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Abstract: Psoriasis management may be challenging, particularly for moderate-to-severe forms of the disease. Indeed, conventional
systemic treatments are often avoided for contraindications or the risk of adverse events as well as phototherapy is often limited by
logistic concerns. Despite the development of biological drugs and small molecules revolutionized the treatment options showing
promising results in terms of safety and effectiveness, some limitations remain. Thus, there is still a need for new therapies that are
always welcome in order to tailor the treatment to the patient and to have a higher level of performance, especially in order to maintain
long-term effectiveness. In this scenario, deucravacitinib, an oral small molecule which selectively inhibits Tyrosine Kinase 2, may
represent a promising weapon in psoriasis management. The aim of our manuscript is to review the current knowledge on the efficacy
and safety of deucravacitinib for the management of psoriasis.
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Introduction

Psoriasis is a chronic inflammatory skin condition, with a worldwide prevalence of about 3%." Plaque psoriasis is the most
frequent disease form, accounting for up to 90% of cases and being clinically characterized by sharply demarcated
erythematous plaques covered by silvery-white lamellar scales.” Several comorbidities may be associated with psoriasis
such as metabolic syndrome (diabetes, obesity, hypertension, dyslipidemia), psoriatic arthritis, cardiovascular disease,
nonalcoholic fatty liver disease, inflammatory bowel disease, and depression.'* Moreover, psoriasis strongly affects
patients’ quality of life.’ Thus, an effective and personalized treatment is needed.® In this scenario, even if mild psoriasis is
often controlled with topical therapies, systemic treatments are required for moderate-to-severe forms.” However, traditional
systemic treatments (cyclosporine, acitretin, methotrexate, fumarates) are often avoided for contraindications (eg cardiovas-
cular disease, renal or hepatic failure, etc.) or for the risk of adverse events (AEs).*” Phototherapy may be a therapeutic
opportunity, but it is limited by logistic concerns.®’ Recently, the introduction of small molecules (apremilast) and biologic
drugs targeting different cytokines [tumor necrosis factor (TNF) a, interleukin (IL)-12/23,-17,-23] revolutionized the manage-
ment of psoriasis showing promising results in terms of efficacy and safety.'®'® However, unmet needs or some limitations
may still remain. On one hand, even if apremilast does not require parental administration, it shows lower and slower
effectiveness compared to biologics with possible gastrointestinal AEs.'”'® On the other hand, biologic drugs require parental
administration, which may be linked to increased risk of infection (upper respiratory tract infection) with some biologics being
contraindicated in certain condition (eg multiple sclerosis for anti-TNF and inflammatory bowel diseases for anti-IL17).
Finally, both apremilast and biologics have high costs and may present variable degree of risk of loss of efficacy over time.'”'*
Thus, there is still a need for accessible, effective, and safe oral drugs for patients with moderate-to-severe forms of psoriasis.
In this context, deucravacitinib, a recently developed oral small molecule (OSM) that selectively inhibits Tyrosine Kinase 2
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(TYK2), may represent a valuable weapon in psoriasis management.'**° The aim of our manuscript is to review the current
knowledge on the efficacy and safety of deucravacitinib for the management of psoriasis.

Materials and Methods

Literature research on the PubMed, clinicaltrials.gov, Cochrane Skin and Embase databases (until February 16, 2023)
was carried out. Manuscripts were found, screened and analyzed for relevant data following the Preferred Reporting
Items for Systematic reviews and Meta-analyses (PRISMA) guidelines (Figure 1).?' The following keywords were used
for the research: “psoriasis”, “oral small molecules”, “deucravacitinib”, “efficacy”, “safety”. Investigated manuscripts
included reviews, metanalyses, clinical trials, real-life experiences, case reports and series. The most relevant articles
were selected. Manuscripts regarding the use of deucravacitinib for other dermatological disease were excluded. Then,
the abstracts and the texts of selected articles were reviewed to refine the research. References were also analyzed to
include manuscripts that could have been missed. Finally, only English language articles were investigated. This
manuscript is based on previously performed studies and does not contain any studies with human or animals participants

carried out by any of the authors.
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Figure | PRISMA flowchart of study analysis.
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Results

A total of 4 completed trials and 6 ongoing studies were considered in the current review.”>>' Among the completed

studies with available results, two Phase II studies and two Phase 111 trials were identified.?> 2> Main results in terms of

effectiveness and safety are summarized in Table 1 and Table 2, respectively.

Table | Effectiveness of Deucravacitinib for Psoriasis Management in Clinical Trials

Author Study Phase/ Patients Study Group Efficacy
Period
PASI75 n (%) PASI90 n (%) PASII100 n (%) sPGA 0/1 n (%)
Papp et al*? Phase2 267 Placebo: 45 Placebo: 3 (6.7) Placebo: | (2.2) Placebo: 0 Placebo: 3 (6.7)
12w Deucravacitinib: Deucravacitinib: Deucravacitinib: Deucravacitinib: Deucravacitinib:
3mg QAD: 44 3mg QAD: 4 (9.1) 3mg QAD: 3 (6.8) 3mg QAD: | (2.3) 3mg QAD: 9 (20.5)
3mg QD: 44 3mg QD: 17 (38.6) 3mg QD: 7 (15.9) 3mg QD: 0 3mg QD: 17 (38.6)
3mg BID: 45 3mg BID: 31 (68.9) 3mg BID: 20 (44.4) 3mg BID: 4 (8.9) 3mg BID: 34 (75.6)
6mg BID: 45 6mg BID: 30 (66.7) 6mg BID: 20 (44.4) 6mg BID: 8 (17.8) 6mg BID: 29 (64.4)
12mg QD: 44 12mg QD: 33 (75.0) 12mg QD: 19 (43.2) 12mg QD: |1 (25.0) 12mg QD: 33 (75.0)
Armstrong Phase3 666 Placebo: 166 Placebo: 21 (12.7) Placebo: 7 (4.2) Placebo: | (0.6) Placebo: 12 (7.2)
et al*** 52w* Deucravacitinib 6mg Deucravacitinib: 194 Deucravacitinib: |18 Deucravacitinib: 47 Deucravacitinib: 178
QD: 332 (58.4) (35.5) (14.2) (53.6)
Apremilast 30mg BID: | Apremilast: 59 (35.1) Apremilast: 33 (19.6) Apremilast: 5 (3.0) Apremilast: 54 (32.1)
168
Strober Phase3 1020 Placebo: 255 Placebo: 24 (9.4) Placebo: 7 (2.7) Placebo: 3 (1.2) Placebo: 22 (8.6)
et al®* 52w* Deucravacitinib 6mg Deucravacitinib: 271 Deucravacitinib: 138 Deucravacitinib: 52 Deucravacitinib: 253
QD: 511 (53.0) (27.0) (10.2) (49.5)
Apremilast 30mg BID: | Apremilast: 101 (39.8) | Apremilast: 46 (18.1) Apremilast: || (4.3) Apremilast: 86 (33.9)
254

Note: *Results at week 16 before rerandomization or treatment cross over.
Abbreviations: W, week; QAD, every other day; QD, once a day; BID, two times a day; PASI, Psoriasis Area Severity Index; PASI75, PASI reduction of at least 75%; PASI90,
PASI reduction of at least 90%; PASI100, PASI reduction of 100; sSPGA 0/1, static Physician’s Global Assessment 0/1.

Table 2 Safety of Deucravacitinib for Psoriasis Management in Clinical Trials

Author Study Group Any AEs n (%) Serious AEs n (%) Treatment- AEs Leading to Most Common AEs n (%)
Related AEs Discontinuation
n (%) n (%)
Papp etal®® | Placebo: 45 AEs were collected in 51% of the Placebo: | (2.2) NR Placebo: 2 (4.4) Nasopharyngitis, headache,
Deucravacitinib: subjects in the placebo cohort and | Deucravacitinib: Deucravacitinib: diarrhea, nausea, and URTI were
3mg QAD: 44 55 to 80% patients in the 3mg QAD: | (2.3) 3mg QAD: | (2.3) | the most common AEs.
3mg QD: 44 deucravacitinib groups, with the 3mg QD: | (2.3) 3mg QD: 2 (4.5)
3mg BID: 45 highest percentage in the 6mg BID 3mg BID: | (2.2) 3mg BID: | (2.2)
6mg BID: 45 dose. 6mg BID: 0 6mg BID: 3 (6.7)
12mg QD: 44 12mg QD: 0 12mg QD: 1 (2.3)
Armstrong Placebo: 166 Placebo: 70 (42.4) Placebo: 9 (5.5) Placebo: 20 Placebo: 7 (4.2) Placebo: nasopharyngitis (7,
et al?** Deucravacitinib Deucravacitinib: 176 (53.0) Deucravacitinib: 7 (12.1) Deucravacitinib: 6 4.2%) — URTI and diarrhea (6,
6mg QD: 332 Apremilast:93 (55.4) 2.1) Deucravacitinib: (1.8) 3.6%) — headache (5, 3.0%)
Apremilast 30mg Apremilast: 4 (2.4) 65 (19.6) Apremilast:10 (6.0) Deucravacitinib:
BID: 168 Apremilast: 36 nasopharyngitis and URTI (21,
(21.4) 6.3%) — headache (16, 4.8%) —
diarrhea (13, 3.9%)
Apremilast: nausea (19,
11.3%) — headache and diarrhea
(17, 10.1%) — nasopharyngitis
(14, 8.3%)
Strober Placebo: 255 Placebo: 138 (54.3) Placebo: 3 (1.2) Placebo: 45 Placebo: 9 (3.5) Placebo: nasopharyngitis (29,
et al®* Deucravacitinib Deucravacitinib: 293 (57.5) Deucravacitinib: 8 (17.7) Deucravacitinib: 14 11.4%) — diarrhea (19, 7.5%) —
6mg QD: 511 Apremilast: 150 (59.1) (1.6) Deucravacitinib: 2.7) headache (14, 5.5%)
Apremilast 30mg Apremilast: | (0.4) 99 (19.4) Apremilast: 12 (4.7) Deucravacitinib:
BID: 254 Apremilast: 73 nasopharyngitis (55, 10.8%) — URTI
(28.7) (25, 4.9%) — diarrhea (24, 4.7%)
Apremilast: diarrhea (33,
13.0%) — headache (28, 11.0%) —
nasopharyngitis and nausea (23,
9.1%)

Note: *Results at week 16 before rerandomization or treatment cross over.
Abbreviations: AEs, Adverse Events; QAD, every other day; QD, once a day; BID, two times a day; PASI, Psoriasis Area Severity Index; URTI, upper respiratory

tract infection.
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Papp et al showed the results of a Phase II, double-blind trial enrolling 267 subjects randomly assigned to receive
deucravacitinib at a dose of 3mg every other day (QAD) (n = 44), 3mg daily (QD) (n = 44), 3mg BID (BID) (n = 45),
6mg BID (n = 45), 12mg QD (n = 44), or placebo (n = 45) with the aim of assessing the reduction of Psoriasis Area
Severity Index (PASI) of at least 75% (PASI75) after 12 weeks of treatment.”? Globally, PASI75 was reached by 3
(6.7%), 4 (9.1%), 17 (38.6%), 31 (68.9%), 30 (66.7%) and 33 (75.0%) patients receiving placebo or deucravacitinib at
the dose of 3mg QAD (not statistically significant compared with placebo), 3mg QD (p < 0.001 vs placebo), 3mg BID
(p < 0.001 vs placebo), 6mg BID (p < 0.001 vs placebo), and 12mg QD (p < 0.001 vs placebo), respectively.** Secondary
outcomes showed promising results in terms of PASI90 and PASI100 achievement (Table 1). As regards the safety, AEs
were collected in 51% of the subjects in the placebo group and 55% to 80% of the subjects receiving deucravacitinib,
with the highest percentage in the 6mg BID cohort.” The commonest AEs were nasopharyngitis, nausea, diarrhea,
headache, and upper respiratory tract infection, leading to study discontinuation in 4% of subjects in the placebo cohort
and from 2% to 7% of patients receiving deucravacitinib at different dosage.”> Finally, 3 (1.4%) serious AEs were
reported in patients receiving deucravacitinib, in addition to a case of malignant melanoma 96 days after the beginning of
the treatment.”> Moreover, a post-hoc analysis of this study including the 3 most efficacious dosage groups (3mg BID,
6mg BID, 12mg QD) and placebo was performed to assess the impact of deucravacitinib on quality-of-life (QoL).>* The
authors reported that the improvement in QoL, evaluated by the achievement of a Dermatology Life Quality Index
(DLQI) overall score of 0/1 (no effect at all on patient’s life), had a similar trend to deucravacitinib related clinical results
over 12 weeks.”®> Globally, patients with greater psoriasis improvements also reported greater QoL improvement.”> Of
note, the authors highlighted that PASI100 was not mandatory for reaching DLQI 0/1, as patients may reach DLQIO/1,
neverthless the absence of complete skin clearance or BSA involvement >3%.>

The safety and efficacy of deucravacitinib was also studied in a 52-week, randomized, double-blinded, placebo-
controlled phase III trial (POETYK PSO-1) enrolling 666 patients randomized to receive deucravacitinib 6mg every day
(n = 332), placebo BID (n = 166), or apremilast 30mg BID (n = 168).>* The two main aims of the study were the
achievement of PASI75 response and static Physician’s Global Assessment (sPGA) 0/1 (clear/almost clear) at week 16.%*
After 16 weeks of treatment, subjects randomized to placebo switched to deucravacitinib whereas at week 24, patients
receiving apremilast who did not reach PASI50 crossed over to deucravacitinib up to week 52.%* Globally, 194 (58.4%)
patients reached PASI75 at week 16 in the deucravacitinib cohort compared with 21 (12.7%) in placebo cohort (p <
0.0001) and 59 (35.1%) in the apremilast group (p < 0.0001).>* Similarly, SPGA 0/1 was reached in 178 (53.6%) patients
receiving deucravacitinib compared with 12 (7.2%; p < 0.0001) and 54 (32.1%; p < 0.0001) patients receiving placebo
and apremilast at the same time point, respectively.* Globally, PASI75 response and sSPGA 0/1 continued to improve up
to week 24 and these responses were maintained to week 52 in patients receiving deucravacitinib.>* Moreover, at week
16 PASI90 was reached by 118 (35.5%) patients receiving deucravacitinib compared with 7 (4.2%) subjects receiving
placebo (p < 0.0001) and 32 (19.0%) treated with apremilast (p = 0.0002), respectively.24 Finally, 47 (14.2%) patients
undergoing treatment with deucravacitinib reached PASI100 at week 16 compared with 1 (0.6%) and 5 (3.0%) subjects in
the placebo and apremilast cohort, respectively (p < 0.0001 for both).** As regards the safety, AEs rates were similar
among the three cohorts. In particular, the commonest AEs in deucravacitinib group were upper respiratory tract infection
and nasopharyngitis.* Discontinuations due to AEs over weeks 0—16 were lower with deucravacitinib (14, 1.8%) versus
placebo (7, 4.2%) and apremilast (10, 6.0%).>* No AEs leading to interruption occurred in >1 patient receiving
deucravacitinib.**

These results were confirmed by another 52-week, double-blinded, Phase 3 trial (POETYK PSO-2) investigating the
achievement of PASI75 response and sPGA 0/1 at week 16 on 1020 patients randomized to receive deucravacitinib 6mg
every day (n = 511), placebo (n = 255), or apremilast 30mg BID (n = 254).%° Placebo cohort was switched to
deucravacitinib at week 16 whereas apremilast group was rerandomized 1:1 to continue deucravacitinib or placebo at
week 24.%° Globally, 271 (53.0%) patients reached PASI75 at week 16 in the deucravacitinib group compared with 24
(9.4%) in placebo cohort (p < 0.0001) and 101 (39.8%) in the apremilast group (p = 0.0004).% Similarly, sPGA 0/1 was
reached in 253 (49.5%) patients receiving deucravacitinib compared with 22 (8.6%, p < 0.0001) and 86 (33.9%, p <
0.0001) patients receiving placebo and apremilast, respectively, at the same time point.> Of note, PASI75 response and
sPGA 0/1 continued to improve up to week 24 and these responses were maintained to week 52 with continuous
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treatment.”> Moreover, at week 16 PASI90 was reached by 138 (27.0%) patients receiving deucravacitinib vs 7 (2.7%)
and 46 (18.1%) treated with placebo (p < 0.0001) and apremilast (p = 0.0046), respectively.25 Finally, 52 (10.2%)
patients undergoing treatment with deucravacitinib reached PASI100 at week 16 compared with 3 (1.2%) and 11 (4.3%)
subjects in the placebo and apremilast cohort, respectively (p < 0.0001 for placebo and p = 0.0051 for apremilast).>> AEs
[placebo: 138 (54.3%); deucravacitinib: 293 (57.5%); apremilast: 150 (59.1%)] and serious AEs [placebo: 3 (1.2%);
deucravacitinib: 8 (1.6%); apremilast: 1 (0.4%)] rate was similar across the treatment groups.

Similarly, AEs-related treatment interruptions were lower in the deucravacitinib (n = 14, 2.7%) versus placebo (n =9,
3.5%) or apremilast (n = 12, 4.7%) groups.>® Nasopharyngitis (n = 55, 10.8%) and upper respiratory tract infection (n =
25, 4.9%) were the most common AEs in patients receiving deucravacitinib up to week 16.%

To date, preliminary results from a Phase III, open-label, long-term extension (LTE) trial (POETYK PSO-LTE) with
the purpose of assessing the long-term efficacy and safety of deucravacitinib in patients with psoriasis showed that the
benefits of deucravacitinib treatment seem to maintain over the longer term (up to 2 years).”® In particular, in 262
deucravacitinib patients from POETYK PSO-1 who transitioned into POETYK PSO-LTE, PASI75, PASI90 and sPGA 0/
1 were reached by 82.4%, 55.2% and 66.5% subjects, respectively, following 112 weeks of treatment.?’

Finally, several clinical trials investigating the safety and efficacy of deucravacitinib for psoriasis management in
scalp psoriasis,”® palmoplantar pustulosis, nail psoriasis’® and in pediatric population®' are ongoing.

Discussion
Psoriasis management may be challenging, particularly for moderate-to-severe forms of the disease.*>** Despite the use

of biological drugs and OSM revolutionized the treatment options showing promising results in terms of effectiveness

and safety,**>¢

3741

also during the COVID-19 pandemic period which brought further challenges to the daily clinical
practice, there is still a need for new therapies that are always welcome in order to tailor the treatment to the patient
and to have a higher level of performance, especially in order to maintain long-term effectiveness. Indeed, conventional
systemic treatments are often avoided for contraindications or the risk of AEs,*° phototherapy is often limited by logistic
concerns.®” As regards OSM, apremilast is the only innovative drug with oral administration, which specifically inhibits
the phosphodiesterase-4 enzyme, modulating the immune system through the raise of the intracellular cyclic adenosine

monophosphate levels and inhibiting the production of TNF, IL-2 and 8.

Despite the high profile of safety of apremilast
(it could be used in patients with hepatitis, tuberculosis or cancer), it has lower and slower effectiveness compared to
biologics, with significant lower results in terms of PASI 90 and 100 response.'”'® Similarly, even if biologics have
widely showed their effectiveness and safety, few limitations (eg parental administration which may represent an obstacle
in the treatment of patients who are needle-phobic, costs, etc.) may reduce their use.'”'®

In this context, new data on psoriasis pathogenesis allowed the development of new selective therapies.” Among
these, new scientific findings on TYK2, an intracellular kinase that mediates signaling of IL-23 and other cytokines

implicated in psoriasis pathogenesis, particularly IL-12 and type I interferons™***

made TYK2 an interesting target for
novel psoriasis therapeutic options.

Recently, based on a review of a large, randomized safety clinical trial comparing tofacitinib with anti-TNF for the
management of arthritis, US Food and Drug Administration alerted that there seems to be an increased risk of serious
heart-related events such as heart attack or stroke, blood clots, cancer, and death. Subsequently, a warning has been made
for two other Janus Kinase (JAK) inhibitors: baricitinib and upadacitinib.*> Of interest, deucravacitinib was not involved
in these warnings.*’ Indeed, it selectively inhibits TYK2 by uniquely binding to the TYK2 regulatory pseudokinase
domain (allosteric inhibitions), which has a specific configuration in each JAK (JAK1, JAK2, JAK3 and TYK2), without
binding to the conserved active domain (competitive inhibitors), which is similar in all JAK inhibitors. Thus, the use of
deucravacitinib does not affect JAK 1, 2 and 3 biomarkers.*® Therefore, differently from JAK inhibitors which may be
sometimes linked to an increased risk of changes in laboratory parameters (neutrophils, hemoglobin, lipid panel,
platelets, creatine phosphokinase), thromboembolic events, malignancy, and infections, the high selectivity for TYK2
is expected to avoid the AEs deriving from direct JAK inhibition.*®

Deucravacitinib, a new OSM that selectively inhibits TYK2, seems to be a valuable option among the armamentarium
of drugs for psoriasis management. Currently, it has been approved by the Food and Drug Administration for the
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management of adults with moderate-to-severe plaque psoriasis who are candidates for systemic therapy or phototherapy
at the dosage of 6mg orally once daily, with or without food.*® Despite real-life data are still absent, clinical trials showed
promising data in terms of effectiveness and safety, showing also it superiority against apremilast.”*>> Moreover, several
studies are ongoing.?* '

Globally, in the Phase 2 trial, deucravacitinib at the dosages of 3 mg daily and higher resulted in greater clearance of
psoriasis compared to placebo.*? Analogous results were observed in QoL improvement.”® Furthermore, both completed
phase 3 trials showed that the effectiveness of deucravacitinib 6mg once daily was superior to that of apremilast 30mg
twice daily or placebo, at week 16 and week 24.2**> Of note, clinical response was maintained in patients who
continuously received deucravacitinib up to 52 weeks while patients who switched from placebo to deucravacitinib at
week 16 had similar responses to those who received continuous deucravacitinib treatment from day 1.2*%°

The drug package insert recommends considering risks and benefits of treatment prior to initiating deucravacitinib in
patients with chronic or recurrent infection or are predisposed to infections as this drug may increase the risk of infection,
avoiding the drug in subjects with an active or serious infection.*’ The benefits and risks should be considered also in
patients with malignancies before starting treatment.*” Moreover, creatine phosphokinase, triglyceride and liver enzymes
should be monitored during treatments since their values may be increased by the drug use. Finally, no dose adjustment is
required in patients with renal impairment, but treatment should be avoided in patients with severe hepatic failure.*” Of
note, unlike apremilast, screening for tuberculosis and viral hepatitis is necessary to start deucravacitinib therapy, as the
case of biologics.

Currently, there are many therapeutic options for the management of moderate-to-severe forms of psoriasis when the
use of conventional systemic treatment is contraindicated or ineffective. However, medicine is moving more and more to
a personalized approach making the goal of treatment the use of the right drug for the right patient at the right moment. In
this scenario, the introduction of apremilast and biologics changed daily clinical practice. However, even if apremilast
may be use in patients with multiple comorbidities including cancer, latent tuberculosis and hepatitis, its use may be
limited by gastrointestinal AEs as well as the use of biologics may have some limitations.'”'® Thus, the introduction of
new innovative safe and effective option is always desirable to extend psoriasis treatment armamentarium and let the
dermatologist able to choose the best therapy for the patient following his peculiarities and preferences.*®

In this context, deucravacitinib may be a valuable option for psoriasis management. Indeed, promising results have
been reported in clinical trials, with a statistically significant higher effectiveness than placebo and apremilast with PASI
75 response in 58.4% of subjects at week 16 and 69.3% of patients at week 24 in POETYK PSO-1 and 53.0% and 58.7%
of subjects at the same timepoints in POETYK PSO-2, respectively, with comparable safety to apremilast in both
studies.?** However, real-life data are still absent.

To sum up, deucravacitinib seems to be an innovative and valuable weapon for the management of psoriasis due to
the promising results in terms of effectiveness and safety reported by clinical trials, offering an oral alternative to existing
systemic therapies. Certainly, additional studies are required to confirm these results and to compare deucravacitinib
versus biologic drugs to establish the exact role of this treatment in the management of psoriasis.
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