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ABSTRACT

Major advances in the understanding of psoriasis immunopathogenesis have reshaped the treatment of moderate-to-severe
plaque psoriasis. Identification of tumor necrosis factor-o (TNF-a)) and the IL-23/Th17 axis as central drivers of disease has
led to the development of biologic and targeted systemic therapies capable of achieving substantially improved disease
control and patient outcomes.

This review examines the principal biologic and targeted systemic therapies currently used in Europe, including TNF-a,, IL-
12/23,1L-17, and IL-23 inhibitors, as well as apremilast. We discuss their mechanisms of action, clinical efficacy, durability
of response, safety profiles, and therapeutic positioning on the basis of pivotal trials, extension studies, network meta-
analyses, and real-world evidence.

Among currently available agents, IL-17 and IL-23 inhibitors generally provide the greatest levels of skin clearance, whereas
TNF-a inhibitors continue to occupy an important place in selected clinical contexts, particularly in patients with concomitant
psoriatic arthritis. Ustekinumab remains a well-established option with durable efficacy and convenient administration, while
apremilast retains relevance in patients for whom an oral non-biologic approach is preferred.

Taken together, current evidence supports a shift from broad immunosuppression toward mechanism-based, individualized
therapy. In contemporary psoriasis care, treatment selection should be guided not only by efficacy, but also by long-term
safety, durability, comorbidities, and patient-specific considerations.
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1. Introduction

Psoriasis is a chronic, immune-mediated inflammatory skin disease characterized by erythematous,
scaly plaques and a relapsing clinical course. (Gao et al., 2025) (Sharma et al., 2022)

The disease affects a substantial proportion of the European population and is associated with a marked
burden on quality of life, as well as multiple systemic comorbidities, including psoriatic arthritis, metabolic
syndrome, and cardiovascular disease. (Ponikowska et al., 2025) (Almenara-Blasco et al., 2024) (Langenbruch
etal., 2023) (Acioly et al., 2024) (Jiang et al., 2023) The heterogeneity of clinical presentation and the presence
of associated comorbidities make individualized systemic treatment a central component of contemporary
psoriasis management.

Advances in the understanding of psoriasis pathogenesis have highlighted the central role of
dysregulated immune pathways, particularly those involving tumor necrosis factor-a (TNF-a) and the IL-
23/Th17 axis, which have become major therapeutic targets in contemporary systemic treatment. (Sieminska
et al., 2024) (Sharma et al., 2022) (Potestio et al., 2024)

Over the past two decades, these insights have led to the development of several targeted biologic and
small-molecule therapies that have substantially improved treatment outcomes in patients with moderate-to-
severe psoriasis. (Sbidian et al., 2025) (Jiang et al., 2023)

In addition to established biologic classes such as TNF-a inhibitors, IL-12/23 inhibitors, IL-17 inhibitors,
and IL-23 inhibitors, newer targeted approaches, including phosphodiesterase-4 (PDE-4) inhibitors, have
further broadened the therapeutic landscape. (Sbidian et al., 2025)

This review provides an overview of the major classes of biologic and targeted systemic therapies
currently used in Europe for the treatment of moderate-to-severe psoriasis. The mechanisms of action, long-
term efficacy, and safety profiles of these therapies are discussed with primary reference to pivotal clinical
trials, pooled analyses, network meta-analyses, and longer-term observational studies.

2. Methodology

This article was prepared as a structured narrative review of targeted therapies approved in Europe for
the treatment of psoriasis. The literature search was conducted primarily in the PubMed database and focused
on publications concerning biologic agents and apremilast currently registered for clinical use in Europe.

The evidence base was built mainly on phase III randomized clinical trials, meta-analyses, and European
clinical guidelines, as these sources were considered the most reliable for assessing efficacy, safety, and the
current therapeutic role of individual agents. In addition, landmark and highly cited studies were reviewed to
ensure inclusion of publications that have had a major impact on the evolution of psoriasis treatment and on
the interpretation of clinical outcomes in both trial settings and routine practice.

Publications were selected according to their relevance to the topic, methodological rigor, and clinical
applicability. Particular attention was paid to studies addressing comparative efficacy, long-term response,
safety profile, and treatment positioning in moderate-to-severe psoriasis. Long-term extension studies and real-
world data were also included when they provided clinically meaningful information not fully captured in
pivotal trials.

Because this was a narrative review, no formal systematic-review framework, PRISMA flow diagram,
or quantitative evidence synthesis was employed.

3. Discussion

3.1. TNF-a inhibitors

Tumor necrosis factor alpha (TNF-a) antagonists represent the first generation of targeted biologic
therapies introduced for the treatment of moderate-to-severe plaque psoriasis and have played a pivotal role in
transforming the systemic treatment of moderate-to-severe psoriasis. Their introduction in the early 2000s
marked one of the earliest successful applications of targeted immunotherapy in psoriasis and contributed
substantially to a redefinition of systemic treatment standards in dermatology. (Renholt & Iversen, 2017;
Wecisto-Dziadecka et al., 2016)

TNF-a is a key pro-inflammatory cytokine involved in both the initiation and maintenance of psoriatic
inflammation. It promotes activation of dendritic cells, drives differentiation of Th1l and Th17 lymphocytes,
enhances endothelial expression of adhesion molecules (including ICAM-1 and VCAM-1), stimulates
angiogenesis, and induces keratinocyte proliferation and aberrant differentiation through activation of the NF-
kB and MAPK signaling pathways. (Lowes et al., 2014)
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Overexpression of TNF-a in psoriatic skin has been consistently demonstrated in immunohistochemical
and molecular studies, which revealed significantly increased TNF-o mRNA and protein levels within psoriatic
plaques compared with non-lesional skin. Neutralization of TNF-a also contributes to downregulation of the
IL-23/Th17 axis, likely through reduced IL-23 production by dendritic cells and decreased downstream
expression of IL-17- and IL-22-associated inflammatory pathways. This results in normalization of
keratinocyte proliferation, reduction of epidermal hyperplasia, and attenuation of inflammatory cellular
infiltrates within psoriatic lesions. (Menter et al., 2021) (Lowes et al., 2013)

The clinical efficacy of TNF-a inhibitors has been confirmed in randomized placebo-controlled trials
and network meta-analyses. Compared with placebo, these agents significantly increase the likelihood of
achieving clinically meaningful PASI responses during induction therapy. However, in comparative network
meta-analyses, the overall efficacy of TNF-a inhibitors in achieving higher response thresholds, particularly
PASI90, is generally lower than that reported for IL-17 and IL-23 inhibitors, reflecting the evolution of
biologic therapy toward more selective targeting of psoriatic inflammatory pathways. (Sbidian et al., 2023)
(Armstrong et al., 2021) (Reich et al., 2005) (Menter et al., 2008)

Beyond PASI-based endpoints, clinical trials consistently demonstrate reductions in body surface area
involvement and clinically meaningful improvements in patient-reported outcomes, including DLQI,
indicating that TNF-a blockade translates into both objective disease control and improved health-related
quality of life. (Lebwohl et al., 2025) (de Ruiter & Rustemeyer, 2022)

Currently approved TNF-a inhibitors for the treatment of psoriasis in Europe include adalimumab,
infliximab, etanercept, and certolizumab pegol, each of which differs in molecular structure, pharmacokinetics,
dosing strategy, and clinical profile. (Nast et al., 2020)

3.1.1. Adalimumab

Adalimumab, a fully human IgG1 monoclonal antibody targeting both soluble and membrane-bound
TNF-a, remains one of the most extensively studied inhibitors of this cytokine in the treatment of moderate-
to-severe plaque psoriasis. Its efficacy has been demonstrated in pivotal phase III trials, including REVEAL
and CHAMPION, in which PASI75 responses at week 16 were achieved in 71-80% of patients and PASI90
responses in 45-49%, with statistically significant superiority over both placebo and methotrexate. (Saurat et
al., 2008) (Papp et al., 2015)

Adalimumab treatment is also associated with substantial reductions in the extent of skin involvement
and marked improvements in health-related quality of life. Mean reductions in the Dermatology Life Quality
Index (DLQI) have been reported in the range of approximately 9—12 points, well above the minimal clinically
important difference (de Ruiter & Rustemeyer, 2022). Furthermore, a significant proportion of patients achieve
DLAQI scores indicating minimal impact of disease on daily functioning (Mrowietz et al., 2013), confirming
that adalimumab provides both robust objective disease control and meaningful patient-reported outcomes
(Revicki et al., 2008).

Long-term data support the durability of response to adalimumab. In an open-label extension of the
REVEAL study, patients with sustained initial PASI75 responses maintained high rates of response over
3 years, with approximately 76% retaining PASI75 and 50% retaining PASI90 at 160 weeks of continuous
therapy. Real-world registry analyses, including BADBIR, demonstrate favorable treatment persistence of
adalimumab in clinical practice, with loss of efficacy representing one of the most common reasons for
discontinuation. (Gordon et al., 2012) (Alabas et al., 2023)

The safety profile of adalimumab is well established; the most frequently reported adverse events
include injection-site reactions and mild infections, while meta-analyses and pooled long-term studies have
not demonstrated a significant increase in serious adverse events. Pre-treatment screening for latent
tuberculosis remains essential due to the risk of reactivation, whereas current evidence does not indicate a clear
increase in the incidence of solid malignancies. (Dommasch et al., 2011) (Semble et al., 2014)

Owing to its documented efficacy in psoriatic arthritis, including inhibition of radiographic progression,
adalimumab represents a particularly appropriate therapeutic option for patients with concomitant joint
involvement. Its systemic anti-inflammatory activity also supports its use in individuals with extensive
cutaneous disease (high BSA) or significant nail involvement. Overall, adalimumab remains a well-established
therapy with robust long-term efficacy and a predictable safety profile and remains an important reference
agent in comparative evaluations of newer biologic therapies. (Mease et al., 2009)
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3.1.2. Infliximab

Infliximab is a chimeric IgGl monoclonal antibody composed of human and murine sequences that
targets TNF-a and is one of the most effective TNF-a inhibitors in short-term induction therapy for moderate-
to-severe plaque psoriasis. Its efficacy is characterized by a rapid onset of action, which is particularly relevant
for patients with severe and extensive disease. In pivotal phase III trials, including EXPRESS and EXPRESS
II, PASI75 responses were achieved in 80—88% of patients by week 10, while PASI90 responses were observed
in 55-60%, supporting the view that infliximab is among the most rapidly acting TNF-a inhibitors and achieves
high short-term response rates. (Reich et al., 2005) (Gottlieb et al., 2004)

Reductions in body surface area (BSA) averaged over 75%, and improvements in health-related quality
of life, assessed by the Dermatology Life Quality Index (DLQI), ranged from 10 to 13 points, with
approximately half of patients achieving DLQI 0/1. (Feldman et al., 2005)

Observational studies suggest that clinical benefit may be maintained long term in selected patients,
although treatment persistence is limited in routine practice by loss of efficacy and immunogenicity. (Mourad
& Gniadecki, 2021) (Warren et al., 2015) (Iskandar et al., 2017)

Due to its chimeric structure, infliximab exhibits higher immunogenicity compared with fully human
antibodies, which may result in the formation of neutralizing anti-drug antibodies and necessitate dose
escalation or concomitant conventional therapy. (Thomas et al., 2015)

The safety profile of infliximab includes similar adverse events as other TNF-a inhibitors, such as
infusion reactions, upper respiratory tract infections, and mild opportunistic infections. Pre-treatment screening
for latent tuberculosis is essential due to the risk of reactivation. Long-term data do not indicate a significant
increase in solid malignancy risk, although rare cases of lymphoma have been reported. (Dommasch et al.,
2011) (Leman & Burden, 2008)

Infliximab is particularly relevant in patients with severe, extensive plaque psoriasis (high BSA) and
those requiring rapid therapeutic effect. Its efficacy in psoriatic arthritis, including inhibition of radiographic
progression, also makes it suitable for patients with concomitant joint involvement. The combination of rapid
onset, high efficacy, and well-characterized safety profile supports its role as an important therapeutic option
in patients with severe disease. (Reich et al., 2005) (Antoni et al., 2005) (Van Der Heijde et al., 2007)

3.1.3. Etanercept

Etanercept is a recombinant fusion protein composed of the extracellular domain of the human tumor
necrosis factor (TNF) receptor linked to the Fc portion of human IgG1. It exerts its therapeutic effect by acting
as a soluble TNF receptor fusion protein that binds TNF and thereby neutralizes its pro-inflammatory activity.

Etanercept is approved for the treatment of moderate-to-severe plaque psoriasis, and its efficacy has
been demonstrated in randomized phase III trials. PASI75 response rates of approximately 47—59% have been
reported between weeks 12 and 24, whereas PASI90 responses are generally lower, typically ranging from 20%
to 28%, and remain below those observed with monoclonal anti-TNF antibodies such as infliximab and
adalimumab. (C. L. Leonardi et al., 2003)(Tyring et al., 2006). Nevertheless, etanercept remains a clinically
relevant option because of its well-established safety profile and convenient subcutaneous administration.

In addition to improvements in PASI scores, treatment with etanercept has also been associated with
reductions in the extent of skin involvement and significant improvements in health-related quality of life.
Improvements in Dermatology Life Quality Index (DLQI) scores have been consistently reported in clinical
trials, indicating a meaningful reduction in the impact of psoriasis on daily functioning and well-being. (Reich
et al.,, 2009) Long-term studies further suggest that clinical responses can be maintained during extended
treatment periods, with sustained PASI improvements and stable safety outcomes observed for up to 96 weeks
of therapy (Long-Term Safety and Efficacy of Etanercept in Patients with Psoriasis: An Open-Label Study -
PubMed, n.d.)

Long-term data indicate that etanercept can maintain efficacy over several years; however, European
registry analyses suggest lower drug survival than with adalimumab, and comparable or only slightly better
persistence than with infliximab, with secondary loss of efficacy and adverse events being the most common
reasons for discontinuation (Warren et al., 2015)(Mourad & Gniadecki, 2021). The safety profile of etanercept
is well established; the most frequent adverse events include injection-site reactions and mild upper respiratory
tract infections, while meta-analyses have not shown a significant increase in serious adverse events compared
with controls (Sbidian et al., 2023a) (Jain & Singh, 2013) As with other TNF-a inhibitors, pre-treatment
screening for latent tuberculosis is required.(Smolen et al., 2017)
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Etanercept remains a useful option in patients with moderate-to-severe psoriasis, particularly when a
subcutaneous, weekly dosing regimen is preferred or when long-term therapy with predictable administration
is required. It also demonstrates efficacy in psoriatic arthritis. (Mease et al., 2004) With a favorable safety
profile and consistent clinical effects, etanercept remains a valuable therapeutic option among TNF-a inhibitors.

3.1.4. Certolizumab pegol

Certolizumab pegol is a PEGylated, Fc-free Fab' fragment of a humanized monoclonal antibody that
selectively binds TNF-a and neutralizes its pro-inflammatory activity. Unlike other TNF-a inhibitors, it lacks
an Fc fragment, which results in the absence of Fc-mediated effector functions and is associated with minimal
placental transfer. The drug is approved for the treatment of moderate-to-severe plaque psoriasis and psoriatic
arthritis. (Dattola et al., 2017)

Efficacy has been demonstrated in pivotal phase III trials, including CIMPASI-1 and CIMPASI-2. By
week 16, PASI75 responses were achieved in 75-82% of patients, and PASI90 responses in 45-52%, placing
certolizumab among the TNF-a inhibitors with high short-term efficacy (Gottlieb et al., 2018)

Treatment was also associated with substantial reductions in the extent of skin involvement and
significant improvements in Dermatology Life Quality Index (DLQI) scores, with a substantial proportion of
patients achieving DLQI 0/1. (Gottlieb et al., 2018)

Long-term follow-up studies have demonstrated sustained efficacy during several years of treatment. Its
safety profile is broadly consistent with that of the TNF-a inhibitor class, with the most commonly reported
adverse events including mild infections and injection-site reactions; long-term analyses have not identified
unexpected safety signals. (Blauvelt et al., 2021)

Available evidence does not indicate an increased incidence of serious adverse events or solid
malignancies. As with other TNF-a inhibitors, screening for latent tuberculosis is required before therapy
initiation. (Nast et al., 2020)

Certolizumab pegol is particularly relevant when biologic treatment is required during pregnancy, as
minimal placental transfer was demonstrated in the prospective CRIB pharmacokinetic study. Moreover, the
CRADLE study showed minimal to no transfer into breast milk, further supporting the relevance of
certolizumab pegol during lactation and in the broader perinatal setting. (Mariette et al., 2018) (Clowse et al.,
2017)

Clinically, certolizumab is especially useful in patients requiring a rapid therapeutic response, including
those with severe or extensive plaque psoriasis, joint or nail involvement, and situations where treatment during
pregnancy is necessary. Consequently, certolizumab pegol represents an important TNF-a inhibitor option,
combining high short-term efficacy with a distinctive pharmacokinetic profile that may be particularly
advantageous when treatment during pregnancy is required. (Dattola et al., 2017)

3.1.5. A summary of TNF-a inhibitors

In summary, TNF-a inhibitors represent an effective and well-established therapeutic option for the
treatment of moderate-to-severe psoriasis; however, individual agents differ in their clinical profiles. (Sbidian
et al., 2020) (Smith et al., 2020)

Infliximab is associated with a particularly rapid onset of action and high short-term PASI75 and
PASI90 response rates, as demonstrated in the pivotal EXPRESS trial and supported by subsequent
comparative meta-analyses. (Reich et al., 2005) (Signorovitch et al., 2015)

Adalimumab, while providing robust induction efficacy, has shown favorable long-term drug survival
in registry-based and meta-analytic studies, with higher treatment persistence than etanercept and infliximab
in several real-world analyses. (Gniadecki et al., 2015) (Warren et al., 2015) (Mourad & Gniadecki, 2021)

Etanercept is characterized by a stable safety profile and a convenient subcutaneous dosing regimen,
although comparative analyses suggest slightly lower efficacy and treatment persistence than adalimumab.
(Warren et al., 2015) (Long-Term Safety and Efficacy of Etanercept in Patients with Psoriasis: An Open-Label
Study - PubMed, n.d.)

Certolizumab pegol combines high clinical efficacy with a distinctive pharmacokinetic profile related
to the absence of an Fc fragment, resulting in minimal placental transfer and supporting its consideration when
biologic therapy is required during pregnancy. (M. Lebwohl et al., 2018) (Mariette et al., 2018)

In light of available meta-analyses, long-term extension studies, and real-world registry data, selection of a
specific TNF-a inhibitor should be individualized according to the required speed of response, expected treatment
persistence, safety considerations, comorbid psoriatic arthritis, and reproductive context. (Sbidian et al., 2020)
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3.2. IL-17 inhibitors

Interleukin-17 inhibitors represent a distinct class of biologic therapies that play a pivotal role in the
contemporary management of psoriasis. They are currently positioned among first-line biologic therapies for
the treatment of moderate-to-severe psoriasis in patients eligible for systemic therapy. The development of IL-
17 inhibitors represented a further step in the evolution of biologic therapies for psoriasis, following the earlier
introduction of TNF-a and IL-12/23 inhibitors and reflecting an improved understanding of the IL-23/Th17
inflammatory pathway.

IL-17 inhibitors have substantially improved treatment efficacy in psoriasis, with PASI 90 and PASI
100 responses now achieved in a significantly larger proportion of patients.(Abrouk et al., 2017) Prior to the
availability of this class of agents, attaining such levels of response was considerably more difficult, and PASI
75 was more commonly regarded as the standard efficacy endpoint. Consequently, the therapeutic goals in
psoriasis have evolved, shifting toward near-complete or complete skin clearance as a realistic and clinically
meaningful objective in the management of moderate-to-severe psoriasis. Moreover, IL-17 inhibitors are
characterized by a rapid onset of action, with clinically meaningful responses often observable as early as 2—4
weeks after treatment initiation. Those improvement translate into a significant enhancement in patients’
quality of life, as demonstrated by marked reductions in Dermatology Life Quality Index (DLQI) scores
(Kruczek et al., 2025)

An additional advantage of IL-17 inhibitors is their high efficacy in the treatment of nail psoriasis (Yan
et al., 2025), as well as in other difficult-to-treat disease locations, including genital psoriasis, palmoplantar
psoriasis, and scalp psoriasis. Notably, in the latter indication, clinical study has demonstrated superior efficacy
of IL-17 inhibitors compared with another highly effective biologic class, IL-23 inhibitors (Mastorino et al.,
2023).

Regarding the mechanism of action, the interleukin-17 (IL-17) family is a group of pro-inflammatory
cytokines that play a central immunopathogenic role in psoriasis by driving cutaneous inflammation (Martin
etal., 2013). IL-17A and IL-17F, the most biologically active members of this family, are produced mainly by
Th17 cells and other immune subsets, and they stimulate keratinocytes to express pro-inflammatory cytokines,
chemokines, and antimicrobial peptides, amplifying local inflammatory networks within psoriatic lesions
(Sanchez-Rodriguez & Puig, 2023).

Binding of IL-17 cytokines to the IL-17 receptor complex, predominantly IL-17RA/RC on epithelial
cells, triggers intracellular signaling pathways such as NF-kB and MAP. This activation leads to up-regulation
of genes involved in inflammation and recruitment of immune cells. (Vidal et al., 2021)

This IL-17 signaling in psoriatic lesions establishes a self-reinforcing inflammatory loop. Activation of
IL-17 receptors on keratinocytes induces the expression of pro-inflammatory cytokines, chemokines, and
antimicrobial peptides, which recruit neutrophils and additional IL-17-producing immune cell and contribute
to the local inflammatory environment characteristic for psoriatic plaques (Vidal et al., 2021). In addition,
IL-17 acts synergistically with other pro-inflammatory cytokines such as TNF-a, to further enhance expression
of inflammatory mediators and sustain tissue inflammation (Blauvelt & Chiricozzi, 2018).

In Europe, four IL-17 inhibitors are currently approved for the treatment of moderate-to-severe plaque
psoriasis — secukinumab, ixekizumab, brodalumab, and bimekizumab — which differ mechanistically in their
target specificity within the IL-17 pathway (Armstrong & Read, 2020) (Simopoulou et al., 2023)

3.2.1. Secukinumab

Secukinumab is a fully human IgG1x monoclonal antibody administered subcutaneously and approved
for the treatment of moderate-to-severe plaque psoriasis. It selectively binds and neutralizes interleukin-17A
(IL-17A), thereby preventing IL-17A from interacting with its receptor, without directly blocking the IL-17
receptor itself or significantly affecting IL-17F (Vidal et al., 2021). The efficacy and safety of secukinumab
were demonstrated in the pivotal phase IIl ERASURE and FIXTURE trials, which evaluated its superiority
over placebo (and additionally over etanercept in FIXTURE) in reducing disease severity.

In ERASURE, secukinumab produced markedly higher rates of clinical response at week 12 than
placebo, with PASI 75 achieved by 81.6 % (300 mg) and 71.6 % (150 mg) versus 4.5 % for placebo. (Langley
et al., 2014) Secondary endpoints further demonstrated that PASI 90 was reached by 59.2 % and 39.1 %, and
other efficacy endpoint - PASI 100 by 28.6% and 12,8%, compared with ~1 % in the placebo group, reflecting
profound skin clearance.

Similarly, in the FIXTURE trial, secukinumab was superior to both placebo and the TNF-a inhibitor -
etanercept, with PASI 75 rates of 77.1 % and 67.0 % for 300 mg and 150 mg, compared with 44.0 % for
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etanercept and 4.9 % for placebo (Langley et al., 2014), and PASI 90 responses of 54.2 % and 41.9 % versus
20.7 % for etanercept and 1.5 % for placebo, again as secondary endpoints. PASI 100 was reached by 24,1%
and 14,4% versus 4,3% for Etanercept.

Beyond its pronounced effects on skin clearance, secukinumab demonstrated significant improvements
in patient-reported quality of life, as evidenced in the phase II study where the early regimen led to 40.8 % of
patients achieving DLQI 0/1 at week 12, compared with 1.6 % in the placebo group. (Augustin et al., 2015)

Long-term studies of secukinumab have demonstrated sustained efficacy and a favorable safety profile
in patients with moderate-to-severe plaque psoriasis. (Langley et al., 2023) In the 5-year extension of the
pivotal ERASURE and FIXTURE trials, high rates of PASI75, PASI90, and PASI 100 responses were
maintained and also improvements in quality of life (DLQI 0/1) persisted throughout the observation
period.(Langley et al., 2023) Also real-world data support these findings, showing durable effectiveness and
tolerability for up to 6 years of continuous treatment (Galluzzo et al., 2024). Pediatric studies indicate similar
long-term efficacy and quality-of-life benefits for up to 236 weeks,(Kaszuba et al., 2025) with a safety profile
consistent with adult populations(Sticherling et al., 2023).

Secukinumab has a favorable long-term safety profile in patients with moderate-to-severe plaque
psoriasis, with low rates of serious adverse events and no apparent increase over up to 5 years of
treatment(Gottlieb et al., 2022). The most common adverse events were mild infections, such as
nasopharyngitis and upper respiratory tract infections (Langley et al., 2023). Serious infections, opportunistic
infections, malignancies, and major cardiovascular events were rare and did not increase in incidence over
time (Gottlieb et al., 2022). Cases of inflammatory bowel disease, including Crohn’s disease, ulcerative colitis,
and unclassified IBD were uncommon, with exposure-adjusted incidence rates remaining low and stable over
time (Schreiber et al., 2019).

Overall, secukinumab is a highly effective, well tolerated therapeutic option for patients with moderate-
to-severe plaque psoriasis, and has a stable safety profile supported by both clinical trials and real-world
evidence.

3.2.2. Ixekizumab

Ixekizumab is a humanized IgG4 monoclonal antibody administered subcutaneously that, similarly to
secukinumab, selectively binds to and neutralizes interleukin-17A (IL-17A), targeting a key pro-inflammatory
cytokine central to psoriasis pathogenesis (K. B. Gordon et al., 2016). In Europe, It has been approved for the
treatment of adult moderate-to-severe plaque psoriasis, active psoriatic arthritis, axial spondyloarthritis and
additional inflammatory indications. (7altz | European Medicines Agency (EMA), n.d.)

The efficacy of ixekizumab in adults with moderate-to-severe plaque psoriasis was demonstrated in the
phase III UNCOVER-1, UNCOVER-2, and UNCOVER-3 trials, which evaluated two dosing regimens of
ixekizumab and compared them against placebo in all three studies, and additionally against etanercept (tumor
necrosis factor-a inhibitor) in UNCOVER-2 and UNCOVER-3 (Farahnik, Beroukhim, Zhu, et al., 2016). At
week 12, treatment responses with ixekizumab were consistently high across the UNCOVER program, with
the percentages below reflecting the range observed across all three individual trials. PASI 75 — indicating at
least 75 % improvement in psoriasis severity — was achieved by approximately 77 % to 90 % (depending on
a study and dosing frequency) of patients treated with ixekizumab compared with 2—8% in the placebo groups
and 41-53% in the etanercept groups (Farahnik et al., 2016). PASI 90 responses ranged from 59 % to 71 %
with ixekizumab versus <1-3% with placebo and 19-26% with etanercept. (Farahnik et al., 2016) Complete
skin clearance (PASI 100) was observed in approximately 30—41% of ixekizumab-treated patients, compared
with 0—1% receiving placebo and 5-7% receiving etanercept. Patient-reported quality of life, as measured by
the proportion achieving DLQI 0/1, was also consistently greater with ixekizumab (~60—64 %) than with
placebo (~6—8 %) and with etanercept (~34—44 %) at week 12 (Farahnik, Beroukhim, Zhu, et al., 2016). These
data underscore the high level of clinical benefit with ixekizumab in psoriasis in both comparisons - to placebo
and to a TNF inhibitor.

Long-term extension studies of the UNCOVER program show that the high efficacy of ixekizumab
achieved during the 12-week induction phase is maintained over several years of continuous therapy. At week
60, PASI 75, PASI 90, and PASI 100 responses were approximately 95 %, 85 %, and 62 %, respectively, and
at year 5 these responses remained high- 90 %, 71 %, and 46 % (C. Leonardi et al., 2020). Similarly, in
UNCOVER-3, responses at week 204 (~4 years) ranged from 83-98 % for PASI 75, 66—88 % for PASI 90,
and 48—67 % for PASI 100, depending on the analysis method (M. G. Lebwohl et al., 2020). These data indicate
that deep and durable skin clearance can be sustained for up to 4—5 years with continuous ixekizumab therapy.
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Ixekizumab has generally demonstrated a favorable safety profile, consistent with IL-17A inhibition. In
the UNCOVER-1, -2, and -3 trials, the most common adverse events were nasopharyngitis, upper respiratory
tract infections, injection-site reactions, and headache, with serious events being uncommon (Farahnik,
Beroukhim, Zhu, et al., 2016). Mild mucocutaneous candidiasis and occasional neutropenia were reported but
were generally manageable. Long-term data from extension studies with follow-up of up to 4-5 years
demonstrate a stable safety profile of ixekizumab, with no new safety signals and low rates of serious infections,
supporting its tolerability during prolonged therapy (M. G. Lebwohl et al., 2020).

Overall, ixekizumab is a highly effective and well-tolerated therapeutic option for patients with
moderate-to-severe plaque psoriasis, providing rapid and sustained skin clearance and improvements in quality
of life, with an established long-term efficacy and safety profile supported by pivotal clinical trials and
extended follow-up data.

3.2.3. Brodalumab

Brodalumab is a fully human monoclonal antibody that targets the interleukin-17 A receptor (IL-17RA),
thereby blocking the biological activity of multiple IL-17 cytokines, including IL-17A, IL-17F, and IL-17A/F
heterodimers. By inhibiting IL-17RA signaling, brodalumab suppresses downstream IL-17-mediated
inflammatory pathways involved in the pathogenesis of plaque psoriasis. It is approved in Europe for the
treatment of moderate-to-severe plaque psoriasis in adults who are candidates for systemic therapy or
phototherapy (Farahnik, Beroukhim, Abrouk, et al., 2016).

The efficacy of brodalumab in adults with moderate-to-severe plaque psoriasis was demonstrated in the
pivotal phase III AMAGINE-1, AMAGINE-2, and AMAGINE-3 trials, which compared brodalumab with
placebo in all three studies and with ustekinumab ( IL-12/23 inhibitor) in AMAGINE-2 and AMAGINE-3 (M.
Lebwohl et al., 2015). At the primary efficacy time point of week 12, PASI 75 was achieved by approximately
67-86% of patients receiving brodalumab across dose groups and trials, compared with 6—8 % in the placebo
groups and 69-70 % in the ustekinumab groups (AMAGINE-2 and -3) (M. Lebwohl et al., 2015).

Complete skin clearance (PASI 100) at week 12 was observed in approximately 37—44 % of patients
treated with brodalumab 210 mg, compared with 0—1 % with placebo and 19-22 % with ustekinumab (M.
Lebwohl et al., 2015). Patient-reported quality of life outcomes measured by DLQI were assessed in integrated
analyses of the AMAGINE-2 and AMAGINE-3 trials, showing that a significantly greater proportion of
patients treated with brodalumab achieved DLQI 0/1 compared with ustekinumab at week 12 and this
difference persisted at week 52 (Lambert et al., 2021).

Long-term extension analyses from the AMAGINE clinical program demonstrate that the high levels of
skin clearance achieved with brodalumab are sustained through extended treatment periods beyond the initial
12-week induction phase. In the AMAGINE-2 open-label extension through 120 weeks, patients receiving
brodalumab 210 mg every 2 weeks maintained robust responses, with approximately 84.4 % achieving PASI
75, 75.6 % achieving PASI 90, and 61.1 % achieving PASI 100 at week 120 in observed data analyses
(continuous therapy)(Puig et al., 2020). Post-hoc pooled analyses of AMAGINE-2 and AMAGINE-3 similarly
demonstrated sustained efficacy through week 120, with high proportions of patients achieving PASI 90 and
PASI 100 during long-term treatment, indicating that deep skin clearance can be maintained for more than 2
years with continuous brodalumab exposure (Reich et al., 2022). These findings support the long-term
durability of brodalumab efficacy in moderate-to-severe plaque psoriasis, with many patients maintaining
clinically meaningful improvements in disease severity over extended treatment periods.

Brodalumab has shown a generally well-tolerated safety profile in the phase Il AMAGINE-1, -2, and -
3 trials, with the most common adverse events being nasopharyngitis, upper respiratory tract infections,
headache, arthralgia, and injection-site reactions (M. Lebwohl et al., 2015). Rates of serious infections were
low, and long-term follow-up through week 120 showed no new safety signals (Puig et al., 2020)(Reich et al.,
2022). Rare cases of suicidal ideation and behavior have been reported, however, a causal relationship has not
been established, highlighting the need for appropriate monitoring (M. Lebwohl et al., 2025).
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3.2.4. Bimekizumab

Bimekizumab is a humanized IgG1 monoclonal antibody that targets the interleukin-17 (IL-17) pathway
by selectively neutralizing both IL-17A and IL-17F, as well as the IL-17A/F heterodimer, thereby preventing
their interaction with the IL-17 receptor complex. This dual blockade differentiates bimekizumab from other
IL-17 inhibitors. Preclinical and early clinical studies indicate that simultaneous neutralization of IL-17A and
IL-17F may result in a more profound suppression of inflammatory cytokine responses and related
inflammatory processes than blocking IL-17A alone, providing a mechanistic rationale for broader inhibition
of IL-17-mediated inflammation in immune-mediated diseases such as psoriasis and psoriatic arthritis (Glatt
etal., 2018).

Bimekizumab is approved in Europe for the treatment of plaque psoriasis, psoriatic arthritis, axial
spondyloarthritis, and moderate-to-severe hidradenitis suppurativa (Bimzelx | European Medicines Agency
(EMA), n.d.)

Clinical efficacy of bimekizumab in treating plaque psoriasis has been demonstrated across few pivotal,
phase IlI trials, including the BE VIVID, BE SURE, and BE RADIANT trials, in which the drug was evaluated
against placebo as well as against ustekinumab (IL-12/23 inhibitor), adalimumab (TNF alpha inhibitor), and
secukinumab (IL-17 inhibitor) (Reich, Papp, et al., 2021); (Warren et al., 2021).

At week 16, achievement of PASI 90—a primary or co-primary endpoint in these trials - occurred in
85 % of patients in BE VIVID compared with 50 % receiving ustekinumab and 5 % receiving placebo (Reich,
Papp, etal., 2021). In BE SURE, 86.2 % of patients achieved PASI 90 versus 47.2 % with adalimumab (Warren
etal., 2021).

Rates of complete skin clearance (PASI 100) were similarly high, reaching 59 % in BE VIVID versus
21% with ustekinumab and 0 % with placebo (Reich, Papp, etal., 2021), and 60.8 % in BE SURE versus 23.9 %
with adalimumab (Warren et al.,, 2021). In BE RADIANT, responses were 61.7 % with bimekizumab
compared with 48.9 % with secukinumab (Reich, Warren, et al., 2021). Bimekizumab was also associated with
substantial improvements in patient-reported outcomes, including superior dermatology-specific quality-of-
life benefits compared with placebo and active comparators, with these effects maintained over time. (Reich,
Warren, et al., 2021)(A. Armstrong et al., 2026).

Long-term studies have confirmed the durable efficacy of bimekizumab in adults with moderate-to-
severe plaque psoriasis. In the BE RADIANT open-label extension, complete skin clearance (PASI 100) was
maintained in approximately 68.8 % of patients at 3 years (Warren et al., 2025). In the BE BRIGHT extension,
80.8 % of patients sustained PASI 100 and also high PASI90 responses were preserved through 3 years
(Strober et al., 2023), while four-year follow-up showed that approximately 64.7 % of patients maintained
PASI 100 through week 196 (Blauvelt et al., 2025). Real-world evidence supports these findings, with 72.1%
of patients achieving PASI 100 and 93.3 % achieving DLQI 0/1 after 52 weeks of continuous Bimekizumab
therapy (Hagino et al., 2025). Across long-term studies, patient-reported outcomes remained robust, with
DLQI= 0 responses sustained at high levels (65.5-94.8 %) through 4 years, confirming lasting improvements
in quality of life (A. Armstrong et al., 2026).

Bimekizumab, has been shown in pooled phase II/III clinical trials to exhibita generally acceptable
safety profile in patients with moderate-to-severe plaque psoriasis, with treatment-emergent adverse events
(TEAESs) consistent over time and not increasing with longer exposure. The most common TEAEs reported
across trials were nasopharyngitis, upper respiratory tract infections, and oral candidiasis, with oral candidiasis
occurring at a notable exposure-adjusted incidence but being predominantly mild to moderate and only very
rarely leading to treatment discontinuation (K. B. Gordon et al., 2022). In the phase IlIb BE RADIANT
head-to-head trial, which compared bimekizumab with the IL-17A inhibitor secukinumab, oral candidiasis was
observed more frequently in the bimekizumab group (~19.3 %) than in the secukinumab group (~3.0 %) further
supporting the signal for increased mucocutaneous Candida infections with dual IL-17A/F blockade (Reich,
Warren, et al., 2021). Overall, serious adverse events including serious infections and inflammatory bowel
disease events occurred at low rates, and no new safety signals emerged over longer follow-up (up to 2—-3 years
in extension periods), indicating sustained tolerability under clinical trial conditions. (Warren et al., 2025)
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3.3. IL-23 inhibitors

Interleukin-23 (IL-23) inhibitors represent an important class of biologic therapies for the treatment of
moderate-to-severe plaque psoriasis, addressing one of the central cytokines involved in the pathogenesis of
the disease and achieving high and sustained levels of skin clearance. Selective IL-23p19 inhibition has been
shown in clinical trials and systematic analyses to result in high PASI90 and PASI100 responses that are
maintained over extended treatment periods, reflecting both robust efficacy and long-term disease control
across this class of agents (Megna et al., 2026). Improvements in psoriasis are accompanied by substantial
gains in patient-reported quality of life, with large proportion of patients achieving Dermatology Life Quality
Index (DLQI) scores indicating minimal or no impact on daily functioning.

While IL-23 inhibitors generally provide a strong and sustained clinical response, studies examining
time to meaningful improvement note that IL-17 inhibitors may show the fastest onset of action in psoriasis,
followed closely by IL-23 inhibitors; nonetheless, IL-23 inhibitors still achieve meaningful PASI responses in
the early weeks of therapy and remain among the faster biologic options overall for achieving significant
clinical improvements. (Aggarwal & Fleischer, 2024)(Egeberg et al., 2020)

Importantly, real-world registry data indicate that IL-23 inhibitors also have very favorable long-term
drug survival, supporting durable effectiveness with lower likelihood of discontinuation due to loss of response
compared with many other biologic classes (Motedayen Aval et al., 2025).

Targeting the IL-23 pathway may also be particularly advantageous in patients with concomitant
inflammatory bowel disease; selective IL-23 blockade has demonstrated clinical benefit in Crohn’s disease, in
contrast to IL-17 blockade, which has been associated with potential exacerbations of IBD in some contexts,
highlighting clinically relevant differences in immunologic effects beyond the skin (Vuyyuru et al., 2023) (B.
Gao et al., 2023). IL-23 inhibitors are also effective in psoriatic arthritis (Huang et al., 2023), though some
comparative analyses suggest other classes, particularly IL-17 inhibitors, may show more rapid improvement
in joint symptoms during the early weeks of treatment (S. Gao et al., 2025).

When it comes to the mechanism of action, IL-23 inhibitors act by selectively binding the p19 subunit
of IL-23, disrupting a key upstream step in the IL-23/Th17/IL-17 inflammatory axis. IL-23 is essential for the
expansion, survival, and pathogenic activity of Th17 cells, which produce effector cytokines such as IL-17A,
IL-17F and IL-22 that drive keratinocyte hyperproliferation and sustained cutaneous inflammation in psoriasis
(Girolomoni et al., 2017a) (T. Liu et al., 2020). By targeting this upstream cytokine, [L-23 inhibitors reduce
downstream effector signals and interrupt the chronic inflammatory feedback loop characteristic of psoriatic
plaques. This selective mechanism helps explain both the high efficacy in skin clearance and the favorable
safety profile observed in clinical studies of IL-23 inhibitors (J. J. Crowley et al., 2019).

In Europe, three selective IL-23p19 inhibitors are currently approved for the treatment of psoriasis:
risankizumab, guselkumab, and tildrakizumab.

3.3.1. Risankizumab

Risankizumab is a humanized IgG1 monoclonal antibody that selectively binds to the p19 subunit of
interleukin-23, thereby inhibiting IL-23-mediated Thl7 signaling implicated in the pathogenesis of
moderate-to-severe plaque psoriasis. It is approved in Europe for moderate-to-severe plaque psoriasis in adults
who are candidates for systemic therapy, as well as for active psoriatic arthritis in adults, and also more recently
for Crohn’s disease and ulcerative colitis based on regulatory extensions of indication. (Skyrizi | European
Medicines Agency (EMA), n.d.)

The clinical efficacy of risankizumab in moderate-to-severe plaque psoriasis was demonstrated in the
pivotal Phase III trials UltIMMa-1 and UltIMMa-2, which were randomized, double-blind studies including
placebo and ustekinumab as comparators. In both trials PASI 90 at week 16 was a co-primary endpoint, and
risankizumab achieved significantly higher levels of skin clearance than placebo (approximately 75% versus
~2-5%) and ustekinumab (~42—48%) at week 16 (K. B. Gordon et al., 2018). In addition, a higher proportion
of patients treated with risankizumab reached PASI 100 (complete skin clearance) by week 16 compared with
both placebo and ustekinumab (35,9%-50,7% of patients treated with risankizumab vs 12%-24% with
ustekinumab and 0-2% on placebo), reflecting deeper levels of clinical response (K. B. Gordon et al., 2018).
Analysis of patient-reported outcomes from these trials showed that a significantly greater proportion of
risankizumab-treated patients achieved DLQI0/1 (indicating no impact of psoriasis on quality of life) at
week 16 versus both ustekinumab and placebo, with these quality-of-life improvements sustained through
week 52(Augustin et al., 2020).
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Long-term continuous treatment with risankizumab has demonstrated robust and durable efficacy. In
the pivotal Phase III UltIMMa-1 and UltIMMa-2 trials, clinical responses were maintained through week 52,
with PASI 90 achieved in approximately 81-82% of patients and PASI 100 in 56-60%, confirming sustained
high levels of skin clearance over one year of therapy (K. B. Gordon et al., 2018). These findings are further
supported by results from the Phase III open-label extension LIMMitless study, which demonstrated that at
week 304 (~6 years), 86.0% of patients maintained PASI 90 responses (observed cases), 54.2% maintained
PASI 100, and 76,3% achieved DLQI 0/1, indicating durable long-term skin clearance and sustained quality-
of-life improvement with prolonged IL-23p19 inhibition (K. A. Papp et al., 2025).

The safety profile of risankizumab in psoriasis is favorable and consistent across studies; in UltIMMa-1
and UltIMMa-2 the frequency of treatment-emergent adverse events was similar between risankizumab,
ustekinumab, and placebo with no unexpected safety signals. The most commonly observed events include
infections (primarily mild upper respiratory tract infections), headache, and injection-site reactions, with low
rates of serious adverse events reported through 52 weeks of treatment. (K. B. Gordon et al., 2018)

In conclusion, risankizumab represents a highly effective IL-23p19 inhibitor for moderate-to-severe
psoriasis in Europe, with an evidence of high level skin clearance, quality-of-life improvement,and sustained
efficacy through 52 weeks, underpinned by a consistent safety profile in the pivotal phase III studies (K. B.
Gordon et al., 2018)

3.3.2. Guselkumab

Guselkumab is a recombinant, fully human monoclonal antibody of the [gG1A subclass that specifically
targets the p19 subunit of interleukin-23 (IL-23), thereby selectively inhibiting the IL-23—driven inflammatory
pathway central to the pathogenesis of several immune-mediated diseases including psoriasis. In Europe,
guselkumab is authorized for the treatment of moderate-to-severe plaque psoriasis in adults who are eligible
for systemic therapy, for active psoriatic arthritis in adults, and for moderately to severely active ulcerative
colitis and Crohn’s disease. (Tremfya | European Medicines Agency (EMA), n.d.)

The efficacy of guselkumab in plaque psoriasis was established in pivotal phase III trials VOYAGE 1
and VOYAGE 2. In those trials, guselkumab demonstrated superior clinical efficacy compared with placebo
and adalimumab - TNF alpha inhibitor - in adults with moderate-to-severe plaque psoriasis. In VOYAGE 1, at
week 16 the proportion of patients achieving PASI 90 was 73.3 % with guselkumab versus 2.9 % for placebo
and 49.7 % for adalimumab (Blauvelt et al., 2017). In VOYAGE 2, at week 16 PASI 90 was achieved by 70.0 %
of patients treated with guselkumab versus 2.4 % with placebo and 46.8 % with adalimumab (Reich et al.,
2017). Complete skin clearance (PASI 100) was formally assessed at week 24, with a greater proportion of
guselkumab-treated patients achieving PASI 100 than adalimumab in both VOYAGE 1 and VOYAGE 2
(Blauvelt et al., 2017); (Reich, Armstrong, et al., 2017). Dermatology Life Quality Index (DLQI) 0/1 responses
were significantly higher in guselkumab-treated patients compared with placebo at week 16, and meaningful
improvement versus adalimumab was observed at week 24 (Blauvelt et al., 2017); (Reich, Armstrong, et al.,
2017)

Long-term extension data from the VOYAGE 1 trial indicate that the clinical benefits of guselkumab
are sustained with continued treatment in adults with moderate-to-severe plaque psoriasis. In patients who
remained on guselkumab, robust rates of PASI 75, PASI 90, and PASI 100 were observed through week 52,
reflecting durable skin clearance with ongoing therapy (Griffiths et al., 2022). Extended efficacy data from
long-term analysis through week 100 confirm that high levels of clinical response are maintained with
continued guselkumab treatment: proportions of patients achieving PASI 75, PASI 90, and PASI 100 remained
robust at week 100 in all treatment groups, including those initially randomized to placebo or adalimumab who
later switched to guselkumab (Long-Term Efficacy of Guselkumab for the Treatment of Moderate-to-Severe
Psoriasis: Results from the Phase 3 VOYAGE 1 Trial Through Two Years - PubMed, n.d.). Furthermore, a
post-hoc analysis of VOYAGE 1 reported that a substantial proportion of patients maintained complete skin
clearance for > 156 consecutive weeks, demonstrating sustained long-term resolution of disease with ongoing
guselkumab therapy (Puig et al., 2024).

Guselkumab demonstrated a favorable safety profile that was generally consistent across short-term and
long-term follow-up. In the 16-week placebo-controlled period of phase III trials, adverse events were
comparable to placebo, with mild infections such as upper respiratory tract infections being most common (M.
G. Lebwohl et al., 2023). Long-term analyses from VOYAGE 1 and VOYAGE 2 through 100 weeks and
pooled data up to 5 years show that serious infections, malignancies, and discontinuations due to AEs remained
low, with no new safety signals identified (Reich, Papp, et al., 2019)(M. G. Lebwohl et al., 2023). Injection-
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site reactions and mild infections were among the most frequently reported events. Overall, guselkumab’s
safety is manageable and stable over both short- and long-term treatment.

Guselkumab is a highly effective and selective IL-23p19 inhibitor with rapid onset, superior short-term
efficacy compared with placebo and adalimumab in pivotal trials, durable long-term PASI responses, and a
favorable safety profile.

3.3.3. Tildrakizumab

Tildrakizumab is a humanized IgG1k monoclonal antibody targeting the p19 subunit of interleukin-23
(IL-23). In the European Union, it is approved for the treatment of adults with moderate to severe plaque
psoriasis who are candidates for systemic therapy. (Ilumetri | European Medicines Agency (EMA), n.d.)

In the pivotal phase III reSURFACE 1 and reSURFACE 2 ftrials, tildrakizumab demonstrated
significantly greater efficacy than placebo and, in reSURFACE 2, superior PASI 75 responses compared with
the active comparator etanercept (TNF alpha inhibitor). Two doses of Tildrakizumab (100 mg and 200 mg)
were evaluated. The co-primary endpoint was the proportion of patients achieving >75 % improvement (PASI
75) at week 12. In reSURFACE 1, PASI 75 at week 12 was achieved by approximately 62—64 % of patients
receiving tildrakizumab compared with 6 % receiving placebo. In reSSURFACE 2, PASI 75 at week 12 was
achieved by approximately 61-66 % of patients treated with tildrakizamab compared with 6 % with placebo
and 48 % with etanercept (Reich, Papp, et al., 2017). PASI 90, a key secondary endpoint, was assessed in both
trials at week 12 and achieved by approximately 35-39 % of patients receiving tildrakizumab versus 1-3 %
with placebo. (Reich, Papp, et al., 2017) Continued treatment through week 28 led to further improvements.
PASI 75 response rates increased to 80.4—-81.9% in reSURFACE 1 and 72.6-73.5% in reSURFACE 2, while
PASI 90 response rates reached 51.6-59.0% and 55.5-57.7%, respectively. Improvements in health-related
quality of life paralleled clinical efficacy, as reflected by DLQI 0/1 responses in 41.5—47.4% of tildrakizumab-
treated patients at week 12, compared with 5.3—8.0% with placebo, and in 52.4—65.0% at week 28. Collectively,
these findings demonstrate statistically significant and clinically meaningful efficacy of tildrakizumab through
28 weeks in patients with moderate-to-severe plaque psoriasis. (Reich, Papp, et al., 2017) (L. Gao et al., 2020)
(Blauvelt et al., 2019a)

Longer-term analyses indicate that the efficacy of tildrakizumab is durable with continued treatment. In
pooled analyses of reSURFACE 1 and reSURFACE 2, patients who achieved at least a PASI 50 response at
week 28 and continued treatment generally maintained or further improved their clinical responses through
week 52, with corresponding maintenance or improvement in DLQI 0/1 responses (Blauvelt et al., 2019b). In
addition, longer-term pooled data through 148 weeks showed that tildrakizumab was well tolerated and that
efficacy was maintained in week-28 responders who remained on therapy (Reich, Warren, et al., 2019).

Pooled analyses of the reSURFACE 1 and reSURFACE 2 trials indicate that the efficacy of
tildrakizumab is durable with continued therapy in patients with moderate-to-severe plaque psoriasis. Among
patients who achieved PASI >50 at week 28 and continued the same tildrakizumab dose, mean PASI
improvement was maintained or further improved through week 52. Sustained benefits in health-related quality
of life were also observed, with DLQI 0/1 responses being maintained or improved during follow-up. These
findings support the durability of clinical response and quality-of-life improvement with continued
tildrakizumab treatment. (Blauvelt et al., 2019b)

Tildrakizumab demonstrated a favourable safety profile in the phase III reSURFACE 1 and
reSURFACE 2 trials, with overall adverse event rates comparable to placebo and the active comparator
etanercept (Reich, Papp, et al., 2017). The most frequently reported adverse events included nasopharyngitis
and upper respiratory tract infections, which were generally mild to moderate in severity (Reich, Papp, et al.,
2017). Pooled safety analyses confirmed that the incidence of serious adverse events remained low during
longer-term treatment, and no new safety signals were identified with continued therapy (Reich et al., 2020)
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3.4. IL-12/IL-23 (p40) inhibitors

With the advancement of knowledge regarding the immunopathogenesis of psoriasis and the recognition
of the IL-23/Th17 axis as a central driver of chronic inflammation, the development of biologic therapies
targeting more specific immune pathways became possible. Interleukin-12 and interleukin-23 are
heterodimeric cytokines primarily produced by dendritic cells and macrophages. They share a common p40
subunit, while differing in their respective p35 (IL-12) and p19 (IL-23) subunits. IL-12 is involved in Thl
differentiation and interferon-y production, whereas IL-23 plays a crucial role in the stabilization and
maintenance of Th17 cells, which produce IL-17 and IL-22——cytokines directly implicated in keratinocyte
proliferation and the perpetuation of cutaneous inflammation. Inhibition of the shared p40 subunit therefore
results in simultaneous modulation of both Thl and Thl7 pathways, leading to clinically meaningful
suppression of disease activity. (Lowes et al., 2013) (Girolomoni et al., 2017b) (Fitch et al., 2007)

Ustekinumab is currently the only approved IL-12/IL-23 (p40) inhibitor for the treatment of moderate-
to-severe plaque psoriasis. It is a fully human IgG1k monoclonal antibody directed against the p40 subunit. Its
efficacy was demonstrated in the pivotal phase IIIl PHOENIX 1 and PHOENIX 2 trials, in which PASI75
responses at week 12 were achieved in 66—76% of patients, and PASI90 responses in 42—51%, significantly
outperforming placebo. (C. L. Leonardi et al., 2008) (Papp et al., 2008).

Long-term extension data confirmed sustained PASI75 responses for up to 5 years with continuous
treatment (Kimball et al., 2013). In the head-to-head ACCEPT trial, ustekinumab demonstrated superior
efficacy compared with etanercept in achieving PASI75 at week 12 (67% vs 57%; p = 0.01), underscoring its
robust clinical effectiveness relative to certain TNF-o inhibitors (Griffiths et al., 2010).

Treatment was also associated with substantial reductions in affected body surface area (BSA) and
marked improvements in health-related quality of life, with mean DLQI reductions of 9-11 points and
approximately 40-50% of patients achieving DLQI 0/1 (M. Lebwohl et al., 2010).

Beyond randomized controlled trials, real-world evidence further supports the effectiveness and
durability of ustekinumab therapy. Data from the prospective PsABio study demonstrated comparable 1-year
and 3-year treatment persistence between ustekinumab and TNF-a inhibitors in patients with psoriatic arthritis,
with similar effectiveness outcomes after adjustment for baseline characteristics (Menter et al., 2016) (Mourad
& Gniadecki, 2021).

Registry-based analyses in psoriasis populations have likewise reported favorable drug survival rates
and sustained clinical responses over time, often comparable to or exceeding those observed with first-
generation TNF-a inhibitors. (Mourad & Gniadecki, 2021)

According to European (EDF/EADV) and international guidelines, ustekinumab is indicated for adult
patients with moderate-to-severe psoriasis who have had an inadequate response, contraindication, or
intolerance to conventional systemic therapies such as methotrexate, cyclosporine, or acitretin (Nast et al.,
2020).

It may also be considered following failure of TNF-a inhibitors or in patients for whom a less frequent
dosing schedule is preferred, given its administration every 12 weeks after the induction phase.

The safety profile of ustekinumab is well established in both clinical trials and post-marketing
surveillance. The most commonly reported adverse events include mild upper respiratory tract infections and
injection-site reactions. Large meta-analyses and long-term safety evaluations have not demonstrated a
significant increase in the risk of serious infections, malignancies, or major adverse cardiovascular events
compared with placebo or background population rates (Papp et al., 2013) (Sbidian et al., 2023b) (Nast et al.,
2020).

In contrast to TNF-a inhibitors, no clearly increased risk of tuberculosis reactivation has been
consistently demonstrated with ustekinumab, although routine pre-treatment screening remains mandatory
(Nast et al., 2020) (Tsai et al., 2012).

In summary, IL-12/IL-23 (p40) inhibition, represented clinically by ustekinumab, constitutes an
effective and well-tolerated therapeutic strategy for moderate-to-severe psoriasis. By simultaneously
modulating Thl and Th17 pathways, this approach provides high rates of clinical response, significant
improvement in quality-of-life measures, and durable long-term disease control in both randomized and real-
world settings. Within current treatment algorithms, ustekinumab maintains a well-established position as a
post-conventional systemic option and as an alternative to TNF-a inhibitors, particularly in patients requiring
predictable and convenient long-term therapy.
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3.5. PDE-4 inhibitors

Phosphodiesterase 4 (PDE4) inhibitors constitute a class of orally administered small-molecule agents
that modulate intracellular inflammatory signaling through inhibition of cyclic adenosine monophosphate
(cAMP) degradation. Increased intracellular cAMP levels result in downregulation of multiple pro-
inflammatory mediators relevant to psoriasis pathogenesis, including TNF-a, IL-17, and IL-23, alongside
enhanced production of anti-inflammatory cytokines such as IL-10. In contrast to biologic agents that
selectively neutralize extracellular cytokines, PDE4 inhibitors exert broader intracellular immunomodulatory
effects. (Gooderham & Papp, 2015) (Schafer, 2012) (Mechanisms Underlying the Clinical Effects of
Apremilast for Psoriasis - PubMed, n.d.)

At present, apremilast is the only systemic PDE4 inhibitor approved in Europe for the treatment of
moderate-to-severe plaque psoriasis. Its efficacy and safety were established in the pivotal phase IIl ESTEEM
1 and ESTEEM 2 randomized controlled trials. At week 16, PASI75 responses were achieved in approximately
28-33% of patients receiving apremilast 30 mg twice daily, compared with 5—6% in the placebo groups (K.
Papp et al., 2015) (Paul et al., 2015)

In addition to improvements in overall disease activity, clinically meaningful benefits were also
observed in difficult-to-treat localizations, including scalp and nail involvement, assessed using dedicated tools
(Rich et al., 2016). Subsequent pooled analyses and meta-analyses confirmed that apremilast significantly
increases the likelihood of achieving PASI75 compared with placebo, without a statistically significant
increase in serious adverse events (Y. Liu et al., 2023). Although response rates at higher thresholds,
particularly PASI90 and PASI100, are lower than those reported for IL-17 or IL-23 inhibitors, apremilast
consistently provides clinically meaningful improvements in quality of life, with mean reductions in DLQI of
approximately 6—7 points at week 16 (K. Papp et al., 2015) (Paul et al., 2015).

Long-term extension studies indicate sustained efficacy in a subset of responders for up to 3—5 years,
with no emergence of new safety signals over prolonged exposure (J. Crowley et al., 2017). Real-world
observational data further corroborate the effectiveness and favorable tolerability profile of apremilast in
routine clinical practice, particularly in patients with moderate disease severity or contraindications to biologic
therapy (Papadavid et al., 2018).

The safety profile of apremilast is well characterized and generally favorable. The most frequently
reported adverse events include transient gastrointestinal symptoms (diarrhea and nausea), headache, and
modest weight loss, typically occurring during the initial weeks of therapy (K. Papp et al., 2015). Importantly,
pooled safety analyses have not demonstrated an increased risk of serious infections, malignancy, or major
adverse cardiovascular events compared with placebo (Mease et al., 2023) (K. Papp et al., 2015). Unlike
biologic therapies, apremilast does not require laboratory monitoring for immunosuppression or screening for
latent tuberculosis prior to treatment initiation (J. Crowley et al., 2017).

According to current European (EDF/EADYV) guidelines, apremilast is recommended as a systemic
treatment option for adult patients with moderate-to-severe psoriasis who have an inadequate response,
intolerance, or contraindication to conventional systemic therapies, and it may be particularly considered in
patients for whom biologic therapy is unsuitable or not preferred (Nast et al., 2020).

In summary, apremilast represents the sole approved systemic PDE4 inhibitor for psoriasis in Europe.
While its efficacy in achieving high-level PASI responses is generally lower than that observed with biologic
agents targeting TNF-a, IL-17, or IL-23, its oral administration, favorable safety profile, and absence of routine
laboratory monitoring requirements define a distinct therapeutic niche within contemporary psoriasis treatment
algorithms.

4. Conclusions

The treatment of moderate-to-severe psoriasis has been fundamentally transformed by advances in the
understanding of disease immunopathogenesis and by the development of increasingly selective biologic and
targeted systemic therapies. Agents directed against TNF-a, 1L-12/23, IL-17, and IL-23, as well as targeted
small-molecule therapies such as PDE-4 inhibitors, have substantially improved the ability to achieve sustained
disease control, higher levels of skin clearance, and meaningful improvement in quality of life. At the same
time, important differences remain between therapeutic classes and individual agents with respect to efficacy,
durability of response, safety, route and frequency of administration, and suitability for specific clinical
contexts. Although IL-17 and IL-23 inhibitors generally provide the highest levels of skin clearance, TNF-a
inhibitors continue to play an important role in selected patients, particularly those with concomitant psoriatic
arthritis, whereas ustekinumab and apremilast retain distinct value in appropriately selected clinical settings.
Overall, contemporary psoriasis management has shifted from broad immunosuppression toward mechanism-
based, individualized therapy, and optimal treatment selection should integrate comparative efficacy with long-
term safety, comorbidity profile, practical treatment characteristics, and patient-related factors in order to
achieve sustained long-term outcomes.
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