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Abstract
Atopic dermatitis (AD) is a chronic inflammatory skin condition that can have tremendous impact on quality of life for 
affected children and adults. First-line therapy for acute management of AD includes topical therapies such as corticosteroids, 
calcineurin inhibitors, and, more recently, the phosphodiesterase inhibitor crisaborole. Topical agents have remained the 
mainstay therapy for decades; however, there has been a longstanding need for topical therapies with high efficacy and low 
risk of adverse effects with long-term use. Given the ongoing advances in understanding the pathogenesis of AD, there are 
novel targets for pharmacological intervention. We are now in an unprecedented time with more than 40 topical treatments 
in the pipeline for AD in addition to many developments and treatments on the horizon. This review summarizes selected 
therapeutic topical agents in later phases of development that target various aspects in the pathogenesis of AD such as Janus 
kinase inhibition (ruxolitinib and delgocitinib), phosphodiesterase-4 inhibition (roflumilast and difamilast), aryl hydrocarbon 
modulation (tapinarof), and modulation of the microbiome. We also review novel targeted therapies that are in early phase 
clinical trials, including AMTX-100, BEN-2293, and PRN473. Preliminary findings on efficacy and tolerability of most 
of these agents are promising, but further studies are warranted to evaluate the long-term safety and efficacy of these novel 
agents against the current standard of care.
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Key Points 

Topical ruxolitinib cream, a Janus kinase 1 (JAK1)/
JAK2 inhibitor, has been approved for mild-to-moderate 
atopic dermatitis in patients aged 12+ years, based on 
safety and efficacy data, while other formulations of JAK 
inhibitors are under study for chronic hand eczema and 
atopic dermatitis.

In addition to crisaborole, topical phosphodiesterase 
inhibitors roflumilast cream and difamilast ointment are 
therapeutic agents that have shown efficacy and tolerabil-
ity in trials for treating mild-to-moderate atopic dermati-
tis in patients as young as 2 years old.

Tapinarof is a novel, aryl hydrocarbon receptor-modulat-
ing agent that has reached phase III trials for the study of 
moderate-to-severe atopic dermatitis.

1  Introduction

Atopic dermatitis (AD) is a common inflammatory skin dis-
ease, affecting an estimated 16.5 million adults and 9.6 mil-
lion children in the United States (US) [1, 2]. This chronic 
condition often begins in the first few years of life and may 
persist into adulthood; however, adolescent and adult-onset 
disease are increasingly recognized. The pathogenesis of 
AD is complex but involves a dysregulated immune system 
and a compromised skin barrier [3]. Mainstay therapy for 
acute management includes topical corticosteroids (TCSs) 

or non-steroidal alternatives including topical calcineurin 
inhibitors (TCIs) and phosphodiesterase inhibitors, such as 
crisaborole ointment [4].

Since the 1950s, TCSs have remained the standard of care 
due to their ability to reduce skin inflammation and pruritus. 
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such as interleukin (IL)-4, IL-5, IL-13, IL-31, IL-22, and 
thymic stromal lymphopoietin (TSLP) activate the JAK-
STAT pathway to recruit immune cells, keratinocytes, and 
peripheral sensory neurons involved in propagating inflam-
mation and itch [13]. AD is associated with increased signal-
ing through all four JAKs [JAK1, JAK2, JAK3, and tyros-
ine kinase 2 (TYK2)], unlike other autoimmune conditions 
such as psoriasis or alopecia areata, in which likely one pre-
dominant JAK pathway is dysregulated [14]. JAK inhibitors 
(JAKi) are small molecules that can either target specific 
JAK receptors, a combination of JAK receptors, or all four 
of the human JAKs (JAK1, JAK2, JAK3, and TYK2). A 
selective topical JAKi currently in clinical development is 
SHR0302 (JAK1, Reistone Biopharma). Dual topical JAKi 
include ruxolitinib (JAK1/JAK2, Incyte), brepocitinib 
(JAK1/TYK2, Pfizer), and ATI-1777 (JAK1/JAK3, Acla-
ris). Non-selective topical pan-JAKi approved for AD, or in 
clinical development, include delgocitinib (Japan Tobacco/
LEO), cerdulatinib (RVT/DMVT502, Dermavant), jaktinib 
(Suzhou Zeigen Biopharma), and CEE321 (Novartis) [15]. 
In this article, we will review the two topical JAKi that have 
completed randomized, double-blind, vehicle-controlled, 
phase III clinical trials and are now on the market for treat-
ing AD: topical ruxolitinib cream (available in the US) and 
topical delgocitinib ointment (available in Japan).

2.1 � Topical Ruxolitinib Cream

Topical ruxolitinib cream (Opzelura™), a topical JAK1/
JAK2i, is a promising new topical therapy for AD. It gained 
US FDA approval for AD in September 2021 for short-term 
and non-continuous chronic treatment of mild-to-moderate 
AD in non-immunocompromised patients aged ≥ 12 years 
[16]. The Topical Ruxolitinib Evaluation in AD (TRuE-AD) 
clinical trial program consisted of phase III, randomized, 
double-blinded studies that investigated 1249 patients 
≥ 12 years old with mild-to-moderate AD [Investigator's 
Global Assessment (IGA) score of 2–3] with a body sur-
face area (BSA) of 3–20% (excluding scalp). Participants 
were randomly assigned in a 2:2:1 ratio of 0.75% ruxoli-
tinib, 1.5% ruxolitinib, or vehicle for 8 weeks. The treat-
ment was studied in two parallel studies, TRuE-AD1 and 
TRuE-AD2, which found similar successful results; more 
patients achieved the primary endpoint of an IGA score of 
0–1 and ≥ 2-grade improvement from baseline at week 8 
when using either 0.75% ruxolitinib (50.0% TRuE-AD1, 
39.0% TRuE-AD2) or 1.5% (53.8%, 51.3%) compared with 
placebo (15.1%, 7.6%) [17]. Ruxolitinib cream also success-
fully reduced itch associated with AD. Patients achieved a 
significant decrease in itch, measured as a ≥ 4-point reduc-
tion in itch numerical rating scale score (NRS4) from 
baseline to week 8: 0.75% ruxolitinib (40.4% TRuE-AD1, 
42.7% TRuE-AD2) and 1.5% (52.2%, 50.7%) versus vehicle 

However, long-term use may cause localized skin atrophy, 
telangiectasia, striae, perioral dermatitis, and acne. With 
extensive use, there is also the rare risk of systemic absorp-
tion, which may lead to suppression of the hypothalamic-
pituitary-adrenal axis, adversely affecting the linear growth 
and bone density of children and adults, respectively. As a 
result, patients and caregivers often underutilize TCSs due 
to fear of side effects, termed “steroid phobia” [5, 6].

TCIs have been approved (tacrolimus and pimecrolimus 
in 2000 and 2001, respectively) for short-term or intermit-
tent use in patients who have previously failed on, or have 
contraindications to, TCSs. These second-line agents act as 
immunosuppressants and inhibit T cell activation, decreasing 
expression of pro-inflammatory cytokines. Tacrolimus 0.03% 
and 0.1% ointments are approved for adults and 0.03% for 
children aged 2–15 years with moderate-to-severe AD. Pime-
crolimus 1% cream is indicated for non-immunocompromised 
adults and children aged ≥ 2 years with mild-to-moderate 
AD. Although these TCIs do not carry the risk of skin atro-
phy, they can cause local adverse effects of skin burning and 
irritation. In addition, a black box warning was added by the 
Food and Drug Administration (FDA) in 2006 regarding the 
hypothetical risk that TCIs may increase long-term cancer 
risk in individuals with AD; however, findings from multiple 
studies have not shown increased risks with their use [7, 8].

There were few innovations in topical therapy for AD 
in the past decade, but in 2016, a novel phosphodiesterase 
inhibitor, crisaborole 2% ointment, received FDA approval 
for adults and children aged ≥ 2 years with mild-to-moderate 
AD [9]. Evidence has demonstrated that patients with AD 
have elevated leukocyte phosphodiesterase activity, which 
may impact histamine and cytokine release [10]. Although 
the exact mechanism of action of crisaborole remains 
unclear, the inhibition of phosphodiesterase is thought to 
play a role in decreasing the skin inflammation and pruritus 
associated with AD. In 2020, the indicated age range was 
expanded to patients as young as 3 months of age, making 
crisaborole the first and only non-steroidal topical approved 
for this population in the US [11].

Over the years, there have been successful efforts to better 
understand the pathogenesis of AD. As such, an increasing 
number of therapeutic targets have been investigated. The 
different selected therapeutics discussed herein are topical 
therapies in early and late phases of clinical trials that target 
a variety of mechanisms involved in the pathogenesis of AD 
(Table 1).

2 � JAK Inhibitors

The Janus kinase-signal transducer and activator of tran-
scription (JAK-STAT) signaling pathway plays an influential 
role in the pathogenesis of AD [12]. Several key cytokines, 
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(15.4%, 16.3%). This reduction in itch also occurred exceed-
ingly fast, with data showing that on day 2 (~ 36 h after first 
application), the proportion of patients achieving itch NRS4 

was higher with 1.5% ruxolitinib (11.6% TRuE-AD1, 10.8% 
TRuE-AD2) versus vehicle (2.9% TRuE-AD1, P = 0.048; 
1.3% TRuE-AD2, P = 0.015). Aside from the improvement 

Table 1   Overview of new topical agents for atopic dermatitis

AD atopic dermatitis, AHR aryl hydrocarbon receptor, BTK Bruton tyrosine kinase, BSA body surface area, CHE chronic hand eczema, FDA 
Food and Drug Administration, JAK-STAT​ Janus kinase-signal transducer and activator of transcription, PDE4 phosphodiesterase-4, ShA9 
Staphylococcus hominis A9, TRK tropomyosin receptor kinase, US United States
*Approved in the US
**Approved outside of the US
Italics indicate agents not yet approved

Mechanism of action Name of topical agent Stage of development Intended use (BSA as per study design)

JAK-STAT inhibition Ruxolitinib 1.5% cream (Opze-
lura™)*

Approved in the US in September 
2021

Short term (up to 8 weeks)
Mild-to-moderate AD
BSA 3–20% (warning: maximum 20% BSA 

and/or 60 g/week)
≥ 12 years of age

Delgocitinib 0.05% ointment 
(Corectim™)**

Approved in Japan in January 2020. 
Not available in the US

Evidence of long-term safety
Any severity of AD
BSA 5–30%
≥ 16 years of age

Delgocitinib 0.025% ointment 
(Corectim™)**

Approved in Japan in March 2021. 
Not available in the US

Evidence of long-term safety
Any severity of AD
BSA 5–30%
≥ 2 years of age

Delgocitinib cream Phase III began in May 2021 16-week trial
Moderate-to-severe CHE
> 18 years of age

PDE4 inhibition Crisaborole 2% ointment 
(Eucrisa™)*

Originally approved in the US in 
December 2016 for ages 2+ years. 
Extended approval in the US for 
ages 3+ months in March 2020

Evidence of long-term safety
Mild-to-moderate AD
≥ 1% BSA
≥ 3 months of age

Roflumilast 0.15% cream Phase III began in February 2021 
for adults with AD. Roflumilast 
0.3% cream approved in US for 
psoriasis ages 12+ years

4-week trial
Mild-to-moderate AD
> 3% BSA
≥ 6 years of age

Roflumilast 0.05% cream Phase III began in April 2021 for 
pediatrics

4-week trial
Mild-to-moderate AD
> 3% BSA
≥ 2 years of age

Difamilast 0.03% and 1% ointment 
(Moizerto™)**

Approved in Japan in September 
2021. Not available in the US

4-week trial
Mild-to-moderate AD
5–40% BSA
≥ 2 years of age

AHR modulation Tapinarof 1% cream Phase III began in August 2021 for 
AD. Approved in US for psoriasis 
ages 18+ years

8-week trial + 48-week long-term extension
Moderate-to-severe AD
5–35% BSA
≥ 2 years of age

Microbial-based 
interventions

Roseomonas-based medication 
(FB-401)

Phase II trial results did not meet 
statistical significance

Mild-to-moderate AD

ShA9 Phase I Moderate-to-severe AD
Novel targeted  

therapies
AMTX-100 Phase I/II Mild-to-moderate AD

Target: nuclear transport modifier
BEN-2293 Phase I/II Mild-to-moderate AD

Target: pan-TRK antagonist
PRN473 Phase II Mild-to-moderate AD

Target: BTK inhibitor
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in itch, ruxolitinib cream was well-tolerated and showed an 
unremarkable safety profile for both strengths versus vehi-
cle. The most common treatment-emergent (TE) adverse 
event (AE) was nasopharyngitis, observed primarily with 
0.75% ruxolitinib [n = 15 (3.0%) vs n = 13 (2.6%) with 
1.5% ruxolitinib and n = 2 (0.8%) with vehicle]. Although 
nasopharyngitis did not occur in the majority of patients, it 
was significantly higher in both ruxolitinib groups compared 
with the placebo group [17]. Of note, pharmacokinetic data 
studying maximal use of topical ruxolitinib demonstrated 
that serum levels in some individuals with extensive eczema 
BSA approached levels similar to that of low-dose oral rux-
olitinib. However, studies with the approved topical 1.5% 
ointment used in patients with up to 20% BSA did not show 
evidence of accumulation nor hematologic changes of clini-
cal significance over time [18].

Two sub-analyses of the combined TRuE-AD data were 
carried out to further study the impact of ruxolitinib cream 
on itch and its efficacy and safety in the adolescent popula-
tion. The first sub-analysis established that the mean itch 
score decreased with ruxolitinib as early as day 1, even 
earlier than the original data suggested. The time required 
to see a significant improvement in itch was much faster 
in patients using ruxolitinib than placebo; patients with a 
baseline itch score of ≥ 2 applying the 0.75% and 1.5% 
ruxolitinib creams reported reaching a 2- to 3-point change 
in itch score from baseline in 5 and 4 days, respectively, 
compared with 17 days in the placebo group [19]. The sec-
ond sub-analysis evaluated the TRuE-AD data in patients 
between the ages of 12 and 17 years and found that effi-
cacy in the adolescent population was similar to that in 
adults, with achievement of ≥ 90% improvement in Eczema 
Area and Severity Index score (EASI-90) in 41.5% of ado-
lescents taking 0.75% ruxolitinib cream, 39.1% for 1.5%, 
and 7.0% for placebo [20]. The safety in the adolescent 
population was comparable to the overall TRuE-AD patient 
population, with no treatment discontinuation due to AEs. 
To date, topical ruxolitinib has no published data of studies 
in patients below the age of 12.

2.2 � Topical Delgocitinib Ointment

Another new topical JAKi is delgocitinib ointment, a topi-
cal pan-JAKi (JAK1, JAK2, JAK3, TYK2) that has been 
on the market in Japan for both children and adults with 
AD since January 2020 [21]. The initial phase III study 
included Japanese patients aged ≥ 16 years with modified 
Eczema Area and Severity Index (mEASI) scores of ≥ 10 
(excluding head/neck), IGA scores of 3 (moderate) or 4 
(severe), and BSA between 10% and 30%. The randomized, 
double-blind, phase III trial assigned patients in a 2:1 ratio 
to delgocitinib 0.5% ointment or vehicle ointment twice 

daily (maximum dose per application, 5 g) for a period of 
4 weeks. There was a significant improvement in IGA and 
mEASI scores with delgocitinib; 26.4% (28/106) of patients 
in the delgocitinib group reached mEASI-75 compared to 
5.8% (3/52) in the vehicle group (P < 0.01) [21]. A 52-week 
extension with 506 patients showed no significant long-term 
effects associated with extended use of this topical JAKi 
[22]. Overall, AEs were reported in 69.0% of patients, most 
being mild and unrelated to therapy. The most common 
AE was nasopharyngitis (25.9%), similar to the findings in 
the 4-week ruxolitinib study, followed by contact dermatitis 
(4.5%). Treatment-related (TR) AEs were reported in 78 
patients (15.4%); the most common being application site 
events such as application site folliculitis (2.4%) and acne 
(2.2%), suggesting the lack of new AEs that develop with 
extended use [22].

The pediatric phase III clinical trial utilized a compara-
ble methodology to the adult population albeit in Japanese 
patients between 2 and 15 years of age with a mEASI 
score ≥ 5, an IGA score ≥ 2 (mild), and BSA between 5% 
and 30% [23]. Participants were randomized in a 1:1 ratio 
to delgocitinib 0.25% ointment or vehicle for 4 weeks. 
The decision to study the 0.25% ointment was based on 
the phase II, randomized, double-blinded, 4-week study, 
in which pediatric patients were assigned 1:1:1 topical 
delgocitinib 0.25% ointment (n = 35), 0.50% ointment (n 
= 35), or vehicle (n = 35), which demonstrated greater 
numerical improvement effects for 0.5% delgocitinib 
ointment than for 0.25% delgocitinib ointment, but no 
significant differences [24]. Results from the phase III 
pediatric study demonstrated similar success to that of the 
adult population, with the least-squares mean percentage 
changes from baseline in the mEASI score being −39.3% 
in the delgocitinib group and + 10.9% in the vehicle 
group at end of treatment (EOT).  An mEASI-75 was 
achieved by 37.7% of patients in the delgocitinib group 
compared with 4.4% in the vehicle group. Again, no new 
safety concerns emerged with delgocitinib ointment in 
pediatric patients with AD. Age was stratified into ranges 
of 2–6, 7–11, and 12–15 years. Systemic exposure to del-
gocitinib was low in all age groups of the present study, 
consistent with adult studies, indicating that delgocitinib 
ointment seems unlikely to pose increased risk of sys-
temic infections regardless of age [24].

2.3 � Topical Delgocitinib Cream

The cream formulation of delgocitinib remains under 
investigational therapy for chronic hand eczema (CHE). 
A phase IIa study randomized participants (n = 258) to 
delgocitinib cream twice daily for 16 weeks in four differ-
ent doses (1 mg/g, 3 mg/g, 8 mg/g, 20 mg/g) or vehicle. 
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By week 16, almost 40% of patients, regardless of dose, 
was clear or almost clear of symptoms based on IGA-CHE 
assessment [25]. The phase IIb study observed a statisti-
cally significant response for participants receiving del-
gocitinib 8 mg/g and 20 mg/g, suggesting a dose-dependent 
response [26]. Based on these results, LEO Pharma initi-
ated the first phase III clinical trial with delgocitinib cream 
in May 2021. The phase III study intends to evaluate the 
efficacy and safety of twice-daily delgocitinib cream 20 
mg/g, compared with vehicle, for 16-weeks in patients aged 
> 18 years with moderate-to-severe CHE (IGA ≥ 2) and 
an inadequate response to TCSs within 1 year of screen-
ing [27].

3 � PDE4 Inhibitors

Another inflammatory AD pathway targeted by new topi-
cal therapies involves phosphodiesterase-4 (PDE4). PDE4 
is an intracellular enzyme mainly present in immune, 
epithelial, and brain cells that regulates inflammation 
and epithelial integrity by degrading cyclic adenosine 
monophosphate [28]. PDE4 inhibition mediates inflam-
matory cytokines and has been utilized in various forms 
for respiratory diseases, cutaneous psoriasis, psoriatic 
arthritis, and AD [29, 30]. Crisaborole 2% ointment, a 
PDE4 inhibitor, received an expanded age indication 
by the FDA for AD down to patients aged ≥ 3 months 
[31]. There are several new topical PDE4 inhibitors that 
have been in development: lotamilast (RVT-501/E6005, 
Dermavant), difamilast (OPA-15406/MM36, Otsuka), 
DRM02 (Dermira), LEO 29102 (LEO Pharma), roflumi-
last (AstraZeneca), Hemay808 (Tianjin Hemay Pharma-
ceutical), and PF-07038124 (Pfizer) [16]. In this article, 
the PDE4 inhibitors we will focus on are topical roflumi-
last cream and topical difamilast ointment.

3.1 � Topical Roflumilast Cream

Roflumilast cream completed phase III studies for plaque 
psoriasis, but its clinical investigation for AD is not far 
behind. A phase II, proof-of-concept study for roflumilast 
cream involved a small number of AD patients (n = 136) 
with 1.5–35% BSA, validated IGA (vIGA) 2–3, and EASI 
score ≥ 5 randomized to roflumilast 0.15%, 0.05%, or vehi-
cle once daily for 4 weeks. The primary efficacy endpoint 
was absolute change from baseline in EASI score at week 
4. Results at EOT showed a trend towards this endpoint but 
did not reach statistical significance, possibly due to the 
small sample size. Nevertheless, other efficacy endpoints 
for roflumilast cream 0.15% reached statistical significance 
at week 4, such as 72.3% EASI improvement and > 50% of 

patients achieving clear or almost clear skin on vIGA-AD. 
This study also showed that roflumilast cream was well-
tolerated, with a low rate of application site reactions [32]. 
Despite the lack of statistical significance in reaching the 
primary endpoint, the favorable safety profile and encour-
aging efficacy results warranted further investigation of rof-
lumilast cream for the treatment of AD in Arcutis’s phase 
III trial. The “INterventional Trial EvaluatinG roflUMilast 
cream for the treatmENt of aTopic dermatitis”, or INTEG-
UMENT, is a set of double-blind, vehicle-controlled tri-
als in which roflumilast cream or vehicle is applied once 
daily for 4 weeks to patients with mild-to-moderate AD 
involving ≥ 3% BSA. The parallel INTEGUMENT-1 and 
INTEGUMENT-2 trials investigating roflumilast cream 
0.15% in patients ≥ 6 years of age were initiated in Febru-
ary 2021 [33, 34]. INTEGUMENT-PED, the clinical trial 
investigating the lower dose of roflumilast 0.05% in pedi-
atric patients between the ages of 2 and 5 years old, was 
initiated in April 2021 [35]. In these phase III trials, par-
ticipants are randomized 2:1 to roflumilast cream (0.15% 
for ages ≥ 6 years or 0.05% for ages < 6 years) or vehicle. 
The primary endpoint is defined as a vIGA-AD score of 
‘clear’ or ‘almost clear’ plus a 2-grade improvement from 
baseline at week 4.

3.2 � Topical Difamilast Ointment

Difamilast ointment completed phase III trials in Japan 
in both the adult and pediatric populations, and received 
manufacturing and marketing approval for patients aged 
≥ 2 years [36–38]. The adult study was a double-blind, 
vehicle-controlled trial investigating patients aged 15–70 
years with a history of AD for at least 3 years, an IGA score 
of 2 (mild) or 3 (moderate), and BSA of 5–40% (excluding 
scalp) assigned in a 1:1 ratio to either difamilast 1% (n = 
182) or vehicle (n = 182) ointment twice daily for 4 weeks 
[36]. The percentage of patients that reached the primary 
endpoint of IGA 0 or 1, with improvement by ≥ 2 grades, at 
week 4 was significantly higher in the 1% difamilast group 
(38.46%) than in the vehicle group (12.64%) (P < 0.0001). 
EASI-50 at EOT was 58.24% for 1% difamilast and 25.82% 
for vehicle (P < 0.0001); EASI-75 was 42.86% and 13.19%, 
respectively (P < 0.0001); and EASI-90 was 24.73% and 
5.49%, respectively (P < 0.0001). The least square means 
change in verbal rating score for pruritus at week 4 was 
−0.65 in the 1% difamilast group and −0.04 in the vehicle 
group (P < 0.0001). The number of patients who discon-
tinued treatment due to TEAEs was seven (3.8%) in the 1% 
difamilast group and 21 (11.5%) in the vehicle group, with 
the most common TEAE leading to discontinuation being 
worsening AD [7/182 (3.8%) with 1% difamilast vs. 17/182 
(9.3%) with vehicle] [36]. The pediatric study followed 
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thereafter as a double-blind, vehicle-controlled trial inves-
tigating patients aged 2–14 years with an IGA of 2 (mild) or 
3 (moderate) and BSA of 5–40% (excluding scalp) assigned 
in a 1:1:1 ratio to either difamilast 0.3% ointment (n = 83), 
1% (n = 85), or vehicle (n = 83) twice daily for 4 weeks 
[37]. The percentage of patients that reached the primary 
endpoint was 44.6%, 47.1%, and 18.1% in the difamilast 
0.3%, 1%, and vehicle groups, respectively. Both difamilast 
groups (0.3% and 1%) demonstrated significantly higher 
success rates in IGA score compared with vehicle EOT (P 
< 0.001). EASI-50 at week 4 for difamilast 0.3%, 1%, and 
vehicle was 69.9%, 68.2%, and 31.3%, respectively; EASI-
75 was 43.4%, 57.7%, and 18.1%; EASI-90 was 32.5%, 
41.2%, and 7.2%.

4 � Tapinarof Cream

Studies have demonstrated that the innate immune sys-
tem plays a role in the early phase of AD [39]. Tapinarof 
(GSK2894512 cream, WBI-1001, or Benvitimod™) is a 
novel small-molecule topical therapeutic aryl hydrocarbon 
receptor (AHR) modulator currently in late-stage clinical 
trials for the treatment of both psoriasis and AD [40]. It 
originated as a naturally derived small molecule produced 
by bacterial symbionts [41]. Tapinarof’s mechanism of 
action in AD is thought to be through AHR activation, 
inhibiting IL-4/IL-13-mediated signal transducer and acti-
vator of transcription 6 (STAT6) activation and increasing 
expression of filaggrin (FLG), loricrin (LOR), and involu-
crin (IVL), which are downregulated in AD and associated 
with barrier dysfunction [40, 42]. Results from a recent 
phase II, double-blind, vehicle-controlled, randomized, 
six-arm trial (1:1:1:1:1:1) in patients aged 12–65 years, 
with BSA 5–35% and an IGA score ≥ 3 (moderate) at base-
line, demonstrated that topical application of the natural 
AHR agonist tapinarof is efficacious and well-tolerated in 
patients with AD [43, 44]. The rates of treatment success 
with tapinarof cream at week 12, defined as an IGA score 
of clear or almost clear (0 or 1), were 53% (1% twice daily, 
n = 40), 46% (1% once daily, n = 41), 37% (0.5% twice 
daily, n = 43), 34% (0.5% once daily, n = 41), 24% (vehicle 
twice daily, n = 42), and 28% (vehicle once daily, n = 40). 
Notably, treatment success was maintained for 4 weeks 
after EOT. Dermavant Sciences initiated a phase III study 
in August 2021 to study tapinarof treatment for moderate-
to-severe AD in children and adults ages ≥ 2 years [45]. 
This study is an 8-week double-blind, vehicle-controlled 
treatment study in which participants will be randomized 
to 1% tapinarof cream or vehicle once daily for 8 weeks. At 
the end of the 8-week study treatment, subjects may enroll 
in an open-label, long-term extension for an additional 48 
weeks of treatment. These studies are ongoing.

5 � Microbial Interventions

In recent years, an increasing number of studies have identi-
fied the microbiome as a key player in the pathogenesis of 
AD, with microorganisms functioning as modulators of both 
the innate and adaptive immune system [46]. Several studies 
have demonstrated that the skin of AD patients is character-
ized not only by a less diverse microbial landscape, but also 
with a higher rate of Staphylococcus aureus colonization and 
reduced commensal organisms (Streptococcus, Corynebacte-
rium, Cutibacterium, and Proteobacteria) [47, 48]. Interest-
ingly, the degree of microbiome diversity seems to correlate 
with the severity of AD [49]. In this article, we will review 
the existing data for the topical microbial therapeutics: Forte 
B-401 and Staphylococcus hominis A9 (ShA9).

Forte B-401 is a topical agent that consists of three ther-
apeutic strains of the commensal gram-negative bacteria 
Roseomonas mucosa. Preclinical data demonstrate the abil-
ity of FB-401 to drive tissue repair and anti-inflammation 
as well as suppress potentially harmful bacteria like S. 
aureus. In a phase I/IIa, open-label study, 30 patients (n 
= 10 adults aged > 18 years, n = 20 children aged 3–16) 
were treated topically with FB-401 for 16 weeks (twice 
weekly for 12 weeks, then every other day for the final 4 
weeks). Among the adult patients, 60% showed 50% reduc-
tion in the Scoring of AD (SCOR-AD). Equally important, 
90% of the pediatric patients achieved EASI-50, and 30% 
achieved EASI-90. Moreover, treatment was associated 
with improvements in trans-epidermal water loss (14% 
reduction), pruritus (61% reduction), and topical steroid 
requirement (68% reduction). A modest shift in the skin 
microbiota diversity was also observed with a reduced 
S. aureus burden and increased presence of R. mucosa. 
These improvements persisted for up to 8 months post-
treatment with no evidence of AEs or treatment compli-
cations [50]. Given these promising early results, Forte 
initiated a phase II, randomized, double-blind, 16-week, 
clinical trial consisting of 154 participants aged ≥ 2 years 
with mild-to-moderate AD. However, the study failed to 
meet statistical significance as only 58% of participants on 
FB-401 achieved EASI-50 compared to 60% of participants 
on placebo (P = 0.7567) [51].

An alternative microbial therapeutic agent under inves-
tigation is ShA9, a bacterium isolated from healthy human 
skin that has been shown to kill S. aureus and inhibit 
production of its inflammatory toxins in mouse studies. 
In a phase I/II trial completed in 2019, ShA9 or vehicle 
was applied topically twice daily for 7 days to the ven-
tral arms of 54 participants with moderate-to-severe AD 
with positive S. aureus colonization. Results demonstrated 
that ShA9 reduced colony-forming units of S. aureus and 
improved EASI and SCORAD scores at these localized 
sites [52]. Current evidence supports the potential use of 
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microbiome-based therapies, but these studies are still in 
early phase clinical trials.

6 � Early Novel Targeted Agents

To date, there are more than 40 topical treatments in the 
pipeline for AD; however, this review will only discuss 
the following novel targeted agents that are in early phase 
clinical trials: AMTX-100 (NCT04313400), BEN-2293 
(NCT04737304), and PRN473 (NCT04992546). AMTX-
100 CF is formulated as a topical cream consisting of a 
novel 28-amino acid synthetic polypeptide (AMTX-100) 
bioengineered from human fibroblast growth factor-4 (FGF-
4) and the nuclear localization sequence of nuclear factor 
kappa B(NF-kB). AMTX-100 is also available in various 
formulations (orals, injectables, eye drops and sprays) that 
are currently in pre-clinical studies to treat a wide range of 
inflammatory and autoimmune diseases, such as rosacea, 
psoriasis, rheumatoid arthritis, and uveitis. This product 
works intracellularly via the importin α/β complex to com-
petitively inhibit transcription factors [i.e., NF-κB, nuclear 
factor of activated T cells (NFAT), activator protein 1 (AP-
1), and STAT1], thereby reducing production of pro-inflam-
matory cytokines and chemokines. In pre-clinical animal 
studies, AMTX-100 has demonstrated therapeutic potential 
in addressing the itch and inflammation in mild-to-moderate 
AD. An ongoing phase I/II clinical trial with an estimated 
completion date in early 2023 is currently investigating the 
maximum tolerable dose based on maximum BSA percent-
age treated and the efficacy of various concentrations of 
AMTX-100 CF in 145 adult patients treated with AD [53].

BEN-2293 is a selective small-molecule pan-tropomyosin 
receptor kinase (pan-TRK) antagonist delivered topically. 
TRK is a family of high affinity nerve growth factors (TRKA, 
TRKB, TRKC) present in the human epidermis, dermis, and 
dorsal root ganglion that bind neurotrophins, which have 
been deemed to exacerbate skin inflammation [54]. There is 
no published literature on BEN-2293 to date, but BEN-2293 
is currently in phase I/II clinical trials for 130 adult patients 
with mild-to-moderate AD, which is based similarly on the 
phase IIb clinical trial investigating topical TRKA inhibitor 
CT327 for treating pruritus in psoriasis [55].

PRN473 topical is a reversible, covalent Bruton tyrosine 
kinase (BTK) inhibitor. BTK is exclusively expressed in B 
cells and innate immune cells and plays a key role in B-cell 
receptors, Fc receptors, and other innate immune cell signal-
ing pathways. PRN473 is also available in an oral and central 
nervous system formulation that is in phase III clinical tri-
als to treat systemic diseases (pemphigus, immune throm-
bocytopenia, IgG4-related disease) and multiple sclerosis, 
respectively. Preclinical studies in rodents demonstrated 
that topical PRN473 can inhibit both IgG-mediated passive 

Arthus reaction and cutaneous IgE-mediated anaphylaxis 
[56]. There is an active phase II clinical trial for this novel 
target, for up to 40 patients with mild-to-moderate AD.

7 � Conclusion

The aim of developing targeted therapy for AD is to provide 
control of inflammation and pruritus with improvement of 
barrier function while minimizing AEs seen with the use of 
TCSs and TCIs. By elucidating the complex pathogenesis of 
AD, additional targets for therapy can be developed. Many 
patients with AD require lifelong treatment. Thus, there is 
an unmet need for topical therapies with high efficacy and 
low risk of AEs with long-term use. Non-steroidal topical 
therapies that work regionally with minimal systemic effects 
may deliver effective disease control, without concerns of 
skin atrophy, telangiectasia, striae, or perioral dermatitis 
associated with TCSs. These novel treatments are part of 
the frontier for expanding our armamentarium to bring relief 
to a wider range of AD patients with varying needs.
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