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Abstract: Chronic plaque psoriasis is an immune-mediated skin disease with a chronic relapsing
course, affecting up to ~2–3% of the general adult population worldwide. The interleukin (IL)-
23/Th17 axis plays a key role in the pathogenesis of this skin disease and may represent a critical
target for new targeted pharmacotherapies. Cutaneous lesions tend to recur in the same body areas,
likely because of the reactivation of tissue-resident memory T cells. The spillover of different pro-
inflammatory cytokines into systemic circulation can promote the onset of different comorbidities,
including psoriatic arthritis. New targeted pharmacotherapies may lead to almost complete skin
clearance and significant improvements in the patient’s quality of life. Accumulating evidence
supports the notion that early intervention with targeted pharmacotherapies could beneficially
affect the clinical course of psoriatic disease at three different levels: (1) influencing the immune
cells infiltrating the skin and gene expression, (2) the prevention of psoriasis-related comorbidities,
especially psoriatic arthritis, and (3) the improvement of the patient’s quality of life and reduction
of cumulative life course impairment. The main aim of this narrative review is to summarize the
effects that new targeted pharmacotherapies for psoriasis may have on the immune scar, both at the
molecular and cellular level, on psoriatic arthritis and on the patient’s quality of life.

Keywords: psoriasis; quality of life; psoriatic arthritis; resident memory T cell; biologics

1. Introduction

Plaque psoriasis is a chronic inflammatory skin disease that, similarly to other immune-
mediated inflammatory diseases, is associated with a systemic inflammatory burden and
various comorbid conditions, including psoriatic arthritis (PsA) [1]. Psoriatic skin lesions
are characterized by erythematous and scaly plaques usually occurring on the scalp and
extensor surfaces of upper and lower limbs (Figure 1) and a tendency to recur at the
same body sites [2]. Older anti-psoriatic therapies are usually effective in resolving disease
manifestations but may negatively affect the patient’s quality of life. Though these therapies
are able to clear psoriasis skin lesions, a residual “immune scar” is detected in resolved
lesional skin and may predispose to the recurrence of psoriatic lesions [3–8]. Conversely,
new targeted pharmacotherapies for psoriasis may lead to the clearance of skin lesions and
a reduction in the immune scar at the molecular level. Preliminary evidence supports the
concept of a differential impact of each targeted pharmacotherapy on both disease activity
and immune scarring [4,9]. This narrative review is aimed at summarizing the effects of
new targeted pharmacotherapies for psoriasis on the immune scar (both at the molecular
and cellular level) and the tissue-resident memory T cells in the pathogenesis of comorbid
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conditions, as well as the effects of these new targeted pharmacotherapies on both psoriasis
comorbidities and patient’s quality of life (Table 1).

Int. J. Mol. Sci. 2022, 23, 12849 2 of 15 
 

 

review is aimed at summarizing the effects of new targeted pharmacotherapies for 
psoriasis on the immune scar (both at the molecular and cellular level) and the tissue-
resident memory T cells in the pathogenesis of comorbid conditions, as well as the effects 
of these new targeted pharmacotherapies on both psoriasis comorbidities and patient’s 
quality of life (Table 1). 
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Table 1. Targeted pharmacotherapies exerting a possible “disease modification effect” in chronic 
plaque psoriasis. 

Area of Influence of 
Pharmacotherapies 

Treatment(s) Results 

Immunophenotype of 
post -esional skin 

Ixekizumab vs. etanercept vs. placebo 
Downmodulation of genes involved in multiple inflammatory pathways 
to a greater extent after ixekizumab compared to etanercept [4] 

Brodalumab vs. etanercept vs. ustekinumab 
Suppression of genes involved in multiple inflammatory pathways to a 
greater extent after brodalumab compared to ustekinumab and 
etanercept [10] 

Guselkumab vs. secukinumab Higher Treg/TRM ratio after IL-23 compared to IL-17 blockade [11] 

Transition from psoriasis 
alone to PsA  

Ustekinumab Reduction of subclinical entheseal inflammation scores [12] 
Secukinumab Improvement of arthralgia, PsAMRIS and synovitis subscore [13] 
TNF-α, IL-17 and IL-12/23 inhibitors vs. NB-
UVB phototherapy 

Lower risk of incident PsA in patients on biologics compared to 
phototherapy [14] 

TNF-α, IL-17 and IL-12/23 inhibitors vs. topicals 
and cDMARDS 

Lower risk of incident PsA in patients on biologics compared to topicals 
but not to cDMARDs [15] 

TNF-α inhibitors, secukinumab and 
ustekinumab and cDMARDS vs. topicals/no 
treatment 

Lower risk of incident PsA in patients on biologics and cDMARDs 
compared to topicals/no treatment [16] 

Biologics § vs. non-biologics 
Lower risk of incident PsA in patients on biologics compared to non-
biologic treatments [17] 

Biologics § vs. cDMARDS and phototherapy 
Higher risk of incident PsA in patients on biologics compared to 
cDMARDS and phototherapy 

Quality of life  Biologics vs. conventional treatments 
Significant reduction of the DLQI score after biologics compared to other 
treatments [18] 

Anxiety Biologics Improvement in anxiety symptoms [19] 
Depression Biologics Lower risk of depressive symptoms [20] 

Abbreviations: PsAMRIS: psoriatic arthritis magnetic resonance imaging scoring system; PsA: 
psoriatic arthritis; cDMARDS: conventional disease-modifying antirheumatic drugs; DLQI: 
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Table 1. Targeted pharmacotherapies exerting a possible “disease modification effect” in chronic
plaque psoriasis.

Area of Influence of
Pharmacotherapies Treatment(s) Results

Immunophenotype of post
-esional skin

Ixekizumab vs. etanercept vs. placebo
Downmodulation of genes involved in multiple inflammatory
pathways to a greater extent after ixekizumab compared to
etanercept [4]

Brodalumab vs. etanercept vs.
ustekinumab

Suppression of genes involved in multiple inflammatory pathways
to a greater extent after brodalumab compared to ustekinumab and
etanercept [10]

Guselkumab vs. secukinumab Higher Treg/TRM ratio after IL-23 compared to IL-17 blockade [11]

Transition from psoriasis
alone to PsA

Ustekinumab Reduction of subclinical entheseal inflammation scores [12]

Secukinumab Improvement of arthralgia, PsAMRIS and synovitis subscore [13]

TNF-α, IL-17 and IL-12/23 inhibitors vs.
NB-UVB phototherapy

Lower risk of incident PsA in patients on biologics compared to
phototherapy [14]

TNF-α, IL-17 and IL-12/23 inhibitors vs.
topicals and cDMARDS

Lower risk of incident PsA in patients on biologics compared to
topicals but not to cDMARDs [15]

TNF-α inhibitors, secukinumab and
ustekinumab and cDMARDS vs.
topicals/no treatment

Lower risk of incident PsA in patients on biologics and cDMARDs
compared to topicals/no treatment [16]

Biologics § vs. non-biologics
Lower risk of incident PsA in patients on biologics compared to
non-biologic treatments [17]

Biologics § vs. cDMARDS
and phototherapy

Higher risk of incident PsA in patients on biologics compared to
cDMARDS and phototherapy

Quality of life Biologics vs. conventional treatments Significant reduction of the DLQI score after biologics compared to
other treatments [18]

Anxiety Biologics Improvement in anxiety symptoms [19]

Depression Biologics Lower risk of depressive symptoms [20]

Abbreviations: PsAMRIS: psoriatic arthritis magnetic resonance imaging scoring system; PsA: psoriatic arthritis;
cDMARDS: conventional disease-modifying antirheumatic drugs; DLQI: dermatology life quality index. § TNF-α:
tumor necrosis factor, interleukin (IL)-17, interleukin (IL)-12/23, interleukin (IL)-23 inhibitors; T reg: T regulatory
cells; TRM: tissue-resident memory cells.
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2. Immunopathogenesis of Psoriasis

The complex pathogenic mechanisms underlying the development of psoriatic plaques
are typically characterized by the activation of both adaptive and innate immunity [21].
Different subsets of T cells, dendritic cells, mast cells, neutrophils, and innate lymphoid
cells-3 may promote the massive production of both chemokines and cytokines, mostly
belonging to the interleukin (IL)-23/IL-17 axis [21]. In particular, these two cytokines are
highly expressed in patients with psoriasis and are recognized to be pathogenically and
therapeutically relevant. IL-23 is a regulatory cytokine acting on the T cell compartment,
stimulating the expression of RAR-related orphan receptor γ (RORγ) and the production
of IL-17A and other effector cytokines, such as IL-17F and IL-22. IL-17A is the main effector
cytokine that induces skin inflammation by acting on tissue cells, conversely to IL-23, which
acts on immune cells bearing the IL-23 receptor [22–24]. IL-17A is expressed by neutrophils
and mast cells, though the centrality of T cell subsets has been widely demonstrated [25,26].
Activated CD8+ T cells are crucial in the early phases of psoriatic inflammation, as demon-
strated by immunosuppressed mouse models xenografted with psoriatic non-lesional skin
that developed psoriatic lesions after the expansion and migration of CD8+ T cells within
the epidermis [27,28]. These oligoclonal T cells located within the epidermis consist of
effector cells producing multiple pro-inflammatory and pro-proliferative cytokines that
could also react against keratinocyte- or melanocyte-derived self-antigens [29–31]. Beside
CD8+ T cells, another pathogenically relevant source of both IL-17A and IL-22 is repre-
sented by CD4+ T cells (T helper [h] 17 cells) [24,32,33]. The differentiation and activation
of IL-17-producing T cells are mostly driven by IL-23, which is composed of the p19 and
p40 subunits [34]. The presence of IL-23 is required for the development of psoriatic le-
sions in various preclinical models [35,36]. IL-23 is mainly produced by myeloid dendritic
cells (DCs) and Langerhans cells, whose activation occurs through toll-like receptor (TLR)-
mediated signals, and by IFN-α, a type I interferon, produced by plasmacytoid DCs [37,38].
This latter DC subset might react against self-nucleic acids bound to antimicrobial peptides
or be stimulated by IL-36-binding TLR-9 [38,39]. The overall production of IL-23 is thought
to expand and maintain T17 cells, including those belonging to the tissue-resident memory
T cell (TRM) compartment.

2.1. Immune Memory Characterizing Psoriatic Skin

TRM cells constitute a large, long-lived, and resident T cell subset with low migration
activity bearing CD49a, which constitutes the α-subunit of the α1β1 integrin receptor (also
known as very late antigen 1, VLA-1), and other cell surface markers, such as CD69 and
CD103 (i.e., a ligand for E-cadherin, which is expressed by epidermal keratinocytes) [40]. In-
creasing evidence suggests a central role of TRM cells in the recurrence of psoriasis [5,40–42].
Skin TRM cells embedded in a human skin graft undergo local proliferation and infiltration
in the dermis and epidermis of hosting immunodeficient mouse models, determining the
onset of psoriasis lesions. When psoriatic non-lesional human skin is grafted onto an
immunodeficient mouse model, the occurrence of psoriasis lesions is associated with the ex-
pansion of human CD8+ TRM cells [28]. Psoriatic lesional and non-lesional skin is infiltrated
by a greater number of CD8+ TRM cells compared with normal skin, and the increased
number of infiltrating CD8+IL-17A+ TRM cells, compared with IFN-γ-producing cells,
correlates with disease duration [28,41,43]. Apparently-healed skin contains CD8+ TRM
cells that are mostly localized at the epidermis (as they express CD103), while CD4+ TRM
cells localize in the dermis [44,45].

Moreover, a large pool of α/β TRM cells expressing IL-17A alone, IL-17A and IL-22, or
IL-22 alone persist in post-lesional psoriasis skin [5]. Cytokine production is not exclusively
oriented toward a T-17 phenotype as TRM also express IFN-γ, showing a T1 phenotype
that could be induced by IL-15 stimulation [46]. Nevertheless, additional findings clarified
that cytokine production might be specifically determined by the inflammatory condition
affecting the skin. Indeed, activated T cells in skin explants showed an upregulation of
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IFN-γ signaling, regardless of the inflammatory disease, whereas IL-17 upregulation is
preferentially observed in psoriatic skin [10].

2.2. Molecular Scarring in Post-Lesional Psoriatic Skin

The first transcriptomic study investigating the molecular scar in etanercept-treated
resolved psoriatic skin identified a cluster of 248 genes that were not normalized by the
drug [3]. This cluster included IL-12, IL-22, IL-17, IFN-γ, and IFN γ-signature genes (i.e.,
Mx1 encoding interferon-induced GTP-binding protein Mx1). Other transcriptomic studies
revealed a greater ability of the treatment with IL-17 antagonists to reduce the molecular
scar, showing a larger set of normalized genes compared to treatment with either anti-TNF
agents or anti-p40 IL-12/IL-23 agents [4,47]. Ixekizumab normalized a ~6-fold larger set
of genes compared to etanercept, whereas brodalumab in responder patients obtained
normalization of ~90% of altered genes associated with the activation of neutrophils, DCs,
and Th17 cells, with a greater magnitude compared to ustekinumab and etanercept [4,47].
The molecular scar suggested a residual, latent activation of immune cells in the resolved
skin, even though each therapeutic agent seemed to have a different ability to reduce the
molecular scar and also interfere with immune memory T cells.

3. Impact of Targeted Pharmacotherapies on the Tissue-Resident
Memory Compartment

Preliminary data analyzing the effect of anti-psoriatic therapies on immune skin
memory were obtained by patients treated with narrow-band UVB, ustekinumab, or
infliximab [6]. A subset of epidermal CD8+ T cells expressing CCR6 (binding to CCL20 and
mostly expressed by IL-17A-producing cells), CD103, and IL-23R was enriched in resolved
psoriasis lesions [6]. Those cells expressing CD103 responded to ex vivo stimulation with IL-
17 production, and this subset of T cells were more frequently detected after narrow-band
UVB compared to biological medications, suggesting that CD49a-expressing epidermal
CD8+ cells represent a stable, resting population that retain the ability to produce IL-17,
while IL-22 would be mainly produced by skin-residing CD4+ T cells [6]. The more recently
introduced classes of biologic agents targeting either IL-17 or IL-23 increased the threshold
of optimal therapeutic response, demonstrating higher rates of response and superiority
compared to previous biologic agents. IL-23 inhibitors are considered potentially disease-
modifying drugs more than IL-17 antagonists because of preliminary pathogenic, clinical,
and molecular findings [11,48,49]. IL-23 is a regulatory cytokine driving the development,
maintenance, and activation of IL-17-producing T cells. IL-23 inhibition is thought to
modulate the T cell compartment, causing a reset of pathogenic inflammatory T cells and
an increase in the rate of non-inflammatory T regulatory (Treg) cells. Because IL-17 is an
effector cytokine acting on tissue cells, its inhibition causes indirect effects on the T cell
compartment with a lower modulatory ability compared to IL-23 inhibitors, although it
lessens IL-23 expression.

Clinical trials testing IL-23 inhibitors showed long-lasting maintenance of the thera-
peutic response following treatment discontinuation compared to IL-17 inhibitors [50–53].
In particular, clinical remission was maintained for over 24–30 weeks after IL-23 inhibitor
treatment withdrawal, beyond their elimination half-lives, in a high proportion of patients;
with IL-17 blockers (i.e., ixekizumab and bimekizumab), this effect was seen for a shorter
period of time (approximately 20 weeks) [48]. A head-to-head clinical trial comparing
guselkumab and secukinumab provided relevant insights about the different effects of
these two drugs on the TRM compartment and, more in general, on skin immune mem-
ory [11]. In fact, after a 24-week treatment with guselkumab or secukinumab, the number
of CD4+ and CD8+ TRM cells decreased in psoriatic lesions of both treatment arms; in
contrast, guselkumab reduced memory T cells while maintaining Treg cells and vice versa
for secukinumab treatment [11]. Secukinumab decreased the number of Treg cells in a
more pronounced way than guselkumab [11]. In addition, a significantly greater decrease
in Langerhans cells (a source of IL-23 in lesional psoriatic skin) infiltrating post-lesional
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skin was observed in guselkumab-treated versus secukinumab-treated patients. No other
significant differences in terms of DC and macrophage modulation were found [11]. These
findings suggest that the increased Treg/CD8+ TRM ratio may be related to the superior
long-term control of skin inflammation achieved by inhibiting IL-23. Because the infil-
tration of CD8+ TRM correlates with the disease duration, the therapeutic intervention of
neutralizing IL-23 should be timely and as early as possible. This hypothesis is tested in
the GUIDE study where patients with short disease duration (<2 years) were treated with
guselkumab, verifying whether these patients could maintain longer drug-free control of
the disease after treatment discontinuation and whether the patients who demonstrated
a fast and strong initial response to guselkumab could maintain disease control with less
frequent dosing (every 16 weeks instead of every 8 weeks) [54]. The differential effects of
guselkumab and secukinumab on the TRM compartment are reported in Figure 2.
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Figure 2. The immunologic scar occurring in post-lesional psoriatic skin. Lesional psoriatic skin
(A) is infiltrated by inflammatory cells mainly producing interleukin (IL)-23 and IL-17. Dendritic
cells (DC) and Langerhans cells (LC) contribute to the differentiation and activation of inflammatory
T cells through the production of IL-23. Once activated, naïve T cells and resident memory T cells
(TRM) secrete large amounts of pathogenic cytokines such as IL-17A/F, IL-22, tumor necrosis factor
(TNF)-α, and interferon (IFN)-γ acting on inflammatory T cells. Upon successful response to either
IL-23 (B) or IL-17 (C) inhibitors, differential effects on the immune cell compartment characterizing
post-lesional psoriatic skin may be observed, with a more marked residual infiltration of LC and
TRM that is detected after IL-17 inhibition compared with IL-23 blockade. The IL-23 blockade also
preserves the number of Treg cells in post-lesional skin, increasing the Treg/TRM ratio, conversely to
IL-17 inhibition.

4. TRM Compartment in the Pathophysiology of Psoriatic Arthritis

The pathogenic aspects suggesting the progression of psoriasis (skin inflammation) to
psoriatic arthritis (i.e., enthesis and synovial inflammation) are limited but include the TRM
cell compartment. This process may be driven by pathogenic cytokines such as IL-23. Trans-
genic mice overexpressing IL-23 in the skin developed psoriasis-like skin (histologically
characterized by acanthosis, parakeratosis, hyperkeratosis, and inflammatory infiltrates in
the dermis) that preceded the development of the articular manifestations [55]. Production
of IL-23 by keratinocytes induced an inflammatory process at the joint and enthesis, likely
through the pro-inflammatory effect of IL-17, since IL-22 (a cytokine downstream of the IL-
23 pathway increased in the serum of such transgenic mice) proved to have a protective role
against the development of PsA [55]. Indeed, IL-22 deficiency did not affect skin disease
development, but it aggravated PsA development [55]. Further studies are needed to better
define the contribution of pathogenic mediators in inducing a different trafficking activity
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toward the joint synovial tissue and enthesis of circulating CD8+ TRM cells expressing
CCR4 and CXCR3, which were found to be increased in the peripheral blood of psoriasis
patients compared to healthy controls [56]. Other studies revealed an increased number
of circulating memory CD8+ T cells amongst psoriatic patients with PsA compared with
both healthy controls and patients with psoriasis alone [57]. Abundant CD8+ cells were
also found in the synovial fluid of PsA patients, showing a more marked clonal expansion
compared to CD4+ T cells [58,59]; these expanded CD8+ T cells found in the joint could
be considered memory cells expressing tissue-homing and tissue-resident markers on the
basis of transcriptomic findings [59]. Previous findings identified the overexpression, both
in the skin and synovium, of antimicrobial peptides, in particular LL37, as pathogenic
triggers of the activation of similar T cell clones in both tissues of PsA patients. LL37 was
also targeted by antibodies that were detected in both the synovial fluid and plasma of PsA
patients, though the precise role of such autoantibodies in the pathogenesis of PsA needs
further investigation.

5. Targeted Pharmacotherapies May Prevent the Transition from Psoriasis to PsA
5.1. Transition from Psoriasis to PsA

Chronic plaque psoriasis precedes the inception of PsA in most patients by an average time
span of nearly 7–10 years, representing one of the strongest risk factors for PsA [60,61]. It has
been suggested that the onset of joint disease derives from the interaction between differ-
ent environmental factors in genetically susceptible individuals evolving through three
clinically quiescent phases [61,62]. Initially, abnormal activation of the immune system
originating from the skin or the intestinal mucosa extends to the entheses and joints (i.e., the
preclinical phase) [62]. Then, imaging findings can be detected by ultrasonography and/or
magnetic resonance in the absence of clinical symptoms (the subclinical phase). Indeed,
ultrasonographic enthesopathy was found to be common among patients with psoriasis
without any clinical signs of arthritis. As an example, tendon thickness and the Glasgow
Ultrasound Enthesitis Scoring System (GUESS) score evaluated at common entheseal sites
were found to be significantly higher in psoriatic patients without musculoskeletal com-
plaints than in healthy controls [63,64]. Finally, non-specific symptoms, such as arthralgia
and fatigue, can be reported without any evidence of synovitis or enthesitis during the
physical examination (the prodromal phase) [62]. A higher incidence of sonographically
detected tenosynovitis was found in psoriasis patients with arthralgia compared to their
counterparts without arthralgia [65]. Additionally, sonographical signs of enthesitis are
able to predict the development of PsA [65].

To date, different genetic and modifiable risk factors for PsA transition have been
identified, although some controversial findings have also been observed. These include
the HLA and non-HLA genetic variants involved in the immune response, disease severity,
specific site involvement (scalp, nails, folds), mechanical factors triggering an exaggerated
inflammatory response (so-called mechano-inflammation), obesity, dyslipidemia, and
intestinal dysbiosis [66]. Recently, Ogdie et al. validated a model for predicting the risk
of developing PsA in patients with psoriasis. The optimal model included six variables
(namely, the Psoriasis Epidemiology Screening Tool (PEST), body mass index, modified
Rheumatic Disease Comorbidity Index, work status, alcohol consumption, and patient-
reported fatigue) and predicted the development of PsA within 24 months with a sensitivity
of 82.9% and a specificity of 48.8% [67].

Psoriasis and PsA share various pathophysiological similarities in terms of tissue
microanatomy and immunological mechanisms. Both skin and joints contain avascular
sites, namely the epidermis and fibrocartilage zone, that are subject to the Koebner phe-
nomenon [68]. In treating both psoriasis and PsA, the systemic drugs that have shown
to be effective include conventional disease-modifying antirheumatic drugs(DMARDs)
such as methotrexate, targeted small molecules such as PDE4 inhibitors, and different
biological targeted therapies [69]. TNF-α is involved in several phases of the pathogenesis
of psoriasis and PsA and has been the first successful target of cytokine-mediated therapy,
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as reported in large, randomized, controlled clinical trials [70]. Innate and adaptative cells
sustaining the IL-23/17 cytokine axis are pathogenically crucial in both conditions and
are relevant targets of anti-IL-17 and IL-23 biological agents. These observations support
the concept that treatment with targeted pharmacotherapies might be able to induce skin
clearance of psoriatic lesions and reduce the risk of PsA development [71]. Conversely,
skin-directed therapies such as topical agents and narrow-band UVB phototherapy seem to
have a beneficial impact on the cutaneous disease but do not appear to act systemically in
preventing PsA development.

5.2. Reducing the Risk of Developing PsA in Patients with Psoriasis

Promising results from some early studies suggest that the ambitious goal of modifying
the clinical course of psoriasis may be achievable through targeted pharmacotherapies [71].
In fact, observational studies showed that systemic treatment of moderate-to-severe pso-
riasis might reduce the risk of developing PsA. Savage et al. provided the first evidence
that biologics are effective on subclinical enthesopathy and may also have the potential to
prevent PsA development [12]. The impact of systemic treatment with ustekinumab on
sonographic features of subclinical enthesopathy was investigated in a 52-week open-label
study of 23 PsA patients. The mean inflammation scores decreased significantly by 42%
at week 24 and by 47.5% at week 42 [12]. Kampylafka et al. investigated whether IL-17A
inhibition in psoriatic patients with subclinical inflammatory joint changes may interrupt
the progression from psoriasis to PsA [13]. In the Interception in Very Early PsA (IVEPSA)
study, a single-arm prospective open-label study, the authors examined the effect of se-
cukinumab on the inflammatory and structural changes of peripheral joints in psoriatic
patients with arthralgia (without established PsA). Of the 20 patients included in the study,
treatment with secukinumab for 24 weeks was associated with significant improvements in
arthralgia, psoriatic arthritis magnetic resonance imaging scoring system, and synovitis
subscores, while erosions and enthesophytes did not change [13]. Further evidence de-
rives from some real-life observational studies that assessed the risk of new-onset PsA in
cohorts of patients receiving targeted pharmacotherapies versus skin-directed therapies
(phototherapy and/or topical therapy).

Gisondi et al. assessed the incidence of PsA in a cohort of 464 patients with psoriasis
who received continuous treatment with biological disease-modifying antirheumatic drugs
(bDMARDs) compared to phototherapy treatment [14]. A significantly lower annual
incidence rate of PsA was found in patients receiving bDMARDs versus those treated
with phototherapy, 1.20 (95% CI 0.77 to 1.89) versus 2.17 (95% CI 1.53 to 3.06) cases per
100 patient-years, respectively. Treatment with bDMARDs was associated with a lower risk
of PsA incidence (adjusted hazard ratio 0.27, 95% CI 0.11–0.66) [12] (Figure 3).
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Acosta Felquer et al. compared the incidence of PsA in a cohort of 1719 patients with
psoriasis receiving topics/no treatment, conventional disease-modifying antirheumatic
drugs or biologics [15]. Interestingly, the risk of incident PsA in patients with psoriasis
treated with biologics was significantly lower (risk reduction = 0.26; 95% CI 0.03–0.94;
p = 0.011) compared to those treated only with topicals but not in comparison to those
treated with conventional DMARDs (risk reduction = 0.35; 95% CI 0.035–1.96; p = 0.1007).
Adjusted Cox proportional hazards regression analysis showed that biologics use was a pro-
tective factor for PsA development (hazard ratio = 0.19; 95% CI 0.05–0.81) [15]. Solmaz et al.
performed a retrospective chart review on 203 psoriasis patients with musculoskeletal
symptoms who were referred for rheumatological assessment [16]. Patients receiving target
therapies showed lower rates of PsA onset (12% for biologics and 9.6% for cDMARDs)
compared to those treated with topicals or non-treated cases (37.4%, p < 0.001). More-
over, among patients diagnosed with PsA, none of the patients treated with biologics had
dactylitis, as opposed to 28.6% of those treated with cDMARDs and 48.6% of those who
were under no or only topical treatments (p = 0.046) [16]. These findings suggest that new
symptoms and signs leading to PsA diagnosis seem to decrease with the use of systemic
treatments. In a nested case-control study by Rosenthal et al., a total of 663 psoriatic pa-
tients not diagnosed with PsA who were treated with biologics were compared to as many
controls not receiving biologic treatments. The control group showed an increased risk for
PsA compared to patients under biologic treatments within 10 years of follow-up (adjusted
HR 1.39, 95% CI 1.03–1.87) [17].

At first glance, the results of a study by Meer et al. examining the association of
biologic therapy use for psoriasis with the risk of incident PsA seem to differ from previous
findings [72]. According to this retrospective cohort study based on an electronic database
involving 193,709 patients with psoriasis without PsA and initiating therapy for psoriasis
(oral, biologic, or phototherapy), the incidence of PsA was 77.3 per 1000 person-years
among those treated with biologics, 61.9 among patients treated with oral therapy, 26.1
among those on phototherapy and 5.8 per 1000 person-years among patients without a
prescription for one of the target therapies. Adjusted HR for biologic users was 4.48 (95% CI
4.2 to 4.7) compared with oral or phototherapy users [72].

Several biases should be considered when investigating the association between expo-
sure to targeted therapies and the risk of PsA in patients with psoriasis. Firstly, confounding
by indication should be considered, i.e., when the choice of a therapy for a given patient
is motivated by many factors, including psoriasis severity, but also comorbidities, prior
therapy, and potential unmeasured confounders [73]. Protopathic bias should also be
considered, i.e., when a pharmaceutical agent is inadvertently prescribed for early mani-
festations of a disease that has not yet been detected, including PsA. The accuracy of PsA
diagnosis may also be difficult to confirm (ascertainment bias) because of the heterogeneity
of the disease presentation and the lack of specific biomarkers. Finally, the survival bias
should be considered, as patients without PsA persist in receiving biologic therapy, being
closer to PsA development, increasing the observed risk of PsA in the biologic group [72].
Patients need to be followed up longitudinally for a long period because arthritis develops
on average several years after the initial diagnosis of psoriasis [63]. Planning a randomized
trial is scarcely feasible and unethical because it would imply enrolling two groups of
patients with moderate-to-severe psoriasis and comparing the effect of treatment versus
no treatment for a very long time. Even if the practicability of randomized clinical trials is
undermined by several issues, the risk reduction of PsA development may be a pragmatic
clinical endpoint in clinical trials, particularly in the subset of patients at high risk for joint
disease [62]. It has not yet been established whether the prodromal signs and symptoms
of PsA truly represent a prodrome or if they represent manifestations of PsA in patients
without an appropriately recognized diagnosis. Therefore, it is difficult to distinguish
between the true prevention of PsA development versus the treatment of early, not yet
clinically apparent PsA. Prediction algorithms using machine learning might help analyze
relevant factors that infer PsA from background events [72]. Further follow-up studies
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are needed to assess the long-term effects of targeted pharmacotherapies for preventing
and/or delaying the development of PsA.

6. Targeted Pharmacotherapies May Reduce the Burden of the Cumulative Life Course
Impairment in Psoriatic Patients

The burden of psoriasis may be considerable and substantially affect the physical,
psychological, and socio-economic aspects of the patient’s life. Therefore, long-term un-
controlled psoriasis may progressively and negatively impact the life of a patient, limiting
opportunities, influencing major life-changing decisions (MLCDs), and eventually hinder-
ing life potential [74,75].

The cumulative life course impairment (CLCI) represents a concept describing the
incremental burden over time of dermatological diseases and the subsequent chronic im-
pairment associated with persisting psychological, social, and personal damage [75,76]. To
date, studies on the burden of psoriasis have focused on the quality of life (QoL), measuring
the impact of psoriasis at a specific point in the patient’s life. However, these cross-sectional,
mostly retrospective, studies are not able to identify the progressive impairment that psoria-
sis patients accumulate over the course of their lives. CLCI aims to overcome this limitation.
However, CLCI is specific to a single patient and is difficult to assess. Thus far, no validated
tools to determine CLCI are available, and there is still discussion about which variables
should be included.

6.1. Social Stigma

Several studies showed that patients with a disease such as psoriasis, which has
visible symptoms, might develop feelings of stigmatization and rejection [77,78]. Indeed,
psoriasis can significantly affect the patient’s self-image and induce embarrassment [79].
Recent studies showed that ~80–90% of patients reported some degree of psoriasis-related
discrimination and stigmatization, which had negative effects on their professional careers
and personal lives [80,81]. This is associated with greater disease severity and a longer
duration of psoriasis [81,82]. Up to ~20% of patients with psoriasis have been banned from
hairdresser saloons, swimming pools, or gyms [83]. Over time, these reiterated episodes
may concur to cause poor self-confidence, low social connection, and failure to achieve a full
life potential. In fact, in order to prevent uncomfortable situations due to the stigmatization
of their skin disease, patients with psoriasis elaborate strategies to avoid social interaction
on public occasions [84]. Often, this attitude becomes so invasive that it induces patients to
limit not only social exposure but also the chance to improve a professional career [85] or
to create and solidify intimate relationships [86]. Feelings of low self-esteem and personal
and social withdrawal caused by stigmatization might predispose to the development
of psychological disorders [87], and indeed patients with psoriasis face an increased risk
of anxiety and depressive symptoms [87,88]. Up to 60% may develop depression [89]
and suicidal ideation, which are associated with long disease duration [90–93]. Psoriatic
patients who experience the aforementioned psychological symptoms may also face a
higher risk of addictive behaviors, including alcohol abuse, smoking, drug abuse, and food
dependency [94–96].

6.2. Socio-Economic Status

Another important aspect of CLCI is related to the socio-economic consequences of
long-lasting psoriasis. Psoriasis may adversely affect daily activities and quality of life and
influence a patient’s potential to earn an income and gain full-time employment. A study
from the National Psoriasis Foundation database showed a greater risk of low income
(less than USD 30,000/year) in patients with severe psoriasis compared to those with mild
disease (p < 0.001) [96]. Other data suggest a negative effect of psoriasis on professional
careers [85]. It has been reported that patients with psoriasis encounter difficulties finding
or keeping a job, given lower productivity and loss of working time (days or hours) due to
the management of flares [85].
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6.3. Young Patients

It is reasonable to assume that early development of psoriasis during adolescence and
early adulthood, when patients are building their personality, establishing social contacts
and partnerships, and planning education and professional careers, will have a greater
effect on the life course compared to a later onset of psoriasis. Limitations in the ability to do
regular activities, such as studying and exercising, were reported by 59.2% of the patients
surveyed [97]. Moreover, at this age, fewer intrapersonal coping mechanisms, which may
protect from CLCI, are available. An increased risk for incident suicide ideation among
pediatric patients with psoriasis has been found [98]. Therefore, a permanent change in a
young patient’s life course may represent a “life scar” with irreversible consequences.

6.4. The Potential Role of Targeted Pharmacotherapies

The detrimental impact of psoriasis on the life course could be reduced via psychoso-
cial interventions, such as patient education to improve coping and QoL [99] and/or via an
early and effective therapeutic intervention. Randomized controlled trials demonstrated
that patients with psoriasis treated with targeted pharmacotherapies showed a significant
improvement in QoL, measured with the DLQI score, compared with other treatments [18].
It is reasonable to assume that this improvement in QoL is stronger the more effective the
treatment is. Moreover, an improvement in anxiety symptoms with psoriasis therapy has
been reported [100] in association with better clinical outcomes [19]. Biologic use is also
associated with a lower risk of depressive symptoms when compared with placebo [101] or
conventional therapy [20]. Accordingly, it seems plausible that in patients with moderate-
to-severe psoriasis, prompt control of the disease may prevent the cumulative impact of
psoriasis—physical, psychological, and social—on a patient’s life course.

7. Conclusions

In conclusion, chronic plaque psoriasis is an immune-mediated skin disease with
a chronic relapsing course, affecting up to nearly 2–3% of the general adult population
worldwide. The interleukin (IL)-23/Th17 axis plays a key role in the pathogenesis of
this skin disease and may represent a critical target for new pharmacotherapies. The
natural history of psoriasis could evolve through progressive phases, including disease
progression/extension, development of comorbidities such as PsA and/or intestinal bowel
diseases, and the cumulative burden on patients’ psychological and social well-being.
Preliminary studies, both in vitro and in vivo, suggest that new targeted pharmacotherapies
may exert a disease modification effect by normalizing the gene expression and the phenotype
of immune cells infiltrating the post-lesional psoriatic skin, including the frequencies of
the tissue-resident T memory cells. Moreover, early observational studies suggest that new
targeted pharmacotherapies may prevent the transition from psoriasis to PsA. However,
these early results need to be confirmed in larger randomized controlled trials. Further
studies are also needed to better elucidate whether early treatment with new targeted
pharmacotherapies can translate into the prevention of cumulative life course impairment.
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Anxiety levels before biologic initiation and changes with treatment in patients with psoriatic arthritis: HUR-BIO biologic registry
results. Clin. Rheumatol. 2022, 41, 1439–1446. [CrossRef]

20. Strober, B.; Gooderham, M.; de Jong, E.M.; Kimball, A.; Langley, R.G.; Lakdawala, N.; Goyal, K.; Lawson, F.; Langholff, W.;
Hopkins, L.; et al. Depressive symptoms, depression, and the effect of biologic therapy among patients in Psoriasis Longitudinal
Assessment and Registry (PSOLAR). J. Am. Acad. Dermatol. 2018, 78, 70–80. [CrossRef]

21. Chiricozzi, A.; Romanelli, P.; Volpe, E.; Borsellino, G.; Romanelli, M. Scanning the Immunopathogenesis of Psoriasis. Int. J. Mol.
Sci. 2018, 19, 179. [CrossRef] [PubMed]

22. Blauvelt, A.; Chiricozzi, A. The Immunologic Role of IL-17 in Psoriasis and Psoriatic Arthritis Pathogenesis. Clin. Rev. Allergy
Immunol. 2018, 55, 379–390. [CrossRef] [PubMed]

23. Chiricozzi, A.; Saraceno, R.; Chimenti, M.S.; Guttman-Yassky, E.; Krueger, J.G. Role of IL-23 in the pathogenesis of psoriasis: A
novel potential therapeutic target? Expert Opin. Ther. Targets 2014, 18, 513–525. [CrossRef] [PubMed]

http://doi.org/10.1038/jid.2010.103
http://www.ncbi.nlm.nih.gov/pubmed/20445552
http://doi.org/10.1016/S0140-6736(20)32549-6
http://doi.org/10.1038/jid.2010.280
http://doi.org/10.1016/j.jaci.2019.10.041
http://www.ncbi.nlm.nih.gov/pubmed/31883845
http://doi.org/10.1172/JCI93396
http://www.ncbi.nlm.nih.gov/pubmed/28945199
http://doi.org/10.4049/jimmunol.1302313
http://doi.org/10.1016/j.jid.2019.09.027
http://doi.org/10.1111/1346-8138.15822
http://doi.org/10.1016/j.jaci.2019.01.017
http://doi.org/10.1016/j.jid.2018.02.030
http://doi.org/10.1016/j.jid.2021.01.005
http://www.ncbi.nlm.nih.gov/pubmed/33524368
http://doi.org/10.1002/art.40778
http://www.ncbi.nlm.nih.gov/pubmed/30468001
http://doi.org/10.1186/s13075-019-1957-0
http://www.ncbi.nlm.nih.gov/pubmed/31349876
http://doi.org/10.1136/annrheumdis-2021-219961
http://www.ncbi.nlm.nih.gov/pubmed/34144965
http://doi.org/10.1136/annrheumdis-2021-220865
http://doi.org/10.55563/clinexprheumatol/8thj0l
http://doi.org/10.1002/art.41946
http://doi.org/10.1371/journal.pone.0241604
http://doi.org/10.1007/s10067-021-06012-y
http://doi.org/10.1016/j.jaad.2017.08.051
http://doi.org/10.3390/ijms19010179
http://www.ncbi.nlm.nih.gov/pubmed/29316717
http://doi.org/10.1007/s12016-018-8702-3
http://www.ncbi.nlm.nih.gov/pubmed/30109481
http://doi.org/10.1517/14728222.2014.889686
http://www.ncbi.nlm.nih.gov/pubmed/24568095


Int. J. Mol. Sci. 2022, 23, 12849 12 of 15

24. Rizzo, H.L.; Kagami, S.; Phillips, K.G.; Kurtz, S.E.; Jacques, S.L.; Blauvelt, A. IL-23–Mediated Psoriasis-Like Epidermal Hyperplasia
Is Dependent on IL-17A. J. Immunol. 2011, 186, 1495–1502. [CrossRef]

25. Gottlieb, S.L.; Gilleaudeau, P.; Johnson, R.; Estes, L.; Woodworth, T.G.; Gottlieb, A.B.; Krueger, J.G. Response of psoriasis to a
lymphocyte-selective toxin (DAB389IL-2) suggests a primary immune, but not keratinocyte, pathogenic basis. Nat. Med. 1995, 1,
442–447. [CrossRef]

26. Chiricozzi, A. Pathogenic role of IL-17 in psoriasis and psoriatic arthritis. Actas Dermosifiliogr. 2014, 105 (Suppl. 1), 9–20. [CrossRef]
27. Conrad, C.; Boyman, O.; Tonel, G.; Tun-Kyi, A.; Laggner, U.; De Fougerolles, A.; Kotelianski, V.; Gardner, H.; Nestle, F.O. α1β1

integrin is crucial for accumulation of epidermal T cells and the development of psoriasis. Nat. Med. 2007, 13, 836–842. [CrossRef]
28. Boyman, O.; Hefti, H.P.; Conrad, C.; Nickoloff, B.J.; Suter, M.; Nestle, F.O. Spontaneous Development of Psoriasis in a New

Animal Model Shows an Essential Role for Resident T Cells and Tumor Necrosis Factor-α. J. Exp. Med. 2004, 199, 731–736.
[CrossRef]

29. Di Meglio, P.; Villanova, F.; Navarini, A.A.; Mylonas, A.; Tosi, I.; Nestle, F.O.; Conrad, C. Targeting CD8+ T cells prevents psoriasis
development. J. Allergy Clin. Immunol. 2016, 138, 274–276.e6. [CrossRef]

30. Lande, R.; Botti, E.; Jandus, C.; Dojcinovic, D.; Fanelli, G.; Conrad, C.; Chamilos, G.; Feldmeyer, L.; Marinari, B.; Chon, S.; et al.
The antimicrobial peptide LL37 is a T-cell autoantigen in psoriasis. Nat. Commun. 2014, 5, 5621. [CrossRef]

31. Arakawa, A.; Siewert, K.; Stöhr, J.; Besgen, P.; Kim, S.-M.; Rühl, G.; Nickel, J.; Vollmer, S.; Thomas, P.; Krebs, S.; et al. Melanocyte
antigen triggers autoimmunity in human psoriasis. J. Exp. Med. 2015, 212, 2203–2212. [CrossRef] [PubMed]

32. Res, P.C.M.; Piskin, G.; de Boer, O.; Van Der Loos, C.M.; Teeling, P.; Bos, J.D.; Teunissen, M.B.M. Overrepresentation of IL-17A
and IL-22 Producing CD8 T Cells in Lesional Skin Suggests Their Involvement in the Pathogenesis of Psoriasis. PLoS ONE 2010,
5, e14108. [CrossRef] [PubMed]

33. Lowes, M.A.; Kikuchi, T.; Fuentes-Duculan, J.; Cardinale, I.; Zaba, L.C.; Haider, A.S.; Bowman, E.P.; Krueger, J.G. Psoriasis
Vulgaris Lesions Contain Discrete Populations of Th1 and Th17 T Cells. J. Investig. Dermatol. 2008, 128, 1207–1211. [CrossRef]
[PubMed]

34. Volpe, E.; Servant, N.; Zollinger, R.; I Bogiatzi, S.; Hupe, P.; Barillot, E.; Soumelis, V. A critical function for transforming growth
factor-β, interleukin 23 and proinflammatory cytokines in driving and modulating human TH-17 responses. Nat. Immunol. 2008,
9, 650–657. [CrossRef]

35. Van Der Fits, L.; Mourits, S.; Voerman, J.S.A.; Kant, M.; Boon, L.; Laman, J.D.; Cornelissen, F.; Mus, A.-M.; Florencia, E.;
Prens, E.; et al. Imiquimod-Induced Psoriasis-Like Skin Inflammation in Mice Is Mediated via the IL-23/IL-17 Axis. J. Immunol.
2009, 182, 5836–5845. [CrossRef]

36. Chan, J.R.; Blumenschein, W.; Murphy, E.; Diveu, C.; Wiekowski, M.; Abbondanzo, S.; Lucian, L.; Geissler, R.; Brodie, S.;
Kimball, A.; et al. IL-23 stimulates epidermal hyperplasia via TNF and IL-20R2–dependent mechanisms with implications for
psoriasis pathogenesis. J. Exp. Med. 2006, 203, 2577–2587. [CrossRef]

37. Conrad, C.; Meller, S.; Gilliet, M. Plasmacytoid dendritic cells in the skin: To sense or not to sense nucleic acids. Semin. Immunol.
2009, 21, 101–109. [CrossRef]

38. Johnson-Huang, L.M.; McNutt, N.S.; Krueger, J.G.; Lowes, M.A. Cytokine-Producing Dendritic Cells in the Pathogenesis of
Inflammatory Skin Diseases. J. Clin. Immunol. 2009, 29, 247–256. [CrossRef]

39. Catapano, M.; Vergnano, M.; Romano, M.; Mahil, S.K.; Choon, S.-E.; Burden, A.D.; Young, H.S.; Carr, I.M.; Lachmann, H.J.;
Lombardi, G.; et al. IL-36 Promotes Systemic IFN-I Responses in Severe Forms of Psoriasis. J. Investig. Dermatol. 2020, 140,
816–826.e81. [CrossRef]

40. Khalil, S.; Bardawil, T.; Kurban, M.; Abbas, O. Tissue-resident memory T cells in the skin. Agents Actions 2020, 69, 245–254.
[CrossRef]

41. Vo, S.; Watanabe, R.; Koguchi-Yoshioka, H.; Matsumura, Y.; Ishitsuka, Y.; Nakamura, Y.; Okiyama, N.; Fujisawa, Y.; Fujimoto, M.
CD 8 resident memory T cells with interleukin 17A-producing potential are accumulated in disease-naïve nonlesional sites of
psoriasis possibly in correlation with disease duration. Br. J. Dermatol. 2019, 181, 410–412. [CrossRef] [PubMed]

42. Kurihara, K.; Fujiyama, T.; Phadungsaksawasdi, P.; Ito, T.; Honda, T.; Tokura, Y. Epidermal CD8+CD103+ skin resident memory
T cells in psoriasis plaques are reduced in number but remain in the basement membrane zone after topical application of
corticosteroid and vitamin D3. J. Dermatol. Sci. 2022, 105, 192–194. [CrossRef] [PubMed]

43. Hijnen, D.; Knol, E.F.; Gent, Y.Y.; Giovannone, B.; Beijn, S.J.; Kupper, T.S.; Bruijnzeel-Koomen, C.A.; Clark, R.A. CD8+ T Cells in
the Lesional Skin of Atopic Dermatitis and Psoriasis Patients Are an Important Source of IFN-γ, IL-13, IL-17, and IL-22. J. Investig.
Dermatol. 2013, 133, 973–979. [CrossRef] [PubMed]

44. Watanabe, R.; Gehad, A.; Yang, C.; Scott, L.L.; Teague, J.E.; Schlapbach, C.; Elco, C.P.; Huang, V.; Matos, T.R.; Kupper, T.S.; et al.
Human skin is protected by four functionally and phenotypically discrete populations of resident and recirculating memory T
cells. Sci. Transl. Med. 2015, 7, 279ra239. [CrossRef]

45. Mackay, L.K.; Rahimpour, A.; Ma, J.Z.; Collins, N.; Stock, A.T.; Hafon, M.-L.; Vega-Ramos, J.; Lauzurica, P.; Mueller, S.N.;
Stefanovic, T.; et al. The developmental pathway for CD103+CD8+ tissue-resident memory T cells of skin. Nat. Immunol. 2013, 14,
1294–1301. [CrossRef]

46. Cheuk, S.; Schlums, H.; Sérézal, I.G.; Martini, E.; Chiang, S.C.; Marquardt, N.; Gibbs, A.; Detlofsson, E.; Introini, A.;
Forkel, M.; et al. CD49a Expression Defines Tissue-Resident CD8+ T Cells Poised for Cytotoxic Function in Human Skin.
Immunity 2017, 46, 287–300. [CrossRef]

http://doi.org/10.4049/jimmunol.1001001
http://doi.org/10.1038/nm0595-442
http://doi.org/10.1016/S0001-7310(14)70014-6
http://doi.org/10.1038/nm1605
http://doi.org/10.1084/jem.20031482
http://doi.org/10.1016/j.jaci.2015.10.046
http://doi.org/10.1038/ncomms6621
http://doi.org/10.1084/jem.20151093
http://www.ncbi.nlm.nih.gov/pubmed/26621454
http://doi.org/10.1371/journal.pone.0014108
http://www.ncbi.nlm.nih.gov/pubmed/21124836
http://doi.org/10.1038/sj.jid.5701213
http://www.ncbi.nlm.nih.gov/pubmed/18200064
http://doi.org/10.1038/ni.1613
http://doi.org/10.4049/jimmunol.0802999
http://doi.org/10.1084/jem.20060244
http://doi.org/10.1016/j.smim.2009.01.004
http://doi.org/10.1007/s10875-009-9278-8
http://doi.org/10.1016/j.jid.2019.08.444
http://doi.org/10.1007/s00011-020-01320-6
http://doi.org/10.1111/bjd.17748
http://www.ncbi.nlm.nih.gov/pubmed/30737771
http://doi.org/10.1016/j.jdermsci.2022.02.008
http://www.ncbi.nlm.nih.gov/pubmed/35221151
http://doi.org/10.1038/jid.2012.456
http://www.ncbi.nlm.nih.gov/pubmed/23223131
http://doi.org/10.1126/scitranslmed.3010302
http://doi.org/10.1038/ni.2744
http://doi.org/10.1016/j.immuni.2017.01.009


Int. J. Mol. Sci. 2022, 23, 12849 13 of 15

47. Krueger, J.G.; Fretzin, S.; Suárez-Fariñas, M.; Haslett, P.A.; Phipps, K.M.; Cameron, G.S.; McColm, J.; Katcherian, A.; Cueto, I.;
White, T.; et al. IL-17A is essential for cell activation and inflammatory gene circuits in subjects with psoriasis. J. Allergy Clin.
Immunol. 2012, 130, 145–154.e9. [CrossRef]

48. Puig, L.; Costanzo, A.; Muñoz-Elías, E.J.; Jazra, M.; Wegner, S.; Paul, C.F.; Conrad, C. The biological basis of disease recurrence in
psoriasis: A historical perspective and current models. Br. J. Dermatol. 2022, 186, 773–781. [CrossRef]

49. López-Sánchez, C.; Puig, L. Guselkumab in the treatment of moderate-to-severe plaque psoriasis. Immunotherapy 2020, 12,
355–371. [CrossRef]

50. Blauvelt, A.; Leonardi, C.L.; Gooderham, M.; Papp, K.A.; Philipp, S.; Wu, J.J.; Igarashi, A.; Flack, M.; Geng, Z.; Wu, T.; et al.
Efficacy and Safety of Continuous Risankizumab Therapy vs Treatment Withdrawal in Patients With Moderate to Severe Plaque
Psoriasis. JAMA Dermatol. 2021, 156, 649–658. [CrossRef]

51. Gordon, K.B.; Armstrong, A.W.; Foley, P.; Song, M.; Shen, Y.-K.; Li, S.; Muñoz-Elías, E.J.; Branigan, P.; Liu, X.; Reich, K. Guselkumab
Efficacy after Withdrawal Is Associated with Suppression of Serum IL-23-Regulated IL-17 and IL-22 in Psoriasis: VOYAGE 2
Study. J. Investig. Dermatol. 2019, 139, 2437–2446.e1. [CrossRef] [PubMed]

52. Reich, K.; Armstrong, A.W.; Foley, P.; Song, M.; Wasfi, Y.; Randazzo, B.; Li, S.; Shen, Y.-K.; Gordon, K.B. Efficacy and safety
of guselkumab, an anti-interleukin-23 monoclonal antibody, compared with adalimumab for the treatment of patients with
moderate to severe psoriasis with randomized withdrawal and retreatment: Results from the phase III, double-blind, placebo-
and active comparator–controlled VOYAGE 2 trial. J. Am. Acad. Dermatol. 2017, 76, 418–431. [CrossRef] [PubMed]

53. Warren, R.; Carrascosa, J.; Fumero, E.; Schoenenberger, A.; Lebwohl, M.; Szepietowski, J.; Reich, K. Time to relapse after
tildrakizumab withdrawal in patients with moderate-to-severe psoriasis who were responders at week 28: Post hoc analysis
through 64 weeks from reSURFACE 1 trial. J. Eur. Acad. Dermatol. Venereol. 2020, 35, 919–927. [CrossRef] [PubMed]

54. Eyerich, K.; Weisenseel, P.; Pinter, A.; Schäkel, K.; Asadullah, K.; Wegner, S.; Muñoz-Elias, E.J.; Bartz, H.; Taut, F.J.H.; Reich, K.
IL-23 blockade with guselkumab potentially modifies psoriasis pathogenesis: Rationale and study protocol of a phase 3b,
randomised, double-blind, multicentre study in participants with moderate-to-severe plaque-type psoriasis (GUIDE). BMJ Open
2021, 11, e049822. [CrossRef]

55. Chen, L.; Deshpande, M.; Grisotto, M.; Smaldini, P.; Garcia, R.; He, Z.; Gulko, P.S.; Lira, S.A.; Furtado, G.C. Skin expression of
IL-23 drives the development of psoriasis and psoriatic arthritis in mice. Sci. Rep. 2020, 10, 8259. [CrossRef]

56. Casciano, F.; Diani, M.; Altomare, A.; Granucci, F.; Secchiero, P.; Banfi, G.; Reali, E. CCR4+ Skin-Tropic Phenotype as a Feature of
Central Memory CD8+ T Cells in Healthy Subjects and Psoriasis Patients. Front. Immunol. 2020, 11, 529. [CrossRef]

57. Leijten, E.F.; van Kempen, T.S.; Nordkamp, M.A.O.; Pouw, J.N.; Kleinrensink, N.J.; Vincken, N.L.; Mertens, J.; Balak, D.M.W.;
Verhagen, F.H.; Hartgring, S.A.; et al. Tissue-Resident Memory CD8+ T Cells From Skin Differentiate Psoriatic Arthritis From
Psoriasis. Arthritis Rheumatol. 2021, 73, 1220–1232. [CrossRef]

58. Steel, K.J.A.; Srenathan, U.; Ridley, M.; Durham, L.E.; Wu, S.; Ryan, S.; Hughes, C.D.; Chan, E.; Kirkham, B.W.; Taams, L.S.
Polyfunctional, Proinflammatory, Tissue-Resident Memory Phenotype and Function of Synovial Interleukin-17A+ CD 8+ T Cells
in Psoriatic Arthritis. Arthritis Rheumatol. 2020, 72, 435–447. [CrossRef]

59. Penkava, F.; Velasco-Herrera, M.D.C.; Young, M.D.; Yager, N.; Nwosu, L.N.; Pratt, A.G.; Lara, A.L.; Guzzo, C.; Maroof, A.;
Mamanova, L.; et al. Single-cell sequencing reveals clonal expansions of pro-inflammatory synovial CD8 T cells expressing
tissue-homing receptors in psoriatic arthritis. Nat. Commun. 2020, 11, 4767. [CrossRef]

60. Pennington, S.R.; FitzGerald, O. Early Origins of Psoriatic Arthritis: Clinical, Genetic and Molecular Biomarkers of Progression
From Psoriasis to Psoriatic Arthritis. Front. Med. 2021, 8, 723944. [CrossRef]

61. Ritchlin, C.T.; Colbert, R.A.; Gladman, D.D. Psoriatic Arthritis. N. Engl. J. Med. 2017, 376, 957–970. [CrossRef] [PubMed]
62. Scher, J.U.; Ogdie, A.; Merola, J.F.; Ritchlin, C. Preventing psoriatic arthritis: Focusing on patients with psoriasis at increased risk

of transition. Nat. Rev. Rheumatol. 2019, 15, 153–166. [CrossRef] [PubMed]
63. Tinazzi, I.; McGONAGLE, D.; Biasi, D.; Confente, S.; Caimmi, C.; Girolomoni, G.; Gisondi, P. Preliminary Evidence That

Subclinical Enthesopathy May Predict Psoriatic Arthritis in Patients with Psoriasis. J. Rheumatol. 2011, 38, 2691–2692. [CrossRef]
[PubMed]

64. Naredo, E.; Moller, I.; de Miguel, E.; Batlle-Gualda, E.; Acebes, C.; Brito, E.; Mayordomo, L.; Moragues, C.; Uson, J.;
de Agustin, J.J.; et al. High prevalence of ultrasonographic synovitis and enthesopathy in patients with psoriasis without
psoriatic arthritis: A prospective case-control study. Rheumatology 2011, 50, 1838–1848. [CrossRef]

65. Zabotti, A.; McGonagle, D.G.; Giovannini, I.; Errichetti, E.; Zuliani, F.; Zanetti, A.; Tinazzi, I.; De Lucia, O.; Batticciotto, A.;
Idolazzi, L.; et al. Transition phase towards psoriatic arthritis: Clinical and ultrasonographic characterisation of psoriatic
arthralgia. RMD Open 2019, 5, e001067. [CrossRef]

66. Gisondi, P.; Bellinato, F.; Maurelli, M.; Geat, D.; Zabotti, A.; McGonagle, D.; Girolomoni, G. Reducing the Risk of Developing
Psoriatic Arthritis in Patients with Psoriasis. Psoriasis Targets Ther. 2022, 12, 213–220. [CrossRef]

67. Ogdie, A.; Harrison, R.W.; McLean, R.R.; Lin, T.-C.; Lebwohl, M.; Strober, B.E.; Zhuo, J.; Patel, V.; Mease, P.J. Prospective cohort
study of psoriatic arthritis risk in patients with psoriasis in a real-world psoriasis registry. J. Am. Acad. Dermatol. 2022. [CrossRef]

68. McGonagle, D.G.; Zabotti, A.; Watad, A.; Bridgewood, C.; De Marco, G.; Kerschbaumer, A.; Aletaha, D. Intercepting psoriatic
arthritis in patients with psoriasis: Buy one get one free? Ann. Rheum. Dis. 2022, 81, 7–10. [CrossRef]

69. Bellinato, F.; Gisondi, P.; Girolomoni, G. A dermatologist perspective in the pharmacological treatment of patients with psoriasis
and psoriatic arthritis. Expert Rev. Clin. Pharmacol. 2020, 13, 481–491. [CrossRef]

http://doi.org/10.1016/j.jaci.2012.04.024
http://doi.org/10.1111/bjd.20963
http://doi.org/10.2217/imt-2020-0040
http://doi.org/10.1001/jamadermatol.2020.0723
http://doi.org/10.1016/j.jid.2019.05.016
http://www.ncbi.nlm.nih.gov/pubmed/31207232
http://doi.org/10.1016/j.jaad.2016.11.042
http://www.ncbi.nlm.nih.gov/pubmed/28057361
http://doi.org/10.1111/jdv.16964
http://www.ncbi.nlm.nih.gov/pubmed/32979235
http://doi.org/10.1136/bmjopen-2021-049822
http://doi.org/10.1038/s41598-020-65269-6
http://doi.org/10.3389/fimmu.2020.00529
http://doi.org/10.1002/art.41652
http://doi.org/10.1002/art.41156
http://doi.org/10.1038/s41467-020-18513-6
http://doi.org/10.3389/fmed.2021.723944
http://doi.org/10.1056/NEJMra1505557
http://www.ncbi.nlm.nih.gov/pubmed/28273019
http://doi.org/10.1038/s41584-019-0175-0
http://www.ncbi.nlm.nih.gov/pubmed/30742092
http://doi.org/10.3899/jrheum.110505
http://www.ncbi.nlm.nih.gov/pubmed/22134799
http://doi.org/10.1093/rheumatology/ker078
http://doi.org/10.1136/rmdopen-2019-001067
http://doi.org/10.2147/PTT.S323300
http://doi.org/10.1016/j.jaad.2022.07.060
http://doi.org/10.1136/annrheumdis-2021-221255
http://doi.org/10.1080/17512433.2020.1759415


Int. J. Mol. Sci. 2022, 23, 12849 14 of 15

70. Gerriets, V.; Goyal, A.; Khaddour, K. Tumor Necrosis Factor Inhibitors. In StatPearls; StatPearls Publishing: Treasure Island, FL,
USA, 2022.

71. Korman, N. Management of psoriasis as a systemic disease: What is the evidence? Br. J. Dermatol. 2020, 182, 840–848. [CrossRef]
72. Meer, E.; Merola, J.F.; Fitzsimmons, R.; Love, T.J.; Wang, S.; Shin, D.; Chen, Y.; Xie, S.; Choi, H.; Zhang, Y.; et al. Does biologic

therapy impact the development of PsA among patients with psoriasis? Ann. Rheum. Dis. 2021, 81, 80–86. [CrossRef] [PubMed]
73. Salas, M.; Hotman, A.; Stricker, B.H. Confounding by Indication: An Example of Variation in the Use of Epidemiologic

Terminology. Am. J. Epidemiol. 1999, 149, 981–983. [CrossRef] [PubMed]
74. Warren, R.; Kleyn, C.; Gulliver, W. Cumulative life course impairment in psoriasis: Patient perception of disease-related

impairment throughout the life course. Br. J. Dermatol. 2011, 164 (Suppl. 1), 1–14. [CrossRef]
75. Kimball, A.B.; Gieler, U.; Linder, D.; Sampogna, F.; Warren, R.; Augustin, M. Psoriasis: Is the impairment to a patient’s life

cumulative? J. Eur. Acad. Dermatol. Venereol. 2010, 24, 989–1004. [CrossRef] [PubMed]
76. Linder, M.; Piaserico, S.; Augustin, M.; Fortina, A.B.; Cohen, A.; Gieler, U.; Jemec, G.; Kimball, A.; Peserico, A.; Sampogna, F.; et al.

Psoriasis—The Life Course Approach. Acta Derm. Venereol. 2016, 96, 102–108. [CrossRef]
77. Vardy, D.; Besser, A.; Amir, M.; Gesthalter, B.; Biton, A.; Buskila, D. Experiences of stigmatization play a role in mediating the

impact of disease severity on quality of life in psoriasis patients. Br. J. Dermatol. 2002, 147, 736–742. [CrossRef]
78. Schmid-Ott, G.; Künsebeck, H.-W.; Jäger, B.; Sittig, U.; Hofste, N.; Ott, R.; Malewski, P.; Lamprecht, F. Significance of the

Stigmatization Experience of Psoriasis Patients: A 1-Year Follow-up of the Illness and its Psychosocial Consequences in Men and
Women. Acta Derm. Venereol. 2005, 85, 27–32. [CrossRef]

79. Richards, H.; Fortune, D.; Main, C.; Griffiths, C. Stigmatization and psoriasis. Br. J. Dermatol. 2003, 149, 209–211. [CrossRef]
80. Armstrong, A.; Jarvis, S.; Boehncke, W.-H.; Rajagopalan, M.; Fernández-Peñas, P.; Romiti, R.; Bewley, A.; Vaid, B.; Huneault, L.;

Fox, T.; et al. Patient perceptions of clear/almost clear skin in moderate-to-severe plaque psoriasis: Results of the Clear About
Psoriasis worldwide survey. J. Eur. Acad. Dermatol. Venereol. 2018, 32, 2200–2207. [CrossRef]

81. van Beugen, S.; van Middendorp, H.; Ferwerda, M.; Smit, J.; Zeeuwen-Franssen, M.; Kroft, E.; de Jong, E.; Donders, A.;
van de Kerkhof, P.; Evers, A. Predictors of perceived stigmatization in patients with psoriasis. Br. J. Dermatol. 2017, 176, 687–694.
[CrossRef]

82. Szepietowski, J.; Hrehorów, E.; Salomon, J.; Reich, A. Patients with Psoriasis Feel Stigmatized. Acta Derm. Venereol. 2012, 92, 67–72.
[CrossRef] [PubMed]

83. Ginsburg, I.H.; Link, B.G. Psychosocial Consequences of Rejection and Stigma Feelings in Psoriasis Patients. Int. J. Dermatol. 1993,
32, 587–591. [CrossRef] [PubMed]

84. Khoury, L.; Skov, L.; Møller, T. Facing the dilemma of patient-centred psoriasis care: A qualitative study identifying patient needs
in dermatological outpatient clinics. Br. J. Dermatol. 2017, 177, 436–444. [CrossRef]

85. Schmitt, J.M.; Ford, D.E. Work Limitations and Productivity Loss Are Associated with Health-Related Quality of Life but Not
with Clinical Severity in Patients with Psoriasis. Dermatology 2006, 213, 102–110. [CrossRef]

86. Sampogna, F.; Gisondi, P.; Tabolli, S.; Abeni, D. Impairment of Sexual Life in Patients with Psoriasis. Dermatology 2007, 214,
144–150. [CrossRef] [PubMed]

87. Gupta, M.A.; Gupta, A. Psychiatric and Psychological Co-Morbidity in Patients with Dermatologic Disorders. Am. J. Clin.
Dermatol. 2003, 4, 833–842. [CrossRef] [PubMed]

88. Russo, P.A.; Ilchef, R.; Cooper, A.J. Psychiatric morbidity in psoriasis: A review. Australas. J. Dermatol. 2004, 45, 155–161; quiz
160–151. [CrossRef] [PubMed]

89. Esposito, M.; Saraceno, R.; Giunta, A.; Maccarone, M.; Chimenti, S. An Italian Study on Psoriasis and Depression. Dermatology
2006, 212, 123–127. [CrossRef]

90. Modalsli, E.H.; Snekvik, I.; Romundstad, P.R.; Naldi, L.; Saunes, M.; Åsvold, B.O. The association between the clinical diversity of
psoriasis and depressive symptoms: The HUNT Study, Norway. J. Eur. Acad. Dermatol. Venereol. 2017, 31, 2062–2068. [CrossRef]

91. Papp, K.; Poulin, Y.; Vieira, A.; Shelton, J.; Poulin-Costello, M. Disease characteristics in patients with and without psoriatic
arthritis treated with etanercept. J. Eur. Acad. Dermatol. Venereol. 2013, 28, 581–589. [CrossRef]

92. Krueger, G.; Koo, J.; Lebwohl, M.; Menter, A.; Stern, R.S.; Rolstad, T. The impact of psoriasis on quality of life: Results of a 1998
National Psoriasis Foundation patient-membership survey. Arch. Dermatol. 2001, 137, 280–284. [PubMed]

93. Fleming, P.; Bai, J.; Pratt, M.; Sibbald, C.; Lynde, C.; Gulliver, W. The prevalence of anxiety in patients with psoriasis: A systematic
review of observational studies and clinical trials. J. Eur. Acad. Dermatol. Venereol. 2017, 31, 798–807. [CrossRef] [PubMed]

94. McAleer, M.; Mason, D.; Cunningham, S.; O’Shea, S.; McCormick, P.; Stone, C.; Collins, P.; Rogers, S.; Kirby, B. Alcohol misuse in
patients with psoriasis: Identification and relationship to disease severity and psychological distress. Br. J. Dermatol. 2011, 164,
1256–1261. [CrossRef] [PubMed]

95. Zink, A.; Herrmann, M.; Fischer, T.; Lauffer, F.; Garzorz-Stark, N.; Böhner, A.; Spinner, C.; Biedermann, T.; Eyerich, K. Addiction:
An underestimated problem in psoriasis health care. J. Eur. Acad. Dermatol. Venereol. 2017, 31, 1308–1315. [CrossRef]

96. Horn, E.J.; Fox, K.M.; Patel, V.; Chiou, C.-F.; Dann, F.; Lebwohl, M. Association of patient-reported psoriasis severity with income
and employment. J. Am. Acad. Dermatol. 2007, 57, 963–971. [CrossRef]

97. Bronckers, I.M.G.J.; van Geel, M.J.; van de Kerkhof, P.C.M.; de Jong, E.M.G.J.; Seyger, M.M.B. A cross-sectional study in young
adults with psoriasis: Potential determining factors in quality of life, life course and work productivity. J. Dermatol. Treat. 2019, 30,
208–215. [CrossRef]

http://doi.org/10.1111/bjd.18245
http://doi.org/10.1136/annrheumdis-2021-220761
http://www.ncbi.nlm.nih.gov/pubmed/34615637
http://doi.org/10.1093/oxfordjournals.aje.a009758
http://www.ncbi.nlm.nih.gov/pubmed/10355372
http://doi.org/10.1111/j.1365-2133.2011.10280.x
http://doi.org/10.1111/j.1468-3083.2010.03705.x
http://www.ncbi.nlm.nih.gov/pubmed/20477920
http://doi.org/10.2340/00015555-2430
http://doi.org/10.1046/j.1365-2133.2002.04899.x
http://doi.org/10.1080/000155550410021583
http://doi.org/10.1046/j.1365-2133.2003.05391.x
http://doi.org/10.1111/jdv.15065
http://doi.org/10.1111/bjd.14875
http://doi.org/10.2340/00015555-1193
http://www.ncbi.nlm.nih.gov/pubmed/21879243
http://doi.org/10.1111/j.1365-4362.1993.tb05031.x
http://www.ncbi.nlm.nih.gov/pubmed/8407075
http://doi.org/10.1111/bjd.15292
http://doi.org/10.1159/000093848
http://doi.org/10.1159/000098574
http://www.ncbi.nlm.nih.gov/pubmed/17341864
http://doi.org/10.2165/00128071-200304120-00003
http://www.ncbi.nlm.nih.gov/pubmed/14640776
http://doi.org/10.1111/j.1440-0960.2004.00078.x
http://www.ncbi.nlm.nih.gov/pubmed/15250891
http://doi.org/10.1159/000090652
http://doi.org/10.1111/jdv.14449
http://doi.org/10.1111/jdv.12138
http://www.ncbi.nlm.nih.gov/pubmed/11255325
http://doi.org/10.1111/jdv.13891
http://www.ncbi.nlm.nih.gov/pubmed/27620704
http://doi.org/10.1111/j.1365-2133.2011.10345.x
http://www.ncbi.nlm.nih.gov/pubmed/21457207
http://doi.org/10.1111/jdv.14204
http://doi.org/10.1016/j.jaad.2007.07.023
http://doi.org/10.1080/09546634.2018.1506077


Int. J. Mol. Sci. 2022, 23, 12849 15 of 15

98. Hung, W.-K.; Tung, T.-H.; Wang, T.-Y.; Liao, S.-C.; Chi, C.-C. Risk for incident suicidality among psoriasis patients: A systematic
review and meta-analysis. Arch. Dermatol. Res. 2022, 1–11. [CrossRef]

99. Piaserico, S.; Marinello, E.; Dessi, A.; Linder, M.; Coccarielli, D.; Peserico, A. Efficacy of Biofeedback and Cognitive-behavioural
Therapy in Psoriatic PatientsA Single-blind, Randomized and Controlled Study with Added Narrow-band Ultraviolet B Therapy.
Acta Derm. Venereol. 2016, 96, 91–95. [CrossRef]

100. Talamonti, M.; Malara, G.; Natalini, Y.; Bardazzi, F.; Conti, A.; Chiricozzi, A.; Mugheddu, C.; Gisondi, P.; Piaserico, S.;
Pagnanelli, G.; et al. Effect of Secukinumab on Perception of Anxiety and Depression in Patients with Moderate to Severe
Psoriasis: A Post hoc Analysis of the SUPREME Study. Acta Derm. Venereol. 2021, 101, adv00422. [CrossRef]

101. Fleming, P.; Roubille, C.; Richer, V.; Starnino, T.; McCourt, C.; McFarlane, A.; Siu, S.; Kraft, J.; Lynde, C.; Pope, J.; et al. Effect
of biologics on depressive symptoms in patients with psoriasis: A systematic review. J. Eur. Acad. Dermatol. Venereol. 2015, 29,
1063–1070. [CrossRef]

http://doi.org/10.1007/s00403-022-02377-5
http://doi.org/10.2340/00015555-2428
http://doi.org/10.2340/00015555-3712
http://doi.org/10.1111/jdv.12909

	Introduction 
	Immunopathogenesis of Psoriasis 
	Immune Memory Characterizing Psoriatic Skin 
	Molecular Scarring in Post-Lesional Psoriatic Skin 

	Impact of Targeted Pharmacotherapies on the Tissue-Resident Memory Compartment 
	TRM Compartment in the Pathophysiology of Psoriatic Arthritis 
	Targeted Pharmacotherapies May Prevent the Transition from Psoriasis to PsA 
	Transition from Psoriasis to PsA 
	Reducing the Risk of Developing PsA in Patients with Psoriasis 

	Targeted Pharmacotherapies May Reduce the Burden of the Cumulative Life Course Impairment in Psoriatic Patients 
	Social Stigma 
	Socio-Economic Status 
	Young Patients 
	The Potential Role of Targeted Pharmacotherapies 

	Conclusions 
	References

