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ABSTRACT

Background:  Psoriasis, a chronic, immune-
mediated, inflammatory disease, affects 2‒3% 
of the population. Tyrosine kinase 2 (TYK2) 
mediates cytokine signaling involved in adap-
tive [interleukin (IL)-12, IL-23] and innate (type-
I interferons) immune responses; IL-23–driven 
T-helper (Th)17 pathways play a key role in 
chronic inflammation in psoriasis. In a phase 2 
trial, deucravacitinib, an oral, selective, allosteric 
TYK2 inhibitor, reduced IL-23/Th17 and type-
I interferon pathway expression in the skin of 
patients with moderate to severe plaque psoria-
sis, reductions that were accompanied by clini-
cal improvement of psoriatic lesions.
Objectives:  The aim of this study was to iden-
tify biomarkers of psoriatic disease in serum 
from patients enrolled in the phase 2 trial and 
to assess the effects of deucravacitinib on those 
biomarkers.

Methods:  Serum biomarkers from Olink pro-
teomics and other quantitative assays were 
evaluated for a pharmacodynamic response to 
deucravacitinib treatment and correlation with 
psoriasis disease activity measures.
Results:  Serum biomarkers associated with 
the IL-23/Th17 pathway [IL-17A, IL-17C, IL-19, 
IL-20, beta-defensin, and peptidase inhibi-
tor 3 (PI3)] were upregulated in patients with 
psoriasis versus healthy controls. Deucravaci-
tinib treatment reduced IL-17A (adjusted mean 
change from baseline at Day 85; 12 mg once 
daily versus placebo; −0.240 versus −0.067), IL-
17C (−14.850 versus −1.664), IL-19 (−96.445 
versus −8.119), IL-20 (−0.265 versus −0.064), 
beta-defensin (−65,025.443 versus −7553.961), 
and PI3 (−14.005 versus −1.360) expression. 
Reductions in serum biomarker expression 
occurred in a dose- and time-dependent manner, 
with significant reductions from baseline seen 
with deucravacitinib doses ≥ 3 mg twice daily 
(P ≤ 0.05). Biomarker expression correlated with 
disease activity measures such as Psoriasis Area 
and Severity Index (PASI) at baseline. Biomarker 
expression also correlated with PASI scores at 
Week 12.
Conclusion:  IL-23/Th17 pathway expression in 
the serum of patients with psoriasis is an indica-
tor of disease activity and response to deucra-
vacitinib treatment.
Trial registration number:  NCT02931838.
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PLAIN LANGUAGE SUMMARY

Plaque psoriasis is a long-term disease that causes 
inflammation, scaling, and itching of the skin. 
Compared with healthy volunteers without pso-
riasis, patients with psoriasis have higher amounts 
of certain biomarkers (molecules that indicate what 
is happening in the body) in their blood that are 
associated with inflammation. Higher amounts 
of these biomarkers are also associated with more 
severe psoriasis. In a study of patients with pso-
riasis, those who received the oral drug deucra-
vacitinib had lower amounts of biomarkers after 
12 weeks of treatment compared with patients who 
received a placebo (a lookalike pill that contains no 
medicine). Patients who were treated with deucra-
vacitinib also saw an improvement in their pso-
riasis after 12 weeks compared with patients who 
received placebo.

Keywords:  Cytokine; Deucravacitinib; Pharma- 
codynamics; Psoriasis; Tyrosine kinase 2

Key Summary Points 

INTRODUCTION
Psoriasis is a chronic, immune-mediated, inflam-
matory disease affecting 2‒3% of the worldwide 
population [1]. Preclinical studies demonstrated 
that psoriasis pathogenesis is triggered via acti-
vation of plasmacytoid dendritic cells and 
induction of type-I interferons (IFNs) in the skin, 
although an anti-IFN-α monoclonal antibody 
exhibited no activity in a clinical trial of patients 
with chronic plaque psoriasis [2, 3]. Tyrosine 
kinase 2 (TYK2) mediates signaling of inflam-
matory cytokines required for adaptive [inter-
leukin (IL)-12, IL-23] and innate (type-I IFN) 
immune responses [4, 5]; IL-23–driven T-helper 
(Th)17 pathways play a crucial role in chronic 
inflammation in psoriasis and other inflamma-
tory conditions [6, 7]. Cytokines of the IL-23/
Th17 pathway, including IL-23 and IL-17, are 
expressed in psoriatic lesions [8]. IL-23 appears 
to be a central driver of IL-17 expression, and 
blockade of either IL-23 or IL-17 rapidly allevi-
ates psoriasis symptoms [9]. Expression of IL-23/
Th17-related cytokines such as IL-19 and IL-20 is 
also increased in psoriatic lesions [8, 10]. IL-19 
expression correlates with psoriasis disease activ-
ity and response to antipsoriatic therapies [11]. 
Beta-defensin, a downstream product of the 
Th17 pathway in psoriatic disease, is also asso-
ciated with disease activity [8, 12].

The IL-23/Th17 pathway plays a central role 
in regulating the function and balance of Th17 
and regulatory T (Treg) cells, CD4 + T-cell sub-
sets that promote or suppress immune-mediated 
inflammatory responses [13, 14]. In conjunc-
tion with signaling factors such as transform-
ing growth factor-β (TGF-β), IL-6, IL-21, and 
IL-1β, IL-23 stimulates the differentiation of T 
cells into Th17 cells, which secrete IL-17 and 
various additional proinflammatory effector 
molecules, including IL-23, as part of a positive 
feedback loop, and contribute to tissue damage 
and inflammation [13, 14]. T cells can also dif-
ferentiate into Treg cells that secrete IL-10 and 
TGF-β to maintain self-tolerance and suppress 
inflammation [13, 14]. Among all Th cell sub-
types, Th17 and Treg cells are regarded as the 
subtypes with the greatest plasticity; in the pres-
ence of appropriate cytokine stimulation, pro-
inflammatory Th17 cells can be converted into 

Why carry out this study?

Tyrosine kinase 2 (TYK2) mediates signaling by 
cytokines involved in psoriasis pathogenesis.

Serum biomarkers associated with the inter-
leukin-23/T-helper-17 pathways are higher in 
patients with psoriasis versus healthy controls.

Deucravacitinib, an oral, selective, allosteric 
TYK2 inhibitor, was evaluated at various 
doses in a previously reported phase 2 trial of 
patients with psoriasis and healthy controls 
to determine serum biomarker expression.

What was learned from the study?

Deucravacitinib reduced biomarker expression 
in a phase 2 trial of patients with psoriasis.

Biomarker levels were correlated with psoriasis 
disease activity as measured by Psoriasis Area 
and Severity Index at both baseline and Week 
12.
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immunosuppressive Treg cells [13, 14]. IL-23 
also influences the development and function 
of Treg-expressing IL-17 (Trem) cells, which rep-
resent intermediate forms in the transformation 
between Th17 and Treg states [15]. Therefore, 
IL-23 affects Th17 and Treg balance, contribut-
ing to both immune homeostasis and immune-
mediated disease processes.

Deucravacitinib, an oral, selective, allosteric 
TYK2 inhibitor, is approved in the USA and 
other countries for the treatment of adults with 
moderate to severe plaque psoriasis who are 
candidates for systemic therapy [16–21]. Deucra-
vacitinib binds to the regulatory (pseudokinase) 
domain of TYK2 rather than to the more con-
served catalytic domain where Janus kinase (JAK) 
1, 2, and 3 inhibitors bind, driving the selectiv-
ity of deucravacitinib for TYK2 [5]. In cell-based 
assays, deucravacitinib demonstrated > 100-fold 

Fig. 1   Proteins differentially expressed at baseline in 
serum from patients with psoriasis compared with healthy 
controls. Serum biomarker expression at baseline was 
compared in patients with psoriasis and in healthy con-
trols using Olink proteomics technology. The Olink pro-
teomics analysis evaluated 276 serum biomarkers in three 
cardiovascular disease and inflammation panels (Olink 
Cardiovascular II, Olink Cardiovascular III, and Olink 
Inflammation). a Cardiovascular II: there were five upregu-
lated proteins [(log2FC > 0): GH, CCL17, IL-6, FABP2, 
KIM1; none were significant] and 87 down-regulated pro-
teins [(log2FC < 0); 71 were significant (adjusted P < 0.05)] 
in patients with psoriasis compared with healthy controls. 
b Cardiovascular III: there were six up-regulated proteins 
(Ep-CAM, IGFBP-1, LDL receptor, PI3, SCGB3A2, 
SELE; PI3 was significant) and 86 down-regulated pro-
teins (77 were significant). c Inflammation: there were 11 
upregulated proteins (IL-17A, IL-17C, CASP-8, CCL20, 
IL-1α, MCP-3, IL-20, IL-24, CCL19, CXCL9, and 
CDCP1; five were significant) and 81 down-regulated 
proteins (60 were significant). Upregulated proteins are 
shown in red and down-regulated proteins are shown 
in blue. AMPs antimicrobial peptides, CCL chemokine 
ligand, IFN interferon, IL interleukin, JAK Janus kinase, 
mDC myeloid dendritic cell, pDC plasmacytoid dendritic 
cell, PI3 peptidase inhibitor 3, PMNs polymorphonuclear 
leukocytes, PsO patients with psoriasis, Th T helper, TNF 
tumor necrosis factor

▸
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greater selective inhibition of TYK2 over JAK1 
and 3, and > 2000-fold greater selective inhibi-
tion of TYK2 over JAK2 [5, 22]. In a biomarker 
substudy of a phase 2 trial, dose-dependent, 
deucravacitinib-mediated inhibition of TYK2 
was associated with decreases in IL-23/Th17 
and type-I IFN pathway biomarkers in the skin 
of patients with moderate to severe plaque pso-
riasis [23]. The selectivity of deucravacitinib for 
TYK2 was confirmed by the lack of JAK1, 2, and 
3 inhibition in blood from these patients [23].

It is not feasible to require skin biopsy from 
all patients in a clinical trial or to use molecular 
analysis of skin biopsy for routine clinical care. 
Thus, it is desirable to find molecular biomarkers 
in blood that could be used to monitor response 
to therapy and identify psoriasis flares or resid-
ual disease activity [7, 11].

The objective of the analysis reported here 
was to identify biomarkers of psoriatic disease 
in serum and to assess the pharmacodynamic 
effects of deucravacitinib treatment on those 
biomarkers in the phase 2 trial.

METHODS

Biomarker Analysis Population

This exploratory analysis evaluated serum bio-
marker expression in patients with psoriasis from 
a previously completed phase 2 trial, as well as 
in healthy controls. As previously reported, a 
global, 12-week, phase 2, randomized, double-
blind, placebo-controlled, dose-ranging trial 

(NCT02931838) evaluated deucravacitinib effi-
cacy and safety in patients with moderate to 
severe plaque psoriasis [defined as Psoriasis Area 
and Severity Index (PASI) score ≥ 12, static Physi-
cians Global Assessment score ≥ 3, and body sur-
face area (BSA) involvement ≥ 10% at baseline] 
for ≥ 6 months [24]. Patients were randomized 
(1:1:1:1:1:1) to oral placebo or deucravacitinib 3 
mg every other day, 3 mg once daily (QD), 3 mg 
twice daily (BID), 6 mg BID, or 12 mg QD [24].

Serum Biomarker Expression in Patients 
with Psoriasis and Healthy Controls

Serum biomarkers of primary interest in this 
analysis were IL-17A, IL-19, beta-defensin, and 
proteins from Olink proteomics technology 
(Olink Proteomics, Uppsala, Sweden). IL-17A 
and IL-19 levels were determined using single 
molecule array (Simoa®) enzyme-linked immu-
noassay (ELISA; Quanterix, Billerica, MA, USA), 
and beta-defensin levels were determined using 
ELISA. The Olink proteomics analysis evalu-
ated 276 serum biomarkers in three cardiovas-
cular disease and inflammation panels (Olink 
Cardiovascular II, Olink Cardiovascular III, and 
Olink Inflammation). Each of the three Olink 
biomarker panels was analyzed separately. The 
number of expressed proteins was calculated 
in each sample, and a protein was considered 
expressed if the expression was greater than 
the limit of detection of that protein. After the 
removal of quality control samples, all data 
were included in the analysis and flagged val-
ues (those below the limit of detection or from 
samples that failed quality control) were identi-
fied. Serum biomarker expression at baseline was 
compared in patients with psoriasis and in 60 
healthy controls. For markers from Olink pro-
teomics, the R package limma (version 3.42.2) 
was used to calculate the fold change in serum 
biomarker expression between patients with pso-
riasis and healthy controls, the corresponding 
P-values, and the false discovery rate-adjusted 
P-values (generated only for proteins that under-
went multiple testing).

Fig. 2   Serum biomarker expression at baseline in patients 
with psoriasis and in healthy controls and in patients 
with psoriasis receiving deucravacitinib treatment over 
12 weeks. a IL-17A and IL-17C. b IL-19 and IL-20. c 
beta-defensin and PI3. *P < 0.05 versus Day 1. †P < 0.05 
versus placebo; ‡P < 0.01 versus Day 1; §P < 0.01 versus 
placebo; #P < 0.001 versus Day 1; ¶P < 0.001 versus pla-
cebo; obtained from mixed-effects model. BID twice 
daily, DEUC deucravacitinib, IL interleukin, LOD limit of 
detection, NPX normalized protein expression, PI3 pepti-
dase inhibitor 3, PsO patients with psoriasis, QC quality 
control, QD every day, QOD every other day, SE standard 
error

◂
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Serum Biomarker Expression and 
Pharmacodynamic Responses to 
Deucravacitinib Treatment

The serum biomarkers of interest were IL-17A, 
IL-17C, IL-19, IL-20, beta-defensin, and pepti-
dase inhibitor 3 (PI3). The effect of deucra-
vacitinib treatment on the expression of these 
serum biomarkers was evaluated in a dose- and 
time-dependent manner, and the fold change in 
expression at Days 8, 15, 29, 57 and 85/end of 
treatment versus Day 1 was determined. A linear 
mixed-effects model with random intercept for 
subject was fitted for each biomarker to deter-
mine whether the change from baseline was sig-
nificant for each treatment arm (P < 0.05).

Serum Biomarker Expression and Psoriasis 
Disease Activity

The relationship between IL-17A, IL-19, beta-
defensin, and PI3 expression and the disease 
activity measures, PASI and BSA involvement, 

was determined at baseline and during deucra-
vacitinib treatment. Pearson’s correlation analysis 
was conducted to evaluate the strength and sig-
nificance of the correlation.

Serum Biomarker Expression and Clinical 
Outcome

The relationship between IL-17A, IL-19, beta-defen-
sin, and PI3 expression and the clinical activity 
measure PASI (percent change from baseline; cate-
gorized as < 25, 25–50, 50–75, 75–90, 90– < 100, and 
100% improvement) was determined at Week 12 in 
deucravacitinib-treated patients. Serum biomarker 
levels were compared across patients achieving dif-
ferent degrees of PASI improvement. All statistical 
analysis was conducted in R programming lan-
guage (version 4.2.1).

Compliance with Ethics Guidelines

This biomarker study was performed in accord-
ance with the ethical principles that have their 

Fig. 3   IL-17A expression at baseline in patients with pso-
riasis and in healthy controls and in patients with psoriasis 
receiving deucravacitinib treatment over 12 weeks. a IL-
17A. b Correlation of IL-17A between Simoa and Olink. 
*P < 0.05 versus Day 1; †P < 0.05 versus placebo; ‡P < 0.01 
versus Day 1; §P < 0.01 versus placebo; #P < 0.001 versus 

Day 1; ¶P < 0.001 versus placebo; obtained from mixed-
effects model. BID twice daily, IL interleukin, LOD limit 
of detection, NPX normalized protein expression, QD 
every day, QOD every other day, Simoa single molecule 
array
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origin in the Declaration of Helsinki. The proto-
col, amendments, and patient informed consent 
received appropriate approval by the institutional 
review board or independent ethics committee 
prior to the initiation of the trial at the study 
center. All patients provided written informed 
consent before any study-related procedures were 
performed.

RESULTS

Baseline Demographics and Clinical 
Characteristics

A total of 256 patients from the phase 2 trial and 
60 healthy controls (matched for age, gender, and 
body mass index) were included in this analysis. 
The baseline demographics and clinical charac-
teristics of the study population were described 
previously [23].

Comparison of Serum Biomarker Expression 
in Patients with Psoriasis Versus Healthy 
Controls

Serum biomarkers from Olink proteomics asso-
ciated with psoriasis were identified by com-
paring baseline expression in patients with 
psoriasis versus healthy controls. Upregulated 
biomarkers in patients with psoriasis were 
consistent with the Th17 phenotype of psori-
atic disease and psoriasis-related proteins, and 
included IL-17A, IL-17C, IL-19, IL-20, and PI3 
(Fig. 1). Beta-defensin was identified separately 
as being elevated in psoriasis. IL-17A, IL-19, 
beta-defensin, and PI3 were selected to evalu-
ate the correlation of the expression of these 
biomarkers in serum with psoriasis disease 
activity and clinical outcome.

Serum Biomarker Expression and 
Pharmacodynamic Responses to 
Deucravacitinib Treatment

Levels of IL-17A, IL-17C, IL-19, IL-20, beta-
defensin, and PI3 at baseline were elevated in 
serum from patients with psoriasis compared 
with healthy controls (Figs. 2 and 3). Deucra-
vacitinib treatment reduced IL-17A, IL-17C, 

IL-19, IL-20, beta-defensin, and PI3 expression 
in a dose- and time-dependent manner, with sig-
nificant reductions from baseline seen with deu-
cravacitinib doses ≥ 3 mg BID (P ≤ 0.05; Fig. 2). 
Deucravacitinib treatment reduced biomarker 
expression from baseline toward levels observed 
in healthy controls (data not shown). A signifi-
cant correlation was observed between IL-17A 
expression in the blood over time as determined 
using the single molecule array (Simoa®) ELISA 
and Olink proteomics technology (Pearson’s cor-
relation coefficient [r] = 0.79, P < 0.0001; Fig. 3). 
Similarly, IL-17A data measured by Olink sup-
ported dose- and time-dependent inhibition by 
deucravacitinib treatment (Fig. 3).

Serum Biomarker Expression and Psoriasis 
Disease Activity

Correlations were assessed between IL-17A, 
IL-19, beta-defensin, and PI3 levels in serum and 
the disease activity measures of PASI and BSA 
involvement. Levels of these serum biomark-
ers significantly correlated with PASI and BSA 
involvement, respectively, at baseline and dur-
ing treatment (IL-17A, r = 0.37, P < 0.0001, and 
r = 0.38, P < 0.0001; IL-19, r = 0.56, P < 0.0001, 
and r = 0.50, P < 0.0001; beta-defensin, r = 0.63, 
P < 0.0001, and r = 0.55, P < 0.0001; and PI3, 
r = 0.57, P < 0.0001, and r = 0.53, P < 0.0001; Fig. 4; 
Table 1).

Serum Biomarker Expression and Clinical 
Outcome

The relationship between IL-17A, IL-19, beta-
defensin, and PI3 serum levels versus PASI 
improvement at Week 12 was also assessed. The 
majority of patients who received deucravaci-
tinib ≥ 3 mg BID achieved the primary endpoint 
of ≥ 75% reduction from baseline in PASI (PASI 
75; Fig. 5). Lower expression of IL-17A, IL-19, 
beta-defensin, and PI3 trended with greater PASI 
improvement at Week 12.
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DISCUSSION

This exploratory biomarker analysis demon-
strated that biomarkers derived from inflamed 
psoriatic lesions can be detected in the blood 
of patients with psoriasis. These biomarkers 
reflect the level of disease activity and changes 
resulting from pharmacological interven-
tion with drugs. Relevant pathways identified 
include the IL-23/Th17 pathway and pathways 
related to keratinocyte hyperproliferation. The 
biomarkers IL-17A, IL-17C, IL-19, IL-20, beta-
defensin, and PI3 were upregulated in serum 
from patients with psoriasis compared with 
healthy controls. Deucravacitinib treatment 
improved the disease while concomitantly 
reducing serum biomarker expression in a 
dose- and time-dependent manner in patients 
with moderate to severe plaque psoriasis in a 
phase 2 trial. The majority of patients in the 
higher deucravacitinib dose groups achieved 
PASI 75. Biomarker expression was significantly 
associated with two measures of disease activ-
ity at baseline, PASI and BSA involvement. In 
addition, the data indicated a positive associa-
tion between lower biomarker expression and 

greater improvements in PASI and BSA scores at 
Week 12, suggesting that these biomarkers can 
serve as surrogate markers of disease activity 
and response to treatment.

IL-19 and beta-defensin expression were also 
strongly correlated with each other (r = 0.81) 
and highly significant (P < 0.0001), suggesting 
that both biomarkers are involved in the same 
pathway of psoriasis pathogenesis. Addition-
ally, serum beta-defensin levels (mean, 146.4 
ng/mL) were orders of magnitude higher than 
IL-19 levels (mean, 289.7 pg/mL) at baseline, 
which is consistent with the role of IL-19, along 
with other cytokines, in inducing expression of 
beta-defensin, a terminal effector of the IL-23/
Th17 inflammatory pathway [8, 12]. These 
results support the suggestion that downstream 
biomarkers that are biologically linked to psori-
atic disease activity and have low expression in 
healthy subjects provide the best opportunity 
to evaluate the effect of therapeutic agents in 
psoriasis.

IL-17A expression was significantly reduced 
by deucravacitinib treatment, especially at 
higher doses and at later time points. Notably, 
the ability to discern changes in IL-17A expres-
sion or associations with clinical parameters 
is limited by the lower limits of quantifica-
tion inherent in IL-17A assays. Additionally, 
change from baseline was smaller for IL-17A 
compared with IL-19 and beta-defensin. There-
fore, given the low levels of IL-17 detected in 
serum from patients with psoriasis, assessment 

Fig. 4   Correlation between serum biomarker expression 
and PASI and BSA involvement at baseline and during 
treatment. a IL-17A. b IL-19. c Beta-defensin. d PI3. BSA 
body surface area, IL interleukin, PASI Psoriasis Area and 
Severity Index, PI3 peptidase inhibitor 3

◂

Table 1   Correlation between serum biomarker expression and PASI and BSA involvement at baseline and during treatment

a Correlations between serum biomarker expression and PASI and BSA involvement were statistically significant (P < 0.05) at 
each time point
BSA body surface area, IL interleukin; PASI Psoriasis Area and Severity Index, PI3 peptidase inhibitor 3

Pearson’s Correlation Coefficient

PASIa BSAa

Day 1 Day 8 Day 15 Day 29 Day 57 Day 85 Day 1 Day 8 Day 15 Day 29 Day 57 Day 85

IL-17A 0.38 0.42 0.41 0.25 0.25 0.25 0.39 0.36 0.38 0.29 0.31 0.29

IL-19 0.38 0.47 0.54 0.53 – 0.63 0.39 0.42 0.44 0.46 – 0.58

Beta-defensin 0.42 – – 0.52 – 0.64 0.40 – – 0.44 – 0.60
PI3 0.46 0.52 0.53 0.49 – 0.62 0.47 0.45 0.48 0.47 – 0.58
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of downstream biomarkers such as beta-defensin 
that are highly expressed may be more useful in 
identifying markers of psoriatic disease activity 
and response to treatment.

This study is one of the few conducted to define 
the pharmacodynamic relationship between a 
given reduction in IL-17A expression and the 

expression of skin biomarkers regulated by IL-17A 
(e.g., IL-19 or beta-defensin), as well as to provide 
insights regarding the magnitude of reduction in 
IL-17A expression necessary to utilize it as a bio-
marker of clinical improvement. Previous studies 
of biologic agents have not addressed this issue 
comprehensively, as most doses studied resulted 

Fig. 5   Correlation between serum biomarker expression 
and PASI at Week 12. a IL-17A. b IL-19. c beta-defensin. 
d PI3. Dashed line indicates the upper limit of the 95% 
confidence interval for healthy controls: IL-19, 16.05; 
BD2, 2799.83; PI3, 6.22. BID twice daily, IL interleukin, 

NPX normalized protein expression, PASI Psoriasis Area 
and Severity Index, PASI 25/50/75/90/100  ≥ 25/50/75/
90/100% reduction from baseline in PASI, PI3 peptidase 
inhibitor 3, QD every day, QOD every other day
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either in complete inhibition or very large reduc-
tions in IL-17A expression [25–27]. Here, the 
range of deucravacitinib doses studied and the 
evaluation of their pharmacodynamic effects 
provide greater insights into what might be con-
sidered pathogenic versus nonpathogenic levels 
of IL-17A. This study did not assess the effect of 
TYK2 inhibition on other IL-17 isoforms, such as 
IL-17F. This will be an important aspect of future 
research because various T-cell subsets generate 
IL-17A, IL-17A/F, and IL-17F [28], raising the ques-
tion of whether all T-cell subsets are equally sensi-
tive to TYK2 blockade.

The results of this serum biomarker analysis 
are consistent with those of the previous gene 
expression analysis, which demonstrated that 
deucravacitinib treatment was associated with 
suppression of the IL-23/Th17 pathway and 
keratinocyte activation, as well as reduction in 
type-I IFN responses, in the skin of patients with 
moderate to severe plaque psoriasis [23]. Results 
are similar to those reported during treatment 
with the IL-23 antagonist risankizumab and the 
dual IL-12/IL-23 antagonist ustekinumab, where 
decreases were seen early in the levels of several 
IL-23/Th17 pathway genes, including IL-17A, 
IL-17C, IL-17F, IL-22, IL-23A, and beta-defensin, 
and genes associated with keratinocytes, epider-
mal cells, and monocytes [29]. Suppression of IL-
17A and IL-17F levels was significantly greater in 
patients switched from ustekinumab to the IL-23 
antagonist guselkumab, as was neutralization of 
molecular scar and psoriasis-related gene mark-
ers in the skin [30]. Similarly, the IL-17A antago-
nist ixekizumab demonstrated dose-dependent 
reductions in IL-17A, IL-17F, IL-22, IL-23, and 
IFN-γ in psoriatic lesions, accompanied by reduc-
tions in keratinocyte proliferation, hyperplasia, 
epidermal thickness, and dermal infiltration by T 
cells and dendritic cells [31]. No direct compara-
tive analysis of the various inhibitors has been 
performed.

Study limitations included the relatively short 
duration of this analysis and the potential vari-
ability in biomarker expression levels. Larger 
studies may provide additional insights about 
pharmacodynamic responses to deucravacitinib 
treatment in patients with plaque psoriasis.

CONCLUSION

In conclusion, biomarkers associated with 
IL-23/Th17 pathway expression and keratino-
cyte activation, which are elevated in the 
serum of patients with psoriasis, correlate with 
disease activity and response to deucravaci-
tinib treatment. Clinical correlation with the 
phase 3 deucravacitinib clinical trials in moder-
ate to severe plaque psoriasis [POETYK PSO-1 
(NCT03611751) and PSO-2 (NCT03624127)] 
[32, 33] may provide valuable additional 
insights on efficacy of deucravacitinib for the 
treatment of plaque psoriasis.
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