,
0·5%, or 1·5%, comparing it with placebo or
triamcinolone 0·1% cream in adult patients with mild to
moderate atopic dermatitis (NCT03011892). At weeks 4
and 8, dose-dependent improvements of EASI scores
were observed. Ruxolitinib at 1·5% twice daily was most
efficacious, resulting in reductions in EASI scores and a
higher proportion of patients achieving a more than
75% reduction from baseline compared with placebo.
However, no significant difference in efficacy was seen
between ruxolitinib 1·5% and triamcinolone. Oral
ruxolitinib has been precautioned for causing anaemia,
neutropenia, thrombocytopenia, lipid elevations, herpes
zoster, nasopharyngitis, and a case of progressive
multifocal leukoencephalopathy.50–52 However, topical
ruxolitinib was well tolerated in atopic dermatitis, with
no serious adverse events reported. Further studies
assessing topical ruxolitinib in adolescents are planned
(table 2).
In summary, oral JAK inhibitors appear to be
efficacious in atopic dermatitis, probably because of their
broad mechanisms of action. Topical JAK inhibitors
might eventually replace most topical corticosteroids
used in atopic dermatitis and inflammatory skin
disorders. Higher doses of the oral JAK inhibitors might
be even more effective than dupilumab and other
biological agents under investigation, although multiple
adverse events have been noted. Nonetheless, oral JAK
inhibitors are likely to become valuable additions to the
therapeutic options for moderate-to-severe disease,
although pharma
covigilance is warranted, particularly
for children. Furthermore, although some children have
difficulty in swallowing pills, the oral route of admin
istration is likely to be preferred over subcutaneous
injection. Future research should clarify the long-term
efficacy, safety, and tolerability of topical and oral JAK
inhibitors in children.

PDE4 inhibitors

Oral PDE4 inhibitors
Apremilast is an oral PDE4 inhibitor that is FDA-approved
for the treatment of moderate-to-severe plaque psoriasis
and psoriatic arthritis,53 and has also been assessed in
atopic dermatitis. Small open-label studies found that
apremilast at 20 mg or 30 mg twice daily improved
disease signs, symptoms, and patient quality of life
(table 1).54,55 A 12-week, phase 2 trial in 185 adults with
moderate-to-severe atopic dermatitis (NCT02087943)
subsequently assessed doses of 30 mg and 40 mg daily.
The 40 mg dose resulted in reduced EASI scores
compared with placebo, but was discontinued by the data
safety monitoring board because of a high rate of
treatment-emergent adverse events (44%). The 30 mg
dose did not result in reductions in EASI scores compared
with the placebo, but was better tolerated than the 40 mg
dose. No significant differences were found between
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Search strategy and selection criteria
We searched PubMed and ClinicalTrials.gov for studies in
any language published between Jan 1, 2007 and
Oct 31, 2018, that assessed current and emerging therapies
for atopic dermatitis, using the search terms “atopic
dermatitis”, “eczema”, “atopic eczema”, and terms related to
each drug. Emerging data from oral or late-breaking
presentations were also included if available. Articles or
trials analysing atopic dermatitis therapy were selected for
in-depth review. Randomised controlled trials were
primarily sought, but other study types were also reviewed
and included if they were found to include pertinent data.

either dose of apremilast and the placebo in achieving an
Investigator’s Static Global Assessment (ISGA) score of
clear (grade 0) or almost clear (grade 1), more than
50% reduction in EASI from baseline, or reduced pruritus
score. The most common adverse events reported
were nausea, vomiting, diarrhoea, nasopharyngitis, and
cellulitis, and two cases of suicidal ideation were also
documented. To our knowledge, apremilast is no longer
being studied in adults or adolescents with atopic
dermatitis.

Topical PDE4 inhibitors
Crisaborole 2% ointment is approved by the FDA for the
treatment of mild to moderate atopic dermatitis in
adults and in children aged 2 years and older.
Two parallel, 28-day, phase 3, double-blind, vehiclecontrolled trials (AD-301 and AD-302) assessed
crisaborole administered twice daily in patients aged
2 years and older with mild to moderate disease.56 In
both trials, the crisaborole groups showed improved
signs of atopic dermatitis, pruritus score, and quality of
life compared with the vehicle groups, albeit with high
vehicle response rates observed. The most commonly
reported adverse events were application site pain and
burning. Of note, a post-hoc analysis found that
crisaborole led to higher rates of treatment success
(ISGA score 0 or 1 with a 2-grade or greater improvement
from baseline) in children (age 2–17 years) than in
adults. Many of the patients who completed this trial
were enrolled in a 48-week safety study (AD-303)57, and
the most commonly reported adverse events in this trial
were application site pain and burning (as commonly
encountered in clinical practice), worsening of atopic
dermatitis, and infection.
Another topical PDE4 inhibitor, OPA-15406 ointment, is
being studied. A phase 2 study assessing OPA-15406 twice
daily for 8 weeks in mild to moderate atopic dermatitis
in patients aged 10–70 years found improved signs and
symptoms of atopic dermatitis in the 1% OPA-15406 group
(table 1).58 Several other phase 2 trials assessing OPA-15406
were completed in 2017 (table 2), but with no results
available as of yet.
8

A phase 1/2 trial evaluating topical E6005 in children
aged 2–15 years with mild to moderate atopic dermatitis
found that the 0.2% ointment was better than the 0.05%
ointment in improving EASI, SCORAD, and itch scale
scores when compared with placebo.59 Furthermore, a
phase 2 trial in adults found non-significant improve
ments in EASI, objective Scoring Atopic Dermatitis
(SCORAD), and pruritus scores at week 4, but significant
differences in these scores at week 12, compared with
placebo.60 Meanwhile, results are pending from a phase 2
trial (NCT02950922) that evaluated E6005 0·2% and
0·5% ointments in patients aged 12–70 years with mild
to moderate atopic dermatitis.
In summary, topical PDE4 inhibition appears to be an
effective, non-steroidal treatment in children and adults
with atopic dermatitis. However, many questions are
unanswered, including those relating to comparative
efficacy between the various drugs and efficacy in
children in particular.

IgE inhibitors
Many paediatric and adult patients with atopic dermatitis
have elevated serum IgE and are prone to other atopic
disorders such as asthma and hay fever.61 IgE inhibition
has been found to be efficacious in other atopic diseases,
such as allergic asthma,62 but has shown limited and
inconsistent efficacy in patients with atopic dermatitis
with normal or elevated IgE.63,64
Omalizumab is a humanised monoclonal antibody
directed against free and B-cell membrane-bound IgE,
and can prevent IgE from binding to high-affinity Fcε
receptors on basophils and mast cells and low-affinity
Fcε receptors on skin dendritic cells. A systematic
review and meta-analysis including 103 patients from
13 studies (two randomised trials and 11 case series
each with at least 3 patients) found no evidence to
support the efficacy of omalizumab in treating atopic
dermatitis.63 Notably, this analysis found no difference
in results by age, suggesting that children did not have a
better response than adults. Only 43% of patients
achieved an excellent clinical response to omalizumab
(defined as a SCORAD reduction of more than 50%, an
EASI reduction of more than 75% or total clearance
[improvement to IGA 0], or an improvement of 2 grades
or more in IGA [ie, modified IGA severity]), whereas
30% showed no demonstrable improvement, or even
deterioration of their dermatitis. Some of the included
studies showed that patients with elevated IgE did not
respond to omalizumab. This analysis used more
rigorous inclusion criteria than the other system
atic
review,64 but is also limited by dissimilar disease severity
definitions and outcome measures between studies,
and the absence of controls in 11 of the 13 studies. Thus,
there is insufficient evidence to support the use of
omalizumab for the treatment of atopic dermatitis in
children or adults. To this end, a phase 4, double-blind,
placebo-controlled trial assessing the use of omalizumab
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in paediatric patients with severe atopic dermatitis is
currently underway (NCT02300701; table 2).

AhR agonists
Tapinarof has shown consistent efficacy in the treatment
of atopic dermatitis in adults, and has therapeutic
potential as an additional long-term, non-steroidal topical
option. Tapinarof is a bacteria-derived polyphenol that
targets the trans
cription factors AhR and Nrf2.65
Increased Nrf2 activity assists in reducing pro
inflammatory oxidative damage, and increased AhR
activity helps decrease sensitivity to proinflammatory
mediators.66,67 Animal studies showed that tapinarof
decreased skin inflammation, providing a rationale
to pursue clinical trials for atopic dermatitis and
psoriasis.65,68
A phase 2, double-blind trial of 37 adults with atopic
dermatitis found that 4 weeks of topical tapinarof
0·5% and 1% treatment led to reduced disease signs and
pruritus score compared with placebo.69 A phase 2,
double-blind, placebo-controlled trial assessed 6 weeks of
topical tapinarof 0·5% and 1% treatment in 148 adults
with mild to severe atopic dermatitis, and identified
reductions in disease signs with both creams compared
with placebo.70 In this study, several cases of contact
dermatitis were reported as an adverse event,70 similar to
previous psoriasis trials in which contact dermatitis was
commonly reported.65,71 A further 12-week, phase 2,
double-blind, placebo-controlled trial studying tapinarof
0·5% and 1% creams applied daily and twice daily in
247 patients with moderate-to-severe atopic dermatitis
was recently completed (NCT02564055), in which a
greater number of patients receiving tapinarof than those
receiving placebo showed improvements in signs and
symptoms of atopic dermatitis.72
Tapinarof has therapeutic potential in atopic derma
titis. However, further trials are expected to clarify its
efficacy and safety particularly in the paediatric
population, as well as potential skin tolerability issues in
children and adults. To this end, the efficacy and safety
of topical tapinarof is currently being studied in a
randomised, double-blind, vehicle-controlled phase 2
trial (NCT02564055) at two concentrations (0·5% and 1%)
and two frequencies (once a day and twice a day) in
adolescents and adults (aged ≥12 years) with atopic
dermatitis.

Conclusions
The development and clinical success of dupilumab as
the first approved biological agent for moderate-to-severe
atopic dermatitis—very recently for adolescent atopic
dermatitis—and of crisaborole for mild to moderate
atopic dermatitis, have renewed interests in optimising
the management of atopic dermatitis in children and
adults. Recent research and clinical trials have improved
our understanding of the pathogenesis, particularly the
immunological pathways involved, leading to a surge in

the testing and development of novel topical, oral, and
injectable therapies. Many of these drugs have therapeutic
potential for managing mild, moderate, and severe atopic
dermatitis in children. Further investigations might help
to clarify the potential differences in the pathogenesis of
atopic dermatitis between paediatric and adult popu
lations, such that future therapies might be tailored by
age group. Future research, including post-marketing
surveillance, needs to specifically assess the safety and
efficacy of these drugs in children. Continued research
efforts and pharmacovigilance will help to shape the
ongoing developments in the pharmacotherapy of
paediatric atopic dermatitis.
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