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Abstract: Psoriasis is a chronic inflammatory skin disease induced by multifactorial causes and is
characterized by bothersome, scaly reddish plaques, especially on frequently chafed body parts, such
as extensor sites of the extremities. The latest advances in molecular-targeted therapies using biologics
or small-molecule inhibitors help to sufficiently treat even the most severe psoriatic symptoms and
the extra cutaneous comorbidities of psoriatic arthritis. The excellent clinical effects of these therapies
provide a deeper understanding of the impaired quality of life caused by this disease and the detailed
molecular mechanism in which the interleukin (IL)-23/IL-17 axis plays an essential role. To establish
standardized therapeutic strategies, biomarkers that define deep remission are indispensable. Several
molecules, such as cytokines, chemokines, antimicrobial peptides, and proteinase inhibitors, have
been recognized as potent biomarker candidates. In particular, blood protein markers that are
repeatedly measurable can be extremely useful in daily clinical practice. Herein, we summarize the
molecular mechanism of psoriasis, and we describe the functions and induction mechanisms of these
biomarker candidates.

Keywords: inflammatory skin disease; Th17 cells; adipokines; glycoproteins; fatty acid-binding protein

1. Introduction

Psoriasis is a recurrent, persistent inflammatory skin disorder characterized by rough,
reddish plaques on frequently chafed body parts, such as the extensor sites of the extremi-
ties [1,2]. Individuals with this condition suffer from subjective symptoms, such as itching
and pain, but also from skin lesions, especially on exposed areas, such as the scalp, face,
hands, and nails, which can have a prominent impact on the patients’ quality of life [3–6].
In fact, it has been suggested that the manifestation of psoriasis-related symptoms can
trigger stigmatization, leading to social discrimination and alienation [7–9]. Psoriasis
often coexists with varied comorbidities represented by psoriatic arthritis (PsA), uveitis,
psychiatric disorders, metabolic disorders, and cardiovascular diseases [2,10–13]. Psoriasis
is therefore considered to be part of systemic disorders characterized by skin lesions. The
process that amplifies localized psoriatic molecular reactions into a systemic inflammatory
response is called “psoriatic march” [14].

While severe psoriatic symptoms are often resistant to conventional treatment, recent
advances in molecular-targeted therapies have enabled sufficient treatment and control in
most cases. The clinical effects of these therapies allow for markedly reduced skin lesions,
related symptoms, and comorbidities but also a deep understanding of the molecular
mechanism of psoriatic diseases in which the interleukin (IL)-23/IL-17 axis based on
Th17-cell-mediating cytokine network plays an essential role [11,15].

Biomarkers are indicators of normal physiological processes, pathogenic reactions,
and responses to pathogen/treatment exposure or intervention, including therapeutic
interventions [16]. Biomarkers can have molecular biology, histology, radiological images,
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or other physiologic characteristics [16]. A reliable indicator that reflects sufficient remission
of disease activity is indispensable for establishing standardized therapeutic strategies. To
date, several biomarker candidates have been proposed to reflect improvement in psoriasis
during treatment. Consequently, this review describes the molecular pathogenesis of
psoriasis and changes in biomarkers that occur along its disease activity, focusing on
blood-protein markers that can be repeatedly measured in daily clinical practice.

2. Molecular Pathogenesis of Psoriasis

As shown by the remarkable efficacy of molecular-targeted therapies, the IL-23/IL-
17 axis, which depends mainly on Th17-cell function, is considered the most essential
mechanism of psoriasis (Figure 1) [1,2,10,15,17]. Molecules regulated in the downstream
of Th17 cytokines are identified as biomarker candidates (Table 1). In the initial stage, a
complex of antimicrobial peptides (AMP), such as LL-37, and self-nucleotides derived
from damaged keratinocytes via toll-like receptors (TLRs), potentiate the function of
plasmacytoid dendritic cells (pDCs) to produce substantive interferon (IFN)-α, which
activates myeloid (conventional) DCs [18–20]. These activated DCs release tumor necrosis
factor (TNF) and IL-23 that synergistically propel the immune response process. TNF
stimulates DCs in an autocrine manner but inhibits the function of pDCs [1,2,10,15,17]. A
paradoxical reaction during treatment using TNF inhibitors can depend on pDC activation
by cancelling TNF-mediated inhibition [21].

Figure 1. Summarized molecular mechanism of psoriasis. IFN-α released from activated pDCs stimulates myeloid DCs to
produce TNF and IL-23. TNF activates DCs in an autocrine manner and enhances the inflammatory responses of various
immunocytes. Naïve CD4-positive T cells differentiate into Th17 cells in the presence of the transforming growth factor
(TGF)-β, IL-21, and IL-6. The pathogenicity of Th17 cells is potentiated by IL-23. IL-17 and IL-22 are produced by Th17 and
other cells with more innate characteristics (e.g., innate lymphoid cell (ILC)-3 and gamma delta T cells). IL-17 and Il-22
induce epidermal hyperproliferation. IL-17 and TNF synergistically accelerate the production of inflammatory cytokines
and chemokines from the epidermal keratinocytes, resulting in a vicious circle of inflammatory reactions.
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Table 1. Summary of blood-protein biomarkers reflecting the severity of psoriasis.

Group Biomarkers Cellular Source Findings

blood cell counts
NLR - increase especially in cases with arthritis
PLR -

cytokines

IL-17A Th17, Tc17, ILC3, etc. relation with atherosclerosis, fatty liver, and
insulin resistance

IL-17F Th17, Tc17, ILC3,
colon epithelial cells, etc. much higher serum IL-17F levels than IL-17A levels

IL-22 Th17, Th22, Tc22, ILC3, etc. vascular protective effect;
relation with liver fibrosis

IL-19

monocytes,
macrophages,
keratinocytes,

fibroblasts, etc.

vascular protective effect

IL-36γ epidermis relatively specific to skin lesions

chemokines

Fractalkine APCs, ECs, and
epidermis close correlation with atherosclerosis

TARC
DCs, ECs,

epidermis, and
fibroblasts

a biomarker for AD;
possible relation to deeper remission during

anti-IL-17 therapy;
correlation with severity of GPP

adipokines Resistin
macrophages,

monocytes, and
adipocytes

close correlation with atherosclerosis

Adiponectin adipocytes negatively correlated with atherosclerosis

AMPs
β-defensin 2 epidermis relatively specific to skin lesion;

S100A7 epidermis correlation with atherosclerosis

protease
inhibitors

SCCA2 epidermis also increase in AD

Elafin Epidermis and
immune cells correlation with CRP and ESR

glycoproteins

LRG
hepatocytes,

neutrophils, ECs, and
macrophages

correlation with CRP and arthritis

YKL-40

neutrophils,
macrophages,

fibroblasts, ECs, and
smooth muscle cells

correlation with tumor progression, metabolic
diseases, and arthritis

FABPs
FABP-4 adipocytes

increase in cardiovascular diseases;
the expression in TRM infiltrating into

psoriatic epidermis
i-FABP intestine epithelial cells correlation with disruption of intestine barrier

AMP, antimicrobial peptide; FABP, fatty acid-binding protein; NLR, neutrophils/lymphocytes ratio; PLR, platelets/lymphocytes ratio;
TARC, thymus and activation-regulated chemokine; LRG, leucin-rich alpha-2 glycoprotein; APCs, antigen presenting cells; ECs, endothelial
cells; DCs, dendritic cells; AD, atopic dermatitis; GPP, generalized pustular psoriasis.

2.1. IL-23

IL-12, IL-23, IL-27, and IL-35 form the IL-12 cytokine family [22] in which subunits and
specific receptors are shared [22,23]. For instance, IL-12 and IL-23 share the p40 subunit,
but IL-23 specifically possesses the p19 subunit. IL-12 and IL-23 signals are transmitted
by pairs of IL-12 receptor β1 (IL-12Rβ1)/IL-12Rβ2 and IL-12Rβ1/IL-23R, respectively. In
a psoriatic lesion, both p40 and p19-expressions but also the expression of p40 and p19
subunits increases as opposed to the p35 subunit, which is another component of IL-12,
suggesting a more definitive role of IL-23 in the molecular mechanism of psoriasis [24].
IL-12 and IL-23 work differently on T-cell diversity. IL-12 mainly leads to the induction
of Th1 cells, whereas IL-23 mainly enhances Th17-cell pathogenicity characterized by
IL-17 production [22,23]. IL-23 expression also increases epidermal keratinocytes by TLR-4
stimulation, which can participate in the pathogenesis of interleukin-36 receptor antagonist
(DITRA) deficiency [25]. IL-23 stimulates DCs to induce IL-22 release from Th cells [26].
IL-23 expression in keratinocytes is epigenetically regulated, and the mechanism can
contribute to the patho-mechanism of psoriasis [27]. IL-23 also potentiates FoxP3-positive
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regulatory T cells (Treg) to produce IL-17 [28,29]. While DCs are the main source of
TNF, TNF is also produced by other cells, such as Th1, Th17, macrophages, neutrophils,
mast cells, endothelial cells, and epidermal keratinocytes [11,20,30,31]. TNF induces
proinflammatory responses via various signaling pathways, such as nuclear factor (NF)-κB
and MAP-kinase signaling, through TNF receptors, which is broadly expressed by various
cell types [32]. Consequently, TNF activates DCs and accelerates the inflammatory reactions
that involve various immunocytes [10,32]. While IL-23 can fortify the pathogenicity of
Th17 cells, it is not required for the differentiation of Th17 cells from naïve CD4+ T cells. In
contrast, TGF-β, IL-21, and IL-6 are indispensable for Th17 differentiation, [33,34].

2.2. IL-17

IL-17 consists of IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F homodimers or
a IL-17A and IL-17F heterodimer. Ligand-specific IL-17 receptors (IL-17R) transmit IL-17
signaling, whereas IL-17A signaling employs IL-17RA, IL-17RC, and IL-17RD [35–38].
IL-17 receptors share a similar expression of fibroblast growth factor and IL-17R (SEFIR)
domain, an intracellular domain essential for recruiting Act-1, a protein that activates
NF-κB and MAPK pathways [35–37]. IL-17 is indispensable for host defense against
cutaneous and mucosal infection by Staphylococcus aureus and Candida albicans [35–37,39]
and for upholding the intestinal epithelial barrier [40,41]. IL-17A is the most investigated
subtype in both physiological and disease conditions, including psoriasis [36], and it is
produced by Th17, Tc17, tissue-resident memory T (TRM), innate lymphoid cell (ILC)-
3, invariant natural killer T cells (iNKT), gamma delta T cells, and mucosal associated
invariant T (MAIT) cells [42]. Free fatty-acid-nourished, CD8-positive TRM is present even
in the healed epidermis following psoriasis, and IL-17 released from TRM contributes to
lesion recurrence [43,44]. Moreover, IL-17 and IL-22 released from Th17 and other innate
cells, such as ILC-3 and gamma delta T cells, induce hyperproliferation of epidermis
and accelerate the production of inflammatory cytokines and chemokines, such as IL-8
(CXCL-8), IL-17C, and vascular endothelial growth factor, in the epidermis [1,2,10,17].
According to a study investigating cytokine profile in small and large psoriatic plaques, IL-
17 signaling is consistently accelerated in lesional skin; however, suppressed regulation of
inflammatory reaction and upregulated TNF signaling are simultaneously observed even in
non-lesional skin of patients with large psoriatic plaques. Consequently, this suggests that
synergistic effect of IL-17 and TNF signaling induce a systemic inflammatory reaction [45].
These factors play crucial roles in the formation of the psoriatic phenotype and the vicious
inflammatory circle of a psoriatic lesion. While the role of IL-17 is broadly shared in other
psoriatic diseases, such as PsA [15] and pustular psoriasis [46], the significance of IL-17
inhibition remains unclear in terms of treating palmoplantar pustulosis [47,48].

2.3. CCL20/CCR6 Axis

C-C motif chemokine ligand (CCL) 20, a well-known macrophage inflammatory pro-
tein (MIP)-3a or liver activation-regulated chemokine, is a member of the CC-chemokine
family and plays a significant role in inflammatory and homeostatic conditions [49,50].
Although a constitutively strong expression is observed in the liver, lung, appendix, and
tonsils, this expression can be induced in various cells, such as immune, endothelial, and
epithelial cells [50]. CCL20 recruits immunocytes expressing the specific receptor CCR6,
and CCR6 expression is observed in DCs, T cells, and B cells [50]. The interaction between
CCL20 and CCR6 is an indispensable pathogenic mechanism of autoimmune disorders,
including psoriasis, and it is considered a distinct therapeutic target [51]. Th17 cytokines
and TNF independently and synergistically induce CCL20 expression in epidermal ker-
atinocytes [52,53]. CCL20 expression is significantly upregulated in scratched keratinocyte
sheet, suggesting the contribution of CCL20 in the Koebner phenomenon [54]. Deletion of
CCR6 or the dominant-negative form of CCL20 ameliorates skin symptoms in psoriasis
model mice [55–57], thus suggesting the indispensable role of the CCL20/CCR6 axis in the
pathogenesis of psoriasis [58,59].
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2.4. Adipose Tissue

Adipokines and proinflammatory cytokines derived from white adipose tissue (WAT)
can enhance and influence the Th17-mediated inflammatory response (Figure 2). Psoriasis
is frequently concurrent with obesity and overweight [60,61], which are closely related
metabolic abnormalities, and weight reduction interventions are necessary to reduce the
severity of skin lesions and comorbidities [62–68]. Similar to obesity, the expression of proin-
flammatory adipokines, such as TNF, IL-6, leptin, resistin, and chemerin, is upregulated in
psoriasis, whereas the expression of anti-inflammatory adipokines, such as adiponectin
and omentin, is suppressed [60,69–72]. Although they are possibly more closely associated
with systemic inflammation, oxidative stress, and cardiovascular risk [73,74], visceral adi-
pose tissue and subcutaneous adipose tissue have similar cytokine profiles [73]. In obese
WAT, macrophage infiltration into the stromal vascular fraction of WAT via monocyte
chemoattractantprotein (MCP)-1/CCR2 pathway is a key mechanism of obesity-induced
adipose inflammation [75]. Adipose tissue macrophages (ATMs), which resemble M1-
macrophages, can be activated via TLR4 stimulation by lipopolysaccharide and saturated
fatty acids (SFAs) [76] and release proinflammatory cytokines, such as TNF and IL-6 [77].
SFAs, pathogen-associated molecular patterns (PAMPs), and danger-associated molecular
patterns (DAMPs) also activate NLRP3 inflammasomes in ATMs, resulting in enhanced
production of IL-1 and IL-18 [78]. WAT also acts as a reservoir of TRM cells that is char-
acterized by high turnover rates and active metabolism, as measured by lipid uptake
and mitochondrial respiration [79,80]. The numbers of CD8+ TRM cells can be present
in psoriatic skin for long periods, taking in free fatty acids via fatty acid-binding protein
(FABP)-4/5 for the regional longevity [44]. These cells play a crucial role in the recurrence
of clinically healed psoriasis [43].

Figure 2. Close correlation between psoriasis and adipose tissue. Adipokines and proinflammatory cytokines derived
from white adipose tissue (WAT) enhance and influence the Th17-mediated inflammatory response. In psoriasis and
obesity, balance between proinflammatory adipokines and anti-inflammatory adipokines is dysregulated. In obese WAT,
macrophages infiltrate the stromal vascular fraction of WAT via the monocyte chemoattractantprotein-1 (MCP-1)/CCR2
pathway. Adipose tissue macrophages (ATMs) activated via TLR4 stimulation by saturated fatty acids (SFAs) release
proinflammatory cytokines, such as TNF and IL-6. SFAs, pathogen-associated molecular patterns (PAMPs), and danger-
associated molecular patterns (DAMPs) also activate NLRP3 inflammasomes in ATMs, resulting in the enhanced production
of IL-1 and IL-18. These proinflammatory cytokines synergistically work with Th17-derived cytokines to enhance systemic
inflammatory responses.
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3. Biomarkers in Psoriasis Treatment

3.1. Peripheral Blood Cell Counts
Neutrophil-to-Lymphocyte Ratio and Platelet-to-Lymphocyte Ratio

Neutrophils and platelets are primarily associated with biophylactic mechanisms
against pathogens and hemostasis, respectively. These mechanisms synergistically work at
sites of acute injury and inflammation by forming neutrophil extracellular traps. Dysregu-
lated interaction between neutrophils and platelets can be involved in the patho-mechanism
of autoimmune disorders, such as systemic lupus erythematosus (SLE), rheumatoid arthri-
tis (RA), systemic vasculitis [81], and psoriasis [82].

Recently, neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
have been considered as markers of systemic inflammation in internal malignancies [83]
and various inflammatory conditions, such as SLE and RA [84]. While systemic treatment
using biologics can reduce NLR and PLR and improve psoriatic skin and arthropathic
symptoms [85,86], it is not always correlated with the severity of psoriasis skin lesions as
evaluated by the Psoriasis Area and Severity Index (PASI), suggesting that the NLR and
PLR are better at reflecting systemic inflammation [87].

3.2. Cytokines and Chemokines
3.2.1. IL-17

As mentioned earlier, IL-17 is a definitive mediator in the patho-mechanism of psoria-
sis, and it is the most important subtype, as shown by the excellent clinical efficacy of the
inhibitors against psoriasis.

Serum IL-17 levels increase as the severity of skin lesions increases, especially in
severe psoriatic cases [88], and IL-17A levels are more closely correlated with psoriasis
severity compared to IL-17F levels [89]. In contrast, serum IL-23 levels do not increase in
psoriatic cases, and changes cannot be detected during successful treatment [90]. IL-17A
and IL-17F are targets of IL-17-specific inhibitors but also of other drugs. Tofacitinib, a
JAK-inhibitor, and apremilast, a phosphodiesterase inhibitor, decrease serum IL-17A, and
IL-17F levels are correlated with the clinical response of skin lesions [91,92]. Serum levels
of both subtypes change over the course of treatment and the withdrawal of guselkumab,
an IL-23 p19-specific inhibitor [90]. Interestingly, increased serum levels of IL-17F subunit
precede skin lesion exacerbation after withdrawal of guselkumab therapy [90], which might
depend on the sensitivity of measuring these subunits. While IL-17A and IL-17F are mainly
produced by immune cells, such as Th17 and Tc17 cells, the latter is also produced by colon
epithelial cells [93], and serum IL-17F levels are significantly higher than serum IL-17A
levels [89,90]. IL-17A is also related to the progression of cardiovascular disease, fatty liver,
and diabetes [94–96]. Consequently, IL-17A-inhibition can possibly improve non-calcified
atherosclerosis of coronary arteries [97].

3.2.2. IL-22

IL-22 is a member of the IL-20 subfamily of cytokines, which belong to the IL-10 family,
and it is produced by Th17, Th22, ILC3, Tc22, and gamma delta T cells. However, it plays a
crucial role in tissue regeneration, wound healing, and host defenses, especially against
fungal infections [98–100]. The signal can be transmitted via a pair of receptors (IL-10
and IL-22) through JAK/STAT pathways [15,99,100]. IL-22 upregulates the proliferation
of epidermal keratinocytes and induces acanthosis of epidermis via STAT3 activation in
inflammatory dermatoses, such as psoriasis and atopic dermatitis (AD) [101,102]. Serum
IL-22 levels increase moderately in psoriasis, in accordance with the skin lesion severity as
evaluated by the PASI score [90,103], whereas these levels decrease when implementing
an appropriate treatment [90,104]. IL-19, another subfamily of the IL-10 family produced
by monocytes, macrophages, keratinocytes, and fibroblasts, is involved in inflammation,
angiogenesis, and tissue remodeling [98,105]. Serum IL-19 levels increase in cases of
plaque-type psoriasis, and they are very closely correlated with the skin lesion severity as
rated by the PASI score [106]. Elevated IL-19 levels in psoriasis can quickly be reduced
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by ixekizumab or baricitinib treatment. The therapeutic response of psoriasis is predicted
by the decrease in the serum IL-19 levels before skin lesions begin to heal [106]. The IL-20
family is also associated with other systemic diseases. IL-19 and IL-22 can be vascular
protective cytokines in cardiovascular diseases [107], whereas the synergistic effect of IL-22
and IL-17A can contribute to fibrotic changes in the liver tissue [108].

3.2.3. IL-36

IL-36, an IL-1 family proinflammatory cytokine, consists of IL-36α, IL-36β, and IL-36γ.
The IL-36 signal induces an inflammatory response in various tissues [109–112]. IL-36
family of cytokines are produced by immune cells, such as macrophages, DCs, and T cells
but also by epithelial tissues, including the epidermis [109,113–115]. Among its subtypes,
IL-36α and IL-36γ are significantly expressed in psoriatic epidermis, and the expression
can be induced by proinflammatory cytokines that are deeply involved in the molecu-
lar patho-mechanism of psoriasis, such as IL-17 and TNF [116]. Furthermore, IL-36 and
IL-17A synergistically propel a vicious inflammatory loop [113,114,117]. Serum IL-36γ
levels are increased in cases of plaque-type psoriasis, and they are closely correlated with
the respective severity; however, the elevated levels can be normalized when adequate
treatment is provided [118]. Elevated serum IL-36γ levels constitute a relatively specific di-
agnostic marker for psoriatic erythroderma that is differentiated from other erythrodermic
dermatoses [119].

3.2.4. Fractalkine

Fractalkine (CX3CL1) is a CX3C chemokine expressed in antigen-presenting cells [120],
vascular endothelial cells [121], and epidermal keratinocytes [122] in membrane-bound
or soluble forms. Fractalkine works as an inflammatory mediator via the specific CX3C
chemokine receptor 1 (CX3CR1), and fractalkine expression increases in lesional psori-
atic epidermis [122]. This elevated expression contributes to the recruitment of CXCR1-
expressing cells, such as natural killer cells, T cells, and monocytes, via the chemotactic
effect of the soluble form [123]. Experiments on CX3C-deleted mice revealed that im-
iquimod could attenuate psoriasis-like inflammation, thus suggesting a key role of the
fractalkine/CX3CR1 signaling in the pathogenesis of psoriasis [124]. Serum fractalkine
levels increase in cases of psoriasis and AD depending on skin lesion severity [125,126].
Although elevated serum fractalkine levels decrease along with improvement of AD, there
are no data on serum fractalkine level changes during psoriasis treatment. Fractalkine is
also involved in the molecular mechanism of atherosclerosis [127], and its expression can
reflect a systemic inflammatory reaction.

3.2.5. Thymus and Activation-Regulated Chemokine

Thymus and activation-regulated chemokine (TARC)/CCL17 is one of the CC chemokines
expressed in the thymus and is produced by various cells, such as dendritic cells (DC),
endothelial cells, keratinocytes (KC), bronchial epithelial cells, and fibroblasts [128,129].
The signal is transmitted by the specific receptor CCR4, resulting in lesional infiltration of
Th2 cells, basophils, and natural killer cells [129]. TARC is one of the most useful biomarkers
for reflecting the current disease activity of AD. TARC expression is slightly upregulated
in lesional psoriatic skin, and numbers of CCR4-expressing mononuclear cells infiltrate
the lesional skin, suggesting the possible involvement of TARC in the patho-mechanism
of psoriasis [130]. While serum TARC levels are lower in psoriasis cases compared to AD
cases [131], they tend to increase in more severe cases of psoriasis [132]. Interestingly, the
serum TARC level also increases in well-controlled psoriasis cases treated with biologics,
especially IL-17 inhibitors [132]. The ILC2 population can possess ILC3-like characteristics
when IL-1β and IL-23 are stimulated, both of which are pivotal cytokines in the psoriatic
molecular pathogenesis [133]. Details of the induction mechanism of TARC remain unclear,
but this process may involve the plasticity of immune cells. In addition, serum levels are
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higher in cases of generalized pustular psoriasis compared to cases of plaque-type psoriasis,
suggesting a relationship with psoriasis severity [134].

3.3. Adipokines

Adipokines (or adipocytokines) are adipose, tissue-derived bioactive proteins that
play an essential role in regulating tissue metabolism. Depending on their physiological
and pathological effects, adipokines can be classified into proinflammatory and anti-
inflammatory groups [135]. In obesity, the balance of adipokines will shift toward a
dominant condition of proinflammatory adipokines, and the aberrant secretion contributes
to latent systemic inflammation [72,135–137]. These abnormal adipokine states are shared
by obesity and psoriatic diseases in which the expression of proinflammatory adipokines
leptin, resistin, and chemerin increases, as opposed to the expression of anti-inflammatory
adipokines, i.e., adiponectin and omentin, which decreases [69–71,138]. Leptin, which can
regulate feeding behaviors by acting on the central nervous system, induces the production
of TNF, IL-6, and CC-chemokine from monocytes and macrophages as well as IL-2 and
IFN-γ from T cells [135]. Among these adipokines, chemerin, lipocalin-2, resistin, and
adiponectin are better biomarker candidates for reflecting psoriasis severity [139].

3.3.1. Resistin

Initially identified in adipose tissue, resitin can be produced in greater quantities by
macrophages and monocytes in humans, and its expression is induced by proinflammatory
cytokines, such as TNF, IL-1, and IL-6 [135]. Serum resistin levels accurately reflect insulin
resistance, and resistin inhibition partially improves the aberrant insulin function [140].
Resistin signaling upregulates the production of proinflammatory cytokines from mononu-
clear cells, thus forming a vicious inflammatory circle [135]. Plasma resistin levels are
correlated with the severity of psoriatic skin lesions, and its levels can decrease as the
skin lesions improve following an appropriate treatment approach [141,142]. While serum
resistin levels are closely correlated to the PASI score and to the involved body surface
area percentage (%BSA) in psoriasis cases before anti-TNF therapy, its levels do not always
decrease with the improvement in PASI and %BSA after adalimumab therapy [143]. Serum
resistin and leptin levels are also correlated with the intima-media thickness of carotid
arteries in psoriasis cases, suggesting their potential contribution to the development of
atherosclerosis [144].

3.3.2. Adiponectin

Adiponectin enhances insulin-sensitivity but reduces the TNF-induced dysfunction of
endothelial cells and apoptosis of cardiomyocytes [145]. Adiponectin mitigates imiquimod-
induced psoriasiform dermatitis via the direct inhibition of IL-17 release from gamma delta
T cells [146]. Furthermore, serum adiponectin levels are inversely correlated with skin
lesion severity [147,148], and its levels do not always increase with the improvement in
skin lesions [142,149]. Serum adiponectin levels exhibit a greater decrease in cases with
PsA compared to cases without PsA, suggesting a closer relationship between adiponectin
and systemic inflammatory responses [150].

3.4. Antimicrobial Peptides

AMPs are small proteins with approximately 10–50 amino acids that demonstrate
biophylactic activity against viral, bacterial, and fungal infections via the disruption of the
pathogens’ plasma membrane. The main cellular sources for AMPs in the human skin are
keratinocytes, mast cells, neutrophils, sebocytes, and eccrine epithelial cells [19,151–153].
AMPs play a critical role in innate immunity, and they are involved in chemotaxis, angio-
genesis, and cell proliferation/migration during the host’s inflammatory responses [154].
AMP expression is highly upregulated in psoriatic epidermis and is possibly involved in
the patho-mechanism of psoriasis [19,154].
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3.4.1. Defensin 2

β-defensin 2 (BD-2), a defensin subfamily, is the most investigated molecular biomarker
of psoriasis. BD-2 expression is induced by proinflammatory cytokines and microbial prod-
ucts in contrast to the constitutive expression of BD-1 in epithelial cells [155]. TNF, IFN-γ,
and IL-17, which are closely involved in the pathogenesis of psoriasis [154], can induce the
BD-2 expression in epidermal keratinocytes, and TNF and IL-17A synergistically enhance
BD-2-induction [53]. In cases of plaque-type psoriasis, BD-2-protein levels significantly
increase both in lesional epidermis and in serum, and serum levels are closely correlated
with skin lesion severity as rated by the PASI score [156] and with serum IL-17A levels but
not with the IL-17F levels [89]. Several clinical trials have evaluated the efficacy of novel
therapeutic options for psoriasis by measuring BD-2 levels [89,157,158]. In moderate to
severe psoriasis, elevated serum BD-2 levels decreased and were normalized as the PASI
score improved [89,157,158].

3.4.2. S100A

S100 proteins (measuring 10–12 kilodaltons) are low molecular-weight molecules
that possess two calcium-binding helix-loop-helix motifs, and they form a family that
consists of 25 subtypes [159]. Although S100A7 (psoriasin), S100A8, S100A9, S100A12, and
S100A15 (koebnerisin) exhibit antimicrobial activity and are highly expressed in psoriatic
epidermis [159,160], S100A7 is the most studied subtype. Proinflammatory cytokines
deeply involved in the pathogenesis of psoriasis, such as IL-36, IL-17, and TNF, can
independently and synergistically induce S100A7 expression in epidermal keratinocytes,
and S100A7 acts as a chemoattractant for lymphocytes, granulocytes, and macrophages,
forming an inflammatory loop [161]. Serum S100A7 levels increase in severe psoriatic cases
but not in milder ones [162]. Serum S100A7 and S100A15 levels are closely correlated with
the intima-media thickness of common carotid arteries [163], suggesting their contribution
to the systemic inflammatory response [164].

3.5. Protease Inhibitors
3.5.1. Squamous Cell Carcinoma Antigen

Squamous cell carcinoma antigen (SCCA), which is a recognized serum tumor marker
for SCC, is a member of the serpin family of proteins with inhibitory activity against cys-
teine protease. While SCCA is composed of SCCA1 (SERPINB3) and SCCA2 (SERPINB4),
both subtypes are expressed in psoriatic epidermis [165]. SCCA2 expression is significantly
upregulated in psoriatic epidermis compared with the normal epidermis in contrast to the
constitutive SCCA1 expression in normal and psoriatic epidermis [165]. In psoriasis cases,
serum SCCA2 levels are correlated with the PASI score and serum IL-22 levels but not with
the IL-17A levels [166]. IL-22, which is involved in the mechanisms of psoriasis and AD,
stimulates SCCA1/2 expression in oral SCC-derived cell lines [167] and normal human
keratinocytes [166]. IL-17 synergistically acts on the IL-22-mediated induction of SCCA2 in
normal keratinocytes [166]. IL-4 and IL-13 signaling can also induce SCCA2 expression
in keratinocytes [168]. Thus, serum SCCA2 levels increase in psoriasis but also in other
inflammatory dermatoses, such as AD [166,169]. The increased serum SCCA2 levels in
psoriasis and AD can be reduced with appropriate treatment [166,169].

3.5.2. Elafin

Elafin, a serine protease inhibitor that is highly expressed in psoriatic epidermis [170–172],
is released by epithelial cells and immune cells [173] and plays an essential role in the anti-
inflammation mechanism via proteinase inhibition and antimicrobial/immunoregulatory
functions [173]. Serum elafin levels increase in psoriasis cases correlate with skin lesion
severity and with laboratory findings that reflect inflammation, such as C-reactive protein
levels and erythrocyte sedimentation rates [174]. During a cardiovascular event, elafin
possibly reduces tissue injury exacerbated by neutrophilic elastase as a result of anti-
inflammatory activity [175]. Interestingly, higher elafin expression is associated with a
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higher likelihood of spontaneous reperfusion, and it is related to a smaller infarct size and
more favorable clinical outcomes [176].

3.6. Glycoproteins
3.6.1. Leucin-Rich Alpha-2-Glycoprotein

Leucin-rich alpha-2-glycoprotein (LRG), an approximately 50 kilodalton glycoprotein
consisting of abundant amino acid residues with a structure of leucine-rich repeats (LRP),
is produced by hepatocytes, neutrophils, endothelial cells, and macrophages following the
stimulation of proinflammatory cytokines, such as IL-6, TNF, and IL-1β. LRG is associated
with angiogenesis in cooperation with TGF-β signaling [177], and serum LRG levels are
a candidate biomarker that reflects cardiovascular risk in cases of kidney diseases [178].
LGR has also been involved in a Th17-differentiation mechanism in a collagen-induced
arthritis model [179]. While serum LRG levels increase in cases of psoriasis, depending on
the skin lesion severity, its levels are much more closely correlated with serum C-reactive
protein levels than with the PASI score [180]. Considering that serum LRG levels are higher
in psoriatic cases with arthritis than in cases without arthritis, serum LRG levels might be
more reflective of a systemic inflammatory response than of the skin-limited inflammatory
level [180].

3.6.2. YKL-40

Chitinase-3 -like 1, also known as YKL-40, is a glycoprotein that contains highly
conserved chitin-binding domains without chitinase activity [181–183]. YKL-40 is secreted
by various immune cells, such as neutrophils and macrophages, fibroblasts, vascular
smooth muscle cells, and endothelial cells [181–183]. YKL-40 expression is upregulated
by proinflammatory cytokines, namely IL-6, TNF, IL-13, and IL-18, and is associated
with tumor progression, angiogenesis, and various inflammatory responses [181–183]. In
psoriatic lesions, YKL-40 expression is detected in infiltrating neutrophils, and serum YKL-
40 levels are significantly more elevated in cases of generalized pustular psoriasis compared
to cases of plaque-type psoriasis [184]. The levels are moderately correlated with skin lesion
severity, and they can be reduced following an appropriate treatment [184,185]. Serum
YKL-40 levels are also correlated with arthritis and endothelial dysfunction in cases of
psoriasis [186,187], suggesting a close correlation with the systemic inflammatory response.

3.7. Fatty Acid-Binding Protein

The fatty acid-binding protein (FABP) family includes several tissue-specific subtypes
of FABP that exhibit prominent affinity with long-chain fatty acid and play a significant role
in lipid metabolism [188–190]. Among them, FABP-5 (epidermal FABP, psoriasis-associated-
FABP) is highly expressed in psoriatic as opposed to healthy epidermis [191–193], and
FABP-5 regulates the differentiation of epidermal keratinocytes [194,195]. There have been
numerous studies suggesting a close correlation among blood FABP-4 levels, an adipocyte
subtype, and metabolic abnormality related to cardiovascular diseases [188]. FABP-4 and
FABP-5 are also specifically expressed in TRM cells compared with other T-cell subtypes,
and TRM cells require lipid uptake via FABP-5 and FABP-5 to maintain their longevity in the
targeting tissues, such as in psoriatic lesional epidermis [44]. Alteration of the blood fatty
acid profile in psoriasis also suggests an essential role for FABP in the pathogenesis of this
condition [196]. While FABP-4 does not always relate to psoriasis severity, the serum level
increases in psoriasis cases compared with healthy controls and decreases with appropriate
treatment [197]. Serum FABP-4 levels are inversely correlated with serum TARC levels,
which is possibly related to psoriasis remission [198,199]. Moreover, serum FABP-1 (liver-
FABP) levels increase in cases of psoriasis depending on skin lesion severity [200], and
FABP-2 (intestinal FABP) potentially reflects the subclinical disruption of the intestinal
barrier in severe psoriasis cases [201].
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4. Conclusions

The novel and highly efficient therapeutic approaches in psoriasis have enabled
the treatment of recalcitrant psoriatic lesions and comorbidities, thus leading to disease
remission. The excellent efficacy of molecular-targeted therapies also highlights and reflects
the molecular pathogenesis of psoriatic diseases. To refine the underlying therapeutic
strategy, useful biomarkers that can reflect disease severity and sufficient remission are
indispensable. Further basic and clinical research is required to establish an optimized
therapeutic strategy in psoriasis treatment.
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Abstract: Tissue-resident memory T cells (TRM) stay in the peripheral tissues for long periods of time,
do not recirculate, and provide the first line of adaptive immune response in the residing tissues.
Although TRM originate from circulating T cells, TRM are physiologically distinct from circulating T
cells with the expression of tissue-residency markers, such as CD69 and CD103, and the characteristic
profile of transcription factors. Besides defense against pathogens, the functional skew of skin TRM

is indicated in chronic skin inflammatory diseases. In psoriasis, IL-17A-producing CD8+ TRM are
regarded as one of the pathogenic populations in skin. Although no licensed drugs that directly and
specifically inhibit the activity of skin TRM are available to date, psoriatic skin TRM are affected in
the current treatments of psoriasis. Targeting skin TRM or using TRM as a potential index for disease
severity can be an attractive strategy in psoriasis.

Keywords: skin-resident memory T cells; human; psoriasis; cytokines; autoantigens; treatment

1. Introduction

Once the immune system encounters antigens, memory T cells are generated from
the naïve T cells and facilitate a prompt response to the re-exposure of the same antigens.
Two populations of memory T cells have been defined from human blood circulation:
effector memory T cells (TEM) and central memory T cells (TCM) [1]. TEM are also dominant
in peripheral non-lymphoid tissues and TCM have an affinity for secondary lymphoid
organs [2,3]. Furthermore, research on murine infectious disease models has revealed that a
subpopulation of TEM found in peripheral tissues remain in the same tissues for long periods
without recirculation after cure of infection [4–6]. These findings led to the establishment of
the new population of memory T cells, tissue-resident memory T cells (TRM).

TRM are superior to their circulating memory counterparts in their ability to provide
the local adaptive cellular defense [7–11]. They can respond to the local antigen re-exposure
without the recruitment of circulating T cells to the tissue [12]. In addition, recent studies
suggest TRM also contribute to systemic immune responses upon subsequent exposure
to specific antigens by proliferating and baring circulating populations, such as TCM and
TEM [13,14].

The existence and functional activities of TRM were initially investigated in barrier
tissues, such as the gut [6,15], skin [4,5,12,16,17], respiratory tract [18,19], and reproduc-
tive tract [20,21], in the context of local defense against pathogens in infectious diseases.
However, their roles are now recognized in various conditions, including cancer immunity,
tissue-specific autoimmune diseases, and chronic inflammatory diseases both in barrier
and non-barrier tissues [22].

Skin TRM are among the intensively studied TRM populations not only in murine
models but also in humans. The human skin contains an estimate of 20 billion T cells,

J. Clin. Med. 2021, 10, 3822. https://doi.org/10.3390/jcm10173822 https://www.mdpi.com/journal/jcm20



J. Clin. Med. 2021, 10, 3822

doubling those in the circulation [23], and over half of these T cells show the TRM pheno-
type [24]. Besides infectious diseases, the involvement of skin TRM has been reported in
allergic contact hypersensitivity [25]; fixed drug eruption [26]; cutaneous malignancies,
including malignant melanoma [27,28] and cutaneous T-cell lymphoma [24,29]; and chronic
inflammatory diseases, such as vitiligo, alopecia, and psoriasis [30,31].

In this review, we provide an overview of the general characteristics of TRM. Then,
narrowing our focus to skin TRM in humans, we summarize the involvement of skin TRM
in cutaneous disorders, especially psoriasis. We also mention the possibility of engaging
TRM as a disease index and treatment target in psoriasis. Since CD8+ TRM are the best-
characterized population, we focus on CD8+ TRM and describe this population as TRM in
this review unless otherwise mentioned.

2. The Characteristics of TRM

T cells in the neonatal murine skin are predominant with dendritic epidermal T cells
(DETCS) with restricted antigenic specificity [32], and neonatal human skin holds only
a few T cells [24]. Thus, TRM are assumed to develop from circulating T cells according
to repeated antigen exposure. In the local inflammation caused by specific antigens, the
robustly expanded effector T cells emerge in the circulation and the affected tissues, and
both TCM and TRM are assumed to arise from a part of these effector T cells [25,33].

The general characteristics of TRM across the tissues include the loss of migration and
the gain of retention. The development and maintenance of these characteristics in TRM are
driven by complex factors, such as cytokine and chemokine receptors, the other cell-surface
molecules being responsible for tissue homing and retention, and transcription factors
(Figure 1).

Figure 1. A. Surface markers, intracellular molecules, and transcription factors of TRM. The expression
levels of these molecules on TRM are shown by upward arrows (increased expressions) and downward
arrows (decreased expressions). Created with BioRender.com (accessed on 21 August 2021).

2.1. Cell Surface Molecules

While homing molecules including chemokine receptors are diverse depending on the
target peripheral tissues, the molecules related to tissue retention seem to be shared among
various tissues. In general, TRM lack the expression of the secondary lymphoid homing
molecules CC-chemokine receptor 7 (CCR7) and L-selectin, which are expressed on TCM
and naïve T cells [1]. The tissue retention molecules CD69 and CD103 (αE integrin) are
widely recognized as the markers for TRM. CD103 is a ligand of E-cadherin that is expressed
on epithelial cells [34], and CD69 interferes with sphingosine-1-phosphate (S1P) receptor-1,
which allows the cells to exit from peripheral tissues by sensing the density of S1P [35].
CD69 also reportedly regulates the uptake of L-tryptophan and the intracellular quantity
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of L-tryptophan-derived activator of the aryl hydrocarbon receptor (AhR) [36], which is
reportedly involved in the persistence of TRM [32]. These functions would explain at least
partially the importance of these molecules in tissue retention. However, their expression
varies, possibly depending on the tissues and the causes of TRM development. TRM lacking
CD103 expression have been described in some peripheral tissues and secondary lymphoid
organs [37,38] and CD103+ TRM can be found in the dermis and adult central nervous
system where E-cadherin is absent, implying that binding to E-cadherin is not required for
the persistence of TRM in peripheral tissues [24,39]. Although CD69 is expressed on the
majority of TRM in various peripheral tissues, TRM negative for CD69 expression are also
noted [33]. We thus have to take into account that these two molecules are not able to cover
TRM universally.

2.2. Transcription Factors

Transcriptional regulation is also presumably common among TRM in various tissues.
For instance, the expression of AhR is increased in skin TRM as compared with naïve T
cells and splenic T cells, possibly favoring the maintenance of skin TRM [32]. Rapamycin
inhibits the formation of TRM in the intestinal and vaginal mucosa, highlighting a pos-
itive link of mammalian target of rapamycin and the downstream transcription factors
with the formation of TRM [40]. The maintenance of lung TRM may be related to Notch
signaling, including the upregulation of the downstream transcription factor RBPJ [41].
The augmented uptake of exogenous lipids accompanied by the upregulation of fatty
acid binding proteins (FABPs) 4 and 5 is one of the characteristic processes involved in
the generation and maintenance of skin TRM [42]. Hypoxia-inducible factor-1α, which
is a transcription factor in the downstream of FABP5 signaling, reportedly promotes the
residency and anti-tumor function of tumor-infiltrating T cells in the murine malignancy
model [43]. The downregulation of T-box transcription factors T-bet and EOMES [44] and
the upregulation of Blimp-1, Hobit [45], and Runx3 [46,47] have also been reported to be
involved in the differentiation and/or maintenance of TRM.

2.3. Skin-Homing Molecules

In addition to the shared characteristics of various TRM, skin TRM are shown to have
their own homing molecules. As one of skin’s homing molecules, cutaneous lymphocyte-
associated antigen (CLA) binds to E-selectin and P-selectin and allows the cells to migrate
into skin [23]. The chemokine receptors CCR4, CCR8, CCR10, CXCR3, and CXCR6 are also
regarded as important skin-homing and/or retention molecules for at least some skin T
cells [16,48–52].

2.4. Fate Decision of TRM

How the fate of TRM differentiation is decided remains an unsolved question. TRM
reportedly derive from circulating T cells lacking high expression of the killer cell lectin-like
receptor subfamily G member 1 (KLRG1), which is regarded as a terminal differentiation
marker [16,47]. Another report demonstrates that the effector T cells with enriched ex-
pression of TRM-associated genes, such as Itgae (CD103), Itga1 (CD49a), Cd101, Ahr, and
Fabp5, already exist as memory precursor cells and preferentially differentiate into TRM [53],
suggesting that the fate of TRM is at least partially decided in the early stage of adoptive im-
mune memory formation. On the other hand, the time-course single-cell RNA-sequencing
analysis in a murine model with lymphocytic-choriomeningitis-virus infection revealed
that the transcriptional characteristics of TRM can be detected from gut-infiltrating T cells
at the earliest 4 days after infection, and the characteristics are distinct from those found
in splenic T cells [54], implying that the TRM differentiation program is initiated after the
cells enter the specific peripheral tissues. Further elucidation of the TRM differentiation
mechanism will require further research.
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3. Human Skin TRM

In general, human TRM and murine TRM share core transcriptional, phenotypic, and
functional profiles, including the almost global expression of CD69 and dominant CD103
expression in CD8 fractions [45,55–57]. In patients with cutaneous T-cell lymphoma (CTCL),
the treatment with alemtuzumab, which depletes circulating T cells and spares the TRM,
does not result in serious infection [58], implying the role of skin TRM in protective im-
munity. The TRM phenotype of the malignant cells in CTCL is related to the clinical
manifestation of well-demarcated lesions, suggesting that the sessile property of TRM also
exists in humans [24]. In vitro experiments suggest skin TRM maintain the production of
IL-17A and IFN-γ in reaction with pathogen challenges through aging [59]. Using tran-
scriptomic and functional data, human TRM are found to abolish their senescent phenotype
and survive for over 10 years in specific circumstances [46], replicating the longevity of
TRM in humans.

However, TRM in humans are presumably more diverse and widely distributed. For
instance, CD4+ TRM are found in both the epidermis and dermis in humans, although
murine skin CD4+ TRM are predominantly found in dermis [17,24,60,61]. TRM are also
found in secondary lymphoid organs, such as the spleen, lymph nodes, and tonsils in
humans [55,56].

The factors that may cause the difference between human skin TRM properties and
those observed in laboratory mice may include the following: (1) the thick epidermis with
abundant niche for TRM [24,62]; (2) the low density of hair follicles that express cytokines
important for TRM migration and survival, including IL-7 and IL-15 [63,64]; (3) the frequent
exposure to foreign antigens; (4) the small population of γδT cells with the lack of DETC
in the human epidermis [65] (however, we do not know whether the recently identified
αβγδT cell population in fetal skin can replace DETC) [66]. The longer survival period of
human TRM compared to murine life span [46] may also cause difficulty in adapting the
findings in murine models to human biology.

The involvement of skin TRM is highlighted in chronic inflammatory disorders and
cutaneous malignancies. In the lesional skin of alopecia areata, TRM with the ability to
produce granzyme B are dominant and related to disease prognosis, implying their in-
volvement in the pathogenesis [67]. Intraepidermal IFN-γ-producing TRM are enriched
in the cured sites of fixed drug eruption [26], suggesting the contribution of this fraction
to the reproducible property. In patients with atopic dermatitis, cutaneous TRM with the
production of IL-4 and IL-13 are also indicated to be involved in the disease pathogene-
sis [68]. Dermal TRM are increased with the production potential of perforin, granzyme
B, and IFN-γ in vitiligo [30,69], which are presumably specific for melanocyte antigens.
In malignant melanoma, skin TRM provide protection against tumor regrowth and are
involved in vitiligo formation, suggestive of their specific reactivity against melanoma anti-
gens [70]. Better understanding of cutaneous TRM will pave the way for novel management
and treatment of skin diseases.

The methodologies for evaluating skin TRM are summarized in Table 1. In the transla-
tional research field, one of the most popular methods for analyzing TRM is fluorescence-
activated cell sorting (FACS) analysis. However, conducting this method from biopsied
skin specimens is not practical in the daily clinical settings considering the burden for both
patients and clinicians. Immunohistochemistry (IHC) and/or immunofluorescence (IF)
for TRM-related molecules, such as CD3, CD8, CD69, and CD103, on the residual biopsy
specimens carried out for diagnosis is probably more feasible to date. To establish non-
invasive methods for predicting the activities of skin TRM, such as analyzing tape-stripped
or surface-swabbed samples, will require further research.

4. Skin TRM in the Pathogenesis of Psoriasis

Psoriasis, hereafter referred to as plaque psoriasis, is an immune-mediated chronic in-
flammatory skin disorder characterized by well-demarcated persistent scaly indurated ery-
thematous plaques. The contributions of environment [71], hereditary predisposition [72],
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and autoantigens [73] are implied to be involved in disease development. Circulating T
cells were previously regarded as responsible for the lesion formation in psoriasis. How-
ever, the inhibition of E-selectin, which is required for T-cell migration from the blood
stream to skin, was noted to be ineffective [74]. Another blocking strategy of T-cell migra-
tion by the biologics targeting CD11a also did not show dramatic efficacy [75]. However,
in a humanized murine model where psoriatic nonlesional skin specimens are grafted to
immunodeficient mice [76], the healthy-appearing nonlesional skin grafts spontaneously
develop psoriatic disease, suggesting that the cells residing in the nonlesional skin are
sufficient for the development of psoriatic disease. These results have led to the theory that
TRM may play a crucial role in the pathogenesis of psoriasis.

The fate of skin TRM is affected by the skin microenvironment, and in psoriasis,
this is also the case. Several skin-constituting factors have been reported to support the
development and persistence of IL-17A-producing TRM in psoriasis. Keratinocytes in
disease-naïve sites of psoriasis upregulate the expression of chemokines, such as CCL20
upon stimulation by skin commensal fungi [77]. Since CCL20 is a ligand for CCR6, which
is a signature molecule of IL-17A-producing T cells, the activated keratinocytes in the
disease-naïve sites of psoriasis are to recruit IL-17A-producing T cells to the disease-naïve
sites, leading to the accumulation of IL-17A-producing TRM [77]. In turn, IL-17A from
TRM stimulates keratinocytes to express CCL20, further accelerating the recruitment of
CCR6+ cells [78]. In the resolved skin, the continuous production of IL-23 and IL-15
from Langerhans cells presumably support the maintenance of IL-17A-producing TRM in
the epidermis [79]. The reduced repertoire of IL-17A-producing T cells in the resolved
skin, which has been observed in different psoriatic patients, implies the existence of
common antigens that drive the accumulation of psoriatic TRM [80]. Several potential
autoantigens have been reported in psoriasis (Figure 2). For example, cationic antimicrobial
peptide LL-37 produced by various cells including keratinocytes binds self-DNA and
triggers the activation of plasmacytoid dendritic cells (pDC) and TNF/iNOS-producing
dendritic cells (TIP-DC) [81,82]. A disintegrin-like and metalloprotease domain containing
thrombospondin type 1 motif-like 5 (ADAMTSL5) in complex with HLA-C*06:02 on the
surface of melanocytes confers epidermal CD8+ T-cell response [83]. Neo-lipid antigens
generated by phospholipase A2 group 4D (PLA2G4D) from mast cells and keratinocytes
trigger the CD1a-reactive T cells to produce IL-17A and IL-22 [84]. Keratin 17, a human
epidermal keratin that shares a sequential homology with streptococcal M protein, is
recognized by HLA-Cw*0602-restricted IFN-γ-producing CD8+ T cells [85,86]. Taken
together, these results suggest the synchronizing roles of the skin microenvironment in the
development and persistence of pathogenic cutaneous TRM.

In the lesional skin of patients with psoriasis, TRM consist of both CD4 and CD8
fractions, which synchronize the elevated immune response by the increased expression
of inflammatory cytokines, such as IL-17A, IL-22, and IFN-γ [62,80,87,88]. While IL-17A-
producing CD4+ TRM also exist in healthy skin, the enrichment of CD8+ TRM producing
IL-17A in the epidermis is one of the characteristics of psoriasis [87,88]. In disease-naïve skin
that has never experienced disease formation, IL-17A production is augmented by TRM [77],
and the increase in IL-17A-producing CD8+ TRM at the dispense of IFN-γ-producing TRM
occurs according to disease duration [88].

IFN-γ-producing TRM are also dominant in the epidermis and express the complex of
CD49a–CD29, also known as very late antigen 1 (VLA-1) or α1β1 integrin [76]. CD49a+

TRM are involved in the pathogenesis of psoriasis. The number of epidermal CD8+CD49a+

TRM correlates with the severity of the disease [89], and an experimental blockade of CD49a
in mice transplanted with psoriatic skin reduces the disease formation [76]. However, since
the blockade of whole CD8+ T cells almost completely prevents disease development in the
similar psoriatic skin-engrafted murine model [90], CD49a+ TRM with IFN-γ production are
not likely the key population for disease development, while the CD8+ T cell population
likely includes a critical fraction for disease pathogenesis. In fact, CD8+ TRM without the
expression of CD49a are defined as an IL-17A-producing TRM subset [30].
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Figure 2. Development of TRM in psoriasis. TRM are activated by either autoantigens or cy-
tokines/chemokines. Autoantigens include ADMTSL5 on the surface of melanocytes, PLAG4D
from mast cells and keratinocytes, and keratin 17 from keratinocytes. Antimicrobial peptide LL-37,
also from keratinocytes, binds to self-DNA to activate pDC and TIP-DC, leading to the production
of IL-23/TNF-α. IL-23/15 from Langerhans cells and CCL20 from keratinocytes also activate TRM.
These stimulated TRM produce proinflammatory cytokines, such as IL-17A and IL-22, the hallmarks of
psoriasis. The development of pathogenic TRM can be inhibited by stopping pathways related to TRM

activation or directly inhibiting the activity of TRM (red inhibition icon). Created with BioRender.com
(assessed on 21 August 2021).

Successful treatment with an IL-17A-targeting biologics results in a decreased number
of IL-17A-producing TRM in resolved skin, but the frequency of these cells is not altered
within the remaining T cells [91]. Another study on residual psoriasis after the use of
biologics revealed a decrease in keratinocyte proliferation. However, the percentage of
IL-17A-producing CD103+ TRM was not significantly reduced after the treatments [92].
Similarly, a new normal in the persistence of IL-17A-producing TRM with CCR6 and IL-23R
expression in the resolved skin has been established [62,80]. IL-17A-producing CD8+ TRM
and IL-22-producing CD4+ TRM remain in the psoriatic epidermis for as long as six years
after starting the successful TNF-α-targeting treatment [62]. Taken together, these findings
highlight the essential standing point of IL-17A-producing TRM as one of the pathogenic
populations of skin TRM in psoriasis.

5. Targeting Skin TRM in the Management of Psoriasis

Regardless of the persistence of this population by various treatments in psoriasis,
many of the current and upcoming therapeutics in clinical practice presumably exert an
indirect influence on cutaneous IL-17A-producing TRM. Since the remission period after
successful treatments inversely correlates with the relative IL-17 signaling of the resolved
skin compared to IL-10 and IFN-γ signaling [93], the relative reduction, if not elimination,
of IL-17A-producing TRM may be of help in controlling psoriatic disease activity.

Biologics targeting the IL-17 pathway reportedly reduce IL-17 signaling and the
amount of T cells in the lesion [94]. Furthermore, the biologics targeting IL-23 decrease this
fraction from the lesion more strongly compared to those targeting IL-17A [95]. Ultraviolet
irradiation leads to the diminishment of IL-17A-producing T cells in skin [96], and this T-cell
fraction includes TRM. Topical vitamin D analogues and corticosteroids reportedly reduce
the lesional IL-17A-producing TRM, possibly including pathogenic TRM [97,98]. Retinoic
acid prevents Th17 differentiation and possibly promotes the properties of regulatory
T cells [99,100]. As the oral phosphodiesterase 4 inhibitor (PDE4i) diminishes the pro-
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inflammatory cytokine production from circulating T cells [101], the function of both
topical and systemic PDE4i could be revisited from the perspective of skin TRM. An AhR
agonist modulates the Th17 property of T cells, and the efficacy of its topical form possibly
affects IL-17A-producing T cells in skin, including TRM [102].

Proof-of-concept approaches that directly and exclusively target pathogenic popu-
lations of TRM should be subjected to further studies. The candidate strategies might
include the inhibition of the pathways involved in IL-15 signaling to perturb the survival
of pathogenic TRM and the blockade of the pathways processing fatty acids to suppress
the lipid metabolism of pathogenic TRM. Targeting the transcription factors specified for
differentiation and maintenance of pathogenic TRM is also an attractive strategy. However,
although the risk of targeting these populations of TRM is unknown, it may cause the loss
of local immune memory against pathogens in the skin. Since the characteristic cell surface
molecules and transcription factors found in TRM properties can be overlapped with the
sessile properties of other cell types, such as innate lymphoid cells and B cells [103,104], the
strategies targeting TRM might also affect the other tissue-sessile immunity. Specific treat-
ment targets for psoriatic dysfunctional TRM, excluding the other TRM and skin-resident
immune cells, would be ideal.

6. Conclusions

Extensive studies with rigorous methodologies have broadened our knowledge on
TRM in general and those residing in the skin in particular (Table 1). The involvement of
skin TRM in the pathogenesis of skin diseases is also being elucidated. Several key points
are highlighted below:

• TRM originate from circulating T cells, do not recirculate, and provide the first line of
adaptive cellular defense in the residing tissues.

• The functional skew of skin TRM is indicated in chronic skin inflammatory diseases.
• In psoriasis, IL-17-A-producing CD8+ TRM may be among the pathogenic populations

in the skin.
• Pathogenic populations of skin TRM can be targeted in the current and future treat-

ments of psoriasis. Skin TRM can also serve as a potential index of the disease.

Further studies on TRM will advance the management of not only psoriasis but other
diseases in which this subset of T cells plays a role.

Table 1. Several major findings related to methodologies used in research on humans.

Key Findings Major Methodologies

A role of skin TRM in protective immunity in humans FACS [58]

Skin TRM with the potential of producing cytokines are
infiltrated in the lesion of patients with GVHD FC, single-cell TCR sequencing, and IF [46]

Cells residing in nonlesional skin are sufficient, and the
recruitment of circulating cells is not necessary for the
development of psoriatic disease

Transplantation, FC, quantitative
RT-PCR, and IHC [76]

CD8+ TRM producing IL-17A in the epidermis is one of the
characteristics in psoriasis FC and IHC [87]

The increase in IL-17A-producing CD8+ TRM during the
distribution of IFN-γ-producing TRM occurs according to
psoriasis duration

FC and IF [88]

The successful treatment with IL-17A-targeting biologics
results in a decreased number of IL-17A-producing CD8+

TRM in resolved psoriatic skin, but the frequency of these
cells is not altered

FC, IHC, and IF [91]

IL-17A-producing CD8+ TRM and IL-22-producing CD4+

TRM remain in the psoriatic epidermis for as long as six
years after starting the successful TNF-α-targeting
treatment

FC, quantitative RT-PCR, and IF [62]

FC: flow cytometry, TCR: T-cell receptor, RT-PCR: reverse transcription polymerase chain reaction, IF: immunoflu-
orescence, IHC: immunohistochemistry.
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Abstract: Psoriasis is a chronic inflammatory skin disease characterized by accelerated tumor necro-
sis factor-α/interleukin (IL)-23/IL-17 axis. Patients with psoriasis manifest functional defects in
CD4+CD25+ forkhead box protein 3 (Foxp3)+ regulatory T cells (Tregs), which suppress the excess
immune response and mediate homeostasis. Defects in Tregs contribute to the pathogenesis of
psoriasis and may attribute to enhanced inhibition and/or impaired stimulation of Tregs. IL-23
induces the conversion of Tregs into type 17 helper T (Th17) cells. IL-17A reduces transforming
growth factor (TGF)-β1 production, Foxp3 expression, and suppresses Treg activity. Short-chain fatty
acids (SCFAs), butyrate, propionate, and acetate are microbiota-derived fermentation products that
promote Treg development and function by inducing Foxp3 expression or inducing dendritic cells or
intestinal epithelial cells to produce retinoic acids or TGF-β1, respectively. The gut microbiome of
patients with psoriasis revealed reduced SCFA-producing bacteria, Bacteroidetes, and Faecallibacterium,
which may contribute to the defect in Tregs. Therapeutic agents currently used, viz., anti-IL-23p19 or
anti-IL-17A antibodies, retinoids, vitamin D3, dimethyl fumarate, narrow-band ultraviolet B, or those
under development for psoriasis, viz., signal transducer and activator of transcription 3 inhibitors,
butyrate, histone deacetylase inhibitors, and probiotics/prebiotics restore the defected Tregs. Thus,
restoration of Tregs is a promising therapeutic target for psoriasis.

Keywords: psoriasis; regulatory T cell; forkhead box protein 3; short chain fatty acid; butyrate;
interleukin-17A; interleukin-23; dendritic cell; gut microbiome

1. Introduction

Psoriasis is a chronic inflammatory skin disease characterized by accelerated tumor
necrosis factor-α (TNF-α)/interleukin-23 (IL-23)/IL-17 axis and hyperproliferation and
aberrant differentiation of epidermal keratinocytes (Figure 1) [1–3]. Dendritic cells (DCs)
activated by various stimuli secrete TNF-α, which acts on themselves and induces their
IL-23 secretion. IL-23 induces type 17 helper T (Th17) cells to proliferate and overproduce
IL-17A and IL-22, which act on keratinocytes to promote their proliferation and production
of the cytokines TNF-α and IL-17C; antimicrobial peptides or chemokines CXCL1/8 and
CCL20 that recruit neutrophils, lymphocytes, and monocytes. Innate immune cells, such
as type 3 innate lymphoid cells, γδT cells, or invariant natural killer T cells, also produce
IL-17A, and are involved in the pathogenesis of psoriasis.

CD4+CD25+ forkhead box protein 3 (Foxp3)+ regulatory T cells (Tregs) suppress the ex-
cess immunity against various antigens, including self-antigens, and mediate self-tolerance
and homeostasis. The transcription factor Foxp3 plays a central role in the development
and function of Tregs [4]. In psoriasis, Tregs are functionally defective [5,6] and cannot
sufficiently suppress the proliferation or inflammatory cytokine production of Th17 cells
(Figure 1). Defects in Tregs may contribute to the development and exacerbation of psoria-
sis. Although Tregs increase in psoriatic lesional skin compared to healthy skin [7,8], the
ratio of Th17 cells to Tregs is higher in the lesions. The results are conflicting regarding
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Treg frequency in the blood, with the frequency decreasing, no difference, or increasing in
patients with psoriasis compared to that in healthy controls [8].

Figure 1. Tumor necrosis factor (TNF)-α/interleukin (IL)-23/IL-17 axis, and the defect in regulatory T
cells (Tregs) in the pathogenesis of psoriasis. Dendritic cells secrete TNF-α that induces IL-23 secretion.
IL-23 induces type 17 helper T (Th17) cells to produce IL-17A and IL-22, which act on keratinocytes
and promote the proliferation and production of cytokines, antimicrobial peptides, or chemokines;
thus, inducing inflammation. In psoriasis, Tregs are dysfunctional and cannot sufficiently suppress
the activity of Th17 cells.

Natural Tregs are classified into thymus-derived Tregs (tTregs) and peripherally de-
rived Tregs (pTregs). tTregs arise in the thymus and stably express Foxp3. pTregs arise in
peripheral sites from conventional T cells in the presence of transforming growth factor
(TGF)-β and IL-2 and by binding of self-antigens to the T-cell receptor (TCR) in combination
with a co-stimulatory signal CD28. Foxp3 expression in pTregs is less stable than that in
tTregs. Tregs can be generated in vitro from conventional T cells in the presence of TGF-β,
and this population is known as in vitro-induced Tregs (iTregs). The demethylation level of
Treg signature genes and stability of Foxp3 are lower in iTregs than pTregs [9]. In addition
to Foxp3+ Tregs, CD4+ type 1 T regulatory (Tr1) cells represent another subset of Tregs
defined by the expression of IL-10 and surface marker lymphocyte activation gene 3 and
CD49b without Foxp3 and CD25 expression [10]. The relationship between Foxp3+ Tregs
and Tr1 cells remains obscure, with both subsets employing common effector pathways,
including IL-10, TGF-β, and cytotoxic T lymphocyte antigen 4 (CTLA4) [11].

The suppressive function of Tregs is mediated by multiple mechanisms (Figure 2) [12];
Tregs kill effector T cells or DCs through granzymes [13]; Tregs compete for IL-2 with
effector T cells via CD25 and deprive IL-2, thus, inducing apoptosis [14,15]; Tregs release
IL-10 and TGF-β, suppressing the proliferation of effector T cells [16,17], and the interaction
of CTLA4 with CD80/86 downregulates CD80/86 on DCs and decreases their potency of
antigen-presenting cells (APCs) to activate T cells [18]; interactions with Tregs induce the
activity of indoleamine 2,3-dioxygenase in DCs, which in turn upregulates heme oxygenase-
1 activity in Tregs, and secretion of its product carbon monoxide inhibits the proliferation
of effector T cells [19].
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Figure 2. Possible mechanisms for immunosuppression by CD4+CD25+ Forkhead box protein 3
(Foxp3)+ regulatory T cells (Tregs). Tregs kill effector T cells and dendritic cells (DCs) by granzymes;
Tregs deprive interleukin (IL)-2 from effector T cells; Tregs secrete IL-10 and transforming growth
factor-β (TGF-β), which suppress the proliferation of effector T cells; cytotoxic T-lymphocyte antigen
4 (CTLA4) binding to CD80/86 downregulates CD80/86 and capacity of antigen-presenting cells
(APCs) in DCs; interaction with Tregs induces the activity of indoleamine 2,3-dioxygenase (IDO) in
DCs, which further activates heme-oxygenase-1 (HO-1) in Tregs, releasing carbon monoxide (CO),
which inhibits the activity of effector T cells.

The binding of Foxp3 to target genes induces the expression of CD25, CTLA4, GITR,
or HELIOS while repressing the expression of IL-2, IFN-γ, or RORγt in Tregs. Foxp3 expres-
sion is mediated by five enhancer elements [4]: 5′-first conserved non-coding sequence
(CNS) 0, promoter region, and three further CNS (CNS1–3); these elements are bound by
specific transcription factors (Figure 3) [4]. CNS2 is called the Treg-specific demethylation
region (TSDR), whose demethylated status confers the stability of Foxp3 expression [6]. In
tTregs, CNS2 is fully demethylated and bound by full sets of transcription factors [6]. In
pTregs, CNS2 is demethylated with lower stability, whereas in iTregs, this locus is rarely
demethylated, making this subset very unstable [6]. Foxp3 expression is initiated by the
binding of self-antigens to TCR in combination with CD28 together with IL-2 and TGF-β [4].
The TCR/CD28 signal activates the binding of nuclear factor of activated T cells (NFAT),
activator protein-1, forkhead box-containing protein O subfamily 1 (FOXO1), and nuclear
receptor 4a to the promoter, NFAT binding to CNS1, cyclic AMP response element-binding
protein binding to CNS2, and c-Rel binding to CNS3 [4]. TGF-β induces Smad2/3 binding
to CNS1, whereas IL-2 induces signal transducer and activator of transcription (STAT) 5
binding to the promoter and CNS2 [4].
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Figure 3. Forkhead box protein 3 (Foxp3) gene expression in regulatory T cells. Foxp3 gene contains five enhancer elements:
four conserved non-coding sequences (CNS0–3) and a promoter. Foxp3 expression is initiated by the binding of self-antigens
to the T-cell receptor (TCR) in combination with a co-stimulatory signal, CD28, together with transforming growth factor
(TGF)-β and interleukin (IL)-2. These activation signals provoke the recruitment and binding of transcription factors to
individual response elements. The TCR/CD28 signal induces the binding of activator protein-1 (AP-1), nuclear factor of
activated T cells (NFAT), nuclear receptor 4a (NR4a), forkhead box-containing protein O subfamily 1 (FOXO1), cyclic AMP
response element-binding protein (CREB), and c-Rel. TGF-β induces the binding of Smad2/3, and IL-2 induces the binding
of signal transducer and activator of transcription 5 (STAT5). SATB1, special AT-rich sequence-binding protein 1; RUNX,
runt-related transcription factor.

In this article, we review recent studies regarding the defect of Tregs in psoriasis and
the therapeutic agents that restore the defective Tregs. The defect in Tregs in psoriasis
may attribute to enhanced inhibition and/or impaired stimulation of the generation and
maintenance of Tregs. Restoration of Tregs is necessary for the control of psoriasis, and is a
promising therapeutic target.

2. Genetic and Epigenetic Evidence for Defected Tregs in Psoriasis

Gao et al. reported that Chinese patients with psoriasis showed polymorphisms in
Foxp3 [20]. The Foxp3-3279 AC and IVS9+459 GG genotypes were associated with an
increased risk of psoriasis in a Chinese population, indicating that they may increase the
risk for psoriasis by quantitatively and functionally influencing Tregs. Larger population-
based studies are needed to confirm the universality of these findings.

Ngalamilka et al. reported that the peripheral blood of patients with psoriasis had
significantly higher methylation levels of Foxp3 TSDR compared to healthy controls [21].
TSDR hypermethylation is associated with chromatin condensation and downregulation
of Foxp3 expression; therefore, the results indicate downregulation of Foxp3 and reduction
of Tregs in psoriasis patients’ blood.

3. Downregulation of Tregs by Cytokines or Mediators Which Are Upregulated in
Psoriasis

CD4+CD25+Foxp3+ Tregs in psoriatic skin lesions can be converted to retinoic acid
(RA) receptor-related orphan nuclear receptor γt (RORγt)+IL-17A-producing cells, and the
conversion is promoted by IL-23 [22]. IL-23 reduces Foxp3 expression in Tregs [22]. IL-23 is
produced by APCs and keratinocytes in psoriatic skin lesions [23], and keratinocyte-derived
IL-23 may contribute to the downregulation of Tregs.

IL-17A acts on human Tregs and reduces their suppressive activity on effector T cell
proliferation, suppresses Foxp3 and TGF-β expression, and enhances IFN-γ and T-bet
expression [24]. These results indicate a downregulatory role of IL-17A in Tregs. However,
contradictory results have been reported. IL-17A knockout mice failed to induce Tregs as
efficiently as wild-type mice with autoimmune uveitis [25], and blocking IL-17A abolished
the CD4+CD25+Treg function required for preventing corneal allograft rejection [26]; thus,
indicating that IL-17A is required for the induction and/or maintenance of Tregs in the
eyes. Either up- or down-regulation by IL-17A in Tregs may depend on the target organs
or species, and further studies are needed for clarification.

35



J. Clin. Med. 2021, 10, 3880

Yang et al. reported that Tregs from the peripheral blood of patients with psoriasis
produced IFN-γ, TNF-α, and IL-17A, together with enhanced phosphorylation of STAT3
and impaired suppressive functions [27]. STAT3 inhibitor Stattic V restrained IFN-γ, TNF-
α, and IL-17A expression and restored the suppressive function of Tregs in vitro [27]. IL-6,
IL-21, and IL-23 induced the phosphorylation of STAT3 in Tregs in vitro [27]. These findings
indicate that IL-6, IL-21, and IL-23 cytokines whose expressions are elevated in psoriatic
lesions, may impair the suppressive function of Tregs and induce the conversion of Tregs
into Th1/Th17 cells via STAT3 phosphorylation. IL-6 and IL-21 also render effector T cells
refractory to Treg-mediated suppression via the STAT3 pathway [28,29].

Akt-induced phosphorylation and inactivation of the transcription factor FOXO1
is another mechanism underlying Treg dysfunction in psoriasis [30]. Circulating Tregs
in patients with psoriasis expressed high levels of T-bet and IFN-γ mRNAs, showing
a Th1-like phenotype in addition to enhanced phosphorylation of FOXO1 and Akt and
cytoplasmic localization of FOXO1. FOXO1 can bind to the promoter of TBX21, which codes
T-bet, to inhibit its expression, whereas Akt-induced phosphorylation of FOXO1 induces
its cytoplasmic translocation from the nucleus and impairs its transrepressive activity.
Serum from patients with psoriasis induced the activation of Akt and phosphorylation and
cytoplasmic translocation of FOXO1 in Tregs from healthy controls in vitro, although the
Akt-inducing molecules in the serum were not identified.

The expression of microRNA-210 is increased in circulating CD4+ T cells from patients
with psoriasis, and this increase may contribute to the reduced Foxp3 mRNA and protein
levels in the patients’ CD4+ T cells [31]. microRNA-210 binds to the 3′-untranslated region
of Foxp3, and the overexpression of microRNA-210 inhibits Foxp3 expression in CD4+ T
cells from healthy controls, whereas inhibition of microRNA-210 increases Foxp3 expression
in CD4+ T cells from patients with psoriasis.

4. Stimulators for Tregs and Their Impairment in Psoriasis

Short-chain fatty acids (SCFAs), such as butyrate, propionate, and acetate, are derived
from gut microbial fermentation of dietary fiber, and promote the generation and function
of Tregs in the gut and systemically [32]. Skin commensals, such as Cutibacterium acnes,
also produce SCFAs [33,34], which may stimulate Tregs in the skin. Butyrate acts on DCs
and induces the expression of retinaldehyde dehydrogenase, an enzyme that synthesizes
RAs [35,36] that promote Foxp3 expression in pTregs. Butyrate acts as an inhibitor of
histone deacetylase (HDAC) and induces histone H3 acetylation on Foxp3 intronic enhancer,
allowing the expression of Foxp3 in naïve CD4+ T cells, inducing their differentiation into
pTregs. SCFAs induce intestinal epithelial cells to produce TGF-β [37], which can contribute
to de novo generation of pTregs by inducing Foxp3 expression via Smad2/3.

Acetate, propionate, and butyrate stimulate the proliferation of tTregs via cell surface
GPR43 [38]. Butyrate binds GPR41 on medullary thymic epithelial cells, and promotes
the expression of a transcription factor autoimmune regulator (AIRE), which induces the
generation of tTregs [39]. Acetate also induces AIRE expression in cortical thymic epithelial
cells [40].

It has been reported that the gut microbiome of patients with psoriasis and psoriatic
arthritis showed a decrease in SCFA-producing bacteria, including Bacteroidetes, Prevotella,
Akkermansia, Faecalibacterium, and Ruminococcus [41,42]. In particular, a decrease in Fae-
calibacterium prausnitzi and Akkermansia muciniphila, which produce butyrate, was noted
in patients with psoriasis and psoriatic arthritis [43,44]. The gut microbiome of patients
with psoriasis is characterized by an increase in the phylum Firmicutes and a decrease in
the phylum Bacteroidetes [45], which is related to an impaired gut epithelial barrier and
reduced butyrate production. Shapiro et al. reported that genes encoding butyrate kinase
and phosphate butyryltransferase, enzymes involved in butyrate synthesis, were present
in lower proportions in the feces of patients with psoriasis than in the control cohort [46].
The alteration of the gut microbiome in patients with psoriasis may contribute to the defect
of Tregs via the reduction of SCFAs.
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Vitamin D3, obtained via dietary intake or synthesis in the skin by sun exposure,
is metabolized to its active form, 1,25-dihydroxyvitamin D3. 1,25-Dihydroxyvitamin D3
binds to the vitamin D receptor (VDR) that heterodimerizes with the retinoid X receptor
(RXR); the heterodimer binds to the vitamin D response element on the Foxp3 enhancer
CNS1 in naïve T cells, leading to Foxp3 expression and generation of pTregs [4]. It has been
reported that serum 25-hydroxyvitamin D3 levels are reduced in patients with psoriasis or
psoriatic arthritis compared to controls [47] and that the expression of VDR is decreased in
psoriatic skin lesions [48]. The reduced levels of vitamin D3 and/or VDR may be related to
defects in Tregs in psoriasis via the reduction of Foxp3 expression.

5. Therapeutic Approach to Restore the Defect of Tregs in Psoriasis

Restoration of defective Tregs is a promising therapeutic target for psoriasis and
psoriatic arthritis. Therapeutic modalities that potentiate Tregs should be selected for
a patient population with defective Tregs. For such selection, specific and convenient
methods of testing Treg numbers and functions should be developed in the near future.

5.1. Therapeutic Agents Currently Used for Psoriasis

Several biologics or low-molecular-weight agents currently used for psoriasis can
restore defective Tregs in psoriasis (Table 1).

Table 1. Therapeutic Agents Restoring Defected Regulatory T Cells (Tregs) in Psoriasis.

Therapeutic Agents Mechanisms for Restoring Tregs

Currently Used
Anti-IL-23p19 or

anti-IL-12/23p40 antibodies Reversing conversion from Tregs into Th17 cells

Anti-IL-17A or anti-IL-17RA
antibodies

Increasing TGF-β secretion, Foxp3 expression, and suppressive
function of Tregs

Topical vitamin D3 Increasing Foxp3 expression through VDR
Retinoids Increasing Foxp3 expression through RAR

Narrow-band UVB Increasing RANKL expression in keratinocytes and inducing DCs to
expand Tregs

Dimethyl fumarate
Increasing the frequency of Tregs resistant to dimethyl

fumarate-induced oxidative stress or increasing SCFA-producing
bacteria in the gut

Under development

SCFAs Increasing Foxp3 expression via HDAC inhibition, TGF-β
production in IEC, RA synthesis in DCs, and proliferation of tTregs

STAT3 inhibitors Increasing Foxp3 expression via induction of STAT5
Probiotics Increasing SCFA production in the gut
Prebiotics Increasing SCFA-producing bacteria in the gut

HDAC inhibitors Increasing Foxp3 expression and stabilization
IL, interleukin; Th17, type 17 helper T; SCFA, short-chain fatty acid; HDAC, histone deacetylase; STAT, signal
transducer and activator of transcription; Foxp3, Forkhead box protein 3; DC, dendritic cell; IEC, intestinal
epithelial cell; RANKL, receptor activator of the nuclear factor-κB ligand; RAR, retinoic acid receptor; VDR,
vitamin D receptor; TGF, transforming growth factor; tTreg, thymus-derived Treg; UV, ultraviolet.

5.1.1. Biologics

Anti-IL-23p19 antibodies, risankizumab, guselkumab, tralokinumab, or anti-IL-12/23p40
antibody ustekinumab may reverse the IL-23-induced conversion of Tregs into pathogenic
Th17 cells and may increase the number and/or suppressive function of Tregs in psoria-
sis. Anti-IL-23p19 antibody treatment in an imiquimod-induced psoriasis mouse model
increased the number of Foxp3+ cells in the lesions, and adoptive transfer of Tregs from anti-
IL-23p19 antibody-treated mice improved psoriasis-like dermatitis in the donor mice [49].

Anti-IL-17A antibodies, secukinumab and ixekizumab, or the anti-IL-17RA antibody
brodalumab may counteract IL-17A-induced impairment of Tregs. Treatment with secuk-
inumab in patients with psoriasis restored the suppressive function and increased TGF-β
production in Tregs, as well as reduced the psoriasis area and severity index (PASI) [24].
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5.1.2. Vitamin D3

Topical treatment with maxacalcitol, vitamin D3, in imiquimod-induced psoriasis mice
model increased Treg infiltration and IL-10 expression in skin lesions, and adoptive transfer
of Tregs from maxacalcitol-treated mice ameliorated psoriasis-like dermatitis in donor mice,
indicating a functional suppressive phenotype [50]. Several randomized controlled trials
(RCTs) have reported that systemic vitamin D supplementation reduces PASI scores [32,51].
However, the effects have not been verified by a systematic review and meta-analysis of
RCTs [52]. More RCTs with larger sample sizes are needed to produce robust results.

5.1.3. Retinoids

Synthetic vitamin A derivatives, retinoids, such as etretinate or acitretin, are absorbed
in the small intestine and delivered to the fat, liver, gut, or kidney, where they are metabo-
lized to the active acid form RAs [53]. RA binds to the retinoic acid receptor (RAR), which
heterodimerizes with RXR, and the heterodimer binds the RA response element on CNS1
of Foxp3, inducing Foxp3 expression and the generation of pTregs from naïve T cells.

5.1.4. Narrow-Band Ultraviolet (UV) B Therapy

Narrow-band UVB therapy increased Treg number and Foxp3 mRNA levels in periph-
eral blood mononuclear cells of patients with psoriasis and reduced Th1/Th17 cells [54].
Moreover, narrow-band UVB treatment on keratinocytes upregulates the expression of
receptors of activated nuclear factor-κB ligand (RANKL), which interacts with RANK on
DCs, promoting DCs to expand the number of Tregs systemically [55,56].

5.1.5. Dimethyl Fumarate (DMF)

The European Medicines Agency approved an oral formulation of DMF for the treat-
ment of moderate-to-severe psoriatic plaque in adults in 2017 [57]. DMF and its active
metabolite monomethylfumarate downregulate inflammatory cytokine production in T
cells and induce the shift from Th1/Th17 to Th2 by modulation of intracellular glutathione
levels and, ultimately, cellular responses to oxidative stress; hence, modulating the ac-
tivity of the transcription factors nuclear factor-erythroid 2-related factor 2, NF-κB, and
hypoxia-inducible factor 1-α or binding to cell surface hydroxyl–carboxylic acid receptor
2 [58].

Oral DMF treatment in Lewis rats increased Foxp3 mRNA levels in the ileum and
CD4+CD25+ Tregs in Peyer’s patches [59]. The adaptive transfer of these Tregs effectively
improved experimental autoimmune neuritis in recipient rats [59]. The upregulation
of Tregs by DMF may be mediated by SCFAs as DMF treatment increased the number
of SCFAs-producing bacteria, such as Gemella, Roseburia, Bacillus, and Bacteroides in the
gut [60].

DMF treatment increased Treg frequency and decreased Th17 cells in patients with
psoriasis [61]. In vitro DMF treatment induced oxidative stress, which reduced the viability
and proliferation of CD4+CD25− conventional T cells but did not reduce Tregs [62], by
virtue of the increased expression of cell surface-reduced thiols [61] or thioredoxin-1 [63],
protecting Tregs from oxidative stress. The oxidative effects of DMF may favor Tregs
relative to Th17 cells, which may be another mechanism for the anti-psoriatic effects of
DMF.

5.1.6. Janus Kinase (JAK) Inhibitors

The JAK family of non-receptor tyrosine kinases transduce signals from a multitude
of cytokines [64]. The binding of cytokines to their receptors enables the activation of
receptor-associated JAK and JAK-induced phosphorylation of receptors, allowing STAT
to bind to receptors and to be phosphorylated by JAKs, leading to the dimerization of
STATs, nuclear translocation, and transcription of target genes. JAK inhibitors suppress
the JAK/STAT signaling pathways and, thus, block the effects of inflammatory cytokines,
such as IL-6, IFN-γ, IL-22, and IL-21, which are involved in the pathogenesis of psoriasis.
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The JAK 1/3 inhibitor tofacitinib is approved by the Food and Drug Administration for the
treatment of psoriatic arthritis [64]. The JAK1 inhibitor upadacitinib is approved in Japan
for psoriatic arthritis. To date, the effects of JAK inhibitors on the number or function of
Tregs in patients with psoriasis, or psoriasis mice models, have not been reported. However,
tofacitinib increased the number of Tregs and reduced the number of Th17 cells in the
liver and spleen of mice with concanavalin A-induced hepatitis [65]. Although the precise
mechanism is unknown, it has been reported that the suppressive capacity of Tregs on
effector T cells is resistant to the blocking effects of tofacitinib, whereas the function of
effector T cells is more sensitive to these effects [66].

5.2. Therapeutic Agents under Development

Therapeutic agents under development that promote the generation and function
of Tregs for psoriasis treatment are mentioned in Table 1. Patients resistant to or with
insufficient response to current therapy modes, such as systemic immunosuppressive
medicine, may include a population with prominent defects in Tregs. For such a population,
agents promoting Tregs may complement the therapeutic effects of the current therapy.

5.2.1. SCFAs

Ex vivo treatment of psoriatic lesional skin with sodium butyrate restored the reduced
Treg number and IL-10 and Foxp3 expression and normalized the enhanced expression of IL-
17A and IL-6 [67]. Topical application of sodium butyrate to imiquimod-induced psoriasis-
like dermatitis in mice increased IL-10 and Foxp3 transcripts and reduced inflammation
and IL-17A transcripts [67]. The beneficial effects of sodium butyrate are abolished by the
depletion of Tregs [67]. Topical SCFAs may be a promising therapy for psoriasis.

5.2.2. STAT3 Inhibitors

Topical treatment with STA-21, a STAT3 inhibitor, improved human psoriatic skin
lesions as well as psoriasis-like dermatitis in K5.Stat3C transgenic mice, indicating a
promising role of this agent in the treatment of psoriasis [68]. STA-21 increased the number
and function of CD4+CD25+Foxp3+ Tregs in IL1-receptor α knockout mice, a model for
rheumatoid arthritis [69]. Adoptive transfer of Tregs from STA-21-treated mice markedly
suppressed inflammatory arthritis, and in vitro treatment with STA-21 increased Foxp3
mRNA levels in human and murine CD4+ T cells [69]. STA-21 increased the level and
phosphorylation of STAT5, a critical transcription factor of Foxp3 expression, in addition to
a reduction in STAT3 levels and phosphorylation [69]. The reciprocal regulation of STAT3
and STAT5 by STA-21 may increase Foxp3 expression and the suppressive function of
Tregs. In vitro treatment of murine splenocytes with STA-21 also increased the frequency of
CD4+CD25+Foxp3+ Tregs [70]. Stattic V, another STAT3 inhibitor, restored the suppressive
function of Tregs in patients with psoriasis [27]. STAT3 inhibitors, including STA-21, may
improve psoriasis by potentiating Tregs.

5.2.3. Probiotics/Prebiotics

Probiotics are living microorganisms that confer health benefits to the host when
administered in adequate amounts [71]. Most microorganism probiotics belong to the lactic
acid-producing genera Lactobacillus and Bifidobacterium. Oral administration of these genera
increased Foxp3+ Treg responses in dextran sulfate sodium-induced colitis [72] or experi-
mental autoimmune encephalomyelitis [73] in mice as well as ameliorated inflammation.
Prebiotics are non-digestible fructooligosaccharides, inulins, or galactooligosaccharides
that stimulate the growth of beneficial bacteria, such as Bifidobacterium [74]. Inulin, a soluble
dietary fiber, is fermented by the gut microbiome to generate SCFAs. Oral administration
of inulin in rats altered the composition of the gut microbiome and increased the probiotic
bacteria Lactobacillus and SCFA-producing bacteria Lachnospiraceae, Phascolarctobacterium,
and Bacteroides [75]. Female mice fed an inulin-enriched diet during pregnancy and lacta-
tion showed an abundance of Bacteroides in the gut microbiome and increased plasma SCFA

39



J. Clin. Med. 2021, 10, 3880

levels, and their offspring had increased frequencies of tTregs and pTregs and increased
expression of AIRE in the thymus [39].

Oral administration of B. infantis 35624 in patients with psoriasis reduced plasma
levels of TNF-α and CRP [76]. Oral administration of B. longum CECT 7347, B. lactis CECT
8145, and L. rhamnosus CECT 8361 in patients with psoriasis resulted in higher PASI 75
compared to the placebo group [77] with an increase in the probiotic bacteria Collinsella and
Lactobacillus in the gut. Feeding a diet rich in fucoidan (a seaweed fiber) in the psoriasis mice
model, induced by a Traf3ip2 mutation, ameliorated symptoms of psoriasis-like dermatitis
with increasing Bacteroides in the gut [78]. However, whether these probiotic/prebiotic
treatments improve the number or function of Tregs has not been examined in patients with
psoriasis or mice models and should be further verified. Future studies using synbiotics,
probiotics combined with prebiotics, might be promising.

5.2.4. HDAC Inhibitors

The enhancer elements of Foxp3 are bound by histones, and histone acetylation of these
elements allows the gene to be accessible for transcription factors and RNA polymerase,
promoting gene expression [4]. HDAC inhibitors enhance histone acetylation of these
elements and induce Foxp3 expression [4]. Foxp3 is also regulated post-transcriptionally.
Foxp3 protein associates with histone acetylase and HDAC, and acetylation of this protein
increases its stability, whereas its deacetylation makes it susceptible to proteasomal degra-
dation [4]. HDAC inhibitors may, thus, stabilize Foxp3 protein. The pan-HDAC inhibitor
trichostatin A acts on human peripheral blood-derived CD4+CD25+Foxp3+ Tregs, reversing
their conversion into Th17 cells and increasing Foxp3 expression in healthy controls [79]
and in patients with psoriasis [22]. These results indicate a promising role for HDAC
inhibitors in psoriasis treatment. However, HDAC inhibitors have not been examined
as therapeutic agents other than in oncology. Thus far, 18 HDAC enzymes have been
identified; 11 are Zn2+-dependent (HDAC 1–11), and seven require nicotinamide adenine
dinucleotide (Sirt 1–7). Among these, Tregs express HDAC 1–11 and Sirt 1–4. Individual
HDAC isoforms differentially regulate the transcription and/or stabilization of Foxp3 [4];
thus, specific inhibitors for individual HDACs should be examined for their ability to
generate and/or maintain Tregs.

6. Conclusions

Patients with psoriasis are associated with the impaired function of Tregs and dis-
turbed Treg/Th17 balance, which may contribute to the development and exacerbation of
this disease. The defect in Tregs in psoriasis may be attributable to enhanced inhibition
and/or impaired stimulation of the generation and maintenance of Tregs. Tregs can con-
vert into Th17- or Th1-like phenotypes in patients with psoriasis. Cytokines or mediators
that are upregulated in psoriasis, such as IL-23, IL-17A, IL-6, and IL-21, may induce the
conversion of Tregs into Th17/Th1 cells. SCFAs stimulate the induction of Tregs via Foxp3
expression or through their action on DCs or intestinal epithelial cells. The reduction of
SCFA-producing bacteria, such as Bacteroides, in the gut microbiome of patients with psori-
asis, may contribute to the defect in Tregs. Several therapeutic modalities currently used
for psoriasis treatment, such as anti-IL-23p19 or anti-IL-17A antibodies, retinoids, topical
vitamin D3, DMF, and narrow-band UVB, can restore defective Tregs. Agents that potenti-
ate Tregs, such as STAT3 inhibitors, butyrate, HDAC inhibitors, or probiotics/prebiotics,
are under development for the treatment of psoriasis. Restoration of defective Tregs may
be a promising therapeutic target for psoriasis.
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Abstract: Psoriasis is a chronic inflammatory skin disease, and its immune mechanism has been
profoundly elucidated. Biologics targeting interleukin (IL)-23 have prevented the development of
psoriasis. As major sources of IL-23, dendritic cells (DCs) play a pivotal role in psoriasis; however,
the regulatory mechanism of IL-23 in DCs remains unclear. IL-36γ was reported to reflect the disease
activity of psoriasis. Therefore, we hypothesized that IL-36γ may affect IL-23 production in DCs. To
reveal the mechanism by which IL-36γ controls IL-23 production in DCs, we analyzed murine bone
marrow-derived DCs (BMDCs) stimulated with IL-36γ. IL-36γ stimulation upregulated the mRNA
and protein expression of Nfkbiz in BMDCs. Nfkbiz knockdown using siRNA transfection partially
inhibited the upregulation of IL-23 mRNA expression induced by IL-36γ stimulation. Since NF-κB
signaling regulates Nfkbiz expression and the anti-diabetic agent metformin reportedly modulates
NF-κB signaling, we examined the effect of metformin treatment on IL-36γ-induced IL-23 production.
Metformin treatment impaired the phosphorylation of NF-κB induced by IL-36γ stimulation with
the subsequent downregulation of Nfkbiz, resulting in the inhibition of IL-23 production in BMDCs.
These data provided evidence that metformin treatment can inhibit IL-36γ-mediated IL-23 production
in BMDCs, which might contribute to the prevention of psoriasis.

Keywords: BMDCs; IL-23; IL-36γ; psoriasis; metformin

1. Introduction

Psoriasis is an immune-mediated inflammatory skin disease affecting 2–4% of the
global population [1]. The skin lesions in psoriasis manifest desquamative erythema, which
profoundly impairs patients’ quality of the life [2]. The pathology of psoriasis is character-
ized by epidermal hyperproliferation, the intraepidermal accumulation of neutrophils, and
the infiltration of dermal inflammatory cells such as T-cells, macrophages, and dendritic
cells (DCs) [3]. Among these immune cells, DC counts are increased significantly in psori-
atic lesions [4]. Furthermore, autoantigens from keratinocytes activate plasmacytoid DCs
(pDCs) in the dermis. pDCs produce type I interferon and tumor necrosis factor-α, which
activates classical DCs (cDCs), resulting in interleukin (IL)-23 secretion. IL-23 is mostly
produced by cDCs, which correspond to CD1c+ DCs in humans. IL-23 by cDCs promotes
Th17 differentiation in mice and humans [5]. In a murine model of psoriasis induced by
topical imiquimod (IMQ), DCs were identified as the major source of IMQ-induced IL-23,
which is critical for the development of psoriatic skin lesions [6,7]. Several reports have
shown that IL-23 derived from DCs is involved in the pathogenesis of psoriasis [8–10].
Therefore, IL-23-producing DCs play a central role in the pathogenesis of psoriasis, which
supports clinical evidence that the administration of monoclonal antibodies against IL-23
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such as guselkmab, rizankizumab, and tildrakizumab can facilitate the achievement of
a Psoriasis Area and Severity Index 90 response at week 16 (67–75%) [11–13]. Whereas
IL-23 is a key regulator of IL-17 production, the mechanism of IL-23 production by DCs in
psoriasis remains unclear. Recently, serum levels of IL-36γ, a member of the IL-36 family,
were identified as a disease activity marker of psoriasis [14]. Meanwhile, IL-36γ is highly
expressed in the epidermis in psoriatic lesions [15]. As IL-36γ derived from keratinocytes
potentially activates DCs [16], we hypothesized that IL-36γ is involved in IL-23 production
in DCs during the pathogenesis of psoriasis. To test this hypothesis, we analyzed murine
bone marrow-derived DCs (BMDCs) stimulated with IL-36γ.

Furthermore, we examined whether metformin, an antidiabetic agent, modulates
IL-36γ signaling in BMDCs. Metformin is mostly used to treat type 2 diabetes (T2DM), and
a high prevalence of T2DM in patients with severe psoriasis has been identified [17]. In
clinical studies of patients with psoriasis, long-term treatment with metformin has been
shown to reduce the risk of psoriasis [18]. In addition, metformin administration has
been shown to improve the severity of psoriasis [19,20]. These clinical results support the
likelihood that metformin treatment is effective against both psoriasis and T2DM; however,
the molecular mechanism remains unknown.

2. Materials and Methods

2.1. Reagents and Antibodies

Anti-murine NF-κB p65 monoclonal rabbit antibody (Abcam, Cambridge, UK), anti-
murine NF-κB p65 (phospho Ser536) polyclonal rabbit antibody (Abcam), anti-murine
IκBζ (protein corded by NFKBIZ gene) polyclonal rabbit antibody, and anti-murine β-actin
monoclonal mouse antibody (Cell Signaling Technology, Danvers, MA, USA) were used
for Western blotting. Dimethyl Sulfoxide (DMSO) was purchased from Nacalai Tesque,
Inc. (Kyoto, Japan). Metformin hydrochloride and BAY 11-7082 were obtained from Tokyo
Chemical Industry Co., Ltd. (Tokyo, Japan). Murine recombinant IL-36γ was obtained
from R&D Systems (Minneapolis, MN, USA).

2.2. Generation of BMDCs and Cell Culture

C57BL/6N female mice were housed in a clean facility until 6 weeks of age by CLEA
Japan, Inc. (Fujinomiya, Japan). The animal experiments were conducted in accordance
with a protocol reviewed and approved by the animal facility center of Kyushu Univer-
sity (A21-283-0, 2021–2023). Bone marrow cells freshly isolated from the femoral and
tibial bones of mice were cultured in RPMI 1640 medium (Merck KGaA, Darmstadt, Ger-
many) containing 1 mmol/L sodium pyruvate (Thermo Fisher Scientific, Waltham, MA,
USA), 10 mmol/L 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (Thermo Fisher
Scientific), 1% Minimum Essential Medium Non-Essential Amino Acids (Thermo Fisher
Scientific), 10% FBS (Capricorn Scientific GmbH, Ebsdorfergrund, Germany), 50 nmol/L
β-mercaptoethanol (Nacalai Tesque), and antibiotic–antimycotic 100× (100 U/mL peni-
cillin, 100 mg/mL streptomycin, and 0.25 μg/mL amphotericin B; Thermo Fisher Scientific)
containing GM-CSF (10 ng/mL) (PeproTech, Cranbury, NJ, USA). On day 3, half of the
culture medium and GM-CSF were added. On day 5, non-adherent cells were subcultured,
and GM-CSF was added. On day 7, half of the culture medium and GM-CSF were added.
On day 9, non-adherent cells were harvested. These cells were purified immunomagneti-
cally via three rounds of positive selection with CD11c (N418) MicroBeads (Miltenyi Biotec,
Bergisch Gladbach, Germany). Purified BMDCs were cultured with/without stimulants
such as IL-36γ, metformin, and BAY 11-7082 for the indicated times. Culture supernatant
was collected after 24 h and analyzed by ELISA. Cells were also collected for quantitative
reverse transcription (qRT)-PCR or Western blotting.

2.3. Transfection of Small Interfering RNAs (siRNAs) against Nfkbiz

siRNAs against Nfkbiz and non-targeting siRNA (control siRNA) were obtained
from Thermo Fisher Scientific. Cells were incubated in culture medium with a mixture
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containing 300 nM siRNA for transfection using program DK-100 following the Amaxa®

4D-Nucleofector® Protocol for Immature Mouse Dendritic Cells For 4D-Nucleofector® X
Unit (Lonza Group AG, Basel, Switzerland).

2.4. qRT-PCR

Total RNA was extracted using an RNeasy® Mini kit (Qiagen, Venlo, The Netherlands).
Reverse transcription was performed using a PrimeScript™ RT reagent kit (Takara Bio,
Shiga, Japan). qRT-PCR was conducted on a CFX Connect™ Real-time System (Bio-Rad,
Hercules, CA, USA). Gene expression levels of IL-23 and Nfkbiz were determined by qRT-
PCR using TaqMan Fast Advanced Master Mix (Thermo Fisher Scientific). Amplification
was initiated at 95 ◦C for 20 s as the first step, followed by 40 cycles of qRT-PCR at 95 ◦C for
3 s and at 60 ◦C for 30 s as the second step. mRNA expression was measured in triplicate
with normalization by the housekeeping gene Ywhaz, and expression was indicated as the
fold change relative to the control group. Primer sequences are listed in Table S1.

2.5. Western Blotting

Cells were incubated for 5 min in cOmplete™ Lysis-M (Roche Diagnostics, Basel,
Switzerland). The protein concentration in the lysate was measured using a BCA Protein
Assay Kit (Thermo Fisher Scientific). Equal amounts of protein (15 μg) were dissolved
in Bolt LDS sample buffer (Thermo Fisher Scientific) and a 10% sample reducing agent
(Thermo Fisher Scientific). The lysates were boiled at 70 ◦C for 10 min and then to elec-
trophoresis in NuPAGE 4–12% Bis-Tris gels (Thermo Fisher Scientific) at 200 V for 25 min.
The proteins were then transferred onto polyvinylidene difluoride membranes (Thermo
Fisher Scientific), which were blocked with WesternBreeze Blocker/Diluent (Thermo Fisher
Scientific). The membranes were then probed with anti-murine NF-κB p65 monoclonal
rabbit antibody, anti-murine NF-κB p65 (phospho Ser536) polyclonal rabbit antibody, and
anti-murine IκBζ polyclonal rabbit antibody (all from Cell Signaling Technology) overnight
at 4 ◦C. Horseradish peroxidase-conjugated anti-rabbit IgG antibodies (Cell Signaling
Technology) served as secondary antibodies. Protein bands were visualized with Chemi-
Lumi One Super (Nacalai Tesque) using the ChemiDoc touch imaging system (Bio-Rad).
The membranes were then re-blotted with Restore™ PLUS Western Blot Stripping Buffer
(Thermo Fisher Scientific) and anti-murine β-actin mouse antibody 30 min at room temper-
ature. Horseradish peroxidase-conjugated anti-mouse IgG antibodies served as secondary
antibodies. Protein bands were visualized with SuperSignal™ West Pico PLUS Chemilumi-
nescent Substrate (Thermo Fisher Scientific) using the ChemiDoc touch imaging system
(Bio-Rad). Densitometric analysis of the bands was performed using ImageJ software.
ImageJ is a public domain, Java-based image processing program developed at the Na-
tional Institutes of Health (Bethesda, MD, USA). Experiments were repeated three times in
separate experiments.

2.6. ELISA

A murine IL-23 ELISA Kit (R&D Systems) was used for ELISA in accordance with
the manufacturer’s protocol. Optical density was measured using a DTX 800 Multimode
Detector (Beckman Coulter, Brea, CA, USA).

2.7. Statistical Analysis

Statistical analysis was performed with GraphPad Prism 5.0 (GraphPad Software, Inc.,
La Jolla, CA, USA). An unpaired Student’s t-test was used to analyze the results, and a
p-value of less than 0.05 was considered statistically significant.

3. Results

3.1. IL-36γ Stimulation Upregulated IL-23 and Nfkbiz Expression in BMDCs

To investigate the mechanism by which IL-36γ regulates IL-23 expression in DCs, we
analyzed murine BMDCs stimulated with IL-36γ. qRT-PCR analysis revealed that IL-36γ
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stimulation (100 ng/mL) for 1, 2, 4, or 6 h upregulated IL-23 mRNA expression with expres-
sion peaking at 1 h (Figure 1A). Additionally, IL-36γ stimulation (1, 10, 50, or 100 ng/mL) for
1 h upregulated IL-23 mRNA expression in a concentration-dependent manner (Figure 1B).
Furthermore, ELISA of the culture medium of BMDCs stimulated with IL-36γ (1, 10, 50,
or 100 ng/mL) for 24 h revealed IL-23 production in a concentration-dependent manner
(Figure 1C). We measured IL-23 production by ELISA following stimulation for 1 or 6 h;
however, IL-23 was undetectable (data not shown). We believe that 24 h are required
for IL-23 secretion to proceed after IL-23 mRNA expression is increased. As NFKBIZ is
reported to be a key transcriptional regulator of IL-36-related gene expression in human
psoriatic keratinocytes [21,22], we evaluated Nfkbiz expression in addition to IL-23 expres-
sion in murine BMDCs. qRT-PCR analysis illustrated that IL-36γ stimulation upregulated
Nfkbiz mRNA expression (Figure 1D), which was in a concentration-dependent manner
(Figure 1E). Western blotting analysis confirmed that IL-36γ stimulation (100 ng/mL)
for 1, 2, 4, or 6 h upregulated IκBζ (protein corded by Nfkbiz gene) protein expression
(Figure 1F).

Figure 1. IL-36γ stimulation upregulated IL-23 and Nfkbiz in bone marrow-derived dendtitic cells (BMDCs).
(A,D,F) BMDCs were stimulated with IL-36γ (100 ng/mL) for 1, 2, 4, or 6 h. (A,D) Quantitative reverse transcription
(qRT)-PCR. (F) Western blotting. IκBζ protein levels are normalized to β-actin protein levels using ImageJ and expressed as
fold change. (B,C,E) BMDCs were stimulated with IL-36γ (1, 10, 50, or 100 ng/mL) for 1 h. (B,C) qRT-PCR. (E) BMDCs were
stimulated with IL-36γ (100 ng/mL) for 24 h, and IL-23 production in the culture supernatant was measured by ELISA.
(A–D) Data are expressed as the mean ± standard error of the mean (SEM); n = 3/group. * Significant differences between
the IL-36γ-stimulated groups and control groups (p < 0.05). # Significant differences between the IL-36γ-stimulated groups
of each dose (p < 0.05). mRNA levels normalized for Ywhaz expression were expressed as the fold change compared to that
in the control group. (C) Data are expressed as the mean ± SEM; n = 3/group; * p < 0.05. (F) Data are representative of
experiments repeated three times with similar results.
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3.2. IL-36γ Stimulation Upregulated IL-23 via Nfkbiz in BMDCs

Next, we examined whether Nfkbiz is involved in IL-23 upregulation induced by
IL-36γ in murine BMDCs. We transfected BMDCs with either scrambled siRNA (si-control)
or siRNA targeting Nfkbiz (si-Nfkbiz) and then stimulated the cells with IL-36γ (10 ng/mL)
for 1 h. Although the transfection of si-Nfkbiz alone did not alter mRNA and IκBζ protein
expression in BMDCs, it successfully downregulated Nfkbiz mRNA (Figure 2A) and
protein expression (Figure 2B) in BMDCs stimulated with IL-36γ. This finding may be
related to the partial depletion of the target gene because siRNA transfection is difficult
in DCs [23]. Furthermore, we observed that depletion of Nfkbiz via siRNA transfection
partially canceled IL-36γ stimulation-induced IL-23 mRNA upregulation (Figure 2C).
Although we attempted to measure IL-23 production in the culture supernatant of siRNA-
transfected BMDCs using ELISA, we could not detect IL-23 production, which may be
attributable to cell damage caused by the siRNA transfection procedure. These results
suggest that IκBζ is likely an integral part of the IL-36γ-induced IL-23 upregulation in
murine BMDCs.

Figure 2. IκBζ is likely an integral part of IL-36γ-induced IL-23 upregulation in BMDCs. Control
small interfering RNA (siRNA)- or Nfkbiz siRNA-transfected BMDCs were treated with/without
IL-36γ (10 ng/mL) for 1 h and analyzed via quantitative reverse transcription (qRT)-PCR and Western
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blotting. +/− indicates whether siRNA or IL-36γ is utilized. (A) qRT-PCR. (B) Western blot-
ting. (C) qRT-PCR. (A,C) Data are expressed as the mean ± standard error of the mean (SEM);
n = 3/group. * Significant difference versus the control siRNA-transfected group with no IL-36γ
stimulation (p < 0.05). # Significant difference between the Nfkbiz siRNA-transfected and control
siRNA-transfected groups that were stimulated with IL-36γ (p < 0.05). mRNA levels normalized to
Ywhaz mRNA expression are expressed as the fold change versus that in the control group. (B) IκBζ
expression was evaluated using anti-murine IκBζ antibody. Data are representative of experiments
repeated three times with similar results.

3.3. IL-36γ Upregulates Nfkbiz and IL-23 via the Activation of NF-κB Signaling

Next, we examined the mechanism by which IL-36γ upregulates Nfkbiz expression in
murine BMDCs. Considering that IL-36 binding to the IL-36 receptor complex leads to the
recruitment of MyD88 and activation of NF-κB signaling [16] and that Nfkbiz expression
is regulated by phosphorylation of p65, a component of the NF-κB heterodimer [24], we
hypothesized that IL-36γ modulated Nfkbiz expression via NF-κB signaling in murine
BMDCs. We analyzed p65 phosphorylation in murine BMDCs stimulated with IL-36γ
(100 ng/mL) for 10, 20, 30, 40, or 60 min using Western blotting. We confirmed that
p65 phosphorylation was induced after 10 min of IL-36γ stimulation (Figure 3A). We
further examined whether BAY 11-7082, an inhibitor of p65 phosphorylation, affects the
upregulation of Nfkbiz induced by IL-36γ stimulation. We stimulated murine BMDCs
with IL-36γ (100 ng/mL) for 1 h in the absence or presence of BAY 11-7082 (10, 50, or
100 μM) and measured Nfkbiz mRNA and IκBζ protein expression by qRT-PCR (Figure 3B)
and Western blotting (Figure 3C), respectively. BAY 11-7082 treatment inhibited Nfkbiz
upregulation in a concentration-dependent manner (Figure 3B,C). Moreover, we examined
whether BAY 11-7082 treatment inhibits the upregulation of IL-23 induced by IL-36γ. We
measured IL-23 production in the culture supernatant of BMDCs stimulated with IL-36γ
(100 ng/mL) for 24 h in the absence or presence of BAY 11-7082 (10, 50, or 100 μM) using
ELISA. BAY 11-7082 treatment also inhibited the upregulation of IL-23 induced by IL-36γ
stimulation in a concentration-dependent manner (Figure 3D).

3.4. Metformin Treatment Inhibited the Upregulation of Nfkbiz and IL-23 Induced by IL-36
Stimulation by Impairing NF-κB Signaling

It has been reported that metformin controls NF-κB signaling [25]. Moreover, clinical
studies of patients with psoriasis and T2DM have suggested that metformin administra-
tion may attenuate the disease activity of psoriasis [19,20]. Therefore, we hypothesized
that metformin treatment affects the IL-36γ-induced upregulation of Nfkbiz and IL-23 by
modulating NF-κB signaling in murine BMDCs. To test this, we analyzed p65 phosphory-
lation in BMDCs stimulated with IL-36γ (100 ng/mL) for 10, 20, 30, 40, and 60 min in the
absence or presence of metformin (5 mM) using Western blotting. Metformin treatment
inhibited p65 phosphorylation induced by IL-36γ (Figure 4A). In addition, we evaluated
mRNA and protein expression in murine BMDCs stimulated with IL-36γ (100 ng/mL)
for 1 h in the absence or presence of metformin (0.5, 1, or 5 mM). Metformin treatment
inhibited the IL-36γ-induced upregulation of Nfkbiz mRNA and IκBζ protein expression
in a concentration-dependent manner in BMDCs (Figure 4B,C). Subsequently, metformin
treatment was revealed to inhibit the upregulation of IL-23 mRNA expression in BMDCs
stimulated with IL-36γ for 1 h in a concentration-dependent manner (Figure 4D). In addi-
tion, metformin treatment downregulated IL-23 production in the culture supernatant of
BMDCs stimulated with IL-36γ for 24 h in a concentration-dependent manner (Figure 4E).
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Figure 3. Nfkbiz expression was regulated by p65 phosphorylation in BMDCs. BMDCs were
stimulated with IL-36γ (100 ng/mL) for 10, 20, 30, 40, or 60 min (A). (A) Western blotting. BMDCs
were stimulated with/without IL-36γ (100 ng/mL) for 1 h (+/−) in the absence or presence of BAY
11-7082 (10, 50, or 100 μM) (B–D). (B,D) Quantitative reverse transcription-PCR. (C) Western blotting.
(B,D) Data are expressed as the mean ± standard error of the mean; n = 3/group. * Significant
difference between the IL-36γ-stimulated and control groups (p < 0.05). # Significant difference
between the BAY 11-7082-treated and untreated groups that were stimulated with IL-36γ (p < 0.05).
mRNA levels normalized to Ywhaz mRNA expression were expressed as the fold change versus that
in the control group. (A,C) Data are representative of experiments repeated three times with similar
results. +/− indicates whether IL-36γ is utilized.
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Figure 4. Metformin treatment inhibited IL-36γ-induced upregulation of Nfkbiz and IL-23 by modulating NF-κB signaling
in BMDCs. BMDCs stimulated with IL-36γ (100 ng/mL) for 10, 20, 30, 40, or 60 min in the absence or presence of metformin
(5 mM) (A). (A) Western blotting. BMDCs were stimulated with/without IL-36γ (100 ng/mL) for 1 h (+/−) in the absence
or presence of metformin (0.5, 1, or 5 mM). (B,D,E). (B,D) quantitative reverse transcription-PCR. (E) ELISA. (F) Graphical
abstract. Data are expressed as the mean ± standard error of the mean; n = 3/group. * Significant difference between the
IL-36γ-stimulated and control groups (p < 0.05). # Significant differences between the metformin-treated and control groups
that were stimulated with IL-36γ (p < 0.05). mRNA levels normalized for Ywhaz expression were expressed as fold changes
versus that in the control group. (A,C) Data are representative of experiments repeated three times with similar results.
+/− indicates whether IL-36γ or metformin is utilized.

4. Discussion

IL-36γ is a cytokine associated with the disease activity of psoriasis. Therefore, it is of
great interest to identify a strategy that inhibits the responses of downstream inflammatory
cytokines. In this study, we obtained evidence that IL-36γ induces Nfkbiz upregulation,
which subsequently leads to IL-23 upregulation, in murine BMDCs. Furthermore, we
revealed that metformin treatment inhibited IL-23 upregulation via the impairment of
Nfkbiz upregulation. To our knowledge, this is the first study providing evidence that
metformin can modulate IL-36γ-mediated IL-23 production in DCs, thereby contributing
to the prevention of psoriasis. However, the systemic expression of IL-23 following the
administration of IL-23 minicircle DNA [26] or transgenic expression of IL-23 derived from
keratinocytes [27] can reportedly promote the development of psoriasis. Therefore, the
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production of IL-23 by cells other than DCs has also been reported to contribute to the
pathogenesis of psoriasis, which is a limitation of this study.

We confirmed that IL-36γ (10 or 100 ng/mL) stimulation efficiently induces IL-23
mRNA upregulation in murine BMDCs, which is consistent with previous findings [28,29]
Furthermore, we revealed that IL-36γ stimulation increases IL-23 protein expression using
ELISA. Although the concentration of 100 ng/mL is rather high, we considered it reasonable
in this experiment system because IL-36γ is activated by neutrophil-derived proteases such
as proteinase-3 [30].

IκBζ, a transcriptional regulator of selective NF-κB target genes, has been identified as
a crucial mediator of IL-36-driven psoriasis-related gene expression in keratinocytes [21];
however, it is unclear whether IκBζ is involved in the IL-36γ-mediated expression of genes
including IL-23 in DCs. Based on the result that depletion of Nfkbiz mRNA expression par-
tially downregulated IL-23 mRNA expression induced by IL-36 stimulation, IκBζ is likely
an integral part of IL-36-induced IL-23 upregulation in murine BMDCs. As we utilized
siRNA transfection to deplete Nfkbiz mRNA expression, the low depletion efficiency may
have resulted in weak repression of IL-23 mRNA expression.

Although several studies suggested that the molecular machinery underlying the
regulation of IκBζ could be cell type-specific, it has been reported that the induction of IκBζ
by IL-36γ is mediated by MyD88, NF-κB, and STAT3 in human keratinocytes [13,14]. We
found that inhibition of NF-κB activity by BAY 11-7082 treatment significantly downregu-
lated IκBζ induction by IL-36γ in murine BMDCs, suggesting that NF-κB activation may
be critical in IL-36γ-mediated IκBζ induction in DCs. Furthermore, inhibition of NF-κB
activity by metformin treatment had the same effect as BAY 11-7082 treatment. These data
support the potential benefits of metformin treatment in patients with type 2 diabetes mel-
litus (T2DM) and psoriasis. As several studies revealed an association between T2DM and
psoriasis [31,32] and suggested a severity-dependent relationship between psoriasis and
T2DM [17], the management of T2DM is considered extremely important in the treatment
of psoriasis. Metformin treatment has been reported to inhibit several signaling pathways
including the mammalian target of rapamycin [33] and mitogen-activated protein kinase
signaling [34], in addition to NF-κB signaling. As such, we cannot thus exclude the possi-
bility that other kinases might have been affected by metformin in the experiments. Further
studies will be required to clarify this possibility.

We revealed here that metformin exerts anti-inflammatory effects on DCs, at least
in part via pathways involving the inhibition of IκBζ production (Figure 4F). Our study
presents the novel concept that pharmacological modulation by metformin of IL-36γ-
induced IL-23 production via IκBζ inhibition may offer a potential therapeutic approach to
psoriasis. It can be hypothesized that oral metformin administration suppresses psoriasis
by this mechanism. However, the clinical relevance of IL-23 inhibition by metformin
requires further investigation.
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Abstract: Psoriasis is a common chronic inflammatory skin disease of the interleukin (IL)-23/IL-17
axis. The severity of psoriasis has been reported as higher in men than in women. The immunoreg-
ulatory role of female sex hormones has been proposed to be one of the factors responsible for sex
differences. Among female sex hormones, estrogens have been suggested to be significantly involved
in the development of psoriasis by various epidemiological and in vitro studies. For example, the
severity of psoriasis is inversely correlated with serum estrogen levels. In vitro, estrogens suppress
the production of psoriasis-related cytokines such as IL-1β and IL-23 from neutrophils and den-
dritic cells, respectively. Furthermore, a recent study using a mouse psoriasis model indicated the
inhibitory role of estrogens in psoriatic dermatitis by suppressing IL-1β production from neutrophils
and macrophages. Understanding the role and molecular mechanisms of female sex hormones in
psoriasis may lead to better control of the disease.

Keywords: psoriasis; female sex hormone; estrogen; progesterone

1. Introduction

Psoriasis is a common chronic inflammatory disease with well-demarcated red scaly
plaques throughout the body [1]. The prevalence of psoriasis is estimated to be approxi-
mately 0.5~8.5% of the worldwide population [2]. Although the pathogenesis of psoriasis
has not been fully elucidated, it is now widely accepted that the interleukin (IL)-23/IL-
17 axis is a central pathway in psoriasis development, especially in plaque-type psoria-
sis [3]. In psoriatic lesions, IL-23 is primarily produced by inflammatory dendritic cells
(DCs) [1]. IL-23, together with IL-1β, induces IL-17A/F and IL-22 production in various
IL-17-producing cells, such as Th17/Tc17 and γδT cells [4,5]. IL-17/22 then activates ker-
atinocytes to produce inflammatory molecules/chemokines such as chemokine (C-X-C mo-
tif) ligand (CXCL)-1, 2, and 8; chemokine (C-C motif) ligand 2 (CCL-2); and CCL-20, which
recruit inflammatory cells including neutrophils, inflammatory macrophages, and T cells to
the skin and accelerate psoriatic inflammation [1,6]. T cells, macrophages, and keratinocytes
produce tumor necrosis factor-α (TNF-α) and amplify these cytokine networks [6]. Other
than these cytokines, IL-36 and IFN-a are mainly involved in the development of pustular
psoriasis and paradoxical psoriasis, respectively [7]. In addition to these central pathways,
various genetic and environmental factors are involved in the modification of psoriasis
development, and female hormones are suggested to be disease-modifying factors [8].

Estrogens are representative female hormones that are produced mainly in the ovaries.
Estrogens play an important role in controlling the female sexual cycle, pregnancy, and
childbirth. However, estrogens may also be involved in regulating immune cell func-
tions [9]. For example, estrogen suppresses nuclear factor-κ B (NF-κB) and mitogen-
activated protein kinase (MAPK) signaling and downregulates inflammatory responses in
various cell populations in vitro [9,10]. However, it remains unclear whether these immune-
regulatory functions of estrogens play physiologically significant roles in inflammatory
diseases, including psoriasis.
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In this short review, we summarize the current findings regarding the involvement of
estrogen in the pathogenesis of psoriasis.

2. Physiology of Estrogens

2.1. Physiological Levels of Estrogens

Estrogens are a group of steroid hormones present in three major physiological forms:
estrone (E1; molecular weight (MW) 270.4 g/mol), 17β-estradiol (E2; MW 272.4 g/mol),
and estriol (E3; 288.4 g/mol). Estrogens are mainly produced from cholesterol in the ovaries.
Estrogens are also produced in the liver, heart, skin, brain, male testes, adrenal glands,
and fat tissues [11]. E2 is the most abundant and potent estrogen at the reproductive age.
In males, serum E2 levels are less than 40 pg/mL [12], whereas, in females, serum E2
levels range between 30 and 800 pg/mL during the menstrual cycle and increase up to
20,000 pg/mL during pregnancy [11]. After menopause, the serum E2 levels decrease to
<20 pg/mL. In the postmenopausal period, serum E2 levels decrease by 85–90% from the
mean premenopausal level [12].

2.2. Estrogen Receptors and Their Signaling

Estrogen signaling is primarily mediated through two estrogen receptors (ERs)—ERα
and ERβ—which are expressed in a wide variety of cell types, including neutrophils,
monocytes/macrophages, T cells, and DCs [9]. ERα and ERβ genes are encoded by Esr1
and Esr2 and these genes are located on 6 and 14 chromosomes, respectively. E2 binds
to these receptors to form dimers, which translocate to the nucleus (Figure 1). In the
classical genomic pathway, the dimers bind to estrogen response elements (ERE), and
activate the target gene expression. In the non-classical pathway, the dimers interact with
other transcription factors, such as NF-κB, specificity protein 1 (SP1), activator protein-1
(AP-1), and CCAAT/enhancer binding protein β (C/EBPβ), and prevent their binding to
the transcription factor regulatory elements, leading to the inhibition of their target gene
expression [13–15]. Of note, these transcriptional factors control the gene expression of
many psoriasis-related cytokines and chemokines. For example, NF-κB is involved in the
transcription of genes such as IL-23, IL-1β, TNF-α, CCL-2 and CXCL-1; SP1 in IL-1β and
TNF-α; and AP-1 and C/EBPβ in IL-23 and IL-36, respectively [16–20].

In addition to these major receptors, G protein-coupled estrogen receptor 1 (GPER1,
also known as GPR30), which is located in the endoplasmic reticulum and plasma mem-
brane, binds to E2 with a high affinity [21]. GPER1/GPR30 mediates estrogen signaling
through nongenomic responses, including activation of the mitogen-activated protein
kinase (MAPK) signaling cascade, cAMP formation, insulin-like growth factor 1 recep-
tor (IGFR), epidermal growth factor receptor (EGFR) and intracellular calcium mobiliza-
tion [22]. Nuclear ERs mediate signals slowly over hours or days, whereas GPER1 responds
much faster, even within seconds [13] (Figure 1).
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Figure 1. A scheme of estrogen receptors and the intracellular signaling pathway. In genomic
pathway, 17β-estradiol (E2) binds to estrogen receptor α and estrogen receptor β in the cytoplasm. It
forms dimer and translocates to the nucleus. Then, they bind to estrogen receptor element (ERE) and
activate the transcription of downstream genes (classical genomic pathway). Or, they interact with
other transcription factor (TF)s, such as NF-κB, specificity protein 1 (SP1), activator protein-1 (AP-1),
and CCAAT/enhancer binding protein β (C/EBPβ), and prevent their binding to the transcription
factor regulatory element (TFRE) (non-classical genomic pathway), leading to the regulation of their
target gene expression. In non-genomic pathway, E2 binds to G protein-coupled estrogen receptor 1
(GPER1) and it regulates mitogen-activated protein kinase (MAPK), calcium (Ca) release, and cyclic
adenosine monophosphate (cAMP). Created with Biorender.com.

3. Epidemiological and Case Series Studies about the Possible Involvement of
Estrogens in Psoriasis

There are various epidemiological studies investigating the prevalence and severity
of psoriasis in men and women. Some studies indicate that the prevalence and severity
of psoriasis are higher in men than in women [23–30], especially at the estrogen abundant
age [31], while other reports failed to observe significant differences in the prevalence of
psoriasis between men and women [32–34] (Table 1). A recent systematic review indicates
that the prevenance is similar between men and women, but the severity in women is lower
than men [35]. The age of disease onset is also different between men and women. For
example, a German study demonstrates that the age of onset has two peaks, one occurring
at the age of 16 years in women or 22 years in men, and a second at the age of 60 years
in women or 57 years in men [34]. Recent studies indicate that the two peaks for age at
onset are around 18–29 and 50–59 years in women, whereas they are around 30–39 and
60–69 or 70–79 years in men [36]. During pregnancy, in which serum levels of female
hormones dramatically change, approximately 33–55% of patients with psoriasis show
improvement in symptoms, although some patients, especially patients with pustular
psoriasis, occasionally show exacerbated symptoms during pregnancy [37]. In contrast,
in the postpartum period, approximately 65% of psoriasis patients exhibit worsening of
skin lesions associated with decreased levels of female sex hormones [38–43]. Serum levels
of E2 and the relative ratio of serum levels of E2 to that of progesterone correlate with
psoriasis severity in pregnant patients with psoriasis [38]. Serum E2 levels are inversely
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correlated with psoriasis severity [44]. Low-dose E2 administration induces improvement
in psoriatic arthritis [43], but it is not effective against pustular psoriasis and plaque-type
psoriasis [45,46]. On the other hand, it has been reported that tamoxifen, an antiestrogen
agent, results in the remission of psoriasis, whose symptoms worsen during a perimenstrual
cycle [47]. These studies suggest that estrogens have both proinflammatory and anti-
inflammatory roles in psoriasis.

Table 1. A summary of previous reports on the prevalence ratio of psoriasis between men and women.

Prevalence Ratio of Psoriasis
Men Women

Farber 1974 [32] 46% 54%
Henseler 1985 [34] 50.8% 49.2%
Kawada 2003 [26] 65.80% 34.20%

Takahashi 2009 [25] 66.40% 33.60%
Tsai 2011 [30] 61.60% 38.40%

Furue 2011 [24] 72% 28%
Na 2013 [29] 54.60% 45.40%

Lee 2017 [28] 57.30% 42.70%
Hӓgg 2017 [23] 59.80% 40.20%

Bayaraa 2018 [31] 67.10% 32.9%

El-komy 2020 [27] 56.30% 43.70%
Armstrong 2021 [33] 48.60% 51.40%

4. In Vitro Studies Regarding the Immuno-Regulatory Action of E2

Keratinocytes and various immune cells orchestrate psoriatic inflammation in psoriatic
lesions. In this section, we introduce in vitro studies that investigated the potential anti-
inflammatory roles of E2 in each cell population (Table 2).

Table 2. In vitro studies regarding the effects of estrogen on immune cell functions related to psori-
atic inflammation.

Estrogen

Keratinocytes

RANTES↓(physiological to high) [40]

CCL-2↓(physiological to high) [39]

CCL-20↓(isoflavone) [42]

S100A7↓(isoflavone) [42]

S100A9↓(isoflavone) [42]

Neutrophils

superoxide anion (O2
−)↓(not mentioned) [48]

degranulation↓(high) [48]

apoptosis(physiological to high) [49]

migration↓(physiological to high) [49]

Monocytes/Macrophages
IL-1β→~↓(high) [50–52]

TNF-α→~↓(high) [51–53]
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Table 2. Cont.

Estrogen

Dendritic cells

IL-23↓(high) [54]

IL-1β↑(physiological) [55]

IL-8↑(high) [56]

CCL-2↑(high) [56]

T cells
IL-17↓(physiological) [57]

TNF-α↓(high), TNF-α↑(low) [58,59]
RANTES, Regulated on activation, normal T cell expressed and secreted; CCL, CC-chemokine ligand; S100A7, S100
calcium-binding protein A7; S100A9, S100 calcium-binding protein A9; O2

−, superoxide anion; IL, interleukin;
TNF, tumor necrosis factor.

4.1. Keratinocytes

Keratinocytes play a critical role in psoriasis development [50,53,60]. Keratinocytes
release multiple factors, such as damage-associated molecular patterns (DAMPs), CCL-20,
and CXCL-1, 2, and 8 [1]. In vitro, the production of chemokines, such as RANTES and
CCL-2, is inhibited by E2 in normal human keratinocytes [51,52]. Isoflavone genistein,
which is the major metabolite of soy that binds to human ERα and ERβ, decreases MAPK,
signal transducer and activator of transcription 3 (STAT3), NF-κB, and phosphatidylinositol-
3 kinase (PI3K) activation in human keratinocytes, leading to decreased mRNA expression
of CCL20, S100A7, and S100A9 induced by IL-17A and TNF-α [48,49,54]. These results
suggest that E2 downregulates keratinocyte activation in psoriatic lesions.

4.2. Neutrophils, Monocytes, and Macrophages

Infiltration of neutrophils into the epidermis is one of the characteristic histological
findings in psoriasis. Although the actual roles of neutrophils/monocytes/macrophages in
psoriasis development are still not fully understood, there are some case studies suggesting
disease-promoting roles of neutrophils/monocytes/macrophages in psoriasis. For example,
psoriatic lesions have been reported to significantly improve during drug-induced agran-
ulocytosis [55]. Granulocyte and monocyte apheresis therapy ameliorates the symptoms
of psoriasis [56]. In mouse studies, depletion of neutrophils has been shown to attenu-
ate psoriasis symptoms [55–59]. These studies suggest that neutrophils, monocytes, and
macrophages facilitate the development of psoriasis.

Some studies have investigated the effects of E2 on cytokine production from neu-
trophils/monocytes/macrophages, but the results are not necessarily consistent among
reports. For example, physiological to supraphysiological levels of E2 downregulated
TNF-α and IL-1β production from human monocytes and macrophages, whereas no in-
hibitory effects of physiological to supraphysiological levels of E2 were observed in other
studies [9,61–64]. E2 may exert bidirectional effects on TNF-α and IL-1β production by
monocytes and macrophages, depending on its concentration.

In addition to the effects on cytokine production, the inhibitory roles of E2 on neu-
trophil functions, such as superoxide anion (O2

−) generation, degranulation, and apoptosis,
have been reported [65,66].

4.3. DCs

DCs play a critical role in the development of psoriasis by producing IL-23 and
TNF-α [6]. In vitro, supraphysiological levels of E2 impair IL-23 production from murine
bone marrow-derived DCs [67], suggesting that E2 plays a regulatory role in psoriasis
development, especially during pregnancy. In contrast, the physiological levels of E2
facilitate IL-1β production in murine vaginal CD11c+DCs [68] and CXCL-8 and CCL-2
production in human monocyte-derived DCs [69], suggesting that the influence of E2 on
DC functions differs depending on the concentration and type of DCs.
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4.4. T cells

T cells (Th17/Tc17) produce pro-inflammatory cytokines such as IL-17A and TNF-α
in psoriatic lesions and significantly contribute to psoriatic inflammation [6]. To date,
few studies have investigated the role of E2 in Th17/Tc17 cell functions, but some in vitro
studies have suggested inhibitory roles of E2 on Th17 cell differentiation and activation [70].

In vitro, physiological levels of E2 inhibited Th17 differentiation through down-
regulation of retinoid orphan receptor gamma t (Rorγt) expression in murine splenic
T cells [70–72]. The effect of E2 on IL-17 production in Th17/Tc17 cells has not been in-
vestigated, but it has been reported that supraphysiological levels of E2 inhibit TNF-α
production in human T cells, suggesting that E2 at high concentrations, such as during
pregnancy, may downregulate TNF-α production from Th17 cells in psoriatic lesions. How-
ever, it has also been reported that E2, at physiological concentrations, enhances TNF-α
production [73,74]. The molecular mechanisms that determine the concentration-dependent
effects of E2 on T-cell function remain unclear.

Other than Th17 differentiation, involvement of estrogen on Th1/Th2 differentiation
has been reported [75]. For example, physiological levels of E2 inhibited Th1 differentiation
through downregulation of T-bet, and shifted toward Th2 differentiation in murine T cells
in the lymph nodes and spleen [72,76]. Since Th1-type immune responses play facilitating
roles in psoriasis while Th2-type immune responses counterbalance Th17-type immune
response [77], estrogens may also play inhibitory roles in psoriasis by down-regulating Th1
and up-regulating Th2 differentiation.

5. In Vivo Studies Regarding the Role of E2 on Psoriatic Inflammation

As mentioned above, the possible inhibitory or facilitating roles of E2 in psoriatic
inflammation have been suggested by various epidemiological and in vitro studies [78].
However, it remains unclear whether and how E2 plays a role in psoriatic inflammation
in vivo. Currently, two in vivo studies have investigated the role of E2 in psoriatic in-
flammation [79]. Iwano et al. examined the role of E2 in psoriatic inflammation using an
imiquimod-induced psoriasis model. Male BALB/c mice were used in the psoriasis model
and E2 was administered exogenously. The mice treated with E2 showed exacerbated
dermatitis. Administration of an ERα agonist also exacerbated dermatitis. Furthermore,
the production of IL-23 by DCs was enhanced by E2 and an ERα agonist in vitro. Based on
these data, it was suggested that E2 plays a pro-inflammatory role in psoriasis by inducing
IL-23 through ERα [79].

In contrast, we observed anti-psoriatic roles of E2 in the same mouse model [80]. To
investigate the role of E2 in psoriatic inflammation in vivo, we applied ovariectomized
female C57BL/6 mice, in which the endogenous production of female hormones, including
E2, is almost impaired, to an imiquimod-induced psoriasis model. Ovariectomized mice
exhibited exacerbated psoriatic inflammation, whereas exogenous administration of E2
reversed the exacerbation, suggesting that E2 plays an anti-psoriatic role physiologically.
The anti-psoriatic effects of E2 were mediated through ERα and ERβ in neutrophils and
macrophages. Mechanistically, E2 downregulated IL-1β production in neutrophils and
macrophages, leading to decreased IL-17A production in γδT cells. The inhibitory effect
of E2 on IL-1β production has also been observed in human polymorphonuclear and
mononuclear cells. This result may explain the fluctuating IL-1β levels during the female
reproductive cycle in humans, in which IL-1β levels are higher during the luteal phase (low
serum E2 level) and lower during the follicular phase (high E2 level) [71,81–83]. Together,
these results suggest that E2 plays a suppressive role in psoriatic inflammation in mice
through the regulation of neutrophil and macrophage functions such as IL-1β production.
It remains unclear why different effects of E2 were observed in the two studies. E2 may play
both pro- and anti-psoriatic roles in a context-dependent manner (Figure 2), as suggested
in previous in vitro studies.
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Figure 2. A scheme of possible functions and the mechanisms of estrogen in psoriatic inflammation.
E2 play anti-psoriatic functions by downregulating IL-1β production from neutrophils (Neus) and
monocytes/macrophages (Macs) through ERα and ERβ. However, in a certain condition, E2 may
play facilitating role on psoriatic inflammation by inducing IL-23 production from dendritic cells
(DCs) through ERα. Solid lines show the findings from in vivo studies and dotted lines show the
findings from in vitro or other disease model studies. Created with Biorender.com.

6. Concluding Remarks

The immunoregulatory mechanisms of E2 in psoriasis, which have mostly been inves-
tigated in in vitro studies, have gradually been elucidated in vivo using a mouse psoriasis
model. Recognition by patients and clinicians of the potential impact of sex hormones in-
cluding E2 would lead to a better management of psoriasis symptoms, especially in women.
Furthermore, data in the mouse psoriasis model suggest that an appropriate activation of
estrogen receptor-signaling is a potential novel therapeutic strategy in psoriasis. However,
there are some important issues to be solved before estrogens can be used as a treatment
for psoriasis. First, since systemic estrogen therapy has various undesired side effects
such as an increased risk of thrombosis and endometrial cancer, and that psoriasis patients
tend to develop cardiovascular diseases, topical estrogen therapy, rather than systemic
therapy, may be practical. Second, since there are many differences in the pathogenesis
between mouse and human psoriasis models, we need to be cautious when applying the
findings of mouse studies to human psoriasis. For example, neutrophils and macrophages
are the major sources of IL-1β in a murine psoriasis model, while keratinocytes may be
the primary source of IL-1β in human psoriasis [5]. Thus, the anti-psoriatic effects of
E2 through the inhibition of IL-1β production by neutrophils and macrophages may be
limited in human psoriasis. The molecular mechanisms that switch the functions of E2
from pro-inflammatory to anti-inflammatory in psoriasis remain unclear and should be
further investigated. Investigation of the involvement of other female hormones such as
progesterone in psoriasis is also of interest. In fact, during pregnancy, psoriasis symptoms
improve in some patients, whereas they worsen in others, suggesting the existence of
female hormones that facilitate psoriasis. In addition, it has been reported that the adminis-
tration of progesterone flares pustular psoriasis [37,84], suggesting that progesterone may
play a facilitating role in psoriasis. Thus, there still remains many unsolved issues on the
roles of sex hormones in psoriasis and for the translation of the findings to clinical practice.
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Nevertheless, elucidation of these issues may lead to the development of novel treatment
strategies for psoriasis from the perspective of sex hormones.
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Abstract: Despite the large number of biologics currently available for moderate-to-severe psoriasis,
poor adherence and persistence to therapy represent the main issues for both the clinical and economic
management of psoriasis. However, the data about adherence and persistence to biologics in psoriasis
patients are conflicting. Our aim was to produce summary estimates of adherence and persistence to
biologics in adult patients with psoriasis. We performed a systematic review and meta-analysis of
observational studies, searching two databases (PubMed and Embase). Sixty-two records met the
inclusion criteria, and a meta-analysis was conducted on fifty-five studies. Overall, the proportion of
adherent and persistent patients to biological therapy was 0.61 (95% confidence interval: 0.48–0.73)
and 0.63 (0.57–0.68), respectively. The highest proportions were found for ustekinumab, while the
lowest ones were found for etanercept. The proportions of adherence and persistence to biological
drugs in psoriasis patients are sub-optimal. Notably, both proportions largely differ between drugs,
suggesting that a more rational use of biologics might ensure better management of psoriasis.

Keywords: psoriasis; biological drugs; anti-TNF-α; anti-IL-17; anti-IL-12/23; adherence; persistence

1. Introduction

Psoriasis affects about 30 million adults worldwide [1]. Genetic factors, as well
as lifestyle (smoking, alcohol consumption, and diet), certain drugs, environmental fac-
tors, and various metabolic conditions, can promote the development and progression
of psoriasis [2,3]. Although the etiopathogenesis of psoriasis is multifactorial, its clinical
manifestation mainly results from both uncontrolled keratinocyte proliferation and the
overproduction of inflammatory mediators, such as tumor necrosis factor-α (TNF-α), in-
terleukin (IL)-17, IL-12, and IL-23. In particular, the activation of these pro-inflammatory
molecules triggers a vicious circle that progressively exacerbates psoriasis [2].

Due to its peculiar clinical manifestation, psoriasis has a negative psychological impact
on patients, deeply affecting their quality of life [4]. Moreover, patients with psoriasis usu-
ally have several comorbidities that further aggravate their clinical condition [1]. Therefore,
adequate pharmacological treatment might ameliorate both disease severity and, indirectly,
the psychosocial sphere of the individual.

The therapeutic armamentarium currently available for the management of psoriasis
is mainly represented by anti-inflammatory drugs and immunomodulators. In particular,
topical (i.e., corticosteroids, vitamin D3 derivatives, and keratolytic products) and systemic
drugs, such as methotrexate and retinoids, are commonly used in the mild-to-moderate
forms of psoriasis, while targeted biological drugs are recommended for patients with
severe forms who fail to respond to first-line therapy. TNF-α inhibitors were the first
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biologics to obtain marketing authorization and reimbursement for psoriasis, and they
include etanercept (ETN), infliximab (INF), and adalimumab (ADA) [5]. Other biologics
are IL17A inhibitors (ixekizumab, IXE; secukinumab, SECU) [6] and ustekinumab (UST),
which is an anti-IL12/23 human monoclonal antibody [7].

Despite the large number of therapeutic options for the clinical management of pso-
riasis, two key contributors to both treatment failure and scarce relapse control are poor
adherence and persistence to therapy. Adherence reflects “the extent to which a patient
acts in accordance with the prescribed interval, and dose of a dosing regimen”, while
persistence, also known as drug survival, is “the duration of time from initiation to dis-
continuation of therapy” [8]. In addition, suboptimal adherence and persistence deeply
impact the economic management of psoriasis in healthcare systems [9], especially for the
more expensive drugs (i.e., biologics). Therefore, improving medication-taking behaviors
may help patients to better control therapy, as well as limiting the economic health ex-
penditure. Currently, the data about adherence and persistence to biological therapy in
psoriasis patients are scarce and conflicting, and previous systematic reviews, although
quite recent [8,10], do not provide an exhaustive and quantitative synthesis of the literature.
Moreover, real-world data about adherence and persistence to individual biologics are
discordant, thus hindering the rational use of these drugs in clinical practice.

Hence, the aim of this systematic review and meta-analysis is to provide overall,
updated adherence and persistence proportions to biologics, as well as reporting a stratifi-
cation of results based on the individual biological drugs.

2. Materials and Methods

The protocol for this systematic review and meta-analysis was registered in the PROS-
PERO database (CRD42021245065).

2.1. Eligibility Criteria

We included prospective, retrospective, and cross-sectional observational studies eval-
uating adherence and persistence (or drug survival) to biologic drugs among participants
aged 18 years or older with psoriasis. We considered studies irrespective of patient gender,
comorbidities, or concomitant drugs. Biological drugs belonging to the following 3 classes
were considered: TNF-α inhibitors (ETN, ADA, INF); IL17A inhibitors (IXE, SECU); and
IL12/23 inhibitors (UST). The outcomes were adherence and persistence to biologics, as
reported in the included studies.

2.2. Information Sources and Search Strategy

We searched Medline and EMBASE for studies published from inception to 18 January
2021. The search strategy (Supplementary Material S1) reports psoriasis as the first term;
drug or therapy adherence, persistence, compliance, and switching as the second term; and
the considered biologic drugs as the third term (etanercept, ustekinumab, adalimumab,
infliximab, ixekizumab, and secukinumab). The three terms were combined using the
Boolean operator “AND”.

2.3. Selection Process

Titles and abstracts of papers identified by the search strategy were screened by
two authors independently, E.P. and D.P. Each paper was categorized as not relevant or
potentially included according to the eligibility criteria. Any disagreement was discussed
with another author, E.L.

The full text of the potentially includible articles was retrieved or, if not available,
directly requested from the authors of the study. Two authors (E.P. and D.P.) checked the
full texts for the eligibility criteria and excluded studies not fitting them.

The selection process was managed using bibliographic management software Mende-
ley Desktop (v1.19.6, Mendeley Ltd., London, UK).
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2.4. Data Extraction Process

We extracted the following information: study design, outcome (adherence or per-
sistence), and objective; number and general characteristics of participants included in
the studies, such as age, gender, comorbidities, and concomitant drugs (drugs used for
the treatment of psoriasis, as well as other drugs); definition of adherence/persistence as
reported in the study; number of adherent/persistent patients; and reasons for discon-
tinuation/switching. Furthermore, the data relating to any stratifications were retrieved.
The data extraction was carried out by two authors independently, E.P. and D.P., and any
discrepancies were resolved through consultation with a third reviewer, E.L.

For the data collection, spreadsheet software Microsoft Excel was used (version 2102
build 13801.20864).

2.5. Study Risk of Bias Assessment

The methodological quality of included studies was assessed according to risk of
bias in prevalence studies developed by Hoy et al. [11]. The tool considers ten domains
concerning characteristics of prevalence studies, each rated in terms of risk of bias and
applicability to research question. Risk of bias was judged from 0 (high risk) to 10 (low
risk). The risk of bias was evaluated by two authors independently, E.P. and D.P., and any
discrepancies were resolved through consultation with a third reviewer, E.L.

2.6. Effect Measures

We evaluated the study-specific prevalence of adherence or persistence (drug survival)
to biologics by calculating the proportion of adherent or persistent subjects on the total
number of participants for each study. Where the study provided adherence/persistence
as a percentage or where the non-adherence/non-persistence was provided, appropriate
calculations were performed.

2.7. Synthesis Methods

As adherence and persistence refer to two different concepts that cannot be matched
and pooled, we separately analyzed these parameters, as previously reported by others [12].
In detail, three outcomes were evaluated in our meta-analysis: (1) adherence; (2) good
adherence, generally reported as the medication possession ratio (MPR) or proportion of
days covered (PDC) ≥ 80%; and (3) persistence.

Study-specific means of adherence were pooled using random effect models and the
generic inverse variance method. Study-specific adherence/persistence proportions were
pooled using random effect models with Freeman–Tukey transformation.

The heterogeneity for both methods was quantified through the Higgins heterogeneity
index (I2) and was tested through the chi-square test for mean adherence and Cochran’s Q
test for adherence/persistence proportion.

Subgroup analyses were conducted according to study design (retrospective observa-
tional, prospective observational, or cross-sectional), type of biologics, the type of biologic
users (biological-naïve subjects, i.e., subjects who have never used a biological drug, and
biological-experienced subjects, i.e., subjects who have already had experience with this
type of treatment), and study quality (high quality, score ≥ 8, vs. low quality, score < 8).
Differences between groups was considered statistically significant if the heterogeneity test
was significant.

p-value < 0.10 was considered statistically significant.
The “metagen” and “metaprop” routines within the META package in R (version 4.12)

was used for analyses [13].

3. Results

3.1. Systematic Review

A flowchart of the search is presented in Figure 1. We identified 1285 records from
the PUBMED search and 2698 from EMBASE. In total, 62 studies, including 169,371 par-

69



J. Clin. Med. 2022, 11, 1506

ticipants, met the inclusion criteria and were included in the qualitative synthesis. Three
studies [14–16] did not show data on persistence or the number of persistent patients, while
one did not show data on adherence [17]; two studies were conducted on patients not only
affected by psoriasis [18,19] and did not report adherence data for psoriasis patients; one
study [20] did not report the number of patients treated with each biological drug but only
adherence as percentage. Fifty-five studies [21–75] on 161,748 participants were included
in the quantitative synthesis (meta-analyses).

 

Figure 1. Flowchart of search.

In 13 studies [24,25,28,32,34,35,38,39,55,64,66,70,75], the sample was composed of
patients with other chronic inflammatory autoimmune conditions, including osteoarticular
diseases (such as ankylosing spondylitis and rheumatoid arthritis), bowel diseases (such
as ulcerative colitis and Crohn’s disease), and psoriatic arthritis. The extraction of data,
in this case, focused on the cohorts of patients suffering from psoriasis regardless of
other conditions.

Among the included studies (Table 1), 5 studies presented data on adherence [22,27,
33,44,53], 16 studies on good adherence [21,25–27,32,33,35,40,44,46,49,53,63,68,71,73], 46
studies on persistence data [21,23–25,27–31,33,34,36–39,41–45,47–62,64–70,72,74,75], and 8
studies reported data on both adherence and persistence [21,25,27,33,44,49,53,68]. Regard-
ing study design (Table S1), 51 were retrospective cohort studies [15,18,19,21–49,51–57,59–
62,64,66–68,70,72,74,75], 5 were prospective cohort studies [14,50,58,65,69], and 6 were
cross-sectional studies [16,17,20,63,71,73]. The mean age of the participants was 47 years, of
which about 45% were female. Thirty-two studies reported no use of concomitant drugs [14,
16–19,21,23–26,28–31,34,37,39,42,51,52,55,58,61,62,64,67,68,70,71,73,75]. Twenty-four stud-
ies presented data on biological-naïve patients [26–32,37–39,41,43,46,48,50,51,53,55,60,61,
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66,68,74,75], while four studies [37,39,50,75] reported data on biological-experienced pa-
tients. Twenty-eight studies reported data on ADA adherence/persistence [26,27,29,
31–33,35,36,39,40,48–53,55,61,63–70,74,75], fifteen on INF [27,29,36,39,47,49,50,52,53,55,57,
64,67,70,75], twenty-five on ETN [22,26,27,29–32,36,39,40,48–53,55,56,63,66–68,70,74,75],
four on IXE [28,33,44,54], ten on SECU [24,28,32,34,44,59,61,68–70], and twenty-one on
UST [23,26,27,31,32,39,40,48,50,51,53,60,61,63,64,67–70,72,75]. Finally, forty-five studies
were included in biological drug subgroup analysis [21,23,24,26–36,39,40,42–44,46–56,59–
61,63–70,72–75] and twenty-eight in experienced/naïve subgroup analysis [26–32,35,37–
39,41,43,46,48,50,51,53,55,60,61,66,68,74,75].

Table 1. Details of calculation methods in considered outcomes.

No. of Studies (No. of Patients)

Adherence

MPR/PDC mean

during a period of 12 months 2 (4832) [27,53]

during a period of >12 months 3 (6297) [22,33,44]

Good adherence

MPR/PDC ≥ 80%

during a period of 12 months 6 (29,256) [25–27,49,53,68]

during a period of >12 months 5 (11,516) [32,33,35,40,44]

Other definitions during different or not-specified periods a 5 (4480) [21,46,63,71,73]

Persistence

No discontinuation or gap a or switch

during a period of <12 months 2 (1179) [23,72]

during a period of 12 months 24 (114,864)
[24,27,28,31,37–39,43,45,48,49,51,53–55,60–62,64–66,68,74,75]

during a period of >12 months 11 (24,246) [29,33,34,41,42,44,50,56,58,59,67,69]

during a not-specified period 1 (84) [52]

Still on treatment

after a period of <12 months 1 (378) [25]

after a period of 12 months or more 4 (2336) [30,36,47,57]

Other definitions during different or not-specified periods 2 (13,714) [21,70]
a different permissible gaps (from 7 to 150 days).

Table 1 shows details on adherence, good adherence, and persistence. The measures
were highly heterogeneous: 5 studies gave the mean of adherence using MPR or PDC
measures defined during different periods; 16 studies gave the proportion of adherent
patients by mainly using (11 out of 16) the cut-off of 80% of MPR or PDC measures defined
during different periods; 46 gave the proportion of persistent patients by mainly using
(38 out of 64) discontinuation or switch or no gap (from 7 to 150 days) concepts defined
during different periods.

3.2. Risk of Bias in Studies

Seventeen studies [18,25–27,32,39,45,46,48,49,53,59,61,62,67–69] obtained a total score
of 10 in quality assessment based on the scale of Hoy et al. [11], while three studies [34,42,73]
scored less or equal than 6 points. Details on single domains can be found in Table S2.
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3.3. Results of Synthesis
3.3.1. Adherence

The meta-analysis conducted on five studies including 11,129 patients showed a mean
adherence of 65% (95% confidence interval, CI: 61–70%, Figure S1) with considerable
heterogeneity (I2 = 99%). Among 16 studies including 45,252 patients, the proportion of
good adherence was 61% (48–73, Figure 2), with considerable heterogeneity (I2 = 100.0%).
Only 2 out of 16 studies reported the reasons for non-adherence, which were loss of efficacy
and adverse events. Qualitative descriptions of the reasons are shown in Table S3.

Figure 2. Forest plot of proportions, and their 95% confidence intervals, of adherent patients.

Regarding the stratification according to the type of biologic drug, the highest adher-
ence proportion (Table 2, Figures 3 and 4) was observed for UST (72%, 48–91), followed by
INF (63%, 44–80), ADA (62%, 47–76), SECU (52%, 35–68), ETN (50%, 36–65), and, finally, IXE
(46%, 43–48). The difference between groups was statistically significant (p-value = 0.04).
ADA, ETN, and UST represent the three biological drugs most considered in the included
studies, as the use of each of them was evaluated in a considerable number of studies
compared to the others: 10 studies for the first drug [26,27,32,33,35,40,49,53,63,68], 8 for the
second [26,27,32,40,49,53,63,68], and 7 for the third [26,27,32,40,53,63,68].

Table 2. Pooled proportions of adherent patients stratified according to study design, type of
biological drug, and type of patient.

No. of Studies No. of Patients
Adherence, %,

[CI 95%]
I2 Q

p-Value for
Heterogeneity
within Strata

p-Value for
Heterogeneity
between Strata

Overall 16 45,252 61 [48; 73] 99.7% 5205.80 0

Study design

Cross-sectional 3 753 85 [55; 100] 98% 89.03 <0.0001
0.06

Retrospective cohort 13 44,499 54 [43; 66] 100% 4905.70 <0.0001

Biological drug

ADA 10 19,340 62 [47; 76] 100.0% 2263.54 0

0.04

ETN 8 11,376 50 [36; 65] 100.0% 1444.93 <0.0001

INF 3 650 63 [44; 80] 94.0% 33.15 <0.0001

UST 7 6179 72 [48; 91] 99.0% 1087.17 <0.0001

IXE 2 1291 46 [43; 48] 0.0% 0.28 0.5976

SECU 3 2036 52 [35; 68] 98.0% 128.11 <0.0001

Not specified 5 4380 61 [33; 85] 97.0% 129.88 <0.0001

Type of patient

Biological naïve 6 33,301 52 [39; 65] 99.8% 3107.32 0
0.29

Not specified 12 12,912 63 [47; 78] 99.1% 1198.03 <0.0001
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Figure 3. Forest plot of proportions, and their 95% confidence intervals, of adherent patients stratified
according to biological drugs.

Figure 4. Percentage of adherent patients according to biological drugs. Confidence intervals (95%)
are reported within the vertical bars.
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There were differences stratifying by study design, with the cross-sectional design
(85%; 55–100) showing a higher adherence compared to the retrospective cohort design
(54%; 43–66) (p-value from subgroup test = 0.06) (Table 2 and Figure S2); however, only
3 studies had a cross-sectional design in contrast with 13 retrospective cohort studies.
There were no differences stratifying by biological-naïve patients and not-specified pa-
tients (p-value = 0.24) (Table 2 and Figure S3) or stratifying by risk of bias (p-value = 0.40)
(Figure S4).

3.3.2. Persistence

The meta-analysis conducted on 46 studies including 156,801 patients showed a
persistence proportion of 63% (57–68, Figure 5), with considerable heterogeneity (I2 = 100%).
Less than half of the studies (19 out of 46) reported the reasons for drug discontinuation
or switching. The most common reasons were loss of efficacy and adverse events (nine
studies) followed by ineffectiveness (three studies). Qualitative descriptions of the reasons
are shown in Table S3.

Figure 5. Forest plot of proportions, and their 95% confidence intervals, of persistent patients.

Regarding the stratification according to the type of biological drug, the highest
persistence (Table 3, Figures 6 and 7) was found for UST (77%, 70–84), followed by SECU
(72%, 58–84), IXE (70%, 52–85), INF (64%, 60–68), ADA (57%, 50–63), and ETN (53%, 42–65).
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The heterogeneity between groups was statistically significant (p-value < 0.01). ADA, ETN,
and UST represent the three biological drugs most considered in the included studies, as
the use of each of them was evaluated in a considerable number of studies compared to
the others: 22 studies for the first drug [29,31,36,39,48,50–52,55,61,64–67,69,70,74,75], 19 for
the second [29–31,36,39,48,50–52,55,56,66,67,70,74,75], and 17 for the third [23,31,39,48,50,
51,60,61,64,67,69,70,72,75].

Table 3. Pooled proportions of persistent patients stratified according to study design, type of
biological drug, and type of patient.

No. of
Studies

No. of
Patients

Persistence,
%, [CI 95%] I2 Q

p-Value for
Heterogene-
ity within

Strata

p-Value for
Heterogene-
ity between

Strata

Overall 46 156,801 63 [57; 68] 100.0% 19,429.06 0

Study design

Retrospective cohort 42 146,657 62 [56; 68] 100.0% 16,496.95 0
0.07

Prospective cohort 4 10,144 71 [63; 77] 96.1% 76.69 <0.001

Biological drug

ADA 22 21,176 57 [50; 63] 99.0% 2428.85 0

<0.001

ETN 19 12,914 53 [42; 65] 99.0% 2770.05 0

INF 14 1465 64 [60; 68] 56.0% 29.85 0.0049

UST 17 11,869 77 [70; 84] 98.0% 1045.48 <0.001

IXE 4 2155 70 [52; 85] 98.0% 176.12 <0.001

SECU 9 3053 72 [58; 84] 99.0% 585.42 <0.001

Not specified 12 90,014 55 [44; 66] 100.0% 9286.07 0

Type of patient

Biological naïve 21 66,821 56 [49; 64] 100.0% 5408.54 0

0.05
Biological

experienced 4 43,097 50 [35; 65] 100.0% 1638.78 <0.001

Not specified 25 46,583 67 [60; 74] 100.0% 5961.35 0

Different persistence proportions (p-value from heterogeneity test = 0.05) were ob-
served among 21 studies on biological-naïve patients (56%, 49–64), 4 studies on biological-
experienced patients (50%, 35–65), and 25 studies where it was not specified (67%, 60–74)
(Table 3 and Figure S5). There were also statistical differences in study design stratification
(p-value from subgroup test = 0.07) (Table 3 and Figure S6). However, only 4 studies had
a cross-sectional design in contrast with 42 retrospective cohort studies. There were no
statistical differences in the risk of bias stratification (p-value = 0.78) (Figure S7).
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Figure 6. Forest plot of proportions, and their 95% confidence intervals, of persistent patients stratified
according to biological drugs.
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Figure 7. Percentage of persistent patients according to biological drugs. Confidence intervals (95%)
are reported within vertical bars.

4. Discussion

We systematically reviewed data from 55 studies including 161,748 psoriatic patients
and showed that 61% of patients were adherent to biologic therapy and 63% were persistent.
Our findings are consistent with those reported in previous studies. In a systematic review
on inflammatory bowel disease [76], 23–62% of patients were found adherent to biologics.
Another systematic review on rheumatoid arthritis [77] reported a median adherence value
of 63% for both ETN and ADA. Finally, two recent meta-analyses on psoriasis showed that
66% of patients were persistent at 1 year [78] and 53.2% at two years [79].

In the studies included in our systematic review, the main reported reasons for drug
discontinuation, switching, or non-adherence were loss of efficacy and adverse events.
However, many other aspects could affect the patient’s behavior toward biological therapy.
The female gender, recent disease onset, smoking, the presence of comorbidities, and
a lack of efficacy of the previous treatments have been reported as predictors of non-
persistence/non-adherence [42,71,80–82]. On the contrary, the presence of psoriatic arthritis
has been generally associated with sustained drug survival of biological agents [69,81].

The variability in the included studies is reflected in the heterogeneity of our analysis.
We found that biological-naïve patients were more persistent than biological-experienced
patients. However, only four studies evaluated persistence in biological-experienced pa-
tients. Moreover, we observed a high percentage of adherent and persistent patients among
cross-sectional and prospective cohort studies, respectively, compared to retrospective
cohort ones. This is expected, even if only three studies evaluating adherence had a cross-
sectional design and four studies evaluating persistence had a prospective cohort design.
We did not investigate whether the inclusion of different definitions of the concepts of
adherence and persistence influenced our results because few studies used the same defi-
nition. This represents a limitation of our study, as well as other meta-analyses aimed at
pooling adherence and persistence. The proposal of a unified set of definitions might be
useful to make the results of future studies more consistent and comparable [83].

At present, the data about adherence and persistence to individual biological drugs
are quite scarce. This evaluation is essential to guide clinicians toward a more rational
therapeutic choice, which is fundamental for both medical and economic purposes. In our
study, the highest adherence was found for the human antibody UST (72%), followed by
INF (63%), ADA (62%), SECU (52%), ETN (50%), and IXE (46%). Similar proportions were
found for persistence as, in descending order, they were UST with 77%, SECU with 72%,
IXE with 70%, INF with 64%, ADA with 57%, and ETN with 53%.

The variability in both adherence and persistence to specific biologics could derive, to
a minimal extent, from the differences in the efficacy of treatments, which can reasonably
affect patients’ satisfaction and, consequently, adherence/persistence to therapy. Future
studies are required to elucidate on comparative efficacy because few data derived from
direct “head-to-head” comparisons, and short-term efficacy outcomes were mainly evalu-
ated [84–87]. A role for body mass index (BMI) in the patient’s attitude toward biological
treatment has been recently proposed [88,89]. Indeed, the efficacy of TNF-α inhibitors and
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UST is reduced in obese/overweight patients with psoriasis [90–92], with consequences for
both adherence and persistence [93,94].

The difference between adherence and persistence to biological therapies can be cer-
tainly explained by discussing the origin, therapeutic class, administration route and timing,
and toxicity profile of the biologics. Firstly, the immunogenic potential of chimeric antibod-
ies (i.e., INF) might cause acute anaphylactic reactions following infusion, as well as hyper-
sensitivity reactions (such as influenza-like syndrome, local skin reactions, and pyrexia) [95].
These phenomena can be counteracted with concomitant immunosuppressive therapy, with
serious consequences on patient compliance and medication adherence/persistence [96].
On the contrary, pharmacological treatment with fully human antibodies (ADA, SECU, and
UST) is less associated with anti-drug antibody production, although residual immuno-
genicity has been reported even for the most innovative biological drugs [97].

All biological drugs share the common risk of mild-to-moderate adverse events,
including headache, cutaneous and upper respiratory tract infections, and injection site
reactions, which can dramatically reduce quality of life [98]. Generally, these reactions
do not require additional therapy, but they can be prevented by combining biological
drugs with immunomodulators [99], with predictable detrimental effects on the patient’s
compliance. Notably, TNF-α inhibitors are generally associated with a higher risk of
severe infections, and they can induce hypersensitivity reactions [100] and dermatological
disorders [101]. Hence, the peculiar toxicity profile of TNF-α inhibitors might explain, at
least in part, the sub-optimal medication adherence and persistence to ETN, ADA, and INF
in psoriatic patients.

Among the TNF-α inhibitors, ETN is self-administered using pre-filled syringes or
pens up to twice a week. Both self-administration and short intervals between administra-
tions might reduce compliance [102]. ADA is administered subcutaneously every 2 weeks.
Therefore, the interval between administrations is longer than that reported for ETN, par-
tially justifying the better adherence and persistence proportions to ADA rather than ETN.
Finally, INF is intravenously administered at weeks 0, 2, and 6 after initiation and then
at an 8- to 12-week interval [103]. The outpatient administration of INF ensures periodic
support is provided to psoriasis patients, as well as contributing to a more assiduous
monitoring of therapy by clinicians. Importantly, patients with scheduled appointments
do not forget to take drugs, and they do not make mistakes, which instead can occur in
self-administered therapy.

Concerning IL17A inhibitors, SECU is self-administered once a week for 4 weeks
and then every 4 weeks [104], while IXE is self-administrated every 2 weeks for the first
12 weeks and then once a month [105].

The highest adherence and persistence proportions were found for the IL12/23 in-
hibitor UST (72% for adherence and 77% for persistence). UST is characterized by high
efficacy in the treatment of moderate-to-severe forms of psoriasis [106] and a favorable
safety profile [107]. Moreover, it is administered every 12 weeks, exclusively under the
guidance of an experienced physician. Both the longest administration interval and the su-
pervision of a healthcare provider might favorably impact adherence and persistence [108].
The subcutaneous administration of UST using pre-filled syringes or pens might also
explain the wide difference in the adherence and persistence proportions from another
biological drug administered in hospitals or clinics, namely, INF (63% vs. 64%, respec-
tively). Indeed, the latter therapy requires a slow 2 h infusion followed by an additional
monitoring period of 2 h; it is a demotivating protocol that might partially contribute to
scarce medication adherence and persistence.

In accordance with our findings, a comparative meta-analysis showed that UST has the
longest persistence at 5 years after initiation compared with TNF-α inhibitors (ETN, ADA,
and INF) [79]. In a meta-analysis of real-world evidence, UST appeared as the biological
drug less frequently discontinued due to loss of efficacy [78], thus confirming its clinical
relevance in the pharmacological treatment of psoriasis. On the contrary, ETN showed
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the worst persistence and the highest number of therapy interruptions for low efficacy,
supporting the results of our meta-analysis.

Even if UST is one of the most expensive biological drugs, it is endowed with one of the
most favorable cost-efficacy profiles among the biological drugs for psoriasis [109]. Indeed,
both sustained adherence and persistence and a sporadic dose regimen reduce the direct
costs of treatment in the long term [110], but great attention should be paid to obese patients
requiring high dosage [111]. In addition, UST is associated with minor indirect costs for the
healthcare system, as it reduces hospital visits for non-responders; treatment failure; and
resultant drug switching, which is associated with a 7–17% increase in annual costs [112].
There are, however, some crucial aspects that must be considered before initiating biological
therapy with UST. Of course, UST must be avoided in patients with hypersensitivity to this
biological drug or any of the excipients [110]. Moreover, health insurance coverage does not
apply in all cases in real clinical practice. This latter aspect is reported to be responsible for
short-term intermittent treatment with UST [113], as uninsured patients cannot afford the
economic burden of continuous treatment with this biologic drug. Hence, the expansion of
insurance coverage might ameliorate both patients’ satisfaction and adherence/persistence
toward biological therapy. Finally, patient preferences should also be considered before
starting therapy with UST, as involving patients in treatment decisions can influence both
adherence to treatment and the outcomes of therapy [114].

5. Conclusions

The adherence and persistence to biological therapy in psoriasis patients are sub-
optimal; however, the initial therapeutic choice might be crucial to ensure better medication
adherence/persistence. Psoriasis patients are more adherent and persistent to therapies
with a favorable safety profile and that are characterized by less frequent administrations
(i.e., UST). However, several aspects regarding comorbidities, insurance coverage, patient
preferences, and costs must be considered before initiating therapy with UST. We suggest
that constant real-life therapeutic discussions between health providers (dermatologists,
general practitioners, pharmacists, and nurses) and their patients, as well as specific support
programs, might promote the optimal levels of adherence and persistence to biological
drugs for both clinical and economic purposes.

Our study has several strengths, including the high number of studies identified and
the large sample size, which gives consistency to the results. Our study also has some
limitations, such as having considered work from all over the world; therefore, it cannot be
excluded that adherence and persistence to treatment may have a link with reimbursement
policies that vary from country to country. In addition, the follow-up period was variable
from study to study, although most papers were aligned in considering 12 months as the
follow-up period. We are also aware that we had to exclude some studies because of the
lack of usable data, even though they met all inclusion and exclusion criteria. The age
and sex of the participants could influence adherence/persistence; however, in the studies
included in our meta-analysis, patients were very similar in terms of age and sex. Finally,
although we included all drugs approved before May 2021 (data of our literature search) to
manage moderate-to-severe psoriasis, we did not include studies investigating new groups
of drugs, for example, selective inhibitors of IL-23 in a recently published study [115], and
this represents a limitation of our systematic review.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm11061506/s1, Supplementary Material S1: Search strategy; Table
S1: Summary of findings of included studies; Table S2: Risk of bias for prevalence studies; Figure S1:
Forest plot of mean adherence; Table S3: Qualitative description of the main reasons for biological
drug discontinuation or switching; Figure S2: Forest plot of proportions of adherent patients with
psoriasis to biological drugs stratified by study design; Figure S3: Forest plot of proportions of
adherent patients with psoriasis to biological drugs stratified by type of patient; Figure S4: Forest plot
of proportions of adherent patients with psoriasis to biological drugs stratified by risk of bias; Figure
S5: Forest plot of proportions of prevalent patients with psoriasis to biological drugs stratified by
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Abstract: Janus kinases inhibitors are molecules that target Janus kinases—signal transducers and
activators of transcription (JAK/STAT). They inhibit this intracellular signal pathway, blocking the
gene transcription of crucial proinflammatory cytokines that play a central role in the pathogenesis
of many inflammatory and autoimmune diseases, including psoriasis. This process reduces psoriatic
inflammation. The JAK inhibitors are divided into two generations. The first generation of JAK
inhibitors blocks two or more different Janus kinases. The second generation is more specified and
blocks only one type of Janus kinase and has less side effects than the first generation. Tofacitinib,
ruxolitinib and baricitinib belong to first generation JAK inhibitors and decernotinib and filgotinib
belong to second group. This narrative review summarizes the role of Janus kinase inhibitors in the
therapy of psoriasis. Oral JAK inhibitors show promise for efficacy and safety in the treatment of
psoriasis. Studies to date do not indicate that JAK inhibitors are superior to recent biologic drugs in
terms of efficacy. However, JAK inhibitors, due to their lack of increased incidence of side effects
compared to other biologic drugs, can be included in the psoriasis treatment algorithm because they
are orally taken. Nevertheless, further studies are needed to evaluate long-term treatment effects
with these drugs.

Keywords: psoriasis; Janus kinases; therapy

1. Introduction

Psoriasis vulgaris is a common inflammatory, chronic skin disease that affects 2% to
3% of the world population. It is a disease with periods of exacerbation and remission.
Psoriasis vulgaris has a genetic basis and multigenetic inheritance. Many factors play
a role in the development of psoriasis, among which are distinguished: environmental
and immunological factors. However, the influence of genetic conditions and multigene
background is underlined.

There are two types of psoriasis. Type I is associated with autosomal dominant
inheritance, occurring in up to 40 years of age and is associated with HLA-Cw6 tissue
compatibility antigens, as well as B13 and B57. Type II appears for the first time between
50 and 70 years of age and is associated with HLA antigens Cw6, Cw2 and B27. Thus far,
no specific gene responsible for psoriasis has been found, and HLA-Cw6 alleles are also
found in the normal population [1–3].

The most common variant of this disease, affecting 85–90% of patients, is plaque
psoriasis. In addition, there is palmoplantar psoriasis, erythrodermic psoriasis, and inverse
psoriasis as well as generalized pustular psoriasis, which is alternatively termed von
Zumbush type. In addition to isolated skin lesions, 25% of patients with psoriasis and joint
lesions are diagnosed with psoriatic arthritis [1].

The skin lesions of psoriasis are erythematous scaly plaques, which are preferen-
tially disposed at extensor sites and in areas of mechanic stress such as the knees and
elbows. They are characterized by hyperplasia and parakeratosis with accumulation of
inflammatory cells in the dermis. In addition, scalp, nails and inverse regions can also be
affected [4].
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The inflammatory response in psoriasis is mainly driven by T cells, especially T helper
cells (Th17), and is mediated by different cytokines, especially TNF-α, IL-17, IL-23 but
also other cytokines such as IFN-γ, IL-2, IL-6, IL-8, IL-17, IL-18 and IL-22. The IL-23 is
crucial in the pathogenesis of psoriasis and causes Th17 cells to produce IL-17 and IL-22.
They induce changes in the skin characteristic for psoriasis. Psoriasis severity is generally
characterized by the Psoriasis Area and Severity Index (PASI), which is usually presented
as a percentage response rate [2,4,5].

There is a wide range of treatment possibilities for psoriasis. The treatments include
mainly topical medicines such as ointments with urea, salicylic acid and cygnoline, gluco-
corticosteroids and vitamin D derivatives and phototherapy. In moderate to severe cases of
psoriasis, oral drugs such as acitretin and immunosuppressive drugs such as methotrexate
and cyclosporine were given. In recent years, new groups of medicine were used in the
treatment of psoriasis, which are biologics. The biologic drugs targeting TNF, IL-12/IL-23,
and IL-17 have been approved for the treatment of psoriasis in the last few years, but not all
patients respond to treatment with biologics. The biologics are efficient, well tolerated, and
safe for treatment of psoriasis but are expensive [4,6–8]. The Janus kinase (JAK) inhibitors
are a new class of drugs that can be used in systemic treatment of psoriasis, and they are
less expensive.

1.1. Janus Kinases

Janus kinase (JAK) is the non-receptor tyrosine kinase that transduces signals from
multitudes of cytokines and growth factors and plays a major role in the pathogenesis of
many inflammatory and autoimmune diseases, including psoriasis [4,9]. The JAKs are
intracellular enzymes that bind to the cytoplasmic domains of cytokine receptors [10,11].
In recent years, there have been many trials about modulating the key intracellular compo-
nents of cytokine signaling through Janus kinases (JAK) [2,4,12].

Cytokines are a group of proteins consisting of different structures. They act on differ-
ent signal transductions, as a result of joining receptors, and they are grouped depending
on the receptor to which they join. The binding of cytokines to their receptors initiates an
inflammatory signal that can be mediated by JAK. The large group of cytokines such as
IL-2, IL-4, IL-6, IL-7, IL-9, IL-12, IL-15, IL-21, IL-22 and IL23 as well as interferons such as
INF-gamma bind to type I and II cytokine receptors [13,14].

When cytokines bind to receptors, the intracellular JAKs are recruited and joined in
pairs to the intracellular part of the cytokine receptors, and then, they are activated. The
dimerization of JAKs formats heterodimers, autophosphorylate, and attracts STAT (signal
transducer and activator of transcription) protein. Afterward, the activated STAT proteins
dimerize and translocate to the cell nucleus, where they regulate gene transcription of
different cytokines, including proinflammatory cytokines that play role in pathogenesis of
psoriasis [6,14–17] (Figure 1).

JAK was discovered in the end of the last century [18]. In mammals, there are four JAK
proteins: JAK1, JAK2, JAK3, and TYK2 (tyrosine kinase 2) [11] and seven STATs [4,11]. JAK1,
JAK2, and TYK2 are involved in cell growth processes in different cell types, they partake in
their development and differentiation, while JAK3 is critical to hematopoiesis [14,15,19,20].
JAKs are crucial for intracellular signaling of lymphocytes. Their dysfunction is involved
with impairment of immune cells [15,21]. The JAK/STAT signaling pathway is typically
found in many inflammatory skin diseases including psoriasis [10,13]. It was shown that
JAK1 expression correlates with duration of psoriasis and Psoriasis Area and Severity Index
(PASI) score [7].

Different JAKs are associated with specific cytokine receptors and influence different
aspects of immune cell development and function. JAK1 is associated with INF, IL-6 and
Il-10 receptors and with receptors containing the common gamma chain during JAK2 with
hematopoetic receptors as well as the IL-12 and IL-23 receptors. JAK3 is associated with ma-
jor cytokines for lymphocyte function IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21 receptors. The
TYK2 is conjuncted with JAK2 and associated with INF, IL-12 and IL-23 receptors [17,21,22].
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Mutations of JAK cause dysfunction of cells and diseases such as essential thrombocytope-
nia, myelofibrosis, polycythemia vera, severe combined immunodeficiency, autoimmune
diseases and others [14,16,20,23].

Figure 1. Mechanisms of action of Janus kinases. JAK—Janus kinase, STAT—signal transducer and activator of transcription;
P—phosphoric acid, GM-CSF—Granulocyte-macrophage colony-stimulating factor, IFN—Interferon.

1.2. Janus Kinase Inhibitors

JAK inhibitors improve the treatment of many inflammatory diseases, including pso-
riasis [18]. JAK inhibitors are the molecules targeting the Janus kinase—a signal transducer
and activator of transcription (JAK/STAT). They block this intracellular signal pathway by
blocking the gene transcription of crucial proinflammatory cytokines, which play a central
role in the pathogenesis of many inflammatory and autoimmune diseases including psoria-
sis [9,10] (Figure 2). This process reduces psoriatic inflammation [14,16,23]. JAK inhibitors
target JAKs inside the cell [14,24]. The JAK inhibitors are divided into two generations. The
first generation of JAK inhibitors target two or more different JAKs. The second generation
is more specified and target only one type of JAK and has less side effects than the first
generation [14,25]. Tofacitinib, ruxolitinib and baricitinib belong to first generation of JAK
inhibitors and the decernotinib and filgotinib to the second group [13,14,25].

1.3. JAK Inhibitors in Psoriasis Treatment

Knowledge about biologics used for psoriasis (such as ustekinumab, secukinumab,
ixekizumab, risankizumab) targeting the IL23/IL17 axis, shows that there is also thera-
peutical potential of JAK inhibitors associated with receptors for these cytokines. The
blocking by JAK inhibitors of cytokines pathway may suppress the expression of many
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cytokines important for pathogenesis of psoriasis [4,14,25,26]. For example, IL-23, the
crucial interleukin in the pathogenesis of psoriasis, transduces the signal by JAK2 and
TYK2 [14,27] and can be a target for the treatment of psoriasis [4].

Figure 2. Mechanisms of action of Janus kinase inhibitors. JAK—Janus kinase, JAKI—Janus kinase inhibitor, STAT—signal
transducer and activator of transcription; P—phosphoric acid, ATP—Adenosine triphosphate.

The JAK inhibitors are currently under clinical investigation for oral and topical treat-
ment in psoriasis [4,10,13,28]. Currently, the three JAK inhibitors, tofacitinib, baricitinib,
and ruxolitinib, have been approved for clinical use in psoriasis in the United States of
America and Europe [4,29].

1.4. Tofacitinib—General Information and Clinical Trials

Tofacitinib is the most studied JAK inhibitor in cutaneous diseases. It is now being
explored in skin diseases and do not respond to or sustain intolerable adverse effects as an
immunosuppressive and biologic treatment [10,11]. Compared to immunosuppressives
and biologics treatment, tofacitinib is easy to administer and can be used orally or topi-
cally [11]. Besides being used in psoriasis [4,29], tofacitinib is being used as an off-label
indication in alopecia areata, vitiligo and atopic dermatitis [11,15,30]. It is also used in
treatment in skin diseases such as moderate to severe active rheumatoid arthritis [15,31–34],
psoriatic arthritis [15,32,35], and ulcerative colitis [15,36].

Tofacitinib, a first-generation JAK inhibitor, blocks tyrosine kinases of the Janus fam-
ily such as JAK1 and JAK3, with affinity for JAK2 and TYK 2 [10,15,37]. Tofacitinib is
rapidly eliminated. The peak level of tofacitinib occurs within 30 min, and the half-life
is 3 h. It is metabolized mainly by the liver, primarily mediated by CYP3A4 with minor
contribution from CYP2C19, and metabolized at a low percentage in kidneys. It is excreted
renally [11,31,38–40]. In pregnancy, is not well established and can be used only if benefits
outweigh the potential risks. There is a reported small amount of cases of pregnant women
who received tofacitinib [11,41]. Tofacitinib is secreted in breast milk and breastfeeding is
avoided during treatment [11]. In the pediatric population, studies are not robust. This
drug cannot be used in those less than 18 years of age [11].
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Tofacitinib is the most studied JAK inhibitor used to heal chronic plaque psoriasis
orally [14,19,23]. It was shown that treatment with tofacitinib (10 mg twice daily) decreases
epidermal thickness, reduces of the number of T cells infiltrating the skin, and suppresses
the IL-23/Th17 pathway [11].

The action of this drug is decreased during concurrent administration of the potent
CYP3A4 inducers (e.g., Rifampicin) and is increased during concurrent administration of
potent inhibitors of CYP3A4 (e.g., ketoconazole and flukonazole). The immunosuppressive
drugs, e.g., azathioprine, tacrolimus, and cyclosporine, are avoided during treatment with
tofacitinib because of increased risk of immunosuppression. In addition, disease-modifying
anti-rheumatic drugs and biologics are not well studied and are not recommended for co-
administration because of an increased risk of immunosuppression [11]. The therapy with
tofacitinib should not be started in the following conditions: active infection, hematological
abnormalities, severe hepatic impartment, and hypersensitivity to the active substance or
to any excipients [11].

The effectiveness of oral administration of tofacitinib was confirmed in the treatment
of moderate to severe plaque psoriasis phase III trials [42,43]. The effectiveness and safety
of tofacitinib (in dose 5 and 10 mg twice daily) was described in two phase III trials in
patients with active psoriasis arthritis. In these trials, tofacinitib was used in combination
with methotrexate, sulfasalazine and leflunomide [33,34,44].

Tofacitinib was also be used as a topical treatment. The topical application of 2%
tofacitinib ointment decreased possible systemic adverse effects. It was tested in a phase II
trial. It was observed to have a better effect than placebo [24,45].

1.4.1. PIVOTAL 1 and PIVOTAL 2—Phase III Studies of Tofacitinib Treatment

The most important studies of tofacitinib were Pivotal 1 and 2. The duration of
these trials was 52 weeks. These were phase III double-blinded studies, which compared
tofacitinib 5 mg twice daily and 10 mg twice daily with placebo. The Pivotal 1 study
was conducted in 74 centers and the Pivotal 2 study in 94 centers, both in the USA,
Canada, Colombia, Germany, Hungary, Japan (Pivotal 1 only), Mexico, Poland, Puerto
Rico (Pivotal 2 only), Serbia, Taiwan and Ukraine. Inclusion criteria was age over 18 years,
diagnosis of plaque-type psoriasis for over 12 months before the first dose of tofacitinib,
Psoriasis Area and Severity Index (PASI) score over 12, psoriatic lesion involvement greater
than 10% body surface area (BSA) and Physician’s Global Assessment (PGA) score of 3
(moderate) or 4 (severe). PGA is a five-point scale that shows global consideration of
erythema, induration, and scaling of psoriatic lesions. Patients had to be candidates for
systemic therapy or phototherapy independently of use of prior systemic agents. Exclusion
criteria: nonplaque psoriasis systemic, infections, evidence of active, latent or improperly
treated Mycobacterium tuberculosis infection, present drug-induced psoriasis, malignancy
or history of malignancies, and receiving of efalizumab previously [46]. Patients were
recruited by the investigators and were randomized 2:2:1 to administer tofacitinib: 5 mg—
745 patients, 10 mg—741 patients or placebo—373 patients, twice daily.

End points consisted of the proportion of patients achieving PASI 90 at week 16, the
percentage change from baseline in BSA at week 16, change from baseline Dermatology
Life Quality Index (DLQI) total score at week 16, the proportion of patients achieving PGA
response at week 4, change from baseline DLQI total score at week 4, the proportion of
patients achieving PASI 75 at week 4, and percentage change from baseline Nail Psoriasis
Severity Index (NAPSI) at week 16 in patients with nail psoriasis at baseline. Another
secondary efficacy end point included time to PASI 75 or PGA response to week 16. Patients
who received placebo were randomized at week 16 to be given tofacitinib 5 or 10 mg twice
daily—it continued until week 52. Patients who did not achieve PASI 75 or PGA score of
“clear” or “almost clear” at week 28 were drawn back [42,43].

In this study, it was observed during Pivotal 1 and Pivotal 2, with similar protocols,
that the efficacy of oral tofacitinib, with the 10 mg twice daily, was more efficacious than
the 5 mg daily. The psoriasis patients who received tofacitinib in 5 or 10 mg twice daily
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achieved PASI75 at week 16 in higher percentages (OPT Pivotal 1, 5 mg: 39.9%; 10 mg:
59.2% and OPT Pivotal 2, 5 mg: 46.0%; 10 mg: 59.6%), compared with those receiving
placebo (OPT PIVOTAL 1: 6.2%; OPT PIVOTAL 2: 11.4%). The proportions of patients
achieving PGA responses at week 16 with tofacitinib 5 and 10 mg twice daily were in OPT
Pivotal 1: 41.9% and 59.2% versus placebo 9.0%, and in OPT PIVOTAL 2: 46.0% and 59.1%
versus placebo 10.9%. These results were maintained until month 24. Discontinuation of
treatment by tofacitinib was associated with a risk of return of lesions, but restart of the
treatment rapidly decreased psoriatic inflammation. Retreatment recovery efficacy existed
in ~60% of the patients. The reason for this is unknown [4,7,10,42,43,47–52]. In conclusion,
tofacitinib 5 and 10 mg twice daily showed clinically relevant efficacy versus placebo over
a 16-week period [42,43].

1.4.2. OPT Compare—Phase III Studies of Tofacitinib Treatment

Another phase III trial was OPT Compare. It was conducted to compare tofacitinib
5 mg twice daily or 10 mg twice daily with etanercept 50 mg twice weekly and placebo.
It was a randomized multicenter study that proved that the efficacy of tofacitinib 10 mg
twice daily is non-inferior at week 12 to the efficacy of etanercept 50 mg twice weekly
in psoriasis. The primary end point was evaluated at week 12. Only adult patients with
chronic stable plaque psoriasis (for ≥12 months) participated in this trial. The patients
were recruited from 122 investigational dermatology centuries from different countries.
They were candidates for phototherapy or systemic treatment. The inclusion criteria were
a Psoriasis Area and Severity Index (PASI) score ≥12, a Physician’s Global Assessment
(PGA) of moderate or severe, and no response to at least one conventional systemic therapy
or a contraindication or intolerance to this therapy [7,13].

Between November 2010 and September 2012, 1106 patients were grouped in a pro-
portion of 3:3:3:1. In the first group, the patients received 5mg of tofacitinib twice per day,
in the second—10 mg twice daily, in the third—50 mg of etanercept twice a week and in the
last group—placebo. In this trial, PASI75 was achieved at week 12 by 39.5% patients of the
first group, 63.6% of the second group, 58.8% of the third group and 5.6% of the group with
placebo. The PGA was better in 47.1% of patients in the first group, in 68.2% in the second,
in 66.3% in the third group and in 15.0% in the placebo group. All active groups achieved
a Dermatology Life Quality Index score of 0 or 1 in significantly higher percentages com-
pared with placebo (p < 0.0001, for all comparisons). The 10 mg tofacitinib-treated group
achieved an Itch Severity Item score of 0 or 1 in a greater percentage of patients compared
with etanercept, from week 2 up until week 12 (p < 0.05 for all comparisons) [14,20,44,53].
Improvement in nail psoriasis, as assessed by the Nail Psoriasis Severity Index score, was
also observed during treatment with tofacinitib (5 or 10 mg daily) at week 16 and was
generally maintained until week 52 [3,42,47,53,54]. Number of adverse events was similar
in all four groups [53].

1.4.3. Adverse Events of Tofacitinib

The adverse events of tofacitinib included skin infections, skin malignancy and cancers
of prostate, lungs, breast and pancreas, lymphomas and lymphoproliferative disorders,
infections of respiratory system and urinary tract, activation of latent tuberculosis and
reactivation of hepatitis B infection, opportunistic infection, pulmonary cryptococcosis,
histoplasmosis, gastrointestinal perforations and obstruction. The laboratory adverse
events included decreased hemoglobin levels, RBC, neutrophil and lymphocyte count,
and elevation of SGPT, SGOT, CPK, HDL, LDL, TG and cholesterol levels. There was
urticaria, angioedema, rash, headache, polyneuropathy and hypertension observed in
certain examples [11].

During phase III studies (tofacitinib 5 and 10 mg), 10–15% patients with active psoriasis
arthritis were observed to have increased lipid levels. These changes were dose-dependent.
The highest fluctuations were related to HDL, LDL and total cholesterol [50,55–57]. Hyper-
triglyceridemia and metabolic syndrome were higher in patients with psoriasis arthritis
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than in patients with rheumatoid arthritis treated by tofacitinib [50,58,59]. Studies showed
that tofacitinib does not increase cardiovascular disease risk. Similar results were observed
in studies with secuckinumab and ustekinumab [41,50,54,60–63]. During clinical trials
estimating the safety of tofacitinib taken 5 or 10 mg twice daily compared with a TNF
inhibitor in patients with rheumatoid arthritis, increased risks of pulmonary embolism and
mortality in patients who received tofacitinib 10 mg twice daily were noticed [14,64,65].
These symptoms were also observed during another independent study that compared
tofacitinib with TNF inhibitors [14,66].

During trials PIVOTAL 1 and PIVOTAL 2 in the period to week 16, both doses of
tofacitinib were well tolerated. In approximately 900 patients per study, the rates of adverse
events were low and similar in all groups of patients. Nausea, headache and diarrhea rates
were mildly elevated compared with placebo. There were no opportunistic infections and
gastrointestinal perforations. The risk of infection during taking tofacitinib was similar to
that of treatments with another biologics [23,24,42,43,67]. It was observed that tofacitinib
increased the risk of herpes zoster virus infection comparatively to placebo [14,68]. Three
patients among 363 treated by 5 mg and five patients among 360 patients treated by 10 mg
reported herpes zoster in OPT PIVOTAL 1. In OPT PIVOTAL 2, there were three patients
among 382 patients treated by 5 mg and one among 381 patients treated by 10 mg. All these
infections were mild or moderate. Three patients discontinued the study due to herpes
zoster events. There was one case of genital herpes in OPT PIVOTAL 1 (10 mg twice daily)
and none in OPT PIVOTAL 2. During trials, there were no cases of tuberculosis or other
opportunistic infection, no evidence of multidermatomal (more than two dermatomes) or
systemic herpes zoster and also no Cytomegalovirus and Epstein–Barr infections [14,42,69].

The most frequent infections were nasopharyngitis, which occurred in OPT PIVOTAL
1, occurring in 5.5% of patients treated with 5 mg tofacitinib, 8.6% patients treated with
10 mg tofacitinib, and 11.3% with placebo. In OPT PIVOTAL 2, it occurred in 8.4% patients
treated with 5 mg tofacitinib, 7.9% patients treated with 10 mg tofacitinib, and 5.6%
with placebo. Quantity of diarrhea (2.2–4.5%) and headache (4.2–6.9%) were higher with
tofacitinib than placebo (0–1.7% and 2.8–3.1%, respectively). Incidence of nausea during
taking of tofacitinib was similar to placebo (0.5–2.8%) [43].

During the first 16 weeks of research, there were four patients with tumors (exclud-
ing nonmelanoma skin cancer) in OPT PIVOTAL 1 (malignant melanoma, malignant
melanoma, esophageal carcinoma, prostate cancer) and none in OPT PIVOTAL 2. There
was one case of basal cell carcinoma and one case of squamous cell carcinoma (10 mg twice
daily) in OPT PIVOTAL 2 [42,43].

In a study with tofacitinib levels of HDL cholesterol, LDL cholesterol and triglycerides
were higher during 4 week observations. In the next period (from 4th to 16th week),
the levels were stable. It was not connected with increases in cardiovascular risk. Major
adverse cardiovascular cases were reported in two patients receiving tofacitinib 5 mg twice
daily, one receiving 10 mg twice daily and none with placebo; all cases were unrelated to
the treatment by tofacitinib [14,43,69].

Higher levels of median cholesterol and creatinine phosphokinase (CPK) and lower
levels of median hemoglobin were confirmed with tofacitinib during OPT PIVOTAL 1 and
OPT PIVOTAL 2. Seven patients had a CPK level of >10 times the upper limit of normal.
Among these patients, there were observed moderate myalgia, mild neck pain, and mild
arthralgia. No rhabdomyolysis was reported. Mild decreases of blood lymphocyte and
hemoglobin were reported in patients with psoriasis healed by tofacitinib; however, these
changes decreased and were usually reversible. No severe anemia was confirmed [14,65,70].

1.5. Baricitinib—General Information and Clinical Trials

Baricitinib selectively inhibits JAK1/JAK2 tyrosine kinases [71]. Baricitinib has also
been tested in clinical double-blind, placebo-controlled, dose-ranging phase 2b stud-
ies [4,45].
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Before described studies, patients were qualified to be candidates for phototherapy or
systemic therapy. Inclusion criteria were: age ≥18 years old, chronic plaque psoriasis for
≥6 months, ≥12% of body surface involved with psoriatic lesions, PASI scores of ≥12 and
static Physician’s Global Assessment (sPGA) scores of ≥3 on a 6-point scale at study entry.
Exclusion criteria were history of serious infections or illnesses, active infections, serious
comorbid cardiac or hepatic conditions, immunocompromised states, previous treatment
with an oral JAK inhibitor, treatment with a biologic agent or monoclonal antibody within
8 weeks before study, treatment with systemic psoriasis therapy or phototherapy within
4 weeks before study and topical psoriasis therapy within 2 weeks before study.

Patients were randomized to receive placebo or oral baricitinib at 2, 4, 8 or 10 mg
once daily for 12 weeks [71]. In this 12-week dose-ranging study, encouraging results
in treatment were noticed [13]. The primary end point was Psoriasis Area and Severity
Index (PASI) 75% (PASI-75) at 12 weeks. A 75% reduction in PASI was achieved by 43%
patients treated with baricitinib 8 mg once daily and 54% treated with 10 mg versus placebo
group (17%) [7]. Patients achieved significantly higher PASI75 response rates at week 12
compared with placebo. The majority (more than 81%) of the respondents maintained their
scores through week 24 [45,71].

In conclusion, patients with moderate to severe psoriasis treated with baricitinib for
12 weeks obtained significant improvements in PASI-75 rates versus patients treated with
placebo [71].

Adverse Effects of Baricitinib

There were no serious side effects observed for baricitinib, and this medicine was
well tolerated during trial; however, changes in laboratory parameters were similar to
those reported for tofacitinib. Baricitinib was observed to cause small dose-related de-
creases in neutrophil count and hemoglobin levels, as well as small increases in creatinine
and lipoprotein levels [4,14,52,72,73]. Opportunistic infections were not observed in any
treatment group [71].

1.6. Ruxolitinib—General Information and Clinical Trials

Ruxolitinib is a JAK1/JAK2 inhibitor that blocks signal transduction of multiple
proinflammatory cytokines [69,72]. This JAKs inhibitor was used as a topical treatment.

The topical ruxolitinib cream was checked during three psoriasis clinical trials. In a
phase 2 vehicle-controlled study in mild and moderate psoriasis, ruxolitinib reported PASI
reduction, although no clear dose–response was observed [13].

During the next trial, a double-blind study, ruxolitinib in 1.0% or 0.5% cream used
once per day or 1.5% cream twice per day was compared to two active comparators: cal-
cipotriene 0.005% cream and betamethasone dipropionate 0.05% cream for 28 days [13,69].
Ruxolitinib achieved clinical efficacy and was non-inferior to active comparators. One per-
cent ruxolitinib cream as well as 1.5% cream improved erythema, scaling, lesion thickness,
erythema and reduced lesion area. It caused their composite lesion score to decrease by
more than 50% compared with 32% for active comparators [69,72].

Finally, a third study conducted in 25 patients showed that epidermal hyperplasia was
reduced with ruxolitinib in most patients [7]. Inclusion criteria in this study were: limited
psoriasis (covering <20% of the body surface area) and age 18–65 years. Psoriatic lesions
were rated on a scale of 0–4 for erythema, thickness and scaling. Disease activity in each pa-
tient was also scored by Physician’s Global Assessment scale. The biopsies of pretreatment
and posttreatment skin were compared with healthy skin. In these biopsies, histopathology,
immunohistochemistry and mRNA expression were evaluated. Laboratory parameters
were also measured: ruxolitinib concentrations in plasma, cytokine stimulated phosphory-
lated signal transducer and activator of transcription 3 phosphorylation (pSTAT3) levels
in peripheral blood cells [71]. Topical ruxilitinib phosphate 1.0% or 1.5% cream was used
once or twice daily for 28 days to 2–20% body surface area in five sequential groups of
patients, each consisting of five patients [69,72]. After application of ruxolitinib phosphate
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cream 1.0% and 1.5%, there was significant improvement in lesion scores [72]. During
the study, these were observed: decreased dermal inflammation, reduction of epidermal
hyperplasia, reduction of dermal inflammation, downregulate transcription of Th1 and
Th17 cytokines in psoriatic skin lesions and also reduction of CD3, CD11c, Ki67 and keratin
16 observed during immunohistochemical analysis. There were notable interconnections
between clinical improvement and decreases in markers of Th17 lymphocyte activation,
epidermal hyperplasia and dendritic-cell activation [4,45,69,72,74]. However, it was not a
sustained improvement after discontinuation [54].

In conclusion of this study, topical ruxolitinib is pharmacologically active in patients
with active psoriatic lesions and modulates proinflammatory cytokines [69,72].

1.7. Adverse Events of Ruxolitinib

During the double-blind study when ruxolitinib 1.0% or 0.5% cream once per day
or 1.5% cream twice per day was compared to two active comparators, inhibition of
phosphorylated STAT3 in peripheral blood cells was not observed, suggesting limited
systemic exposure [7,14]. Systemic absorption was minimal, and there was no evidence
of systemic toxicity [75]. Topical ruxolitinib was found to be well tolerated, safe, and
efficacious in short-term treatment in a smaller cohort of patients [9].

During topical application in the 25 patients, there was no noticeable inhibition of
pSTAT3 in peripheral blood cells observed. It was relevant to be consistent for low steady-
state plasma concentrations of ruxolitinib [69,72].

1.8. Filgotinib—General Information and Clinical Trial

Filgotinib is an oral selective JAK1 inhibitor. The clinical studies of filgotinib in
psoriatic arthritis patients and in other illnesses including rheumatoid arthritis, ankylosing
spondylitis and ulcerative colitis are still undergoing and have not been confirmed for
selling yet [76].

A randomized, double-blind, placebo-controlled phase II trial (EQUATOR) was con-
ducted in active moderate-to-severe psoriasis arthritis. During these studies, evaluating
the efficacy and safety of filgotinib in psoriatic arthritis was assessed [76].

The trial was conducted between 9 March and 27 September 2017. In this study,
191 adult patients from 25 cities in seven countries of Europe (Belgium, Bulgaria, Czech Re-
public, Estonia, Poland, Spain, and Ukraine) were screened. Of those, 131 patients were
randomly divided into treatment regimens: 65 patients for filgotinib in dose 200 mg orally
once a day and 66 patients for placebo orally once a day, for 16 weeks [75]. Inclusion criteria
were: aged ≥18 years, active moderate-to-severe psoriatic arthritis, documented history
or active of plaque psoriasis and an inadequate response or intolerance to at least one
conventional synthetic disease-modifying anti-rheumatic drug (csDMARD) [76]. During
the study, patients continued to take csDMAR= if they had received this treatment for at
least 12 weeks before screening and had been taking at the same dose for at least 28 days
before study [75].

The primary endpoint was proportionate to the patients who achieved 20% improve-
ment in the American College of Rheumatology response criteria (ACR20) at week 16 [75].
Filgotinib showed better efficacy in the ACR20 and ACR50 rates at week 16 versus placebo.
Filgotinib group achieved ACR20 in 80%, ACR50 in 55%, LDA (DAPSA ≤ 14) in 49%, and
PASI75 in 45% of patients. The percentages of the placebo group were respectively 33%,
12%, 15%, and 15% [29,76]. The development in nail psoriasis at week 16 did not achieve
statistical significance, probably because of the short study duration and relatively small
amount of patients with nail psoriasis [75,76]. In total, 92% patients receiving filgotinib
and 97% patients receiving placebo finished the study [75].

Adverse Events of Filgotinib

During the EQUATOR study, good tolerance of filgotinib was observed. The incidence
of adverse events including infections that required treatment was similar in filgotinib
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group versus placebo group at 16 weeks (57% versus 59%). Most of adverse events were
mild or moderate.

The most frequent adverse events were headache and nasopharyngitis (similar amount
in both group of patients). There were no cases of thromboembolic events, malignances or
opportunistic infections, and only one case of herpes zoster infection was observed. One
serious treatment-emergent adverse event of pneumonia was reported in the filgotinib
group. A decrease of platelets, and increases of hemoglobin, HDL and lymphocyte counts
were observed in the filgotinib group [75,76].

1.9. Decernotinib—General Information and Clinical Trial

Decernotinib is the selective inhibitor of JAK3. In first evaluations, it was shown
that it can modulate proinflammatory responses of autoimmune diseases such as rheuma-
toid arthritis.

During placebo-controlled monotherapy study, decernotinib used in doses 50–150 mg
twice per day improved clinical signs of rheumatoid arthritis. Later, during two phase II
studies, decernotinib was combined with methotreksat and also improved the symptoms
of rheumatoid arthritis compared with placebo [4,46].

Adverse Events of Decernotinib

Different adverse effects were noticed during these researches: infections—two herpes
zoster infections and one case of tuberculosis, neutropenia—in patients in the methotrexate
study, increases of liver transaminase, creatin and lipid levels. The metabolite of decer-
notinib is a potent inhibitor of cytochrome P450, which is involved in metabolism of
different drugs. This interaction can complicate the use of decernotinib [4,46].

2. Conclusions

The choice of treatment in psoriasis depends on the severity of the disease assessed
on the available scales. The assessment considers the extent of the lesions, their locations
and severity, the response to previously applied treatment and the impact on the quality
of life of patients. Definitions of disease severity are mainly based on the criteria for
including patients in randomized controlled trials. Although the classification of disease
severity varies, mild psoriasis is generally characterized as a disease that can be treated
locally. In moderate or severe psoriasis, an escalation of treatment using phototherapy or
a systemic drug can be necessary [77]. From the available treatment options, in the first
line are topical steroids, topical vitamin D analogues, retinoids, hydroxyurea and fumaric
acid esters. During topical treatment, it is important to use creams with urea, salicylic
acid, and cignolin. More advanced external treatment includes UVB or psoralen plus UVA
phototherapy. Patients with severe psoriasis can be treated with systemic medications such
as methotrexate, cyclosporine and acitretin [78]. Unfortunately, the effectiveness of these
drugs is often insufficient and they can cause a variety of side effects. Currently, biologic
drugs are an important therapeutic option. The decision to use biologic agents must be
carefully considered, based on the clinic and the individual patient risk profile. The type of
biologic for psoriasis treatment is chosen according to disease severity and comorbidities.
A history of previous biologic treatment and its effectiveness are also important. The
main indication for biologic treatment is “moderate-to-severe” psoriasis, but the practicing
clinician needs to consider what the exact severity is before qualifying the patient for the
treatment. The European Medicines Agency (EMA) guidelines refer to indications such as:
failure of topical therapies to control the disease; body surface area (BSA) involvement >10%
or PASI 10 to 20; thick lesions located in difficult-to-treat regions with BSA involvement
<10% may also be considered; and category “moderate to severe” on the PGA (Physician’s
Global Assessment). The NICE recommendations for disease assessment state that both
disease severity and impact are relevant and include the use of indexes such as PASI, PGA,
patient assessment, enquiry about difficult-to-treat sites, NAPSI (Nails Psoriasis Severity
Index), in which nails are the primary indication for systemic therapy, DLQI (Dermatology
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Life Quality Index) and assessment of anxiety and depression [79,80]. In addition to the
excellent therapeutic effects of biological drugs in psoriasis, there is more talk about the
loss of efficacy and its causes. The main cause is the induction of an immune response
directed against the foreign protein molecules. Consequently, antibodies directed against
the drugs (ADA) are produced. The presence of ADA is associated with lower serum drug
levels and loss of clinical efficacy. Furthermore, an increased incidence of ADA-related
adverse drug reactions is observed [81]. The development of ADA in psoriasis is still uncer-
tain, but it seems to be similar to the presence of ADA during biologic treatment in other
autoimmune diseases such as Crohn’s disease and rheumatoid arthritis. Strand et al. [82],
in a systematic review based on data from published reports, found that 50% of patients
receiving adalimumab and infliximab developed ADA. Certain factors may influence the
immunogenic potential of the agents. These may include the molecular structure of the
biologics, concomitant use of methotrexate or other immunosuppressive/anti-proliferative
agents, dosage and regimen of the biologic administered and a history of ADA with previ-
ous biologic treatment. In addition, patient-related factors may include sex, ethnicity and
comorbid conditions [82]. Previous studies indicate well-documented safety and tolerabil-
ity of biological drugs used in psoriasis. General adverse events (AEs) of biologic treatment
are similar. The most frequent (>10%) are various infections such as upper and lower
respiratory tract infections, rhinitis, sinusitis, pharyngitis and nasopharyngitis. Serious AEs
are rare (<1%) and may include sepsis, viral reactivation (VZV, HBV, HSV), tuberculosis
reactivation and fungal infections. Compared to treatment of psoriasis with non-biologic
therapy, biologic therapy has not been significantly associated with major adverse events
such as cardiovascular events, malignancy, or death beyond what is anticipated in the
overall psoriasis population. Other AEs associated with the liver, including severe hepatic
reactions, hepatitis, cholestasis and acute liver dysfunction have been reported. Pancy-
topenia and aplastic anemia were observed rarely during TNF-α inhibitor treatment. In
addition, several cutaneous adverse reactions have been associated with anti-TNF drugs.
These include eczematous dermatitis, lupus-like skin reactions, leucocytoclastic vasculitis,
lichen planus, lichen-planus-like eruptions and alopecia. The safety profile of anti–IL-12/23
has been reported from the results of large clinical trials, including PHOENIX 1, PHOENIX
2 and ACCEPT. The most common AEs were infections, while 0.7% of patients had a
cardiac disorder and 0.7% had a serious infection. The most common adverse events that
occurred during anti–IL-17A therapy were infections, injection site reactions, nausea and
neutropenia [81]. The frequency of adverse effects during therapy with JAK inhibitors
is similar to that of other biologic drugs. JAK inhibitors can inhibit the activity of many
cytokines that play a role in the pathogenesis of psoriasis. Therefore, JAK inhibition may be
associated with an increased risk of infections [83]. Studies to date do not indicate that JAK
inhibitors are superior to recent biologic drugs in terms of efficacy. However, the efficacy
observed for JAK inhibitors is better than for some currently used systemic therapies, such
as some older biologic drugs such as etanercept [15]. JAK inhibitors, due to their lack of
increased incidence of side effects compared to other biologic drugs, can be included in
the psoriasis treatment algorithm because they are oral and less expensive than modern
biologic drugs [15].

The expected results from the clinical trials about JAK inhibitors will be a major step
toward extending the therapeutic spectrum of psoriasis by oral compounds. Currently,
the number of registered studies on JAK inhibitors in psoriasis is rapidly growing [9,13].
The well-established efficacy of JAK inhibitors in inflammatory disorders, particularly
rheumatoid arthritis and ulcerative colitis, suggests the potential of their positive effects
in a myriad of inflammatory dermatoses as well [8]. More selective JAK inhibitors are
currently in clinical trials [9]. Based on the experience with tofacitinib, numerous JAK
inhibitors are tested as oral drugs or as topical formulation for psoriasis. Thus far, the
efficacy of topical JAK inhibitors for psoriasis is not convincing [13]. Nevertheless, further
studies are needed to evaluate long-term treatment effects with these drugs.
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Abstract: Psoriatic arthritis (PsA) is a chronic inflammatory disorder that affects approximately
20–30% of patients with psoriasis. PsA causes deformities and joint damage, impairing quality
of life and causing long-term functional disability. Several recent studies demonstrated that early
diagnosis and intervention for PsA prevents permanent invalidity. However, the clinical features
of PsA vary and are shared with other differential diseases, such as reactive arthritis, osteoarthritis,
and ankylosing spondylitis. The common and overlapping features among these diseases complicate
the accurate early diagnosis and intervention of PsA. Therefore, this review focuses on the current
knowledge of the diagnosis of early PsA and discusses the meaning of early intervention for early PsA.

Keywords: psoriatic arthritis; early diagnosis; treatment; early intervention

1. Introduction

Psoriatic arthritis (PsA) is a chronic inflammatory disorder that affects 14.0–22.7%
of patients with psoriasis [1–3]. The incidence of PsA differs among counties: 22.7% in
European psoriasis patients, 21.5% in South American patients, 19.5% in North Ameri-
can patients, 15.5% in African patients, and 14.0% in Asian patients with psoriasis [3]. A
Japanese Society for Psoriatic Research survey revealed a 10.5% occurrence of PsA among
newly visited psoriasis patients [4]. Its prevalence varies from 0.19% to 0.25% [5,6]. The
main musculoskeletal manifestations of PsA are peripheral arthritis, spinal spondylitis,
asymmetrical synovitis, enthesitis, and/or dactylitis [7]. In 1973, Moll and Wright pro-
posed classifying PsA into five subgroups: (1) asymmetric oligoarthritis, (2) predominant
distal interphalangeal joint involvement, (3) symmetric polyarthritis, (4) predominant axial
involvement, and (5) arthritis mutilans [8].

PsA is a highly heterogeneous disease whose clinical features vary [9]. Its clinical
features are also observed in other diseases, such as reactive arthritis, osteoarthritis, and
ankylosing spondylitis [10]. The common and overlapping features of these diseases
present challenges in the accurate diagnosis of PsA. The delayed diagnosis of PsA is asso-
ciated with poor physical function and permanent invalidity [11,12]. There is increasing
concern that early diagnosis and a rapid therapeutic intervention, such as biologics before
the onset of structural damage, can inhibit joint damage and permanent invalidity [13].
Psoriasis patients without PsA reportedly show substantial signs of enthesophyte forma-
tion [14]. Early psoriatic arthritis (ePsA), which is defined as inflammatory joint symptoms
and signs compatible with PsA of less than 24 months of duration [13], usually appears as
enthesoarthritis with a consistent risk of evolving toward erosive and deforming arthritis
in the first year of disease [15,16]. Several studies recently demonstrated that the early
diagnosis and intervention of PsA prevent permanent invalidity.

This review focuses on the current knowledge regarding the diagnosis of ePsA and
discusses the significance of its early intervention.
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2. Recent Concept of PsA Onset

It is difficult to determine when PsA begins in individual patients. PsA is usually
diagnosed when patients present with psoriasis skin lesions and rheumatoid factor (RF)-
negative inflammatory arthritis. Recent literature argues that the pathophysiology of PsA
starts at a much earlier time point several years prior to the diagnosis of PsA. The Delphi
consensus study proposed three stages for such patients as follows: (1) individuals with
psoriasis at increased risk for PsA; (2) individuals with psoriasis and asymptomatic synovio-
entheseal imaging abnormalities; and (3) individuals with psoriasis and musculoskeletal
symptoms not explained by other diagnoses [17].

2.1. Individuals with Psoriasis with Increased Risk for PsA

Patients with psoriasis are at a higher risk of developing PsA than healthy controls
and at a higher risk of developing PsA than other patients [6,18,19]. Thus, there is a keen
need to identify psoriasis patients at a higher risk of developing PsA to prevent progression
to PsA, but knowledge of this is limited.

Some clinical features, such as nail pitting and scalp and genital involvement, are
predictors of PsA in patients [20]. Others include obesity, the presence of arthralgia,
severe psoriasis, a history of uveitis, nail psoriasis, scalp psoriasis, having a first-degree
relative with PsA, and any associated gene (such as human leukocyte antigens [HLA]-B*08,
HLA-B*27, HLA-B*38, and HLA-B*39) [6,21].

2.2. Individuals with Psoriasis and Asymptomatic Synovio-Entheseal Imaging Abnormalities

Recent studies revealed that, in some patients with psoriasis, even those without
symptoms of arthritis such as joint swelling or pain, imaging analysis with magnetic reso-
nance imaging (MRI) or ultrasonography (US) demonstrate abnormalities [22,23]. These
modalities include MRI for axial disease, MRI for peripheral arthritis, US for peripheral
arthritis, US for enthesis, and plain radiography for peripheral arthritis [24].

2.3. Individuals with Psoriasis and Musculoskeletal Symptoms Not Explained by Other Diagnoses

Some patients with psoriasis report heel pain, stiffness, and/or arthralgia, which are
not explained by other diagnoses, and no imaging abnormalities [25]. Previous studies
identified these patients as “prodromal PsA”, “subclinical PsA”, “psoriasis with arthralgia”,
“psoriasis with musculoskeletal symptoms”, or “psoriasis with musculoskeletal symptoms
without musculoskeletal signs”.

The progression of these stages to PsA is shown in Figure 1.
More than 80% of PsA patients develop after the diagnosis of psoriasis (PsO), thus it

is important to recognize PsO patients with increased risk to develop PsA. Nail psoriasis,
scalp, and genital skin involvement are the risk factors to develop PsA in PsO patients.
PsO patients with arthralgia (PsOAr) are also at higher risk to develop PsA. Almost 50% of
PsO patients without articular symptoms show subclinical arthritis detected by imaging
techniques. Among them, those who have active enthesitis detected by ultrasonography
have higher risk to progress into PsA [27].
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Figure 1. The natural clinical course of PsA, including its preclinical stages. Each stage can be
reversed as represented by the two-way arrows. Adapted from Pennington and Fitzgerald [26],
Frontiers in Medicine 2021 with permission.

3. Questionnaires

Questionnaires that include key questions about joint symptoms, morning stiffness,
and function can aid the diagnosis of ePsA. Three representative questionnaires are avail-
able for screening patients with psoriasis and arthritis. First, the Psoriatic Arthritis Screen-
ing and Evaluation (PASE) questionnaire is an effective screening tool for detecting patients
with PsA [28]. It reportedly has a sensitivity of 82% and a specificity of 73% [28]. Second,
the Psoriasis and Arthritis Questionnaire (PAQ), first reported in 1997, can predict PsA in
patients with psoriasis with a sensitivity of 85% and specificity of 88% [29]. A validation
study of the PAQ showed a sensitivity of 60% and specificity of 62% [29]. The modified
PAQ features improved sensitivity and specificity of 68.7% and 77.8%, respectively [29].

Third, the Toronto PsA screening questionnaire (ToPAS) evaluates the clinical features
of patients with PsA [30]. Its inclusion of pictures of skin and nail lesions distinguishes it
from other screening questionnaires. Although PASE and PAQ are limited for detecting
arthritis in patients with psoriasis, the ToPAS can screen for PsA regardless of whether a
patient has psoriasis [30]. Its sensitivity and specificity are reportedly 94% and 92% [30]. The
higher sensitivity and specificity can help identify patients with PsA in various clinical settings.

The psoriasis epidemiology screening tool (PEST) was first presented in 2009 by
Ibrahim et al. and developed on a primary care–based population of psoriasis patients [31].
It consisted of five simple questions and had a sensitivity and specificity of 92% and 78%,
respectively [31]. The Early Arthritis for Psoriatic Patients (EARP) questionnaire, developed
by Tinazzi et al. in 2012, consists of 10 simple questions and features a sensitivity and
specificity of 91% and 85%, respectively [32].

The Screening Tool for Rheumatologic Investigation in Psoriatic Patients (STRIPP) tool
was recently developed by Burlando et al. [33] The STRIPP is composed of six sections. The
first section is about demographic data, such as age, sex, psoriasis onset, and the second
part evaluates psoriasis with PASI and specific localization such as the nails, scalp, and
genitalia. The third part concerns ongoing treatment. The fourth section is derived from the
PASE with six questions, the fifth section is about uveitis and inflammatory bowel diseases,
and the sixth section focuses on rheumatological evaluation with imaging and diagnosis.
The sensitivity and specificity are 91.5% and 93.3%, respectively [33].
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Several reports on the comparison of these psoriatic arthritis screening tools have been
published, some revealed similar efficacy, and others, comparing EARP, PEST, PASE, and
toPAS II, revealed that EARP showed the highest sensitivity, and ToPAS II showed highest
specificity. However, these tools present relatively low specificity, allowing other causes of
musculoskeletal pain to be evaluated as PsA. This is because PsA is a heterogeneous entity
and developing a screening tool to identify PsA and exclude other causes of musculoskeletal
pain is extremely difficult. Thus, we have to be aware that we might seeing patients with other
musculoskeletal disease than PsA, even when they are screened by questionnaires [34–36].

Classification Criteria

Given the absence of a validated case definition of PsA, scientific and clinical research
on PsA has been a major problem. However, an international group of rheumatologists
proposed the Classification of Psoriatic Arthritis (CASPAR) criteria in 2006, which remain
the current representative criteria based on the results of a large prospective study [37].
The CASPAR criteria were developed for use in clinical research and had a sensitivity and
specificity of 91.4% and 98.7%, respectively, in patients with other forms of inflammatory
arthritis. The high sensitivity and specificity suggest that it may also be used as a diagnostic
criterion for PsA. Several studies have tested the sensitivity of CASPAR criteria for detecting
early PsA. Classification criteria such as CASPAR are generally not useful for diagnostic
purposes; however, their application for detecting ePsA remains to be established [37].
Since the initial development of CASPAR criteria, many studies have been conducted to
establish its effectiveness as a criterium and also as a diagnostic tool, resulting in frequent
use of CASPAR criteria in various clinical studies on PsA [38–40].

4. Biomarkers of ePsA

Biological markers (biomarkers) are objective and useful markers for the diagnosis and
evaluation of alterations in physiological status [41]. To date, no disease-specific biomarkers
have been identified for ePsA. PsA usually tests negative for rheumatoid factor, which
differentiates it from rheumatoid arthritis (RA), the most common form of inflammatory
arthritis [10]. However, many candidate biomarkers with potential utility in PsA have been
reported [10], such as elevated erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), and acute-phase serum amyloid A (A-SAA), all of which are nonspecific inflamma-
tory markers that are also elevated in RA. Some cytokines are elevated in synovial fluids
in PsA with polyarticular involvement compared to those with monoarticular involve-
ment, such as interleukin (IL)-1, IL-12p40, interferon alpha, IL-15, and chemokine ligand 3,
which could differentiate PsA patients with polyarticular involvement from those with
oligoarticular involvement [10].

S100A8/S100A9 (calgranulin) levels are elevated in patients with high disease activity,
which is decreased by treatment with methotrexate with a decreased number of swollen
joints, the Richie articular index, and a disease activity score [42]. They are elevated in
patients with >10 involved joints compared to those with <10 involved joints [43]. Vascular
endothelial growth factor and angiopoetin-2 are angiogenic markers that predict joint
damage in RA, and their levels are higher in PsA than in RA, which also predicts joint
damage in PsA [43]. The radiographic progression of PsA patients correlates with the levels
of macrophage colony-stimulating factor and receptor activator of nuclear factor kappa
B ligand [44]. Baseline levels of A-SAA correlated with 1-year radiographic progression
in patients with PsA. A-SAA levels correlate with the levels of matrix metalloproteinase
(MMP)1, MMP3, MMP13, and tissue inhibitors of matrix metalloproteinases [45]. A-SAA
is known to induce MMP production in synovial fibroblast-like cells [46], and MMP1 and
MMP3 are reportedly associated with radiographic progression in patients with early
RA [47], which suggests that they could also be early disease progression markers for PsA.

Some genetic markers indicate psoriasis and PsA as distinct populations. Many
molecules have demonstrated differences in the prevalence of psoriasis and PsA, but most,
even if involved in the pathophysiology, may not be involved in the pathogenesis, showing
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only very low correlation with the disease. HLA molecules are the only molecules that
have been identified as risk factors for PsA [6,21].

Currently unidentified epigenetic markers can be used to distinguish psoriasis from
PsA. IL-22 is one such candidate whose methylation levels in patients with cutaneous
symptoms only and those with cutaneous and articular involvement changes [48].

5. Imaging Techniques

Imaging techniques are more sensitive than clinical examinations in the diagnosis of
synovitis and enthesitis as well as the assessment of inflammatory activity in PsA. Incorpo-
rating imaging modalities in the assessment and early intervention of ePsA may be useful
for preventing permanent invalidity. In early PsA, inflammatory changes occur in the soft
tissue and bone marrow that cannot be detected using plain X-rays [9]. Ultrasonography
and MRI are sensitive and useful tools for detecting inflammatory joint disease [49–51].
Ultrasonography is frequently used to evaluate arthritis. Recent studies by Zabotti et al. [52]
revealed that psoriasis patients with arthralgia (PsOAr) are at higher risk to develop PsA,
with higher positive sonographic findings of tenosynovitis, which was not correlated with
development to PsA in longitudinal study. Sonographically determined active enthesitis
was associated with disease progression to PsA.

Synovio-entheseal complex (SEC) has been shown the initial site of inflammation in
PsA, where mechanistic stress occurs, which efficiently distinguishes PsA from RA. It has
been revealed that up to half of asymptomatic psoriasis patients showed subclinical syn-
ovial or entheseal inflammation [27]. The most important findings suggestive of early PsA
in ultrasonography is enthesitis of metacarpophalangeal (MP) joints, and proximal inter-
phalangeal (PIP) joints of the hands [52]. The diagnosis of axial disease might require MRI,
whereas enthesitis can be visualized using both MRI and ultrasound (US) [24]. Dynamic
MRI may be a clinically useful measure of synovial inflammation. High-resolution pe-
ripheral quantitative computed tomography (HRpQ-CT) is a novel technique mainly used
for the diagnosis and evaluation of disease progression [53]. High-resolution fluorine-18
fludeoxyglucose (18F-FDG) positron emission tomography (PET)/CT imaging of the wrist
and hand is feasible in RA or PsA patient cohorts and can provide quantifiable measures
of disease activity [54,55]. In addition, it has been reported that 18F-FDG) PET/CT is a
powerful tool for detecting subclinical arthritis in patients with psoriatic arthritis and/or
psoriasis vulgaris [56].

6. Treatment of ePsA

The clinical signs and symptoms of ePsA often fluctuate, and the disease course is
not simply in one direction; rather, it moves back and forth. Some sPsA patients rapidly
progress to severe disease, whereas other ePsA patients develop clinical symptoms that
disappear over time. Thus, our understanding is that some ePsA patients require early
intervention to prevent the development of severe disease but others do not because
their disease remains mild or spontaneously improves. If good markers were available to
distinguish between patients with versus without severe ePsA severe disease, it would
be easy to treat these patients. However, there are no such markers; therefore, we treat
patients according to their current disease severity.

6.1. Nonsteroidal Anti-Inflammatory Drugs and Methotrexate

The first medications we tried for patients with ePsA were non-steroidal anti-inflammatory
drugs (NSAIDs). Some patients are sufficiently treated with NSAIDs and the remaining
mild disease or symptoms disappear during the disease course [57].

Other patients require more efficient treatment such as methotrexate (MTX) [57].
MTX is approved for use in severe psoriasis (which is often related to psoriatic arthritis)
and rheumatoid arthritis (RA) by the U.S. Food and Drug Administration (FDA) and the
European Medicines Agency (EMA), and frequently used to treat PsA, in spite of the lack of
evidence with randomized controlled trials (RCTs). Pincus T et al. [58] discussed on MTX
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clinical trials on PsA and suggested that too high or too low dose of MTX use, insufficient
stratification of patients, or insufficient statistical power to detect differences in old clinical trials
caused the lack of evidence of MTX, and that the treatment advantage versus placebo without
statistical significance (p < 0.05) does not necessarily mean the absence of clinical efficacy.

MTX was intensely used to treat PsA patients before biologics emerged, although it
was not approved in Japan before March 2019 [59]. Adverse effects, including liver toxicity
and hematopoiesis suppression, are disadvantages of this drug.

Leflunomide, a selective pyrimidine synthesis inhibitor with the property to inhibit
T-cell activation and proliferation has also been shown to improve joint and skin symptoms
of PsA (although with less efficacy in the skin) [57]. Leflunomide has been shown effective in
several randomized double-blind placebo-controlled studies in PsA, but MTX has not [60,61].

The European League Against Rheumatism (EULAR) recommendation for the man-
agement of psoriatic arthritis recommends conventional synthetic disease-modifying an-
tirheumatic drugs (csDMARDs) such as MTX or leflunomide for peripheral arthritis with
polyarticular involvement, monoarthritis, or oligoarthritis with poor prognostic factors
such as structural damage, high ESR and CRP levels, dactylitis, or nail involvement [57].
Biologic DMARDs (bDMARDs) are recommended when csDMARDs are ineffective.

6.2. Biologics

Tumor necrosis factor (TNF) antagonists are well established for the treatment of
PsA [57]. To date, four anti-TNF agents, infliximab, adalimumab, and certolizumab-pegol,
have been approved for the treatment of PsA by the Japanese authorities [62]. These
agents effectively improve articular symptoms of peripheral and axial diseases, radiological
findings, and skin and nail lesions [63].

Anti-IL-17 antibodies, including secukinumab, ixekizumab, and brodalumab, have
proven effective at treating PsA with peripheral and axial involvement. The EULAR
recommendation for the treatment of PsA recommends TNF inhibitors and IL-17 inhibitors
for axial disease as the first choice because MTX and IL-23 are inferior [57]. On the other
hand, IL-12/23 antibodies are effective for peripheral arthritis and are recommended at
the same level as IL-17 and superior to TNF inhibitors for peripheral arthritis when the
csDMARD efficacy is inadequate [57].

Anti-IL-23 antibodies including guselkumab, risankizumab, and tildrakizumab, have
less efficacy for treating axial disease compared to anti-IL-17 antibodies and anti-TNF
antibodies, maybe because IL-17-producing cells are independent on IL-23 stimulation
in axial lesion, such as T cells and mucosal-associated invariant cells [64]. Radiologic
investigations, including MRI and HRpQ-CT, showed the absence of both erosive and bone
anabolic damage, supporting the possibility of the arrest of progression of anabolic changes
in PsA with secukinumab and ixekizumab.

Treatment of psoriasis and psoriatic arthritis with biologics have been shown to
protect patients from systemic inflammatory comorbidities, such as cardiovascular diseases,
diabetes, and abnormal lipid metabolism. It needs caution in that anti-IL-17 antibodies
may cause newly onset or worsening of inflammatory bowel diseases [63].

6.3. Janus Kinase Inhibitors

Janus kinase (JAK) inhibitors were recently approved for the treatment of PsA in
Japan. JAK inhibitors are classified as target-specific DMARDs (tsDMARDs). Owing to
the adverse effects of this category of drugs, they are recommended for the treatment of
PsA when bDMARDs are ineffective. The efficacy and safety of JAK inhibitors for PsA
were recently discussed. Three JAK inhibitors–tofacitinib, baricitinib, and upadacitinib–
have been approved for use in autoimmune diseases; of them, only tofacitinib has been
approved for the treatment of PsA. Tofacitinib, an orally available JAK inhibitor, broadens
the treatment options for PsA and other inflammatory conditions [65].
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7. Early Intervention for ePsA

However, when to implement early intervention for PsA remains controversial. The
open prospective exploratory Interception in Very Early PsA (IVEPSA) study showed that
very early disease intervention with secukinumab, an IL-17A inhibitor, for PsA may lead
to a comprehensive decline in skin symptoms [66]. The Tight Control Of inflammation in
early Psoriatic Arthritis (TICOPA) study showed the effects in patients in the tight control
group [67]. Moreover, trials to demonstrate the efficacy of targeted biologic therapies and
DMARDs in early PsA will test the validity of early intervention as a strategy to alter the
disease course [67].

Biologic treatment of psoriasis patients without psoriatic arthritis have reported to
reduce the incidence of development of psoriatic arthritis [68]. Psoriasis patients without
psoriatic arthritis may include those with increased risk, or with asymptomatic arthritis
with imaging abnormalities, or with undiagnosed musculoskeletal symptoms as discussed
in Section 2. It would be of importance to identify patients in need to be treated with
bDMARDs to prevent the development of psoriatic arthritis, to avoid overtreatment.

However, the disease course of PsA is not simple, and various patients follow distinct
disease courses with an ever-expanding and fluctuating disease course. Novel biomarkers
that distinguish patients who need early intervention are needed to fully prevent disease
progression in those with a poor prognosis.

7.1. Guidelines

The Group for Research and Assessement of Psoriasis and Psoriatic Arthritis (GRAPPA),
European League Against Rheumatism (EULAR), American college of Rheumatology/National
Psoriasis Foundation, and other national associations of dermatologists in each country
including Japan, Great Britain, Germany, and so on, have published guidelines for treating
psoriasis and psoriatic arthritis, and continue updating them to include the most recent
advancements in treatment of psoriasis and psoriatic arthritis [69–72]. GRAPPA is a global
research group for psoriasis and psoriatic arthritis, assessing both dermatological and
musculoskeletal manifestations, while EULAR focuses on rheumatic diseases referring
to dermatologists for significant skin disease but not recommendations for skin and nail
manifestations. Each country has its own system of insurance and it is hard to establish a
general recommendation to fit systems in all countries, and each country establishes its own
guidelines referring to and modifying EULAR and/or GRAPPA. EULAR bases on Oxford
Center for Evidence-Based Medicine: Levels of Evidence, and GRAPPA relies on newer
Grading of Recommendations, Assessment, Development and Evaluation [73]. Both of
them are based on a specific systematic literature review (SLR). GRAPPA mostly depends
on randomized control trials. However, good RCTs are sometimes missing, especially for
those medicines from old time, such as methotrexate (MTX). EULAR recommend MTX as a
first line in treatment for PsA, based on experts’ opinions, while GRAPPA dose not give
rank to MTX, although it is included as one of potential DMARDs.

7.2. Costs

Although biologics are quite effective for the manifestation and health-related quality
of life of PsA, they may increase the economic burden on health systems [74]. The total
annual cost per patient ranged from US $10,924 to US $17,050, with purchasing power parity
for PsA in five European countries [75]. It has also been reported that the introduction of
biologics leads to a 3-fold to 5-fold increase in direct costs and, consequently, an increase in
total costs [76].

The EULAR recommendation and Japanese guideline for the treatment of PsA do
not recommend biologics as the first-choice treatment of PsA; rather, they recommend
csDMARDs or MTX [57,76]. Biologics are highly efficient drugs for treating PsA, but
their cost would burden the country’s economy. In contrast, csDMARDs including MTX
are inexpensive and effective drugs for the treatment of PsA and should be used before
bDMARDs in these countries. However, the American College of Rheumatology/National
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Psoriasis Foundation guidelines recommend biologics at the same level as csDMARDs due
to the different insurance systems, mostly dependent on private insurance companies [77].
Each country adopts EULAR and GRAPPA recommendations, modifying them to fit its
insurance system. Because recently developed biologics and targeted therapeutics cost
tremendously, in some countries, the use of them are restricted to certain period of time.
It would be necessary to develop guidelines to benefit both patients and social insurance
systems effectively to continue providing good medical treatments.

Even with insurance, some patients cannot afford biologics for PsA treatment. There
are certainly economic disparities in modern society in which many patients are not
adequately treated because of economic reasons.

8. Conclusions

Despite tremendous advances in therapies and treatment strategies, there remains
an unmet need to identify the optimal therapeutic approach for individual PsA patients.
The diagnosis and intervention of ePsA are important to preventing disease progression,
structural damage, and permanent invalidity. Therefore, standardized imaging techniques,
validated scoring systems, and protocols are required. New imaging techniques such as
US, MRI, and PET/CT have since been developed. Despite these developments, there
is currently no gold standard technique to detect ePsA. Psoriatic arthritis is a heteroge-
nous condition, which includes preclinical, subclinical, mild to severe disease, and these
conditions may or may not progress to severer condition, depending on individual cases,
which makes it difficult to establish a simple guidance to apply to all patients. Early in-
tervention for PsA will probably inhibit inflammation and alter the disease course, and
it is of importance to distinguish patients in need for early intervention not to overtreat
mild disease patients and to save costs. However, an efficient tool to distinguish such
patients in need and the evidence to support this is still lacking. Thus, further studies on
the pathophysiology, diagnosis and intervention of ePsA are required.
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Abstract: Psoriasis is a chronic, immune-mediated inflammatory disease that predominantly affects
the skin and joints. The recent therapeutic development for psoriasis has been remarkable and
biologics have dramatically changed the treatment of psoriasis. In moderate-to-severe cases, systemic
therapies are required to control their symptoms and biologics can provide greater efficacy when
compared with other types of therapies. The coronavirus disease (COVID-19) pandemic has had
a great impact on the lives of many people and has worsened substantially worldwide. During
the ongoing COVID-19 pandemic, it still remains unclear whether biologics suppress the immune
system and increase the risk of COVID-19. In this review, we have summarized the experience with
biologics used for treating psoriasis during the COVID-19 pandemic. Biologics seem to be beneficial
to COVID-19 infection. Shared decision-making that is based on updated information is highlighted
in the time of COVID-19.

Keywords: psoriasis; COVID-19; SARS-CoV-2; systemic therapy; biologics

1. Introduction

Psoriasis is one of the most frequent chronic inflammatory skin diseases [1,2]. In the
past decade, various molecular-targeted therapies have been developed, and these thera-
pies have been approved for the treatment of psoriasis [3]. Molecular targeted therapies can
be divided into two representative groups: biologics targeting cytokines and receptors in-
volved in psoriasis pathomechanism, and small molecule inhibitors targeting intracellular
signaling molecules. Biologics include tumor necrosis factor (TNF), interleukin (IL)-12/23,
IL-23, and IL-17 inhibitors; and, small molecule inhibitors include phosphodiesterase-4
(PDE-4) and Janus-activated kinase (JAK) inhibitors. The exacerbation of psoriasis can
cause systemic inflammation, leading to cardiovascular comorbidities [4,5]. In psoriatic
arthritis (PsA), delays in diagnosis and treatment can cause irreversible joint destruction.
Despite early treatment, some patients develop progressive damage and loss of function [6].
Therefore, effective systemic therapies should be considered in moderate-to-severe psoria-
sis, and biologics can provide significant symptomatic and functional improvement that
cannot be achieved with other types of therapies.

Coronavirus disease (COVID-19) is caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) [7]. The first case was identified in Wuhan, China, in December
2019. This new type of coronavirus has spread uncontrollably to many countries, and a
global COVID-19 pandemic is ongoing. Personal protective measures, such as wearing
masks, washing hands, alcohol disinfection, social distancing, and staying at home are
recommended to prevent infection. In some areas, patients are unable to receive suffi-
cient medical treatment and resources, leading to non-adherence to treatment regimens.
Although patients with severe psoriasis require biologics to control disease severity, it is
unclear whether biologics suppress the immune system and increase the risk of COVID-19
infection. The current situation may lead to dilemmas regarding the correct choice of
treatment. During the COVID-19 pandemic, patients may discontinue treatment, owing to
the fear of infection.
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Hence, this review describes the effectiveness of biologics for psoriasis during COVID-
19 and it discusses the risks and benefits of biologics in the era of the COVID-19 pandemic.

2. Risk Factors for the Exacerbation of Psoriasis and COVID-19

The risk factors for the development of psoriasis can be classified into extrinsic and
intrinsic factors [8]. Extrinsic risk factors include mechanical stress, drugs, infection, and
lifestyle. Vaccination can be also recognized as an extrinsic risk factor and influenza
and adenovirus vaccines are often associated with the development of psoriasis [9–11].
In contrast, intrinsic risk factors include metabolic syndrome, obesity, diabetes mellitus
(DM), dyslipidemia, hypertension, and mental stress [8]. Of these, mechanical stress,
certain drugs, infection, and obesity are known to be associated with the exacerbation of
psoriasis (Table 1) [12–17]. Certain drugs include β-blockers, lithium, anti-malarial drugs,
interferons, imiquimod, terbinafine, and anti-programmed cell death-1 (PD-1) monoclonal
antibodies [13,17]. Infections, such as streptococcal infection and human immunodeficiency
virus (HIV) infection, are well-known risk factors for psoriasis [14,15]. Recently, it has
been reported that rhinovirus and coronavirus are the most frequently detected pathogens
in acute psoriasis flares after established respiratory virus infection [18]. There have
been some case reports regarding the onset and exacerbation of psoriasis after COVID-19
infection [19–24].

Table 1. Risk factors for psoriasis and COVID-19.

Psoriasis COVID-19

Mechanical stress Cancer
β-blockers Chronic kidney disease

Lithium Chronic obstructive pulmonary disease
Anti-malarial drugs Down syndrome

Interferons Heart conditions
Imiquimod Immunocompromised state
Terbinafine Obesity

Anti-PD1 monoclonal antibodies Pregnancy
Streptococcal infection Sickle cell disease

HIV infection Smoking
Obesity Type 2 DM

In contrast, the increased risk of severe course of COVID-19 has not been fully elu-
cidated. In 5700 patients hospitalized with COVID-19 in New York City, hypertension,
obesity, and diabetes were the most common comorbidities [25]. As of 23 December 2020,
the Centers for Disease Control and Prevention classified the following comorbidities
as established risk factors for severe COVID-19: cancer, chronic kidney disease, chronic
obstructive pulmonary disease, Down syndrome, heart conditions, immunocompromised
state, obesity, pregnancy, sickle cell disease, smoking, and type 2 DM (Table 1) [26,27]. Pso-
riasis and COVID-19 share obesity as a risk factor for severe illness. However, it is unclear
as to whether psoriasis is an important risk factor for severe COVID-19 infections. In a
prospective study analyzing the dermatological comorbidity of 93 patients with COVID-19,
17 patients (11 men and six women) were positive for COVID-19 [28]. The most common
diseases were superficial fungal infections (five cases, 25%), psoriasis (four cases, 20%), and
viral skin diseases (three cases, 15%). In this study, psoriasis was among the most common
dermatological diseases. It was speculated that the stress burden caused by the COVID-19
pandemic might have led to an increased number of visits to the outpatient clinic. A recent
large epidemiological study showed the association between psoriasis and a higher risk of
COVID-19 [29].
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3. Biologics for Psoriasis

3.1. Biologics and COVID-19

Biologics for the treatment of psoriasis inhibit TNF, IL-12/23, IL-23, and IL-17 (Table 2).
There are many case reports of psoriasis patients who presented with mild COVID-19
infections during biologic therapy and had favorable outcomes [30–38]; however, biologic
therapy did not suppress the progression of COVID-19, which resulted in acute respiratory
distress syndrome (ARDS) [39]. In COVID-19 patients, higher levels of TNF have been
observed [40]. Moreover, the TNF levels were higher in intensive care unit (ICU) patients
than in non-ICU patients [40]. SARS-CoV-2 enters host cells via the angiotensin-converting
enzyme 2 (ACE2) receptor, which is expressed in various human organs [41]. TNF inhibi-
tion might be effective in reducing SARS-CoV-2 infection and the associated organ damage
by decreasing TNF-converting enzyme-dependent shedding of the ACE2 ectodomain
(Figure 1) [42]. IL-17 appears to be associated with hypercytokinemia in COVID-19 in-
fections. In a patient with severe COVID-19, there was an increased concentration of
highly proinflammatory CCR6+ T-helper (Th) 17 cells in the peripheral blood [43]. It is
speculated that, in the cytokine storm, the upregulation of IL-17A and possibly IL-17F
is mostly responsible for the pathogenesis of COVID-19 and ARDS [44]. IL-17 inhibition
might be effective in controlling the cytokine storm due to the correlation between disease
severity and the levels of IL-17 and other Th17 cell-related proinflammatory cytokines [45].
In contrast, the role of IL-23 in the pathogenesis of COVID-19 still remains unknown.

Table 2. Biologics for psoriasis.

Classification Target Molecule Agent

TNF-inhibitor TNF

Adalimumab
Certolizumab pegol

Etanercept
Infliximab

IL-12/23 inhibitor IL-12/23 p40 subunit Ustekinumab

IL-23 inhibitor IL-23 p19 subunit
Guselkumab

Risankizumab
Tildrakizumab

IL-17 inhibitor
IL-17A

Ixekizumab
Secukinumab

IL-17 receptor A Brodalumab

Figure 1. Biologics for psoriasis and COVID-19. Tumor necrosis factor (TNF) inhibitors and in-
terleukin (IL)-17 inhibitors have the potential to prevent the infection of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and the cytokine storm of COVID-19.

3.2. At the Beginning of the COVID-19 Pandemic

It has been shown that psoriasis is independently associated with a small, but in-
creased, risk of serious infection, which leads to hospitalization and associated significant
morbidity and/or mortality [46]. At the beginning of the COVID-19 pandemic, it was not
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known whether this was the most appropriate time to commence immunosuppressive
therapy in patients with psoriasis [47]. It was suggested that, in areas of high infection rate
or outbreaks, treatment with cyclosporine, methotrexate, and TNF inhibitors should be
carefully considered, because these drugs have potency to cause immunosuppression [47].
However, immunosuppressive monotherapy, target therapy, and the absence of significant
comorbidities could be associated with a lower risk, and a case-by-case assessment seems
to be more appropriate than stopping ongoing therapy or reducing therapy in patients
with severe psoriasis [48]. Treatment protocols should be prioritized and individualized
based on disease severity, other medical conditions, and viral invasiveness [49]. From a
rheumatologic point of view, it was suggested to evaluate not only the infectious profile of
immunosuppressants, but also the underlying inflammatory nature of psoriatic disease
itself, especially if severe and/or associated with articular involvement [50].

At the beginning of the COVID-19 pandemic, there was concern about immunosup-
pressive or immunomodulating effects that might lead to more susceptible to COVID-19
infections in patients who received biologic therapies [51]. In the pre-coronavirus era,
the respiratory infection rates of biologics were similar to those with placebo in phase III
trials, and the treatment continuation of biologics was decided based on these data [51].
It has been suggested that patients with psoriasis can continue their treatment during
the COVID-19 outbreak, preventing disease flares, because immunosuppressive and im-
munomodulatory drugs may have the potency to control the cytokine storm that is as-
sociated with a poorer outcome in these patients [52]. With due care, biologics for the
treatment of psoriasis should not be discontinued during the COVID-19 pandemic [53]. In a
retrospective observational study, no hospitalization or death was observed in 980 patients
with chronic plaque psoriasis treated with biologics [54]. The limitations of this study
include the large difference in sample size between patients and the general population and
the very low number of hospitalizations and deaths in the patient group. However, others
have suggested that biologic and immunosuppressive therapies in COVID-19 patients
should be discontinued and to carefully weigh the risks and benefits of these therapies [55].

Several studies have analyzed the discontinuation of biologics. In a multicenter
retrospective study that was conducted during the peak of COVID-19 cases in Canada,
2095 patients received biologic therapy for psoriasis, and the total number of patients
who temporarily discontinued their therapy due to COVID-19-related concerns was 23
(1.1%) [56]. In a prospective study that was conducted during the lockdown in Italy, 178 pa-
tients were observed, of which 11 (6%) discontinued their therapy due to the lack of safety
in continuing [57]. A telephone survey was also conducted during the Italian lockdown
period [58]. When 226 patients with negative COVID-19 results were interviewed, 27.9%
(63/226) described a worsening of the disease, with 19% (43/226) correlating this to drug
withdrawal. The rate of discontinuation varied in different areas [59], possibly due to the
regional status of COVID-19 and concerns regarding the increased risk of infection.

3.3. During the COVID-19 Pandemic

In a retrospective Italian multicenter observational study, there were no cases of
deaths from COVID-related disease in patients with chronic plaque psoriasis treated
with biologics [60]. In addition, there was no significant increased risk of hospitalization
associated with COVID-related interstitial pneumonia. These observations have been
confirmed in other studies [61–69]. PsoProtect (Psoriasis Patient Registry for Outcomes,
Therapy and Epidemiology of Covid-19 infecTion) is an international web-based registry
(www.psoprotect.org) for healthcare providers to report outcomes of COVID-19 in indi-
viduals with psoriasis [70]. Based on this registry, the factors that were associated with
adverse COVID-19 outcomes were analyzed [71]. A total of 374 patients with confirmed or
suspected COVID-19 infection were registered by clinicians from 25 countries. Most of the
patients (71%, 267/374) received a biologic therapy, rather than a non-biological systemic
agent (18%, 67/374) or no systemic therapy (10%, 36/374). In this registry, 348 patients
(93%) fully recovered from COVID-19, 77 (21%) were hospitalized, and nine (2%) died. An
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increased hospitalization risk was associated with older age, male sex, non-white ethnicity,
and comorbid chronic lung disease. Biologics were associated with a lower risk of COVID-
19-related hospitalization than non-biologic systemic therapies. Therefore, biologics for
the treatment of psoriasis may not be associated with severe COVID-19. Moreover, in
a study of a global electronic medical record database, including more than 53 million
patient records, the combination of TNF and methotrexate did not increase the risk of
hospitalization [72]. In contrast, it was unclear whether biologics are associated with an
increased risk of SARS-CoV-2 infection [61,66,69,73]. However, patients with immune-
mediated inflammatory diseases, including psoriasis treated with cytokine inhibitors, had
reduced susceptibility to SARS-CoV-2 infection when compared with patients not receiving
cytokine inhibitors, as well as the general population [74].

PSO-BIO-COVID is an observational, multicentric study, supported by the Italian
Society of Dermatology (SIDeMaST), which aimed at evaluating the impact of SARS-
CoV-2 infection on the management of patients with psoriasis in Italy during the first
year of the pandemic [75]. Patients with moderate-to-severe chronic plaque psoriasis,
aged >18 years, and receiving any biological agent as of 22 February 2020, were enrolled.
Of the 12,807 patients with psoriasis, 328 patients (2.6%) stopped treatment during the
observation period without consulting their dermatologist, mainly because of the fear
of high contagious risk; and, 233 (1.8%) interrupted their therapy after consulting their
dermatologist, mainly because of suspected infection or contact with SARS-CoV-2. Therapy
continuation during the COVID-19 emergency seems to strictly depend on the quality of
information that patients acquire, and only knowledge of epidemiology and preventive
measures of COVID-19 prevents biologics discontinuation [76].

3.4. Adherence to Treatment

During the COVID-19 pandemic, there has been many restrictions. In some areas, the
suspension of all outpatient services was mandated, including clinics for psoriasis patients,
and dermatologists had to adapt to provide more counseling to support patients, detect
unmet needs, find ways to reassure patients about their disease, and keep them safe at
home [77]. The adherence of patients with psoriasis that were treated with systemic thera-
pies was analyzed in an observational single-institution study [78]. A total of 237 patients
with psoriasis were interviewed by telephone. In this study, most patients (76.4%) con-
tinued to take their medication. However, patients with more than three comorbidities
were over six times more likely to not adhere to their treatment. Age, type of treatment,
or any particular type of comorbidity did not appear to influence the therapeutic routine.
The drug discontinuation seemed to be mainly due to concerns regarding the potential for
COVID-19 infection. During the COVID-19 pandemic national lockdown, a multicenter
study revealed that treatment safety concerns were significantly more common in patients
that were treated with biologics. Of these patients, 40.7% either agreed or strongly agreed
to have experienced an increased risk of COVID-19 infection, as compared to 21.3% in the
conventional systemic therapy group and 10.9% in the topical therapy group [79]. In a
web-based survey in China, 926 questionnaires were collected regarding outdoor activity
restriction and income loss [80]. Outdoor activity restriction was positively associated
with the exacerbation of psoriasis, stress, and symptoms of anxiety and depression in a
dose-response manner, but was not associated with non-adherence. Similarly, income loss
was associated with the exacerbation of psoriasis, stress, and symptoms of anxiety and
depression. In contrast, income loss was significantly associated with non-adherence to
treatment, but it was not associated with healthcare utilization. Non-adherence behavior
and perceived stress were independently associated with both income loss and exacerba-
tion of psoriasis. This survey also investigated the association between nonadherence to
treatment and patient-reported outcomes of psoriasis [81]. In total, 634 (68.5%) patients
reported nonadherence to treatment, and patients that were treated with systemic therapy
and topical therapy showed worse adherence than those treated with biologic therapy.
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Non-adherence to treatment was significantly associated with deterioration of psoriasis,
perceived stress, and symptoms of anxiety and depression.

During the COVID-19 pandemic, telemedicine has been one of the most effective
strategies for mental health and education of patients, contributing to adherence to treat-
ment. In Taiwan, telemedicine was legally granted by an amendment to Taiwan’s Physician
Act in 2018, and its telemedicine service is anticipated to help, not only under-served
regions, but also in situations with the COVID-19 pandemic [82]. In Italy, Brunasso et al.
started a teledermatology service using telephone and email when lockdown imposed
the closure of non-urgent outpatient clinics on 9 March 2020 [83]. Remote consultations
included triage for COVID-19 suspected symptoms, an email check of clinical pictures
and laboratory examinations, advice for topical and systemic therapy continuation or
discontinuation/switch, and rescheduling of the next appointment. This service was ef-
fective in preventing an unnecessary worsening of severe chronic skin diseases and poor
outcomes due to the withdrawal of current therapy. Furthermore, this service provided
an important advantage for female physicians who also took care of their children during
lockdown when the schools closed. The limitations of personal dermatological care of pa-
tients with skin diseases can be partially compensated by an extension of teledermatology
as a convenient and safe method [84].

4. Conclusions

In this review, we summarized the risks and benefits of biologics for the treatment
of psoriasis during the COVID-19 pandemic. Biologics seem to be beneficial to COVID-
19 infection. Vaccines using mRNA technology are expected to prevent the onset and
exacerbation of COVID-19 infections. The Psoriasis Group of the Spanish Academy of
Dermatology and Venereology and National Psoriasis Foundation developed a series of
recommendations and guidance on the management of psoriasis during the COVID-19
pandemic [85–87]. Biologics for psoriasis are not a contraindication to COVID-19 mRNA
vaccines, and it is recommended that patients with psoriasis should receive COVID-19
mRNA vaccines. There is no evidence that vaccines affect the onset and severity of psoriasis.
Registry data should be collected to inform whether COVID-19 vaccines affect the clinical
outcomes of psoriasis. During the ongoing pandemic, shared decision-making between
clinicians and patients is required based on updated information. This may also change
the provision of medical care in the post-COVID-19 era.
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Abstract: Preparations containing calcipotriol combined with betamethasone dipropionate (in the
forms of ointment, gel, and foam) are available for the topical treatment of psoriasis. This review
summarizes the differences in the efficacy and safety of these formulations, as well as the preferences
of patients with various forms of psoriasis (plaque, scalp, and nail psoriasis). It has been documented
that foams provide higher bioavailability, resulting in increased efficacy in plaque psoriasis compared
to ointments and gels. Gels or foams are preferred by patients for their different practical qualities
(e.g., gels for “easy application”, and foams for “immediate relief”). The available data indicate
that ointments may be the most effective formulation in nail psoriasis, and gels are preferred by
patients with scalp psoriasis because of their cosmetic features. Treatment with a foam formulation is
associated with a lower number of medical appointments compared to treatment with an ointment
and with a lower probability of developing indications for systemic treatment. The safety profiles of
foams, ointments, and gels are comparable, with the most common adverse effect being pruritus at
the application site (in 5.8% of the patients). A long-term proactive maintenance therapy markedly
reduces the number of relapses and is likely to close the gap between topical and systemic treatment
in psoriasis.

Keywords: calcipotriol; betamethasone dipropionate; long-term treatment; nail psoriasis; proactive
treatment; psoriasis; topical therapy; treatment; scalp psoriasis; vitamin D3 derivatives

1. Introduction

Preparations containing calcipotriol combined with betamethasone (in the form of
betamethasone dipropionate) are available for the topical treatment of mild psoriasis [1,2].
The topical formulations of calcipotriol with betamethasone available in most countries are
ointments, gels, and foams [3–6]. The specific properties of the these preparations may not
be comprehensible to every clinical practitioner.

The aim of this article is to review the similarities and differences between these three
formulations. In this article, we use the terms “foam” and “foam containing calcipotriol
with betamethasone” interchangeably as equivalent to “foam containing calcipotriol with
betamethasone dipropionate”, the terms “ointment” and “ointment containing calcipotriol
with betamethasone” as equivalent to “ointment containing calcipotriol with betametha-
sone dipropionate”, and the terms “gel” or “gel containing calcipotriol with betamethasone”
as equivalent to “gel containing calcipotriol with betamethasone dipropionate”. All data re-
fer to the approved calcitriol/betamethasone dipropionate concentration of 0.005%/0.064%.
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As of 2021, the concentration of active ingredients is identical in all formulations across
all countries. The literature search for this article was performed until 31 January 2021
in PubMed and Scopus, using the search terms “calcipotriol” and “betamethasone” with
“ointment” or “gel” or “foam”. All search results were analyzed in detail.

2. Pharmacodynamics of Calcipotriol/Betamethasone Dipropionate

Calcipotriol, a synthetic vitamin D3 analogue, has a similar mode of action to calcitriol—
changing the expression of genes responsive to vitamin D. It binds to the retinoid X receptor
and influences cell differentiation and growth regulation, immune functions, and the bal-
ance of calcium and phosphorus in the body [7]. It also has a reductive effect on the
hyperproliferation of keratinocytes, normalizes their differentiation, and reduces the pro-
inflammatory cytokine level, which induces anti-inflammatory and immunomodulatory
effects [7,8].

Betamethasone dipropionate belongs to the group of synthetic fluorinated gluco-
corticoids that exhibit anti-inflammatory and immunosuppressive effects by binding to
glucocorticoid cytosolic receptors and then translocating to the nucleus where they regulate
the transcription of numerous genes responsible for the immune response. It limits inflam-
matory infiltration, erythema, and edema, inhibits cell hyperproliferation, and improves
the differentiation of keratinocytes in psoriasis [8,9].

Pharmacodynamic studies showed the anti-inflammatory and immunoregulatory
synergy of the combination of calcipotriol and betamethasone dipropionate with respect to
the effects of these active substances administered individually [10]. The effectiveness of
calcipotriol/betamethasone dipropionate mixtures is related to a synergy of action of the
two substances. Calcipotriol affects keratinocyte differentiation, while betamethasone influ-
ences inflammatory processes and minimizes skin irritation (e.g., pruritus) after calcipotriol
application [11].

The mechanism of calcipotriol/betamethasoneantipsoriatic activity has remained only
partially known for a long time. However, in the last decade, a number of publications
have started to discuss the immune background of psoriasis and the influence of T cells, B
cells, dendric cells, as well as cytokines in its pathogenesis [12–15]. A novel approach to
the investigation of the mechanism of action of therapeutics applied in psoriasis treatment
has been proposed. Recently, Satake et al. [16] have investigated the synergistic effects of
drug substances in combination therapy with Cal/BS for dermatitis-like psoriasis. They
investigated the basic immune mechanisms in a mouse model of imiquimod-induced
psoriasis. Cal/BS combination appeared effective in inhibiting the effects induced by
imiquimod in comparison with a monotherapy with calcipotriol or betamethasone. The
authors emphasized that Cal/BS synergistically induced CD8+ regulatory T cells and
improved the balance between CD8+ or CD4+ regulatory T cells and pro-inflammatory
CCR6+ γδ T17 lymphocytes in the lymph nodes. The data indicated that the synergistic
antipsoriatic effect of Cal/BS was based on a reduction of the imbalance between regulatory
CD8+ or CD4+ T cells and pro-inflammatory CCR6+ γδ T17 cells.

Calcipotriol is stable in alkaline solutions with pH above 8, whereas betamethasone
dipropionate requires an acidic environment with pH between 4 and 6. Therefore, the
presence of both substances in an aqueous environment leads to interactions and to their
decomposition [8]. For this reason, the treatment of psoriasis with calcipotriol and be-
tamethasone dipropionate was initially carried out by applying them separately twice a
day or sequentially [10]. The development of a formulation type of fixed dose combinations
created the possibility of the simultaneous application of calcipotriol and betamethasone
dipropionate, increasing their effectiveness and convenience of use, as well as patients’
compliance [17]. The treatment is safe, systemic exposure after topical administration of
calcipotriol and betamethasone dipropionate is low, and the absorption of the substances
after application to healthy skin does not exceed 1%. In patients with psoriasis, the blood
levels of the drugs were below the quantification level after 4 to 8 weeks of treatment [7].
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3. Supersaturated Foam Formulation of Calcipotriol/Betamethasone

Dermal and transdermal drug delivery is a continuous challenge for pharmaceutical
technology. A number of various strategies of drug delivery across the skin barrier have
been tested through the decades. A rich set of methods has also been proposed and tested
for psoriasis treatment, e.g., laser-assisted drug delivery, foam formulations, nanoparticles,
ethosomes, niomes [18]. Among these methods, the application of supersaturated solutions
is widely accepted for the treatment with calcipotriol/betamethasone formulations [19].
The penetration of the skin by active substances after topical application is directly propor-
tional to their concentration. Low solubility in the vehicle is a limitation for the majority of
active substances in topical preparations. The chemical potential of a substance may be
“artificially” increased above its solubility by using supersaturated solutions, which gives
the opportunity to improve its delivery. Supersaturated solutions are thermodynamically
unstable but they may be temporarily stabilized during treatment.

Supersaturation, involving the increased concentration of a substance above its vehi-
cle solubility threshold, was introduced for foams containing calcipotriol and betametha-
sone [19,20]. A supersaturated solution is formed on the skin surface ex tempore after the
application of the preparation through immediate propellant evaporation. According to
the information in the Summary of Product Characteristics (SmPC) of commercial foam
formulations containing calcipotriol/betamethasone, the following main excipients are
present: white petroleum, polyoxypropylene stearyl ether, liquid paraffin, butane, and
dimethyl ether. According to their role in foam formulations, these substances may be
divided into two groups, i.e., lipid anhydrous bases for calcipotriol/betamethasone and
volatile solvents, which also act as propellants. The non-aqueous environment protects the
active substances from decomposition due to their pH sensitivity. The processes occurring
after foam application are shown in Figure 1. After application, butane and dimethyl ether,
whose boiling points are below 0 ◦C, quickly evaporate, leaving a supersaturated solution
of calcipotriol/betamethasone in a lipid basis on the surface of the skin. A study presented
by Lind et al. [19] showed that the propellant concentration within the foam was reduced to
below 2% within 30 s. Microscopy, Raman imaging, and X-ray powder diffraction (XRPD)
studies confirmed that the active substances do not recrystallize in foam formulations for
at least 18 h, and probably much longer. In contrast, crystals were observed immediately
after the application of a standard ointment formulation. Research on the penetration of
calcipotriol and betamethasone dipropionate through pig ear skin confirmed a statistically
significant increase in active substance concentrations in comparison with the concen-
trations reached when using an ointment. From a practical point of view, the occlusive
properties of the supersaturated layer are very important. They increase the hydration of
the stratum corneum by inhibiting water evaporation, which improves skin permeability.

Both in vitro and in vivo research showed the superiority in active substances’ speed
of penetration and concentration reached when using foams compared to gels or oint-
ments [19].

The outcomes obtained with the use of foams support the view of an increasing
number of dermatologists that foams leading to supersaturation of calcipotriol and be-
tamethasone will change dermatology and clinical practice as regards the treatment of
psoriasis [21,22].
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Figure 1. Illustration of the formation of a supersaturated layer on the skin after the administration of a cal-
cipotriol/betamethasone foam. (A) Foam application, (B) solvent evaporation, (C) formation of a supersaturated layer.

4. Comparison of Foam and Ointment

A double-blind multicenter phase II study [23] compared the effectiveness and safety
of two preparations containing calcipotriol and betamethasone dipropionate—a foam and
an ointment. The study included a total of 376 patients. The primary endpoint to evaluate
the formulations’ effectiveness was the percentage of patients whose skin lesions regressed
or almost completely regressed as confirmed by Physicians Global Assessment (PGA)
analysis after 4 weeks. The number of patients in whom therapeutic success was achieved
was significantly higher in the group who had used the foam formulation compared to the
group who had used the ointment (54.6% and 43.0%, respectively, p = 0.025). Moreover,
assessment with the mPASI method (modification of the Psoriasis Area and Severity Index,
which excludes the hairy scalp on which no foam/ointment was applied) demonstrated
a statistically significant advantage of foam over ointment at both assessed time points
(1 week and 4 weeks). The authors concluded that the effectiveness of the foam formulation
was markedly higher than that of the ointment, with a comparable safety profile.

The standard vasoconstriction test for the evaluation of glucocorticoid effects was
used to compare the activities of a foam containing calcipotriol and betamethasone and
an ointment containing betamethasone (no calcipotriol). The degree of vasoconstriction
obtained with the foam was (median) 2.00 points, while that achieved with the ointment
containing betamethasone but without calcipotriol was 1.75 points, with the difference
being statistically insignificant (p = 0.30) [24].

An analysis of the cost effectiveness of foams and ointments containing calcipotriol
and betamethasone was conducted in Sweden [25]. A relatively complex organizational
regimen involved the application of a foam or an ointment prior to systemic treatment.
A significantly higher effectiveness of the foam was observed in comparison with the
ointment. The use of foam was associated with a lower number of medical consultations
and a lower percentage of patients for whom systemic treatment was necessary.

5. Comparison of Foam and Gel

A 12-week PSO-ABLE phase III study [26] was conducted to compare the therapeutic
effectiveness and safety of a foam containing calcipotriol and betamethasone and a gel
containing the same amount of active substances. The study included 463 patients. The
average baseline BSA was 7.1 ± 5.7 in the group of patients using the foam and 7.0 ± 5.5 in
the group who used the gel. The primary endpoint of effectiveness assessment was the
percentage of patients in whom therapeutic success was achieved. Therapeutic success
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was defined according to the PGA scale (0–4) as “no lesions” in case of patients with mild
lesions at baseline and “no lesions” or “almost no lesions” in patients with moderate or
severe psoriasis at baseline. On the basis of the above definition, the effectiveness of the
foam was characterized as markedly higher compared to that of the gel. The percentages of
patients in whom therapeutic success was achieved (“no” or “almost no” psoriatic lesions)
were 38.3% and 19.6% after 4 weeks for the foam and gel groups, respectively, while after 8
weeks, the respective percentages were 44.5% and 22.5%. The study also showed that, after
4 weeks, therapeutic success was achieved in a significantly higher percentage of patients
using the foam, whereas it required 8 weeks in patients using the gel. A similar difference
was observed when analyzing the effectiveness with mPASI. During the study, the patients
used on average 98.6 g of foam and 164.3 g of gel (after 4 and 8 weeks, respectively). They
used 236.4 g of foam and 193.1 g of gel over 12 weeks.

The secondary endpoints of effectiveness were the percentage of patients achieving
at least 75% of modified PASI (mPASI75) reduction and the time to treatment success. A
significant advantage of the foam was demonstrated also for those parameters. The authors
emphasized that the median time for achieving the standard index of improvement of
mPASI75 was 4 weeks for the foam and 12 weeks for the gel.

A phase III clinical trial also assessed the influence of using foam and gel formulations
on patients’ quality of life [27]. The following scales were used in the assessment: Health-
Related Quality of Life (HRQoL), including the Dermatology Life Quality Index (DLQI), the
EuroQoL-5D-5L-PSO (EQ-5D), and the Psoriasis QoL (PQoL-12). Moreover, the researchers
evaluated such variables as pruritus, sleep deprivation triggered by pruritus, and the
influence of the disease on the working life. The study included 463 patients with plaque
psoriasis with BSA of 2 to 30%. In this group, 185 patients applied a foam, 188 used a gel
formulation, 47 used a foam vehicle without active substances, and 43 used a gel vehicle.
DLQI 0 or 1 were obtained by considerably more patients using the foam rather than the
gel at week 4 (45.7% vs 32.4%, respectively; p = 0.013) and at week 12 (60.5% vs 44.1%,
respectively; p = 0.003). The foam was also more effective as regards other parameters
concerning the quality of life, including EQ-5D (0.09 vs 0.03; p < 0.001) and PQoL-12
(−2.23 vs −2.07; p = 0.029), and in terms of the influence on pruritus, pruritus-related sleep
deprivation, and work impairment.

Another phase III clinical trial [28] evaluated the preferences of patients concerning
the vehicle. The authors compared a foam containing calcipotriol with a gel containing
the same active substance. “The previous treatment” was the reference point. It was a
prospective multicenter study (NCT02310646). The foam was used once daily for 7 days
and then was substituted by the gel or the opposite. The study included 213 patients. For
some parameters, the patients claimed they preferred the foam, e.g., because of immediate
relief, the soothing quality of the preparation, or the feeling of alleviating the condition. As
regards the gel, the patients indicated its easy application or easy spreading.

6. Special Locations

The efficacy of gel, ointment, and foam formulations was not extensively studied in
special locations which are difficult to treat. Some studies were conducted on the efficacy
of calcipotriol/betamethasone in nail psoriasis.

Rigopoulos et al. [29] treated 22 patients with nail psoriasis (114 nails) with an ointment
once daily for 12 weeks. An average improvement of 72% was observed in the nail psoriasis
severity index (NAPSI). Saki et al. [30] investigated 16 patients with nail psoriasis treated
with an ointment formulation for 6 months and observed a mean improvement of 55.5% in
the NAPSI.

In a study performed by Gregoriou et al. [31], a calcipotriol/betamethasone foam was
applied once daily on the proximal nail fold and hyponychium. The mean total NAPSI
was reduced by 44%. Case reports also indicated the possible efficacy of a gel formulation
monotherapy in nail psoriasis [32].
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There were no head-to-head studies, but indirect data may indicate that the ointment
formulation is more effective in nail psoriasis compared to foam.

The effect of a calcipotriol/betamethasone gel and foam in scalp psoriasis was ex-
tensively studied [33–38]. No head-to-head studies are available to evaluate the relative
efficacy or safety of different formulations for scalp psoriasis. A 2017 Cochrane review
of topical treatment options in scalp psoriasis indicated the presence of overall moderate-
quality evidence confirming that the two-compound combination was only of small benefit
over the formulation containing only the corticosteroid and that both therapies were
similarly safe in short-term therapy. It was also concluded that there was overall moderate-
quality evidence confirming that the two-compound combination was more effective and
safer than vitamin D alone in short-term therapy [39]. Differences in the methodology of
various short-term studies (4–8 weeks) performed in adult patients with scalp psoriasis
limit the possibility of comparing the efficacy of these two formulations. The ointment
formulation was not studied in isolated scalp psoriasis in clinical trials. A small case series
indicated the possibility of significant efficacy [40]. However, difficulty in washing the
ointment out of the hair may be a limiting factor [40].

A long-term study of a calcipotriol/betamethasone gel in adult patients performed
by Saraceno et al. [36] indicated that maintenance therapy with twice-weekly applications
versus on-demand treatment was more effective and was associated with a lower rate of
relapse. The treatment was considered cosmetically acceptable by 79% of the patients [23].

Scalp psoriasis in adolescents was not extensively studied. An analysis of data from
phase 2 studies was performed to evaluate the efficacy of a foam formulation in scalp
psoriasis in adults and adolescents from the age of 12 years. An improvement was observed
in PGA classification at week 4 in 73.6% of the adolescents and it was higher compared to
that reached in the adults [38]. There are no studies focusing on the possible application of
betamethasone/calcipotriol in patients with intertriginous or genital psoriasis. However,
expert opinions indicate that a short course of treatment is likely to have a good efficacy
and safety profile [41]. The comparison of the pharmaceutic properties may indicate a
preference for foam over ointment or gel.

7. Adverse Effects

The safety profile of foams was compared to that of ointments by Koo et al. [23] and
to that of gels by Paul et al. [26]. The available safety data related to foams have recently
been collected and analyzed by Amat-Samaranch and Puig [42]. The data showed that that
the safety profiles of foams, ointments, and gels were comparable, with adverse effects
observed in more than 1% of patients being application site pruritus (5.8%), skin atrophy
(1.9%), folliculitis (1.9%), skin burning sensation (1.4%), skin depigmentation (1.4%), and
erythema (1.0%).

8. Calcipotriol/Betamethasone Foam as a Formulation Bridging the Gap between
Topical and Systemic Treatment in Psoriasis

A study published in December 2020 evaluating foam containing calcipotriol with
betamethasone indicated the latter as a drug that might influence the costs of the biologic
treatment of patients with the moderate-to-severe disease [43]. The authors indicated that
biologic treatment was effective as a monotherapy in numerous patients suffering from
psoriasis, while in some patients a change in treatment was necessary. The study aimed
to analyze possible cost savings resulting from the use of a foam formulation combined
with a systemic biologic treatment compared to a monotherapy treatment. The study
included 30 patients. It was a 16-week, open-label, single-arm study of adjunctive therapy
with a foam containing calcipotriol and betamethasone in patients who had been treated
with etanercept or adalimumab for more than 24 weeks, without obtaining a satisfactory
treatment response. The analysis involved the assessment of the affected body surface
area (BSA), a general evaluation of disease severity performed by a doctor (PGA), BSA
× PGA, NPF Treat to Target, and the probability of changing a biologic drug by the
attending physician. Simultaneously, the authors analyzed the cost of treatment. Notably,
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the abundance of results obtained in the study showed that the probability of switching the
biologic drug into another (potentially more expensive) decreased from 90.0% at baseline to
7.1% after 16 weeks of research which included 4 weeks of treatment with the topical drug
applied once daily, followed by 12 weeks of maintenance/proactive therapy. The National
Psoriasis FoundationTreat to Target status was achieved by over 75% of the patients by
4 weeks. The pharmacoeconomic assessment revealed that the adjuvant use of foam was
more cost-effective compared to switching biologic drugs. In conclusion, the authors
indicated that adjuvant therapy with calcipotriol and betamethasone dipropionate in a
foam formulation may result not only in considerable clinical benefits but also in potential
cost savings.

A recent meta-analysis was performed to compare literature data referring to the effec-
tiveness of a treatment with a foam containing calcipotriol and betamethasone compared to
that of classic methods for the systemic treatment of psoriasis [44]. The time to therapeutic
effect for each of the analyzed drugs was the reference point. Patients treated with a foam
containing calcipotriol and betamethasone were characterized by a significantly better
response assessed with the PASI75 scale compared to patients administered apremilast,
methotrexate, and acitretin, and by a similar response compared to patients administered
fumaric acid esters. Despite numerous methodological limitations of such analysis of litera-
ture data, the presented material reflects the questions frequently asked by dermatologists
nowadays.

A similar presumption was the basis of a publication which analyzed the treatment
costs of a foam containing calcipotriol and betamethasone and of systemic treatment [45].
The authors compared short-term costs and treatment effectiveness. The analysis comprised
methotrexate, acitretin, fumaric acid esters, and apremilast. The authors assumed the
perspective of the payer, which included the drug, medical appointments, and treatment
monitoring as treatment costs. The lowest cost per responder (CPR) was generated by
foam in all countries. It was calculated as the standard time necessary for achieving
clinical response. The cost of treatment with foam was 190–359 Euros lower than that with
methotrexate, apremilast, and acitretin. On the basis of the data in this publication, it may
be concluded that in cases in which topical treatment is possible and clinically indicated,
a foam with calcipotriol and betamethasone may constitute an attractive alternative for
the short-term treatment of patients with psoriasis on the border of clinical indications for
systemic treatment.

Bagel et al. [46] investigated whether patients who did not respond to systemic treat-
ment with apremilast as monotherapy might be successfully treated for psoriasis (treatment
effectiveness defined as PASI75) if a foam containing calcipotriol and betamethasone was
introduced. The authors demonstrated that the majority of patients with partial response
to treatment at week 8 might achieve PASI75 at week 12 with the combination therapy in
topical foam and maintain PASI75 until week 16 with a systemic drug as monotherapy. It
may indicate that even a short-term addition of foam containing calcipotriol to systemic
treatment leads to an improvement and the maintenance of good response to the same
drug, without the necessity of changing drugs in systemic treatment (Table 1).
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Table 1. Major differences between calcipotriol/betamethasone foam, ointment, and gel.

Differences between Calcipotriol/Betamethasone Gel, Foam, and Ointment

• higher bioavailability of foam compared to ointment [19]
• higher clinical efficacy of foam compared to ointment and gel documented in clinical

trials [22–24,26,27]
• higher efficacy of foam compared to gel as regards relieving pruritus [27]
• higher efficacy of foam compared to gel in relieving pruritus-related sleep disorders [27]
• higher efficacy of foam compared to gel as regards the influence on the quality of life [27]
• gel or foam are preferred by patients for their different practical qualities (e.g., gel for “easy

application” and foam for “immediate relief”) [28]
• lower number of medical appointments with foam compared to ointment [25]
• lower probability of developing indications for systemic treatment or for switching to a

different systemic treatment with foam in comparison with ointment [25,47], maintenance
therapy markedly reduces the number of relapses (approved for foam, not for ointment
or gel)

• ointment appears to be more effective compared to foam in nail psoriasis (no head-to-head
data) [30,31,48]

• the efficacy of foam and gel in scalp psoriasis was studied with inequivalent methodologies;
gel is cosmetically acceptable by 79% of patients [36,38]

9. Proactive Maintenance Treatment

The chronic course of psoriasis and the tendency towards rapid relapses after topical
treatment constitute a significant problem in the treatment of psoriasis. Topical corticoid
treatments are approved for no more than 4–8 weeks, leaving the patient and physician
with limited possibilities for treatment continuation. According to the registered posology
regimen, the possibility of using a foam with calcipotriol and betamethasone as a proactive
treatment for up to 52 weeks opens a new avenue for the long-term therapy of psoriasis.

A phase III clinical trial (NCT02899962) described by Lebwohl et al. [49] and Stein
Gold et al. [50] in 2020 collected positive results. It involved the assessment of the safety
and effectiveness of a calcipotriol and betamethasone foam used twice weekly for 52 weeks
as a proactive maintenance therapy aiming to prevent a relapse or achieve the longest
possible clinical remission time. This idea is based on the long-term application of the foam
to healthy-appearing areas following the resolution of skin lesions.

In this context, it is worth emphasizing that the clinical regression of lesions is not
equivalent to the resolution of the inflammatory process in the skin. A study conducted
with the use of noninvasive skin imaging techniques indicated that an inflammation
persisted in the skin despite achieving the apparent regression of skin lesions [51]. It was
also demonstrated that the post-treatment dermoscopic picture of skin lesions allowed the
determination of prognosis regarding the recurrence of cutaneous lesions in psoriasis [52].
The subclinical presence of an ongoing inflammatory process in the skin of patients with
psoriasis explains the tendency towards rapid recurrences of psoriatic skin lesions in a
significant proportion of patients treated with conventional 4–8 week courses of calcipotriol
and betamethasone ointments or gels. This phenomenon identified in recent years has
become one of the most important presumptions as regards the development of proactive
psoriasis treatments which would offer a chance to prolong the remission time after topical
treatment.

The phase III clinical trial which was mentioned above [49] included 650 patients,
with 521 being randomized to the proactive phase of maintenance therapy. The time to first
relapse was the primary endpoint. A total of 251 randomized patients (46.1%) completed
the study. The median of the time to first relapse was 56 days (in a group of patients
undergoing proactive treatment) and 30 days (control group), which indicated that the time
to first relapse was 87% longer in patients treated proactively. In total, the patients in the
proactive treatment group had additional 41 days of remission over 52 weeks compared
to the control group of patients in whom subsequent treatment cycles were introduced
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according to previous clinical practice, i.e., after a clinical relapse (p < 0.001). The number of
relapses during 52 weeks was 3.1 (study group), which was 35% lower than in the control
group (4.8). Moreover, the tendency towards rebounds was lower compared to that at
baseline (PASI ≥ 125%). The safety profile was comparable for both therapeutic methods.

In 2020, Kircik et al. [47] summarized available scientific evidence and literature data
in a review article. Data analysis indicated that foams (but not other pharmaceutical
formulations) containing calcipotriol and betamethasone have such a high anti-psoriatic
effectiveness that, in some psoriasis patients, the decision to implement systemic treatment
might be unnecessary.

10. Conclusions

Calcipotriol/betamethasone foams show significantly higher efficacy compared to
ointment and gel formulations in the treatment of plaque psoriasis. The higher clinical
efficacy may be attributed to the supersaturation technique which was used for the produc-
tion of the foam formulations. Gels and ointments have shown some benefits in the topical
treatment of scalp and nail psoriasis, respectively. The available data indicate that the foam
formulation may close the gap between topical and systemic therapy in plaque psoriasis,
particularly when applied as a long-term proactive maintenance treatment.
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Abstract: Background: The treat-to-target approach was recently adopted for psoriatic arthritis (PsA)
management. Objective: To assess the implementation of the “treat-to-target” (T2T) concept in daily
management of PsA by use of composite scores of disease activity versus clinical judgement alone.
Methods: A total of 117 PsA patients from a longitudinal PsA cohort were enrolled consecutively
in the study during each patient’s first clinic visit during 2016–2017. Clinic notes from the treating
rheumatologist were reviewed by an independent rheumatologist, noting clinical impression of dis-
ease activity, treatment changes based on clinical judgement, and rationale. Treatment changes were
then compared to the use of formal disease activity parameters in Minimal Disease Activity (MDA)
and Disease Activity Index for Psoriatic Arthritis (DAPSA) composite measures. All associations
were assessed using the chi-square test or the Mann–Whitney test, as appropriate. Results: The
117 PsA patient cohort consisted of 65.5% women, mean age 58.4 ± 13.6 years. Clinical judgement
of treating rheumatologist concorded with MDA and DAPSA in 76 (65.5%) and 74 (64.9%) patients,
respectively. Agreement between clinical judgement and composite measure criteria did not correlate
with patient age, sex, alcohol/tobacco use, or treatment regimens chosen. Disagreement between
physician assessment and MDA occurred in 40 (34.5%) cases: in 30 cases, the MDA status was
overestimated due to disregard of patient reported outcomes (PRO), while underestimation of MDA
status occurred in 25% of cases with treatment changes made in patients with a single active joint
or enthesis. Underestimation of disease activity using DAPSA occurred in 22 cases and could be
attributed to disregarding tender joint count, patient pain visual analogue scale and C-reactive pro-
tein level. Conclusion: In our cohort, agreement between clinical impression and formal composite
measure utilization for implementation of T2T strategy occurred in 65% of patients. Discordance
resulted from physicians’ overlooking PRO and emphasizing objective findings when using clinical
judgement alone.

Keywords: psoriatic arthritis; assessment; disease activity; composite disease activity measures;
patient-reported outcomes

1. Introduction

In many areas of medicine, it has been shown that following a predefined treatment
goal, termed the treat-to-target (T2T) approach, is more helpful in reducing complications
and organ damage than treatment based on clinical judgement alone [1,2]. This approach
was adopted in the management of rheumatic diseases [3–6].

Psoriatic arthritis (PsA) belongs to seronegative spondyloarthropathies, a group of
rheumatic diseases that have common genetic associations and share certain clinical fea-
tures aside from peripheral arthritis, such as spondylitis, enthesitis, dactylitis, uveitis,
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and inflammatory bowel disease. PsA is associated with significant morbidity due to
progressive joint damage, reducing patients’ health-related quality of life and functional
capacity, compared to psoriasis patients or healthy controls [7,8]. Maintaining sustained
minimal disease activity is of importance in PsA, as it is associated with low progression of
radiologic joint damage over time [9].

The Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA)
published recommendations for PsA management with six overarching goals of ther-
apy, including achievement of the lowest possible level of disease activity in all disease
domains—arthritis, enthesitis, dactylitis, axial, skin, and nail involvement—in order to
optimize functional status, prevent structural damage, and improve quality of life and
well-being [10]. Given the multifaceted nature of PsA, it was noted that patients should be
evaluated regularly and have treatment adjusted as needed in order to achieve these goals,
with the current accepted main treatment target being remission or low disease activity
to reduce inflammatory burden [11–14]. As no specific disease activity measure has been
endorsed to date in the management of PsA, it is recommended to assess disease activity
by using any one of the several disease activity measures addressing different domains of
disease, including patient-reported outcomes (PRO) [11–13].

Currently, several valid composite measures exist for assessing disease activity in
PsA [15], such as the PsA Disease Activity Score (PASDAS) [16,17], the Composite Dis-
ease Activity Index in PsA (CPDAI) [18], Minimal Disease Activity (MDA) [19–21], and
the Disease Activity Index for Psoriatic Arthritis (DAPSA) score [22–24]. While these
composite measures are being increasingly used in clinical research and observational
studies [21,25–28], the relative concordance between their respective parameters and the
parameters used by physicians in assessing disease activity in daily clinical practice is
unknown.

The objective of our study was thus to assess the real-life implementation of the T2T
concept in daily clinical practice using clinical impression vs. formal composite disease
activity measure utilization, using MDA and DAPSA.

2. Methods

2.1. Study Population

PsA patients that fulfilled the Classificiation for Psoriatic Arthritis (CASPAR) criteria
who were ≥18 years of age, who also agreed to participate in a longitudinal observational
cohort study, were followed in a combined rheumatology–dermatology clinic at 6–12 month
intervals, according to a standardized protocol that includes collection of clinical and
laboratory data regarding patient demographics, self-reported formal disability status
(i.e., receiving a living stipend from the Israeli National Social Security System due to
formal recognition of disability from patient’s rheumatologic illness), clinical data with
emphasis on skin, joints, entheses, and dactylitis involvement as well as PRO, laboratory
data including markers of inflammation, and medication use. Each enrolled patient’s first
clinic visit during 2016–2017 was included in this study. All patients were assessed by one
of two rheumatologists (D.Z and A.H).

A third rheumatologist (M.A.H) was assigned to retrospectively review the clinic
visit notes for all patient visits included in the cohort. Data extracted from each protocol
visit note included patient demographics; alcohol and tobacco use; duration of PsA and
psoriasis; and clinical manifestation, including 68 tender joint count (TJC), 66 swollen
joint count (SJC), 16 enthesial and 20 dactylitis counts, skin involvement (Psoriasis Area
and Severity Index, (PASI) or total body surface area (BSA)), patient PRO (patient visual
analogue scale (VAS), patient global disease activity VAS (PtGA), and Health Assessment
Questionnaire (HAQ)), C-reactive protein (CRP) levels, medication use, physician global
assessment on a 0–10 numerical scale, and treatment changes and rationale recorded by
the treating physician.
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The evaluating rheumatologist (M.A.H) then calculated the MDA and DAPSA scores
based on the data included in the clinic visit notes, reviewed treatment changes, and
determined the concordance between clinical judgement and formal disease activity scores
in assessing disease activity and need for treatment change.

MDA evaluated in this study is a valid composite disease activity measure representa-
tive of the multifaceted domains of psoriatic disease, including peripheral arthritis (tender
and swollen joints) and enthesis and skin involvement. It also includes three categories
of PRO: patient pain VAS, PtGA, and HAQ. MDA status is achieved when any five of the
seven criteria are met, while patients are said to have very low disease activity, which could
represent a state of remission, if all seven criteria are fulfilled [19]. Unlike MDA, which is a
binary tool signifying active/inactive disease, the DAPSA, an additional valid composite
disease activity measure used in this study, is a continuous measure of disease activity and
has several cut-off values: remission (0–4), low (5–14), moderate (15–28), and high disease
activity (>28). The DAPSA score includes peripheral arthritis involvement, CRP level, and
two PRO categories (patient VAS and PtGA) [22–24].

In this study, proper implementation of T2T strategy for tight disease activity control
was defined as the physician’s alteration of treatment regimen based on clinical judgement
whenever the physician noted that patients were not in low disease activity or remission,
or the physician’s recorded rationale for forgoing treatment alteration based on medication
side effects, patient comorbidities, pregnancy, patient preferences, etc., in comparison with
the formal use of MDA and DAPSA as validated composite measures as the target for
disease management.

In our analysis, two cutoff values for the MDA score were used to analyze T2T
adherence: MDA < 5 signifying active disease and MDA ≥ 5 signifying low disease
activity or remission. For the purpose of T2T analysis using DAPSA, two different cutoff
possibilities for the DAPSA score were evaluated—one in which remission and low disease
activity levels were grouped together (DAPSA score ≤ 14) vs. moderate to high disease
activity grouped together (DAPSA score > 14).

2.2. Statistical Analysis

Continuous data are presented as mean ± standard deviation (SD), while categorical
variables are presented as numbers and percentages. The associations between proper
T2T concept implementation and categorical and continuous variables were assessed by
chi-square test or Mann–Whitney test, as appropriate. The association between physician’s
assessment at each clinic visit with each of the MDA or DAPSA parameters was evaluated
using chi-square test or Fisher’s exact test for small samples, as appropriate.

All data were analyzed using SPSS, version 24 (IBM SPSS Statistics for Windows,
version 24.0, 2016, Armonk, NY, USA). All tests were two sided; p values of <0.05 were
considered statistically significant.

All patients signed informed consent according to the declaration of Helsinki agreeing
to participate in this PsA longitudinal cohort. The study was approved by the Institutional
Review Board (IRB, also known as the Helsinki Committee) of Carmel Hospital (CMC
0044-11).

3. Results

3.1. Study Population Characteristics

A total of 117 consecutive patient visits of 117 different patients were evaluated; one
patient visit was excluded from the analysis due to a lack of complete data in calculating
MDA, and three patient visits were excluded from the analysis due to a lack of complete
data in calculating DAPSA. The mean patient age was 58.4 ± 13.6 years, 74 (63.8%) of
whom were women, with a mean age of 42.7 ± 13.0 years at PsA onset and 32.0 ± 16.3 years
for psoriasis (Table 1). Most patients had at least one major comorbidity (84/116, 72.4%)
chief among which was cardiovascular disease (63/116, 54.3%). A concurrent diagnosis of
fibromyalgia syndrome (FMS) was present in 6/116 (5.2%) patients, and 16/116 (13.8%) had
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osteoarthritis (OA). Despite most patients having significant comorbidities, only 15/116
(12.9%) of patients self-reported formal recognition of disability status. Predominant
PsA patterns were polyarthritis in 55/116 (47.0%), oligoarthritis in 36/116 (31.0%), axial
involvement as a sole disease manifestation in 3/116 (2.6 %), dactylitis in 13/116 (11.2 %)
and enthesitis in 64/116 (55.2%). The average PASI score was 2.0 ± 3.5. In none of the
visits was a validated disease activity score used by the treating physician, and treatment
changes were based on the physician’s clinical impression of disease activity.

Table 1. Study population characteristics.

Parameter

T2T T2T Not
Total

p ValueImplemented * Implemented *

N = 76 N = 40 N = 116

Age
Mean (±SD)

Age at baseline 57.7 ± 12.5 59.9 ± 15.5 58.4 ± 13.6 NS

Age at onset of PsO 31.0 ± 15.2 33.6 ± 18.4 32.0 ± 16.3 NS

Age at diagnosis of PsO 34.0 ± 15.4 38.3 ± 17.3 35.5 ± 16.1 NS

Age at PsA onset 42.2 ± 12.1 43.9 ± 14.2 42.7 ± 13.0 NS

Age at diagnosis PsA 45.2 ± 12.1 47.1 ± 13.6 45.8 ± 12.8 NS

Sex Female
47 27 74

NS
61.80% 67.50% 63.80%

Ethnicity

Jewish
70 36 106

NS
92.10% 90% 91.40%

Arabs
4 4 8

NS
5.30% 10.00% 6.90%

Smoking Ever
18 6 24

NS
23.70% 15.00% 20.70%

Alcohol use Ever
27 10 37

NS
35.50% 25.00% 31.90%

Comorbidities

Overall
56 28 84

NS
73.70% 70.00% 72.40%

Cardiovascular
44 19 63

NS
57.90% 47.50% 54.30%

Hypertension
13 7 20

NS
17.10% 17.50% 17.20%

Diabetes mellitus
13 11 24

NS
17.10% 27.50% 20.70%

Hyperlipidemia
34 13 47

NS
44.70% 30.20% 40.50%

Osteoarthritis
10 6 16

NS
13.20% 15.00% 13.80%

Fibromyalgia
4 2 6

NS
5.30% 5.00% 5.20%
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Table 1. Cont.

Parameter

T2T T2T Not
Total

p ValueImplemented * Implemented *

N = 76 N = 40 N = 116

Clinical parameters
No. patients, %
(Mean ± SD)

Tender joints
42, 55.3% 22, 55.0% 64, 55.2%

NS
(4.3 ± 6.9) (2.9 ± 4.7) (3.8 ± 6.6)

Swollen joints
44, 57.9% 30, 75.0% 74, 63.8%

NS
(2.9 ± 4.7) (1.4 ± 2.7) (2.4 ± 4.2)

Dactylitis
9, 11.8% 4, 10.0% 13, 11.2%

NS
(0.2 ± 0.6) (0.1 ± 0.4) (0.2 ± 0.5)

Enthesitis
40, 52.6% 24, 60% 64, 55.2%

NS
(3.5 ± 5.4) (3.1 ± 5.4) (3.4 ± 5.4)

PASI
35, 46.1% 28, 70.0% 63, 54.3%

NS
(2.4 ± 4.0) (1.2 ± 2.1) (2.0 ± 3.5)

Assessment
questionnaires

Patient pain VAS
21, 27.6% 11, 27.5% 32, 27.6%

NS
(4.5, ± 3.1) (4.4 ± 3.4) (4.5 ± 3.2)

PtGA
25, 32.9% 13, 32.5% 38, 32.8%

NS
(4.2 ± 2.7) ( 4.5 ± 3.3) (4.3 ± 3.1)

HAQ
30, 39.5% 17, 42.5% 47, 40.5%

NS
(0.9 ± 0.8) (0.8 ± 0.7) (0.9 ± 0.7)

Medications

Methotrexate
29 15 44

NS
38.20% 37.50% 37.90%

Cyclosporine
1 1 2

NS
1.30% 2.50% 1.70%

Sulfasalazine
5 0 5

NS
6.60% 0.00% 4.30%

Hydroxychloroquine
0 0 0

-
0.00% 0.00% 0.00%

Leflunomide
4 2 6

NS
5.30% 5.00% 5.20%

Apremilast
10 3 13

NS
13.20% 7.50% 11.20%

Golimumab
7 2 9

NS
9.20% 5.00% 7.80%

Infliximab
3 1 4

NS
3.90% 2.50% 3.40%

Adalimumab
10 8 18

NS
13.20% 20.00% 15.50%

Etanercept
15 11 26

NS
19.70% 27.50% 22.40%

Ustekinumab
5 3 8

NS
6.60% 7.50% 6.90%
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Table 1. Cont.

Parameter

T2T T2T Not
Total

p ValueImplemented * Implemented *

N = 76 N = 40 N = 116

Secukinumab
10 7 17

NS
13.20% 17.50% 14.70%

Corticosteroids
5 1 6

NS
6.60% 2.50% 5.20%

cDMARDs
38 17 55

NS
50.00% 42.50% 47.40%

bDMARDs
52 33 85

NS
68.40% 82.50% 73.30%

Abbreviations: b/c DMARDs = biologic/conventional disease-modifying anti-rheumatic drugs, HAQ = Health Assessment Questionnaire,
N = number of patients, NS = not significant, PASI = Psoriasis Area and Severity Index, PsA = psoriatic arthritis, PsO = psoriasis, PtGA =
Patient Global Assessment of Disease Activity, SD = standard deviation, T2T = Treat to Target, VAS = Visual Analogue Scale. * Treat to
Target (T2T) implemented or not implemented based on comparison of clinical judgement to validated minimal disease activity (MDA)
score.

3.2. T2T Implementation Using MDA and DAPSA Scores versus Clinical Judgement

After reviewing patient visit notes, the independent assessing rheumatologist con-
cluded that agreement between implementation of T2T strategy using clinical judgement
versus using MDA criteria occurred only in 76/116 (65.5%) cases, and was not affected by
patient age, sex, alcohol or tobacco use, as well as the various treatment regimens ((con-
ventional synthetic disease modifying anti-rheumatic drugs (csDMARD) versus biologic
DMARD (bDMARD)) (Table 1). Physician assessment of disease activity did not correlate
with the MDA score in assessment of 40 (34.5%) patients (Table 2). In 30/40 (75.0%) of
cases, the patients’ MDA status was overestimated, so patients were considered in MDA
due to disregard of the PRO categories of the MDA score, including 29 patients reporting a
high VAS pain score, 22 patients reporting a high PtGA, and 25 patients reporting a high
HAQ score (Table 3). Conversely, patient achievement of MDA status was underestimated
in 10/40 (25.0%) of cases in which treatment changes were made by the treating physician
based on a single involved joint/enthesis, in discordance with the MDA composite measure
criteria in which inflammation in a single joint/enthesis is still considered low disease ac-
tivity/remission (Table 3). Similarly, the independent assessing rheumatologist concluded
that concordance between implementation of T2T strategy using clinical judgement versus
using DAPSA criteria occurred in 74/114 (64.9%) of patients (Table 2), with underestima-
tion of disease activity on the part of the treating physician occurring in 22/40 (55.0%)
patients due to the overlooking of subjective findings (tender joint count, and patient VAS)
as well as the CRP level (Table 3). Overestimation of disease activity occurred in 18/40
cases with no specific component of the DAPSA composite measure being overlooked in
this type of inaccurate physician impression in a statistically significant manner (Table 3).
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Table 2. The degree of concordance between treatment decision. Based on clinical judgment to validated MDA and
DAPSA scores.

Physician Impression and Decision

No Active Disease
No Treatment

Changes

Active Disease
Treatment Changed

Active Disease No
Treatment Changes

Active Disease
No Treatment Changes

Due to Physician/Patient
Decision (Noted in Chart)

Total Number
of Patients

MDA < 5

30
56.6%

Incorrect clinical
decision

(Underestimation)

40
83.3%

Correct clinical
decision

2
100.0%

Incorrect clinical
decision

(Overestimation)

11
83.3%

Correct clinical decision

83
71.3%

MDA ≥ 5
(Remission)

23
43.4%

Correct clinical decision

8
16.7%

Incorrect clinical
decision

(Overestimation)

0
0.0%

Correct clinical decision

2
16.7%

Correct clinical decision

33
28.7%

Total
53

100.0%
48

100.0%
2

100.0%
13

100.0%
116

100.0%

DAPSA > 14
(Active disease)

21
40.4%

Incorrect clinical
decision

(Underestimation)

30
62.5%

Correct clinical
decision

1
50.0%

Incorrect clinical
decision

(Underestimation)

10
83.3%

Correct clinical decision

62
54.4%

DAPSA ≤ 14
(Low disease

activity to
Remission)

31
59.6%

Correct clinical decision

18
37.5%

Incorrect clinical
decision

(Overestimation)

1
50.0%

Correct clinical decision

2
16.7%

Correct clinical decision

52
45.6%

Total
52

100.0%
48

100.0%
2

100.0%
12

100.0%
114

100.0%

T2T implemented—blue; T2T not implemented—red; Abbreviations: MDA = Minimal Disease Activity; Abbreviations: DAPSA = Disease
Activity Index for Psoriatic Arthritis.

Table 3. Factors influencing discordance between physician clinical impression and individual MDA and DAPSA score
components.

Underestimation *
MDA < 5

30 Patients (%)

Overestimation #
MDA ≥ 5

10 Patients (%)
p-Value

Overestimation #
DAPSA ≤ 14

18 Patients (%)

Underestimation *
DAPSA > 14

21 + 1 Patients (%)
p-Value

TJC 16
(53.3%)

2
(20.0%) NS 0.6 ± 0.9 4.0 ± 7.4 0.03

SJC 8
(26.7%)

2
(20.0%) NS 0.8 ± 1.0 1.5 ± 2.8 NS

PASI 8
(20.7%)

4
(40.0%) NS N/A N/A N/A

Tender entheseal
points

15
(50.0%)

1
(10.0%) 0.03 N/A N/A N/A

Patient pain VAS 29
(96.7%)

0
(0.0%) <0.0001 1.9 ± 32.0 7.1 ± 2.0 <0.0001

PtGA, n (%) 25
(83.3%)

2
(20.0%) 0.001 3

(16.7%)
7

(31.8%) NS

HAQ 22
(73.3%)

1
(10.0%) 0.001 N/A N/A N/A

CRP N/A N/A N/A 2.2 ± 2.7 5.2 ± 5.6 0.02

Abbreviations: CRP = C-reactive protein, DAPSA = Disease Activity Index for Psoriatic Arthritis, HAQ = Health Assessment Questionnaire,
MDA = Minimal Disease Activity, N/A = not applicable, NS = non-significant, PASI = Psoriasis Area and Severity Index, PtGA = patient
global assessment, SJC = Swollen Joint Count, TJC = Tender Joint Count, VAS = Visual Analogue Scale. For MDA assessment (a dichotomous,
binary measurement), the following were taken into consideration: TJC > 1, SJC > 1, PASI > 1, Tender entheseal points > 1, Patient Pain
VAS > 1.5, PtGA > 2, HAQ > 0.5. For DAPSA assessment (a continuous measurement), the following were taken into consideration: TJC,
SJC, CRP, PtGA > 2, Patient pain VAS. * Underestimation = physician accidentally thought disease activity was lower than it really was;
# Overestimation = physician accidentally thought disease activity was higher than it really was.
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4. Discussion

In our study, we found that there is limited agreement between the formal use of
composite disease activity measures and physician clinical impression of disease activity in
the management of PsA. Tight T2T control using clinical judgement alone was implemented
in actuality in about 65.0% of PsA patients when compared to using a validated disease
activity measure (MDA or DAPSA).

In searching the literature, we found only a single study by van Mens et al. [29] that
compared the use of MDA to clinical judgement in assessing disease activity in PsA in
daily life. As in our study, the study by van Mens et al. incorporated an independent
rheumatologist to evaluate whether the T2T approach was being implemented by providers,
and was able to show that only about 35.0% (88/250) of PsA patients considered by the
treating rheumatologist to have “acceptable disease state” actually fulfilled MDA status.
Similar to results from our study, factors contributing to this discrepancy were the under-
estimation of the “subjective” components of the composite measures, such as tender
joint count and patient pain and global disease activity scores. Additionally, our study
also showed that the tendency to overemphasize “objective” clinical findings, such as the
involvement of a single joint or enthesis, by treating physicians relative to PRO categories
led to the underappreciation of MDA status when it was met in actuality. Similarly, we
previously demonstrated this overemphasis on “objective” measures of disease activity in
our study on T2T adherence in RA management [30].

The heterogeneity of PsA and lack of consensus on which validated disease activity
measure to use have hampered agreement on the most appropriate target to use in the T2T
strategy in PsA, ref. [31] leaving clinicians to individually choose which disease activity
measure/s to follow in their attempt at T2T implementation in daily practice. As we and
van Mens et al. were able to demonstrate in our respective studies, the lack of use of a
pre-specified, simple and validated disease activity measure leaves physicians in daily
clinical practice in the position of relying on “objective” disease activity measures which
can be quantitatively measured, such as swollen joints or entheses, while overlooking
“subjective” patient-reported components of disease activity. We surmise that this tendency
to rely on “objective” disease activity measures that can be quantitatively measured while
underestimating the significance of PRO categories in assessing disease activity likely stems
from the desire by the treating physicians to avoid making changes in treatment regimens
based on “subjective” disease activity measures, which may be distorted by the presence of
co-existing conditions, such as osteoarthritis or fibromyalgia syndrome (FMS), noted in the
literature to have high prevalence in PsA [32,33] and to affect PRO and composite disease
activity scores, including MDA and DAPSA [33]. Moreover, compounding the difficulty
in assessing disease activity in PsA is the lack of concordance between the clinician and
PsA patient perspectives on the definition of low disease activity or remission, as recently
shown by Gorlier et al. [34].

Barriers to proper T2T implementation in daily clinical practice may also stem from
lack of time for complete clinical evaluation of multiple disease domains in PsA and lack
of existence of a single, simple, universally accepted and reliable disease activity score
capturing all disease domains of PsA. Indeed, a recent review on challenges in measuring
PsA disease activity highlights the difficulty in evaluating 68 joints in PsA rather than
28 joints required by the Clinical Disease Activity Index (CDAI) score used in rheumatoid
arthritis (RA) and the need to measure multiple domains for disease activity in PsA [35].
The issue of time constraints was recently highlighted in an online survey of 439 U.S.
rheumatologists discussing barriers to implementation of T2T strategy in clinical practice,
noting time constraints in daily practice (62.5%) and a sense of inefficiency of having to
report metrics in electronic medical records (34.8%) [36]. This issue has even led to the
recent suggestion to identify a ‘target-to-treat’ of a specific aspect or few aspects of disease
most significant to each individual PsA patient as an alternative appropriate strategy rather
than attempting to cover all disease domains [31].
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Given the significant improvements in both PsA disease activity and patient-related
outcomes in utilizing a tight T2T approach in the management of PsA as demonstrated
by the TICOPA trial [27], there is significance in reaching a consensus on which validated
disease activity measure to use in the management of PsA in daily practice.

Limitations of our study include the small number of assessing physicians from only
one medical center. In addition, we did not capture axial involvement due to the focus
on MDA and DAPSA composite measures, which lack assessment of axial involvement,
although axial involvement may have prompted treatment changes. The strengths of our
study lie in the relatively large number of consecutive PsA patient visits included in our
analysis of real-life implementation of T2T strategy in PsA as evaluated against the use of
two different practical composite measures.

5. Conclusions

In our cohort, the T2T concept, using a validated score as the target, was implemented
properly in approximately 65.0% of PsA patients due to reliance on physicians’ clinical
impression of disease activity. The main obstacle we encountered in implementation of the
T2T concept was in physicians overlooking the PRO components and over-emphasizing
the “objective” components of the scores when using clinical judgement alone. In order
to improve treatment outcomes in daily practice, efforts are needed to increase physician
awareness regarding the significance of PRO categories of disease activity and the use of
validated scores in assessing disease activity.

Key Points

1. The T2T concept is properly implemented in the management of about 65.0% of PsA
patients when compared to the use of formal composite disease activity measures in
daily clinical practice.

2. Discordance between clinical impression and actual disease activity level lies in
physician reliance on “objective” components of disease activity, such as swollen
joints and entheses, and disregard of more “subjective” aspects of disease activity
assessment, such as PRO.

3. There is an unmet need for having a pre-specified, simple, practical, and valid disease
activity score which may be used in the management of PsA patients in daily clinical
practice.
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Abstract: Background: Previously, our cross-sectional observational study in Japan revealed high
(68%) discordance within treatment goals between psoriasis patients and their physicians. Objective:
This secondary analysis aimed to determine whether patient and physician users of biologics have
higher treatment goals than users of non-biologics. Methods: A survey for both patients and
physicians on background characteristics, disease severity, treatment goals, treatment satisfaction,
and health-related quality of life was conducted at 54 sites. Association between treatment goals
and biologic/non-biologic users was assessed using ordinal logistic regression models. Results:
In total, 449 patient-physician pairs agreed to participate; 425 completed the survey and were
analyzed. More biologic users than non-biologic users reported complete clearance (Psoriasis Area
and Severity Index 100) as a treatment goal (patient-reported: 23.6% vs. 16.1%; physician-reported:
26.9% vs. 2.2%). Biologic users were significantly associated with higher treatment goals than non-
biologic users (patient-reported: 1.8 (1.15–2.87) (odds ratio (9 5% CI)), p = 0.01; physician-reported:
11.0 (5.72–21.01), p < 0.01). Among biologic users, higher treatment goals were associated with higher
treatment satisfaction (patient- and physician-rated); lower treatment goals were associated with
back lesions and increasing patient age (patient-rated) and higher disease severity (physician-rated).
Conclusion: Use of biologics among patients with psoriasis was associated with higher treatment
goals. Further use of biologics contributed to treatment satisfaction. Appropriate treatment goals
that are shared among patients and their physicians may improve treatment outcomes.

Keywords: cross-sectional studies; health care surveys; Japan; psoriasis; biologics; treatment goal

1. Introduction

Psoriasis is an immune-mediated skin condition that commonly manifests as inflamed,
scaly skin lesions [1,2]. Severe symptoms associated with psoriasis are a major contributor
to patients’ health-related quality of life (HRQOL) [3–6]. Biological therapies have emerged
as an effective class of treatment for patients with psoriasis that have a significant effect
on disease severity [7,8] and are associated with higher levels of treatment satisfaction
compared with other therapies [7]. In Japan, the use of biologics is recommended for
patients with poor Health Related Quality of Life, HRQOL (Dermatology Life Quality
Index (DLQI) score ≥10) [9].

Establishment of treatment goals for patients with psoriasis is considered critical
for setting treatment expectations and improving management practices [10]. However,
the treatment goals currently recommended in treatment guidelines for psoriasis focus
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on clinical measures of disease severity and do not take into account other factors such
as treatment satisfaction and HRQOL [10,11]. Treatment goals that are aligned between
patients and their physicians have the potential to improve treatment outcomes, adherence,
and satisfaction [12,13]. Despite this, treatment goals for psoriasis appear to vary widely
between patients and their physicians [13,14].

Recently, we conducted a nationwide, cross-sectional observational study in Japan to
assess the alignment of treatment goals between patients with psoriasis and their physi-
cians [14]. There was a high level (68%) of discordance of treatment goals between the
patient-physician pairs. Factors that contributed most to the discordance were high expec-
tations by patients for complete clearance, and physicians’ perceptions that patients had a
low understanding of their treatment options. In addition, we found that more patients
in the misaligned group than in the aligned group had not received a prescription for a
biologic within the past 2 to 3 weeks (78.3% vs. 66.2%, p = 0.008), suggesting that patient
and physician biologic users are more aligned in their treatment goals.

For this secondary analysis, we hypothesized that patient and physician users of
biologics have higher treatment goals than non-biologic users. To test this hypothesis, we
examined the associations between treatment goals among paired patients and physicians
who used biological therapies to treat psoriasis versus those who did not.

2. Materials and Methods

2.1. Study Design

This nationwide, multicenter, cross-sectional observational study was conducted be-
tween October 2015 and May 2016 at 54 sites in Japan [14]. The sites included general
practitioners, clinics, university hospitals, and private and public hospitals. The study
protocol was reviewed and approved by the Ethics Committee of Jichi Medical University,
the Central Institutional Review Board of Medical Corporation Ganka-Koseikai, and the rel-
evant local institution ethics committees of each participating hospital. The study protocol
was implemented in accordance with the Declaration of Helsinki (2013), the Guidelines for
Good Pharmacoepidemiology Practices (2015), the Ethical Guidelines Concerning Medical
Studies in Human Subjects in Japan [15], and ethical principles based on the relevant
statutes/standards in Japan.

All treatment decisions and clinical assessments were made at the discretion of the
treating physicians. Patients who participated in the study gave written informed consent
for the collection and use of their information to be included in this study. Informed
consent was obtained from patients after physicians had explained the study protocol
to the recruited patients. Only patients who gave their informed consent were given
the surveys.

2.2. Study Population

Study participants were patients with physician-reported moderate-to-severe psori-
asis and a history of systemic treatments, including biological drugs, and their treating
physicians. Dermatologists with experience in oral or biological treatments for psoriasis
patients were included. Patients were not included in the study if they were participating
in a clinical trial, had completed a clinical trial less than 6 months before the current study,
or had pustular psoriasis, erythrodermic psoriasis, or psoriatic arthritis.

2.3. Study Survey

As previously reported [14], the survey comprised 52 questions for patients and
31 questions for physicians. The questions were categorized into background charac-
teristics of patients and physicians, disease severity (Patient Global Assessment (PtGA),
Physician Global Assessment (PGA)), treatment goals (same question for both patients
and physicians), and treatment satisfaction and HRQOL. Measures used for treatment
satisfaction and HRQOL included the Treatment Satisfaction Questionnaire for Medication
(TSQM) [16], the Treatment Satisfaction scale (numerical rating scale 0 to 10), the DLQI [17],
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and the Itch Numeric Rating Scale (Itch NRS) [18]. A DLQI score ≥ 10 was considered
as one of the measures for moderate-to-severe psoriasis [19,20]. Treatment goals were
categorized from 1 (highest goal) to 7 (lowest goal) where 1 = complete clearance (Psoriasis
Area and Severity Index (PASI) 100) [21], 2 = almost complete clearance (PASI 90 to <100),
3 = complete clearance at specific sites (nails, head, genitals, other), 4 = improvement from
previous treatment but without complete or almost complete clearance, 5 = relief from
itchiness, 6 = other goals, and 7 = no particular goal set.

The ordinal scale for understanding of disease and treatment choice ranged from not
at all, to does not understand very well, neither, somewhat understands, understands
very well.

Patients who qualified for inclusion were recruited into the study by their physicians.
Patients were sent a paper-based survey within 2 weeks of enrollment and returned
the surveys by mail. Each patient and their treating physician completed the surveys
independently. To minimize the potential for selection bias by physicians, patients were
enrolled consecutively.

2.4. Statistical Analysis

Variables for each patient-physician pair were grouped into users of biological thera-
pies (biologic users) and those who did not use biological therapies (non-biologic users),
and were examined for associations with treatment goals. Biologic users were defined
as patients (and their paired physicians) who were currently using a biological drug for
treatment of psoriasis or who had used a biological drug within 3 weeks of completing
the survey. Analyses comprised the following: Step 1, variables selected from the survey
were categorized into biologic user and non-biologic user groups and were evaluated for
differences. Categorical variables were evaluated using the chi-square test; continuous
variables were evaluated using the Wilcoxon rank-sum test or Student’s t test. Step 2,
variables selected from the survey were evaluated by ordinal logistic regression to evaluate
any correlations with treatment goals. Step 3, variables that were statistically significant
(p < 0.05) in Steps 1 and Steps 2 were included as covariates. Step 4, of the variables identi-
fied in Step 3, only one variable was selected for the same survey question and included in
the final covariates for the further analyses. A clinician was asked to review the variables
and select one variable that made the most clinical sense. The reasons for setting this rule
were: (1) to avoid too many covariates in a stepwise multivariate model; and (2) to avoid
including multiple answers from the same question in the multivariate analyses which
would be difficult to interpret.

The ordinal logistic regression models assessed the association between treatment
goals (outcome variable) and biologic users and non-biologic users (explanatory variables),
and were adjusted for covariates. Associations between treatment goals and use of biologi-
cal therapies were reported as odds ratios (OR) and 95% CIs. Differences between groups
were regarded as statistically significant for p < 0.05.

All statistical analyses were performed using SAS® Version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

3. Results

3.1. Variable Selection

The variables used in the patient-reported analyses included lesion site—symptom
on “back” (yes/no), TSQM score (ordinal scale), and DLQI scores (ordinal scale) for daily
activities, leisure, and personal relationships. The variables included in the physician-
reported analyses included lesion site—symptom on “upper limb” (yes/no), physician’s
specialty—psoriasis (yes/no), physician’s workplace (categorical scale), physician’s experi-
ence with biologics (ordinal scale), physician’s perspective on the patient’s understanding
of their disease (ordinal scale) and treatment choice (ordinal scale), PGA disease severity
(0 to 5 scale), and Treatment Satisfaction (0 to 10 scale). Patient age was included in both
patient- and physician-reported models because of its clinical importance. Physicians and
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patients with missing data for treatment goal or who responded that the treatment goal
was “other” or “no setting” were excluded from these analyses. Physicians and patients
with missing data for the selected covariates were excluded.

3.2. Study Population

Of the 449 patient-physician pairs that agreed to participate in the study, 425 (94.7%
response rate) completed the survey and were analyzed. Of the included patients, most
were male and had a reasonably long disease duration (mean, 18.8 years) (Table 1). For
most patients, psoriasis predominantly affected the head, neck, and lower limbs, and most
had at least 3% of their body surface area (BSA) affected (Table 1). Most patients were
currently being treated with topical medication, and 25.6% of patients were being treated
with biologics at the time the survey was conducted. Of the included physicians, most
had considerable experience treating patients with psoriasis; 69.6% specialized in psoriasis,
86.8% had 10 or more years’ experience treating patients with psoriasis, and 75.0% saw 20
or more patients per month (Table 2). Treatment Satisfaction and assessment of disease
severity (PtGA, PGA) were similar between patients and physicians (Tables 1 and 2).

Table 1. Patient characteristics.

Variable Value (n = 414) 5

Male, % 74.9%
Age (range), y 56.2 ± 13.9 (20.0–93.0)
BMI (range), kg/m2 24.3 ± 4.6 (16.0–54.9)
Age at disease onset (range), y 37.2 ± 16.2 (0.0–81.0)
Age at disease diagnosis (range), y 40.0 ± 16.2 (4.0–81.0)
Disease duration from onset (range), y 18.8 ± 11.7 (0.0–65.0)
Body part affected (top 3 nominated)

Lower limbs 78.0%
Head 70.8%
Back 67.1%

Body surface area affected 1

<1% 24.4%
1–2% 22.0%
3–10% 37.0%
>10% 16.5%

Current treatment received 2

Topical 82.4%
Oral 53.6%
Ultraviolet light 19.1%
Biologic 25.6%
Other 1.4%

Treatment Satisfaction 3 6.75 ± 2.27
PtGA disease severity 4 2.54 ± 1.26

1 Palm size is equivalent to 1%; 2 multiple answers were allowed; 3 0 = lowest treatment satisfaction, 10 = highest
treatment satisfaction; 4 0 = lowest, 5 = highest severity, all values are mean ± standard deviation unless otherwise
indicated. BMI, body mass index; PtGA, Patient Global Assessment; y, year. 5 Out of the total sample (n = 425),
9 pairs were excluded where patient treatment goal information was missing and 2 pairs were excluded where
physician treatment goal information was missing.

Table 2. Physician characteristics.

Variable Value 5 (n = 70)

Male, % 64.3%
Age (range), y 50.6 ± 11.7 (30.0–80.0)
Specialty 1

Psoriasis 69.6%
Allergy 40.6%
Other 41.8%
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Table 2. Cont.

Variable Value 5 (n = 70)

Treatment experience with psoriasis 2

<2 y 0.0%
2 ≤ 4 y 2.9%
4 ≤ 6 y 5.9%
6 ≤ 8 y 4.4%
8 ≤ 10 y 0.0%
≥10 y 86.8%

Number of patients seen per month 2

<5 1.5%
5–9 5.9%
10–14 10.3%
15–19 7.4%
≥20 75.0%

Treatment Satisfaction 3 6.46 ± 2.08
PGA disease severity 4 2.51 ± 1.15

1 Multiple answers were allowed; 2 physician responses with obvious errors and inconsistencies were excluded
from the analyses; 3 0 = lowest treatment satisfaction, 10 = highest treatment satisfaction; 4 0 = lowest severity,
5 = highest severity. 5 The total number of physicians (n = 70) paired to 425 patients. All values are mean ± stan-
dard deviation (range) unless otherwise indicated. PGA, Physician Global Assessment; y, year.

Results by Biologic vs. Non-Biologic Users

When patients and their paired treatment physicians were compared by biologic
versus non-biologic users, we found the following results. There were statistically signifi-
cant differences between biologic users and non-biologic users for both patient-reported
and physician-reported characteristics (Table 3). Biologic users had significantly higher
treatment satisfaction based on TSQM (global satisfaction score; 68.6 vs. 57.3, p < 0.001)
and significantly higher HRQOL scores (lower DLQI scores) than non-biologic users
(Table 3). Physicians treating biologic users had significantly greater Treatment Satisfaction
(7.8 vs. 6.0, p < 0.001) and significantly lower physician-rated disease severity (PGA dis-
ease severity 2.0 vs. 2.7, p < 0.001) (Table 3). Significantly more physician biologic users
were psoriasis specialists, who worked in university hospital settings and had more years’
experience than non-biologic user physicians.

Table 3. Comparison of patient- and physician-reported characteristics between biologic users and
non-biologic users.

Characteristic 1 Biologic Users Non-Biologic Users p 2

Patient-reported n 1 = 104 n 1 = 292
Patient age, y 56.3 ± 15.1 55.9 ± 13.4 0.807
Lesion site, back, n (%) 54 (51.9) 211 (72.3) <0.001
TSQM score (global satisfaction) 68.6 ± 19.6 57.3 ± 17.1 <0.001
DLQI

DLQI total score 3.2 ± 5.0 5.0 ± 5.3 <0.001
Daily activities 0.5 ± 1.3 1.0 ± 1.5 <0.001
Leisure 0.5 ± 1.1 0.7 ± 1.3 0.044
Personal relationships 0.2 ± 0.9 0.4 ± 1.1 0.028

Physician-reported n 2 = 107 n 2 = 309
Patient age, y 56.9 ± 15.2 56.4 ± 13.8 0.709
Location of lesion (upper limb), n (%) 42 (39.3) 229 (74.1) <0.001
Physician’s specialty—psoriasis, n (%) 99 (92.5) 231 (75) <0.001
Physician’s workplace, n (%) <0.001

Clinic 35 (32.7) 202 (65.4)
University hospital 47 (43.9) 81 (26.2)
Other 25 (23.4) 26 (8.4)
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Table 3. Cont.

Characteristic 1 Biologic Users Non-Biologic Users p 2

Physician’s experience—biologics, n (%) <0.001
None 0 (0.0) 77 (24.9)
<1 y 0 (0.0) 10 (3.2)
1 ≤ 2 y 9 (8.4) 25 (8.1)
2 ≤ 3 y 4 (3.7) 14 (4.5)
3 ≤ 4 y 13 (12.2) 19 (6.2)
4 ≤ 5 y 35 (32.7) 58 (18.8)
>5 y 46 (43) 106 (34.3)

Physician’s perspective on patient’s understanding of disease, n (%) 0.001
Understands very well 42 (39.3) 64 (20.7)
Somewhat understands 55 (51.4) 215 (69.6)
Neither 7 (6.5) 27 (8.7)
Does not understand very well 3 (2.8) 3 (1.0)
Does not understand at all 0 (0.0) 0 (0.0)

Physician’s perspective on patient’s understanding of
treatment choice, n (%) <0.001

Understands very well 45 (42.1) 69 (22.3)
Somewhat understands 49 (45.8) 209 (67.6)
Neither 10 (9.4) 27 (8.7)
Does not understand very well 3 (2.8) 4 (1.3)
Does not understand at all 0 (0.0) 0 (0.0)

PGA disease severity 2.0 ± 1.5 2.7 ± 1.0 <0.001
Treatment Satisfaction (0–10 scale) 7.8 ± 1.7 6.0 ± 2.0 <0.001

1 From the total 425, the number of biologic and non-biologic user pairs that remained in patient-reported analyses
was n = 396. (The following were excluded: 9 pairs with missing patient treatment goal information, 20 pairs with
patients who reported treatment goal as “other” or “no setting”). 2 From the total 425, the number of biologic
and non-biologic user pairs in physician-reported analyses was n = 416. (The following were excluded: 2 pairs
with missing information on treatment goal and 7 pairs who reported that the treatment goal was “other” or “no
setting”). Categorical variables were compared using the chi-square test and continuous variables were compared
using the t test or Wilcoxon rank-sum test. Data are mean (standard deviation) unless otherwise indicated. DLQI,
Dermatology Life Quality Index; PGA, Physician Global Assessment; TSQM, Treatment Satisfaction Questionnaire
for Medication; y, years.

Biologic users contributed to a small proportion (13.8%, 8/58) of the total number of
patients with DLQI score ≥ 10 (one of the criteria for “moderate-to-severe” psoriasis). For
patients with a DLQI score ≥ 10, non-biologic users had more severe disease (3.18 vs. 2.25,
PGA disease severity) and lower treatment satisfaction (4.50 vs. 5.88, patient treatment
satisfaction) than biologic users. For physicians of patients with a DLQI score ≥ 10, non-
biologic users had less experience with biologics than biologic users (36% vs. 12.5% of
physicians with ≤2 years of experience).

3.3. Treatment Goals by Biologic vs. Non-Biologic Users

Most patients and physicians reported that their treatment goals were to achieve al-
most complete clearance, irrespective of whether or not they were biologic users (Figure 1).
However, patient and physician biologic users had higher treatment goals than non-biologic
users (Figure 1). The percentage of patients reporting complete clearance (PASI 100) as a
treatment goal was 23.6% for biologic users and 16.1% for non-biologic users. The percent-
age of physicians reporting complete clearance (PASI 100) as a treatment goal was 26.9%
for biologic users and 2.2% for non-biologic users.
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Figure 1. Patient- and physician-reported treatment goals. Goal 1 = complete clearance (Psoriasis Area and Severity
Index (PASI) 100) [21], Goal 2 = almost complete clearance (PASI 90 to <100), Goal 3 = complete clearance at specific sites
(nails, head, genitals, other), Goal 4 = improvement from previous treatment, but without “complete” or “almost complete
clearance”, Goal 5 = relief from itchiness, Goal 6 = other goals, and Goal 7 = no particular goal set. (a) A larger number of
patient (23.6% vs. 16.1%) and (b) physician (26.0% vs. 2.2%) among biologic users had higher treatment goals of achieving
complete clearance.

3.4. Factors Associated with Treatment Goals by Biologic vs. Non-Biologic Users

Findings from the ordinal analyses showed that patient and physician biologic users
were significantly associated with higher treatment goals than their non-biologic user
counterparts (Table 4). For patient-reported analyses, biologic users had 1.8-fold higher
odds of having higher treatment goals than non-biologic users (OR 1.820 (95% CI 1.154,
2.868), p = 0.01). Higher treatment goals were significantly associated with higher patient-
rated TSQM scores (global satisfaction) (Table 4). In contrast, lower treatment goals
were significantly associated with the presence of back lesions and increasing patient
age (Table 4).

For the physician-reported analyses, biologic users had 11.0-fold higher odds of having
higher treatment goals than non-biologic users (OR 10.967 (95% CI 5.723, 21.014), p < 0.001).
Higher treatment goals among biologic users were significantly associated with higher
physician-rated Treatment Satisfaction, whereas lower treatment goals were associated
with higher PGA disease severity (Table 4).

Table 4. Regression analysis of factors associated with treatment goals.

Variables 1,2 Odds Ratio (95% CI) p

Patient-reported variables v 3 n = 383
Biologic vs. non-biologic 1.820 (1.154, 2.868) 0.010

Age, y 0.983 (0.970, 0.997) 0.016
Lesion site, back 0.544 (0.358, 0.825) 0.004
TSQM score (global satisfaction) 1.014 (1.002, 1.026) 0.021
DLQI score

Daily activities 1.106 (0.900, 1.360) 0.336
Leisure 1.132 (0.886, 1.446) 0.321
Personal relationships 1.085 (0.858, 1.373) 0.497
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Table 4. Cont.

Variables 1,2 Odds Ratio (95% CI) p

Physician-reported variables 4 n = 413
Biologic vs. non-biologic user 10.967 (5.723, 21.014) <0.001

Patient age, y 1.003 (0.989, 1.017) 0.664
Location of lesion (upper limb) 0.870 (0.549, 1.377) 0.552
Physician’s specialty—psoriasis 1.042 (0.602, 1.803) 0.884
Physician’s workplace

University hospital 0.696 (0.429, 1.128) 0.141
Other 0.663 (0.342, 1.284) 0.223

Physician’s experience—biologics 1.096 (0.991, 1.212) 0.073
Patient’s understanding of disease (physician perspective) 1.390 (0.839, 2.303) 0.202
Patient’s understanding of treatment choice (physician perspective) 0.631 (0.386, 1.032) 0.067
PGA disease severity 0.720 (0.584, 0.887) 0.002
Treatment Satisfaction 1.285 (1.139, 1.449) <0.001

1 From the n = 396 of Table 3, 383 remained in the analyses (13 pairs that had missing covariate information
were excluded). 2 From the n = 416 of Table 3, 413 remained in the analyses (3 pairs that had missing covariate
information were excluded). 3 p values for differences in treatment goals between biologic and non-biologic
users were calculated using an ordinal logistic regression model adjusted for age (y), lesion site—back (yes/no),
TSQM score (ordinal scale), and DLQI scores (ordinal scale). 4 p values for differences in treatment goals between
biologic and non-biologic users were calculated using an ordinal logistic regression model adjusted for age (y),
lesion site—upper limb (yes/no), Physician’s specialty—psoriasis (yes/no), Physician’s workplace (yes/no),
Physician’s experience with biologics (ordinal scale), Physician’s perspective of patient’s understanding of disease
(ordinal scale) and treatment choice (ordinal scale), Physician GA severity (0–5 scale), and Treatment Satisfaction
(0–10 scale). DLQI, Dermatology Life Quality Index; PGA, Physician Global Assessment; TSQM, Treatment
Satisfaction Questionnaire for Medication; y, years.

4. Discussion

In our previous primary analysis, which focused on treatment goal alignment and
showed that there is a high level of discordance between Japanese patients with psoriasis
and their physicians, we showed that patients tended to set higher treatment goals than
their physicians and had a greater desire for “complete clearance”, irrespective of treatment
received [14]. We also found that there was more treatment goal misalignment (n = 220,
78.3%) than alignment (n = 88, 66.2%) among non-biological users (i.e., patients who had
not had a prescription for a biological drug within the previous 2 to 3 weeks) (p = 0.008) [14].
Hence, we extend these findings to show the characteristics of biologic users and non-
biologic users and to examine the treatment goals for both patient and physician biologic
users versus non-biologic users, adjusted for other factors. In this subgroup analysis of
biologic users versus non-biologic users, complete clearance (PASI 100) was reported as a
treatment goal for 23.6% and 26.9% of patient and physician biologic users, respectively,
compared with 16.1% and 2.2% of patient and physician non-biologic users, respectively.
Both patients and physicians who were biologic users set higher treatment goals than
non-biologic users. The results of these secondary analyses may explain the difference in
treatment goal alignment and misalignment among recent non-biologic users found in
the previous primary analysis. Since the introduction of biologics for treating psoriasis,
clinicians’ expectations for a successful treatment outcome with biological therapies have
increased to “complete” or “almost complete clearance” (PASI > 90) [13]. In addition,
patients treated with biologics have greater success achieving their treatment goals [22]
and have higher treatment satisfaction compared with other therapies [7,23]. Therefore,
given the experience of patients and physicians with biologics, it is likely that both patients
and their physicians have higher expectations for treatment success with biologics than
with non-biologics.

In our study, there was a larger percentage of male than female patients with psoriasis.
In Japan, the higher percentage of males is consistent with the real-world report [1,2,24].
As for how our sample has an even higher percentage of males, it is not known. Although
physicians assess the severity of psoriasis based on symptoms and the body area affected,
patients can be more focused on the effects of psoriasis on their HRQOL [10,11,25]. Our
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findings are consistent with this focus on HRQOL in that treatment goals were associated
with disease severity and treatment satisfaction for both patient and physician biologic
users. At the time this survey was conducted, both patient- and physician-rated disease
severity (PtGA, PGA) was lower and treatment satisfaction was higher among biologic
users than non-biologic users. This suggests that as disease severity decreases with the use
of biologics, treatment satisfaction increases and the clinical improvement experienced by
patients translates to greater patient HRQOL.

In the current study, we found that patient biologic users contributed a small pro-
portion (13.8%) of the total number of patients with DLQI scores ≥10, a criterion to be
recommended for biological therapies in Japan [9]. Many patients who used non-biologics
in our study had high DLQI scores ≥10 and tended to be less satisfied with their treatment
than biologic users. In addition, their physicians tended to have less experience with
biologics. Together, these data suggest a large number of patients with psoriasis may be
undertreated in Japan, despite being eligible for biological therapy.

In the additional analysis in this study focusing on treatment satisfaction misalignment
between patient and physician, we reported that “not changing the treatment goal from
start of treatment” was a factor in a patient’s treatment satisfaction being higher than that
evaluated by the physician [26]. Hence, the importance of the treatment goal leading to
satisfactory treatment outcomes would need to be discussed and emphasized.

As this was a nationwide, multicenter, cross-sectional study conducted in real-world
clinical practice, the findings are representative of general Japanese patients and their
treating physicians. However, there are a few limitations worthy of mention. First, the
interpretation of the findings should take into account the cross-sectional design of the
study, which limits the strength of any observed associations, the potential for selection
bias arising from consecutive enrollment of patients. In a cross-sectional setting, we cannot
make an inference on the causal-effect relationships between outcomes of disease state
versus setting a high goal and biologics usage. The patient disease state at the time of
the survey could have been a result of prior medical interventions. Second, along with
setting PASI scores as the treatment goal target, PASI scores would need further validation
as a clinically meaningful treatment goal in the future. Although both physicians and
patients may consider biologics to have a higher chance of achieving complete or almost
complete response, this perspective could be more dominant among physicians. Patients
may simply consider the results satisfactory, even being far from complete clearance. Third,
as this was a secondary analysis that focused on a comparison between biologic users and
non-biologic users, the sample size for some comparisons may not have been sufficiently
powered to detect differences between groups. Fourth, since our sample is derived from
the Japanese population within the Japanese health care setting, the study should take into
consideration that biologics prescribers in Japan are limited to only hospitals or clinics
accredited by the Medical Society. Therefore, although patients and their physicians may
have higher treatment goals, some prescribers are limited in the use of biologics by this
unique Japanese guideline unless there is a solid referral system. In this study, our analysis
was to compare “biologic users versus non-biologic users”, and not “biologic accredited
versus non-accredited institutions”. We recognized this Japanese health care situation.
Therefore, without including the analyses in the main results, we also looked at how the
treatment goals performed in the accredited medical institutions versus those in the non-
accredited medical institutions. We found that, similar to results in our previous report
(5) and in this report, patients and doctors who were biologics users had higher treatment
goals (almost complete or complete clearance) than the non-biologic users even when
compared only within the accredited institutions (patients: 73% vs. 52%; doctors: 91.4% vs.
41%). In addition, the treatment goal misalignment was higher among pairs of patients
and their treating doctors who were not treated with biologics (75%) vs. those treated with
biologics (57%) within the accredited institutions. The rate of misalignment among non-
biologic users in the accredited institutions (75%) was comparable to the non-biologic users
in the non-accredited institutions (69%). Although we found similar trends of treatment
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goals when comparing the results by categories of biologic accredited institutions, we
did not perform in-depth analyses to control the intended associations with other factors
due to sample size limitations. Further studies would be needed to further address the
differences of treatment goals by health care settings. Finally, while the patient-centric
treatment approach is ideal in clinical settings, we should note that treatment satisfaction
related to the use of biologics has financial implications to the patients and the health care
system or vice versa. This can be a limitation in some health care systems.

In summary, we found that there were differences between biologic users and non-
biologic users such as disease severity, physicians’ experience and workplace, and physi-
cians’ perspectives on their patients’ understanding of disease and treatment options.
Patients with psoriasis and their physicians who were users of biological therapies shared
higher treatment goals after adjustment for contributing factors. Better understanding of
treatment goals between patients and their physicians has the potential to contribute to the
development of patient-centered goals that can improve treatment outcomes. The results
indicate that availability and experience with biologic treatment are elevating treatment
goals for both physicians and patients and are addressing unmet treatment needs.
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Appendix A. List of Participating Institutions

Department of Dermatology, Asahikawa Medical University
Department of Dermatology, Jichi Medical University
Department of Dermatology, Tokyo Women’s Medical University
Department of Dermatology, School of Medicine, Teikyo University
Department of Dermatology, Tokyo Medical University
Department of Dermatology, School of Medicine, Tokai University
Department of Dermatology, Graduate School of Medicine, Gifu University
Graduate School of Medical Sciences, Nagoya City University
Department of Dermatology, School of Medicine, Kindai University
Department of Dermatology, Graduate School of Medicine, Osaka City University
Department of Dermatology, Kawasaki Medical School
Department of Dermatology, Faculty of Medicine, Fukuoka University
Department of Dermatology, Tokyo Teishin Hospital
Department of Dermatology, St Luke’s International Hospital
Department of Dermatology, Yokohama Chuo Hospital
Public Interest Incorporated Foundation Jiai-kai, Branch of Imamura Hospital
Department of Dermatology, Ina Central Hospital
Department of Dermatology, Iida Municipal Hospital
Department of Dermatology, Osaka Kaisei Hospital
Medical Corporation Kojin-kai, Sapporo Dermatology Clinic
Medical Corporation Kojin-kai, Fukuzumi Dermatology Clinic
Kobayashi Skin Clinic
Department of Dermatology, EST Clinic
Sugawara Dermatology Clinic
Medical Corporation Subaru-kai, Sugai Dermatology Park Side Clinic
Hattori Dermatology Clinic
Medical Corporation Koten-kai, Iidabashi Clinic
Medical Corporation Shohei-kai, Niki Dermatology Clinic
Clinic of Dermatology, Ningyocho
Dr. Mariko Skin & Dermatology Clinic
Tsujimoto Skincare Clinic
Shirosaki Dermatology & Neurology Clinic
Kato Dermatology
Hou Dermatology
Machino Skin Clinique
Yasumoto Dermatology Clinic
Takagi Dermatology Clinic
Fushimi Skin Clinic
Omorimachi Dermatology
Hayashibe Derma Clinic
Hasegawa Dermatology Clinic
Medical Corporation Kojin-kai, Ario Sapporo Dermatology Clinic
Atago Dermatology
Medical Corporation Shotoku-kai, Hino Clinic
Nomura Dermatology Clinic
Zoshiki Dermatology Clinic
Nakatsu Dermatology Clinic
Saruwatari Dermatology Clinic
Kusuhara Dermatology Clinic
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Medical Corporation Shimizu Dermatology Clinic
Kokubu Clinic, Abashiri Dermatology Clinic
Nishide Skin Clinic
Kazama Skin Clinic
Shimizu Skin Clinic
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