
© 2019 Johnson et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical, Cosmetic and Investigational Dermatology 2019:12 181–192

Clinical, Cosmetic and Investigational Dermatology Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
181

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CCID.S163814

Treatment-resistant atopic dermatitis: challenges 
and solutions

Brian B Johnson  
Abigail I Franco  
Lisa A Beck  
James C Prezzano
Department of Dermatology, 
University of Rochester Medical 
Center, Rochester, NY 14642, USA

Abstract: Atopic dermatitis (AD) is a common, chronic, relapsing–remitting inflammatory 

disease that can be challenging to treat. Patients with mild disease are usually managed well 

with good skin care practices including moisturization and appropriate bathing along with 

intermittent use of topical therapies such as topical corticosteroids and/or topical calcineurin 

inhibitors during flares. Patients with frequent flares may benefit from proactive application 

of topical therapies twice a week to the most troublesome areas. Patients with severe disease 

often present significant treatment challenges. Systemic therapies are usually required for 

severe AD but have varying degrees of success and can be associated with side-effect profiles 

that require counseling and close monitoring. Phototherapy has been shown to have success in 

treating moderate-to-severe AD, but several factors can limit its utility and efficacy including 

cost and access. New therapies are in development targeting specific pathways relevant for AD. 

Dupilumab was the first biologic treatment approved in North America, Europe, and Japan for 

adults with moderate-to-severe AD. Although this treatment can lead to rapid improvement in 

the majority of patients, there are inadequate responders. In this review, we discuss the clinical 

challenges and treatment options for moderate-to-severe refractory AD.

Keywords: atopic dermatitis, eczema, treatment resistance, topical therapy, systemic therapy, 

biologics

Introduction
Atopic dermatitis (AD) is a pruritic, inflammatory skin disorder that frequently pres-

ents in childhood but is also common in adults.1 The pathogenesis of AD is due to a 

multitude of factors including skin barrier defects, dysregulation of innate immune 

responses, defects in adaptive immune response with development of strong type 2 

immunity, and altered skin microbiome.2,3 Two of the major risk factors that predispose 

a person to developing AD include a positive family history of atopy and loss-of-

function mutations in the filaggrin gene.4 In most cases, AD is successfully managed 

through elimination of exacerbating factors, good skin care practices, and topical 

therapies as defined by the most recent AD treatment guidelines such as those set forth 

by the European Academy of Dermatology and Venereology in April 2018.5 Patients 

with moderate-to-severe disease who fail to improve with this first-line, conventional 

therapy may benefit from second-line therapies such as phototherapy and systemic 

medications, including dupilumab. Even after employing these systemic treatments, 

there is a subset of patients who continue to suffer from extensive skin lesions and 

intense pruritus resulting in both physical and emotional disability. In cases of treat-

ment resistance, factors such as poor compliance or incorrect medication use, lack of 
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access to appropriate medications, hypersensitivity reactions 

to topical treatments, skin infections, and other exacerbating 

environmental triggers need to be considered. If these factors 

can be ruled out, one or several skin biopsies may be needed 

to rule out the possibility of other diagnoses such as cutane-

ous T-cell lymphoma (CTCL). In this article, we review the 

current treatment guidelines and the systemic therapies that 

are in late-stage clinical development (Phase III) that may 

help AD patients whose disease is recalcitrant to the currently 

employed systemic therapies.

Clinical presentation and diagnosis
The onset of AD classically occurs during early childhood. In 

infants, AD typically presents with red, scaly, pruritic lesions 

involving the face, scalp, trunk, and extensor surfaces of 

the extremities. Although AD can have a more generalized 

distribution, it typically involves the flexural aspects of the 

extremities in later childhood and adulthood.6 AD can be cat-

egorized as acute (erythema, vesicles, bullae, weeping, crust-

ing), subacute (scaly plaques, papules, erosions, and crusts), 

and chronic (lichenification, scaling, and hyperpigmentation 

or hypopigmentation) based on appearance.7 Diagnosis of 

AD is largely based on clinical history and physical exam 

features.8 Core features that must be present to establish a 

diagnosis of AD include the following: 1) pruritis; 2) acute, 

subacute, or chronic eczema; 3) representative morphology to 

include age-specific patterns and distribution; and 4) chronic 

or relapsing time course.8 Features that help to support a 

diagnosis of AD include the following: 1) early age of onset, 

although adult onset is possible; 2) xerosis; and 3) personal 

or family history of atopy. Areas that are typically spared in 

AD include the axillary, gluteal, and perineal regions. If these 

areas are involved, other diagnoses such as allergic or irritant 

contact dermatitis, psoriasis, scabies, tinea, and erythroderma 

due to other causes should be considered.8 In cases where a 

diagnosis is in doubt, skin biopsy or a more detailed history 

may be necessary to rule out other AD-like conditions that 

have distinctive histology such as nummular dermatitis, stasis 

dermatitis, seborrheic dermatitis, Id reaction, lichen simplex 

chronicus, prurigo nodularis, irritant contact dermatitis, 

allergic contact dermatitis, and dyshidrosis.

Treatments
Careful environmental history and education are part of the 

management of all AD patients including education on the 

pathophysiology of AD, identification of patient-specific 

allergens, and avoidance of or reduced exposure to relevant 

allergens (where possible) as this often improves AD.5 In this 

review, we outline a therapeutic ladder to consider based on 

disease severity (Figure 1).

Basic non-pharmacologic treatment
There are several known deficiencies in the skin barrier 

of patients with AD. These include filaggrin deficiency, 

decreased intercellular lipids, altered ratios of ceramides, 

fatty acids, and cholesterol, as well as reduced expression of 

tight junction proteins which individually or collectively are 

likely contributing to the increased transepidermal water loss 

characteristically observed in this disease.9 Research suggests 

that barrier disruption enables the penetration of allergens, 

irritants, and potentially pathogenic microbes into the skin, 

resulting in inflammation.10,11 Because of this, patients with 

AD must be selective about the products they use on their 

skin, as they are at a greater risk for adverse reactions to 

known irritants and allergens.

In general, patients should be advised to choose skin care 

and laundry products (eg, cleansers, moisturizers, shampoo/

conditioner, makeup, and laundry detergents) that are “fra-

grance free” and hypoallergenic.5 It is important to note that 

even “scent-free” products may be made with fragrances 

and thus may still be allergenic or irritating. Patients should 

also avoid certain fabrics, such as wool and wool mixes, 

which may be bothersome because of the lanolin or simply 

by virtue of the texture which causes skin friction and may, 

therefore, worsen the itch–scratch cycle.5 When bathing, 

patients should use warm (not hot) water and make sure to 

apply moisturizers immediately within 5 minutes to prevent 

the skin from drying out.5

It is recommended that patients bathe for short durations 

of 5–10 minutes in warm water up to once daily with non-

soap, hypoallergenic, and nonirritant cleansers or solutions 

to remove any allergens or irritants and to hydrate the skin.5 

While most patients with AD typically choose to shower, 

there is some evidence that soaking in a bathtub with dilute 

sodium hypochlorite (“bleach baths”) may be beneficial in 

reducing disease severity; however, studies are conflicting 

and bleach baths may not be any more effective than regular 

water baths.12–14 It is not known whether this bleach water 

should be rinsed off afterwards. As noted earlier, all bathing 

should be immediately followed by moisturizing.

The application of moisturizers is an integral part of 

managing AD as their consistent use reduces disease severity 

and likely lessens the need for pharmacologic interventions.15 

Moisturizers should contain emollients as well as occlusive 

and/or humectant agents to optimize skin hydration and be 

free of fragrances and additives.16,17 Moisturizers should be 
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Figure 1 Therapeutic ladder for the treatment of AD.
Abbreviations: AD, atopic dermatitis; AZA, azathioprine; MMF, mycophenolate mofetil; MTX, methotrexate; TCS, topical corticosteroids.
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applied liberally and frequently to help mitigate xerosis. The 

most effective moisturizers are often ointments; however, 

some patients may find ointments too greasy for their day-

to-day activities as they do not rub in and can stain clothing 

and bed linens.18,19 The next most effective vehicle is a thick 

or “emollient” cream that ideally is available in a large size 

so it has sufficient quantities to use as suggested (454 g per 1 

pound in the US).19 Creams may be better tolerated than oint-

ments which may lead to better compliance. The pros/cons 

to these two vehicles should be discussed with the patient. 

Of note, some patients with many fissures or erosions may 

find that many topicals “sting” or “burn” due to the addition 

of preservatives such as propylene glycol, sorbitan sesquiole-

ate, parabens, lanolin, fragrance, methylisothiazolinone, and 

formaldehyde-releasing preservatives.20 Changing the vehicle 

to an ointment may reduce these symptoms as they often do not 

contain preservatives or other potential irritating ingredients.18

Flare-directed (reactive) treatment
Due to the relapsing and remitting course of AD, many 

patients have achieved success in treating their disease more 

intensively during flares and scaling back treatment when 

their disease is better controlled. The optimal treatment 

modality for reactive treatment depends on the severity of 

disease, the location of the AD, and patient and physician 

preference. Additionally, it is important to consider whether 

AD flares are associated with secondary skin infections, 

which may require additional treatment.

Topical therapy
Topical corticosteroids
Topical corticosteroids (TCSs) are the first-line treatment 

for an acute flare of AD as they provide more rapid effects 

that lead to decreased inflammation and pruritus.18,19 The 

potency and vehicle of the TCSs should be tailored based 

on the age of the patient, disease severity, lesion location, 

patient preference, and cost.18

Low-potency TCSs are best for mild disease and for sen-

sitive areas such as the face, groin, or axilla.19 Mid-potency 

TCSs are appropriate for most other body surfaces.21 High-

potency TCSs are best reserved for thick/lichenified skin such 

as the palms/soles of the feet and ankles, and for significant 

flares.21 Although high-potency TCSs are more effective, they 

have a higher risk of local and rarely even systemic adverse 

effects (AEs).

Wet wrap therapy with an ointment moisturizer or a 

medium-potency TCS (ointment) can be considered during 

a flare.24,25

Topical calcineurin inhibitors
Topical calcineurin inhibitors (TCIs), including tacrolimus 

0.1% ointment, tacrolimus 0.03% ointment, and pimecro-

limus 1% cream, are considered second-line agents for 

the management of AD flares.18,22 TCIs are products of the 

bacteria, Streptomyces, which inhibit calcineurin-dependent 

T-cell activation by binding to FKBP-12, which inhibits 

calcineurin leading to a blockade in the signal transduc-

tion in the T-lymphocyte pathway and ultimately blocking 

the production of pro-inflammatory cytokines.18,23 There is 

conflicting evidence on the interaction between TCIs and the 

skin barrier in AD patients. Some studies suggest that TCIs 

decrease synthesis of epidermal lipids and antimicrobial 

peptides leading to increased permeability of the skin barrier 

and decreased antimicrobial function, while others suggest 

that TCIs can improve clinical and biophysical properties of 

the barrier function.24,25 TCIs are steroid sparing, which is an 

important consideration for patients who may need long-term 

treatment with TCSs and are therefore at a greater risk for the 

aforementioned side effects. TCIs decrease inflammation, 

with an effectiveness similar to that of a mid-potency TCS.26,27 

TCIs can be an appropriate choice for patients with AD on the 

eyelids, face, groin, or armpits. While only tacrolimus 0.03% 

ointment is approved by the US Food and Drug Administration 

(FDA) for children aged 2–15 years with moderate-to-severe 

AD, both tacrolimus 0.03% and the stronger 0.1% ointment 

are approved for patients older than 15 years with moderate-to-

severe AD.18 Pimecrolimus 1% cream is approved for patients 

with mild-to-moderate AD aged 2 years and up.18

Of note, TCIs come with an FDA Black Box Warning 

based on the theoretical risk of malignancy from systemic cal-

cineurin inhibitors in animal studies and transplant patients. 

However, clinical trials, post-marketing surveillance, and 

pharmacokinetic and toxicology studies have found that the 

overall rate of malignancy in patients treated with TCIs is no 

more than the general population.28 The most common side 

effect reported from TCIs is skin “burning” or “stinging” 

which may lead some patients to prematurely discontinue 

the use of TCIs. However, this sensation typically resolves 

within a week of use. Additionally, pre-cooling the TCI tube 

may reduce the burning sensation.29

Topical PDE4 inhibitors
In December 2016, the first topical PDE4 inhibitor, crisaborole 

2% ointment, was approved for the treatment of mild-to-mod-

erate AD in patients aged 2 years and up.30,31 PDE4 inhibitors 

suppress the production of cytokines and ROS, which have 

been shown to play a role in perpetuating the skin barrier 
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defect and inflammation associated with AD.32 This drug has 

been shown to be safe and effective in randomized controlled 

trials (RCTs) for up to 1 year of treatment. The most common 

treatment-related AE experienced was skin burning.30,33

Proactive (maintenance) therapy
In cases of moderate or recurrent AD, proactive treatment 

is usually recommended as it has been shown to reduce the 

risk of relapse.34 Proactive therapy is defined as the use of a 

topical anti-inflammatory agent usually twice a week for 2 

consecutive days (weekend therapy) to previously affected 

areas of skin in combination with the daily, liberal use of 

moisturizers over entire body for an undefined but long-term 

period of time.35 Classically, medium-potency TCSs or TCIs 

are recommended as the topical anti-inflammatory agents 

of choice.19 Proactive therapy can decrease the frequency of 

AD flares while minimizing potential side effects typically 

associated with medium- or high-potency TCSs.

Systemic therapy
In cases of severe AD with inadequate control despite opti-

mized topical treatment, systemic therapy may be considered. 

The only two FDA-approved systemic treatments in the US at 

the time of submission are dupilumab and systemic steroids. 

Cyclosporine (CsA) is approved in some European countries 

and Japan.36

Dupilumab
Dupilumab is a fully humanized monoclonal antibody against 

the shared alpha subunit of IL-4 and IL-13 receptors, which 

blocks the actions of these two canonical T-helper type 2 

(Th2) cytokines that are commonly found in the skin of AD 

patients.37 Dupilumab was FDA approved in March 2017 for 

the treatment of moderate-to-severe AD in adults and is now 

considered a first-line systemic treatment. Two large (n=671 

and n=708), long-term (16 weeks), randomized, double-blind, 

placebo-controlled trials (RDBPCTs) with subcutaneous dupi-

lumab showed a rapid and significant improvement in disease 

severity (Eczema Area and Severity Index, EASI) and extent of 

involvement (body surface area, BSA).38 The addition of TCSs 

to dupilumab treatment resulted in even greater improvement 

of AD signs and symptoms compared to dupilumab alone.39 

The most common side effects associated with dupilumab 

include a range of ocular complaints commonly reported as dry 

eye, noninfectious conjunctivitis, and blepharitis. Dupilumab 

does not require lab monitoring or screening for tuberculosis 

or hepatitis B/C. Additionally, there appears to be no increased 

infection risk in those treated with dupilumab.39

Recommendation
Dupilumab is recommended as a first-line treatment choice 

for moderate-to-severe AD given the efficacy and safety 

demonstrated in two large, long-term RCTs. TCS, TCI, and 

crisaborole can be used in conjunction with dupilumab to 

address an AD flare.

Systemic glucocorticoids
Glucocorticoids, while being both FDA approved and nearly 

universally effective, should be used rarely and only as a 

bridge to a more sustainable treatment plan. There are no 

high-quality RCTs evaluating the safety and efficacy of 

systemic glucocorticoids in AD. A systematic review on the 

safety and efficacy of systemic corticosteroids in AD rec-

ommended that their use should be limited to short courses 

when other options are unavailable, for the immediate relief 

of acute flares, as a transition to a steroid-sparing treatment, 

or in the most severe, treatment-refractory cases.40,41 The 

most recent guidelines set forth by the European Task Force 

on Atopic Dermatitis suggest an initial dose of 0.5 mg/kg/

day for 1–2 weeks which should be tapered over 1 month to 

decrease the risk of rebound.5 The taper should overlap with a 

steroid-sparing agent. Special consideration should be made 

with pediatric patients due to potential concern of delayed or 

reduced bone growth.42

Recommendation
Systemic glucocorticoids should be used very rarely and only 

for a short duration with slow taper off due to the serious side 

effects with long-term treatment even with low-dose corti-

costeroids (≤15 mg/day prednisone-equivalent) or recurrent 

courses because of the high risk of serious side effects includ-

ing fractures, gastrointestinal (GI) hemorrhages, cataracts, 

obesity, growth delay/reduction, and infections.43

Cyclosporine
CsA is approved for the treatment of adults (ie, ≥16 years) 

with AD in at least 15 European countries, Australia, and 

Japan. CsA is an oral calcineurin inhibitor, which suppresses 

the activation of the T-cell transcription factor, NF-AT, and 

thereby prevents the transcription of a number of cytokines 

including IL-2, thus diminishing inflammation.42,44 A 2013 

systematic review found that CsA successfully improved 

AD with a mean improvement of 50%–95% as assessed by 

various clinical severity scores after 10 days to 8 weeks of 

treatment.45 The head-to-head trials included in this review 

showed that CsA was more effective than intravenous immu-

noglobulin, prednisolone, and phototherapy.45 The most 
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recent American Academy of Dermatology (AAD) guidelines 

recommend an initial dose of 3–6 mg/kg/day, citing that 

higher initial doses lead to quicker control of the disease and 

improvement in quality-of-life measures.42 A dose of 5 mg/

kg/day is usually considered maximum in dermatology. CsA 

has been viewed as a short-term or temporizing treatment 

for uncontrolled AD and should be used to transition (albeit 

more slowly than systemic glucocorticoids) to a safer, longer-

term treatment. There is general consensus that continuous 

treatment with CsA beyond 1–2 years is not recommended 

primarily because of the risk of irreversible renal disease.42 

Most common side effects of CsA include hypertension and 

nephrotoxicity which are both dose and duration dependent.45 

Other side effects include hypertrichosis, headaches, nausea, 

diarrhea, gingival hyperplasia, and low serum magnesium.45

Recommendation
CsA can be recommended as an effective second-line or 

shorter-term treatment for moderate-to-severe AD based on 

several high-quality RCTs.45 Larger long-term studies are 

needed to fully clarify best practices to monitor for neph-

rotoxicity in the AD population before being recommended 

for greater than 1–2 years of treatment.

Phototherapy
Ultraviolet (UV) radiation has been shown to be an effec-

tive treatment modality in moderate-to-severe AD due to its 

proposed ability to decrease Staphylococcus aureus coloni-

zation, improve skin barrier function, reduce pruritis, and 

decrease tissue inflammation associated with AD.46,47 Four 

hundred and twenty-eight studies and 19 RCTs that enrolled 

over 900 subjects found medium-dose UVA1 phototherapy 

and narrowband (NB)-UVB phototherapy to be the safest 

and most effective phototherapies for moderate-to-severe 

AD subjects, with similar efficacy.48–51 NB-UVB has also 

been shown to be safe and effective in children as young as 

3 years old; however, it is generally recommended for older 

children.48 Phototherapy is usually well tolerated by patients. 

Potential side effects include xerosis, pruritus, erythema, and 

burning of the skin.43,49 The potential for photocarcinogenesis 

with both UVA1 and NB-UVB phototherapy has not been 

determined.46,46 NB-UVB is the most commonly employed 

phototherapy approach in the US to treat AD.

Recommendation
Phototherapy, especially NB-UVB and medium-dose UVA1, 

is recommended as a second-line treatment modality for both 

short- and long-term management of moderate-to-severe AD 

in children and adults given its safety and efficacy profile 

from numerous high-quality RCTs. Phototherapy can be 

used in conjunction with emollients and TCSs to reduce flare 

ups. Phototherapy is not typically recommended for infants 

or young children until they can dependably stand still in the 

unit and wear appropriate eye protection.

Methotrexate
Methotrexate (MTX) is a chemotherapeutic agent that blocks 

the synthesis of DNA, RNA, and purines, by inhibiting 

dihydrofolate reductase which, in turn, inhibits lymphocyte 

functions.42 In a small (n=42), 12-week RCT, MTX (10–22.5 

mg/week) was found to have similar efficacy to azathioprine 

(AZA) (1.5–2.5 mg/kg/day) as found using the SCORing 

Atopic Dermatitis (SCORAD) severity score with reductions 

of ~40% in both treatment groups of adults with severe AD.52 

The frequency of AEs was similar in both treatment arms, 

and most of the AEs were classified as mild. In another small 

(n=40), 12-week RCT, low-dose MTX (7.5 mg/week) was 

compared with low-dose CsA (2.5 mg/kg/day) in children 

aged 8–14 years with severe AD.53 After 12 weeks, both 

groups showed similar reductions in SCORAD score, with 

a 49% reduction in the MTX group compared to 45% in the 

CsA group.53 In this study, CsA showed a rapid onset of action 

(2–3 weeks) compared to a slightly slower onset with MTX 

(3–5 weeks), but upon discontinuation, MTX was associated 

with a longer time to relapse (20 weeks) compared to CsA 

(14 weeks).53 The most recent AAD guidelines recommend 

starting doses of MTX between 7.5 and 25 mg weekly in 

conjunction with 1 mg folic acid daily to help mitigate MTX 

toxicities.42 When clearance or near-clearance is achieved and 

maintained, MTX should be tapered or discontinued, using 

emollients and topical agents to maintain the remission. If 

there is no response after 12–16 weeks, an alternative therapy 

should be considered.42 The most common side effects are 

nausea, other GI symptoms, and stomatitis. The most serious 

side effects are bone marrow suppression, pulmonary fibrosis, 

and hepatotoxicity.42 The risk of these potentially serious side 

effects is thought to be lower in the AD population compared 

to those with psoriasis, possibly due to lower rates of obesity, 

alcoholism, metabolic syndrome, and polypharmacy.42

Recommendation
MTX is recommended as a third-line option for the long-term 

treatment of children (≥8 years) and adults with moderate-

to-severe AD based on two small, long-term RCTs. This 

treatment may be especially useful in patients who are not 

candidates for CsA.
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Mycophenolate mofetil (MMF)
MMF and mycophenolate sodium inhibit purine synthesis in 

B and T lymphocytes by directly inhibiting inosine mono-

phosphate dehydrogenase.54 The overall efficacy of MMF 

is dependent on a UGT1A9 polymorphism that ultimately 

affects the metabolism of MMF.55 In a 2017 study assess-

ing UGT1A9 enzyme activity and MMF bioavailability, 

85% of subjects who carried the UGT1A9 polymorphism 

were MMF nonresponders, presumably due to a suboptimal 

exposure to MMF.55 Studies assessing the efficacy of MMF 

in AD are extremely limited. One small (n=55), 36-week 

RCT compared enteric-coated mycophenolate sodium (EC-

MPS) with CsA in adult AD patients who failed treatment 

with potent TCSs.56 Patients were initially treated with CsA 

5 mg/kg/day for 6 weeks and then randomized to CsA 3 

mg/kg/day or EC-MPS 1,440 mg/day for 30 weeks. After 

the first 10 weeks, the reduction in SCORAD score was 

greater in the CsA treatment group; however, by the end of 

the maintenance phase, disease activity was similar in both 

groups.56 Once treatment was discontinued, relapse occurred 

faster in the CsA group compared to the EC-MPS group.56 

AEs were mild and transient within both groups. Two small 

(n=14, n=12) retrospective case series have been conducted 

on the use of MMF as a monotherapy in children (age 2–17 

years), and the results showed a significant improvement in 

disease severity.57,58 Recommended starting doses for MMF 

are 1,000–1,500 mg twice a day for adults and 20–50 mg/

kg/day in children.59

Recommendation
MMF or EC-MPS may be promising third-line agents in 

patients with moderate-to-severe AD who fail or are not 

candidates for the other off-label immunosuppressants. 

Larger, long-term RCTs are needed to make any further 

recommendations on dosing, monitoring, and long-term 

therapy for moderate-to-severe AD. Screening for UGT1A9 

polymorphisms prior to the initiation of treatment could be 

considered to identify potential nonresponders to MMF.

Azathioprine
AZA works by inhibiting purine synthesis and therefore 

inhibits RNA and DNA production especially in highly 

proliferative cells such as white blood cells commonly found 

in many inflammatory diseases.42 It is FDA approved for 

the treatment of rheumatoid arthritis (RA) and prophylaxis 

against renal transplant rejection but is used off-label in 

refractory AD. The efficacy of AZA in the treatment of 

AD has been evaluated in several studies. Two adult RCTs 

have shown AZA to be more effective than placebo over 

12 weeks.60,61 The Six Area Six Sign Atopic Dermatitis 

(SASSAD) score fell by 37% vs 20% in adults with mod-

erate-to-severe AD treated with either 1 or 2.5 mg/kg/day 

based on thiopurine methyltransferase (TPMT) activity over 

placebo.61 Knowing a patient’s TMPT level prior to treat-

ment is important as low or absent enzyme activity increases 

the risk of AZA toxicity such as myelosuppression.45 In a 

small, crossover trial testing 2.5 mg/kg/day in patients with 

severe AD, the treatment reduced SASSAD score by 26% 

compared to 3% in the placebo group.60 AZA at doses of 

1.5–2.5 mg/kg/day and MTX at doses of 10–22.5 mg/week 

were found to be equally efficacious over a 12-week regimen 

in a comparative study with similar reductions in SCORAD 

score.52 The most recent dosing guidelines established by 

the AAD recommend a dose range between 1 and 3 mg/kg/

day.42 A delayed therapeutic effect may be noted with AZA 

requiring upwards of 12 weeks of medication to achieve full 

clinical benefit. Once clearance of AD has been obtained, 

AZA should be tapered to discontinuation with the use of 

TCSs, TCIs, and emollients for maintenance. Most common 

side effects of AZA include nausea and vomiting.42,52,53 Long-

term use has been associated with lymphopenia, progressive 

anemia, nonmelanoma skin cancer, and transient elevation 

of liver enzymes.42,45 Additionally, there is evidence that 

AZA treatment is associated with a dose- and duration-

dependent increased risk of non-Hodgkin’s lymphoma and 

hepatosplenic T-cell lymphoma.62–65

Recommendation
AZA is recommended as a third-line treatment for moderate-

to-severe AD given its modest level of effectiveness as seen 

in a few small studies. AZA is usually reserved for patients 

who are not candidates for other third-line agents given its 

safety profile.

Treatment failure
If patients fail to respond to any of the aforementioned avail-

able treatments for AD, factors such as poor compliance and 

incorrect use of the prescribed therapy need to be explored. 

Given the magnitude of misinformation available to patients 

and/or their caregivers about AD therapies, it is imperative 

that physicians provide clear and easy-to-understand instruc-

tions so that patients understand and are comfortable with 

the prescribed treatment regimen. Additionally, a strong 

emphasis needs to be placed on the chronic relapsing and 

remitting nature of this disease and appropriate care must 

continue despite improvement in disease severity with the 
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prescribed treatment regimen. If poor compliance and incor-

rect medication use are determined not to be contributing 

to treatment failure, other factors that need to be explored 

include hypersensitivity reactions to topical treatments, skin 

infections, and other exacerbating environmental triggers. If 

these factors can be ruled out, it is then necessary to rule out 

AD mimickers including but not limited to allergic contact 

dermatitis, irritant contact dermatitis, seborrheic dermatitis, 

psoriasis, scabies, and tinea. Additionally, serial biopsies may 

be warranted to rule out CTCL.

Emerging therapies currently in 
Phase III clinical trials
Tofacitinib
Tofacitinib is a JAK inhibitor, currently FDA approved for 

the treatment of RA as an oral agent. Tofacitinib reduces the 

production of pro-inflammatory cytokines by interfering with 

the signaling of multiple cytokines relevant for allergic diseases 

including IL-4, IL-5, IL-13, IL-31, IL-33, and thymic stromal 

lymphopoietin.66 A topical formulation of tofacitinib 2% oint-

ment for the treatment of mild-to-moderate AD was evaluated 

in a small (n=69) 4-week Phase IIa RCT, which showed a 

significant change from baseline in the EASI score in patients 

treated with tofacitinib (–81.7% change) compared to placebo 

(–29.9% change).67 Additionally, 73% of subjects treated with 

tofacitinib had an Investigator Global Assessment (IGA) score 

indicating clearance or near-clearance at the end of the 4-week 

study compared to 22% of the subjects treated with placebo.67 

The overall incidence of AEs was lower in the treatment group 

vs the placebo group, and AEs were classified as mild.67 Long-

term and comparative trials with other topical treatments are 

recommended to further assess long-term safety and efficacy.

Upadacitinib
Upadacitinib is an oral JAK1 inhibitor that is being investi-

gated for use in moderate-to-severe AD.68 In a small (n=166), 

Phase II RCT, adult patients were randomized to placebo, 

or 7.5, 15, or 30 mg upadacitinib administered once daily 

for 16 weeks. All doses produced a statistically significant 

improvement in EASI and IGA scores compared to placebo.68 

Significant reductions in itch were seen as early as 1 week 

with reductions in disease severity revealed by EASI and IGA 

scores by 2 weeks for all doses.68 The 30 mg dose led to a 

74% mean reduction in EASI score at 16 weeks compared 

to 23% reduction in the placebo group (P<0.001). The most 

common AEs were upper respiratory tract infections and 

acne.68 Long-term RCTs are necessary to further explore the 

safety profile of upadacitinib.

PF-04965842
PF-04965842 is an oral JAK1 inhibitor that is being inves-

tigated for use in moderate-to-severe AD.69 In a Phase II 

(n=269) RCT, adult patients were randomized to placebo, 

or 10, 30, 100, or 200 mg PF-04965842 once daily for 12 

weeks.70 A statistically significant improvement in IGA score 

was seen with the 200 mg dose compared to placebo, and 

statistically significant improvements in the EASI score were 

observed in the 100 and 200 mg dosing groups compared 

to placebo group.70 The most common AEs were headache, 

nausea, diarrhea, and upper respiratory tract infections across 

all dosing groups and placebo group.70 Larger, long-term 

RCTs are needed to further explore the efficacy and safety 

of PF-04965842.

Baricitinib
Baricitinib is an oral JAK1 and JAK2 inhibitor currently 

approved for RA in Europe and Japan.71 In a small (n=124) 

Phase II RDBPCT, patients were randomized to once-daily 

placebo, or 2 or 4 mg baricitinib for 16 weeks after a 4-week 

run-in of daily TCS use. More patients receiving 4 mg of 

baricitinib achieved a 50% reduction in their EASI score 

compared to those receiving placebo (61% vs 37%) at week 

16, and baricitinib also significantly improved pruritus and 

sleep loss.71 AEs were dose dependent, and the most com-

mon ones in the baricitinib 4 mg group included headache, 

increased creatinine phosphokinase, and nasopharyngitis.71 

Larger, long-term trials to assess the safety and efficacy of 

baricitinib as a monotherapy are needed.72

Tradipitant
Tradipitant is an NK-1R antagonist that is being developed 

to reduce itch in patients with AD.69 NK-1R and SP are 

postulated to regulate both neurogenic inflammation and 

pain perception.69 NK-1R and SP are also expressed by 

endothelial and immune cells, and high levels of SP are 

strongly associated with pruritus in chronic inflammatory 

dermatoses.73,74 In a Phase II proof-of-concept study, 69 adult 

patients with treatment-resistant pruritus associated with AD 

were randomized to receive either 100 mg of tradipitant once 

daily or placebo for 4 weeks. Tradipitant-treated patients 

had a significant improvement in the VAS score compared 

to baseline; however, there was not a statistically significant 

difference between the tradipitant and placebo groups in the 

VAS, SCORAD, or EASI score. Larger, long-term RCTs 

with different dosing regimens are needed to truly determine 

whether this drug is an effective treatment for AD-associated 

pruritus.
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Nemolizumab
Nemolizumab is a humanized monoclonal antibody targeted 

against IL-31 receptor. IL-31 is a cytokine associated with 

pruritis and chronic skin inflammation.76 A 12-week, Phase II 

RCT evaluated the efficacy of nemolizumab in the treatment 

of adult subjects with moderate-to-severe AD. This medium-

sized (n=264) RCT demonstrated that nemolizumab at three 

different doses (0.1, 0.5, and 2 mg/kg) was superior to placebo 

at reducing pruritis. Additionally, modest improvements in 

EASI scores and BSA affected were also observed but only 

at the two highest doses (0.5 and 2 mg/kg) compared to 

placebo.77 The overall incidence of AEs was similar to that 

observed in the placebo group, and AEs were classified as 

mild with the most frequent AEs being AD exacerbation and 

respiratory tract infections.77 Long-term and comparative tri-

als with other treatments are recommended to better assess 

long-term safety and efficacy.

Lebrikizumab
Lebrikizumab is a monoclonal antibody directed against 

IL-13, a Th2 cytokine that has been shown to play a key role 

in barrier dysfunction, defects in innate immunity, allergen 

sensitization, and inflammation associated with AD.78 In 

a 12-week, medium-sized (n=209), Phase II RCT in adult 

patients with moderate-to-severe AD, 82.4% of patients 

treated with 125 or 250 mg doses of lebrikizumab (every 

4 weeks) in conjunction with a TCS achieved the primary 

end point of a 50% reduction in the EASI score compared 

to 62.3% in the placebo group (P=0.026).79 AEs were simi-

lar between treatment and placebo groups and were mostly 

mild to moderate.79 While this trial shows promising results 

for lebrikizumab as a concomitant therapy in the treatment 

of moderate-to-severe AD, trials assessing its efficacy as a 

monotherapy are needed as well as long-term and compara-

tive trials with other systemic therapies.

Tralokinumab
Tralokinumab is a humanized monoclonal antibody that 

targets and inhibits IL-13, a Th2 cytokine strongly linked 

to AD pathogenesis.80 A 12-week, medium-sized (n=204), 

Phase IIb RCT of adult patients with moderate-to-severe AD 

evaluated several doses of tralokinumab (45, 150, or 300 mg) 

given every 2 weeks for 12 weeks vs placebo. More patients 

receiving the 300 mg dose reached an IGA score of 0 or 1 

(26.7%) compared to the placebo group (11.8%).81 AEs were 

similar between treatment and placebo groups with the most 

common AEs being upper respiratory infections.81 Larger, 

long-term trials are recommended to more completely assess 

long-term safety and efficacy. Studies assessing the efficacy 

of tralokinumab as a monotherapy are ongoing.

Fezakinumab
Fezakinumab is a monoclonal antibody that targets IL-22, 

which is thought to have a unique role in some of the epi-

thelial abnormalities associated with AD.82 In a small (n=60) 

Phase II RCT, adult patients with moderate-to-severe AD 

were treated with intravenous fezakinumab or placebo every 

2 weeks for 10 weeks. Reductions in SCORAD score were 

observed in all treatment arms, but the decline was only 

significantly different in patients with severe AD.82 AEs 

were similar between treatment and placebo group and 

were classified as mild with the most common AE being 

upper respiratory infections.82 Future studies evaluating the 

benefits of fezakinumab may demonstrate greater efficacy 

if enrollment targeted AD patients with high tissue expres-

sion of IL-22.83–85

Ustekinumab
Ustekinumab is a human monoclonal antibody that binds to 

the shared p40 protein subunit of human IL-12 and IL-23, 

thereby preventing interaction with their shared receptor.86 It 

is currently approved for Crohn’s disease, plaque psoriasis, 

and psoriatic arthritis. In a systematic review of ustekinumab 

in the treatment of AD including eight cases and two RCTs 

(n=107), a total of 58% of patients showed improvement in 

their AD.86 While ustekinumab was well tolerated, it is likely 

that it may only be effective for a subset of AD patients such 

as those with early-onset AD and possibly AD subjects of 

Asian descent.87,88

Conclusion
The foundation of AD treatment is gentle skin care and fre-

quent moisturization use. A graded, reactive approach with 

low- to mid-potency TCS, TCI, or crisaborole should be 

added for flares of mild AD. For patients with moderate AD, 

the use of mid- to high-potency TCS is typically warranted 

until treatment can be de-escalated. For those with frequent 

relapses, proactive mid- to high-potency TCS or TCI should 

be used on the previously affected areas. If these treatment 

options do not result in sufficient improvement, systemic 

therapies are the next step in the therapeutic ladder. Dupil-

umab is the current first-line systemic agent for adults with 

moderate-to-severe, treatment-resistant eczema. If treatment 

with dupilumab is not successful, second-line treatments 

should be considered including CsA or phototherapy (NB-

UVB or UVA1). Short-term systemic glucocorticoids should 
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only be used as a bridge to a more sustainable treatment or 

for the most severe, refractory cases. Third-line treatment 

options include MTX, MMF, and AZA. For patients who fail 

to respond to any of the currently approved treatments for 

AD, factors such as poor compliance or incorrect medication 

use, hypersensitivity reactions to topical treatments, skin 

infections, and other exacerbating environmental triggers 

need to be considered. If these factors can be excluded, one 

or several skin biopsies may be warranted to rule out AD 

mimickers such as CTCL. There are several new therapies 

currently in Phase III clinical trials with strong evidence of 

efficacy for mild-to-moderate and moderate-to-severe AD. 

If FDA approval is granted, these additional therapies will 

provide additional options for treatment-resistant disease and 

may enable a more individualized approach to refractory AD.

Key points
•	 An accurate diagnosis is imperative to establish an effec-

tive treatment regimen.

•	 Good skin care with the use of moisturizers and gentle 

skin cleansers, and avoidance of triggers is a necessary 

first step, regardless of disease severity.

•	 A systematic approach with topical anti-inflammatory 

therapies should be used in mild-to-severe AD and during 

flares of all degrees of severity.

•	 Dupilumab and phototherapy are the next steps if good 

skin care and topical anti-inflammatory agents are not 

sufficient.

•	 For patients who do not have access to dupilumab or pho-

totherapy, are incomplete responders or nonresponders, or 

have significant side effects, systemic therapy with cyclo-

sporine, mycophenolate, azathioprine, or methotrexate is 

recommended. Combination therapy such as dupilumab 

plus another systemic immunomodulatory agent and/or 

phototherapy has not been adequately studied.

•	 For the subset of patients who fail to respond to several 

systemic treatments, it is necessary to rule out AD mimick-

ers including but not limited to allergic contact dermatitis, 

irritant contact dermatitis, seborrheic dermatitis, psoriasis, 

scabies, and tinea. Additionally, serial biopsies may be war-

ranted to rule out cutaneous T-cell lymphoma.

Disclosure
Brian B Johnson serves as an investigator for Regeneron 

Pharmaceuticals, Inc., Eli Lilly, and Pfizer. Abigail I Franco 

serves as an investigator for Regeneron Pharmaceuticals, 

Inc., Eli Lilly, and Pfizer. Lisa A Beck serves as an investi-

gator for Regeneron Pharmaceuticals, Inc., AbbVie, Realm 

Therapeutics, and Pfizer, and as a consultant for Allakos, 

Astra-Zeneca, Boehringer-Ingelheim, Celgene, GSK, Leo 

Pharma, Eli Lilly, Novan, Novartis, and Sanofi-Genzyme, 

and owns stock in Pfizer and Medtronic. James C Prezzano 

serves as an investigator for AbbVie, Realm Therapeutics, 

Pfizer, and Regeneron Pharmaceuticals, Inc. The authors 

report no other conflicts of interest in this work.

References
	 1.	 Kang K, Polster AM, Nedorost ST, et al. Atopic Dermatitis Dermatol-

ogy. Vol 2. New York: Mosby. 2003;199.
	 2.	 Kuo IH, Yoshida T, De Benedetto A, Beck LA. The cutaneous innate 

immune response in patients with atopic dermatitis. J Allergy Clin 
Immunol. 2013;131(2):266-278.

	 3.	 Boguniewicz M, Leung DYM. Atopic dermatitis: a disease of altered skin 
barrier and immune dysregulation. Immunol Rev. 2011;242(1):233–246.

	 4.	 Irvine AD, Mclean WHI, Leung DYM. Filaggrin mutations associated 
with skin and allergic diseases. N Engl J Med. 2011;365(14):1315–1327.

	 5.	 Wollenberg A, Barbarot S, Bieber T, et al; Global Allergy and Asthma 
European Network (GA2LEN) and the European Union of Medical 
Specialists (UEMS). Consensus-based European guidelines for treat-
ment of atopic eczema (atopic dermatitis) in adults and children: Part 
I. J Eur Acad Dermatol Venereol. 2018;32(5):657–682.

	 6.	 Pugliarello S, Cozzi A, Gisondi P, Girolomoni G. Phenotypes of atopic 
dermatitis. JDDG: Journal der Deutschen Dermatologischen Gesell-
schaft. 2011;9(1):12–20.

	 7.	 Rudikoff D, Lebwohl M. Atopic dermatitis. The Lancet. 1998;351(9117): 
1715–1721.

	 8.	 Eichenfield LF, Tom TW, Chamlin SL, et al. Guidelines of care for the 
management of atopic dermatitis: section 1. Diagnosis and assessment 
of atopic dermatitis. J Am Acad Dermatol. 2014;70(2):338–351.

	 9.	 Weidinger S, Beck LA, Bieber T, Kabashima K, Irvine AD. Atopic 
dermatitis. Nat Rev Dis Primers. 2018;4:1:1.

	10.	 Kubo A, Nagao K, Amagai M. Epidermal barrier dysfunction and cutane-
ous sensitization in atopic diseases. J Clin Invest. 2012;122(2):440–447.

	11.	 Ouchi T, Kubo A, Yokouchi M, et al. Langerhans cell antigen 
capture through tight junctions confers preemptive immunity in 
experimental staphylococcal scalded skin syndrome. J Exp Med. 
2011;208(13):2607–2613.

	12.	 Hon KL, Tsang YC, Lee VW, et al. Efficacy of sodium hypochlo-
rite (bleach) baths to reduce Staphylococcus aureus colonization in 
childhood onset moderate-to-severe eczema: a randomized, placebo-
controlled cross-over trial. J Dermatol Treat. 2016;27(2):156–162.

	13.	 Huang JT, Rademaker A, Paller AS. Dilute bleach baths for Staphy-
lococcus aureus colonization in atopic dermatitis to decrease disease 
severity. Arch Dermatol. 2011;147(2):246–247.

	14.	 Chopra R, Vakharia PP, Sacotte R, Silverberg JI. Efficacy of bleach 
baths in reducing severity of atopic dermatitis: A systematic review and 
meta-analysis. Ann Allergy Asthma Immunol. 2017;119(5):435–440.

	15.	 Eichenfield LF, Tom WL, Berger TG, et al. Guidelines of care 
for the management of atopic dermatitis. J Am Acad Dermatol. 
2014;71(1):116–132.

	16.	 Elmariah SB, Lerner EA. Topical therapies for pruritus. Semin Cutan 
Med Surg. 2011;30(2):118–126.

	17.	 Giam YC, Hebert AA, Dizon MV, et al. A review on the role of moistur-
izers for atopic dermatitis. Asia Pac Allergy. 2016;6(2):120–128.

	18.	 Eichenfield LF, Tom WL, Berger TG, et al. Guidelines of care for the 
management of atopic dermatitis: Section 2. Management and treat-
ment of atopic dermatitis with topical therapies. J Am Acad Dermatol. 
2014;71(1):116–132.

	19.	 Kapur S, Watson W, Carr S. Atopic dermatitis. Allergy Asthma Clin 
immunol. 2018;14(Suppl 2):52–52.

	20.	 Coloe J, Zirwas MJ. Allergens in corticosteroid vehicles. Dermatitis: 
Contact, Atopic, occupational, Drug. 2008;19(1):38–42.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical, Cosmetic and Investigational Dermatology 2019:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

191

Johnson et al

	21.	 Rathi SK, D’Souza P. Rational and ethical use of topical corticosteroids 
based on safety and efficacy. Indian J Dermatol. 2012;57(4):251–259.

	22.	 Gutfreund K, Bienias W, Szewczyk A, Kaszuba A. Topical calcineurin 
inhibitors in dermatology. Part I: properties, method and effectiveness 
of drug use. Postepy Dermatol Alergol. 2013;30(3):165–169.

	23.	 Nghiem P, Pearson G, Langley RG. Tacrolimus and pimecrolimus: 
from clever prokaryotes to inhibiting calcineurin and treating atopic 
dermatitis. J Am Acad Dermatol. 2002;46(2):228–241.

	24.	 Kim M, Jung M, Hong SP, et al. Topical calcineurin inhibitors compro-
mise stratum corneum integrity, epidermal permeability and antimicro-
bial barrier function. Exp Dermatol. 2010;19(6):501–510.

	25.	 Valdman-Grinshpoun Y, Ben-Amitai D, Zvulunov A. Barrier-restoring 
therapies in atopic dermatitis: current approaches and future perspec-
tives. Dermatol Res Pract. 2012;2012:923134.

	26.	 El-Batawy MM, Bosseila MA, Mashaly HM, Hafez VS. Topical 
calcineurin inhibitors in atopic dermatitis: a systematic review and 
meta-analysis. J Dermatol Sci. 2009;54(2):76–87.

	27.	 Ruer-Mulard M, Aberer W, Gunstone A, et al. Twice-daily versus 
once-daily applications of pimecrolimus cream 1% for the prevention 
of disease relapse in pediatric patients with atopic dermatitis. Pediatr 
Dermatol. 2009;26(5):551–558.

	28.	 Lebwohl M, Gower T. A safety assessment of topical calcineurin inhibi-
tors in the treatment of atopic dermatitis. MedGenMed. 2006;8(4):8–8.

	29.	 Al-Khenaizan S. Practical tip: Precooling topical calcineurin inhibitors 
tube; reduces burning sensation. Dermatol Online J. 2010;16(4):16.

	30.	 Papier a, Strowd LC. Atopic dermatitis: a review of topical nonsteroid 
therapy. Drugs in Context. 2018;7:212521.

	31.	 Paller AS, Tom WL, Lebwohl MG, et al. Efficacy and safety of crisa-
borole ointment, a novel, nonsteroidal phosphodiesterase 4 (PDE4) 
inhibitor for the topical treatment of atopic dermatitis (AD) in children 
and adults. J Am Acad Dermatol. 2016;75(3):494–503.e6.

	32.	 Sivaranjani N, Rao SV, Rajeev G. Role of reactive oxygen spe-
cies and antioxidants in atopic dermatitis. J Clin Diagn Res. 
2013;7(12):2683–2685.

	33.	 Eichenfield LF, Call RS, Forsha DW, et al. Long-term safety of crisab-
orole ointment 2% in children and adults with mild to moderate atopic 
dermatitis. J Am Acad Dermatol. 2017;77(4):641–649.e5.

	34.	 Berth-Jones J, Damstra RJ, Golsch S, et al. Twice Weekly fluticasone 
propionate added to emollient maintenance treatment to reduce risk of 
relapse in atopic dermatitis: randomised, double blind, parallel group 
study. BMJ. 2003;326(7403):1367.

	35.	 Wollenberg A, Bieber T. Proactive therapy of atopic dermatitis – an 
emerging concept. Allergy. 2009;64(2):276–278.

	36.	 Dehesa L, Abuchar A, Nuno-Gonzalez A, Vitiello M, Kerdel FA. The use 
of cyclosporine in dermatology. J Drugs Dermatol. 2012;11(8):979–987.

	37.	 Simpson EL, Bieber T, Guttman-Yassky E, et al. Two phase 3 trials 
of Dupilumab versus placebo in atopic dermatitis. N Engl J Med. 
2016;375(24):2335–2348.

	38.	 Beck LA, Thaçi D, Hamilton JD, et al. Dupilumab treatment in 
adults with moderate-to-severe atopic dermatitis. N Engl J Med. 
2014;371(2):130–139.

	39.	 Blauvelt A, de Bruin-Weller M, Gooderham M, et al. Long-term man-
agement of moderate-to-severe atopic dermatitis with dupilumab and 
concomitant topical corticosteroids (liberty AD CHRONOS): a 1-year, 
randomised, double-blinded, placebo-controlled, phase 3 trial. Lancet. 
2017;389(10086):2287–2303.

	40.	 Yu SH, Drucker AM, Lebwohl M, Silverberg JI. A systematic review of 
the safety and efficacy of systemic corticosteroids in atopic dermatitis. 
J Am Acad Dermatol. 2018;78(4):733-740.e711.

	41.	 Drucker AM, Eyerich K, de Bruin-Weller MS, et al. Use of systemic 
corticosteroids for atopic dermatitis: international eczema Council 
consensus statement. British J Dermatol. 2018;178(3):768–775.

	42.	 Sidbury R, Davis DM, Cohen DE, et al. Guidelines of care for the man-
agement of atopic dermatitis: section 3. Management and treatment with 
phototherapy and systemic agents. J Am Acad Dermatol. 2014;71(2): 
327–349.

	43.	 Saag KG, Koehnke R, Caldwell JR, et al. Low dose long-term cortico-
steroid therapy in rheumatoid arthritis: An analysis of serious adverse 
events. Am J Med. 1994;96(2):115-123.

	44.	 Kirkup ME, Birchall NM, Weinberg EG, Helm K, Kennedy CT. Acute 
and maintenance treatment of atopic dermatitis in children - two com-
parative studies with fluticasone propionate (0.05%) cream. J Dermatol 
Treat. 2003;14(3):141-148.

	45.	 Roekevisch E, Spuls PI, Kuester D, Limpens J, Schmitt J. Efficacy and 
safety of systemic treatments for moderate-to-severe atopic dermatitis: 
a systematic review. J Allergy Clin Immunol. 2014;133(2):429–438.

	46.	 Patrizi A, Raone B, Ravaioli GM. Management of atopic dermatitis: 
safety and efficacy of phototherapy. Clin Cosmet Invest Dermatol. 
2015;8:511–520.

	47.	 El Samahy MH, Attia EA, Saad AA, Mahmoud EY. Circulating CD4(+) 
CD25(high) FoxP3(+) T-regulatory cells in patients with atopic der-
matitis after narrowband-ultraviolet B phototherapy. Int J Dermatol. 
2015;54(10):e424–429.

	48.	 Dogra S, Mahajan R. Phototherapy for atopic dermatitis. Indian J 
Dermatol Venereol 2015;81(1):10–15.

	49.	 Garritsen FM, Brouwer MW, Limpens J Photo (chemo)therapy 
in the management of atopic dermatitis: an updated systematic 
review with implications for practice and research. Br J Dermatol. 
2014;170(3):501–513.

	50.	 Gambichler T, Othlinghaus N, Tomi NS, et al. Medium-dose ultraviolet 
(UV) A1 vs. narrowband UVB phototherapy in atopic eczema: a ran-
domized crossover study. Br J Dermatol. 2009;160(3):652–658.

	51.	 Majoie IM, Oldhoff JM, van Weelden H, et al. Narrowband ultraviolet 
B and medium-dose ultraviolet A1 are equally effective in the treat-
ment of moderate to severe atopic dermatitis. J Am Acad Dermatol. 
2009;60(1):77–84.

	52.	 Schram ME, Roekevisch E, Leeflang MM, Bos JD, Schmitt J, Spuls 
PI. A randomized trial of methotrexate versus azathioprine for severe 
atopic eczema. J Allergy Clin Immunol. 2011;128(2):353–359.

	53.	 El-Khalawany MA, Hassan H, Shaaban D, Ghonaim N, Eassa B. 
Methotrexate versus cyclosporine in the treatment of severe atopic 
dermatitis in children: a multicenter experience from Egypt. Eur J 
Pediatr. 2013;172(3):351–356.

	54.	 Grundmann-Kollmann M, Podda M, Ochsendorf F, Boehncke WH, 
Kaufmann R, Zollner TM. Mycophenolate mofetil is effective in the 
treatment of atopic dermatitis. Arch Dermatol. 2001;137(7):870–873.

	55.	 Thijs JL, Van Der Geest BAM, Van Der Schaft J, et al. Predicting 
therapy response to mycophenolic acid using UGT1A9 genotyping: 
towards personalized medicine in atopic dermatitis. J Dermatol Treat. 
2017;28(3):242–245.

	56.	 Haeck IM, Knol MJ, Ten Berge O, van Velsen SG, de Bruin-Weller MS, 
Bruijnzeel-Koomen CA. Enteric-coated mycophenolate sodium versus 
cyclosporin A as long-term treatment in adult patients with severe 
atopic dermatitis: a randomized controlled trial. J Am Acad Dermatol. 
2011;64(6):1074-1084.

	57.	 Heller M, Shin HT, Orlow SJ, Schaffer JV. Mycophenolate mofetil 
for severe childhood atopic dermatitis: experience in 14 patients. Br J 
Dermatol. 2007;157(1):127–132.

	58.	 Waxweiler WT, Agans R, Morrell DS. Systemic treatment of pediatric 
atopic dermatitis with azathioprine and mycophenolate mofetil. Pediatr 
Dermatol. 2011;28(6):689–694.

	59.	 Slater NA, Morrell DS. Systemic therapy of childhood atopic dermatitis. 
Clin Dermatol. 2015;33(3):289–299.

	60.	 Berth-Jones J, Takwale A, Tan E, et al. Azathioprine in severe adult 
atopic dermatitis: a double-blind, placebo-controlled, crossover trial. 
Br J Dermatol. 2002;147(2):324–330.

	61.	 Meggitt SJ, Gray JC, Reynolds NJ. Azathioprine dosed by thiopurine 
methyltransferase activity for moderate-to-severe atopic eczema: a dou-
ble-blind, randomised controlled trial. Lancet. 2006;367(9513):839–846.

	62.	 Bodo S, Svrcek M, Sourrouille I, et al. Azathioprine induction of tumors 
with microsatellite instability: risk evaluation using a mouse model. 
Oncotarget. 2015;6(28):24969–24977.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical, Cosmetic and Investigational Dermatology 2019:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Clinical, Cosmetic and Investigational Dermatology

Publish your work in this journal

Submit your manuscript here:  https://www.dovepress.com/clinical-cosmetic-and-investigational-dermatology-journal 

Clinical, Cosmetic and Investigational Dermatology is an interna-
tional, peer-reviewed, open access, online journal that focuses on  
the latest clinical and experimental research in all aspects of skin  
disease and cosmetic interventions. This journal is included  
on PubMed. The manuscript management system is completely online 

and includes a very quick and fair peer-review system, which is all easy 
to use. Visit http://www.dovepress.com/testimonials.php to read real 
quotes from published authors

Dovepress

192

Johnson et al

	63.	 Kotlyar DS, Osterman MT, Diamond RH, et al. A systematic review 
of factors that contribute to hepatosplenic T-cell lymphoma in patients 
with inflammatory bowel disease. Clin Gastroenterol Hepatol. 
2011;9(1):36–41.e31.

	64.	 Kotlyar DS, Lewis JD, Beaugerie L, et al. Risk of lymphoma in 
patients with inflammatory bowel disease treated with azathioprine 
and 6-mercaptopurine: a meta-analysis. Clin Gastroenterol Hepatol. 
2015;13(5):847–858.e4.

	65.	 Wolverton SE. Comprehensive dermatologic drug therapy. 
2013. Available from: http://www.clinicalkey.com/dura/browse/
bookChapter/3-s2.0-C20091567366. Accessed November 4th, 2018.

	66.	 Hodge JA, Kawabata TT, Krishnaswami S, et al. The mechanism of 
action of tofacitinib - an oral Janus kinase inhibitor for the treatment 
of rheumatoid arthritis. Clin Exp Rheumatol. 2016;34(2):318–328.

	67.	 Bissonnette R, Papp KA, Poulin Y, et al. Topical tofacitinib for 
atopic dermatitis: a phase IIa randomized trial. Brit J Dermatol. 
2016;175(5):902–911.

	68.	 AbbVie. A study to evaluate ABT-494 in adult subjects with moderate 
to severe atopic dermatitis. Available from: https://news.abbvie.com/
news/abbvies-upadacitinib-abt-494-meets-primary-endpoint-in-phase-
2b-study-in-atopic-dermatitis.htm. Accessed November 30, 2018.

	69.	 Nygaard U, Vestergaard C, Deleuran M. Emerging treatment 
options in atopic dermatitis: systemic therapies. Dermatology. 
2017;233(5):344–357.

	70.	 Study to evaluate PF-04965842 in subjects with moderate to severe atopic 
dermatitis. Available from: https://clinicaltrials.gov/ct2/show/study/NCT
02780167?sect=X4301256#studydesign. Accessed November 3, 2018.

	71.	 Guttman-Yassky E, Silverberg JI, Nemoto O, et al. Baricitinib in adult 
patients with moderate-to-severe atopic dermatitis: a phase 2 parallel, 
double-blinded, randomized placebo-controlled multiple-dose study. J 
Am Acad Dermatol. Epub 2018 Feb 1.

	72.	 Yamaoka K. Benefit and risk of tofacitinib in the treatment of rheumatoid 
arthritis: a focus on herpes zoster. Drug Safety. 2016;39(9):823–840.

	73.	 Park AY, Spergel JM. Pathophysiology of Nocturnal Scratching in Child-
hood Atopic Dermatitis: The Role of Brain-Derived Neurotrophic Factor 
and Substance P. Pediatrics. 2008;122(Supplement 4):S197–S197.

	74.	 Toyoda M, Nakamura M, Makino T, Hino T, Kagoura M, Morohashi 
M. Nerve growth factor and substance P are useful plasma markers of 
disease activity in atopic dermatitis. Br J Dermatol. 2002;147(1):71–79.

	75.	 Vanda Pharmaceuticals Inc. “Vanda Pharmaceuticals Announces Tra-
dipitant Phase II Proof of Concept Study Results for Chronic Pruritus in 
Atopic Dermatitis” PR News Wire. 2015.  Available from:  https://www.
prnewswire.com/news-releases/vanda-pharmaceuticals-announces-tra-
dipitant-phase-ii-proof-of-concept-study-results-for-chronic-pruritus-
in-atopic-dermatitis-300045700.html. Accessed November 2nd, 2018.

	76.	 Saleem MD, Oussedik E, D’Amber V, Feldman SR. Interleukin-31 path-
way and its role in atopic dermatitis: a systematic review. J Dermatolog 
Treat. 2017;28(7):591–599.

	77.	 Ruzicka T, Hanifin JM, Furue M, et al. Anti-interleukin-31 recep-
tor a antibody for atopic dermatitis. N Eng J Med. 2017;376(9): 
826–835.

	78.	 Hamann CR, Thyssen JP. Monoclonal antibodies against interleukin 13 
and interleukin 31RA in development for atopic dermatitis. J Am Acad 
Dermatol. 2018;78(3S1):S37–S42.

	79.	 Simpson EL, Flohr C, Eichenfield LF, et al. Efficacy and safety of 
lebrikizumab (an anti-IL-13 monoclonal antibody) in adults with 
moderate-to-severe atopic dermatitis inadequately controlled by 
topical corticosteroids: a randomized, placebo-controlled phase II trial 
(TREBLE). J Am Acad Dermatol. 2018;78(5):863–871.e11.

	80.	 Fabbrocini G, Napolitano M, Megna M, Balato N, Patruno C. Treatment 
of atopic dermatitis with biologic drugs. Dermatol Ther. 2018.

	81.	 Wollenberg A, Howell MD, Guttman-Yassky E, et al. Treatment of 
atopic dermatitis with tralokinumab, an anti-IL-13 mAb. The Journal 
of Allergy and Clinical Immunology. 2019;143(1):135–141.

	82.	 Guttman-Yassky E, Brunner PM, Neumann AU, et al. Efficacy and 
safety of fezakinumab (an IL-22 monoclonal antibody) in adults with 
moderate-to-severe atopic dermatitis inadequately controlled by con-
ventional treatments: a randomized, double-blind, phase 2a trial. J Am 
Acad Dermatol. 2018;78(5):872–881.e876.

	83.	 Brunner PM, Pavel AB, Khattri S, et al. Baseline IL-22 expression in 
patients with atopic dermatitis stratifies tissue responses to fezakinumab. 
J Allergy Clin Immunol. 2019;143(1):142–154.

	84.	 Sanyal RD, Pavel AB, Glickman J, et al. Atopic dermatitis in African 
American patients is TH2/TH22-skewed with TH1/TH17 attenuation. 
Ann Allergy Asthma Immunol. 2019;122(1):99–110.

	85.	 Czarnowicki T, Esaki H, Gonzalez J, et al. Early pediatric atopic der-
matitis shows only a cutaneous lymphocyte antigen (CLA)(+) TH2/
TH1 cell imbalance, whereas adults acquire CLA(+) TH22/TC22 cell 
subsets. J Allergy Clin immunol. 2015;136(4):941-951.e943.

	86.	 Pan Y, Xu L, Qiao J, Fang H. A systematic review of ustekinumab 
in the treatment of atopic dermatitis. J Dermatol Treat. 2018;29(6): 
539–541.

	87.	 Brunner PM, Israel A, Zhang N, et al. Early-onset pediatric atopic 
dermatitis is characterized by TH2/TH17/TH22-centered inflammation 
and lipid alterations. J Allergy Clin Immunol. 2018;141(6):2094–2106.

	88.	 Noda S, Suárez-Fariñas M, Ungar B, et al. The Asian atopic der-
matitis phenotype combines features of atopic dermatitis and pso-
riasis with increased TH17 polarization. J Allergy Clin Immunol. 
2015;136(5):1254–1264.

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.clinicalkey.com/dura/browse/bookChapter/3-s2.0-C20091567366
http://www.clinicalkey.com/dura/browse/bookChapter/3-s2.0-C20091567366
https://www.prnewswire.com/news-releases/vanda-pharmaceuticals-announces-tradipitant-phase-ii-proof-of-concept-study-results-for-chronic-pruritus-in-atopic-dermatitis-300045700.html
https://www.prnewswire.com/news-releases/vanda-pharmaceuticals-announces-tradipitant-phase-ii-proof-of-concept-study-results-for-chronic-pruritus-in-atopic-dermatitis-300045700.html
https://www.prnewswire.com/news-releases/vanda-pharmaceuticals-announces-tradipitant-phase-ii-proof-of-concept-study-results-for-chronic-pruritus-in-atopic-dermatitis-300045700.html
https://www.prnewswire.com/news-releases/vanda-pharmaceuticals-announces-tradipitant-phase-ii-proof-of-concept-study-results-for-chronic-pruritus-in-atopic-dermatitis-300045700.html

	Publication Info 4: 


