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Introduction

Atopic dermatitis (AD) is the most common chronic inflam-
matory skin disease worldwide, with an increasing preva-
lence that varies depending on the region and population 
under study [1–4]. It is estimated that AD affects approxi-
mately 20% of children and 10% of adults [1]. It is a hetero-
geneous disorder that is diagnosed clinically based on the 
presence of xerosis, intense pruritus and recurrent eczema-
tous lesions [1–4]. Both clinical manifestations and location 
of the lesions vary according to age [4]. AD is frequently 
associated to multiple atopic comorbidities, including food 
allergy, asthma, allergic rhinoconjunctivitis, nasal polypo-
sis, and eosinophilic esophagitis, which together contrib-
ute to a marked impairment in the quality of life (QoL) of 
patients and their families [1, 4–6]. The extent and severity 
of skin involvement, as well as the intensity of symptoms 
and patient reported outcomes (PRO) are assessed using 

	
 Juan José Nieto-Fontarigo
juanjose.nieto.fontarigo@usc.es

1	 Department of Dermatology, Complexo Hospitalario 
Universitario de Santiago de Compostela,  
Santiago de Compostela 15706, Spain

2	 University of Santiago de Compostela,  
Santiago de Compostela 15705, Spain

3	 BioLympho Research Group, Department of Biochemistry 
and Molecular Biology, Faculty of Biology-Biological 
Research Centre (CIBUS), University of Santiago de 
Compostela, Santiago de Compostela 15782, Spain

4	 Translational Research in Airway Diseases Group (TRIAD), 
Health Research Institute of Santiago de Compostela (IDIS), 
Santiago de Compostela 15706, Spain

5	 Bibliosaúde. Servicio Gallego de Salud (Sergas), Santiago de 
Compostela, Spain

Abstract
Advances in the understanding of atopic dermatitis (AD) pathogenesis have driven the development of innovative systemic 
therapies targeting key immunologic pathways. This systematic review summarizes current evidence on the impact of 
biologic agents, Janus kinase (JAK) inhibitors, and other emerging treatments on AD-related biomarkers and their correla-
tion with clinical outcomes. A comprehensive literature search was conducted across PubMed, Embase, Scopus, and Web 
of Science for studies published between 2014 and 2024. Eighty studies met the inclusion criteria. Dupilumab was the 
most extensively investigated therapy, followed by tralokinumab, JAK inhibitors, and novel agents such as amlitelimab, 
stapokibart, and tezepelumab. Across drug classes, consistent reductions in CCL17/TARC, LDH, and total IgE levels 
were observed, generally paralleling clinical improvement in EASI and SCORAD scores. Transcriptomic and proteomic 
analyses revealed normalization of Th2/Th22 inflammatory signatures and restoration of barrier-related gene expression, 
while microbiome studies showed a reduction in Staphylococcus aureus colonization. Despite these advances, the hetero-
geneity of study designs and analytical techniques limits the comparability of results. CCL17 and LDH currently represent 
the most reliable biomarkers associated with disease severity and treatment response, although their limited specificity 
restricts clinical applicability. Future research should aim to validate integrated biomarker panels combining immunologic, 
transcriptomic, and microbiomic data to enable precision medicine approaches in atopic dermatitis management.
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standardized scoring systems such as the Eczema Area and 
Severity Index (EASI), SCORing Atopic Dermatitis (SCO-
RAD), Investigator Global Assessment (IGA), Numerical 
Rating Scale for Itching (NRS-itching), Numerical Rating 
Scale for Sleep (NRS-sleep) and Dermatology Life Quality 
Index (DLQI) [2].

AD pathophysiology is complex and multifactorial, 
involving genetic susceptibility, epidermal barrier dysfunc-
tion, microbiome alterations, and immune dysregulation 
[1–10]. Mutations in the filaggrin gene (FLG, a funda-
mental structural protein of the stratum corneum), and less 
frequently in other related proteins (claudins, serine prote-
ase inhibitor LETK1, kallikreins) lead to impaired barrier 
function [1, 2, 10]. As a result, transepidermal water loss 
(TEWL) increases, skin pH is altered, andStaphylococcus 
aureus(S. aureus) colonization is promoted, further disturb-
ing the cutaneous microbiome [1, 2, 10]. A defective barrier 
facilitates the penetration of allergens and irritants, trigger-
ing keratinocytes and epidermal dendritic cells to release 
proinflammatory cytokines (thymic stromal lymphopoietin/
TSLP, IL-1, IL-25, and IL-33). These alarmins recruit and 
activate both innate and adaptive immune cells, including 
macrophages, mast cells, eosinophils, basophils, NK cells, 
and B and T lymphocytes [2, 10]. Within this inflamma-
tory milieu, naïve CD4⁺ T cells differentiate predominantly 
into T helper (Th) type 2 (Th2) cells, producing IL-4, IL-5, 
IL-13, and IL-31, cytokines considered central to AD patho-
genesis. To a lesser extent, differentiation toward Th1 (IFN-
γ), Th17 (IL-17), and Th22 (IL-22) subsets also occurs [2, 
10].

Advances in the understanding of AD pathogenesis 
have driven the development of innovative therapies that 
are reshaping clinical management. These new strate-
gies target the hyperactivated Th2 immune response, 
either through the extracellular blockade of key cyto-
kines (IL-4, IL-13, IL-31) or the intracellular inhibi-
tion of JAK-STAT signaling pathway [10–12]. Biologic 
agents provide selective extracellular modulation. Dupil-
umab, the first biologic agent approved for the treatment 
of moderate-to-severe AD, is a monoclonal antibody 
(mAb) directed against the α-subunit of the IL-4 recep-
tor (IL-4Rα), thereby simultaneously inhibiting IL-4 
and IL-13 signaling [11]. Subsequently, tralokinumab, 
lebrikizumab (both targeting IL-13) and nemolizumab 
(directed to IL-31 receptor), have been approved [11]. 
In contrast, Janus kinase (JAK) inhibitors act intracel-
lularly, broadly suppressing the downstream signaling of 
multiple cytokine receptors that utilize JAK/STAT path-
way. Currently approved JAK inhibitors for moderate-
to-severe AD are upadacitinib and abrocitinib (selective 
JAK1 inhibitors), and baricitinib (JAK1/JAK2 inhibitor) 

[11]. Beyond these, emerging molecules with novel 
mechanisms of action are currently under investigation, 
including OX40/OX40-ligand inhibitors (rocatinlimab, 
amlitelimab, telazorlimab), dual JAK/spleen tyrosine 
kinase (JAK/SYK) inhibitors, new antibodies against 
IL-4Rα, and TSLP mAbs such as tezepelumab [11, 12].

Given this therapeutic expansion and the complex 
pathophysiology of AD, identifying predictive and 
response biomarkers is crucial to guide treatment selec-
tion, monitor efficacy, and optimize outcomes, ultimately 
advancing toward personalized medicine. Among the 
most extensively studied biomarkers are immunoglobulin 
E (IgE), lactate dehydrogenase (LDH), various chemo-
kines (CCL17/ initially named as thymus- and activa-
tion-regulated chemokine/TARC, CCL18/pulmonary and 
activation-regulated chemokine/PARC, CCL22/macro-
phage derived chemokine/MDC, and CCL26/eotaxin-3), 
and interleukins (sIL-2r, IL-13, IL-22, IL-31), all show-
ing promising preliminary results [7, 9]. While most of 
these markers have been primarily used to monitor disease 
activity, their potential as predictive or response biomark-
ers for therapy remains largely unestablished. A system-
atic review of these biomarkers is therefore essential to 
understand how novel systemic therapies influence the AD 
biomarker landscape.

Methods

The main objective of this systematic review was to evalu-
ate the effect of biologic therapies, JAK inhibitors, and 
other emerging drugs for AD on existing disease-related 
biomarkers.

 Keywords related to AD and novel therapies were 
selected, includingatopic dermatitis, biologic therapy, JAK 
inhibitor, dupilumab, tralokinumab, lebrikizumab, upa-
dacitinib, baricitinib, abrocitinib, OX40, rocatinlimab, 
telazorlimab, amlitelimab, nemolizumab, and stapoki-
bart. A literature search was conducted in four databases 
(Embase (via Ovid), PubMed, Scopus, and Web of Science) 
using strategies tailored to each database through controlled 
vocabulary and free-text terms (available as supplementary 
material).

 Eligible studies included clinical trials, cohort studies, 
and case series published between 2014 and 2024 involv-
ing adult and/or pediatric patients with AD treated with 
systemic innovative therapies that assessed their effects on 
disease-related biomarkers. Animal studies, case reports, 
commentaries, conference abstracts, and studies limited to 
topical treatments were excluded. No language restrictions 
were applied.
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 The retrieved records were imported into the Rayyan 
reference manager for duplicate detection and title/
abstract screening. Two reviewers independently per-
formed the screening process, and any discrepancies 
were resolved by a third reviewer.

Risk of bias was assessed using the Joanna Briggs 
Institute (JBI) critical appraisal checklists, applying the 
tool most appropriate for each study design. The overall 
risk was classified as low, moderate, or high according to 
the number and relevance of criteria met [13].

This systematic review was reported in accordance 
with the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines and 
registered in PROSPERO (ID: CRD420251061934) 
[14].

 Due to the heterogeneity of the included studies 
(population, interventions, measurement methods, and 
biomarker units), results were synthesized narratively. 
We systematically described changes in key biomark-
ers, reported statistical significance, and their correlation 
with clinical outcomes. Extracted data are summarized in 
tables outlining study characteristics, evaluated biomark-
ers, and main findings.

Results

Study Selection and Characteristics

A total of 955 references were identified. After removing 
duplicates, 507 records were screened by title and abstract. 
Full-text review was performed for 140 articles, and 80 
studies met the inclusion criteria (Figure 1).

 Biologic agents were investigated in 63 publications 
(Table 1), most frequently dupilumab (N=58), followed 
by tralokinumab (N=4) and nemolizumab (N=1) [15–77]. 
JAK inhibitors were evaluated in 9 studies comprising upa-
dacitinib (N=5) abrocitinib (N=2) and baricitinib (N=2) 
(Table 2) [78–86]. Emerging molecules were analyzed in 8 
studies (Table 3), including OX40/OX40-ligand inhibitors 
(GBR830 and amlitelimab, N=2), an oral JAK/SYK inhibi-
tor (ASN002, N=2), a TSLP inhibitor (tezepelumab, N=1), 
and several IL-4Rα inhibitors (rademikibart, AKN120, and 
stapokibart, N=3) [87–94]. No eligible studies were found 
for lebrikizumab or rocatinlimab. Results on emerging ther-
apies need to be interpreted cautiously due to the early-stage 
nature of these data (phase I/II trials). An overview of all 
systemic therapies evaluated is presented in Figure 2.

Fig. 1   PRISMA flow diagram 
detailing the procedure used to 
select the publications included 
in the systematic review
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m
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22
To
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l. 
[4

1]
R

et
ro

sp
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tiv
e 
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at
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l
1 
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at
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en

t g
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52
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ee
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l c
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 c
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 b
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 c
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1 
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t g
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up
52
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s o
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s p
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t c
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l. 
[4

3]
Pr

os
pe

ct
iv

e 
ob
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at
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 p
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 d
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 o
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at
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.
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, m
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 C
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.
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 C
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 p
at

ie
nt

s t
re

at
ed

 w
ith

 
du

pi
lu

m
ab

.

N
ot

 st
ud

ie
d.

H
ig

h

D
up

ilu
m

ab
20

23
Č
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, C
D

20
3+

 b
as

o-
ph

ils
, a

nd
 C

D
23

 e
xp

re
ss

io
n 

in
 B

 c
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 C
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 C
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at
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 b
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l c
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.
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at
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.
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at
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to

 re
sp

on
de

rs
 (n

 =
 22

) 
an

d 
no

n-
re

sp
on

de
rs

 (n
 =

 10
)

16
 w

ee
ks

> 
18

 y
ea

rs
 o

ld

TE
W

L 
an

d 
SC

H
.
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at
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l
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m
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m
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l c
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2,
 

C
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 C
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-2
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 p
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 c
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 c
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 C
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 C
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itu
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s p
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 d
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s o
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R
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 o
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Se
ru

m
: L

D
H

, I
gE
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il 
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R
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 c
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s o
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s o
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 b
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 d
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 d
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s o
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: b
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 b
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s c
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 d
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 d
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s c
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in
ic

al
 sc

al
es

 (E
A

SI
, S

C
O

R
A

D
, 

IG
A

 b
ut

 n
ot

 fo
r p

ru
rit

us
).

Lo
w

Ta
bl

e 
1 

(c
on

tin
ue

d)
 

1 3

    4   Page 8 of 25



Clinical Reviews in Allergy & Immunology            (2026) 69:4 

Tr
ea

tm
en

t
Ye

ar
 a

nd
 a

ut
ho

rs
St

ud
y 

de
si

gn
, p

op
ul

at
io

n,
 a

nd
 

du
ra

tio
n

B
io

m
ar

ke
rs

R
es

ul
ts

C
or

re
la

tio
n 

be
tw

ee
n 

bi
om

ar
ke

rs
 

an
d 

cl
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 c
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 b
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 o
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 re
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Of the 80 included studies, 25 were clinical trials [15, 
16, 21, 23, 26, 39, 44, 52, 54, 55, 59, 63, 74, 76, 78–80, 
87–94] and 55 were observational studies [17–20, 22, 24, 
25, 27–38, 40–43, 45–51, 53, 56–58, 60–62, 64–73, 75, 77, 
81–86] of which 15 included a control group [30, 32–34, 37, 
45, 46, 48, 58, 60, 61, 65, 67, 69, 70].

 Information regarding age was extracted from each 
study to determine the representation of pediatric, adoles-
cent, adult, and elderly populations (Tables 1–3). The vast 
majority of studies were conducted in adults (73 out of 80 
studies; 91.2%). For dupilumab, 53 of 58 studies (91.3%) 
enrolled adults (two of them also included some adoles-
cents) [15–34, 36–56, 58, 60–71], 4 studies included both 
children (<12 years old) and adolescents (12–18 years old) 
[35, 57, 59, 72], and only one study was performed exclu-
sively in young children (<6 years old) [39]. The work in 
nemolizumab [73]was carried out in pediatric population, 
whereas all tralokinumab studies (N=4) were conducted in 
adults [74–77]. For JAK inhibitors, most trials were per-
formed in adults (8/9; 89%) [78–86]. Specifically, of the five 
upadacitinib studies, four included some adolescents (>12 
years of age) [82–85], while the remaining study was con-
ducted exclusively in adolescents (12–19 years old) [86]. 
All studies evaluating emerging therapies were limited to 
adult populations [87–94]. Regarding elderly patients, they 
were included within most adult trials but were not assessed 
as an independent or predefined subgroup (Tables  1–3); 
therefore, evidence in this population remains limited.

 The biomarkers, biological samples, and analytical tech-
niques used across included studies were highly heteroge-
neous. Nevertheless, several patterns were evident. In the 
next sections of the results, we will summarize the main 
findings.

Changes in Classical Biomarkers in AD Patients 
Under Systemic Innovative Treatment

Classical biomarkers commonly assessed in clinical prac-
tice for AD include total IgE, lactate dehydrogenase (LDH), 
eosinophil counts, and CCL17; however, routine measure-
ment of the latter is currently implemented only in Japan 
[7–9].

 First, all studies evaluating changes in CCL17 and LDH 
(48 out of 80 studies; 60%) reported a reduction in both bio-
markers, regardless of the drug class (Tables 1–3) [15, 16, 
18–21, 23–27, 29–32, 35, 36, 39, 40, 44, 47, 51–54, 57–59, 
64, 66, 69, 73–79, 81, 82, 84–91]. Second, total IgE levels 
significantly decreased after dupilumab treatment in most 
studies (22 out of 24; 92%), except for two (Table1) [17, 
25]. Three studies also reported reduction in specific IgE 
after dupilumab (Table1) [65, 66, 71]. Total serum IgE was 
also reduced with tralokinumab (3 out of 3; 100%) [74–76], 
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or JAK1 inhibitors (i.e., upadacitinib; 3 out of 3; 100%) [82, 
85],whereas no change was reported for JAK1/2 inhibitor 
baricitinib (Tables1 and 2) [81].Emerging therapies, includ-
ing stapokibart, AKN120, and the anti-OX40L mAb amlite-
limab, also had an effect on reducing IgE levels (Table3) 
[86, 92–94]. Finally, eosinophil counts showed variable 
trends. They remained stable in most dupilumab studies (9 
out of 20; 45%) [15, 18, 22, 23, 25, 31, 38, 59, 66], but 
increased in a few (6/20; 30%) (Table 1) [39, 41, 45, 46, 
60, 61]. Furthermore, Touji et al. reported seven patients 
with eosinophilia after dupilumab therapy, and six of them 
developed conjunctivitis, suggesting that elevated eosino-
phils may represent a potential biomarker for dupilumab-
associated conjunctivitis risk [41].In contrast, upadacitinib 
tended to decrease eosinophil counts in most of the studies 
(4/5; 80%) (Table 2) [82, 84, 85]. Data are limited for the 
other drugs included in this review.

 Interestingly, reductions in the classical inflammatory 
biomarkers were associated to improvement in several clini-
cal outcomes in 18 out 20 studies (90%), particularly with 
biologic therapies. For example, reductions in CCL17, LDH, 
IgE correlated with lower EASI scores in patients treated 
with dupilumab (Table 1) [15, 17, 18, 21, 25, 29, 31, 47, 
57] reinforcing their relevance as indicators of dupilumab 
response. CCL17 was also correlated with EASI improve-
ment in patients treated with tralokinumab [76]. Conversely, 
higher baseline LDH and eosinophil levels were associated 
with poorer dupilumab response, suggesting their potential 
as negative predictive biomarkers (Table 1) [25, 29]. In the 
case of JAK inhibitors, the reduction of eosinophil numbers 
was correlated with improvement in EASI and/or pruritus 
NRS in patients receiving upadacitinib (Table  2) [82, 83, 
85].

Changes in Inflammatory Markers and Other 
Soluble Proteins in Response to Systemic Innovative 
Therapies in AD

 Classical biomarkers consistently reflected treatment-
related immunomodulation across the studied drugs and, 
in many cases, paralleled clinical improvement. However, 
these routinely measured indicators only capture part of the 
complex inflammatory signature of AD. To better under-
stand the mechanistic effects of novel systemic therapies 
and to identify specific predictors of treatment response, 
several studies have evaluated broader panels of cytokines 
and soluble proteins. These additional biomarkers provide 
complementary insights into pathway-specific modulation 
and may help refine future predictive or response-oriented 
biomarker strategies.

 Beyond CCL17, frequently evaluated cytokines included 
CCL18, IL‑1β, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-13, 
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 In addition to cytokines, numerous soluble proteins 
with diverse biological functions and inflammatory mark-
ers were analyzed in AD patients receiving systemic thera-
pies (Tables 1–3). Soluble proteins included adiponectin, 
ceruloplasmin, dipeptidyl peptidase 4 (DPP-4), elastase, 
eotaxin-1, eotaxin-3, periostin, and sIL-2Rα, among others 
[15–94]. As expected, T2 cytokine-induced proteins such as 
eotaxin-3 (eosinophilic chemoattractant) and periostin were 
generally decreased with dupilumab (Table 1) [16, 19, 58]. 
In tralokinumab-treated patients periostin either decreased 
(2 out of 3 studies; 67%) or remained stable (33%) and its 
reduction correlated with reduction in EASI at 16 weeks 
[74–76]. Other serum proteins were inversely associated 
with disease severity, but they did not change with dupil-
umab treatment. For example, lower levels of ceruloplasmin 
were found in patients with higher EASI or DLQI scores 
[34], and reduced adiponectin levels were associated with 
more severe disease (EASI, pruritus) [37]. However, none 
of these proteins changed following dupilumab therapy [34, 
37].

 On the other hand, systemic inflammatory markers, 
including erythrocyte sedimentation rate (ESR) and C reac-
tive protein (CRP) levels were both decreased after dupil-
umab therapy (Table 1), while no changes were observed in 
18F-Fludeoxyglucose (18FDG) uptake in major organs by 
positron emission tomography scan and computed tomog-
raphy (PET-CT) [48]. No studies specifically addressed 

IL-17A/F, IL-19, IL-23, IL-36β, IFN-γ, TSLP and TNF‑α 
(Tables 1–3) [15–94]. In studies with dupilumab IL-4 
showed variable changes whereas IL-13 remained stable 
or increased and IL-22 decreased reflecting the selective 
inhibition of Th2-mediated inflammation (Table1) [19, 
24, 32, 35, 40, 43, 47, 56–58, 68]. Tralokinumab pro-
duced a slightly different profile, with both IL-4 and IL-22 
decreased while IL-13 increased (Table 1) [75–77], which 
suggest subtle differences in Th2 pathway modulation 
between IL-4R and IL-13 blocking. Importantly, the rise 
in circulating IL-13 after IL-13 blockade does not indicate 
enhanced Th2 activity; rather, it reflects target engagement, 
as neutralizing antibodies form IL-13-antibody complexes 
that prolong IL-13 half-life and increase measurable serum 
concentrations. Despite these differences, IL‑22 reduction 
correlated with EASI improvement in both patients treated 
with dupilumab and tralokinumab [42, 47, 76] (Table 1), 
suggesting its potential as a T2-biologic treatment response 
biomarker. JAK inhibitors studies did not report consistent 
cytokine changes (Table 2), as expected due to their broad 
immunomodulatory spectrum blocking JAK/STAT sig-
naling, and subsequently affecting multiple Th pathways 
(i.e., Th1, Th2, and Th22) [78–86]. However, it is impor-
tant to point out the significant correlation between IL‑19 
and EASI changes reported by Konrad et al. [80]. Finally, 
OX40/OX40L inhibitor amlitelimab selectively reduced 
IL-13 (Table 3) [93].

Fig. 2   Overview of biomarker modulation and mechanistic effects of 
systemic therapies in AD.Targets for specific therapies included in the 
present review are depicted. Biologics under use in clinical settings are 

shown in white, whereas JAK inhibitors in green. Emerging therapies 
under development are shown in yellow boxes
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including the changes in different lymphocyte subsets (B 
and T cells), biomarkers, and other hematologic cell sub-
populations such as basophils and NK cells [45, 46, 60, 
61]. Across these studies, dupilumab was associated with 
a decrease in circulating CD8⁺ T cells, the normalization of 
regulatory T cells and memory B cells, an increased expres-
sion of CD200 and CD23 in B cells (i.e., suggesting a less 
pro-inflammatory B cell phenotype), and a reduction in 
CD203⁺ basophils [45, 46, 60, 61].

 Möbus et al.works demonstrated increased numbers of 
NK cells and altered gene expression profiles in lesional 
skin of AD patients, along with an imbalance between 
resting and activated cells [33]. Strikingly, treatment with 
dupilumab normalized this resting/activated NK cell ratio, 
although transcriptomic alterations persisted [33]. Collec-
tively, these findings suggest that the therapeutic effects of 
dupilumab may extend beyond cytokine modulation, pro-
moting immunologic rebalancing via modulation of cellular 
activation and tolerance mechanisms. However, more sup-
porting evidence is needed to confirm these results and to 
define their clinical relevance. Current studies are limited by 
small sample sizes, heterogeneous patient populations, and 
variability in sampling timepoints during therapy.

Changes in Skin Microbiome and Barrier Function in 
AD Associated to Systemic Innovative Therapies

 Targeted systemic therapies, particularly biologic agents, 
were consistently associated with improvements in the skin 
microbiome and epidermal barrier integrity. Reduced S. 
aureuscolonization was consistently observed across all the 
skin microbiome studies evaluating dupilumab (N=4), sug-
gesting restoration of microbial balance and innate immune 
defense [21, 55, 63, 69]. A similar result was found for 
tralokinumab, although current evidence is limited to a sin-
gle study [77]. Notably, changes in skin microbiome associ-
ated to dupilumab were also correlated with improvement 
in clinical scales (i.e., EASI score) (Table 1) [21]. Kenney 
et al. analyzed ceramide synthase 1 (CERS1) expression as 
a marker of S. aureus colonization and impaired long-chain 
fatty acid synthesis, finding significant post-dupilumab 
reductions in CERS1 expression and S. aureuscolonization, 
reflecting improved lipid barrier recovery together with 
microbial normalization [63].

TEWL and stratum corneum hydration (SCH) were also 
evaluated as barrier function markers. Montero et al. assessed 
their predictive value for dupilumab response, showing that 
SCH changes in both lesional and non-lesional skin after 16 
weeks could serve as early predictors of sustained treatment 
response [50]. Comparable microbiome and barrier function 
analyses remain limited for JAK inhibitors and emerging 
therapies, highlighting a current gap in comparative data.

changes in soluble proteins or inflammatory biomarkers in 
response to JAK inhibitors or emerging therapies.

Molecular Profiling of Systemic Innovative Therapy 
in AD Using -Omic Strategies

 In recent years different non-targeted -omic studies (i.e., 
Transcriptomic, Proteomic, Metabolomic and Lipidomic) 
have been increasingly applied to detect biomarkers asso-
ciated with systemic therapy. Transcriptomic analyses of 
lesional skin biopsies showed downregulation of several 
genes related to Th2 inflammation and epidermal hyper-
plasia, and upregulation of genes associated with barrier 
function and lipid metabolism in response to dupilumab 
treatment (Table 1) [15, 16, 68]. Targeting IL‑13 with 
tralokinumab demonstrated similar changes in skin tran-
scriptomic profile, with decreased expression of genes 
linked to Th1/Th2/Th17/Th22 and systemic inflammation, 
and increased expression of barrier-related genes (Table 1) 
[76]. Interestingly, changes in transcriptomic profiles in 
response to biologics were correlated with improvement 
in clinical scores (e.g., EASI, SCORAD) in two studies 
(Table 1) [16, 76]. Abrocitinib also showed favorable results 
at 12 weeks, significantly and dose-dependently reducing 
expression of genes involved in inflammation, epidermal 
hyperplasia, and Th2/Th22 responses (Table 2) [79]. More-
over, several of these skin biopsy biomarkers (K16, CCL18, 
S100A8, S100A9, S100A1) displayed significant asso-
ciations with EASI/IGA/NRS-pruritus improvement after 
abrocitinib therapy [79]. Short-term transcriptomic studies 
with GBR830 and ASN002 also demonstrated similar pat-
terns (Table 3) [87, 89].

 Proteomic analyses using tape-stripping samples were 
performed in three studies with dupilumab and one with 
tralokinumab, revealing suppression of several immune 
mediators (e.g., CCL13, CCL17, or S100 proteins) with both 
therapies (Table 1) [24, 30, 72, 77]. Metabolomic and lipido-
mic studies have been only performed in dupilumab-treated 
patients revealing significant changes among treatment 
responders, including increased levels of long- and very-
long-chain fatty acids [49, 63, 68]. Despite these promising 
findings, current evidence is limited by the small number of 
studies and the heterogeneity of -omic approaches. Further 
well-designed studies are warranted to validate these bio-
markers, expand -omic analyses to other systemic therapies, 
and clarify their predictive value for clinical response.

Immunophenotypic Changes in AD Patients During 
Systemic Innovative Therapy

Several studies by Čelakovská et al. examined the effects 
of dupilumab on circulating immune cell populations, 
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improvement. Transcriptomic and proteomic analyses indi-
cate normalization of inflammatory profiles and restoration 
of skin barrier function following these treatments [15–94], 
although current evidence is scarce. Changes in skin micro-
biome, with specific reductions inS. aureus colonization 
were also associated to the different therapies. Figure  3 
summarizes the direction and consistency of biomarker 
changes across therapeutic classes, illustrating the pathway 
from biomarker modulation to immune homeostasis, barrier 
recovery, and clinical remission.

In recent years, the search for biomarkers capable of 
reflecting disease severity and predicting therapeutic 
response has emerged as a research priority in AD. To date, 
CCL17 is considered the most reliable serum biomarker 
associated with AD severity and disease course [7–9]. 
CCL17 activity plays a central role in AD pathogenesis, as 
this Th2-associated chemokine recruits T cells to the skin, 
making it a key pathogenic mediator and therapeutic tar-
get [7–9]. In our review, CCL17 was the most frequently 
studied biomarker (reported in over 40 studies), showing 
consistent decreases after treatment regardless of the drug 
class (60-85% reduction), and strong correlations with 
improvement in clinical scores (i.e., EASI and SCORAD). 

Risk of Bias

 Methodologically, most studies presented a moderate risk 
of bias, primarily due to the absence of control groups, 
potential confounders, or loss to follow-up. A minority were 
rated as high risk owing to small sample size and/or limited 
methodological detail. Clinical trials were classified as hav-
ing low risk of bias, given their more rigorous design and 
clearer methodology, which minimized these limitations.

Discussion

 Systemic therapies for AD act through distinct immuno-
logic mechanisms, ranging from extracellular cytokine 
blockade with biologics to intracellular JAK–STAT inhi-
bition and emerging upstream modulators (OX40/OX40L, 
TSLP) (Figure 2). Collectively, these interventions con-
verge toward a common endpoint: restoration of immune 
balance, epidermal barrier repair, and clinical remission. 
Our systematic review suggests that biologic therapies and 
JAK inhibitors consistently modulate key biomarkers such 
as CCL17, LDH, and IgE, generally correlating with clinical 

Fig. 3   Biomarker changes across therapeutic classes included in the review. The direction and consistency of biomarker changes across therapeu-
tic classes is shown, illustrating the pathway from biomarker modulation to immune homeostasis, barrier recovery, and clinical remission
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dysfunction in AD [95, 96]. Proteomic and lipidomic stud-
ies have demonstrated changes in barrier proteins and lipid 
composition, highlighting their modulatory role in cutane-
ous inflammatory responses [95, 96]. The impact of innova-
tive therapies on these molecular and cellular levels has been 
assessed in several studies included in our review. Tran-
scriptomic analyses of dupilumab, tralokinumab, abroci-
tinib, GBR830, and ASN002 demonstrate that these drugs 
can modulate the molecular signature of AD [15, 16, 30, 76, 
79, 87, 89]. They reduce expression of Th2 inflammation-
related genes as early as four weeks of treatment [89]. In the 
case of tralokinumab, gene expression related to Th cells 
and systemic inflammation (including atherosclerosis and 
vascular inflammation) continues to be modulated after two 
years, achieving a profile similar to non-lesional skin [76]. 
Simultaneously, epidermal proliferation is reduced, and 
genes involved in lipid metabolism and epidermal cohesion 
are upregulated, progressively restoring barrier function 
[76]. Of particular interest is the progressive normalization 
of barrier-related transcripts following systemic therapy: for 
example, dupilumab has been associated with upregulation 
of barrier and lipid-metabolism genes (periplakin, FA2H, 
LOR, CLDN8, FLG, KRT1, KRT10, and ELOVL3) [30, 
32], tralokinumab with restoration of CLDN1 and LOR 
expression [76], and JAK/SYN inhibitor with increased 
FLG and CLDN genes [89]. Proteomic analyses confirm 
significant reductions in key inflammatory markers, and 
metabolomic studies demonstrate notable changes in lipid 
composition with these new therapies [24, 49, 68]. Miyam-
ato et al. identified ribose as biomarker for predicting effi-
cacy of dupilumab [49].

 The skin microbiome is increasingly recognized as a 
dynamic biomarker of treatment response. Epidermal bar-
rier dysfunction promotes S. aureusproliferation, which in 
turn helps maintain a proinflammatory Th2 microenviron-
ment [1, 2, 4, 7]. Dupilumab and tralokinumab reduceS. 
aureus colonization and increase microbial diversity from 
the first weeks of treatment [55, 69, 77]. These effects cor-
relate with decreases in CCL17/CCL18 and improvements 
in EASI and SCORAD [55]. Mechanistically, this outcome 
may result from stimulation of the innate and IL-17-me-
diated immune response, which activates neutrophils and 
facilitatesS. aureusclearance via lysozyme and complement 
pathways [55].

While these molecular, immunologic, and microbial find-
ings illuminate common therapeutic pathways, it is increas-
ingly clear that biomarker behavior is shaped by underlying 
disease endotypes [97, 98]. Distinct biomarker profiles have 
been characterized across clinically relevant endotypes of 
AD, underscoring the marked immunological and molecular 
heterogeneity of the disease. The extrinsic endotype (the most 
prevalent form), is defined by elevated total and specific IgE 

However, its applicability is limited by interindividual vari-
ability (influenced by age) and non-specific elevations in 
other inflammatory conditions [7–9]. To our knowledge, 
routine measurement of serum CCL17 is only implemented 
in Japan, where is used as clinical marker to monitor dis-
ease activity and even treatment response [7–9]. Alongside 
CCL17, LDH, is among the most frequently assessed bio-
markers, and its levels decrease independently of the treat-
ment used. Interestingly, in the case of dupilumab studies, 
LDH reduction correlated with improved EASI scores, 
whereas elevated baseline levels may predict suboptimal 
treatment response [18, 25, 27, 29, 31, 39, 53, 59, 66]. How-
ever, the main limitation of this marker is the lack of dis-
ease specificity, limiting its standalone predictive value [7, 
9]. Total serum IgE, for its part, has been evaluated as a 
potential marker of disease severity, although elevations are 
not uniform across all patients and are mainly observed in 
those with an allergic comorbidity. Most studies included in 
our review reported a reduction in IgE following dupilumab 
treatment. Tralokinumab, upadacitinib, and several inves-
tigational agents (AKN120, amlitelimab, and stapokibart) 
also showed similar evidence [74–76, 82, 85, 86, 92–94]. 
Reduction of specific IgE against certain aeroallergens in 
patients receiving dupilumab, either as monotherapy or 
combined with immunotherapy, suggest immune tolerance 
induction and supports the drug’s utility in the comprehen-
sive management of AD and associated comorbidities [65].

Cytokine profiling highlighted mechanistic distinctions 
between drug classes. Dupilumab primarily targets Th2-
mediated signaling via IL-4Rα blockade, but its immu-
nologic effects extend beyond the Th2 axis. While some 
Th2-associated cytokines (IL-4, IL-13; probably reflecting 
receptor blocking) and also eosinophils may paradoxically 
increase in circulation [32, 39, 41, 47, 58], reductions in 
downstream mediators such as IL-12, IL-22, TNF𝛼, IL-1b, 
IL-6, IL-17A and other inflammatory molecules indicate 
broader network modulation [24, 47, 57, 58]. JAK inhibitors 
exert broader immunomodulatory effects across Th1, Th2, 
Th17, and Th22 axes, reflected by reductions in IL-4, IL-13, 
IL-9, IL-17A, IL-22, IFN-γ, TNF-α [84]. Emerging thera-
pies (e.g., OX40/OX40L inhibitors, TSLP blockade) target 
upstream signaling nodes, producing overlapping down-
stream reductions in Th2-associated transcripts, although 
clinical data remain limited.

The introduction of “omics” technologies has contrib-
uted to refine this picture, identifying key alterations in skin 
barrier function, immune profiles, and the cutaneous micro-
biome, and laying the groundwork for novel biomarker dis-
covery and personalized therapies [95, 96]. Transcriptomic 
analyses of both skin biopsies and less invasive tape-strip 
samples have revealed consistent gene expression patterns 
associated with Th2 and Th22 inflammation and barrier 
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the evidence for pediatric, adolescent or elderly patients 
is scarce. Moreover, across the 80 included studies, many 
enrolled mixed AD endotypes without clearly specifying 
intrinsic versus extrinsic forms, while others did not identify 
the phenotype at all. Ethnic representation was uneven, with 
most participants being Caucasian, limiting applicability to 
other populations. Several studies combined adult-onset and 
pediatric-onset AD, and although most focused on adults, 
some included children and adolescents. These variations 
in endotype, ethnicity, and age likely influence baseline bio-
marker profiles, affecting IgE, eosinophils, CCL17, IL-22, 
Th17/Th22 cytokines, lipid metabolism, and microbiome 
composition, and may contribute to the variability in treat-
ment-associated biomarker changes observed across stud-
ies. The 10-year temporal window, potential publication 
bias, and exclusion of non-indexed studies are also limita-
tions. Given the rapid evolution of this field, recent publica-
tions may not be included in this review. Finally, clinicians 
should also be aware of emerging reports of phenotypic 
switching from AD to psoriasis in some patients receiv-
ing biologics or JAK inhibitors [99–101], underscoring the 
need for careful monitoring during therapy.

 The integration of omics technologies into AD research 
has marked a turning point, enabling deeper understanding of 
pathophysiology and the development of therapies that have 
transformed disease management and patient QoL. Despite 
the proven efficacy of current treatments, validated biomark-
ers for objectively assessing disease severity and predicting 
therapeutic response are lacking. Although CCL17 and LDH 
remain the most consistent candidates, it is unlikely that any 
single biomarker will fully meet these needs. Future strat-
egies are expected to rely on combined panels integrating 
immunologic, transcriptomic, and microbiome data, facili-
tating more precise patient stratification and advancing per-
sonalized medicine. Multicenter studies with large cohorts 
and standardized techniques will be essential to confirm the 
clinical and predictive value of these biomarker panels.
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levels, eosinophilia, and robust Th2-driven inflammation, with 
increased expression of IL-4, IL-5, IL-13, and chemokines 
such as CCL17 [97, 98]. In contrast, intrinsic AD typically 
exhibits normal IgE levels, absence of sensitization, and a 
more prominent Th1/Th17/Th22 activation pattern, including 
higher levels of IFN-γ, IL-17, and IL-22, suggesting distinct 
molecular drivers despite comparable clinical severity [97, 98]. 
Ethnic background also contributes to biomarker variability. 
Asian AD is associated with augmented Th17 and Th22 sig-
natures and marked epidermal hyperplasia, whereas AD in 
individuals of African ancestry demonstrates enhanced Th2/
Th22 polarization and reduced FLG expression, often indepen-
dent of FLG mutations. The Caucasian AD endotype typically 
exhibits a predominantly Th2-driven inflammatory profile, 
with variable but generally moderate involvement of Th22 
and Th1 pathways. This immunologic pattern occurs in par-
allel with a higher prevalence of FLG loss-of-function muta-
tions in this population [97, 98]. Age of onset further shapes the 
immunological landscape. Adult-onset AD shows broad acti-
vation across Th2 (IL-13, IL-31, CCL17), Th22 (IL-22, S100 
proteins), Th17 (IL-17A, IL-19, CCL20, LL-37, PI3/elafin), 
and Th1 (IFN-γ, CXCL9-11) pathways. Conversely, pediatric 
AD exhibits attenuated Th1 activity but increased Th9 (IL-9) 
responses, heightened innate immunity (IL-1β, IL-8, IFN-α1), 
and pronounced lipid metabolic dysfunction contributing to 
early epidermal barrier impairment [97, 98]. Collectively, 
these endotype variations not only reflect the pathophysiologi-
cal diversity of AD but may also modulate biomarker trajecto-
ries and influence differential responses to targeted therapies. 
Indeed, phenotype-specific variations in treatment outcomes 
have been reported; a multicenter study by Nettis et al. includ-
ing 543 adults found that patients with non-classic adult-type 
AD phenotypes responded slightly better to dupilumab than 
those with classic flexural disease [38].

Despite compelling evidence, the main limitation of this 
systematic review is the heterogeneity of included studies 
in terms of design, sample size, biomarkers evaluated, and 
analytical techniques. Most publications presented a moder-
ate risk of bias. Dupilumab is the most extensively studied 
drug, as it was the first approved, while evidence for other 
biologics and JAK inhibitors remains limited, restricting 
the generalizability of findings. Variability in the timing of 
measurements and differences in analytical methods further 
complicate direct comparisons across studies. Additionally, 
the correlation between biomarker changes and clinical 
outcomes, a key aspect for identifying predictors of thera-
peutic response, was insufficiently explored in most studies. 
Although we observed associations with several cytokines 
and microbiome features, it should be noted that most of 
these markers require research-level platforms and are not 
yet validated for clinical decision-making. Furthermore, 
the vast majority of data is derived from adult cohorts, and 

1 3

Page 21 of 25      4 

https://doi.org/10.1007/s12016-025-09129-z


Clinical Reviews in Allergy & Immunology            (2026) 69:4 

review on behalf of the international eczema Council. J Allergy 
Clin Immunol 147:1174–1190e1. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​.​2​
0​2​1​.​0​1​.​0​1​3

9.	 Nakahara T, Onozuka D, Nunomura S, Saeki H, Takenaka M, 
Matsumoto M et al (2024) The ability of biomarkers to assess 
the severity of atopic dermatitis. Journal of Allergy and Clinical 
Immunology: Global 3:100175. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​g​.​2​0​
2​3​.​1​0​0​1​7​5

10.	 Croft M, Esfandiari E, Chong C, Hsu H, Kabashima K, Kricorian 
G et al (2024) OX40 in the pathogenesis of atopic dermatitis—a 
new therapeutic target. Am J Clin Dermatol 25:447–61. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​2​5​7​-​0​2​3​-​0​0​8​3​8​-​9

11.	 Rothenberg-Lausell C, Bar J, Dahabreh D, Renert-Yuval Y, Del 
Duca E, Guttman-Yassky E (2024) Biologic and small-molecule 
therapy for treating moderate to severe atopic dermatitis: mecha-
nistic considerations. J Allergy Clin Immunol 154:20–30

12.	 Waligóra-Dziwak K, Dańczak-Pazdrowska A, Jenerowicz D 
(2024) A comprehensive review of biologics in phase III and IV 
clinical trials for atopic dermatitis. J Clin Med 13:4001. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​j​c​​m​1​3​1​4​4​0​0​1

13.	 Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R 
et al (2020) Chapter 7: systematic reviews of etiology and risk. In: 
Aromataris E, Munn Z (eds) JBI manual for evidence synthesis. 
JBI, North Adelaide, Australia

14.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann 
TC, Mulrow CD et al (2021) The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ 372. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​/​b​m​​j​.​n​7​1

15.	 Beck LA, Thaçi D, Hamilton JD, Graham NM, Bieber T, Rocklin 
R et al (2014) Dupilumab treatment in adults with moderate-to-
severe atopic dermatitis. N Engl J Med 371:130–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​5​6​​/​N​E​​J​M​o​a​1​3​1​4​7​6​8

16.	 Guttman-Yassky E, Bissonnette R, Ungar B, Suárez-Fariñas M, 
Ardeleanu M, Esaki H et al (2019) Dupilumab progressively 
improves systemic and cutaneous abnormalities in patients with 
atopic dermatitis. J Allergy Clin Immunol 143:155–72. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​.​2​0​1​8​.​0​8​.​0​2​2

17.	 Huang TH, Chen Y-C, Lin S-Y, Chiu S-H, Yang T-T, Chiu L-W 
et al (2019) Treatment of atopic dermatitis with dupilumab in 
Taiwan: dynamic changes of IgE levels as a potential response 
biomarker. Eur J Dermatol 29:658–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​6​8​4​​/​e​j​​d​.​
2​0​1​9​.​3​6​6​1

18.	 Olesen CM, Holm JG, Nørreslet LB, Serup JV, Thomsen SF, 
Agner T (2019) Treatment of atopic dermatitis with dupilumab: 
experience from a tertiary referral centre. J Eur Acad Dermatol 
Venereol 33:1562–1568. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​d​​v​.​1​5​6​0​9

19.	 Ariëns LFM, Van Der Schaft J, Bakker DS, Balak D, Romeijn 
MLE, Kouwenhoven T et al (2020) Dupilumab is very effec-
tive in a large cohort of difficult-to‐treat adult atopic dermatitis 
patients: first clinical and biomarker results from the bioday reg-
istry. Allergy 75:116–126.​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​l​​l​.​1​4​0​8​0

20.	 Bakker DS, Ariens LFM, Giovannone B, Hijnen D, Delemarre 
EM, Knol E et al (2020) EASI p-EASI: predicting disease sever-
ity in atopic dermatitis patients treated with dupilumab using a 
combination of serum biomarkers. Allergy 75:3287–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​l​​l​.​1​4​4​9​2

21.	 Callewaert C, Nakatsuji T, Knight R, Kosciolek T, Vrbanac A, 
Kotol P et al (2020) IL-4Rα blockade by dupilumab decreases 
Staphylococcus aureus colonization and increases microbial 
diversity in atopic dermatitis. J Invest Dermatol 140:191-202.e7. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​i​d​.​2​0​1​9​.​0​5​.​0​2​4

22.	 Ferrucci S, Casazza G, Angileri L, Tavecchio S, Germiniasi 
F, Berti E et al (2020) Clinical response and quality of life in 
patients with severe atopic dermatitis treated with dupilumab: a 
single-center real-life experience. J Clin Med 9:791. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​3​​3​9​0​​/​j​c​​m​9​0​3​0​7​9​1

Funding  Open Access funding provided thanks to the CRUE-CSIC 
agreement with Springer Nature. This work was funded by the Carlos 
III Health Research Fund (PI25/00440; Molecular Analysis and Cellu-
lar Profiling in Atopic Dermatitis (MAP-AD): Identifying Biomarkers 
and Therapeutic Targets with Focus on Inflammation and Fibrosis). 
The publication is part of the grant RYC2021-032676-I financed by 
MCIN/AEI/10.13039/501100011033 and by the European Union’s 
Next Generation EU/PRTR.

Data Availability  All data supporting the findings of this study are 
available within the paper and its Supplementary Information.

Declarations

Ethical Approval  Ethical approval was not required for this systematic 
review, as it is based on previously published studies.

Competing Interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Guttman-Yassky E, Renert-Yuval Y, Brunner PM (2025) Atopic 
dermatitis. Lancet 405:583–96. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​4​0​-​6​7​
3​6​(​2​4​)​0​2​5​1​9​-​4

2.	 Afshari M, Kolackova M, Rosecka M, Čelakovská J, Krejsek J 
(2024) Unraveling the skin; a comprehensive review of atopic 
dermatitis, current understanding, and approaches. Front Immu-
nol 15:1361005. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​i​​m​m​u​.​2​0​2​4​.​1​3​6​1​0​0​5

3.	 Kaufman BP, Guttman-Yassky E, Alexis AF (2018) Atopic der-
matitis in diverse racial and ethnic groups—variations in epi-
demiology, genetics, clinical presentation and treatment. Exp 
Dermatol 27:340–357. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​e​x​​d​.​1​3​5​1​4

4.	 Ramírez-Marín HA, Silverberg JI (2022) Differences between 
pediatric and adult atopic dermatitis. Pediatr Dermatol 39:345–
353. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​p​d​​e​.​1​4​9​7​1

5.	 Thyssen JP, Halling A-S, Schmid-Grendelmeier P, Guttman-
Yassky E, Silverberg JI (2023) Comorbidities of atopic der-
matitis—what does the evidence say? J Allergy Clin Immunol 
151:1155–1162. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​.​2​0​2​2​.​1​2​.​0​0​2

6.	 Bawany F, Northcott CA, Beck LA, Pigeon WR (2021) Sleep 
disturbances and atopic dermatitis: relationships, methods for 
assessment, and therapies. J Allergy Clin Immunol Pract 9:1488–
1500. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​i​p​.​2​0​2​0​.​1​2​.​0​0​7

7.	 Mastraftsi S, Vrioni G, Bakakis M, Nicolaidou E, Rigopoulos D, 
Stratigos A et al (2022) Atopic dermatitis: striving for reliable 
biomarkers. J Clin Med 11:4639. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​j​c​​m​1​1​1​
6​4​6​3​9

8.	 Renert-Yuval Y, Thyssen JP, Bissonnette R, Bieber T, Kabashima 
K, Hijnen D et al (2021) Biomarkers in atopic dermatitis—a 

1 3

    4   Page 22 of 25

https://doi.org/10.1016/j.jaci.2021.01.013
https://doi.org/10.1016/j.jaci.2021.01.013
https://doi.org/10.1016/j.jacig.2023.100175
https://doi.org/10.1016/j.jacig.2023.100175
https://doi.org/10.1007/s40257-023-00838-9
https://doi.org/10.1007/s40257-023-00838-9
https://doi.org/10.3390/jcm13144001
https://doi.org/10.3390/jcm13144001
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1056/NEJMoa1314768
https://doi.org/10.1056/NEJMoa1314768
https://doi.org/10.1016/j.jaci.2018.08.022
https://doi.org/10.1016/j.jaci.2018.08.022
https://doi.org/10.1684/ejd.2019.3661
https://doi.org/10.1684/ejd.2019.3661
https://doi.org/10.1111/jdv.15609
https://doi.org/10.1111/all.14080
https://doi.org/10.1111/all.14492
https://doi.org/10.1111/all.14492
https://doi.org/10.1016/j.jid.2019.05.024
https://doi.org/10.1016/j.jid.2019.05.024
https://doi.org/10.3390/jcm9030791
https://doi.org/10.3390/jcm9030791
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(24)02519-4
https://doi.org/10.1016/S0140-6736(24)02519-4
https://doi.org/10.3389/fimmu.2024.1361005
https://doi.org/10.1111/exd.13514
https://doi.org/10.1111/pde.14971
https://doi.org/10.1016/j.jaci.2022.12.002
https://doi.org/10.1016/j.jaip.2020.12.007
https://doi.org/10.3390/jcm11164639
https://doi.org/10.3390/jcm11164639


Clinical Reviews in Allergy & Immunology            (2026) 69:4 

38.	 Nettis E, Ferrucci S, Ortoncelli M, Pellacani G, Foti C, Di Leo E 
et al (2022) Use of dupilumab in 543 adult patients with moder-
ate-to-severe atopic dermatitis: a multicenter, retrospective study. 
J Investig Allergol Clin Immunol 32:124–32. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
8​1​7​​6​/​j​​i​a​c​i​.​0​6​4​1

39.	 Paller AS, Siegfried EC, Cork MJ, Wollenberg A, Arkwright PD, 
Gonzalez ME et al (2023a) Laboratory safety from a randomized 
16-week phase III study of dupilumab in children aged 6 months 
to 5 years with moderate-to-severe atopic dermatitis. Pediatr 
Drugs 25:67–77. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​2​7​2​-​0​2​2​-​0​0​5​5​3​-​8

40.	 Spekhorst LS, Bakker D, Drylewicz J, Rispens T, Loeff F, 
Boesjes CM et al (2022) Patient-centered dupilumab dosing regi-
men leads to successful dose reduction in persistently controlled 
atopic dermatitis. Allergy 77:3398–407. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​
l​​l​.​1​5​4​3​9

41.	 Tosuji E, Inaba Y, Muraoka K, Kunimoto K, Kaminaka C, Yama-
moto Y et al (2022) The clinical significance of dupilumab-
induced blood eosinophil elevation in Japanese patients with 
atopic dermatitis. Drug Discoveries & Therapeutics 16:164–8. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​5​8​2​​/​d​d​​t​.​2​0​2​2​.​0​1​0​4​6

42.	 Varandas C, Pereira-Santos MC, Neto M, Sousa AE, Lopes A, 
Silva SL (2022) Serum IL‐22 binding protein as a marker for 
atopic dermatitis activity and response to dupilumab treatment. 
Clin Exp Allergy 52:820–823. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​c​e​​a​.​1​4​1​4​7

43.	 Zhang L, Wen X, Hou Y, Yang Y, Song W, Zeng Y et al (2022) 
Integrated metabolomics and lipidomics study of patients with 
atopic dermatitis in response to dupilumab. Front Immunol 
13:1002536. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​i​​m​m​u​.​2​0​2​2​.​1​0​0​2​5​3​6

44.	 Zhao Y, Wu L-M, Lu Q-J, Gao X-H, Zhu X-H, Yao X et al (2022) 
Laboratory safety of dupilumab, and its effect on inflammatory 
biomarkers, in Chinese adults with moderate-to-severe atopic 
dermatitis: an analysis of a randomized, double-blind phase III 
study. Int J Dermatol Venereol 5:218–25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​
J​D​​9​.​0​0​0​0​0​0​0​0​0​0​0​0​0​2​6​4

45.	 Čelakovská J, Čermáková E, Boudková P, Andrýs C, Krejsek 
J (2023) Evaluation of leukocytes, b and t lymphocytes, and 
expression of CD200 and CD23 on b lymphocytes in patients 
with atopic dermatitis on dupilumab therapy—pilot study. Der-
matol Ther (Heidelb) 13:1171–92

46.	 Čelakovská J, Čermáková E, Boudková P, Andrýs C, Krejsek J 
(2023) The association between eosinophils (CD16 + eosino-
phils), basophils (CD203 + basophils), and CD23 b lymphocytes 
in patients with atopic dermatitis on dupilumab therapy: pilot 
study. Dermatol Ther 13:1193–210. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​3​5​
5​5​-​0​2​3​-​0​0​9​2​2​-​2

47.	 Kishi R, Toyama S, Tominaga M, Kamata Y, Komiya E, Kaneko 
T et al (2023) Effects of dupilumab on itch-related events in 
atopic dermatitis: implications for assessing treatment efficacy in 
clinical practice. Cells 12:239. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​c​e​​l​l​s​1​2​0​2​
0​2​3​9

48.	 Lee G-W, Kim K, Kim S-J, Shin K, Kim H, Ko H-C et al (2023) 
Therapeutic effect of dupilumab on systemic and vascular inflam-
mation in adults with severe atopic dermatitis: feasibility study 
using 18F-fluorodeoxyglucose positron emission tomography-
computed tomography. Acta Derm Venereol 103:adv5320. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​3​4​0​​/​a​c​​t​a​d​v​.​v​1​0​3​.​5​3​2​0

49.	 Miyamoto S, Imai Y, Matsutani M, Nagai M, Yamanishi K, 
Kanazawa N et al (2023) Exploration of metabolite biomarkers to 
predict the efficacy of dupilumab treatment for atopic dermatitis. 
Dis Markers 2023:1–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​5​​/​2​0​​2​3​/​9​0​1​3​7​5​6

50.	 Montero-Vilchez T, Rodriguez-Pozo J-A, Cuenca-Barrales C, 
Sanabria-de-la-Torre R, Torres-de-Pinedo J-M, Arias-Santiago 
S (2024) Stratum corneum hydration as a potential marker of 
response to dupilumab in atopic dermatitis®: a prospective obser-
vational study. Dermatitis 35:250–257. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​9​​/​d​
e​​r​m​.​2​0​2​3​.​0​1​7​6

23.	 Hamilton JD, Harel S, Swanson BN, Brian W, Chen Z, Rice MS 
et al (2021) Dupilumab suppresses type 2 inflammatory biomark-
ers across multiple atopic, allergic diseases. Clin Exp Allergy 
51:915–31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​c​e​​a​.​1​3​9​5​4

24.	 He H, Olesen CM, Pavel AB, Clausen M-L, Wu J, Estrada Y 
et al (2020) Tape-strip proteomic profiling of atopic dermatitis 
on dupilumab identifies minimally invasive biomarkers. Front 
Immunol 11:1768. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​i​​m​m​u​.​2​0​2​0​.​0​1​7​6​8

25.	 Jang DH, Heo SJ, Jung HJ, Park MY, Seo SJ, Ahn J (2020) Ret-
rospective study of dupilumab treatment for moderate to severe 
atopic dermatitis in Korea: efficacy and safety of Dupilumab in 
real-world practice. J Clin Med 9:1982. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​j​c​​
m​9​0​6​1​9​8​2

26.	 Katoh N, Kataoka Y, Saeki H, Hide M, Kabashima K, Etoh T et al 
(2020) Efficacy and safety of dupilumab in Japanese adults with 
moderate-to‐severe atopic dermatitis: a subanalysis of three clini-
cal trials. Br J Dermatol 183:39–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​b​j​​d​.​1​
8​5​6​5

27.	 Yamauchi T, Sasaki S, Lee ES, Tamura T, Seki M, Miwa T et 
al (2021) Dupilumab treatment ameliorates clinical and hemato-
logical symptoms, including blood eosinophilia, in patients with 
atopic dermatitis. Int J Dermatol 60:190–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​
1​​/​i​j​​d​.​1​5​1​8​3

28.	 Bakker DS, Van Der Wal MM, Heeb LEM, Giovannone B, Asa-
moah M, Delemarre EM et al (2021) Early and long-term effects 
of dupilumab treatment on circulating T-cell functions in patients 
with moderate-to-severe atopic dermatitis. J Invest Dermatol 
141:1943-1953.e13. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​i​d​.​2​0​2​1​.​0​1​.​0​2​2

29.	 Lee Y, Kim M-E, Nahm D-H (2021) Real clinical practice data of 
monthly dupilumab therapy in adult patients with moderate-to-
severe atopic dermatitis: clinical efficacy and predictive markers 
for a favorable clinical response. Allergy Asthma Immunol Res 
13:733. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​1​6​8​​/​a​a​​i​r​.​2​0​2​1​.​1​3​.​5​.​7​3​3

30.	 Mikhaylov D, Del Duca E, Olesen CM, He H, Wu J, Ungar B et 
al (2021) Transcriptomic profiling of tape-strips from moderate to 
severe atopic dermatitis patients treated with dupilumab. Dermati-
tis 32:S71–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​D​E​​R​.​0​0​0​0​0​0​0​0​0​0​0​0​0​7​6​4

31.	 Mizuno M, Horiguchi G, Teramukai S, Ichiyama S, Ito M, Hoashi 
T et al (2021) Association study of transition of laboratory marker 
levels and transition of disease activity of atopic dermatitis 
patients treated with dupilumab. Aust J Dermatology 62. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​j​​d​.​1​3​7​1​9

32.	 Möbus L, Rodriguez E, Harder I, Stölzl D, Boraczynski N, Gerdes 
S et al (2021) Atopic dermatitis displays stable and dynamic skin 
transcriptome signatures. J Allergy Clin Immunol 147:213–23. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​.​2​0​2​0​.​0​6​.​0​1​2

33.	 Möbus L, Rodriguez E, Harder I, Schwarz A, Wehkamp U, Stölzl 
D et al (2021) Elevated NK-cell transcriptional signature and dys-
balance of resting and activated NK cells in atopic dermatitis. J 
Allergy Clin Immunol 147:1959-1965.e2. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​
/​j​.​​j​a​c​i​.​2​0​2​0​.​1​1​.​0​2​2

34.	 Bae Y, Kim S-J (2022) Serum ceruloplasmin as a potential clini-
cal biomarker in atopic dermatitis. Ann Dermatol 34:245. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​5​​0​2​1​​/​a​d​​.​2​1​.​3​2​1

35.	 Kamphuis E, Boesjes CM, Loman L, Bakker DS, Poelhekken M, 
Zuithoff NPA et al (2022) Dupilumab in daily practice for the 
treatment of pediatric atopic dermatitis: 28-week clinical and bio-
marker results from the BioDay registry. Pediatr Allergy Immu-
nol 33:e13887. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​p​a​​i​.​1​3​8​8​7

36.	 Kita K, Imai Y, Nagai M, Natsuaki M, Kanazawa N (2023) Dupi-
lumab treatment reduces serum SCCA2 levels in patients with 
atopic dermatitis. J Cutan Imm Allergy 6:100–101. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​0​2​​/​c​i​​a​2​.​1​2​2​8​2

37.	 Lee S-H, Bae Y, Park Y-L (2022) Clinical implication of serum 
adiponectin levels in adult patients. JCM 11:6255. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​3​​3​9​0​​/​j​c​​m​1​1​2​1​6​2​5​5

1 3

Page 23 of 25      4 

https://doi.org/10.18176/jiaci.0641
https://doi.org/10.18176/jiaci.0641
https://doi.org/10.1007/s40272-022-00553-8
https://doi.org/10.1111/all.15439
https://doi.org/10.1111/all.15439
https://doi.org/10.5582/ddt.2022.01046
https://doi.org/10.5582/ddt.2022.01046
https://doi.org/10.1111/cea.14147
https://doi.org/10.3389/fimmu.2022.1002536
https://doi.org/10.1097/JD9.0000000000000264
https://doi.org/10.1097/JD9.0000000000000264
https://doi.org/10.1007/s13555-023-00922-2
https://doi.org/10.1007/s13555-023-00922-2
https://doi.org/10.3390/cells12020239
https://doi.org/10.3390/cells12020239
https://doi.org/10.2340/actadv.v103.5320
https://doi.org/10.2340/actadv.v103.5320
https://doi.org/10.1155/2023/9013756
https://doi.org/10.1089/derm.2023.0176
https://doi.org/10.1089/derm.2023.0176
https://doi.org/10.1111/cea.13954
https://doi.org/10.3389/fimmu.2020.01768
https://doi.org/10.3390/jcm9061982
https://doi.org/10.3390/jcm9061982
https://doi.org/10.1111/bjd.18565
https://doi.org/10.1111/bjd.18565
https://doi.org/10.1111/ijd.15183
https://doi.org/10.1111/ijd.15183
https://doi.org/10.1016/j.jid.2021.01.022
https://doi.org/10.4168/aair.2021.13.5.733
https://doi.org/10.1097/DER.0000000000000764
https://doi.org/10.1111/ajd.13719
https://doi.org/10.1111/ajd.13719
https://doi.org/10.1016/j.jaci.2020.06.012
https://doi.org/10.1016/j.jaci.2020.06.012
https://doi.org/10.1016/j.jaci.2020.11.022
https://doi.org/10.1016/j.jaci.2020.11.022
https://doi.org/10.5021/ad.21.321
https://doi.org/10.5021/ad.21.321
https://doi.org/10.1111/pai.13887
https://doi.org/10.1002/cia2.12282
https://doi.org/10.1002/cia2.12282
https://doi.org/10.3390/jcm11216255
https://doi.org/10.3390/jcm11216255


Clinical Reviews in Allergy & Immunology            (2026) 69:4 

64.	 Kido-Nakahara M, Onozuka D, Izuhara K, Saeki H, Nunomura S, 
Takenaka M et al (2024) Biomarkers and patient-related factors 
associated with clinical outcomes in dupilumab-treated atopic 
dermatitis. J Allergy Clin Immunol Glob 3:100317. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​g​.​2​0​2​4​.​1​0​0​3​1​7

65.	 Kim J, Boo J, Jang H, Jung YW, Kim J, Zhang K et al (2024) 
Combined dupilumab and allergen-specific immunotherapy in 
severe refractory atopic dermatitis. Allergy Asthma Immunol Res 
16:682. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​1​6​8​​/​a​a​​i​r​.​2​0​2​4​.​1​6​.​6​.​6​8​2

66.	 Limão R, Brás R, Pedro E, Silva SL, Lopes A (2024) Dupilumab 
in patients with atopic dermatitis: assessing treatment response, 
clinical features and potential biomarkers in real-life. Eur Ann 
Allergy Clin Immunol. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​3​8​2​​2​/​E​​u​r​A​​n​n​A​​C​I​.​1​​7​6​​
4​-​1​4​8​9​.​3​4​1

67.	 Mitroi GG, Pleșea EL, Mitroi GF, Mitroi MR, Neagoe CD, Ianoși 
SL (2024) Exploring the potential of IL-4 and IL-13 plasma levels 
as biomarkers in atopic dermatitis. Life 14:352. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​3​​3​9​0​​/​l​i​​f​e​1​4​0​3​0​3​5​2

68.	 Monedeiro F, Ehall B, Tiffner K, Eberl A, Svehlikova E, Prietl 
B et al (2024) Characterization of inflammatory mediators and 
metabolome in interstitial fluid collected with dermal open flow 
microperfusion before and at the end of dupilumab treatment in 
atopic dermatitis. J Proteome Res 23:3496–514. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​2​1​​/​a​c​​s​.​j​​p​r​o​​t​e​o​m​​e​.​​4​c​0​0​1​5​3

69.	 Pažur K, Francuzik W, El-Mahmoud H, Kraft M, Worm M (2024) 
Proteomic, miRNA and bacterial biomarker patterns in atopic der-
matitis patients and their course upon anti‐IL‐4Rα therapy. Acad 
Dermatol Venereol 38:1749–59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​d​​v​.​1​9​9​1​1

70.	 Raimondo A, Balestrino A, Ligrone L, Lembo S (2024) Dupilumab 
therapy reduces urinary biopyrrin levels in atopic patients: a new 
possible biomarker of oxidative status in atopic dermatitis. Ital J Der-
matol Venereol. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​3​7​3​​6​/​S​​2​7​8​​4​-​8​​6​7​1​.​​2​3​​.​0​7​6​3​0​-​2

71.	 Scala E, Madonna S, Abeni D, Cecchi L, Cocuroccia B, Dattolo 
A et al (2024) A microarray-based IgE ‐molecular mimicry index 
( IgE ‐ MMI ): a biomarker for disease severity, clinical phe-
notypes, and therapeutic response in atopic dermatitis? Allergy 
79:3415–29. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​l​​l​.​1​6​3​7​7

72.	 Stölzl D, Sander N, Siegels D, Harder I, Kind B, Fonfara M et al 
(2024) Clinical and molecular response to dupilumab treatment 
in pediatric atopic dermatitis: results of the German TREATkids 
registry. Allergy 79:2849–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​l​​l​.​1​6​1​4​7

73.	 Sidbury R, Alpizar S, Laquer V, Dhawan S, Abramovits W, 
Loprete L et al (2022) Pharmacokinetics, safety, efficacy, and bio-
marker profiles during nemolizumab treatment of atopic dermati-
tis in adolescents. Dermatol Ther (Heidelb) 12:631–42. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​3​5​5​5​-​0​2​1​-​0​0​6​7​8​-​7

74.	 Wollenberg A, Howell MD, Guttman-Yassky E, Silverberg JI, 
Kell C, Ranade K et al (2019) Treatment of atopic dermatitis 
with tralokinumab, an anti–IL-13 mAb. J Allergy Clin Immunol 
143:135–41. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​.​2​0​1​8​.​0​5​.​0​2​9

75.	 Dekkers C, Zuithoff N, Bakker D, Knol E, Wevers A, Touwslager 
W et al (2025b) Tralokinumab treatment in adult atopic dermati-
tis patients: 28-week evaluation of clinical effectiveness, safety, 
serum proteins and total IgE levels. Allergy 80:1060–1073. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​l​​l​.​1​6​4​1​4

76.	 Guttman-Yassky E, Kabashima K, Staumont‐Salle D, Nahm 
WK, Pauser S, Da Rosa JC et al (2024a) Targeting IL ‐13 with 
tralokinumab normalizes type 2 inflammation in atopic dermatitis 
both early and at 2 years. Allergy 79:1560–1572. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​1​1​1​​/​a​l​​l​.​1​6​1​0​8

77.	 Sander N, Stölzl D, Fonfara M, Hartmann J, Harder I, Suhrkamp 
I et al (2024) Blockade of interleukin-13 signalling improves skin 
barrier function and biology in patients with moderate-to-severe 
atopic dermatitis. Br J Dermatol 191:344–50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​9​3​​/​b​j​​d​/​l​j​a​e​1​3​8

51.	 Nakahara T, Izuhara K, Onozuka D, Saeki H, Nunomura S, Tak-
enaka M et al (2023) Exploring biomarkers to predict clinical 
improvement of atopic dermatitis in patients treated with dupil-
umab (B-PAD study). Clin Exp Allergy 53:233–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​1​1​1​​/​c​e​​a​.​1​4​2​6​7

52.	 Paller AS, Silverberg JI, Cork MJ, Guttman-Yassky E, Lockshin 
B, Irvine AD et al (2023b) Efficacy and safety of dupilumab in 
patients with erythrodermic atopic dermatitis: a post hoc analysis 
of 6 randomized clinical trials. JAMA Dermatol 159:255. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​1​​/​j​a​​m​a​d​​e​r​m​​a​t​o​l​​.​2​​0​2​2​.​6​1​9​2

53.	 Rossi M, Bettolini L, Artelli G, Fraghì A, Tomasi C, Calzavara-
Pinton P (2023) Dupilumab treatment efficacy and impact on 
clinical scores, serum biomarkers, and itch in adult patients with 
atopic dermatitis: a retrospective analysis. J Asthma Allergy 
16:1233–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​1​4​7​​/​J​A​​A​.​S​4​3​3​5​1​5

54.	 Silverberg JI, Lynde CW, Abuabara K, Patruno C, De Benedetto 
A, Zhang H et al (2023) Efficacy and safety of dupilumab main-
tained in adults ≥ 60 years of age with moderate-to-severe atopic 
dermatitis: analysis of pooled data from four randomized clinical 
trials. Am J Clin Dermatol 24:469–83. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​
0​2​5​7​-​0​2​2​-​0​0​7​5​4​-​4

55.	 Simpson EL, Schlievert PM, Yoshida T, Lussier S, Boguniewicz 
M, Hata T et al (2023) Rapid reduction in Staphylococcus aureus 
in atopic dermatitis subjects following dupilumab treatment. J 
Allergy Clin Immunol 152:1179–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​
c​i​.​2​0​2​3​.​0​5​.​0​2​6

56.	 Singh K, Valido K, Swallow M, Okifo KO, Wang A, Cohen JM et 
al (2023) Baseline skin cytokine profiles determined by RNA in 
situ hybridization correlate with response to dupilumab in patients 
with eczematous dermatitis. J Am Acad Dermatol 88:1094–100. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​a​d​.​2​0​2​2​.​1​2​.​0​5​2

57.	 Wang A, Zhou Y, Luo Y, Gao Y, Chen J, Li W et al (2023) 
High loading-dose of dupilumab resulted in rapid disease con-
trol in pediatric patients with atopic dermatitis. Front Immunol 
14:1160710. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​i​​m​m​u​.​2​0​2​3​.​1​1​6​0​7​1​0

58.	 Wu Y, Gu C, Wang S, Yin H, Qiu Z, Luo Y et al (2023) Serum 
biomarker-based endotypes of atopic dermatitis in China and pre-
diction for efficacy of dupilumab. Br J Dermatol 188:649–60. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​b​j​​d​/​l​j​a​d​0​3​2

59.	 Beck LA, Muraro A, Boguniewicz M, Chen Z, Zahn J, Rodríguez 
Marco A (2025) Dupilumab reduces inflammatory biomarkers 
in pediatric patients with moderate-to-severe atopic dermatitis. J 
Allergy Clin Immunol 155:135–143. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​
i​.​2​0​2​4​.​0​8​.​0​0​5

60.	 Čelakovská J, Čermákova E, Boudková P, Andrýs C, Krejsek J 
(2024) The association between expression of CD200 on b lym-
phocytes and the count of eosinophils and basophils in atopic der-
matitis patients with and without dupilumab therapy – pilot study. 
Int Immunopharmacol 132:112023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​n​t​i​
m​p​.​2​0​2​4​.​1​1​2​0​2​3

61.	 Čelakovská J, Čermáková E, Boudková P, Andýs C, Krejsek J 
(2025) Differences in immunological profile in atopic dermati-
tis patients with and without dupilumab therapy. Immunol Med 
48:33–46

62.	 Dekkers C, Smits H, Stölzl D, Spekhorst L, Knol E, Van Wijk F 
et al (2025a) Type 2 immune-dominant endotype is not associated 
with increased responsiveness to dupilumab treatment in adult 
atopic dermatitis patients. Clin Experimental Allergy 55:97–99. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​c​e​​a​.​1​4​5​8​5

63.	 Kenney HM, Yoshida T, Berdyshev E, Calatroni A, Gill SR, 
Simpson EL et al (2025) CERS1 is a biomarker of Staphylococ-
cus aureus abundance and atopic dermatitis severity. J Allergy 
Clin Immunol 155:479–90. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​.​2​0​2​4​.​0​
9​.​0​1​7

1 3

    4   Page 24 of 25

https://doi.org/10.1016/j.jacig.2024.100317
https://doi.org/10.1016/j.jacig.2024.100317
https://doi.org/10.4168/aair.2024.16.6.682
https://doi.org/10.23822/EurAnnACI.1764-1489.341
https://doi.org/10.23822/EurAnnACI.1764-1489.341
https://doi.org/10.3390/life14030352
https://doi.org/10.3390/life14030352
https://doi.org/10.1021/acs.jproteome.4c00153
https://doi.org/10.1021/acs.jproteome.4c00153
https://doi.org/10.1111/jdv.19911
https://doi.org/10.23736/S2784-8671.23.07630-2
https://doi.org/10.1111/all.16377
https://doi.org/10.1111/all.16147
https://doi.org/10.1007/s13555-021-00678-7
https://doi.org/10.1007/s13555-021-00678-7
https://doi.org/10.1016/j.jaci.2018.05.029
https://doi.org/10.1111/all.16414
https://doi.org/10.1111/all.16414
https://doi.org/10.1111/all.16108
https://doi.org/10.1111/all.16108
https://doi.org/10.1093/bjd/ljae138
https://doi.org/10.1093/bjd/ljae138
https://doi.org/10.1111/cea.14267
https://doi.org/10.1111/cea.14267
https://doi.org/10.1001/jamadermatol.2022.6192
https://doi.org/10.1001/jamadermatol.2022.6192
https://doi.org/10.2147/JAA.S433515
https://doi.org/10.1007/s40257-022-00754-4
https://doi.org/10.1007/s40257-022-00754-4
https://doi.org/10.1016/j.jaci.2023.05.026
https://doi.org/10.1016/j.jaci.2023.05.026
https://doi.org/10.1016/j.jaad.2022.12.052
https://doi.org/10.1016/j.jaad.2022.12.052
https://doi.org/10.3389/fimmu.2023.1160710
https://doi.org/10.1093/bjd/ljad032
https://doi.org/10.1093/bjd/ljad032
https://doi.org/10.1016/j.jaci.2024.08.005
https://doi.org/10.1016/j.jaci.2024.08.005
https://doi.org/10.1016/j.intimp.2024.112023
https://doi.org/10.1016/j.intimp.2024.112023
https://doi.org/10.1111/cea.14585
https://doi.org/10.1111/cea.14585
https://doi.org/10.1016/j.jaci.2024.09.017
https://doi.org/10.1016/j.jaci.2024.09.017


Clinical Reviews in Allergy & Immunology            (2026) 69:4 

atopic dermatitis: a randomized phase 2a clinical trial. J Am Acad 
Dermatol 80:1013–21. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​a​d​.​2​0​1​8​.​1​1​.​0​5​
9

91.	 Wang J, White J, Sansone KJ, Spelman L, Sinclair R, Yang X et al 
(2023) Rademikibart (CBP -201), a next‐generation monoclonal 
antibody targeting human IL‐4Rα: two phase I randomized trials, 
in healthy individuals and patients with atopic dermatitis. Clin 
Transl Sci 16:2614–27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​c​t​​s​.​1​3​6​5​6

92.	 Wynne CJ, Cole A, Lemech C, Wang G, Zhang Y, Chen B et 
al (2023) Safety, pharmacokinetics and preliminary efficacy of 
IL4-Rα monoclonal antibody AK120 in both healthy and atopic 
dermatitis subjects: a phase I, randomized, two-part, double-
blind, placebo-controlled, dose-escalation, first-in-human clinical 
study. Dermatol Ther (Heidelb) 13:2357–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​0​7​​/​s​1​​3​5​5​5​-​0​2​3​-​0​1​0​1​0​-​1

93.	 Weidinger S, Blauvelt A, Papp KA, Reich A, Lee C-H, Worm M 
et al (2025) Phase 2b randomized clinical trial of amlitelimab, an 
anti-OX40 ligand antibody, in patients with moderate-to-severe 
atopic dermatitis. J Allergy Clin Immunol 155:1264–75. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​.​2​0​2​4​.​1​0​.​0​3​1

94.	 Zhang L, Zhang W, Xu Y, Dong L, Sun Y, Jia Y et al (2024) 
Pharmacokinetics, pharmacodynamics, safety, and tolerability of 
stapokibart in healthy volunteers and adult subjects with atopic 
dermatitis. Adv Ther 41:2953–65. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​2​3​2​
5​-​0​2​4​-​0​2​8​8​7​-​w

95.	 Carrascosa-Carrillo JM, Aterido A, Li T, Guillén Y, Martinez S, 
Marsal S et al (2024) [Artículo traducido]. Hacia Una medicina de 
precisión En La dermatitis atópica mediante El Uso de Enfoques 
moleculares. Actas Dermosifiliogr 115:T66–75. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​1​6​​/​j​.​​a​d​.​2​0​2​3​.​1​0​.​0​3​2

96.	 Nakajima S, Nakamizo S, Nomura T, Ishida Y, Sawada Y, 
Kabashima K (2024) Integrating multi-omics approaches in deci-
phering atopic dermatitis pathogenesis and future therapeutic 
directions. Allergy 79:2366–2379. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​l​​l​.​1​6​
1​8​3

97.	 Czarnowicki T, He H, Krueger JG, Guttman-Yassky E (2019) 
Atopic dermatitis endotypes and implications for targeted thera-
peutics. J Allergy Clin Immunol 143:1–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​
6​​/​j​.​​j​a​c​i​.​2​0​1​8​.​1​0​.​0​3​2

98.	 Fania L, Moretta G, Antonelli F, Scala E, Abeni D, Albanesi C 
et al (2022) Multiple Role s for Cytokines in Atopic Dermatitis: 
From Pathogenic Mediators to Endotype-Specific Biomarkers to 
Therapeutic Targets. Int J Mol Sci 23:2684. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​
9​0​​/​i​j​​m​s​2​3​0​5​2​6​8​4

99.	 Grolleau C, Calugareanu A, Demouche S, Nosbaum A, Stau-
mont-Sallé D, Aubert H et al (2023) IL-4/IL-13 inhibitors for 
atopic dermatitis induce psoriatic rash transcriptionally close to 
pustular psoriasis. J Invest Dermatol 143:711-721.e7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​i​d​.​2​0​2​2​.​1​0​.​0​1​5

100.	Chiei Gallo A, Tavoletti G, Termini D, Avallone G, Barei F, Cal-
zari P et al Phenotypic switch from atopic dermatitis to psoriasis 
during dupilumab therapy: A Real-Life experience from a tertiary 
referral center. Int J Dermatol 2025 ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​i​j​​d​.​7​0​
1​0​5

101.	Ferrucci SM, Buffon S, Marzano AV, Maronese CA (2022) Phe-
notypic switch from atopic dermatitis to psoriasis during treat-
ment with Upadacitinib. Clin Exp Dermatol 47:986–987. ​h​t​t​p​s​:​​​/​​/​
d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​1​​​1​1​/​​​c​e​d​.​1​5​1​0​4

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

78.	 Gooderham MJ, Girolomoni G, Moore JO, Silverberg JI, Bisson-
nette R, Forman S et al (2022) Durability of response to abroci-
tinib in patients with moderate-to-severe atopic dermatitis after 
treatment discontinuation in a phase 2b trial. Dermatol Ther 
12:2077–85. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​3​5​5​5​-​0​2​2​-​0​0​7​6​4​-​4

79.	 Guttman-Yassky E, Facheris P, Gomez‐Arias PJ, Del Duca E, Da 
Rosa JC, Weidinger S et al (2024b) Effect of abrocitinib on skin 
biomarkers in patients with moderate‐to‐severe atopic dermatitis. 
Allergy 79:1258–1270. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​a​l​​l​.​1​5​9​6​9

80.	 Konrad RJ, Higgs RE, Rodgers GH, Ming W, Qian Y-W, Bivi N 
et al (2019) Assessment and clinical relevance of serum IL-19 
levels in psoriasis and atopic dermatitis using a sensitive and spe-
cific novel immunoassay. Sci Rep 9:5211. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​
/​s​4​​1​5​9​8​-​0​1​9​-​4​1​6​0​9​-​z

81.	 Watanabe A, Kamata M, Okada Y, Suzuki S, Ito M, Mizukawa 
I et al (2024) Real-world effectiveness and safety of baricitinib 
including its effect on biomarkers and laboratory data in Japanese 
adult patients with atopic dermatitis: a single-center retrospective 
study. Journal of Cutaneous Immunology and Allergy 7:12455. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​j​c​​i​a​.​2​0​2​4​.​1​2​4​5​5

82.	 Hagino T, Saeki H, Kanda N (2022) The efficacy and safety of 
Upadacitinib treatment for moderate to severe atopic dermatitis 
in real-world practice in Japan. J Dermatol 49:1158–1167. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​1​3​​4​6​-​8​1​3​8​.​1​6​5​4​9

83.	 Hagino T, Saeki H, Fujimoto E, Kanda N (2023) The eosinophil-
to-lymphocyte ratio acts as an indicator for improvement of clini-
cal signs and itch by upadacitinib treatment in atopic dermatitis. J 
Clin Med 12:2201. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​j​c​​m​1​2​0​6​2​2​0​1

84.	 Li L, Wu N, Liu T, Yu G, Wang Y, He T et al (2023) The efficacy 
and immunological effects of upadacitinib in the treatment of 
moderate-to-severe Chinese atopic dermatitis patients. Int Immu-
nopharmacol 125:111193. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​n​t​i​m​p​.​2​0​2​3​.​
1​1​1​1​9​3

85.	 Hagino T, Hamada R, Yoshida M, Fujimoto E, Saeki H, Kanda 
N (2024) Total eosinophil count as a biomarker for therapeutic 
effects of upadacitinib in atopic dermatitis over 48 weeks. Front 
Immunol 15:1365544. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​i​​m​m​u​.​2​0​2​4​.​1​3​6​5​
5​4​4

86.	 Koga T, Okada K, Shimizu T, Morita E, Itazawa T (2024) Con-
sideration of treatment goals and termination algorithm for ado-
lescent atopic dermatitis using upadacitinib. J Cutan Immunol 
Allergy 7:13404. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​j​c​​i​a​.​2​0​2​4​.​1​3​4​0​4

87.	 Guttman-Yassky E, Pavel AB, Zhou L, Estrada YD, Zhang N, 
Xu H et al (2019) GBR 830, an anti-OX40, improves skin gene 
signatures and clinical scores in patients with atopic dermatitis. J 
Allergy Clin Immunol 144:482-493.e7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​
j​a​c​i​.​2​0​1​8​.​1​1​.​0​5​3

88.	 Bissonnette R, Maari C, Forman S, Bhatia N, Lee M, Fowler J 
et al (2019) The oral Janus kinase/spleen tyrosine kinase inhibi-
tor ASN 002 demonstrates efficacy and improves associated sys-
temic inflammation in patients with moderate-to‐severe atopic 
dermatitis: results from a randomized double‐blind placebo‐con-
trolled study. Br J Dermatol 181:733–42. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​
b​j​​d​.​1​7​9​3​2

89.	 Pavel AB, Song T, Kim H-J, Del Duca E, Krueger JG, Dubin C et 
al (2019) Oral Janus kinase/SYK Inhibition (ASN002) suppresses 
inflammation and improves epidermal barrier markers in patients 
with atopic dermatitis. J Allergy Clin Immunol 144:1011–1024. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​a​c​i​.​2​0​1​9​.​0​7​.​0​1​3

90.	 Simpson EL, Parnes JR, She D, Crouch S, Rees W, Mo M et 
al (2019) Tezepelumab, an anti–thymic stromal lymphopoietin 
monoclonal antibody, in the treatment of moderate to severe 

1 3

Page 25 of 25      4 

https://doi.org/10.1016/j.jaad.2018.11.059
https://doi.org/10.1016/j.jaad.2018.11.059
https://doi.org/10.1111/cts.13656
https://doi.org/10.1007/s13555-023-01010-1
https://doi.org/10.1007/s13555-023-01010-1
https://doi.org/10.1016/j.jaci.2024.10.031
https://doi.org/10.1016/j.jaci.2024.10.031
https://doi.org/10.1007/s12325-024-02887-w
https://doi.org/10.1007/s12325-024-02887-w
https://doi.org/10.1016/j.ad.2023.10.032
https://doi.org/10.1016/j.ad.2023.10.032
https://doi.org/10.1111/all.16183
https://doi.org/10.1111/all.16183
https://doi.org/10.1016/j.jaci.2018.10.032
https://doi.org/10.1016/j.jaci.2018.10.032
https://doi.org/10.3390/ijms23052684
https://doi.org/10.3390/ijms23052684
https://doi.org/10.1016/j.jid.2022.10.015
https://doi.org/10.1016/j.jid.2022.10.015
https://doi.org/10.1111/ijd.70105
https://doi.org/10.1111/ijd.70105
https://doi.org/10.1111/ced.15104
https://doi.org/10.1111/ced.15104
https://doi.org/10.1007/s13555-022-00764-4
https://doi.org/10.1111/all.15969
https://doi.org/10.1038/s41598-019-41609-z
https://doi.org/10.1038/s41598-019-41609-z
https://doi.org/10.3389/jcia.2024.12455
https://doi.org/10.3389/jcia.2024.12455
https://doi.org/10.1111/1346-8138.16549
https://doi.org/10.1111/1346-8138.16549
https://doi.org/10.3390/jcm12062201
https://doi.org/10.1016/j.intimp.2023.111193
https://doi.org/10.1016/j.intimp.2023.111193
https://doi.org/10.3389/fimmu.2024.1365544
https://doi.org/10.3389/fimmu.2024.1365544
https://doi.org/10.3389/jcia.2024.13404
https://doi.org/10.1016/j.jaci.2018.11.053
https://doi.org/10.1016/j.jaci.2018.11.053
https://doi.org/10.1111/bjd.17932
https://doi.org/10.1111/bjd.17932
https://doi.org/10.1016/j.jaci.2019.07.013
https://doi.org/10.1016/j.jaci.2019.07.013

	﻿Novel Therapeutic Strategies for Atopic Dermatitis: Biomarker Modulation and Clinical Implications. A Systematic Review
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Results
	﻿Study Selection and Characteristics
	﻿Changes in Classical Biomarkers in AD Patients Under Systemic Innovative Treatment
	﻿Changes in Inflammatory Markers and Other Soluble Proteins in Response to Systemic Innovative Therapies in AD
	﻿Molecular Profiling of Systemic Innovative Therapy in AD Using -Omic Strategies
	﻿Immunophenotypic Changes in AD Patients During Systemic Innovative Therapy
	﻿Changes in Skin Microbiome and Barrier Function in AD Associated to Systemic Innovative Therapies
	﻿Risk of Bias

	﻿Discussion
	﻿References


