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Capsulesummary: This is the first study that objectively compares molecular cutaneous

improvement with different treatments in AD and nfagilitate personalized medicine by

identifying the best treatments for individual pbgmpes, based on immune/barrier profiles.
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To the Editor:

Atopic dermatitis/AD is a common inflammatory skiisease that affects up to 10% of
adults worldwid€: AD is a heterogenous disease with primag2/T122-skewing, and variable
Ty1l/Tyl7 contribution. Due to its multi-cytokine natureany broad-acting and specific
systemic and topical treatments were developeetiagcertain cytokine pathways, with
variable efficacy. Recently, broader agents (i.e cyclosporine/CsAomaband UVB/NB-UVB,
Janus kinase/JAK inhibitors/ASN002, corticosterpidsd more specific antagonists targeting
Tn2/1L-4R (dupilumab), {22/IL-22 (fezakinumab), J17/T422/Ty2 (crisaborole), and I1L-12/IL-
23 (ustekinumab) have shown significant changéssiional AD molecular profiles compared to
placeba® Nevertheless, a comprehensive, objective meaosmpare cutaneous effects of
various drugs and placebos is lacking. To betteletstand how different pathways contribute to
AD pathogenesis, it is important to objectively qare relative cutaneous changes in immune
and barrier mechanisms with different treatments.

We used a meta-analysis approach similar to a rgsemiasis studyto evaluate
molecular changes in skin with different AD theragies. We only included clinical trials in
which Affymetrix U133Plus 2.0 lesional and nonlesbskin gene-arrays were available from
AD patients treated with broad (CsA, NB-UVB, JAK/EYnhibitor/ASN002, topical
corticosteroids) and specific (dupilumab, fezakimalustekinumab, crisaborole) treatments
(Table E1). Seven publicly available microarrayadats (SiX> °in moderate-to-severe AD
and onéin mild-to-moderate AD patients) were found in @d&xpression Omnibus/GEO
(GSE133385/GSE133477/GSE58558/GSE130588/GSE998B2/1887/GSE140684; Table
E1).*" The main outcome of interest was percent improvetring gene-signatures

(see Methods section in this article's Online R#&ppgOR at www.jacionline.org). The Rmma
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package was used to model expression values bydraiffect models from all mechanistic skin
studies derived from microarray trial data. Drugpiovement percentages were then calculated
at available timepoints for each gene, and grodgygareviously reported AD-related gene-
subsets. These signatures include upregulated/downregutatgd-analysis derived
AD/MADAD transcriptomé' 2, immune and barrier gene-subsetmnegative regulatots’, and
Tul/Ty2/Ty17/IL-22/1L-34-specific genes. Due to the inhereatmalization of percent drug
improvement, grouped AD-related gene signaturetddeeidirectly compared across treatments
by Wilcoxon test.

Overall, CsA showed the highest improvements in&@ted gene signatures (Figs 1,
2), significantly outperforming all other drugs/péos in most gene-subsets (i.e up- and down-
regulated MADAD transcriptome, immune genes, epiggdifferentiation and lipid genes,
negative regulators and,I/Ty17/Ty22/IL-22-regulated geneP<.01, Figs 1, 2; Tables E2,E3);
however, dupilumab shows the highest overall impnognt in T,2-specific genes
(median=205%), and significantly outperforms ottherg and placebo arms with available
evaluations at Wk16, across the MADAD, immune genegative regulators, angid genes
(P<.05, Figs 1, 2; Table E2). Although dupilumab gigantly outperforms placebo and
ustekinumab at Wk16 foryL/Ty17 genesH<.05, Fig 2; Table E2), it shows higher median
improvement for 17 (125%) compared tojI genes (74%). At Wk4, ASN002-40mg
significantly improved the upregulated MADAD prafiand T,22/1L-22-specific genes more
than ASN002-20mg/ASN002-80mg/fezakinumab/placelib wiedian differences greater than
36% (P<.05, Fig 1; Table E2). While IL-22-targeting wittzakinumab showed modest
improvements on immune pathways, it showed compa@thigher improvement in MADAD

down-regulated and barrier genes to dupilumabligigting the role of IL-22 in the AD barrier
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dysregulation. As expected with an IL-22 inhibittezakinumab has a median improvement of
84% on T,22/11-22 genes, outperforming placebo by a mediffierence of 49% at Wk12
(P<.01); however, it shows no significant differemeceémprovement compared to NB-UVB at
WKk12 for T422/1L-22 genesH>.05, Fig 1; Table E2).

NB-UVB, a safe and efficacious albeit time-consugrireatment, shows significant
improvements on MADAD, negative regulatorg,ITand immune genes, with lesser efficacy on
barrier-associated markers; it outperforms fezakiao with median differences greater than
20% across the upregulated MADAD transcriptomeatieg regulators, J1 and immune genes
(P<.01, Figs 1, 2; Table E2). Crisaborole improves-lated signatures more than placebo
(P<.05), with greatest improvements inZR/Ty17-related genes, and shows significantly more
improvement than with systemic ASN0OO2 across thregydated MADAD transcriptome at Wk2
(P<.001, Fig 1; Table E2).

While ustekinumab does not have robust improverfwerAD-related gene-subsets (Figs
1, 2), mild-to-moderate topical steroids (triamdome 0.025%) were used consistently twice
daily until Wk16 during the placebo-controlled port, and published separately detailing
continuous improvement beyond Wk4 with topical ibmsteroid$ The topical steroid group
(“ustekinumab placebo”) significantly outperformgpilumab’s placebo and ustekinumab at
WK16 by a median difference of at least 13% acupsegulated/downregulated MADAD
transcriptomes, immune genes, negative regulatadgl7 (P<.05, Figs 1, 2; Table E2). This
highlights the relevance of topical corticosterog® when evaluating placebo and drug
responses and for trial design. It also servesramander that caution is needed when comparing
drugs to “placebo” allowing topical medicationsn&lly, we compared improvements in IL-34, a

negative regulator of inflammation, that is normalbwn-regulated in AD, and a biomarker of
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response for different therapieé: ® ®Interleukin-34 is a cytokine that promotes the
differentiation and viability of monocytes and maghages through the colony-stimulating
factor-1 receptor, and has been shown to play itapbrole in autoimmune disorders,
inflammation and cancer. Interestingly, IL-34 distnated molecular response between
efficacious drugs and placebo, using a 35% cut-off.

These results confirm CsA as the gold standarditsineous improvement in AD, but
also show that narrow-targeting with dupilumab eehs broad changes in skin, beyond those
expected with specific R inhibition. These data also shed light onto #iative improvement
with different treatments in various immune andrigaimechanisms, highlighting unique
properties of targeting a particular axis. For egkantargeting the J22 axis with fezakinumab
showed major improvement on barrier dysfunctiont,dnly modest improvement in
inflammatory signatures.

Our approach has the potential to facilitate futleeelopment of a personalized
medicine approach in AD, and identify the bestttremts for individual phenotypes, based on
immune and barrier profile. For instance, a patveitit Ty2 driven disease may primarily benefit
from dupilumab, while for a patient with higlyd and T,1 axes JAK targeting may be
preferable.

Our study has several limitations. It comparesapeutics with different modes of action
and their counterpart placebos. The actual “platetay vary across trials, as in the
ustekinumab study. Also, studies differ in theipesmental design and patient numbers. For
instance, the crisaborole study incorporated aapatient design, the ASN0O02 study had 36
patients with 9 patients per arm, and the CsA aBdJVB studies had no placebo. Further, the

timepoints for biopsy evaluations varied betweenigs, as well as the early and late biopsy
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152 timepoints, thus the data analysis was restricdex/ailable timepoints. Almost all studies

153 included moderate-to-severe AD except the crisdbatoidy that included mild-to-moderate
154 patients. As a result, drug improvements may haenlsmaller for milder compared to more
155 severe patients. Finally, the therapeutics wererdtared disproportionally to white

156 populations making it more difficult to generalttee analysis. Overall, this approach may

157 determine which treatments best benefit variouscABracteristics and can promote a precision

158 medicine strategy.
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Figurelegends

Figure 1. Drug improvement per centages for AD-related gene signatures:
upregulated/downregulated MADAD transcriptomes, immune genes, EDC-CE and lipids,

Tw2, and Ty22/IL-22 specific genesat weeks 1, 2, 4, 12, and 16. Stars denote significant
differences in the improvement scores between dnaigplacebo groups from the same study by
Wilcoxon test. Bars superimposed on each poinesspnt the median (scaled by study size) +
IQR/2 and are colored by treatment. +P < .1, *B5 **P < .01, ***P<.001. EDC-CE,

epidermal differential complex—cornified envelope.

** Subjects treated in the ustekinumab study werengivbackground of triamcinolone .025%

BID. The placebo group used more triamcinolone %928an the drug group.

Figure 2. Drug improvement percentages for AD-related gene signatures. Tyl, Ty17,
negativeregulators, and 1L-34 specific genes at weeks 1, 2, 4, 12, and 16. Stars denote
significant differences in the improvement scoresMeen drug and placebo groups from the
same study by Wilcoxon test. Bars superimposedach point represent the median (scaled by
study size) £ IQR/2 and are colored by treatmeBt<+1, *P < .05, **P < .01, **P<.001.

** Subjects treated in the ustekinumab study werengivbackground of triamcinolone .025%

BID. The placebo group used more triamcinolone %928an the drug group.
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