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Atopic dermatitis (AD) is a complex systemic disease characterized by high
heterogeneity both at clinical and pathophysiology levels. While advances in
drug development toward a more targeted approach are made, treatment and
management of AD patients are still happening according to the one-size-fits-all
approach. To enhance precision medicine in AD and improve care, identifying
predicting factors of response to therapy driving tailored treatments will be of
utmost importance. Here, we discuss the available evidence regarding predictive
biomarkers, as well as their possible and still debated impact in clinical practice.
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Introduction

Atopic dermatitis (AD) is a complex and heterogeneous systemic disease (1, 2) and the
most common chronic skin disorder (3), that affects a large number of people at any age (4).
The heterogeneity of AD lies both at pathophysiology and clinical levels (5), leading to a
classification into different phenotypes or endotypes (6).

Clinical and disease characteristics of AD allow for a stratification into different disease
phenotypes based on age, age of onset, ethnicity, and presence of other atopic diseases, such
as allergic rhinitis and asthma (5, 7, 8). However, a more recent categorization, based on the
underlying molecular mechanisms known as endotypes, has been proposed (9).

The high complexity and heterogeneity of these molecular mechanisms in AD, also
determining the different clinical phenotypes, might explain the different responses to
treatments among patients (5, 10). Although endotypes could guarantee a more efficient
classification of AD, the differences in the immune profile across patient groups have not been
fully elucidated yet (9). Moreover, the definition of the immune profile (or patients’ endotypes)
and the identification of a panel of multiple biomarkers (11) may allow patient clustering into
subgroups, and thus the tailoring of the therapeutic approach through the use of more targeted
therapeutic approaches (5).

The recent introduction of targeted biologic and systemic Janus kinase (JAK) inhibitors
has profoundly changed the therapeutic landscape in AD (12), offering the possibility of more
personalized approaches based on patient-specific biomarkers, which are defined as

01 frontiersin.org



Chiricozzi et al.

measurable indicators of some biological state or condition evaluated
on different biological materials, including whole blood, plasma,
serum, and tissue samples, on which molecular, genetic, or
morphologic data can be analyzed (10).

Biomarkers, when assessed early, may predict therapeutic
responses to drugs and, therefore, identify patient subsets that would
benefit most from a treatment (10, 11). However, nowadays, AD is still
a clinical diagnosis based on physicians’ clinical experience and
experts agree on the unmet need to identify a list of reliable biomarkers
useful for patients’ stratification and treatment monitoring (13).

The state-of-the art knowledge about biomarkers in AD was
recently reviewed by Renert-Yuval et al. (10), Bakker et al. (11), and
Park et al. (14). Here, we discuss the most up-to-date knowledge about
predictive biomarkers. For this purpose, we selected the most clinically
impactful papers (including original articles, narrative, and systematic
reviews, expert consensus, and expert opinions) published on this
topic in journals indexed by PubMed, between 2016 and 2024.

Biomarkers by treatment options

Although clear suggestions for clinical practice are still lacking,
several biomarkers aiming at predicting a therapeutic response in
patients with AD have been studied.

CCL22

Glickman and colleagues compared clinical and molecular
outcomes of different treatments for AD and showed that baseline
CCL22 expression was correlated with clinical improvement across
multiple studies at various time points without being drug-
specific (15).

CXCL2

The baseline levels of Th17 cell-related cytokine CXCL2 predicted
response to therapy at week 16 in patients treated with dupilumab
which targets the IL-4 receptor alpha chain that inhibits both IL-4 and
IL-13-related cascades (15). However, a clear molecular explanation
of this association is lacking and no further studies have corroborated
the role of CXCL2 as biomarker yet.

IgE

Based on the IgE levels and IgE specific to protein antigens, AD
was classified into extrinsic and intrinsic subtypes: the first
characterized by high IgE and type 2 cytokines levels, and the second
by normal IgE and lower type 2 cytokines levels (9). Measurement of
IgE levels has been a routine practice in diagnosing AD for a long time,
possibly because IgE levels could be high in the extrinsic AD form and
clinicians often consider the serum total IgE levels as a biomarker of
AD severity (10). Despite the historical association between high IgE
levels and type 2 cytokines pathway, patients’ responses to dupilumab
were not clearly correlated to baseline IgE levels (10), while changes in
the IgE levels during the course of treatment might be a tool to
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monitor therapeutic efficacy according to other evidence (16). Also,
no significant changes in total and specific IgE levels were observed
after 16 weeks of upadacitinib treatment during a phase 2 study, while
still proving its efficacy at clinical level (17). Hence, IgE levels do not
appear to be a candidate for predictive biomarkers.

Dipeptidyl peptidase-4 (DPP-4) and
periostin

Baseline high levels of serum of DPP-4 and periostin, indicators
of increased activity of IL-13, have been identified as potential
biomarkers of a good response to tralokinumab, a fully human mAb
blocking IL-13 (18). In an exploratory analysis of a phase 2b study,
Wollenberg and colleagues observed that in patients with moderate-
to-severe AD and a baseline higher concentration of PPD-4 and
periostin, tralokinumab led to greater changes from the baseline on
the Eczema Area Severity Index (EASI) (18).

IL5RA, CCL23, and eosinophil count

Upadacitinib, an oral Janus kinase (JAK)-1 inhibitor significantly
reduced, among other mediators, the levels of serum IL5RA and CCL23
as early as week 1 of treatment (19). A significant change was also a
reduction in absolute eosinophils count after week 2 of upadacitinib
treatment, maintained through week 24 (19). Hagino et al. showed that
total eosinophil count correlates with EASI and PP-NRS during
upadacitinib treatment over 48 weeks (20), indicating its potential as a
biomarker reflecting treatment responses. ILSRA and CCL23 genes
were upregulated in the eosinophil-high endotype (21). It could
be interesting to assess whether patients with a high-eosinophil profile
might benefit the most from treatment with upadacitinib. In addition,
a real-world study from Zheng et al. showed significant eosinophil count
reduction after 4 weeks of abrocitinib treatment in 47 patients (22).

IL-22

According to Brunner et al. baseline IL-22 expression can be a
biomarker able to predict a therapeutic response to fezakinumab.
Results from a phase 2a clinical trial showed that among patients
stratified based on baseline skin IL-22 mRNA expression, those with
high IL-22 baseline levels were more likely to improve both at clinical
and transcriptomic level. Fezakinumab did not meet the primary
endpoint of the study at week 12 (23). However, also JAKi targets
IL-22: IL-22-attracting chemokines were significantly reduced with
upadacitinib treatment as early as week 2, suggesting that upadacitinib
may have early and robust effects on Th22 axes (17). Also abrocitinib
reduced Th22-associated genes (S100A8/9/12) in a dose-dependent
manner, starting from week 2 throughout week 12 (24).

The role of AD pathogenetic pathways
in predicting response

Four differentiated clusters of patients have been identified by
using a data-driven approach based on serum biomarkers (6). Each
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cluster was characterized by a specific serum biomarker profile,
implying that a distinct underlying immunopathologic pathway drives
each cluster. Two of these clusters were characterized by a
Th2-dominated biomarker profile (i.e., “Th1/Th2/Th17-dominant”
and “Th2/Th22/PARC-dominant”), with high levels of Th2-related
cytokines, suggesting that patients in these clusters would be ideal
candidates for Th2-blockers (6). An exploratory analysis of the phase
2b study with tralokinumab found a better treatment response in
patients with high levels of DPP-4 and periostin (18). Pediatric AD is
characterized by a Th2, Th9, and Th17 higher polarization, thereby
suggesting that the current biologic drugs targeting Th2 cytokines
would be more effective in children than in adults, who, instead, have
a more pronounced Th22 dominant T-cell response (5). Similarly, the
Th17 higher contribution reported in the Asian population would
support an effect of anti-IL-17 therapy, such as secukinumab, in order
to treat AD in this ethnic group (5, 25). However, a phase 2b
randomized double-blind controlled study failed to show a clinical
benefit of secukinumab in adult AD, and several cases of anti-IL-17-
induced AD have been reported (25). Therefore, the IL-17 pathway,
although may contribute, does not appear to be essential to AD
pathogenesis. Indeed, it is well known that together with Th2 and
Th22 inflammatory pathways, the involvement of Th1 and Th17 play
also a role in AD and varies by patient race and age (24). Upadacitinib,
beyond the clinical efficacy, downregulated key AD genes associated
of multiple pathways such as Th2 (CCL17), Th1 (CXCL10), and Th22
(S100A9/12, PI3) potentially supporting a more complete disease
control (17). Abrocitinib showed similar results, downregulating
genes associated with inflammation, epidermal hyperplasia, Th2 and
Th22 immune responses in the skin of patients with moderate-to-
severe AD (24).

Sources of biomarkers

Biomarkers differ according to the source of biological material:
(i) genomic information, (ii) transcriptomic profiles, (iii) proteins
from body fluids or tape stripping, and (iv) morphological information
(10), with possible sources of biomarkers being blood, tape strips of
skin, and skin biopsy (26). Skin biopsy, although invasive, accurately
reflects disease severity and often detects AD biomarkers not
measurable by blood tests. The tape strip sampling technique, a
non-invasive approach that collects stratum corneum proteins, has
shown promising results (10, 27, 28). Not all biomarkers discussed
here can be measured in both serum and skin (10). A minimally
invasive approach guarantees repeated assessments of biomarkers and
would be ideal to define the therapeutic outcome and improve
patients’ adherence.

Clinical predictive factors

Given the current landscape of AD, reliable biomarkers are
necessary; hence, if blood-based or skin-based molecular markers will
not bring these tools to clinical practice, then physicians could leverage
on clinical predictive factors, based on patients’ signs, symptoms, and
comorbidities (29). A recent post hoc analysis showed that baseline
body surface area affecting 10-40% and severe itch (i.e., Numerical
Rating Scale >7) were the strongest predictors of the response to the
oral JAK 1/2 inhibitor baricitinib, in adults with moderate-to-severe
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AD (30). Likewise, a retrospective study on patients with moderate-to-
severe AD, showed a greater likelihood of response to upadacitinib
15 mg in those with lower EASI (<24) and older age and to upadacitinib
30 mg for individuals with lower levels of IgE and LDH (31). AD
localization in exposed areas at the baseline and AD persistency in the
head/neck, a known phenomenon in difficult-to-treat AD patients,
may also drive treatment choice (32). Furthermore, de novo appearance
of dupilumab-associated head and neck dermatitis, now recognized as
a distinct entity, can be successfully resolved with upadacitinib (33) and
seems to be associated with normalization of IL-4/IL-13 downstream
activity markers such as CCL13, CCL17, CCL18, and CCL26, but also
with a strong increase in type 22-associated inflammation, enhanced
keratinocyte activation, and IL-22 receptor upregulation (34).

The relevance of predictive
biomarkers in daily practice

The tailorization of the therapeutic approach and predictable
response of each drug (or class of agents) for a certain patient subtype,
would be impactful because it could help lowering the economic
burden of targeted therapies using those that likely could be more
successful for that specific endotype. The identification of patients
potentially responding to one selective agent could increase treatment
compliance avoiding switching a time prior to achieve a valid and
satisfactory response.

Conclusions and future outlook

The present therapeutic scenario for AD, including the newly
developed biologic and targeted agents, highlights the importance of
overcoming the “one-size-fits-all” approach toward a precision
medicine one, especially for such a multifactorial and complex disease
like AD. There is a need for the identification and validation of reliable
biomarkers to predict and monitor the treatment response as objective
tools in daily clinical practice: Real-world studies in which single
biomarkers or biomarkers profiles (i.e., determined by clusters of
biomarkers) are measured in relationship with clinical scoring systems
are lacking. Here, we have described few example of candidate
biomarkers that might predict a response to treatments. However, no
one is currently applied in routine clinical settings. A possible
limitation to this hard search for valid biomarkers could be found in
the lack of stratification of the studied populations into the responder/
non-responder.

Our work wants to draw the attention of the scientific community
on this theme, ultimately aiming at improving AD management and
advancing the standard of care. Further research will be pivotal for
clarifying whether molecular biomarkers of therapeutic response will
ever represent a practical tool assisting dermatologist in the selection
of the best treatments in patients with AD.
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