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Abstract

Background: Psoriasis is a chronic inflammatory skin disorder affecting approximately 3% of the global
population, significantly impacting quality of life and incurring substantial healthcare costs. Recent
advancements in biological therapies, particularly monoclonal antibodies targeting specific cytokines, have
transformed the treatment landscape for moderate to severe psoriasis.

Methods: This review encompasses a thorough analysis of current literature on biologic therapies and
monoclonal antibodies for psoriasis management, focusing on their mechanisms of action, efficacy, and
safety profiles. The review includes data from clinical trials, meta-analyses, and real-world studies
published up to 2023.

Results: The review highlights several biologic therapies, including TNF-a inhibitors (e.g., adalimumab,
etanercept) and IL-17 inhibitors (e.g., secukinumab, ixekizumab), which have demonstrated significant
efficacy in reducing psoriasis symptoms and improving patient quality of life. Emerging therapies targeting
IL-23, such as guselkumab and tildrakizumab, show promise in providing sustained remission. The efficacy
of these biologics is often accompanied by manageable safety profiles, although some patients experience
adverse effects that necessitate careful monitoring.

Conclusion: Biologic therapies and monoclonal antibodies represent a significant advancement in the
management of psoriasis, offering targeted treatment options that improve patient outcomes. Continued
research is essential to explore the long-term effects of these therapies, address any emerging safety
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concerns, and assess their impact on comorbid conditions associated with psoriasis. Future directions
include the development of novel agents that enhance therapeutic efficacy while minimizing side effects.
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Introduction

Psoriasis is a chronic skin disorder influenced by several factors and mediated by biological defense
systems, affecting around 3% of the general population. It is associated with considerable comorbidities,
diminished productivity, employment restrictions, and healthcare expenditures above USD 40 billion each
year [1,2]. Numerous studies in the literature have shown that the prevalence of psoriasis varies from
around 30 to 320 cases per 100,000 population. This disorder has relationships with parameters like age,
gender, ethnic origin, and other genetic and environmental effects [3-5]. The ongoing detrimental effect on
quality of life and financial strain highlights the need for efficient long-term illness treatment. The severity
of the disease is affected by variables like lesion size, location, and comorbidities such as psoriatic arthritis
[6,7].

Effective therapy entails attaining either remission or near remission, which is associated with
improved quality of life. Furthermore, a growing body of data indicates that psoriasis is a systemic disorder
associated with several comorbidities, including cardiovascular diseases, psoriatic arthritis, metabolic
syndrome, depression, and anxiety [8,9]. Therefore, it is essential to tackle both the comorbidities linked to
psoriasis and the condition itself to formulate prompt intervention and treatment strategies. In recent
years, there has been the development of very successful targeted therapeutics, including conventional,
biological, and oral small-molecule treatments. These biological therapies include various classes, such as
tumor necrosis factor (TNF)-a inhibitors, Interleukin (IL)-17 inhibitors, IL-23 inhibitors, and an IL-12/23
inhibitor [10-13].

Despite advancements in therapy effectiveness and safety, there is still a need for innovative medicines
that provide enhanced skin remission and durability. Moreover, several medicines exhibit diminishing
effectiveness over time, prompting the investigation of alternate solutions. Recent advancements in the
comprehension of psoriasis pathophysiology have catalyzed the identification of novel therapeutic targets,
such as IL-36 inhibitors, phosphodiesterase (PDE)-4 inhibitors, Janus kinase (JAK) inhibitors, tyrosine
kinase 2 (TYK2) inhibitors, RORyt inhibitors, and A3 adenosine receptor agonists [13-15]. This narrative
review examines recent advancements in biological therapies, oral small molecules, and novel biosimilar
medications for the treatment of psoriasis.

This review is to examine all therapies for moderate to severe psoriasis, beginning with biological
agents and monoclonal antibodies, and progressing to the latest oral medications including small
molecules. The metabolic component is succinctly examined to introduce the pathophysiology, followed by
a discussion of the pharmaceutical therapy. Outdated therapies, including seldom used oral drugs for
moderate to severe conditions and topical treatments that provide just symptomatic relief without systemic
curative effects, are excluded from consideration. The efficacy and usefulness of each medicine might differ
according to the patient's clinical circumstances, making it hard to uniformly assess or favor one treatment
over another. The prescribing physician must consistently assess the patient's clinical circumstances,
therapeutic appropriateness, and associated expenses. In treatment-naive patients, etanercept or
adalimumab, now accompanied by biosimilar options, should consistently be used as first-line therapies
when their effectiveness is comparable to that of newer, more expensive medications.

Presently Accessible Biologic Treatments for Psoriasis

The results from many genome-wide association studies (GWAS) and clinical trials confirm the crucial
role of TNF/IL-17/IL-23 signaling pathways in the genesis of psoriasis [16-19]. TNF-a functions as a pivotal
inflammatory cytokine significantly implicated in psoriatic lesions, playing a fundamental role in the
pathogenesis of psoriasis. The importance of this is shown by the efficacy of medicines aimed against TNF-
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a [20-22]. TNF-a, produced by several cell types linked to psoriasis such as keratinocytes, neutrophils,
dendritic cells (DCs), mast cells, Th22 cells, Th17 cells, and NKT cells, has dual effects. It significantly
impedes plasmacytoid dendritic cells from producing interferon (IFN)-a, often leading to worse or
paradoxical psoriasis after TNF-a inhibitor therapy [25,26]. Conversely, TNF-a enhances the maturation of
pDCs into a more dendritic cell phenotype, hence promoting the production of IL-23 [27].

Furthermore, TNF-a promotes the production of IL-18 and IL-12, which are strong inducers of [FN-y,
thereby aiding in the modulation of the Th1 response [28]. Additionally, TNF-a collaborates with IL-17A to
co-regulate cytokines and keratinocyte genes linked to psoriasis, therefore affecting keratinocyte function
[29]. These data jointly demonstrate TNF-a's crucial function as a primary regulator within the IL-23/IL-
17 axis. IL-23 is a heterodimeric protein mostly released by dendritic cells, with increased levels seen in
psoriasis [30]. The quantity of IL-23 protein in psoriatic lesions significantly exceeds that in unaffected skin
[31,32]. Thus, it may be inferred that IL-23 is closely associated with the pathophysiology of psoriasis. IL-
23 modulates T cells, namely CD4+ helper T cells (Th17 cells), via a receptor complex. IL-23 subsequently
induces Th17 cells to secrete IL-17, a vital cytokine associated with psoriasis, via the activation of signaling
pathways [33,34]. The IL-17 family includes six structurally similar cytokines, ranging from IL-17A to IL-
17F [35].

Research has identified IL-17A as the cytokine with the most significant biological action,
demonstrating the highest levels in psoriasis [36-38]. Thus, IL-17A, often referred to as IL-17, has attracted
considerable attention owing to its pro-inflammatory properties and role in autoimmune diseases [39]. IL-
17 releases, especially IL-17A and IL-17F, primarily influence keratinocytes, stimulating the production of
molecules like B-defensins, antimicrobial peptides (AMPs), and cytokines. Furthermore, IL-17 induces the
synthesis of chemokines, often heightened in psoriatic lesions, to attract neutrophils, lymphocytes, and
macrophages [40]. Moreover, IL-17 has been associated with the stimulation of keratinocyte proliferation
[41]. Psoriasis involves a complex network of interactions among many cellular components and molecular
entities. The progression of illness is fundamentally influenced by the complex interaction between the
adaptive and innate immune systems. This dynamic interaction stimulates the production of several
cytokines that maintain typical psoriatic features in both the dermis and epidermis. Moreover,
keratinocytes have a role in inflammation and localized activation. Additional pathways associated with
psoriasis, including CCL20-CCRS6, the IL-36/IL-1 route, the IFN pathway, and those involving cytokines such
as IL-22 and IL-6, are being explored as prospective targets for novel drug development. Figure 1 illustrates
a schematic illustration of all these relationships.

Keratinocyte activation

z D>
IL-36 @2

e

INF-y Dendritic ®
- cells
Plasmacytoid >
dendritic cells Th22 cells
B Neutrofils
—— g = - z =
/:J —— = S //-) / Ié'/" = 5'} {/)’ -

Figure 1. The interaction of cytokine pathways in psoriasis.
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Novel and Emerging Oral Small Molecules

In the complex domain of investigating novel oral drugs for psoriasis treatment, the JAK-STAT pathway
is a pivotal component. This signaling pathway is crucial in cytokine communication, driving inflammation
in several autoimmune diseases, hence serving as a significant therapeutic target [42]. This route regulates
the action of many cytokines associated with psoriasis, including interferon-a, -8, and -y. Due to its crucial
involvement in the pathogenesis of psoriasis, there is increasing interest in investigating new JAK-STAT
inhibitors, in addition to those now used, which provide promising results, to confirm their effectiveness in
treating this illness [43]. Certain drugs approved for psoriasis treatment that block this pathway are
categorized as first-generation. Tofacitinib, an inhibitor that obstructs the JAK signaling pathway and
significantly mitigates all psoriasis-related symptoms, has also attained full FDA clearance after many
safety-related occurrences. The medicine may be prescribed with appropriate clinical supervision of the
patient. Despite tofacitinib's superiority over placebo in psoriasis therapy, it lacks FDA approval for this use
owing to apprehensions over its clinical performance and long-term safety [44].

Numerous studies have shown its benefits, with a phase 11l study revealing that over 50% of patients
on a 5 mg tofacitinib regimen twice daily and more than 60% of those on a 10 mg twice daily treatment saw
substantial improvement [45]. Upadacitinib, licensed in 2022 for psoriatic arthritis, has shown favorable
outcomes regarding efficacy and safety in clinical studies. Currently, no studies are scheduled to evaluate
its efficacy and safety for psoriasis [46,47]. Conversely, baricitinib and ruxolitinib target the same route and
operate by inducing Th17 cell death; both are first-generation JAK inhibitors that successfully manage
psoriasis [48]. Nonetheless, a meticulous assessment of the safety profile and adverse effects of these
medications is crucial, as all first-generation JAK inhibitors focus on the kinase domain of different JAK
proteins, increasing the likelihood of nausea, infections, hemoglobin reduction, and possible
gastrointestinal perforation [49].

Second-generation JAK inhibitors may preferentially target certain JAK proteins without affecting other
cytokines; for example, deucravacitinib (approved by the FDA in 2022) specifically targets TYK2 [50,51]. A
recent randomized, double-blind, placebo-controlled phase III study revealed a significant therapeutic
response after 16 weeks of daily oral administration of deucravacitinib at a dosage of 6 mg, in comparison
to patients receiving placebo [52]. PF-06826647 is a new TYK2 inhibitor that has just completed its phase
II study to evaluate its safety and efficacy in individuals with moderate to severe plaque psoriasis [53]. In
its preliminary human trial, adverse events and changes in PASI scores were assessed in 40 individuals with
plaque psoriasis. Patients were randomly allocated to receive either a placebo or PF-06826647 (400 mg)
daily for 28 days. Patients administered 100 mg and 400 mg dosages of PF-06826647 had mean reductions
of -14.62 and -24.18 in PASI scores from baseline, respectively, compared to a reduction of -11.13 in the
placebo group [54,55].

Brepocitinib, a powerful selective inhibitor of TYK2 and JAK1, is in development for the treatment of
psoriasis. A phase I study including 30 patients demonstrated dose-dependent effectiveness trends, with
elevated response rates and more significant decreases in PASI scores in the 30 mg and 100 mg brepocitinib
cohorts vs. placebo. The treatment-emergent adverse events were modest, and no significant adverse
events were documented. Phase II studies further corroborated brepocitinib's performance, demonstrating
substantial enhancements in PASI scores and response rates relative to placebo across many treatment
regimens. Safety data revealed a minimal incidence of treatment-emergent adverse events, mostly
moderate and treatment-related, with prevalent adverse events including headache, psoriasis aggravation,
and upper respiratory tract infections [56].

The bulk of selective JAK inhibitors remain under scientific research and lack market approval, however
they are regarded as potential therapeutic medicines because of their improved safety profile. Additional
prospective oral medicines include piclidenoson (CF101), an agonist of the adenosine A3 receptor, which
has been identified as overexpressed in inflammatory disorders including psoriasis and other autoimmune
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illnesses. Initial studies have shown its effectiveness; however, a recent double-blind phase 3 trial
(COMFORT-1, NCT03168256) involving 529 patients indicated that piclidenoson exhibited progressively
enhanced efficacy responses and a favorable safety profile. These findings further substantiate its continued
clinical progression as a therapeutic option for psoriasis. Belumosudil (KD025), a selective inhibitor of Rho-
associated kinase (ROCK2), demonstrates effectiveness in individuals with psoriasis vulgaris [57]. A
notable study revealed that therapy with belumosulid led to a 50% decrease in psoriasis area and severity
index (PASI) scores in 46% of participants. This therapy resulted in reduced epidermal thickness and less
T-cell infiltration in the skin [58].

Moreover, substantial decreases in IL-17 and IL-23 levels were seen, accompanied by elevated IL-10
levels among responders. The results demonstrate that oral administration of belumosulid successfully
downregulates the Th17-mediated inflammatory response and ameliorates clinical symptoms in psoriatic
patients by altering cytokine levels without negatively impacting the immune system [59]. Vimirogant
(VTP-43742) is a powerful, selective, and orally bioavailable RORyt inhibitor that has shown encouraging
effectiveness in phase II studies for individuals with plaque psoriasis, however it has also been associated
with specific side effects [60]. Recent research on individuals with moderate to severe plaque psoriasis has
shown good outcomes for Cedirogant (ABBV-157), an orally active RORyt inverse agonist. Recent scientific
investigations are concentrating on PDE4, which has shown significant anti-inflammatory properties,
attracting considerable interest from researchers on the possible role of its inhibitors in the treatment of
numerous dermatological conditions, including psoriasis [61].

In 2014, the oral PDE4 inhibitor apremilast received approval in the United States for adult patients
with moderate to severe plaque psoriasis. Clinical research (PALACE 1) revealed that apremilast (30 mg
administered bi-daily) attained a response rate twice that of the placebo control group [62]. A phase III
clinical study (ESTEEM 1) demonstrated the effectiveness of apremilast in moderate to severe plaque
psoriasis, with superior response rates relative to placebo [63]. Notwithstanding these encouraging results,
the use of PDE4 inhibitors in psoriasis therapy has been impeded by adverse effects, including emesis.
Researchers are actively examining this therapeutic target, fostering optimism that further studies will
reveal its full potential and provide new strategies for enhancing patient results.

Recent studies demonstrate that IL-23, generated by CD301b+ cells, may stimulate the localized
proliferation of TRM cells, indicating that IL-23 inhibitors or novel therapies aimed at CD301b may provide
a viable strategy for addressing disease recurrence and maintaining therapeutic efficacy. However, the
implementation of these innovative therapy procedures in clinical practice needs more research. Despite
significant advancements in the comprehension and management of psoriasis, several facets remain
unexamined. An essential future goal is to create effective treatments for addressing psoriasis
comorbidities, especially metabolic and cardiovascular conditions [64].

Conclusions and Future Outlook

Psoriasis is a chronic inflammatory dermatological illness that significantly burdens people and
healthcare systems, highlighting the urgent need for a thorough comprehension of the processes underlying
the disease's development. Over the last ten years, progress in comprehending the immunopathology and
etiology of psoriasis has resulted in notable treatment advancements. Targeted biologic therapy has created
new opportunities for patients, providing significant disease modification and perhaps curative results by
inhibiting the formation of tissue-resident memory T cells in the skin. Nonetheless, difficulties remain in
the management of psoriasis, including the adverse effects of pharmacological treatments and the potential
for disease recurrence upon cessation of therapy. Extended administration of certain pharmaceuticals may
resultin negative consequences and the establishment of immunological tolerance, thereby restricting their
sustained effectiveness.

Moreover, the elevated expense of these medicines often affects the viability of national healthcare
systems. An enhanced comprehension of the processes behind illness recurrence underscores the need of
early intervention to avert the initiation and expansion of tissue-resident memory T cells. Particular focus
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10.

11.

12.

13.

14.

15.

is required for uncommon subtypes of psoriasis, including palmoplantar and pustular psoriasis, which
often have a limited response to standard therapies. Moreover, despite the recognition of several putative
metabolic molecules, a comprehensive knowledge of the metabolic impacts of psoriasis remains
insufficient. The emergence of new technologies like as single-cell metabolomics and spatial metabolomics
will enable the construction of a full metabolic network of psoriasis using creative algorithms and
integrated analysis. Targeted metabolic medicines remain nascent, probably owing to metabolic variability,
adaptability, and unforeseen adverse effects. [dentifying more efficacious metabolic targets will be a crucial
advancement. We expect that concentrating on psoriasis metabolism and creating a metabolism-focused
psoriasis network will emerge as a significant research area in the near future. A crucial domain for future
research is assessing the efficacy of genetic biomarkers as preliminary indicators for psoriasis, perhaps
enabling earlier diagnosis and more targeted management options.

References

Brozyna, A.A.; Slominski, R.M.; Nedoszytko, B.; Zmijewski, M.A.; Slominski, A.T. Vitamin D Signaling in
Psoriasis: Pathogenesis and Therapy. Int. ]. Mol. Sci. 2022, 23, 8575.

Evans, C. Managed care aspects of psoriasis and psoriatic arthritis. Am. ] Manag. Care 2016, 22 (Suppl. S8),
$238-s243.

Parisi, R.; Iskandar, 1.Y.K;; Kontopantelis, E.; Augustin, M.; Griffiths, C.E.M.; Ashcroft, D.M.; Global Psoriasis
Atlas. National, regional, and worldwide epidemiology of psoriasis: Systematic analysis and modelling
study. BM] 2020, 369, m1590.

Damiani, G.; Bragazzi, N.L.; Aksut, C.K.; Wu, D.; Alicandro, G.; McGonagle, D.; Guo, C.; Dellavalle, R.; Grada, A,;
Wong, P; et al. The Global, Regional, and National Burden of Psoriasis: Results and Insights from the Global
Burden of Disease 2019 Study. Front. Med. 2021, 8, 743180.

Cao, F; Liu, Y.-C,; Ni, Q.-Y;; Chen, Y.; Wan, C.-H.; Liu, S.-Y; Tao, L.-M.; Jiang, Z.-X.; Ni, ].; Pan, H.-F. Temporal
trends in the prevalence of autoimmune diseases from 1990 to 2019. Autoimmun. Rev. 2023, 22, 103359.
Toledano, E.; Garcia de Yébenes, M.],; Gonzalez-Alvaro, 1.; Carmona, L. Severity indices in rheumatoid
arthritis: A systematic review. Reumatol. Clin. 2019, 15, 146-151.

Eldjoudi, D.A.; Barreal, A.C.; Gonzalez-Rodriguez, M.; Ruiz-Fernandez, C.; Farrag, Y.; Farrag, M.; Lago, F;
Capuozzo, M.; Gonzalez-Gay, M.A.; Varela, A.M.; et al. Leptin in Osteoarthritis and Rheumatoid Arthritis:
Player or Bystander? Int. ]. Mol. Sci. 2022, 23, 2859.

Armstrong, A.W,; Read, C. Pathophysiology, Clinical Presentation, and Treatment of Psoriasis: A Review.
JAMA 2020, 323, 1945-1960.

Ganceviciené R. State of the art traditional treatments for acne and rosacea. InActa Dermato-Venereologica:
35th Congress of Nordic Dermatology and Venereology, Copenhagen, Denmark, April 19-22, 2022: abstract
book. 2022 (Vol. 102, No. S222). Medical Journals Sweden AB.

Ghoreschi, K.; Balato, A.; Enerback, C.; Sabat, R. Therapeutics targeting the IL-23 and IL-17 pathway in
psoriasis. Lancet 2021, 397, 754-766.

Boutet, M.-A.; Nerviani, A.; Gallo Afflitto, G.; Pitzalis, C. Role of the IL-23/IL-17 Axis in Psoriasis and Psoriatic
Arthritis: The Clinical Importance of Its Divergence in Skin and Joints. Int. J. Mol. Sci. 2018, 19, 530.
Capuozzo, M.; Ottaiano, A.; Nava, E.; Cascone, S.; Fico, R,; Iaffaioli, R.V,; Cinque, C. Etanercept induces
remission of polyarteritis nodosa: A case report. Front. Pharmacol. 2014, 5, 122.

Ruiz-Ponce, M.; Cuesta-Loépez, L.; Montilla, L.; Pérez-Sanchez, C.; Ortiz-Buitrago, P.,; Barranco, A.; Gahete,
M.D.; Herman-Sanchez, N.; Lucendo, A.; Navarro, P; et al. Decoding clinical and molecular pathways of liver
dysfunction in Psoriatic Arthritis: Impact of cumulative methotrexate doses. Biomed. Pharmacother. 2023,
168,115779.

Mease, PJ.; A Deodhar, A.; van der Heijde, D.; Behrens, E; Kivitz, A.J.; Neal, ].; Kim, J.; Singhal, S.; Nowak, M.;
Banerijee, S. Efficacy and safety of selective TYK2 inhibitor, deucravacitinib, in a phase II trial in psoriatic
arthritis. Ann. Rheum. Dis. 2022, 81, 815-822.

Zhang, M.; Iwata, S.; Sonomoto, K.; Ueno, M.; Fujita, Y.; Anan, ].; Miyazaki, Y.; Ohkubo, N.; Sumikawa, M.H,;
TodorokKi, Y.; et al. mTOR activation in CD8+ cells contributes to disease activity of rheumatoid arthritis and
increases therapeutic response to TNF inhibitors. Rheumatology 2022, 61, 3010-3022.

3264

https://reviewofconphil.com



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nair, R.P; Ruether, A.; Stuart, P.E.; Jenisch, S.; Tejasvi, T.; Hiremagalore, R.; Schreiber, S.; Kabelitz, D.; Lim,
H.W,; Voorhees, ].J.; et al. Polymorphisms of the IL12B and IL23R genes are associated with psoriasis. .
Investig. Dermatol. 2008, 128, 1653-1661.

Merola, ].F; Landewé, R.; McInnes, I.B.; Mease, PJ.; Ritchlin, C.T;; Tanaka, Y.; Asahina, A.; Behrens, F.; Gladman,
D.D.; Gossec, L.; et al. Bimekizumab in patients with active psoriatic arthritis and previous inadequate
response or intolerance to tumour necrosis factor-a inhibitors: A randomised, double-blind, placebo-
controlled, phase 3 trial (BE COMPLETE). Lancet 2023, 401, 38-48.

Mahmoud, A.M. Meta-analysis and GRADE assessment of randomized controlled trials on the efficacy and
safety of bimekizumab in psoriatic arthritis patients. Curr. Med. Res. Opin. 2023, 39, 1031-1043.

Merola JF, Landewé R, McInnes IB, Mease PJ, Ritchlin CT, Tanaka Y, Asahina A, Behrens F, Gladman DD, Gossec
L, Gottlieb AB. Bimekizumab in patients with active psoriatic arthritis and previous inadequate response or
intolerance to tumour necrosis factor-a inhibitors: a randomised, double-blind, placebo-controlled, phase
3 trial (BE COMPLETE). The Lancet. 2023 Jan 7;401(10370):38-48.

Lee, A.; Scott, L.]J. Certolizumab Pegol: A Review in Moderate to Severe Plaque Psoriasis. BioDrugs 2020, 34,
235-244.

Dapra, V,; Ponti, R.; Curcio, G.L.; Archetti, M.; Dini, M.; Gavatorta, M.; Quaglino, P; Fierro, M.T,; Bergallo, M.
Functional study of TNF-a as a promoter of polymorphisms in psoriasis. Ital. ]. Dermatol. Venereol. 2022,
157,146-153.

Sbidian, E.; Chaimani, A.; Garcia-Doval, I.; Do, G.; Hua, C.; Mazaud, C.; Droitcourt, C.; Hughes, C.; Ingram, J.R,;
Naldj, L.; et al. Systemic pharmacological treatments for chronic plaque psoriasis: A network meta-analysis.
Cochrane Database Syst. Rev. 2017, 12, CD011535.

Hu, P; Wang, M.; Gao, H.; Zheng, A.; Li, ].; Mu, D.; Tong, ]. The Role of Helper T Cells in Psoriasis. Front.
Immunol. 2021, 12, 788940.

Furiati, S.C.; Catarino, ].S.; Silva, M.V,; Silva, R.E;; Estevam, R.B.; Teodoro, R.B.; Pereira, S.L.; Ataide, M.;
Rodrigues, V.; Rodrigues, D.B.R. Th1, Th17, and Treg Responses are Differently Modulated by TNF-a
Inhibitors and Methotrexate in Psoriasis Patients. Sci. Rep. 2019, 9, 7526.

Psarras, A.; Antanaviciute, A.; Alase, A.; Carr, 1.; Wittmann, M.; Emery, P; Tsokos, G.C.; Vital, EM. TNF-«
Regulates Human Plasmacytoid Dendritic Cells by Suppressing IFN-a Production and Enhancing T Cell
Activation. ]. Immunol. 2021, 206, 785-796.

Elyoussfi, S.; Thomas, B.].; Ciurtin, C. Tailored treatment options for patients with psoriatic arthritis and
psoriasis: Review of established and new biologic and small molecule therapies. Rheumatol. Int. 2016, 36,
603-612.

Kaffenberger BH, Lee GL, Tyler K, Chan DV, Jarjour W, Ariza ME, Williams MV, Wong HK. Current and
potential immune therapies and vaccines in the management of psoriasis. Human Vaccines &
Immunotherapeutics. 2014 Apr 28;10(4):876-86.

Nussbaum L, Chen YL, Ogg GS. Role of regulatory T cells in psoriasis pathogenesis and treatment. British
Journal of Dermatology. 2021 Jan 1;184(1):14-24.

Kamata, M.; Tada, Y. Crosstalk: Keratinocytes and immune cells in psoriasis. Front. Immunol. 2023, 14,
1286344.

Zhang, X,; Li, X; Wang, Y,; Chen, Y,; Hu, Y;; Guo, C.; Yu, Z; Xu, P; Ding, Y,; Mi, Q.-S.; et al. Abnormal lipid
metabolism in epidermal Langerhans cells mediates psoriasis-like dermatitis. J. Clin. Investig. 2022, 7,
e150223.

Ruggiero, A.; Megna, M.; Fabbrocini, G.; Ocampo-Garza, S.S. Anti-IL23 biologic therapies in the treatment of
psoriasis: Real-world experience versus clinical trials data. Immunol. Res. 2023, 71, 328-355.
Gonzalez-Rodriguez, M.; Edjoudi, D.A.; Barreal, A.C.; Ruiz-Fernandez, C.; Farrag, M.; Gonzalez-Rodriguez, B.;
Lago, F; Capuozzo, M.; Gonzalez-Gay, M.A.; Varela, A.M.; et al. Progranulin in Musculoskeletal Inflammatory
and Degenerative Disorders, Focus on Rheumatoid Arthritis, Lupus and Intervertebral Disc Disease: A
Systematic Review. Pharmaceuticals 2022, 15, 1544.

Li, Y; Yu, X;; Ma, Y;; Hua, S.IL-23 and dendritic cells: What are the roles of their mutual attachment in immune
response and immunotherapy? Cytokine 2019, 120, 78-84.

3265

https://reviewofconphil.com



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Liu, T; Li, S.; Ying, S.; Tang, S.; Ding, Y;; Li, Y;; Qiao, J.; Fang, H. The IL-23/IL-17 Pathway in Inflammatory Skin
Diseases: From Bench to Bedside. Front. Immunol. 2020, 11, 594735.

Gu, C; Wuy, L,; Li, X. IL-17 family: Cytokines, receptors and signaling. Cytokine 2013, 64, 477-485.
Przepiodrka-Kosinska, ].; Bartosinska, J.; Raczkiewicz, D.; Bojar, 1.; Kosinski, |.; Krasowska, D.; Chodorowska,
G. Serum concentration of osteopontin and interleukin 17 in psoriatic patients. Adv. Clin. Exp. Med. 2020,
29,203-208.

Michalak-Stoma, A.; Bartosinska, J.; Kowal, M.; Raczkiewicz, D.; Krasowska, D.; Chodorowska, G. IL-17A in
the Psoriatic Patients’ Serum and Plaque Scales as Potential Marker of the Diseases Severity and Obesity.
Mediat. Inflamm. 2020, 2020, 7420823.

Jiang, X.; Zhou, R.; Zhang, Y,; Zhu, T; Li, Q.; Zhang, W. Interleukin-17 as a potential therapeutic target for
chronic pain. Front. Immunol. 2022, 13, 999407.

Fouser, L.A.; Wright, ].F; Dunussi-Joannopoulos, K.; Collins, M. Th17 cytokines and their emerging roles in
inflammation and autoimmunity. Immunol. Rev. 2008, 226, 87-102.

Furue, M.; Furue, K.; Tsuji, G.; Nakahara, T. Interleukin-17A and Keratinocytes in Psoriasis. Int. ]. Mol. Sci.
2020, 21, 1275.

Mercurio, L.; Failla, C.M.; Capriotti, L.; Scarponi, C.; Facchiano, F; Morelli, M.; Rossi, S.; Pagnanelli, G.;
Albanesi, C.; Cavani, A,; et al. Interleukin (IL)-17/IL-36 axis participates to the crosstalk between
endothelial cells and keratinocytes during inflammatory skin responses. PLoS ONE 2020, 15, e0222969.
Mitsias DI, Xepapadaki P, Makris M, Papadopoulos NG. Immunotherapy in allergic diseases—improved
understanding and innovation for enhanced effectiveness. Current Opinion in Immunology. 2020 Oct
1;66:1-8.

Sanchez ], Cherrez-Ojeda I, Galvan C, Garcia E, Herndndez-Mantilla N, Londofio Garcia A, McElwee E, Rico
Restrepo M, Rivas E, Hidalgo B. The unmet needs in atopic dermatitis control in Latin America: a
multidisciplinary expert perspective. Dermatology and Therapy. 2021 Oct;11(5):1521-40.

Kivitz, A.].; FitzGerald, O.; Nash, P; Pang, S.; Azevedo, V.F.; Wang, C.; Takiya, L. Efficacy and safety of tofacitinib
by background methotrexate dose in psoriatic arthritis: Post hoc exploratory analysis from two phase 111
trials. Clin. Rheumatol. 2022, 41, 499-511.

Sarabia S, Ranjith B, Koppikar S, Wijeratne DT. Efficacy and safety of JAK inhibitors in the treatment of
psoriasis and psoriatic arthritis: a systematic review and meta-analysis. BMC rheumatology. 2022 Sep
27;6(1):71.

Fleischmann, R.; Pangan, A.L.; Song, I.; Mysler, E.; Bessette, L.; Peterfy, C.; Durez, P; Ostor, A.].; Li, Y;; Zhou, Y;;
et al. Upadacitinib Versus Placebo or Adalimumab in Patients with Rheumatoid Arthritis and an Inadequate
Response to Methotrexate: Results of a Phase 11I, Double-Blind, Randomized Controlled Trial. Arthritis
Rheumatol. 2019, 71, 1788-1800.

Conaghan, P.G.; Mysler, E.; Tanaka, Y.; Da Silva-Tillmann, B.; Shaw, T; Liu, ].; Ferguson, R.; Enejosa, ].V.; Cohen,
S.; Nash, P; et al. Upadacitinib in Rheumatoid Arthritis: A Benefit-Risk Assessment Across a Phase III
Program. Drug Saf. 2021, 44, 515-530.

Guo, ]J.; Zhang, H.; Lin, W,; Lu, L.; Su, J.; Chen, X. Signaling pathways and targeted therapies for psoriasis.
Signal Transduct. Target. Ther. 2023, 8, 437.

Chimalakonda, A.; Burke, |.; Cheng, L.; Catlett, I.; Tagen, M.; Zhao, Q.; Patel, A.; Shen, ].; Girgis, 1.G.; Banerjee,
S.; et al. Selectivity Profile of the Tyrosine Kinase 2 Inhibitor Deucravacitinib Compared with Janus Kinase
1/2/3 Inhibitors. Dermatol. Ther. 2021, 11, 1763-1776.

Krueger, ].G.; Mclnnes, 1.B.; Blauvelt, A. Tyrosine kinase 2 and Janus kinase—signal transducer and activator
of transcription signaling and inhibition in plaque psoriasis. ]. Am. Acad. Dermatol. 2022, 86, 148-157.
Loo, WJ.; Turchin, .; Prajapati, V.H.; Gooderham, M.].; Grewal, P.; Hong, C.-H.; Sauder, M.; Vender, R.B.; Maari,
C.; Papp, KA. Clinical Implications of Targeting the JAK-STAT Pathway in Psoriatic Disease: Emphasis on the
TYK2 Pathway. ]. Cutan. Med. Surg. 2023, 27 (Suppl. S1), 3S-24S.

Armstrong, A.W,; Gooderham, M.; Warren, R.B.; Papp, K.A.; Strober, B.; Thagi, D.; Morita, A.; Szepietowski,
J.C.; Imafuku, S.; Colston, E.; et al. Deucravacitinib versus placebo and apremilast in moderate to severe
plaque psoriasis: Efficacy and safety results from the 52-week, randomized, double-blinded, placebo-
controlled phase 3 POETYK PSO-1 trial. ]. Am. Acad. Dermatol. 2023, 88, 29-39.

3266

https://reviewofconphil.com



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Martin, G. Novel Therapies in Plaque Psoriasis: A Review of Tyrosine Kinase 2 Inhibitors. Dermatol. Ther.
2023,13,417-435.

Singh, R.S.P; Pradhan, V.; Roberts, E.S.; Scaramozza, M.; Kieras, E.; Gale, ].D.; Peeva, E.; Vincent, M.S,;
Banerjee, A.; Fensome, A.; et al. Safety and Pharmacokinetics of the Oral TYK2 Inhibitor PF-06826647: A
Phase [, Randomized, Double-Blind, Placebo-Controlled, Dose-Escalation Study. Clin. Transl. Sci. 2021, 14,
671-682.

Tehlirian, C.; Peeva, E.; Kieras, E.; Scaramozza, M.; Roberts, E.S.; Singh, R.S.P; Pradhan, V,; Banerjee, A.;
Garcet, S.; Xi, L.; et al. Safety, tolerability, efficacy, pharmacokinetics, and pharmacodynamics of the oral
TYK2 inhibitor PF-06826647 in participants with plaque psoriasis: A phase 1, randomised, double-blind,
placebo-controlled, parallel-group study. Lancet Rheumatol. 2021, 3, e204-e213.

Forman, S.B.; Pariser, D.M.; Poulin, Y.; Vincent, M.S.; Gilbert, S.A.; Kieras, E.M.; Qiu, R.; Yu, D,
Papacharalambous, J.; Tehlirian, C.; et al. TYK2/JAK1 Inhibitor PF-06700841 in Patients with Plaque
Psoriasis: Phase Ila, Randomized, Double-Blind, Placebo-Controlled Trial. ]. Investig. Dermatol. 2020, 140,
2359-2370.e5.

Gordon KB, Duffin KC, Bissonnette R, Prinz JC, Wasfi Y, Li S, Shen YK, Szapary P, Randazzo B, Reich K. A phase
2 trial of guselkumab versus adalimumab for plaque psoriasis. New England Journal of Medicine. 2015 Jul
9;373(2):136-44.

Zanin-Zhorov, A.; Weiss, ].M.; Trzeciak, A.; Chen, W.; Zhang, ].; Nyuydzefe, M.S.; Arencibia, C.; Polimera, S,;
Schueller, O.; Fuentes-Duculan, J.; et al. Cutting Edge: Selective Oral ROCK2 Inhibitor Reduces Clinical Scores
in Patients with Psoriasis Vulgaris and Normalizes Skin Pathology via Concurrent Regulation of IL-17 and
IL-10. ]. Immunol. 2017, 198, 3809-3814.

Pandya, V.B.; Kumar, S.; Sachchidanand, S.; Sharma, R.; Desai, R.C. Combating Autoimmune Diseases with
Retinoic Acid Receptor-Related Orphan Receptor-y (RORy or RORc) Inhibitors: Hits and Misses. ]. Med.
Chem. 2018, 61, 10976-10995.

Gege, C. Retinoic acid-related orphan receptor gamma t (RORyt) inverse agonists/antagonists for the
treatment of inflammatory diseases—Where are we presently? Expert Opin. Drug Discov. 2021, 16, 1517-
1535.

Li, G.; He, D,; Cai, X;; Guan, W,; Zhang, Y.; Wy, J.-Q.; Yao, H. Advances in the development of phosphodiesterase-
4 inhibitors. Eur. ]. Med. Chem. 2023, 250, 115195.

Mease, PJ. Apremilast: A Phosphodiesterase 4 Inhibitor for the Treatment of Psoriatic Arthritis. Rheumatol.
Ther. 2014, 1, 1-20.

Papp, K;; Reich, K;; Leonardi, C.L.; Kircik, L.; Chimenti, S.; Langley, R.G.; Hu, C.; Stevens, R.M.; Day, R.M,;
Gordon, K.B,; et al. Apremilast, an oral phosphodiesterase 4 (PDE4) inhibitor, in patients with moderate to
severe plaque psoriasis: Results of a phase IIl, randomized, controlled trial (Efficacy and Safety Trial
Evaluating the Effects of Apremilast in Psoriasis [ESTEEM] 1). ]. Am. Acad. Dermatol. 2015, 73, 37-49.
Zhang X, Cao ], Zhao S, Yang X, Dong ], Tan Y, Yu T, He Y. Nociceptive sensory fibers drive interleukin-23
production in a murine model of psoriasis via calcitonin gene-related peptide. Frontiers in Immunology.
2021 Oct 22;12:743675.

ALali 3 had 4 8aall (i pa 8 10Y Alsdl) B g Babiaal) aluca¥l g Asa ol gl cladladl (3 il glal)
UAS.‘A&\

& iy slall 82 ga e 1508 1580 & i Laa callad) g8 00 %3 Jss o i e e el gals Gl shal o ddaall; LAY
158 Ll 53mal) S sl Congd 3l ALl a5 3alaall sl Y1 Hal g cam o) sudl ladlal) g Akl Fomm Bl Gl
Bl ) 3 il Lgaall #3e 8Y a3 aaal las

dle a5y sl Asadl ) bl ,all 5 A gl AT 5 Gy pedl Coladl e bl Realyadl Jadi Lgiedlo s Leillad s Lelee il e
.2023
IL-17 <ihia setanercept) sadalimumab Jie TNF-a (Gadie 3 6 Lay can sl gl ladlall (e sl Gan) jall 5l it
Gladlall jedali LeS | i yal) 8lun 33 g Ganen g Al ial e f i 35 U Lgllad il 1 5 cixekizumab) ssecukinumab Jia(
3267

https://reviewofconphil.com



Ln gl sl Ml 38 jelal Aalvivua o 5o <y Giiats 135 5 <tildrakizumab sguselkumab  Jia ¢ TL-23<aa¢ind S 330a))
A880 48 e allaii dila BT e 0 silay B (i yall Gans o (e a1 e clgd Sl (K (el clile Bale

ense Mo LR i Cua cdaall (e 5l 8 158 Ltk Al B3 5 33liaal) alua¥) s Gl gl ciladlall Jity g UiT)
L il i g (2880 lal o glane o Aadlae 5 cclaDlall o3¢ 201 AL sl ol 5 CBLASELY 1 55 puin paional) Cinl) 2a) | aa pall el (s
Ailal) HBEY) Ll e Ao Slall Zladl) ) 3ad an el se a sha Aliinall il sl i Adanally ag jall daliad) oY e

.GM\ Cq\:u ¢S gl Giladia (dluall 3as g 3alzaal) e\.m;“}” Ao o gnll GlaSladl (ddaalls Z\.pl:a.im Glalsl)

3268

https://reviewofconphil.com



