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KEY POINTS

� Atopic dermatitis (AD) is a common, chronic inflammatory skin disease associated with type 2
T-helper (TH2) dysfunction.

� People with AD are at increased risk for multiple atopic morbidities, including allergic rhinitis,
allergic conjunctivitis, asthma, and eosinophilic gastrointestinal disease.

� Dupilumab is the first biologic agent approved by the United States Food and Drug Administration
that downregulates TH2 inflammation.

� Dupilumab is currently licensed to treat AD in adults, adolescents, and children down to age 6 years,
with ongoing trials including younger children and infants to age 6 months.

� Optimal treatment of AD remains a significant unmet medical need, but multiple new drugs, target-
ing a range of proinflammatory molecules, hold promise for safer and more effective treatment.
INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing in-
flammatory skin disease that occurs in a charac-
teristic distribution, with associated xerosis and
intense pruritus. AD affects approximately 15%
of children in the United States with an annual
direct and indirect economic burden of w$5
billion.1 Moderate-severe AD is not typically life
threatening, but can be enormously life altering,
with a significant impact on quality of life, restful
sleep, school performance, as well as psycholog-
ical and emotional well-being.

AD is primarily a disease of childhood, with
onset at age less than 2 years in the most cases.
The condition spontaneously improves in many
children with mild-moderate AD, but can be life-
long in those with more severe disease. The path-
ophysiology of AD is believed to result from a
complex interplay of impaired skin barrier function,
environmental factors, colonizing and pathogenic
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microbes, and immune dysregulation, with
enhanced type 2 T-helper (TH2) responses and in-
creases in corresponding inflammatory cytokines.
Onset in infancy may be developmentally related
to more active type 2 immune function in infants,
followed by spontaneous improvement in child-
hood as normal immune maturation biases toward
type 1 immune expression.13 However, for chil-
dren with moderate-severe AD, the disease is
more likely to persist into adulthood. The pheno-
typic result is erythema, induration, lichenification,
and excoriation. There is also an association with
subsequent development of other atopic morbid-
ities including asthma, allergic rhinitis, food al-
lergies, and eosinophilic gastrointestinal
disease.2 Immune and skin barrier dysfunction
contribute to relative cutaneous anergy, manifest
as chronic colonization with Staphylococcus
aureus and more frequent infections with a variety
of microbes, including group A Streptococcus,
dermatophyte, molluscum, and herpes simplex.
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These infections may be occult, lacking the clinical
features that characterize similar infections in non-
atopic hosts.
In infants and toddlers, AD presents with pru-

ritic, red, weeping or scaly, and crusted lesions
more prominent on the extensor surfaces of limbs
and on the trunk, face, and scalp, classically
sparing the diaper area (Fig. 1). Prominent sparing
of the nose (“lightbulb sign or Yamamoto sign”)
has also been described. In older children and ad-
olescents, AD typically affects antecubital and
popliteal fossae, with frequent involvement of the
volar aspect of the wrists, ankles, and neck
(Fig. 2). Histologically, AD demonstrates features
that include epidermal spongiosis and parakerato-
sis, and superficial dermal perivascular infiltrate
(Fig. 3).
Low socioeconomic status, which dispropor-

tionately impacts black children, limits access to
specialty care, and this has a negative effect on
management of children with AD, contributing to
poor disease control. A higher percentage of skin
changes are also more persistent and dramatic
in children with darker skin types, especially
lichenification and hyperpigmentation. Secondary
tinea may also be more common in African Amer-
ican children who are at higher risk for tinea
capitis.3

MANAGEMENT

Until there is a cure for AD, management focuses
on relieving symptoms and preventing flares while
minimizing therapeutic risks. Mounting evidence
suggests that early control of inflammation may
support normalized immune maturation and
decrease long-term risk of extracutaneous atopy.
Variables that impact optimal choice of treatment
include patient preference and ability, safety and
efficacy, cost and access, and comorbidities.
Treatment strategies are aimed at restoring

impaired barrier function, reducing itch, minimizing
Fig. 1. (A) Erythema, edema, and crusting on the face of a
(B) Prominent diaper area sparing is characteristic of ato
dermatitis has involvement of his extensor extremities an
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inflammation, recognizing and treating infection,
and promoting restful sleep.4 Approach to therapy
can be organized in a stepwise fashion, based on
disease severity (see Fig. 3).5 Initial therapy in-
cludes bleach baths, avoidance of complex
topical allergens. Topical corticosteroids (TCS)
have been used first line since their discovery in
the 1950s. Widespread and long-term use has
informed safety. Because children have a higher
ratio of body surface area to weight, safe and
effective use of TCS requires monitoring to avoid
risks associated with percutaneous absorption,
including adrenal suppression. Long-term use of
TCS is safest when applied in the morning and
no more than an average of once every other
day, using a product with the lowest effective po-
tency and in supervised quantities.6 Maintenance
therapy with a TCS-sparing agent is added for chil-
dren who require daily medication. Choices
include topical calcineurin inhibitors (tacrolimus
and pimecrolimus) and crisaborole, an inhibitor of
type 4 phosphodiesterase (PDE4); however, ac-
cess to these medications is often limited by
payers, often based on labeling for children aged
2 years or greater.

TRADITIONAL SYSTEMIC THERAPY

Until 2017, the only systemic treatments US Food
and Drug Administration (FDA)-approved to treat
AD were corticosteroids. Only after decades of
experience were the risks of this approach recog-
nized to outweigh the benefits. The standard-of-
care alternative for patients with severe disease
requiring long-term therapy was off-label treat-
ment with immunomodulating and immune sup-
pressive medications. Choices include metho-
trexate, cyclosporine, mycophenolate mofetil,
and azathioprine. Each of these medications has
the potential for drug-specific side effects. All
require regular laboratory monitoring for associ-
ated toxicity.
n infant. Note “Yamamoto sign” sparing of the nose.
pic dermatitis in infants. (C) This infant with atopic

d face as well as Yamamoto sign.
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Fig. 2. (A and B) Scaly and lichenified plaques involving the popliteal fossae are characteristic of AD; associated
hyperpigmentation is most prominent in skin of color.
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Methotrexate and cyclosporine are the most
widely used agents, cyclosporine for its rapid
onset and methotrexate for ease of administration
and relatively better safety profile. Although the
well-established mechanism of action for high-
dose methotrexate as cancer chemotherapy is to
Fig. 3. Stepwise treatment approach for AD. Patients wit
adequately controlled using adjunctive skin care and opti
are candidates for systemic treatment or phototherapy. P
from Boguniewicz M, Fonacier L, Guttman-Yassky E, et al. A
for an evolving therapeutic landscape. Ann Allergy Asthm
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inhibit dihydrofolate reductase, impairing DNA
synthesis, the pharmacologic basis of low-dose
methotrexate in controlling inflammation is un-
clear. Weekly administered, low-dose metho-
trexate is generally well-tolerated. The most
common adverse effects, nausea and abdominal
h moderate-severe AD whose skin disease cannot be
mal amounts of TCS and topical calcineurin inhibitors
RN, as needed; TCS, topical corticosteroids. (Adapted
topic dermatitis yardstick: practical recommendations
a Immunol 2018;120(1):10–22.e2.)
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pain, can be mitigated by folic acid, using doses of
1 to 5 mg per day. Standard monitoring for pa-
tients on methotrexate is with baseline and
follow-up blood tests for hepatic and renal func-
tion, and hematologic parameters for associated
macrocytosis and leukopenias. Methotrexate is
an abortifacient and teratogen, so relatively con-
traindicated in females of childbearing age.7

DUPILUMAB

Development of the first biologic medication to
specifically target type 2 immune dysfunction
addressed a significant unmet medical need for
patients with moderate-severe AD. Dupilumab is
a fully human monoclonal antibody that binds the
interleukin (IL)-4 receptor alpha subunit, blocking
signaling via IL-4 and IL-13, key cytokines that
trigger TH2 inflammation. Dupilumab was FDA
approved for adults in March 2017, for adoles-
cents in March 2019, and in children down to
age 6 years in May 2020. Ongoing clinical trials
include children with moderate-severe AD as
young as 6 months. Dupilumab is also approved
for treatment of asthma in patients down to age
12 years, and for allergic sinusitis with rhinopoly-
posis in adults.8

Dupilumab is administered subcutaneously,
with a loading dose, to accelerate onset of
response, followed by maintenance dosing every
other week or once per month, depending on
weight. Data from long-term clinical trials in adults
support the safety of dosing as often as once a
week, or as infrequently as once a month. It is
available in 200- and 300-mg prefilled syringe
and 300-mg autoinjector. Labeled dosing for pedi-
atric patients is weight-group based.
Labeled dosing for dupilumab in AD

� 60 kg or more: 600 mg loading dose and
300 mg every other week

� 30 to less than 60 kg: 400 mg loading dose
and 200 mg every other week

� Less than 30 kg: 600 mg loading dose and
300 mg every 4 weeks

Other dosing regimens, including a 200 mg load
followed by 100 mg every other week for children
weighing less than 30 kg and 600mg load followed
by 300 mg once per month for children weighing
greater than 30 kg, were studied, but found to be
less effective. Individual pharmacokinetics vary,
but suggest that younger children may require
higher weight-based doses.14 Higher doses have
not been associated with increased adverse ef-
fects. Optimal dosing for younger children is under
investigation, but weight-based loading doses as
high as 15 mg/kg and maintenance doses up to
gado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library o
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10 mg/kg every other week have been used. The
drug is supplied in 2-syringe units. Refrigerated
storage is required to maintain stability. Each box
of syringes is marked with a temperature-
sensitive label to detect warming.
On-label initial dosing is recommended. With

time, some children whose skin has cleared on
bimonthly injections may be maintained with
less-frequent, monthly injections.
In contrast to the other systemic agents, treat-

ment with dupilumab does not require routine lab-
oratory monitoring. Limited data suggest that
dupilumab has no impact on humoral response
to immunization. The standard class-labeled
recommendation is to avoid live vaccines.
Anaphylaxis has been rarely reported, so as a pre-
caution, the first injection is usually performed in
the office along with injection training. Subsequent
injections are most often done by a caregiver in the
home, but some families prefer the assistance of
in-office administration. Itch and associated exco-
riation generally improve within 2 weeks of starting
treatment, followed by the signs of eczema: indu-
ration, erythema, and scale.
Common adverse effects recognized during

clinical trials include injection site reactions
and ocular surface disease (most often conjunc-
tivitis, but also keratitis). Eye inflammation may
be more common, and more symptomatic in pa-
tients with preexisting ocular inflammation, and
in adults. Worsening skin inflammation, espe-
cially on the face, has been more well-
recognized postmarketing. The cause of facial
inflammation is not well understood, and been
attributed to a variety of triggers, including
Malassezia colonization, psoriasis, and allergic
contact dermatitis. Needle phobia is a common
concern for children, but this typically improves
with time.
Antidrug antibodies were detected in a small

number of study subjects at baseline, and an
increasing number over time. However, the clinical
significance of these antibodies remains a subject
of investigation, including recognition of anti-
bodies considered neutralizing and
nonneutralizing.
Ongoing long-term trials in children with AD sug-

gest a mitigating impact of early treatment with
dupilumab on the natural history of the disease.
Dupilumab is also under investigation for a variety
of other atopic conditions, including eosinophilic
esophagitis and to enhance the efficacy of oral
peanut immunotherapy; this offers hope that a
safe and effective drug will one day be available
to target the systemic inflammation underlying
atopy and fill a significant unmet need for a single
medication that can treat, or possibly prevent, the
f Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
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Table 1
Biologic agents in development

‡2 y

Agent
Administration
route

Trial Phase
for AD

JAK1 inhibitor

Abrocitinib Oral 3 (�12 y)

Aryl hydrocarbon receptor agonist

Tapinarof Topical 2 (�12 y)

PDE4 inhibitors

Lotamast Topical 2a (�2 y)
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constellation of atopic comorbidities that begin in
childhood.2

Insight into the duration of therapy will require
additional information from ongoing long-term tri-
als. However, in the author’s experience a small
proportion of patients have been able to discon-
tinue dupilumab without relapse for as long as
2 years. Meanwhile, our approach is to begin by
tapering treatment (dose amount or dosing interval
up to 1 month) only after complete clearing for a
minimum of 3 months. Discontinuation should be
considered if clearing is maintained after a mini-
mum 3-month taper.
Table 2
Biologic agents in development

‡18

Agent Administ

Monoclonal antibodies (target)

Tezepelumab (TSLP) SQ

Afuco (IL-31) SQ

Nemolizumab (IL-31) SQ

GBR 830 (O � 40) IV

Fezakinumab (IL-22) IV

Lebrikizumab (IL-13) SQ

Tralokinumab (IL-13) SQ

MOR106 (IL-17C) IV

Pitrakinra (IL-4) SQ

Ligelizumab (IgE) SQ

JAK inhibitors

Gusacitinib (JAK-SYK) Oral

Baricitinib (JAK 1/2) Oral

Upadacitinib (JAK 1) Oral

Ruxolitinib (JAK 1/2) Topical

PDE 4 inhibitors

Roflumilast (ARQ-151) Topical
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Although the impressive efficacy and safety has
been proved in large clinical trials, insurance
coverage for dupilumab remains a significant barrier
to access. Health care providers prescribing dupilu-
mab are frequently challenged by need for prior
authorization and subsequent denial. Before formal
FDA approval for children, a retrospective analysis
ofpatternsof insurancedenials forpediatricpatients
found that lack of pediatric-specific labelingwas the
most common reason for denial. In some cases,
step-edit requirements ironically demanded off-
label use of immunosuppressant drugs.9 Comple-
tion of phase 3 trials and labeling for use in children
has had a positive impact on access.
HORIZON

The pipeline is robust for new drugs to treat AD, as
well as other atopic conditions. Although AD is pri-
marily a disease of children, pediatric clinical trials
always follow trials in adults, and always include
fewer subjects. Long-term, open-label extension
studies and data from use for other pediatric indi-
cations will help inform the relative risks and ben-
efits for each product and pathway.

Several monoclonal antibodies are in develop-
ment that largely target the TH2 pathway. Traloki-
numab and lebrikizumab bind circulating IL-13,
and ASLAN004 binds the IL-13 subunit receptor
y

ration route Trial phase for AD

2a completed

Ib completed

2 completed

2

2 Published

3

3

2 failed

2a completed

2 completed

2b

2b completed

2

2 completed

2a
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� A proactive approach is more effective than
reactive treatment.

� Proactive treatment is stepwise and based on
disease severity and associated morbidities.

� Off-label use of oral immunosuppressant and
immunomodulating medications (most often
methotrexate or cyclosporine) have been the
only options until recently. The following fac-
tors support the need for dupilumab therapy
in pediatric patients:

� Moderate-severe AD

� Extracutaneous atopic morbidities (asthma,
rhinitis, eosinophilic gastrointestinal dis-
ease, food allergy)

� High total IgE

� Strong family history of atopy
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with downstream effects that are similar, but not
identical to, dupilumab IL-4 receptor subunit
blockade.9 Nemolizumab binds IL-31 receptor A,
known to play an important role in the pathogen-
esis of itch.10 A phase 2 trial in adults with AD
yielded improved itch, but less clinical improve-
ment in the signs of eczema, arguing against the
historic description of AD as “the itch that rashes.”
Another less specific target for the treatment of

AD is Janus kinases (JAK). This family of cyto-
plasmic protein tyrosine kinases is critical for nu-
clear signal transduction. JAK inhibitors
(sometimes referred to as “jakinibs”) are small mol-
ecules that offer the advantage of oral as well as
topical administration, and likely more rapid
response than the current biologics under investi-
gation. A disadvantage is a likely greater impact
on immune function, with a theoretically higher
risk of infection or carcinogenicity with long-term
use. Increased risk of venous thromboembolism is
another concern.11 Together, these risks prompted
a new class black box warning for all JAK inhibitors,
topical and systemic. The different products vary
with regard to selectivity for the 4 recognized JAK
targets, JAKs 1, 2, and 3, and TYK2.12 Three JAK
inhibitors have been FDA approved to treat a variety
of inflammatory disorders, beginning with tofaciti-
nib (Xeljanz), for adults with rheumatoid arthritis
(RA), psoriatic arthritis, and ulcerative colitis, as
well as children with juvenile idiopathic arthritis
weighing as little as 10 kg. Upadacitinib (Rinvoq)
and baricitinib (Olumiant) are labeled to treat RA in
adults, but are under investigation for treating AD.
Abrocitinib is a selective JAK1 inhibitor in clinical tri-
als formoderate-to-severe AD in adults and adoles-
cents. Clinical trials in adults and adolescents with
mild-to-moderate AD are ongoing for ruxolitinib, a
topical JAK1/2 inhibitor.
Other agents in development include biologics

targeting TSLP (thymic stromal lymphopoietin),
IL-4, IL-22, IL-17 C, IgE, PDE4, and aryl hydrocar-
bon receptor (see tables). Most clinical trials for
moderate-severe AD have not included children
younger than 12 years to date. However, the pipe-
line is robust, so the treatment paradigm for AD is
sure to evolve (Tables 1 and 2).
CLINICS CARE POINTS
� AD is a chronic disease with significant impact
on quality of life.

� Treatment of mild and moderate AD begins
with skin care and topical medication.

gado para Eilyn Mora Corrales (emorac17@gmail.com) en National Library o
22. Para uso personal exclusivamente. No se permiten otros usos sin autorizac
DISCLOSURES

Dr M.K. Lockhart has nothing to disclose.
Dr E.C. Siegfried:
AI Therapeutics: contracted research.
ASLAN Pharmaceuticals: consultant fees
Boehringer Ingelheim: consulting fees
Incyte: consulting fees
Regeneron: consulting fees, honoraria; fees to

SSM/SLU related to sponsoring clinical trials.
Sanofi Genzyme: consulting fees, honoraria.
UCB: DSMB, consulting fees
Abbvie: consulting fees
Verrica: consulting fees, honoraria; fees to SSM/

SLU related to sponsoring a clinical trial.
Leo: consulting fees, DSMB.
Novan: consulting fees; DSMB.
Novartis: consulting fees
Pfizer: consulting fee; DSMB; grant funding to

support 2020–2022 Peds Derm Fellow.
Pierre Fabre: consulting fee; fees to SSM/SLU

related to sponsoring a clinical trial.
Janssen: PI, fees to SSM/SLU related to spon-

soring a clinical trial.
Lilly: fees to SSM/SLU related to sponsoring a

clinical trial.

REFERENCES

1. Sidbury R, Siegfried, EC. Atopic dermatitis. Chapter

8.1.

2. Siegfried EC, Igelman S, Jaworski JC, et al. Use of

dupilumab in pediatric atopic dermatitis: access,

dosing, and implications for managing severe atopic

dermatitis. Pediatr Dermatol 2019;36:172–6. https://

doi.org/10.1111/pde.13707.

3. Siegfried EC, Paller AS, Mina-Osorio P, et al. Effects

of variations in access to care for children with
f Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
ión. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1111/pde.13707
https://doi.org/10.1111/pde.13707


Evolving Landscape of Systemic Therapy 143
atopic dermatitis. BMC Dermatol 2020;20:24.

https://doi.org/10.1186/s12895-020-00114-x.

4. Ramirez FD, Chen S, Langan SM, et al. Association

of atopic dermatitis with sleep quality in children.

JAMA Pediatr 2019;173:e190025.

5. Boguniewicz M, Fonacier L, Guttman-Yassky E, et al.

Atopic dermatitis yardstick: Practical recommenda-

tions for an evolving therapeutic landscape. Ann Al-

lergy Asthma Immunol 2018;120:10–22.e2.

6. Eichenfield LF, Tom WL, Berger TG, et al. Guidelines

of care for the management of atopic dermatitis:

section 2. Management and treatment of atopic

dermatitis with topical therapies. J Am Acad Derma-

tol 2014;71(1):116–32.

7. Igelman S, Kurta AO, Sheikh U, et al. Off-label use of

dupilumab for pediatric patients with atopic derma-

titis: a multicenter retrospective review. J Am Acad

Dermatol 2020;82(2):407–11. https://doi.org/10.

1016/j.jaad.2019.10.010.

8. Wang CY, Zheng RRC, Doerrer ZA, et al. Health care

regulation, the Food and Drug Administration (FDA),

and access to medicine: our experience with dupilu-

mab for children. J Am Acad Dermatol 2020;82(6):

1568–9. https://doi.org/10.1016/j.jaad.2020.01.019.

9. Siegels D, Heratizadeh A, Abraham S, et al, Euro-

pean Academy of Allergy, Clinical Immunology

Atopic Dermatitis Guideline Group. Systemic
Descargado para Eilyn Mora Corrales (emorac17@gmail.com) en National L
2022. Para uso personal exclusivamente. No se permiten otros usos sin au
treatments in the management of atopic dermatitis:

a systematic review and meta-analysis. Allergy

2021;76(4):1053–76. https://doi.org/10.1111/all.

14631.

10. Ruzicka T, Hanifin JM, Furue M, et al. Anti-inter-

leukin-31 receptor a antibody for atopic dermatitis.

N Engl J Med 2017;376:826–35. https://doi.org/10.

1056/NEJMoa1606490.

11. Cohen SB. JAK inhibitors and VTE risk: how con-

cerned should we be? Nat Rev Rheumatol 2021;

17:133–4. https://doi.org/10.1038/s41584-021-

00575-5.

12. McInnes IB, Byers NL, Higgs RE, et al. Comparison

of baricitinib, upadacitinib, and tofacitinib mediated

regulation of cytokine signaling in human leukocyte

subpopulations. Arthritis Res Ther 2019;21:183.

https://doi.org/10.1186/s13075-019-1964-1.

13. Simon AK, Hollander GA, McMichael A. Evolution of

the immune system in humans from infancy to old

age. Proc Biol Sci 2015;282(1821):20143085.

https://doi.org/10.1098/rspb.2014.3085.

14. Paller AS, Siegfried EC, Simpson EL, et al. A phase

2, open-label study of single-dose dupilumab in chil-

dren aged 6 months to <6 years with severe uncon-

trolled atopic dermatitis: pharmacokinetics, safety

and efficacy. J Eur Acad Dermatol Venereol 2021;

35(2):464–75. https://doi.org/10.1111/jdv.16928.
ibrary of Health and Social Security de ClinicalKey.es por Elsevier en abril 07, 
torización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1186/s12895-020-00114-x
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref4
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref4
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref4
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref5
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref5
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref5
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref5
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref6
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref6
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref6
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref6
http://refhub.elsevier.com/S0733-8635(21)00092-9/sref6
https://doi.org/10.1016/j.jaad.2019.10.010
https://doi.org/10.1016/j.jaad.2019.10.010
https://doi.org/10.1016/j.jaad.2020.01.019
https://doi.org/10.1111/all.14631
https://doi.org/10.1111/all.14631
https://doi.org/10.1056/NEJMoa1606490
https://doi.org/10.1056/NEJMoa1606490
https://doi.org/10.1038/s41584-021-00575-5
https://doi.org/10.1038/s41584-021-00575-5
https://doi.org/10.1186/s13075-019-1964-1
https://doi.org/10.1098/rspb.2014.3085
https://doi.org/10.1111/jdv.16928

	Evolving Landscape of Systemic Therapy for Pediatric Atopic Dermatitis
	Key points
	Introduction
	Management
	Traditional systemic therapy
	Dupilumab
	Horizon
	Clinics care points
	Disclosures
	References


