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Abstract

Atopic dermatitis is a long-term inflammatory skin disease caused by factors such as skin

barrier dysfunction and immune system dysregulation . Currently, the first-line treatment for

atopic dermatitis involves the use of topical glucocorticosteroids; however, this treatment is

associated with many side effects. Therefore the need of finding new methods of treatment

arises.

Objective: The objective of this study is to gather and analyze literature on new methods of

treating atopic dermatitis.

Materials and methods: The review was based on the analysis of materials collected in the

database, PubMed, Google Scholar, Web of Science, Embaseand, Scopus, books and other

scientific articles.

Keywords: „atopic dermatitis”, „AD treatment”, „Janus kinase (JAK) inhibitors”,

„Phosphodiesterase Inhibitors”
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Introduction

Atopic dermatitis (AD) is an eczematous, inflammatory skin disease. This chronic condition

often begins in the first few years of life and may persist into adulthood and often occurs in

people with a personal or family history of asthma and allergic rhinitis [1,4]. AD affects up to

20% of children in the United States, and prevalence may be increasing [2]. Currently, the

first-line treatment for atopic dermatitis is the use of topical glucocorticosteroids, but this

treatment is associated with many side effects such as: skin atrophy, the formation of

permanent telangiectasia, striae or dyspigmentation. Due to local suppression of the immune

system, bacterial or fungal superinfections of skin lesions may also occur [5]. When using

glucocorticosteroids, it is also important to remember about the withdrawal effect, i.e.

exacerbation of skin lesions after discontinuation of the drug, and tachyphylaxis, i.e. reduced

effectiveness during prolonged therapy. These symptoms not only reduce the quality of life of

patients, but also contribute to their own discontinuation of treatment [6,7]. All these negative

effects have become a reason to look for new, safer therapies. In our article, we will describe

the latest methods of treating AD.

Pathogenesis

The pathogenesis of Atopic Inflammation is complex. It is compounded by factors such as

skin barrier dysfunction and a dysregulated immune system. The Th2-cell system becomes

overactive, and as a result, excessive production of cytokines such as IL-4, IL-13 and those

secreted by Th1, Th17, Th22 and Il-33, TSLP, Il-25, originating from damaged epidermis

[8,9,10,11].

Scales assessing the severity of the disease

The three most popular scales for assessing the severity of the disease are SCORAD (Scoring

Atopic Dermatitis Index), EASI (Eczema Area And Severity Index) and IGA (Investigator’s

Global Assessment scale).

The SCORAD scale takes into account objective symptoms, such as: the affected area (A) and

the intensity of changes (B) and subjective symptoms, itching reported by the patient within

72 hours, or sleep disorders (C). The first component (A) is most often assessed using the
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"rule of nines", in which the head constitutes - 9% of the affected surface and, respectively:

upper limbs - 2 times 9%, chest - 9%, abdomen - 9%, posterior part of the torso - 18%, lower

limbs - 2 times 18%, and perineum 1%. The result obtained is divided by 5.

The second component (B) takes into account the presence of erythema, swelling/lumps,

crusts/oozing, erosions, lichenification, dry skin and assigns points: 0 – no changes, 1 – slight

changes, 2 – moderate intensity, 3 – very severe changes.

The last component is assessed using a visual analogue scale with values   from 1 to 10.

On this scale, the minimum number of points is 0, where there are currently no symptoms of

the disease, and the maximum value to be obtained is 103 points. There are 3 degrees of

severity of AD: mild (<25 points), moderate (25–50 points) and severe (>50 points) [12,13].

The EASI scale also takes into account the extent and intensity of skin lesions. It takes into

account four symptoms: erythema, infiltration, excoriation and lichenification in four

locations: upper limbs, lower limbs, trunk and head. Points are awarded on a scale from 0 (no

changes) to 3 (very severe changes). The surface area in the above-mentioned areas is also

assessed, where from 0 (no changes) to 6 points (90-100% of the affected surface area) is

awarded. The maximum score on the scale is 72 points [14,15].

The IGA scale can be used to clinically assess the severity of atopic dermatitis. It is a 5-point

scale, where the severity of the lesions is taken into account: 0 – clear skin, 1 – almost clear, 2

– mild, 3 – moderate, 4 – severe [16].

Phosphodiesterase-4 inhibitors

Phosphodiesterase-4 inhibitors (PDE-4 inhibitors) block the degradation of cAMP in the cells

of the lungs, causing bronchodilation, as well as decrease inflammatory mediators. They can

be administered orally, topically or in the form of injections [17,18].

Roflumilast

Roflumilast is a highly selective phosphodiesterase-4 inhibitor. Melinda Gooderham et al

published the results of a phase 2 randomized, double-blind study to evaluate the efficacy and
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safety of Roflumilast 0.15% and 0.05% ointment. It included 136 patients with mild to

moderate AD aged ≥12 years, divided into 3 groups. They applied roflumilast 0.15% cream,

roflumilast 0.05% cream, or vehicle cream once daily for 4 weeks. The endpoint was the

absolute change in the Eczema Area and Severity Index (EASI) from baseline to week 4 of

treatment, percentage change and responder rates, Validated Investigator Global Assessment-

AD (vIGA-AD). The absolute change in EASI scores was -6.4 (P=0.097 vs placebo) for

roflumilast 0.15%, -6.0 (P=0.356) for roflumilast 0.05%, and -4.8 for placebo, there was also

an improvement in vIGA-AD outcome "clear" or "almost clear.". Treatment-related adverse

events (AEs) of mild rash and moderate application site pain occurred in 2 patients receiving

roflumilast, and 1 patient receiving roflumilast discontinued the study due to an AE [19,20].

Difamilast

Another phosphodiesterase 4 inhibitor is difamilast. Hidehisa Saeki et al. conducted a

randomized, double-blind, phase 3 study of 364 patients aged 15 to 70 years with an IGA

score of 2 or 3, half of whom received topical difamilast ointment 1% and half the vehicle.

After 4 weeks, the IGA was reassessed and showed a score of 0 or 1 with a 2-fold

improvement for diflamast (38.46% vs 12.64%, respectively, P < .0001). Adverse events

occurring during the study were mostly mild or moderate and occurred less frequently with

difamilast [21].

It appears that ointments are effective and well tolerated for treating AD [22,23,24]

Janus kinase (JAK) inhibitors

JAK inhibitors stop the Janus kinase activity by competitively binding to it and as a result

interfering with the JAK-STAT pathway. That leads to a suppression in signaling of

inflammatory cytokines such as IL-6 or IL-23 and modifies the immune response of the cells.

JAK inhibitors can be found in oral or topical forms [25,26].

Ruksolitynib

Kim Papp et al pooled the results of 2 double-blind, phase 3 studies

(NCT03745638/NCT03745651) that assessed the safety and efficacy of ruxolitinib cream for

more than 8 weeks. They included 1,249 patients aged ≥12 years. They were randomly
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assigned to twice-daily treatment with 0.75% ruxolitinib cream, 1.5% ruxolitinib cream, or

vehicle cream in a 2:2:1 ratio. Patients who used ruxolitinib cream had significant

improvement in IGA (IGA score of 0/1 with ≥2-point improvement from baseline). They also

achieved ≥50% reduction in disease area and ≥2-point reduction in itch score. Ruxolitinib

cream was well tolerated during the 52-week study in this patient population [27].

Delgocytynib

Hidemi Nakagawa et al conducted a double-blind study in Japanese patients aged ≥ 16 years

with moderate to severe AD. The first part of the study, which lasted 4 weeks, included 158

patients who were randomly assigned to receive delgocitinib 0.5% ointment or vehicle

ointment in a 2:1 ratio. Of the 106 patients in the delgocitinib group, 98 (92.5%), 52 in the

placebo group, 29 (55.8%) completed part 1, and 3 (5.8%) discontinued the study. A total of

154 patients started part 2, and 138 (89.6%) patients completed part 2, in which patients

received delgocitinib 0.5% ointment for 24 weeks. At the end of treatment in part 1, the mean

percent change from baseline in the modified Eczema Area and Severity Index score was

significantly greater in the delgocitinib group than in the vehicle group (-44.3% vs 1.7%, P

< .001). Improvement in the modified Eczema Area and Severity Index score was maintained

in part 2. Most adverse events were mild and unrelated to delgocitinib during the study

periods. Delgocitinib ointment was effective and well tolerated [28].

A similar double-blind study was conducted in pediatric patients aged 2 to 15 years who were

randomized 1:1 to delgocitinib 0.25% ointment or vehicle ointment for 4 weeks in Part 1. Part

2 was a 52-week extension period in which patients received delgocitinib 0.25% or 0.5%

ointment. At the end of treatment in Part 1, the mean percent change from baseline in the

modified Eczema Area and Severity Index score was significantly greater in the delgocitinib

group than in the vehicle group (-39.3% vs +10.9%, P < .001). Improvement in AD was also

observed through week 56 in Part 2. Most adverse events were mild and unrelated to

delgocitinib during the study periods [29].

Tofacitinib

Tofacitinib interacts with cytokines such as IL-2, IL-4, IL-6, IL-7, IL-9 or IL-21 and inhibits

transduction of their signals. It was firstly registered for the treatment of rheumatoid and

psoriatic arthritis.
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R.Bissonnette et al. conducted a phase IIa, double-blind, randomized study (NCT02001181)

involving 69 adults with mild-to moderate AD (with four patients discontinued from the

study) who received 2% tifacitinib or vehicle ointment twice daily in 1:1 ratio for 4 weeks, the

primary point of the study being percentage change from baseline in Eczema Area and

Severity Index (EASI) score. At the end of the study the mean change in EASI total score was

significantly greater in the tofacitinib group vs. the vehicle group (-81,7% vs. -29,9%, P<

0,001), as it was also at weeks 1 and 2. Treatment-emergent AE (TEAE) occurred in 44% of

patients with a great majority of them (89%) being mild - the most frequent were infections.

No severe or serious AEs were recorded [30].

A Case Report by S. Berbert Ferreira and coauthors described a 63-year-old male patient with

a chronic severe AD (SCORAD-66,7%, DLQI-22) and multiple systemic therapy failures

(including topical and oral corticosteroids, methotrexate, azathioprine, cyclosporine,

ustekinumab and phototherapy). The patient was administered tofacitinib citrate 5mg BID

with gradually decreasing doses of prednisone (until total suspension) and only topical

moisturizers. After 3 months an almost complete clearance of face, trunk, upper and lower

extremities (SCORAD-10,1%, DLQI-3) was reported with a sustained response at 16 months

visit. One episode of uncomplicated herpes simplex infection has been reported with no

abnormal laboratory findings [31].

Upadacytynib

Upadacitinib has the greatest potency for JAK1 and is administered orally. There were two

multicentered phase 3 trials conducted by Emma Guttman-Yassky and coauthors. In the

Measure Up 1 study, 847 patients were randomly assigned to receive either upadacitinib 15

mg (n=281), upadacitinib 30 mg (n=285), or a placebo (n=281). Similarly, in the Measure Up

2 study, 836 patients were randomly assigned to upadacitinib 15 mg (n=276), upadacitinib 30

mg (n=282), or a placebo (n=278). By week 16, both studies met their coprimary endpoints

(all p<0.0001). In Measure Up 1, the percentage of patients who achieved EASI-75 at week

16 was significantly higher in the upadacitinib 15 mg group (196 out of 281 patients, or 70%)

and the upadacitinib 30 mg group (227 out of 285 patients, or 80%) compared to the placebo

group (46 out of 281 patients, or 16%). In the Measure Up 2 study, 60% of patients in the

upadacitinib 15 mg group (166 out of 276 patients) and 73% of patients in the upadacitinib 30
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mg group (206 out of 282 patients) achieved the endpoint, compared to just 13% of patients in

the placebo group (37 out of 278 patients). Considering the results of those trials Upadacitinib

monotherapy could be a promising treatment option with a favorable benefit-risk profile for

patients with moderate-to-severe atopic dermatitis [32,33].

Aryl hydrocarbon receptor modulators

Aryl hydrocarbon receptor is a ligand-activated protein, a transcription factor, that when

activated results in immunosuppression. It plays an important role in differentiating of

hepatocytes, T-cells or neurons, as well as regulating xenobiotic metabolism [34].

Tapinarof

Through binding to topical aryl hydrocarbon receptors (AhR), tapinarof suppresses cytokines

(such as IL-17, IL-4, IL-13) and induces expression of skin barrier proteins, including

filaggrin and loricrin. It was the first FDA-approved topical substance in this class, in a form

of 1% cream, used in a treatment of plaque psoriasis in adults, that is being investigated for

the use in atopic dermatitis as well.

Amy S. Paller et al. published the result of a phase IIb, double-blind study (NCT02564055),

where 247 randomized patients received tapinarof cream 0,5%, 1% or vehicle once or twice a

day. At the end point of 12 weeks the patients receiving cream 1% twice daily showed IGA

response of 53%, cream 1% once daily of 46%, cream 0,5% twice daily of 37%, cream 0,5%

once daily of 34% vs. receiving vehicle twice daily of 24% and once daily of 28% . 191 of

247 patients that completed the study were also able to maintain the effect for 4 weeks after

the end of the study. The treatment was well tolerated, with AEs being mostly mild to

moderate [35].

Biologics

Biologics are a diverse group of treatment options that play an increasing role for AD patients

and are the object of continuously expanding research. Through targeting specific molecules,
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they show noticeably better risk-benefit ratios than some of the conventional treatment

options [36].

Lebrikizumab

Lebrikizumab is a high-affinity IgG4 monoclonal antibody that selectively binds to

interleukin (IL)-13, which prevents the formation of the interleukin-4Rα–interleukin-13Rα1

receptor signaling complex. Amy S Paller and coauthors pooled the results of three studies,

ADvocate1 (NCT04146363), ADvocate2 (NCT04178967), and ADhere (NCT04250337), in

patients with moderate-to-severe atopic dermatitis. A total of 206 adolescent patients (≥ 12 to

< 18 years, weighing ≥ 40 kg) received subcutaneous loading doses of lebrikizumab 500 mg

at baseline and week 2, followed by 250 mg every 2 weeks. 172 patients completed the

treatment period. A total of 62.6% achieved IGA 0/1 with ≥ 2-point improvement from

baseline, and 81.9% achieved EASI-75 by week 52. The mean percent EASI improvement

from baseline to week 52 was 86.0%. 5 patients discontinued treatment. A total of 134

patients (65%) reported at least one treatment-emergent AE, most of which were mild or

moderate in intensity [37].

Nemolizumab

Nemolizumab is a humanized monoclonal antibody that blocks the A receptor for IL-31,

currently under investigation for a treatment of pruritus, one of the symptoms of atopic

dermatitis.

K. Kabashima et al. conducted a two phase III, long-term study of patients with a score of min.

3 out of 5 on an itch scale and VAS score of min. 50, uncontrollable by antihistamines or

topical treatments. In the first study (Study‐JP01 (JapicCTI‐173740)), in part A 215 patients

received subcutaneously nemolizumab (60mg) or placebo in ratio 2:1 for 16 weeks, resulting

in the mean change of -42,8% in the VAS score in the nemolizumab group, while the change

in the placebo group was -21,4% (P<0.001). After completion, the 52-week part B started

where 206 patients were to be administered nemolizumab (60mg) up to week 64 with a

decrease of 65,9% (the mean change in the VAS score) in a nemolizumab group after 68

weeks. A similar outcome was observed in the second study (Study‐JP02 (JapicCTI‐183894)),

where 88 patients received nemolizumab (60mg, Q4W) for 48 weeks. Over 90% of patients

reported TEAEs, with the great majority mild in severity (nasopharyngitis being the most

common) [38,39].



10

Dupilumab

Dupilumab is an antibody that binds to the subunits of the IL-4 and IL-13 cytokine receptors,

and inhibits the IL-4 and IL-13 signaling pathways. This binding also inhibits downstream

signaling through the JAK-STAT pathway, a critical pathway for the transcription of genes

involved in inflammatory responses.

Eric L. Simpson et al. conducted two phase 3 trials (SOLO 1 and SOLO 2) involving 1,379

patients. Dupilumab was administered subcutaneously for 16 weeks to patients who had been

randomized into three groups: the first group received 300 mg of dupilumab weekly, the

second group every other week and the third group was given a placebo.

In the combined SOLO 1 and SOLO 2 trials, a total of 169 patients receiving dupilumab every

other week, 170 patients receiving it weekly, and 43 patients receiving a placebo achieved the

primary outcome (P<0.001 for both comparisons with placebo). Additionally, significantly

more patients who received any regimen of dupilumab achieved at least a 75% improvement

from baseline to week 16 on the EASI-75 compared to those who received a placebo

(P<0.001 for all comparisons) [40].

Another phase 3 trial, known as CHRONOS, conducted by Andrew Blauvelt et al., evaluated

the long-term management of moderate-to-severe atopic dermatitis using dupilumab in

combination with topical corticosteroids (TCS). This study involved 740 participants. Of

these, 106 patients received both dupilumab and topical corticosteroids, while the remaining

315 patients were given a placebo alongside TCS. The results showed that both IGA and

EASI scores improved significantly more in patients treated with both dupilumab and TCS

[41].

Tralokinumab

Tralokinumab is a human antibody that binds to and neutralizes IL-13, preventing it from

binding to its receptor, IL-13Rα1. To test its effectiveness, three phase 3 trials named

ECZTRA 1, 2, and 3 were conducted. The identically designed ECZTRA 1 and 2 trials

involved a total of 1,596 patients. Participants were initially randomized in a 3:1 ratio, with

the first group receiving a 600 mg dose on day 0, followed by 300 mg of tralokinumab every

other week for 16 weeks, while the second group received a placebo.
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After this initial period, patients treated with tralokinumab who achieved a clinical response

were rerandomized into three groups with proportions of 2:2:1. Group one received 300 mg

every 2 weeks, group two received 300 mg every 4 weeks, and group three received a placebo

for 36 weeks. In both studies, significantly more patients reached an IGA score of 0 or 1 and

EASI 75 at week 16 with tralokinumab compared to placebo. In ECZTRA 1, IGA 0/1 was

achieved by 15.7% of patients receiving tralokinumab (compared to 7.1% of patients

receiving placebo) (P = 0.002), and EASI 75 was achieved by 25% of patients treated with

tralokinumab and 12.7% with placebo (P < 0.001). In ECZTRA 2, the IGA endpoint was

achieved by 22.2% of patients treated with the antibody, compared to 10.9% treated with

placebo (P < 0.001), and the EASI 75 endpoint was reached by 33.2% of the tralokinumab

group and 11.4% of the placebo group (P < 0.001). Among patients who reached an IGA

score of 0 or 1 with tralokinumab at week 16, this score was maintained through week 52

without the need for rescue medication (including TCS) in 51% of those receiving

tralokinumab every 2 weeks (Q2W) and in 47% of those rerandomized from tralokinumab to

placebo (P = 0.68) in ECZTRA 1, versus 59% receiving tralokinumab Q2W and 25%

rerandomized from tralokinumab to placebo (P = 0.004) in ECZTRA 2. The proportion of

patients who continued to maintain an IGA score of 0 or 1 at week 52 after being

rerandomized to tralokinumab every 4 weeks was 39% in the ECZTRA 1 trial and 45% in the

ECZTRA 2 trial. The conclusion is that tralokinumab as a standalone treatment was more

effective than placebo at 16 weeks and was well tolerated for up to 52 weeks of therapy [42].

ECZTRA 3 evaluated the efficacy and safety of tralokinumab in combination with topical

corticosteroids (TCS). A total of 380 patients underwent 16 weeks of therapy with 300 mg of

tralokinumab (253 patients) or placebo (127 patients) every 2 weeks, with additional use of

topical corticosteroids as needed. The patients who achieved endpoints were rerandomized

1:1 to tralokinumab Q2W or Q4W, with TCS as needed, for another 16 weeks. At week 16, an

IGA score of 0/1 was reached by 38.9% of patients receiving the antibody compared to 26.2%

receiving placebo (P < 0.001), and EASI 75 was achieved by 56% versus 35.7% (P < 0.001)

for tralokinumab and placebo, respectively. After the rerandomization, at week 32, an IGA

0/1 response was maintained without any rescue therapy in 89.6% (Q2W) and 77.6% (Q4W),

and EASI 75 was maintained in 92.5% (Q2W) and 90.8% (Q4W). This leads to the

conclusion that tralokinumab 300 mg in combination with TCS as needed was effective and

well tolerated in patients [43,44].
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Other mechanisms of action

Brepocitinib

Combining inhibitory activity on TYK2 and JAK1, small-molecule brepocitinib impacts the

IL-12 and IL-23 pathways and presents promising results administered orally in plaque

psoriasis or alopecia areata.

Megan N. Landis et al. conducted a phase IIb, double-blind, dose-ranging study

(NCT03903822) of 292 patients aged 12-75 in 10 countries with the clinical diagnosis of AD

for ≥ 3 months, IGA score of 2 or 3 and EASI total score of 3 to 21 at the baseline, that were

randomized to eight group receiving topical brepocitinib 0,1%,0,3%, 1,%, 3% or vehicle once

a day and brepocitinib 0,3%, 1% or vehicle twice a day. At the end point of 6 weeks the

greatest mean percentage reduction in EASI score was visible in participants administering

brepocitinib 1% twice daily (-75,1) and once daily (-70,1), brepocitinib 3% (-67,9) and 0,3%

(-64,6) applied once daily following behind. Of six groups receiving active treatment, five

responded with a significant reduction in IGA score vs. respective vehicle. Most adverse

events and discontinuations were recorded in vehicle groups, worsening of AD being the most

common [45].

Asivatrep

Asivatrep is a potent and selective antagonist of the transient receptor potential vanilloid

subfamily V member 1 (TRPV1). Chun Wook Park and coauthors conducted a double-blind,

phase 3 study in 240 patients aged ≥12 years with mild to moderate AD who received 1.0%

asivatrep or vehicle twice daily in a 2:1 ratio for 8 weeks. The study was designed to assess

the efficacy and safety of the drug. IGA scores of 0 or 1 were achieved by 36.0% of patients

in the asivatrep group and 12.8% in the placebo group, and ≥2 points of improvement in IGA

from baseline were achieved by 20.3% vs 7.7%, respectively. The mean percentage decrease

in EASI area was 44.3% in the asivatrep group and 21.4% in the placebo group. No

significant safety issues were reported [46].
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Summary

Atopic dermatitis is a common disease. The current gold standard is the use of topical

glucocorticosteroids. Due to their adverse effects such as: skin atrophy, the formation of

permanent telangiectasia, striae or dyspigmentation and including their limitations in the

anogenital area, new drugs are needed. The drugs we described have different mechanisms of

action: biologics (Lebrikizumab, Nemolizumab, Dupilumab, Tralokinumab),

phosphodiseterase-4 inhibitors (Roflumilast, Difamilast), janus kinase inhibitors

(Ruksolitynib, Delgocytynib, Tofacitinib, Upadacytynib), aryl hydrocarbon receptor

modulator (Tapinarof) and others (Brepocitinib, Asivatrep). They are well tolerated and no

serious adverse effects were noted during their use. It seems that in the future they will be

able to be used instead of glucocorticosteroid for people with atopic dermatitis. However,

many of them require a longer period of study and verification of their safety in other groups

of patients, including pediatric patients.

Disclosure:
Authors’ contribution:

Conceptualization: Martyna Choinka

Methodology: Małgorzata Komarów

Software: Natalia Wdowiak

Check: Agata Konopka

Formal Analysis: Dominika Karasińska

Investigation: Zuzanna Szczepaniak

Resources: Jakub Kalisiak

Data Curation: Karina Lissak

Writing-Rough Preparation: Martyna Choinka

Writing-Review and Editing: Małgorzata Komarów

Visualization: Karina Lissak

Supervision: Dominika Karasińska

Project Administration: Agata Konopka

All authors have read and agreed with the published version of the manuscript.

Funding statement:



14

The study did not receive special funding.

Institutional review board statement:

Not applicable.

Informed consent statement:

Not applicable.

Data availability statement:

Not applicable.

Conflict of interest:

The authors declare no conflict of interest

References:

1. Kleinman E, Laborada J, Metterle L, Eichenfield LF. What's New in Topicals for Atopic Dermatitis? Am J

Clin Dermatol. 2022 Sep;23(5):595-603.

2. Wolter S, Price HN. Atopic dermatitis. Pediatr Clin North Am. 2014 Apr;61(2):241-60.

3. Ghazvini P, Pagan LC, Rutledge TK, Goodman HS Jr. Atopic dermatitis. J Pharm Pract. 2010

Apr;23(2):110-6.

4. Eric L. Simpson, Jon M. Hanifin,Atopic Dermatitis, Medical Clinics of North America, Volume 90, Issue 1,

2006, Pages 149-167, ISSN 0025-7125.

5. Hajar T, Leshem YA, Hanifin JM, Nedorost ST, Lio PA, Paller AS, Block J, Simpson EL; (the National

Eczema Association Task Force). A systematic review of topical corticosteroid withdrawal ("steroid

addiction") in patients with atopic dermatitis and other dermatoses. J Am Acad Dermatol. 2015

Mar;72(3):541-549.e2.

6. Charman CR, Morris AD, Williams HC. Topical corticosteroid phobia in patients with atopic eczema. Br J

Dermatol. 2000 May;142(5):931-6.

7. Hwang J, Lio PA. Topical corticosteroid withdrawal ('steroid addiction'): an update of a systematic review.

J Dermatolog Treat. 2022 May;33(3):1293-1298.

8. David Boothe, W., Tarbox, J. A., & Tarbox, M. B. (2017). Atopic Dermatitis: Pathophysiology.

Management of Atopic Dermatitis, 21–37.

9. Kim J, Kim BE, Leung DYM. Pathophysiology of atopic dermatitis: Clinical implications. Allergy Asthma

Proc. 2019 Mar 1;40(2):84-92.

10. Wolter S, Price HN. Atopic dermatitis. Pediatr Clin North Am. 2014 Apr;61(2):241-60.

11. Guttman-Yassky E, Waldman A, Ahluwalia J, Ong PY, Eichenfield LF. Atopic dermatitis: pathogenesis.

Semin Cutan Med Surg. 2017 Sep;36(3):100-103.

12. Severity scoring of atopic dermatitis: the SCORAD index. Consensus Report of the European Task Force

on Atopic Dermatitis. Dermatology. 1993;186(1):23-31.



15

13. Chopra R, Vakharia PP, Sacotte R, Patel N, Immaneni S, White T, Kantor R, Hsu DY, Silverberg JI.

Severity strata for Eczema Area and Severity Index (EASI), modified EASI, Scoring Atopic Dermatitis

(SCORAD), objective SCORAD, Atopic Dermatitis Severity Index and body surface area in adolescents

and adults with atopic dermatitis. Br J Dermatol. 2017 Nov;177(5):1316-1321.

14. Oranje AP, Glazenburg EJ, Wolkerstorfer A, de Waard-van der Spek FB. Practical issues on interpretation

of scoring atopic dermatitis: the SCORAD index, objective SCORAD and the three-item severity score. Br

J Dermatol. 2007 Oct;157(4):645-8.

15. Hanifin JM, Thurston M, Omoto M, Cherill R, Tofte SJ, Graeber M. The eczema area and severity index

(EASI): assessment of reliability in atopic dermatitis. EASI Evaluator Group. Exp Dermatol. 2001

Feb;10(1):11-8.

16. Clinical Review Report: Dupilumab (Dupixent): (Sanofi-Aventis Canada Inc.): Indication: Moderate-to-

severe atopic dermatitis (AD) [Internet]. Ottawa (ON): Canadian Agency for Drugs and Technologies in

Health; 2018 Jul. Appendix 5, Validity of Outcomes Measures.

17. Padda IS, Tripp J. Phosphodiesterase Inhibitors. [Updated 2023 Jun 26]. In: StatPearls [Internet]. Treasure

Island (FL): StatPearls Publishing; 2024 Jan-.

18. Kim SY, An TJ, Rhee CK, Park CK, Kim JH, Yoon H. The effect and associated mechanism of action of

phosphodiesterase 4 (PDE4) inhibitor on CD4+ lymphocyte proliferation. Clin Exp Pharmacol Physiol.

2021 Feb;48(2):221-226.

19. O'Toole A, Gooderham M. Topical Roflumilast for Plaque Psoriasis. Skin Therapy Lett. 2023 Sep;28(5):1-

4.

20. Gooderham M, Kircik L, Zirwas M, Lee M, Kempers S, Draelos Z, Ferris L, Jones T, Saint-Cyr Proulx E,

Bissonnette R, Bhatia N, Koppel R, Guenthner S, Eads K, Welgus H, Merritt C, Elias M, Navale L,

Higham R, Droege M, Berk D. The Safety and Efficacy of Roflumilast Cream 0.15% and 0.05% in Patients

With Atopic Dermatitis: Randomized, Double-Blind, Phase 2 Proof of Concept Study. J Drugs Dermatol.

2023 Feb 1;22(2):139-147.

21. Saeki H, Ito K, Yokota D, Tsubouchi H. Difamilast ointment in adult patients with atopic dermatitis: A

phase 3 randomized, double-blind, vehicle-controlled trial. J Am Acad Dermatol. 2022 Mar;86(3):607-614.

22. Freitas E, Torres T. Difamilast for the treatment of atopic dermatitis. J Int Med Res. 2023

Jun;51(6):3000605231169445.

23. Hiyama H, Arichika N, Okada M, Koyama N, Tahara T, Haruta J. Pharmacological Profile of Difamilast, a

Novel Selective Phosphodiesterase 4 Inhibitor, for Topical Treatment of Atopic Dermatitis. J Pharmacol

Exp Ther. 2023 Jul;386(1):45-55.

24. Saeki H, Imamura T, Yokota D, Tsubouchi H. Difamilast Ointment in Japanese Adult and Pediatric

Patients with Atopic Dermatitis: A Phase III, Long-Term, Open-Label Study. Dermatol Ther (Heidelb).

2022 Jul;12(7):1589-1601.

25. Pei-Yun Shih, Chia-Jung Li, Su-Boon Yong, Emerging trends in clinical research on Janus kinase

inhibitors for atopic dermatitis treatment, International Immunopharmacology, Volume 124, Part B, 2023,

111029, ISSN 1567-5769,

26. Lin CM, Cooles FA, Isaacs JD. Basic Mechanisms of JAK Inhibition. Mediterr J Rheumatol. 2020 Jun

11;31(Suppl 1):100-104.



16

27. Papp K, Szepietowski JC, Kircik L, Toth D, Eichenfield LF, Forman SB, Kuligowski ME, Kallender H,

Sun K, Ren H, Simpson EL. Long-term safety and disease control with ruxolitinib cream in atopic

dermatitis: Results from two phase 3 studies. J Am Acad Dermatol. 2023 May;88(5):1008-1016.

28. Nakagawa H, Nemoto O, Igarashi A, Saeki H, Kaino H, Nagata T. Delgocitinib ointment, a topical Janus

kinase inhibitor, in adult patients with moderate to severe atopic dermatitis: A phase 3, randomized, double-

blind, vehicle-controlled study and an open-label, long-term extension study. J Am Acad Dermatol. 2020

Apr;82(4):823-831.

29. Nakagawa H, Nemoto O, Igarashi A, Saeki H, Kabashima K, Oda M, Nagata T. Delgocitinib ointment in

pediatric patients with atopic dermatitis: A phase 3, randomized, double-blind, vehicle-controlled study and

a subsequent open-label, long-term study. J Am Acad Dermatol. 2021 Oct;85(4):854-862.

30. Bissonnette R, Papp KA, Poulin Y, Gooderham M, Raman M, Mallbris L, Wang C, Purohit V, Mamolo C,

Papacharalambous J, Ports WC. Topical tofacitinib for atopic dermatitis: a phase IIa randomized trial. Br J

Dermatol. 2016 Nov;175(5):902-911.

31. Berbert Ferreira S, Berbert Ferreira R, Scheinberg MA. Atopic dermatitis: Tofacitinib, an option for

refractory disease. Clin Case Rep. 2020 Oct 11;8(12):3244-3247.

32. Guttman-Yassky E, Teixeira HD, Simpson EL, Papp KA, Pangan AL, Blauvelt A, Thaçi D, Chu CY, Hong

HC, Katoh N, Paller AS, Calimlim B, Gu Y, Hu X, Liu M, Yang Y, Liu J, Tenorio AR, Chu AD, Irvine AD.

Once-daily upadacitinib versus placebo in adolescents and adults with moderate-to-severe atopic dermatitis

(Measure Up 1 and Measure Up 2): results from two replicate double-blind, randomised controlled phase 3

trials. Lancet. 2021 Jun 5;397(10290):2151-2168.

33. Simpson EL, Papp KA, Blauvelt A, Chu CY, Hong HC, Katoh N, Calimlim BM, Thyssen JP, Chiou AS,

Bissonnette R, Stein Gold LF, Wegzyn C, Hu X, Liu M, Liu J, Tenorio AR, Chu AD, Guttman-Yassky E.

Efficacy and Safety of Upadacitinib in Patients With Moderate to Severe Atopic Dermatitis: Analysis of

Follow-up Data From the Measure Up 1 and Measure Up 2 Randomized Clinical Trials. JAMA Dermatol.

2022 Apr 1;158(4):404-413.

34. Stevens EA, Mezrich JD, Bradfield CA. The aryl hydrocarbon receptor: a perspective on potential roles in

the immune system. Immunology. 2009 Jul;127(3):299-311.

35. Paller AS, Stein Gold L, Soung J, Tallman AM, Rubenstein DS, Gooderham M. Efficacy and patient-

reported outcomes from a phase 2b, randomized clinical trial of tapinarof cream for the treatment of

adolescents and adults with atopic dermatitis. J Am Acad Dermatol. 2021 Mar;84(3):632-638.

36. Ratchataswan T, Banzon TM, Thyssen JP, Weidinger S, Guttman-Yassky E, Phipatanakul W. Biologics for

Treatment of Atopic Dermatitis: Current Status and Future Prospect. J Allergy Clin Immunol Pract. 2021

Mar;9(3):1053-1065.

37. Paller AS, Flohr C, Eichenfield LF, Irvine AD, Weisman J, Soung J, Pinto Correia A, Natalie CR,

Rodriguez Capriles C, Pierce E, Reifeis S, Gontijo Lima R, Armengol Tubau C, Laquer V, Weidinger S.

Safety and Efficacy of Lebrikizumab in Adolescent Patients with Moderate-to-Severe Atopic Dermatitis: A

52-Week, Open-Label, Phase 3 Study. Dermatol Ther (Heidelb). 2023 Jul;13(7):1517-1534.

38. Kabashima K, Matsumura T, Komazaki H, Kawashima M; Nemolizumab JP01 andJP02 Study Group.

Nemolizumab plus topical agents in patients with atopic dermatitis (AD) and moderate-to-severe pruritus



17

provide improvement in pruritus and signs of AD for up to 68 weeks: results from two phase III, long-term

studies. Br J Dermatol. 2022 Apr;186(4):642-651.

39. Kabashima K, Matsumura T, Komazaki H, Kawashima M; Nemolizumab-JP01 Study Group. Trial of

Nemolizumab and Topical Agents for Atopic Dermatitis with Pruritus. N Engl J Med. 2020 Jul

9;383(2):141-150.

40. Eric L. Simpson,Thomas Bieber,Emma Guttman-Yassky,Lisa A. Beck,Andrew Blauvelt,Michael J.

Cork,Jonathan I. Silverberg,Mette Deleuran,Yoko Kataoka,Jean-Philippe Lacour,Külli Kingo,Margitta

Worm,Yves Poulin,Andreas Wollenberg,Yuhwen Soo,Neil M.H. Graham,Gianluca Pirozzi,Bolanle

Akinlade,Heribert Staudinger,Vera Mastey,Laurent Eckert,Abhijit Gadkari,Neil Stahl,George D.

Yancopoulos,Marius Ardeleanu. Journal Article: Two Phase 3 Trials of Dupilumab versus Placebo in

Atopic Dermatitis, 2016/12/15.

41. Blauvelt A, de Bruin-Weller M, Gooderham M, Cather JC, Weisman J, Pariser D, Simpson EL, Papp KA,

Hong HC, Rubel D, Foley P, Prens E, Griffiths CEM, Etoh T, Pinto PH, Pujol RM, Szepietowski JC, Ettler

K, Kemény L, Zhu X, Akinlade B, Hultsch T, Mastey V, Gadkari A, Eckert L, Amin N, Graham NMH,

Pirozzi G, Stahl N, Yancopoulos GD, Shumel B. Long-term management 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 Jun 10;389(10086):2287-2303.

42. Wollenberg A, Blauvelt A, Guttman-Yassky E, Worm M, Lynde C, Lacour JP, Spelman L, Katoh N, Saeki

H, Poulin Y, Lesiak A, Kircik L, Cho SH, Herranz P, Cork MJ, Peris K, Steffensen LA, Bang B,

Kuznetsova A, Jensen TN, Østerdal ML, Simpson EL; ECZTRA 1 and ECZTRA 2 study investigators.

Tralokinumab for moderate-to-severe atopic dermatitis: results from two 52-week, randomized, double-

blind, multicentre, placebo-controlled phase III trials (ECZTRA 1 and ECZTRA 2). Br J Dermatol. 2021

Mar;184(3):437-449.

43. Silverberg JI, Toth D, Bieber T, Alexis AF, Elewski BE, Pink AE, Hijnen D, Jensen TN, Bang B, Olsen

CK, Kurbasic A, Weidinger S; ECZTRA 3 study investigators. Tralokinumab plus topical corticosteroids

for the treatment of moderate-to-severe atopic dermatitis: results from the double-blind, randomized,

multicentre, placebo-controlled phase III ECZTRA 3 trial. Br J Dermatol. 2021 Mar;184(3):450-463.

44. Blair HA. Tralokinumab in Atopic Dermatitis: A Profile of Its Use. Clin Drug Investig. 2022

Apr;42(4):365-374.

45. Landis MN, Arya M, Smith S, Draelos Z, Usdan L, Tarabar S, Pradhan V, Aggarwal S, Banfield C, Peeva

E, Vincent MS, Sikirica V, Xenakis J, Beebe JS. Efficacy and safety of topical brepocitinib for the

treatment of mild-to-moderate atopic dermatitis: a phase IIb, randomized, double-blind, vehicle-controlled,

dose-ranging and parallel-group study. Br J Dermatol. 2022 Dec;187(6):878-887.

46. Park CW, Kim BJ, Lee YW, Won C, Park CO, Chung BY, Lee DH, Jung K, Nam HJ, Choi G, Park YH,

Kim KH, Park M. Asivatrep, a TRPV1 antagonist, for the topical treatment of atopic dermatitis: Phase 3,

randomized, vehicle-controlled study (CAPTAIN-AD). J Allergy Clin Immunol. 2022 Apr;149(4):1340-

1347.e4.


