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I ntroduction

The hallmark of atopic dermatitis (AD), the mostrsuon inflammatory skin disease, is
chronic eczematous rash and itch. These resulgnifisant impact on patients’ quality
of life, including depression, sleep disturbanced aven suicidal ideatiohTraditional
AD treatments include topical emollients, corti@stds and calcineurin inhibitors.
These, in various regimens and combinations, cerslidly improve mild to moderate
AD patients, and remain the mainstay of treatmidotvever, for approximately 20% of
patients considered to have moderate-to-severas#iséopical treatments are often not
satisfactory, due to high disease burden and baakgr systemic inflammatiofi Until
recently, treatment options for moderate-to-seyetent populations were limited to
phototherapy, systemic immune-modulators such asloggorine, methotrexate,
mycophenolate mofetil, and systemic corticosterdid¢hile phototherapy is not always
available and could be substantially time consumamgl systemic immunosuppressants
are often associated with significant adverse tffehese treatment modalities cannot
provide the much-needed convenient, safe, long-taution for AD patients requiring
systemic therapy. The advances seen in recent ye#ns research and management of
AD are influenced by the interesting path of anotte@mmon inflammatory skin disease,
psoriasis. Psoriasis represents the best immunaatbazed skin disease, largely due to
results of trials of cytokine-specific inhibitorshich shed light on disease pathogen&sis.
’ Dupilumab, a fully human monoclonal antibody blimgktwo Th2 cytokines, IL-4 and

IL-13 (Fig 1), by binding the shared IL-4 recepto(lL-4Ra), was the first AD-specific
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therapeutic to be approved in both adults and adete<"'° Dupliumab therapy has not
only provided another treatment option for modetatsevere AD, it has also provided
insight into AD pathogenesis. The experience witpildimab has confirmed that AD can
be effectively treated by selectively antagonizifii cytokines:™ *?While two anti-IL-
13 monoclonal antibodies are also being testedidbin advanced studies with favorable
outcomes>® herein, we focus on novel therapeutics for AD IeydL-4/IL-13

inhibitors.

AD is heter ogeneous with various subtypes

New data demonstrate the complicated immunologicd€cular dysregulations
underlying clinical features characteristic of Adhd as clinical phenotypes vary, these
dysregulations also show wide heterogeneity. WAieis characterized by Th2 skewing
across all disease subsets, it shows variableagictnvof additional immune axes in
different disease phenotypE&2 Factors differing among distinct AD
subtypes/phenotypes include IgE levels, age, disela®nicity, ethnicity, and barrier
proteins dysfunction, such as filaggriiLG) mutations.

Increased total and allergen-specific IgE levadsjmophilia, and personal and family
history of atopic diseases characterize patients extrinsic AD that affects ~80% of
patients, whereas intrinsic AD patients (~20%) hawenal IgE levels and usually lack
familial or personal atop¥. The clinical presentations of extrinsic and irginAD are
similar despite these differences. In additioniffedng in atopy, intrinsic AD compared

to extrinsic AD has greater cutaneous cellulattiation and increased Thl-, th17- and
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Th22-related cytokines and chemokines. As statediqusly, both subtypes exhibit
similar Th2 activatiorf?

When phenotypes are characterizes by age groupation are noted in pediatric, adult
and elderly (age 61 years and older) patients. Goeapto adults, children lack over-
expression of Thl-related markers in the skin,Thi-related cytokines and chemokines
show either similar or even greater levels in pei?D skin in comparison with adult
AD. Th17/Th22-related markers, including IL-17-ttelé anti-microbial peptides

(AMPs), are up-regulated in pediatric compareddlt@AD, to levels often comparable
with those in adults with psoriasis (Fig?®¥’ In elderly AD patients, as compared to
younger adult AD patients, Th2/Th22 axes are atttatl) and barrier disruption is less
prominent. On the other hand, with increased desehsonicity among adults, there are
gradual increases with increasing age in markefhafTh17 pathway$’

Ethnicity is another variable affecting AD, and pbg/pes of European-Americans (EA),
various Asians, and African-Americans have beenpayed. Compared with EA
patients, Asian patients show increased Th17 a2 &etivity, while African American
patients showed relative decrease in Thl and Tatbfed markers. Th2 skewing was
largely consistent among different ethnicities (F)g> 2% 2% %°

In sum, contrary to the traditional concept of ADaasolely type 2 immune activated
disease, new findings highlight AD as a multi fecktlisease, as the disease can be
subdivided into variable phenotypes, based onaalfepidemiological or molecular
parameters. These different AD variants may alsessitate different therapeutic

approaches, depending on the dominant immune sgewieach patient group.
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Why treatments antagonizing IL-4/IL-13 areinsufficient?

Given the numerous effects of IL-4 and IL-13 in ABthophysiology? *including
disruption of skin barrier, induction of bacterahding and colonization, and
recruitment of inflammatory cells, these cytokiaesl cytokine receptors are attractive
candidates for therapeutic targeting. Indeed, séteerapeutic approaches aimed at
inhibiting these cytokines have been explored,dupalumab is the first biologic
treatment licensed for the treatment of moderateeiere AD. Clinical studies showed
robust clinical efficacy for dupilumab over placébdand tissue investigations proved
clinical improvements correlated with reversal afletular and epidermal changes in
treated patients: 3 3Although dupilumab directly down-regulates Th2atet markers,

it also resulted in down-regulations of some Thh2/d-related markers, proving its
effects beyond narrow IL-4/IL-13 inhibitiolt. These “disseminated” effects of
dupilumab may contribute to its efficacy in diffateethnicities. Nevertheless, despite
being a truly significant milestone in AD managetm&rnwell as other atopic conditions
for which it is approved or in clinical triaf§, **the fact that only 35%-40% of patients on
dupilumab achieve clear or almost clear skin, cet#s the need for additional treatment
options® * 3°as well as the need for development of a persrethinedicine approach
tailored to better treat various AD subsets. Ireofdr new treatments to address the
unique fingerprint of each AD subtype, targetingotifer immune axes beyond IL-4/IL-

13 is needed. It likely will be necessary to taebmbination of cytokines to fully

control AD, regardless of disease phenotype.

Other Th2-targeted therapeutics
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The Th2 pathway includes other cytokines and chemesk some of which are
candidates for anti-AD drugs. IL-31, also knowntlas itch cytokine, has an important
role in the resistant itch-scratch cycle of ADalidition, studies suggest the cytokine has
other roles in AD pathogenesis, including inhibitioof epidermal terminal
differentiation®®3® Several large phase 2 studies of nemolizumab,L&3l Iantibodly,
highlight the major impact of targeting this cyto&i to alleviate the persistent AD-
associated itch, with significant improvements mrjjus and sleep loss (percentage
change of pruritus score from baseline at 64 week086-80%)>%** These results are
also associated with improvements in clinical dsseacores, with significance over
placebo as early as week 4 of therapy in a reciahf? Sustained efficacy was found in
a long term follow up triai? Interestingly, the 30mg dose outperformed the 9€losg in
both studies, a phenomenon which is unexplainedséMil studies are underway and
will hopefully shed light on the role of IL-31 imné disease, beyond its profound effects
on the characteristic itch of AD (NCT03989349, NG¥85943, NCT03989206).

Another interesting target in the Th2 pathway ssttiymic stromal lymphopoietin

(TSLP), an epithelial cell derived cytokine, whi@h.conjunction with OX40 and OX40
ligand, strongly drives allergic inflammation witip-regulation of Th2 activation in
asthma and AD® IL-33, another epidermal derived cytokine, alstipiates in this
process as an amplifier of TSLP-OX40 axis. In additll-33 has a direct negative effect
on the integrity of skin barrier in Aff: *°

In AD lesional skin, TSLP, TSLP receptor, OX40, @X, and IL-33, were significantly
upregulated, reinforcing the rationale for devehgpiargeted therapeutics antagonizing

these factoré® *®Recently, ST2 (IL1IRL1), the IL-33 receptor, wasegulated and
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correlated with early AD severity in the pediapigpulation, suggesting anti-1L-33
strategies may have a role in these young patienteell?’

A TSLP inhibitor, tezepelumab, a human monocloméibady, showed somewhat
disappointing results in a phase Il clinical tfiad AD in combination with topical
corticosteroid$® Nevertheless, a monotherapy clinical trial of fetemab for AD is
being conducted (NCT03809663), and will hopefullydble to shed light on its role in
the disease. In addition, advanced clinical tridlgezepelumab for asthma have shown
favorable resulté’

A phase Il proof-of-concept clinical trial of a masional antibody antagonizing OX40,
GBR 830, showed that only two intravenous dose¢lefirug, administered 4 weeks
apart, induced significant improvement of tissué aelmical measurements until day 71
(42 days after the last dos@)Although this study was primarily designed asfatyaand
mechanistic biomarker study, clinical efficacy vediserved, as more patients achieved
EASI-50 in the GBR 830-treated group vs the placgoaip. GBR 830 was well
tolerated, and tissue analysis showed significadtictions of Thl, Th2, and Th17/Th22-
related markers, as well as significant reductibepadermal hyperplasia. This study
provides first evidence for the pathogenic rol®©df40 in AD, and highlights the
potential benefits of OX40 antagonism for the di&83A small Japanese study with
another OX40 antagonist, KHK4083, also shows eraging data in a small study of 22
severe AD patients receiving only three 1V dosa#) sustained reductions in EASI
scores and CCL17 in the circulation until week’22.

As for the IL-33 component, anti-I1L-33 agents shdevorable results in murine

models for AD and acute allergic airway inflammatté >*In humans, a small, single
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arm, proof-of-concept, phase lla clinical trialaof anti-IL-33 monoclonal antibody,
ANBO020 (etokimab), was presented in 2018 welve moderate-to-severe AD patients
were enrolled and treated with a single intraverdnse of placebo followed by a single
intravenous dose of the drug. All patients achieatelgéast EASI-50 response and the
drug was well tolerated. A phase Il clinical trislongoing (NCT03533751). In addition,
a different agent targeting IL-33 (REGN3500) isdbeing investigated, as a
monotherapy and in combination with dupilumab intaer phase Il, placebo controlled,
clinical trial (NCT03736967). Nevertheless, reswoitshese clinical trials were not yet
published in a peer-reviewed journal.

In summary, Th2 pathway includes important immuatdrs other than IL-4 and IL-13,
such as IL-31 and the TSLP-OX40 axis, and agengetiag these cytokines have shown
variable efficacy for AD. Further clinical investiions of such targeted drugs (with
special attention to younger populations in thes¢s) may dissect the pathogenic role of

each component of the TSLP-OX40 pathway, and @sfteutic potential.

Th22 as a therapeutic tar get

The Th22 pathway is as consistently activated asTthi? pathway in AD, and both are
considered key immune drivers of ADIL-22, the lead Th22 cytokine, was suggested to
have a major pathogenic role in epidermal patholdgy attenuating keratinocyte
terminal differentiation and inhibiting tight-junoh formation, IL-22 over-expression
results in barrier dysfunction and epidermal hyfzsig®®>® There is strong rationale for
anti-1L-22 therapeutics in AD, as cytokine levets aignificantly elevated in lesional AD

skin and correlates with disease severity. IL-Zd aorrelates with clinical responses to
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different AD treatments, including topical cortiteids, cyclosporine A, phototherapy
by NB-UVB, dupilumab, and ustekinumab>%°4

A phase lla clinical trial investigating fezakinumaln IL-22—blocking monoclonal
antibody, showed significant clinical improvemewmssplacebo, particularly in patients
with severe AD (SCORAD>50), but fezakinumab did slebw significant efficacy for
moderate patienfS. The monoclonal antibody was well tolerated, aredrttost common
adverse events were viral upper respiratory trifettions®® Another study of
fezakinumab, focusing on the mechanistic respotwstee drug in skin biopsies, revealed
reversal of multiple pathologic features of AD skas well as reduced overall
inflammatory burden, including Thl, Th2, and Th&fated markers, in addition to the
Th22 pathway? In this study, treatment effects were primarilgrsén patients with high
levels of IL-22 at baseline. Surprisingly, parteijs with low baseline levels of IL- even
had a tendency toward AD exacerbatidn.

These findings again emphasize the need for a pa&iized approach in AD patients, as
for severe patients, preferably with high basel@wels of IL-22, the drug show

significant clinical and molecular benefit.

Agents antagonizing Th17/IL-23

One of the main immune components showing variabég- and under-expression in
different AD subtypes, is the Th17/IL-23 pathwaytd@kines related to this pathway,

specifically IL-17 and IL-23, play a pivotal role the pathogenesis of psoriasis, and
multiple highly efficacious monoclonal antibodiespisoriasis target these cytokirtés?

In AD, greater Th17/IL-23 up-regulations occurdsians vs. European Americans,
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intrinsic vs. extrinsic, and pediatric vs. adult ABtients’ 2# 2 %9 |n these groups, in
addition to the common Th2/Th22 over-expressioghé&i Th17-related markers are
detected. Especially in Asian AD, histologic featithat are characteristic to psoriasis,
such as significant acanthosis and focal paraksimtare also more frequefit’*In
addition, regardless of the AD subtype, both ILahd IL-23 decreases are coupled with
improvement of AD following various treatmertts>®®* %34 -23 regulates induction

of IL-17 and IL-22 cytokines, which synergisticalifimulate tissue inflammation and
skin barrier disruptiort? IL-17 includes six family members, IL-17ABIL-17A,
produced by activated lymphocytes, is perhaps th&t kmown cytokine of this family
due to an IL-17A inhibitor, secukinumab, a monoeloantibody with great efficacy in
psoriasis.' Bimekizumab, another monoclonal specific for b#i7A and IL-17F, is
also very effective in psoriasis.

Ustekinumab, a human monoclonal antibody inhibiting shared p40 subunit of IL-12
and IL-23, is an effective drug for psoriasis duoeits IL-23 antagonism®® '’ For AD,
despite mechanistic response in skin biopsieskimstgab, in conjunction with topical
corticosteroids, failed to achieve statisticallgrsficant improvement in a phase I,
placebo-controlled clinical tridf The inconclusive results were attributed to inisight
dosing of ustekinumab and to the unlimited useaakiground topical corticosteroifs.
The results of the clinical trial treating AD wislecukinumab are not available
(NCT02594098, NCT03568136).

Thus, several Th17/IL-23 pathway members mightesaes/potential targets for AD
treatments, particularly in certain AD phenotyps;h as Asians with AD. The efficacy

of such approach in AD is yet to be determined.
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The unsatisfactory results of both fezakizumalgéting Th22) and ustekinumab
(targeting primarily Th17) in AD reinforce the pat&l need for a combined therapeutic

approach, that will target more than one cytokimeiune axis in AD.

Targeting Other Epidermal Cytokines

Unlike the above-mentioned IL-17 cytokines, whick aroduced by Th17 T-cells, IL-
17C is produced by epidermal keratinocytes andratha-immune cell€® It shares with
IL-17A similar effects on keratinocytes, as well aseciprocal effect in which IL-17A
induces IL-17C in keratinocytes, and IL-17C in tuimduces T lymphocytes to produce
more IL-17A, a process known as the “feed-forwanséchanism of the skiff: ° In
addition, IL-17C also has autocrine affects on hledging keratinocytes, as the cytokine
influences innate epithelial immune reactions, veyhergistic effects with IL-1 and IL-
22"° In AD murine models, IL-17C neutralization reducgén inflammatior’?” %° A
recent phase |, proof-of-concept, dose rangingicaintrial of a selective IL-17C
inhibitor, MOR106, was presented in 20°£8n this small preliminary trial of 25 patients,
three different doses (1, 4, and 10 mg/kg) of tlemoclonal antibody were investigated.
Approximately 80% of patients treated with higheses of MOR106 achieved EASI-50,
compared with less than 20% in the placebo groupR¥06 was well tolerated. Phase |

data have not been published in a peer-reviewerthgtubut due to these promising

results, phase Il clinical trials are recruitingdN03864627, NCT0356807.1*

Broad acting agents
AD is characterized by activation of more than onmune pathway, presenting variable

activation of various axes in different diseasesstth Therefore, treatments inhibiting

10
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several immune pathways may be appealing in oodprdvide therapeutic benefit across
all patient populations. Broad acting agents areecily being investigated in large-scale
AD clinical trials. It is important to point outdh some broad-acting systemic agents
were ineffective in AD, such as anti-tumor necrdaor (TNFs), which are effective for
psoriasis, but failed in AD clinical triafé:®* Systemic targeting of phosphodiesterase 4
with apremilast, also efficacious in psoriasis, thidt not show significant benefit in AD

in the 30mg dos&:

Janus kinase inhibitors

The Janus kinase (JAK) inhibitors, which are depetbboth as oral small molecules and
topical formulations, are promising agents thageéamultiple downstream cytokines
involved in AD. The JAKs are a family of tyrosinm&ses, including JAK1, JAK2,
JAK3 and TYK2 (Fig 2f° The JAK/signal transducer and activator of tramion
(STAT) pathway is considered a master regulatamafune function, as it mediates a
range of intra-cellular immune responses, inclugiotar cytokines involved in the
pathogenesis of AD, such as Th2 (IL-4, IL-5, IL-TELP), Th22 (IL-22), and Thl
pathways (IFNy, IL-12, IL-23) 8687

Baricitinib, a JAK 1/2 antagonist, was recently egy@d by the FDA for rheumatoid
arthritis (RA) and was the first oral JAK inhibitto progress to phase lll clinical trials
for AD (NCT03435081§2 In the phase Il trial, significantly more bariaitd-treated
patients, compared with placebo, achieved 50% oemeguction of Eczema Area and
Severity Index (EASI-50) at 16 weeks (61% vs 37B@¥icitinib efficacy over placebo

was apparent after 4 weeks of treatnf&mhile being mostly well tolerated, more

11



253 adverse events were documented in the baricitnedted group, including headache,
254  nasopharyngitis, and increased blood creatine piokspase (CPK). More adverse

255  events were found in the 4 mg group, which alsav&bbetter efficacy, in comparison
256  with the 2 mg dose group and with placebo. Orother hand, baricitinb-related adverse
257  events which were previously reported in RA pasentere not reported in AD

258  patients®

259  Another JAK inhibitor tested for AD is updadacitinia selective JAK1 inhibitor.

260  Upadacitinib showed efficacy in phase Il trials RA,*° and was recently FDA

261 approved for this indication, with a boxed warnd to risk of thrombosis and

262 embolisms. Results of a phase Il trial of upadaitittor AD showed impressive clinical
263  outcomes, as approximately 50% of drug-treatecepttiachieved EASI-90 and clear or
264  almost clear status (IGA 0/1). Upadacitinib wasegafly well tolerated, with some

265  adverse events such as acne, CPK elevation, anghmingitis’* Currently, multiple
266  phase lll clinical trials of upadacitinib for ADearecruiting in both adults and

267 adolescents patients (NCT03607422, NCT03569298)ydmg a phase llib,

268 randomized, multi-center study that will evaluapadacitinib vs dupilumab in adults
269 (NCT03738397).

270  Abrocitinib (formerly PF-04965842), is another sifiecJAK1 inhibitor tested for AD.
271  The drug showed some efficacy for psoriasis inaspHl clinical trial, but more adverse
272  effects were found in the higher-dose group (whyeeater efficacy was demonstrated),
273  and the drug did not proceed for further psoriagass > For AD, on the other hand,

274  promising results were found in a phase Il clintcal that showed that up to 45% of

275  abrocitinib-treated patients clinically improveg, assessed by the IGA score, as

12
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compared with only 6% of patients treated with plae® Phase 11l clinical trials of
abrocitinib in adults and adolescents with modetateevere AD are being completed
(NCTO03575871, NCT03422822).

In addition to these three JAK inhibitors currentdsted for AD, favorable data were
recently published on a new dual JAK-Spleen Tymskinase (SYK) inhibitor
(ASN002), following a phase Ib clinical trial forDA** SYK is a non-receptor tyrosine
kinase (Fig 2), and the SYK pathway is involvedseveral cytokine signaling immune
pathways, with subsequent regulation on Th17, Bamd dendritic cells activation, as
well as inhibition on keratinocyte terminal diffat&tion®>*% Concomitant JAK and

SYK inhibition had synergistic, beneficial antiiafmatory effectd? 1%

providing the
rationale to add SYK inhibition to JAK antagonissapotential added therapeutic value
to AD.

The dual JAK/SYK inhibitor ASN002 was studied id@se-escalation protocol, with
thirty-six adults with moderate-to-severe AD randzed to placebo or 20, 40, or 80 mg
of ASN0O02 for 4 weeks (NCT0313998%)The drug showed rapid therapeutic onset,
with improvement in pruritus starting at day 8 e thighest dose-group, in addition to
statistically significant decreases in EASI scaresomparison with placebo, with 83%
to 100% of patients achieving EASI-50 in the 40md 80 mg groups. There were no
serious adverse events. Mechanistic investigabbserum markers showed significant
down-regulations in Thl, Th2 and Th17/Th22 actmatias well as decreased levels of
the atherosclerosis-associated biomarker E sel8&lrE, suggesting improvement in

systemic inflammatior? In addition, skin biopsies revealed ASN002 revetse

molecular dysregulations in lesional skin toward®a-lesional phenotype, by rapidly

13
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and significantly suppressing key inflammatory patlis implicated in AD
pathogenesi&®

Some JAK inhibitors are being tested as topicattnents with favorable clinical results
in AD trials so far, including tofacitinib’’ JTE-032% and ruxolitinib (NCT03257644,
NCT03011892, NCT03920852).

It may be important to bear in mind that despitsédminating use of JAK inhibitors in
dermatology, safety profiles differ among differagents, and long term safety is yet to

be determined®

Histamine 4 receptor antihistamines

Another class of broad-targeting inhibitors for ABs an entirely different mechanism of
action. The histamine 4 receptor (H4R) antihistasiare drugs antagonizing the most
recently discovered histamine receptor subtype, ,hvich plays a role in Th2 and Th17
inflammation and pruritu§:®**?In contrast to kR-blocking antihistamines, which are
widely used as anti-pruritic agents, yet their efffén AD patients are mainly sedatfve,
an oral HR antihistamine, ZPL-3893787, showed clinical effig on inflammatory skin
lesions in an AD phase |l clinical tri&f® In this 8-week trial, 78 moderate-to-severe AD
patients were included, and significantly more Z3893787-treated patients achieved
EASI-75 score compared with placebo (35% vs 15%provements of pruritus were
non significant compared with placebo. ZPL-3893W&is safe and well toleratétf.

This represents the first investigation of H4R laistamine in AD patients and suggests
the potential of this drug as novel therapeuti¢arptor the disease. A long-term study

assessing ZPL-3893787 safety and efficacy in Alniderway (NCT03948334).
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Conclusion

Mechanistic studies of AD using information fromrsknd blood analysis as well as
results of clinical trials have highlighted the dretgeneity of this common disease.
Patient characteristics such as age, ethnicitpi@giatus, and genetic mutations of
filaggrin independently affect the clinical phenogy The variable clinical phenotype
and, perhaps more importantly, the variable immogichl/molecular fingerprint of AD,
may necessitate different therapeutic approachdsferent patients subsets, including
potentially a personalized medicine approach ot dytakine targeting, depending on
AD subset. Due to this variability, agents with d&der, general activity, such as JAK
inhibitors, may have more generalized responseed BAK inhibitors: baricitinib,
upadacitinib, and abrocitinib, a dual JAK-SYK initds, ASN002, and a histamingyR
antagonist, ZPL-3893787, are being investigatetl pibmising results so far as broad-
acting, systemic, small molecules in AD clinicaas % % **Nevertheless, large long-
term studies in AD patients are needed to assessaflty of these treatments for chronic
use in AD. Dupilumab, the first FDA-approved taegetmonoclonal antibody approved
for AD, shows durable efficacy in longer studiesl @xcellent safety for chronic use in
both adults and adolescents. Dupilumab is curremthsidered a mainstay of treatment
for moderate-to-severe AD patients, where it retfohized the treatment
armamentariurfi.** 1** *3any other specific agents that are being invastig for
moderate-to-severe patients, show favorable resuéiarly or late clinical trials. These
include targeted treatments antagonizing other §&tRway immune components (i.e

OX40/GBR 830, KHK4083, IL-33/etokinumab), Th22/I122fezakinumab), and
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epidermal cytokines (i.e IL-17C/MOR106), which atso anticipated to progress to
advanced clinical trial phas&s®°1L-31, originally considered the itch cytokine osts
significant clinical benefit, in addition to impige improvement in pruritus, and is
advancing to phase lll. Anti-IL-13 monoclonal amiiles, tralokinumab and
lebrikizumab, are also being investigated with fade data in late stage trials for AD,
but these are beyond the scope of this revfeWwVarious agents differ not only by
efficacy, as determined by clinical scoring systelma also by other aspects. For
example, several agents show profound benefitslisaf@.g some JAK inhibitors), and
other agents show later response, yet longevigffett (e.g TSLP-OX40 antagonists).
Parallel investigations of both broad and narrotingadrugs, in multiple ongoing
clinical trials, will eventually transform the thsgreutic paradigm of moderate-to-severe
AD, as was the case for psoriasis. Mechanisticstigations of these various treatments
will help dissect the complex contribution of varsocytokines to AD, to ultimately

improve long-term disease management and preveotiftares.
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Figurelegend

Figure 1. The immune dysregulations of AD, with corresponding targeted agents (red boxes).
Under each Th pathway, in black boxes, are AD subtypes that were molecularly
characterized, with arrows indicating the degree of over-expression of this specific Th axisin
each clinical phenotype.

Figure 2. Mechanism of action of JAK and SYK inhibitors. A, JAK inhibitors interfere with
cytokine signaling by blocking signal transmission in various immune cells as well as
keratinocytes, by preventing JAKs from phosphorylating substrates such as STATS, and
therefore cytokine-dependent gene regulation is inhibited. B, SYK inhibition suppresses the

activation of down-stream kinases, eventually resulting an anti-inflammatory effect.
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Key massages

Atopic dermétitis (AD) is acommon and heterogeneous inflammatory skin
disease, with various subtypes differing by clinical, demographic, and molecular
characteristics

Most patients can be managed by conventional interventions, but for those who
reguire systemic immunosuppressive therapies, safe and effective aternative
treatment options are limited

Some of the emerging broad- and narrow-targeting agents have shown significant
benefit in clinical trials of patients with moderate-to-severe AD, paving the way

for novel therapeutic paradigm

Beyond IL-4/IL-13 inhibitors, recent favorable outcomes were seenin clinica
trials of JAK inhibitors (baricitinib, upadacitinib, and abrocitinib), a dual JAK-
SYK inhibitor (ASN002), a histamine H4R antagonist (ZPL-3893787),
antagonists of the TSLP-OX40L axis (GBR 830, etokinumab), an IL-22 inhibitor

(fezakinumab), and an IL-17C antagonist (M OR106)

These trias, with specia attention to the variability among AD sub-populations,
will adso help to expand the current knowledge on AD pathogenesis, and to
dissect the contribution of different molecular factors, to ultimately portray the

full immunologic fingerprint of each AD subtype



