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Abstract: Psoriasis is now considered to be the cutaneous phenotype of a systemic inflammatory condition, recognized under the term
Psoriatic Disease (PsD). PsD has several extracutaneous manifestations, such as inflammatory articular and entheseal involvement,
leading to psoriatic arthritis (PsA), and the less frequent intestinal and ocular manifestations with colitis/inflammatory bowel disease
and uveitis, respectively. There have also been several reports of an increased frequency of comorbidities such as hypertension,
diabetes, dyslipidemia, obesity, metabolic syndrome and cardiovascular manifestations during the course of PsD. The link between
psoriasis and related comorbidities is considered a long-term disease sequela, often characterized by an unhealthy lifestyle and a
consequence of systemic inflammation; hence, psoriasis requires adequate and prompt treatment, with the aim of controlling not only
cutaneous manifestations but also extracutaneous manifestations and systemic inflammation. Pharmacological strategies for PsD have
significantly increased over recent years. Recently, the targeted synthetic DMARDSs, Janus kinase (JAK) inhibitors, tofacitinib and
upadacitinib, were added to the therapeutic armamentarium for treating PsA, and deucravacitinib for psoriasis. These oral agents act
directly on inflammatory mechanisms underlining the disease, as antagonists of the intracellular JAK signal pathway and, by STAT
phosphorylation, inhibit gene proinflammatory cytokine transcription. JAK inhibitors represent a recent additional treatment strategy
for PsD management and, among these, tofacitinib and upadacitinib have recently been approved for PsA, and deucravacitinib for
psoriasis. In this review we describe ongoing and recent phase Il and III randomized controlled trials (RCTs) evaluating the efficacy
and safety of investigational JAK inhibitors in psoriasis and PsA.
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Introduction
Psoriasis is a chronic inflammatory skin disease, affecting up to 3% of the worldwide population.' The most frequent
clinical presentation, accounting for 80-90% of all cases, is plaque psoriasis/psoriasis vulgaris, which is characterized by
well-delineated papulo-squamous plaques, involving most commonly the knees, elbows, trunk, scalp and nails.>*
Psoriatic skin lesions are frequently associated with itching, pain, burning sensation, desquamation and, in its moderate
to severe form, may have a significative negative impact on patients’ quality of life (QoL), affecting both social and
working aspects.””’ Of note, psoriasis is now considered to be the cutaneous phenotype of a systemic inflammatory
condition, recognized under the term Psoriatic Disease (PsD).®? PsD has several extracutaneous manifestations, such as
inflammatory articular and entheseal involvement, leading to psoriatic arthritis (PsA), and the less frequent intestinal and
ocular manifestations involving colitis/inflammatory bowel disease and uveitis, respectively.'® "

PsA can occur in about one-third of psoriasis patients, showing dactylitis, enthesitis, peripheral and/or axial articular
involvement.'* The Toronto Psoriatic Arthritis Screen II (ToPAS II), Psoriatic Arthritis Screening and Evaluation
(PASE), Psoriasis Epidemiology Screening Tool (PEST) and Early Arthritis for Psoriatic Patients (EARP) questionnaires

represent four useful screening tools for diagnosing PsA in psoriasis subjects.'”
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There have been sseveral reports of an increased frequency of comorbidities such as hypertension, diabetes,
dyslipidemia, obesity, metabolic syndrome and cardiovascular (CV) manifestations in the course of PsD.''™'* The link
between psoriasis and related comorbidities is considered a long-term disease sequela often characterized by an
unhealthy lifestyle and a consequence of systemic inflammation; hence, psoriasis requires adequate and prompt treatment
with the aim of controlling not only cutaneous manifestations but also extracutaneous manifestations and systemic
inflammation,'®'®

Pharmacological strategies for PsD have significantly increased over recent years. Numerous randomized controlled trials
(RCTs) have proven the efficacy and safety of various topical agents for cutaneous involvement, such as conventional
synthetic disease-modifying anti-rheumatic drugs (csDMARDs), and biological DMARDs (bDMARDs), and the phospho-
diesterase-4 (PDE-4) inhibitor, apremilast, approved both for psoriatic cutaneous and articular manifestations.'® >

Recently, the targeted synthetic DMARDs (tsDMARDs), Janus kinase (JAK) inhibitors (Jakinibs), tofacitinib and
upadacitinib, were added to the therapeutic armamentarium for treating PsA, and deucravacitinib for psoriasis. These oral
agents act directly on inflammatory mechanisms underlying the disease, as antagonists of the intracellular JAK signal
pathway and, by STAT phosphorylation, inhibit gene proinflammatory cytokine transcription.?

JAK inhibitors represent a recent additional treatment strategy for PsD management and, among these, tofacitinib and
upadacitinib have recently been approved for PsA, and deucravacitinib for psoriasis. In this review we describe ongoing

and recent phase II and III RCTs evaluating the efficacy and safety of investigational JAK inhibitors in psoriasis and PsA.

Psoriatic Disease Etiopathogenesis

PsD shows a complex and still not fully clarified pathophysiology. The hallmark of psoriasis is sustained inflammation
with involvement of multiple innate and adaptive cellular pathways that lead to uncontrolled keratinocyte proliferation
and dysfunctional differentiation.”*** The activation of plasmacytoid dendritic cells (pDC) by LL37/cathelicidin released
by damaged keratinocytes and complexed with self-genetic material is considered to be the starting key pathogenetic
event for the development of the psoriatic plaque. pDC are then able to produce type I IFN promoting myeloid dendritic
cell (mDC) phenotypic maturation leading to Th1 and Th17 cell differentiation and activation.** Several cytokines have
been found to play a key role in the development and maintenance of the inflammatory processes behind psoriatic
lesions. In particular, the IL-23/Th17 axis is believed to play a central role.?**’ Indeed, IL-23 drives the differentiation
and proliferation of Th17 cells, which produce high levels of IL-17 and IL-22, causing keratinocyte proliferation and
other typical features of psoriasis.'

The JAK/STAT pathway family is composed of four cytoplasmic tyrosine kinases (JAK1, JAK2, JAK3, and Tyk2),
and seven signal transductors (STAT1, STAT2, STAT3, STAT4, STATS5a, STAT 5b, and STAT6) regulating signaling
effects of multiple cytokines and growth factor on involved cells.**

Dysregulation of several molecules, including proinflammatory interleukins (ILs), interferons (IFNs), growth factors, and
colony-stimulating factors (CSF) act as ligands to receptors connected to intracytoplasmic JAKs. Hence, JAKs activate STAT
proteins, which translocate to the nucleus, thus generating expression of inflammatory nuclear factor synthesis. Of note, a key
role in psoriatic pathogenesis is played by the IL-23 receptor relying on a heterodimer of JAK2 and TYK2 for signal
transduction.”® JAKs are intracellular kinases that mediate signalling of the key cytokines (eg, interleukin [IL]-23 and type I
interferons) involved in the pathogenesis of immune-mediated diseases including plaque psoriasis and psoriatic arthritis. JAK/
STAT pathway dysfunctions lead to the proliferation and regulation of crucial pathogenetic cells, including keratinocytes,
Th17 lymphocytes, and gamma—delta T cells.”>*° Further, JAK/STAT pathways show a central role in the development and
pathogenesis of psoriatic-associated inflammatory conditions, as well as in PsA.>' >* Several data have reported an enhanced
activation of JAK1/STAT3/STAT1 that may drive the articular inflammatory process, characterized by expansion of Th17
effector cells in the synovial fluid of joints of patients with active PsA.>3 "

In this context, understanding of the pro-inflammatory intracellular JAK/STAT pathways involved in PsD has
facilitated the identification and development of new therapeutic molecules able to inhibit/reduce the signaling effects

of multiple cytokines and growth factor on targeted cells.>**°
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Psoriatic Disease Assessment and Therapy

Since psoriasis treatment strictly depends on its severity, disease assessment represents an important issue. Hence, several
clinical tools, such as the Psoriasis Area Severity Index (PASI) and Body Surface Area (BSA), are used in clinical
practice, as well as in randomized clinical trials (RCTs).*' PASI score is the most widely used tool to evaluate psoriasis
severity, and PASI75 (75% or greater reduction in PASI scores from baseline) represents a primary outcome largely used
in psoriasis RCTs. It combines the assessment of the severity of lesions and the area affected into a single score ranging
from 0 (no disease) to 72 (maximal disease), dividing the body into four sections (head: 10%, arms: 20%, trunk: 30%,
and legs: 40%) and scoring any of these areas by itself. Then, the 4 scores are combined into the final PASI. For all
sections, the percentage of skin involved is estimated and then converted into a grade from 0 (0% of involved area) to 6
(90-100% of involved area). The severity is estimated by three clinical signs measured on a scale of 0 (none) to 4
maximum): erythema (redness), induration (thickness) and desquamation (scaling). The sum of all three severity
parameters is then calculated for each section of skin, multiplied by the area score for that area and multiplied by
weight of respective section (0.1 for head, 0.2 for arms, 0.3 for body, and 0.4 for legs).*” BSA represents the arithmetic
mean of the affected skin surface based on the assumption that the head presents 10%, the upper extremities 20%, the
trunk 30%, and the lower extremities 40% of the total body surface. The formula for the calculation of BSA is: BSA =
0.1 * BSA head + 0.2 * BSA upper extremities + 0.3 * BSA trunk + 0.4 * BSA lower extremities.** Psoriasis is
considered as moderate to severe, hence requiring systemic treatment, when PASI and/or BSA are >10. However,
psoriasis may be considered as moderate to severe, requiring prompt systemic treatment, even if PASI and/or BSA are
less than 10 but the disease involves the so-called difficult to treat areas such as scalp, palmo-plantar area, face, genitals,
and nails, which all have a huge impact on quality of life as well as daily life.** The importance of evaluating disease
severity is also displayed by impact on quality of life evaluated through the Dermatology Life Quality Index (DLQI)
questionnaire, a simple, self-administered validated questionnaire designed to measure the health-related quality of life of
adult patients suffering from a skin disease.** It consists of 10 questions exploring the impact of the disease in different
aspects of life (skin symptoms, embarrassment, influence on choice of clothes to wear, social activities, sport, working
activities, sexual activity, etc), showing a score ranging from 0 to 30. The disease is considered moderate to severe for
scores of > 10.

Psoriasis management is challenging, particularly for moderate-to-severe forms of the disease, defined as PASI >10 or
BSA >10 and DLQI > 10, or PASI or BSA <10 with involvement of visible and/or difficult to treat areas (scalp, face,
genitals, nails with onycholysis or onychodystrophy of at least two fingernails, and palmo-plantar area), and/or presence
of itching leading to scratching and the presence of recalcitrant plaques.***

When articular involvement is verified, several composite disease activity measures (Composite Psoriatic Disease Activity
Index [CPDAI], PsA Impact of Disease [PsAID], Psoriatic Arthritis Disease Activity Score [PASDAS], Disease Activity Index
for Psoriatic Arthritis [DAPSA]) assess contemporaneously multiple domains, such as axial and peripheral involvement,
responses to the Health Assessment Questionnaire (HAQ), pain, enthesis and dactylitis. The rates of ACR20 response (> 20%
improvement from baseline in the number of tender and swollen joints and at least three of five other important domains) and
mean change from baseline in Health Assessment Questionnaire-Disability Index (HAQ-DI) score (scores range from 0 to 3,

with higher scores indicating greater disability) are the main outcomes used in PsA trials.*”*®

Psoriatic Disease Treatment

Even if mild psoriasis is often controlled with topical therapies, systemic treatments are required for moderate-to-severe forms.
Conventional systemic drugs include cyclosporine, acitretin, methotrexate, and fumarates. However, their use is often limited
by contraindications (eg, cardiovascular disease, hepatic or renal failure, etc.) and the risk of adverse events (AEs).***® For
example, cyclosporine is contraindicated in patients with hypertension and renal failure and also has several drug interactions;
acitretin is teratogen and may cause lipid level alteration; and methotrexate may determine blood count or transaminase
alterations, limiting their use, especially for patients with other comorbidities and polypharmacy use.** >

Phototherapy may be a valuable alternative option, despite being limited by logistic concerns (the patient should

attend the phototherapy center three times weekly).*>**¢
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In this scenario, bDMARDs and oral small molecules have revolutionized psoriasis management. Indeed, they
combine a greater efficacy profile rather than conventional systemic treatments, together with a more desirable safety
profile. To date, several bDMARD classes have been approved for the management of psoriasis, including anti-TNFs,
anti-IL-12/23, anti-IL-17s, and anti-IL-23s, and they are able to achieve a fast and sustained clinical response, with an
even, generally safe profile.”® In PsA, bDMARDs targeting TNF-o and IL-17A are highly recommended for predominant
axial, and entheseal phenotypes and peripheral arthritis refractory to methotrexate.>*>°

However, although generally safe, bDMARGds have several concerns to be considered before starting the treatment, such as
the risk of reactivation of latent tuberculosis infection (especially for anti-TNF and anti-IL12/23), or onset or worsening of
inflammatory bowel diseases (anti-IL-17s).>">®* Moreover, bDMARDs are administered by subcutaneous injection, or
intravenously in case of infliximab, which may represent a partial limit in some patients. Of note, bDMARDS were also
shown to be safe during the COVID-19 pamdernic.5 9,60 Hence, oral small molecules, such as the PDE-4 inhibitor, Apremilast,
may represent a valuable alternative for moderate to severe forms of psoriasis and for patients with mild PsA refractory to
therapy with at least one csDMARD, and contraindications to bDMARD or JAK inhibitor use.*>#-61:62

JAK inhibitors represent a recent additional treatment strategy for PsD management, and among these, tofacitinib and
upadacitinib have recently been approved for PsA, and deucravacitinib for psoriasis. In this review we describe ongoing
and recent phase II and III RCTs evaluating the efficacy and safety of investigational JAK inhibitors in psoriasis and PsA.

As previously described, PsD pathophysiology relies on JAK/STAT signaling and JAK-inhibitors, tofacitinib and upadaci-
tinib, are yet to be approved for psoriatic articular phenotype, as well deucravacitinib for the cutaneous phenotype.®*** Inhibition
of this pathway seems be a promising treatment for PsD management and several RCTs are ongoing for other JAK inhibitors.

Aim of the Study
The aim of our study was to review current literature on the use of JAK inhibitors in PsD in order to offer a wide
perspective on their efficacy and safety and investigate their potential applications.

Materials and Methods

A search of the current literature on the PubMed, Embase, Cochrane Skin, Google Scholar, and clinicaltrials.gov databases
(until June 30, 2023) was performed using the following terms: “psoriasis”, “psoriatic arthritis”, “JAK inhibitors”, “tofaci-
tinib”, “upadacitinib”, “filgotinib”, “itacitinib”, “abrocitinib”, “solcitinib”, “ivarmacitinib”, “baricitinib”, “pefcitinib”, “deu-
cravacitinib”, “BMS-986165”, “brepocitinib”, “PF-06700841”, “ropsacitinib”, and “PF-06826647”. The following types of
article were considered in our review: metanalyses, reviews, clinical trials, case reports and series, and real-life experiences.
The most relevant articles were selected. The texts and abstracts of designated manuscripts were reviewed to refine the
research. References were also analyzed to avoid missing some relevant articles. The current article is based on previously

performed studies and does not contain any studies with animal or human participants carried out by any of the authors.

JAK Inhibitors Approved for PsA and Under Investigation for Psoriasis

Results of our research are summarized in Table 1.

JAK Inhibitors Approved for PsA
Tofacitinib
Tofacitinib is a pan-JAK inhibitor that effectively blocks JAK1 and JAK3. It is approved at the dose of Smg twice daily
(BID) combined with MTX for the treatment of moderate-to-severe active PsA in adult patients with an intolerance or
inadequate response to csDMARDs.”®7

Two double-blind, placebo-controlled phase III RCTs (Oral Psoriatic Arthritis trial. [OPAL] and Broaden and Oral
Psoriatic Arthritis trial. [OPAL Beyond])’**® and a long-term extension analysis up to 48 months during these trials
(OPAL Balance) have reported efficacy and an acceptable safety profile in PsA.*

These trials have shown a significant improvement in term of ACR20 response rates and mean change from baseline
in HAQ-DI score (primary outcomes), at month 3 and over time (48 months) in tofacitinib (5mg and 10mg BID) patients,

as compared with placebo.®* ™2
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Table | JAK Inhibitors in Psoriatic Disease

Drug; Trial

Trial Description/Duration

Patients

Efficacy

AEs; Discontinuation for AEs

Tofacitinib;
NCT00678210%°

Phase IlIb, randomized placebo-
controlled, dose-ranging study /

12 weeks

197 pts

Randomization to:
® PBO: 50
® Tofacitinib 2mg BID: 49
® Tofacitinib 5Smg BID: 49
® Tofacitinib |5mg BID: 49

At week 12, PASI7S5 response rates were significantly higher for all
tofacitinib groups: 25.0% (2mg; p<0.001), 40.8% (5mg; p<00001)
and 66.7% (15mg; p<0.0001), compared with placebo (2.0%)

Therapy-arm group: 115 (58.4%); 9
(4.6%)

Placebo: 30 (60.0%); 3 (6.0%)
Most frequent AEs: upper
respiratory tract infection,

nasopharyngitis and headache.

Tofacitinib; OPT

Pivotal 16¢

Phase II, randomized placebo-
controlled / 16 weeks

900 pts

Randomization to:

® PBO: 177

® Tofacitinib 5mg BID: 360
® Tofacitinib 10mg BID: 363

At week 16, PGA response* rates in tofacitinib 5mg group and
10mg group were 152 (41.9%) and 213 (59.2%), respectively,
significantly higher than placebo: 16 (9.0%) (<0.001 vs placebo in
both groups)

PASI75 response rates were significantly higher for all tofacitinib
groups: 145 (39.9%; 5mg; p<0.001), 213 (59.2% (10mg; p<001),
compared with placebo (11, 6.2%)

Therapy-arm group: 494 (54.9%);
33 (3.7%)

Placebo: 90 (50.8%); 11 (6.2%)
Most frequent AEs: nasopharyngitis
and upper respiratory tract

infection

NCTO01241591%7

multicentre, double-dummy,
placebo-controlled, non-
inferiority trial / 12 weeks

Randomization to

® PBO: 107;

® Tofacitinib 5mg BID: 329;
® Tofacitinib 10mg BID: 330;

® Etanercept 50mg twice weekly: 335

(47.1%), 225 (68.2%), 222 (66.3%) and 16 (15.0%) in the tofacitinib
5mg group, tofacitinib 10mg group, etanercept group, and placebo
group, respectively

PASI75 response was reached by 130 (39.5%), 210 (63.6%), 197
(58.8%) and 6 (5.6%) subjects of the same groups, respectively.
For both coprimary endpoints, tofacitinib 10mg BID was non-
inferior to etanercept and was superior to placebo, whereas
tofacitinib 5mg BID did not meet the non-inferiority criteria
versus etanercept but met the superiority criteria versus placebo.

Tofacitinib; OPT Phase I, randomized placebo- 951 pts At week 16, PGA response* rates in tofacitinib 5mg group and Therapy-arm group: 518 (54.5%);
Pivotal 2%¢ controlled / 16 weeks Randomization to: 10mg group were 173 (46.0%) and 221 (59.1%), respectively, 30 (3.1%)
® PBO: 196; significantly higher than placebo: 21 (10.9%) (P < 0.001 vs placebo | Placebo: 93 (47.4%); 6 (3.1%)
® Tofacitinib 5mg BID: 382 in both groups) Most frequent AEs: nasopharyngitis
® Tofacitinib |0mg BID: 381 PASI75 response rates were significantly higher for all tofacitinib | and upper respiratory tract
groups: 173 (46.0%; 5mg; p<0.001), 223 (59.6% (10mg; p<001), infection.
compared with placebo (22, 11.4%).
Tofacitinib; Phase II, randomised, 1101 pts At week 12, the proportions of PGA responders were 155 Therapy-arm group: 625 (56.8%);

28 (2.5%)

Placebo: 55 (51.4%); 4 (3.7%)
Etanercept 50mg twice weekly:
192 (57.3%); Il (3.3%)

Most frequent AEs: nasopharyngitis
and upper respiratory tract

infection

(Continued)
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Table | (Continued).

Drug; Trial Trial Description/Duration Patients Efficacy AEs; Discontinuation for AEs
Itacitinib; Phase Il, randomized, double- 50 pts At week 4, a mean percentage reduction from baseline in SPGA of | Therapy-arm group: 23 (46.0%); 0
NCTO01634087%® | blind, placebo-controlled, dose- | Randomization to 22.2%, 29.4%, 35.2% 42.4% and 12.5% for 100mg QD (p =0.270 vs | Placebo: 4 (33.3%); 0
escalation study / 4 weeks ® PBO: 12 placebo), 200mg QD (p = 0.118), 200mg BID (p = 0.053), 600mg | Most frequent AEs:
® |[tacitinib 100mg QD: 9 QD (p = 0.003) and placebo cohort was observed, respectively nasopharyngitis, increased
® |tacitinib 200mg QD: 9 aspartate aminotransferase,
® |tacitinib 200mg BID: 9 headache and hypertriglyceridemia
® |[tacitinib 600mg QD: |1
Abrocitinib; Phase Il, randomized, double- 59 pts At week 4, PASI75 was reached by 17%, 17%, 50% and 60% of Therapy-arm group: 26 (44.1%); 3
NCT02201524%° | blind, placebo-controlled study / | Randomization to patients receiving placebo, abrocitinib 200mg QD, abrocitinib (5.1%)
4 weeks ® PBO: 14 400mg QD and 200mg BID, respectively Placebo: 3 (21.4%); 0

® Abrocitinib 200mg QD: 15

Most frequent AEs: nausea and

® Abrocitinib 400mg QD: 16 headache
® Abrocitinib 200mg BID: 14
Solcitinib; Phase lla, randomized, placebo- | 60 pts At week 12, PASI 75 response was 0% in the placebo group Total AEs: NR
NCTO017826647° | controlled study / 12 weeks Randomization to: compared with 13%, 25% and 57% in the 100mg, 200mg and Discontinuation for AEs: NR
® PBO: IS5 400mg solcitinib BID cohort, respectively Most frequent AEs: headache,

® Solcitinib 100mg BID: 15
® Solcitinib 200mg BID: 15
® Solcitinib 400mg BID: 14

nasopharyngitis, nausea, diarrhoea,

fatigue and upper abdominal pain

Baricitinib;
NCTO01490632"

Phase Ilb, randomized, double-
blind, multicountry,
placebo-controlled, dose-

ranging study / 12 weeks

271 pts

Randomization to:
PBO: 34
Baricitinib 2mg QD: 32
Baricitinib 4mg QD: 72
Baricitinib 8mg QD: 64;
Baricitinib|Omg QD: 69

At week 12, all baricitinib treated groups showed greater mean
changes from baseline in their PASI scores (p<0.05) and (except
2mg) a higher rate of PASI50 than the placebo group Moreover,
statistically significant PASI90 responses were achieved in the 8mg

and 10mg groups at 8 and 12 weeks

Therapy-arm group: 146 (53.9%);
10 (3.7%)

Placebo: 15 (44.1%); 0 (0%)
Most frequent AEs:

nasopharyngitis, infections

Peficitinib;
NCTO010968627>

Phase lla, randomized, double-
blind, placebo-controlled,
sequential dose-escalation study

| 6 weeks

124 pts

Randomization to:
PBO: 29
Peficitinib 10mg BID: 19
Peficitinib 25mg BID: 21
Peficitinib 60mg BID: 19
Peficitinib 100mg BID: 17
Peficitinib 50mg QD: 19

At week 6, PASI75 response was achieved by 5 (17.2%), 12
(63.2%), 10 (47.6%), 13 (68.4%), 13 (76.5%), |3 (76.5%), 9 (47.4%)
patients receiving placebo, peficitinib 10mg BID, peficitinib 25mg
BID, peficitinib 60mg BID, peficitinib 100mg BID, and peficitinib
50mg QD, respectively

Therapy-arm group: 55 (44.3%); 3
(2.4%)

Placebo: 11 (37.9%); 0

Most frequent AEs:
nasopharyngitis, diarrhoea, acne,

back pain, and contact dermatitis
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Deucravacitinib;
NCT02931838"

Phase Il, randomized, double-
blind trial / 12 weeks

At week 12, PASI75 was achieved by 3 (6.7%), 4 (9.1%), 17
(38.6%), 31 (68.9%), 30 (66.7%) and 33 (75.0%) patients,
respectively, with a statistical significance in the 3mg QD, 3mg
BID, 6mg BID, and 12mg QD cohort (p<0.001 vs placebo for all)

Therapy-arm group: 172 (64.4%);
10 3.7%)

Placebo: 23 (51.1%); 2 (4.4%)
Most frequent AEs:
nasopharyngitis, headache,

diarrhoea

Deucravacitinib;
POETYK PSO-17*

Phase Il, randomized, double-
blind, placebo-controlled / 16

weeks

237 pts

Randomization to:
® PBO: 45
® Deucravacitinib 3mg QD: 44
® Deucravacitinib 3mg BID: 44
® Deucravacitinib 3mg BID: 45
® Deucravacitinib 6mg BID: 45
® Deucravacitinib 12mg QD: 44.
666 pts

Randomization to:
® PBO: 166

® Deucravacitinib 6mg QD: 332
® Apremilast 30mg BID: 168

At week 16, 194 (58.4%) patients reached PASI75 in the
deucravacitinib group compared with 21 (12.7%) in the placebo
cohort (p<0.0001) and 59 (35.1%) in the apremilast group
(p<0.0001)

Therapy-arm group: 339 (50.9%);
23 (3.5%)

Placebo: 70 (42.2%); 7 (4.2%)
Apremilast 30mg BID: 93 (55.4%);
10 (6.0%)

Most frequent AEs:
nasopharyngitis, headache,
diarrhoea, upper respiratory tract

infection

Deucravacitinib;
POETYK PSO-27°

Phase Il, randomized, double-
blind, placebo-controlled / 16
weeks

1020 pts

Randomization to:
® PBO: 255
® Deucravacitinib 6mg QD: 511
® Apremilast 30mg BID: 254

At week 16, 271 (53.0%) patients reached PASI75 at week 16
(primary outcome) in the deucravacitinib group compared with 24
(9.4%) in the placebo cohort (p<0.0001) and 101 (39.8%) in the
apremilast group (p=0.0004)

Therapy-arm group: 581 (57.0%);
35 (3.4%)

Placebo: 138 (54.1%); 9 (3.5%)
Apremilast 30mg BID: 150 (59.1%);
12 (4.7%)

Most frequent AEs:
nasopharyngitis, headache,
diarrhoea, upper respiratory tract

infection

(Continued)
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Table 1 (Continued).

® Brepocitinib 30mg QD: 84

® Brepocitinib 60mg QD: 105

At week 12:

® Brepocitinib 60 to 30mg QD: 25
® Brepocitinib 60 to 10mg QD: 29

statistically significant compared with placebo in the 60 to 30mg
QD treatment group, 60mg QD to 100mg once weekly treatment
group, 30mg QD treatment group, 30- to 10mg QD treatment
group, and 30mg QD to 100mg once weekly treatment group

Drug; Trial Trial Description/Duration Patients Efficacy AEs; Discontinuation for AEs
Brepocitinib; Phase lla, randomized, 212 pts At week 4, PASI reductions were similar in both the brepocitinib | Therapy-arm group: 149 (70.3%);
NCT029690187 | double-blind, placebo-controlled | Randomization to 60mg and 30mg induction dose groups. At week 12, PASI 13 (6.1%)

trial / 4 weeks ® PBO: 23 reductions were observed in all active treatment groups and were | Placebo: |13 (56.5%); 0

Most frequent AEs:
nasopharyngitis, upper respiratory
tract infection

Ropsacitinib;
NCT03895372"7

Phase Ilb, randomized, double-
blind, placebo controlled,

parallel-group study / 16 weeks

® Brepocitinib 60 to 100mg QW: 26
® Brepocitinib 60 to PBO: 25
® Brepocitinib 30mg QD: 29
® Brepocitinib 30 to 10mg QD: 25
® Brepocitinib 30 to 100mg QW: 30
® PBO: 23

178 pts

Randomization to:

PBO: 45

Ropsacitinib 50mg QD: 22

Ropsacitinib 100mg QD: 23
Ropsacitinib 200mg QD: 45
Ropsacitinib 400mg QD: 43

At week 16, a significantly greater proportion of participants
achieved PASI90 (risk difference percentage) in the 200mg and
400mg groups (33.0%, p = 0.0004 and 46.5%, p<0.0001,
respectively) versus placebo

Therapy-arm group: 109 (61.2%); 9
(5.1%)

Placebo group: 23 (51.1%); |
(2.2%)

Most frequent AEs:
nasopharyngitis, upper respiratory
tract infection, and higher blood

pressure

Abbreviations: AE, adverse event; BSA, body surface area; Pt, patient; QD, once a day; BID, two times a day; QW, once a week; PBO, placebo.
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Significant improvements were also reported for secondary outcomes and, among those, for skin outcomes, PASI75
response rates and changes from baseline in PGA-PsQ.8!:8378¢

In particular, a greater proportion of patients on tofacitinib 5 and 10mg BID achieved PASI75 vs placebo at month 3.
PASI75 response further improved at month 6. Improvements in skin outcomes were also maintained over time.*

Although tofacitinib is not indicated for psoriasis treatment, the efficacy and safety of tofacitinib have been
investigated in numerous RCTs enrolling patients with moderate-to-severe plaque psoriasis.

In a 2012 phase IIb, 12-week, dose-ranging study, PASI75 response rates were significantly higher for all tofacitinib
groups (25.0% (2mg; p<0.001), 40.8% (5mg; p<00001) and 66.7% (15mg; p<0.0001) compared with placebo (2.0%).%>

In two successive phase III RCTs (Oral-treatment Psoriasis Trial [OPT] Pivotal 1 and OPT Pivotal 2), at week 16, a
greater proportion of patients achieved PGA responses of 0/1 with tofacitinib 5- and 10mg BID vs placebo. Similarly,
significantly higher PASI75 responses were reported with tofacitinib vs placebo. In these RCTs, at week 16, all placebo
patients were re-randomized to tofacitinib Smg and followed up for 52 weeks. From week 16 to 28, the proportion of
patients achieving PASI75 increased further with both tofacitinib doses and results were maintained up to week 52 in
74-79% of patients.®**’

Tofacitinib has also been evaluated in a phase III non-inferiority trial. It compared tofacitinib (Smg and 10mg BID) to
both etanercept (50mg twice weekly) and placebo over 12 weeks. At week 12, PASI7S responses were achieved in 39%,
63%, 59% and 6% of patients receiving tofacitinib Smg, 10mg, etanercept, and placebo, respectively. Similarly, a PGA 0/
1 response was achieved by 47.1%, 68.2%, 66% and 15% of patients.®’

Finally, an open-label extension study on the use of tofacitinib for psoriasis enrolled patients who had completed
phase II/III tofacitinib trials and showed that the improvement in patient-reported treatment outcomes were maintained
for up to 54 months.®®

Concerning tofacitinib’s safety, it has shown an acceptable profile with, in most cases, mild to moderate AEs, mainly
nasopharyngitis, upper respiratory tract infection, headache, and gastrointestinal symptoms (diarrhea, nausea, vomiting,
and constipation).®>%*%” In psoriasis RCTs, although a dose-response was observed for serious infections, herpes zoster
(HZ) and nonmelanoma skin cancer (NMSC), the 95% ClIs for each incidence rate overlapped and the incidence rate
difference was small between dose groups; no dose response was observed for malignancies (excluding NMSC). Over 33
months, 10.1% of patients experienced SAEs and 10.7% of patients discontinued because of AEs. The incidence rates for
HZ were higher for the total tofacitinib exposure versus the first 52 weeks; however, most HZ cases resolved without
complications.®®*’

In the non-inferiority trial by Bachelez et al, AE rate was similar across tofacitinib S5mg, tofacitinib 10mg, etanercept,
and placebo cohorts. Globally, 1%, 3%, 3% and 4% patients in the tofacitinib Smg, tofacitinib 10mg, etanercept, and
placebo cohort, respectively, discontinued their assigned treatment because of AEs.®

In contrast to RA trials, in which major adverse cardiovascular events and thromboembolic events have been reported

in patients aged over 50 or with cardiovascular risk factors at enrollment,* '

in PsD, long-term data demonstrated rare
cases of major cardiovascular problems.®>%**” However, caution when using tofacitinib is required in elderly patients at

increased cardiovascular risk.

Upadacitinib
Upadacitinib is a selective oral inhibitor of JAK1 and, to a lesser extent, JAK2. The agent has been evaluated in two main
phase III trials (SELECT-PsA 1 and SELECT-PsA 2) and it is approved for the treatment of PsA.***

The SELECT-PsA 1 phase III RCT (24-week) compared upadacitinib at different dosages (15mg or 30mg once daily
[QD]) with adalimumab (40mg subcutaneously every other week) and placebo (1:1:1:1) in about 1700 adult patients with
active PsA and an inadequate response to at least one csDMARD.?* At week 12, in both upadacitinib groups, ACR20
response rates swere similar to adalimumab and higher when compared with placebo.”

Select-PsAl also showed upadacitinib efficacy in skin outcomes. Improvements in PASI75/90/100 and Static
Investigator Global Assessment of Psoriasis of 0 or 1 (sIGA 0/1) response rates, and change from baseline in Self-
Assessment of Psoriasis Symptoms were maintained over time. In patients randomized to placebo, the proportion of
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patients reaching PASI75/90/100 and sIGA 0/1 increased after switching to upadacitinib, and responses were similar to
the groups on upadacitinib at week 56.949°

In a SELECT-PsA2 trial, 642 PsA patients with inadequate response or intolerance to at least one bDMARD were
randomized (2:2:1:1) to upadacitinib 15mg or 30mg QD, and two placebo groups shifting either to upadacitinib 15mg or
upadacitinib 30mg at week 24.%% At week 12, when compared to placebo (24%), a significant proportion of patients on
upadacitinib 15mg (57%) and 30mg (64%) achieved ACR20 (primary outcome). At week 56, the efficacy of upadaci-
tinib, in terms of PASI75/90/100, PROs and MDA, was maintained over time.’®*°

At week 56, the proportions of patients achieving PASI75/90/100 using non-responder imputation (NRI) were 52/41/
27% with upadacitinib 15mg, and 59/47/35% with upadacitinib 30mg. In both placebo to upadacitinib groups, PASI75/
90/100 responses at week 56 were similar to those for patients who received upadacitinib from baseline, with the
exception of PASI100 in the placebo to upadacitinib 15mg group. Numerically, greater proportions of patients on
upadacitinib from baseline than placebo subjects switching to upadacitinib groups for each of the doses achieved
sIGA 0 or 1 and > 2 point improvement from baseline.”®

Upadacitinib RCTs have shown an acceptable safety profile of this agent comparable to adalimumab. Rates of serious
infection, HZ, anemia, neutropenia, lymphopenia, and elevated creatine phosphokinase remained numerically higher with
upadacitinib versus adalimumab. Rates of malignancies excluding NMSC, major adverse cardiovascular events, and
venous thromboembolism were similar across groups; rates of NMSC were higher with upadacitinib versus
adalimumab.®*"’
Data from upadacitinib clinical trials specifically investigating PASI75 as the primary outcome are lacking, but it

seems a potentially valid therapeutic strategy for treating psoriasis, as well as other cutaneous diseases.'**'%!

JAK Inhibitors Under Investigation for Psoriatic Disease

JAKT1 Inhibitors

Filgotinib is a selective JAK1 inhibitor with minimal JAK2 selectivity. Approved for rheumatoid arthritis, it has been
investigated in a phase II trial placebo-controlled RCT (EQUATOR trial).'*

In the EQUATOR trial, 131 active PsA patients with insufficient response or intolerance to at least one csDMARD
were randomized to filgotinib 200mg (n: 65) or placebo (n: 66) orally QD for 16 weeks.”® At week 16, a significant
proportion of patients on filgotinib achieved ACR20 (primary outcome), as well as ACR50 and ACR70 responses when
compared with the placebo cohort.'®*'% Cutaneous improvement in terms of PASI75 at week 16 was also verified in
more patients on ﬁlgotinib.lo2’103 More frequent AEs were mild, occurring in 57% of treated patients and represented by
nasopharyngitis and headache. No statistical significance in AE frequency was found in the comparison with the placebo
group (59%).'%?

Itacitinib, abrocitinib solcitinib and ivarmacitinib are oral selective JAK1 inhibitors, investigated in psoriasis phase 11
RCTs.** 7

In a phase II, 28-day dose-escalation RCT, at 4 weeks itacitinib proved efficacious in mean sPGA percentage
reduction from baseline of 22%, 29%, 35%, and 42% for 100mg QD, 200mg QD, 200mg BID, and 600mg cohorts,
respectively. Finally, itacitinib was generally well tolerated, with nasopharyngitis the most common AE reported
(18.4%).5%

At week 4, PASI75 was reached by 17%, 17%, 50% and 60% of patients receiving placebo, abrocitinib 200mg QD,
abrocitinib 400mg QD and 200mg BID, respectively. No serious infections or bleeding events related to neutropenia or
thrombocytopenia, respectively, were reported.®’

At week 12, a PASI 75 response of 0% in the placebo group was compared with 13%, 25% and 57% in the 100mg,
200mg and 400mg solcitinib BID cohort, respectively. Of note, improvement in itching and quality of life were observed
at all doses relative to placebo, with the greatest improvement seen in the 400mg dose group. Globally, the incidence of
AEs was similar across treatment groups, and no relationship between frequency of AE and solcitinib dose was
identified.”

For ivarmacitinib (SHR0302), investigated in a phase III study to evaluate the efficacy and safety of different doses in
PsA patients (estimated participants: 444) (NCT04957550), data are not available.'**
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JAK Inhibitors with Preferential JAK1/JAK2 (Baricitinib) or JAK3 Selectivity (Peficitinib)

Baricitinib is an oral JAK1/JAK2 inhibitor. Its efficacy and safety for psoriasis has been investigated in a randomized
phase IIb trial enrolling 271 patients randomized to receive placebo (n=34), baricitinib 2mg (n=32), baricitinib 4mg
(n=72), baricitinib 8mg (n=64), and baricitinib 10mg (n=69). At week 12, all baricitinib treated groups showed greater
mean changes from baseline in their PASI scores (p<0.05) and (except 2mg) a higher rate of PASI5S0 than the placebo
group. Moreover, statistically significant PASI90 responses were achieved in the 8mg and 10mg groups at 8 and 12
weeks.”! Peficitinib (ASP015K) is a novel oral JAK inhibitor, with a higher selectivity for JAK3 over JAKI and JAK2.
The efficacy and safety of peficitinib has been investigated in a phase Ila multicentre, double-blind, randomized, placebo-
controlled study enrolling 124 patients with moderate-to-severe plaque psoriasis randomized to receive peficitinib 10mg
BID (n=19), 25mg BID (n=21), 60mg BID (n =19), 100mg BID (n=17), 50 mg QD (n=19) or placebo (n=29) for 6
weeks. Improvements in PASI score were demonstrated over the course of peficitinib treatment, with a statistically
significant profile (overall treatment effect p<0-001). Similarly, the secondary endpoints (PGA and BSA) also improved
with peficitinib vs placebo (p<0.001 for both). ASPO15K was generally well tolerated, with no serious AEs reported.””

TYK-2 Inhibitors (Deucravacitinib; BMS-986 165, Brepocitinib; PF-06700841 and Ropsacitinib; PF-06826647)
Deucravacitinib (BMS-986165) is an oral allosteric and a selective inhibitor of TYK2, approved for the treatment of
adult patients with moderate-to-severe plaque psoriasis.'®>'% Deucravacitinib has shown its efficacy first in a phase II
RCT, in which PASI75 was achieved in groups on therapy, with a statistical significance in the 3mg QD, 3mg BID, 6mg
BID, and 12mg QD groups in terms of improvement in QoL vs placebo.”*'?’

Subsequently, the efficacy and safety of deucravacitinib were also investigated in a 52-week, phase III RCT
(POETYK PSO-1) in which 58% of patients reached PASI75 at week 16 (primary outcome) in the deucravacitinib
group compared with 13% in the placebo cohort, and 35% in the apremilast group. Similarly, sSPGA 0/1 was reached in
54% of the patients on deucravacitinib compared with 7% and 32% of patients on placebo and apremilast, respectively.
Moreover, PASI75 response and sPGA 0/1 continued to improve up to week 24 and these responses were maintained to
week 52 in patients receiving deucravacitinib.’”*

These outcomes were verified also in another 52-week, phase III RCT (POETYK PSO-2), in which, at week 16, 53%
of patients reached PASI75 at week 16 (primary outcome) in the deucravacitinib group compared with 9% of patients on
placebo (p<0.0001) and 40% on apremilast. Similarly, sSPGA 0/1 was reached by 49.5%, 9% and 34% of patients on
deucravacitinib, placebo and apremilast, respectively.”

In an open-label, long-term extension trial, POETYK PSO-LTE, deucravacitinib efficacy in relation to cutaneous
outcomes were reported to persist over time (up to 2 years).'%®

More recently, Imafuku et al confirmed the efficacy of deucravacitinib in psoriasis patients, with the proportion of
patients achieving PASI75 being numerically higher with deucravacitinib versus placebo and apremilast at week 16
(78.1% vs 11.8% and 23.5%, respectively) and versus apremilast at week 24 (78.1% vs 29.4%). Results were maintained
over time (52 weeks).'*

Deucravacitinib is also in development for PsA (NCT03881059) and recent results from a phase III RCT with
randomization of 203 active PsA patients to deucravacitinib at the dosages of 6mg and 12mg QD and placebo have
shown a significant difference in ACR 20 response rate at week 16 for both treatment groups (53% and 63%,
respectively) when compared to placebo (32%). Further, higher articular and cutaneous responses were verified in
both groups on deucravacitinib vs placebo.''® Both in psoriasis and PsA RCTs, deucravacitinib was generally well
tolerated, with nasopharyngitis, headache, diarrhea, nausea, and upper respiratory tract infection representing the most
common AEs. No cases of herpes zoster infection, opportunistic infections, malignancies or thromboembolic events were
verified on deucravacitinib.”? 7>

Brepocitinib (PF-06700841) is another oral inhibitor of TYK2, as well as of JAK1 and JAK2, in development for
psoriasis and PsA.''" In a phase IIb RCT (NCT03963401) enrolling 218 PsA patients with inadequate response or
intolerance to NSAIDs/DMARD:s, brepocitinib at doses of 30 and 60mg QD showed superior efficacy (ACR20/50/70,
MDA, dactylitis, enthesitis, fatigue, HAQ-DI and PASI 75/90) vs placebo at week 16. Responses were maintained over

time (52 weeks).”® In the 16-week treatment period, AEs were mild in severity (165/250 [66%]) through week 16 and
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seven serious AEs (SAEs) were verified.”® At week 52, no major adverse cardiovascular events, venous thromboembolic
events, serious infections, or deaths occurred.”®

In psoriasis patients on brepocitinib, improvement of cutaneous manifestations with inhibition of synthesis of several
proinflammatory cytokines (IL-17A, IL-17F and IL-12B mRNA) involved in TYK2 and JAK1 pathways have been
reported.''>!"® Brepocitinib at dosages of 30mg QD and 60mg QD was generally effective and well tolerated in patients
with moderate-to-severe plaque psoriasis.''*'">

In a phase I trial, a PGA 0/1 response was achieved in 57%, 100%, and 0% of 30 psoriasis patients receiving 30mg or
100mg orally or placebo once daily for 28 days, respectively.''®

In a phase II RCT, 212 psoriasis patients were randomized to PF-06700841 30mg QD, 60mg QD, or placebo (4-week
induction), followed by 10mg QD, 30mg QD, 100mg once weekly, or placebo (8-week maintenance), showing that
decreases in PASI at week 12 were statistically significant compared with placebo in five treatment groups. Overall, 136
patients experienced AEs, and 13 AE-related discontinuations were reported in treated patients. No herpes zoster cases,
or major adverse cardiac events and thromboembolic events occurred.'*

Topical brepocitinib recently tested in a phase IIb trial in patients with mild to moderate psoriasis did not result in
statistically significant changes from respective controls in the primary or key secondary endpoints for any dosage group
(brepocitinib 0-1% QD, 0.3% QD or BID, 1% QD or BID, 3% QD, or vehicle QD or BID).''?

Ropsacitinib (PF-06826647) is another TYK2 inhibitor, which was investigated in a phase IIb RCT (NCT03895372)
enrolling 178 patients with moderate-to-severe plaque psoriasis. Patients were randomized to oral, once-daily PF-
06826647 (1:1:2:2:2) 50:100:200:400mg: placebo (16 weeks), then 200 or 400mg (24 weeks).”” At week 16, a
significantly greater proportion of patients achieved PASI90 in the 200mg and 400mg groups versus placebo. At week
40, significant increases in comparison to placebo were observed for all secondary endpoints (PASI50/75/90/100;
Physician’s Global Assessment). PF-06826647 was well tolerated over 40 weeks and most treatment-emergent adverse
events were mild/moderate. Eighteen participants discontinued due to treatment-emergent adverse events.’’

Phase II trials are ongoing for other novel TYK2 allosteric inhibitors, such as ESK-001 in patients with moderate-to-
severe plaque psoriasis and NDI-034858 in patients with PsA. Primary outcomes of these studies are represented by

PASI-75 and ACR20 response rate, respectively.''”-''®

Discussion

PsD is an inflammatory condition, characterized by heterogenous manifestations, mainly involving cutaneous and
articular domains. Recently, the introduction of new drugs selectively targeting pathogenetic mechanisms has led to
the development of selective drugs.''®™'?!

In particular, the approval of the TYK2 inhibitor, deucravacitinib, for psoriasis and the pan-JAK inhibitor, tofacitinib,
and the JAK1 inhibitor, upadacitinib, for PsA, has represented an additional therapeutic strategy in moderate to severe
phenotypes.'?* Further, deucravacitinib, has been reported to be efficacious in treating PsA as measured by ACR20, and
tofacitinib and upadacitinib in treating psoriasis as measured by PASI75 and sPGA. These agents have also shown an
acceptable safety profile. Of note, numerous trials are ongoing for new JAK inhibitors and preliminary data for several of
these are available for these molecules. In particular, the investigational JAK1 inhibitors, filgotinib, itacitinib, abrocitinib
and solcitinib, have been shown to be efficacious in the cutanecous domain in terms of PASI75, and sPGA percentage
reduction from baseline. Further, filgotinib has also shown good efficacy for the articular domain in terms of ACR 20
response. Of note, these agents appear to be very safe, with only mild AEs, more often represented by nasopharyngitis
and headache, with no statistical differences in AE frequency in comparison with placebo groups.®®7°

RCTs focused on investigational JAK inhibitors with preferential JAK1/JAK2 (Baricitinib) or JAK3 selectivity
(Peficitinib) have shown improvements in cutaneous outcomes in terms of PASI score (PASI75 and PASI90) for
baricitinib, PGA and BSA, with no serious AEs re:porte:d.71’72

Among investigational TYK?2 inhibitors, brepocitinib (PF-06700841) and ropsacitinib (PF-06826647) appear promis-
ing due to their efficacy in terms of articular (ACR20 response rate) and cutaneous outcomes (PASIS0/75/90/100 and

PGA 0/1 response) (up to 52 weeks and 40 weeks, respectively).”’7-1237125
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In both psoriasis and PsA RCTs, investigational TYK2 inhibitors were generally well-tolerated, with mild AEs
(nasopharyngitis, headache, diarrhea, nausea, and upper respiratory tract infection) and no major adverse cardiovascular
events, venous thromboembolic events, serious infections, or deaths occurred.'”

An increasing number of JAK inhibitors for treating PsD is being investigated, and preliminary results from phase 11
and III trials show promising results. However, further investigation of these molecules is needed to evaluate their
efficacy and safety in PsD patients.
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