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Abstract: Psoriasis is a chronic inflammatory disease affecting up to 3% of the general
population. The prevalence of nail involvement in psoriasis patients varies between 15% and
79%. While the nails represent a small portion of the body surface area, psoriasis in these
areas can have a disproportionate influence on a patient’s physical and psychosocial activities.
Differential diagnosis between an onychomycosis and a psoriatic nail could be challenging;
nevertheless, coexistence of onychomycosis and nail psoriasis also occurs and both are common
disorders in the general population. Nail psoriasis can be difficult to treat. Treatment of nail
psoriasis should consider the body surface area of skin disease, psoriatic arthritis, severity of nail
disease, and the impairment in the quality of life. All patients should be tested for onychomycosis
before starting a therapy. This recommendation is underlined by the fact that nail psoriasis is
mostly treated by immunosuppressive drugs, like steroids, methotrexate, or biologics, which
may aggravate mycotic nail infections. Conventional systemic therapy, such as use of steroids,
cyclosporine, methotrexate, and retinoid in the long term, can cause organ toxicities. Currently,
use of apremilast and tofacitinib favors an early healing of nail psoriasis because they act directly
on the pathogenic targets, distressing the inflammatory signals associated with the initiation and
maintenance of the disease activity, and as with several conventional synthetic disease modify-
ing antirheumatic drugs, they are characterized by the convenience of oral administration. The
number of treatment options has increased considerably in recent years; however, given the
heterogeneity of the disease, the therapy should be personalized to individual cases.
Keywords: nail, psoriasis, onychomycosis

Introduction

Psoriasis is a chronic inflammatory disease affecting up to 3% of the general
population. The disease is characterized by epidermal hyper-proliferation resulting
in erythematous-squamous skin plaques that may cover large body areas; in ~30% of
patients it is characterized by a seronegative spondyloarthritis.!

Psoriasis is considered a multiorgan disorder that requires a multidisciplinary
approach and an appropriate management that takes into consideration a number of
comorbidities. In fact, several studies revealed the association between psoriasis and
a number of disease-related comorbidities including blood hypertension and cardio-
vascular diseases, obesity, type II diabetes, nonalcoholic fatty liver disease, anxiety,
depression, and inflammatory bowel disease.?®

The disorder, in its entirety, is associated with a high degree of morbidity including
a notable impact on social relationships, mental health, and work-related activities.®’
The disease can have a substantial negative influence on a patient’s quality of life
(QOL), especially psoriasis of vastly visible areas of the body including face, hands,
scalp, and nails, and it is associated with physical impairment and pain. Psoriasis
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affects a patient’s QOL sometimes more than other chronic
diseases such as diabetes, cardiovascular disease, and rheu-
matoid arthritis.>*10

While the most specific features of psoriasis are skin mani-
festations, nails are commonly involved.!! The prevalence of
nail involvement in psoriasis patients varies between 15% and
79%.""-13 It is uncommon in children, and the prevalence ranges
from 7% to 13%, whereas in adult patients, nail psoriasis is
common — in the absence of skin and joint diseases — and
5%—10% of adult patients are reported to be affected.'

Approximately 90% of psoriatic patients develop nail
psoriasis during their lifetimes, and it is not related to gender
or age."'> McGonagle et al described that nail, scalp, and
intergluteal skin involvement are unfavorable signs and are
often predictors of Psoriatic Arthritis (PsA) evolution.'® Nail
involvement is frequently observed in association with psori-
atic arthritis, and several studies have described an incidence
of 80%.'418 Nail psoriasis is often related to a protracted dura-
tion of psoriasis and severity of skin and joint involvement."
Furthermore, psoriatic nail disease may be considered as a
risk factor for the development of psoriatic arthritis.?

Clinical features of nail psoriasis

Nardo Zaias, in 1969, firstly described the pathophysiology
of nail psoriasis.?! The nail bed, nail matrix, hyponychium,
and nail folds can be affected by nail psoriasis. The most
observed forms are psoriasis of the nail matrix, nail bed,
and nail fold." Pitting, leukonychia, red spots of the lunula,
transverse grooves (Beau’s lines), and crumbling of the nail
plates are the typical signs of psoriasis of the nail matrix.?!
Oil-drop discoloration, splinter hemorrhages involving
the distal third of the nail plate, subungual hyperkeratosis,
and/or detachment of the nail plate from the nail bed
(onycholysis) are the characteristic marks of the nail bed
involvement.'? Psoriasis of the periungual region is charac-
terized by paronychia.'?

The severity of nail psoriasis is evaluated by Nail Psoriasis
Severity Index (NAPSI) which is a numeric, reproducible,
objective, and simple tool. According to this index, each nail
is divided into four quadrants, each of which is assessed for
the presence of any signs of psoriasis in the nail matrix such
as pitting, leukonychia, red spots in the lunula, nail plate
crumbling and nail bed as oil-drop discoloration, onycholysis,
hyperkeratosis, and splinter hemorrhages.?? This scale is used
to evaluate the severity of nail bed psoriasis and nail matrix
psoriasis based on the area of involvement in the nail unit.
NAPSI is useful during clinical trials for assessing response
to treatment of patients with psoriatic nails.?

Different clinical presentations are associated with nail
psoriasis according to the nail structure apparatus. All the
pathognomonic signs of nail psoriasis are not exclusive and
may be found in several other nail disorders. Differential
diagnosis between an onychomycosis and a psoriatic nail
could be challenging; nevertheless, coexistence of onycho-
mycosis and nail psoriasis also occurs and both are common
disorders in the general population.?

Klaassen et al reported in their study a higher prevalence
of onychomycosis in patients affected by psoriasis of the nail
compared to the non-affected population.'® Several studies
hypothesized that morphological defects in psoriatic nails are
predisposing factors for onychomycosis and that onychomy-
cosis could act as a Koebner phenomenon for the develop-
ment of the psoriatic nails.?* In healthy nails, the nail plate acts
as a natural barrier counteracting the development of fungal
infections, whereas in psoriatic patients, the defective nail
plate may be predisposed to fungal infection.?> Several stud-
ies have shown that patients with the highest NAPSI scores
were most likely to test positive for fungal colonization.??’

Pathogenesis

Psoriasis seems to be a multifactorial disorder whose rigorous
underlying mechanism is still uncertain, and environmental
factors, genetic susceptibility, abnormal function of kerati-
nocytes, and dysregulation of innate and acquired immune
response are all assumed.?#?

Certain infections, such as bacterial and fungal infec-
tions, especially Candida albicans have been shown to
be involved and to play a role in the exacerbation and
maintenance of the disease. in fact, psoriasis is a systemic
inflammatory disease in which dysregulation of the immune
system results in overexpression of inflammatory cytokines.
Some of these cytokines are involved in host defense against
common infections, including Candida.’*>* Candida can
stimulate the production of superantigens, determining non-
specific T-cell activation and secretion of cytokines that can
initiate the psoriatic process.’** Consequently, candidiasis
is a documented trigger for psoriasis exacerbations and per-
sistence. Candida could act as a trigger for the exacerbation
of skin and nail psoriasis through the same LL-37 (catheli-
cidin) pathway; in particular, in the psoriatic nail, Candida
could activate the antimicrobial peptide, LL-37, produced
by epithelial nail bed cells that induce interleukin (IL)-23
production by dendritic cells and macrophages, which
consequentially activate Th17, determining the cytokine
overflow theory and acting as a trigger for the exacerbation
of nail psoriasis.?®3
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Previous findings demonstrated an increased expression
of tumor necrosis factor (TNF)-o, nuclear factor-kappa B,
IL-6, and IL-8 in psoriasis-affected nails, which is consistent
with the findings of a study on lesional psoriatic skin.*’

Rashmi et al described an imbalanced cytokine milieu
in psoriatic lesions, with the presence of increased levels of
TNF-a, interferon-a., IL-2, IL-6, IL-8, IL-12, and leukemic
inhibitory factor-1 and reduced levels of IL-1, IL-4, IL-5,
and IL-10.3® The critical role of IL-23/Th17 axis at tissue
level is indicated by the increased levels of 1L-23, IL-23R
and Th17 cytokines revealed in psoriatic skin, especially in
lesional versus non-lesional skin.*

IL-10 is an anti-inflammatory and immunosuppressive
cytokine that plays an important role in the regulation of
the immune response. Several studies demonstrated a down-
regulation of IL-10 in psoriatic skin lesions.*’ In contrast,
Saulite et al found an increased expression of IL-10 in the
affected nail bed suggesting unique pathways of psoriatic
nail disease and the nail as an immune-privileged site.*'
However, those results suggest that although the milieu of
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some of the distinctive inflammatory cytokines and chemok-
ines appears to be consistent with that described in psoriatic
skin lesions, there seems to be some distinctive peculiarities
for nail psoriasis, thereby confirming the hypothesis that
nails act as immune-privileged sites. Different therapeutic
responses to monotherapy are due to the distinctive anatomic
characteristics of the nail (Figure 1).#!

Therapeutic strategies
There are limited therapeutic strategies for the management
of nail psoriasis. Most conventional treatments have been
used for nail psoriasis, but their efficacies are limited and can
cause side effects; relapses are common and any noticeable
nail improvement will take a long time.?”#4

Therapeutic management is based on clinical presenta-
tion, as well as patient-related factors. Most patients have
mild nail psoriasis without arthropathic disease or severe skin
psoriasis.? These patients may be suggested topical therapy,
while systemic therapy is suggested in patients affected by
severe nail psoriasis and in those with major impact on QOL
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Figure | The cytokines axis in psoriasis. IL-23-, IL-17-axis-related mediators are overexpressed in lesional psoriatic skin and nails. TNFo.-/iNOS-producing dendritic cells
(TiP-DCs) are activated by various cells and stimuli including Candida albicans. Candida activates Th17 and Th22 to produce IL-22 and IL-17A/F. Keratinocytes are the key-

responding cells to this pathway.

Abbreviations: VEGF, vascular endothelial growth factor; IL, interleukin; TNF, tumor necrosis factor; iNOS, inducible nitric oxide synthase; KC, keratinocytes.
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or with moderate-to-severe psoriatic skin lesions or PsA. Age,
burden of disease experienced, comorbidities, individual
patient medication preferences, and risks of treatment should
be considered for the treatment strategy.

Topical treatments are steroids, vitamin D3 analog
calcipotriol or tacalcitol or calcitriol used in monotherapy
or in combination with corticosteroids, tazarotene, topical
calcineurin inhibitors, 5-fluorouracil. Vitamin D analogs
normalize epidermal cell proliferation and differentiation, as
well as production and release of proinflammatory cytokines.
1,25(OH)D has been shown to have an antiproliferative
effect on keratinocytes.*’ In particular, low concentration of
vitamin D stimulates keratinocyte proliferation in vitro, while
at higher pharmacological doses, a clear inhibitory influence
has become evident.*

Furthermore, vitamin D acts as an immunomodulator
inhibiting the proliferation of T lymphocytes and stimulates
the generation of CD25*/CD4* Tregs, a phenotype of T cells
endorsing tolerance and inhibiting immunity after stimula-
tion with antigen.”® Additionally, vitamin D stimulates the
expression of C-C chemokine receptor type 10 on the surface
of T lymphocytes, which is involved in T-cell mediated
skin inflammation, determining T lymphocytes migration
from dermal blood vessels to epidermal keratinocytes.*®
In conclusion, vitamin D aids to defend from opportunistic
infections, inducing autophagy and supporting the innate
skin barrier, thereby stimulating endogenous antimicrobial
peptides expression.*®

Recent studies have shown that 1,25(OH)D values are
significantly lower in psoriatic patients than in control healthy
subjects.*” Vitamin D3 derivatives appear to be more successful
in treating nail bed psoriasis than nail matrix.*’ Tazarotene is a
retinoid that has been shown to have antiproliferative, differen-
tiation normalizing, and anti-inflammatory effects, and it is also
approved for the treatment of psoriasis.*** Topical calcineurin
inhibitors such as cyclosporine and tacrolimus are effective
in treating both nail matrix signs of nail psoriasis (pitting)
and nail bed signs (hyperkeratosis, onycholysis, crumbling,
and oil-drop discoloration). No local or systemic side effects
were reported during the clinical trial except for a yellowish
discoloration after long-term application of cyclosporine.

Topical therapy for nail psoriasis has the evident advan-
tage of treating the nail apparatus without exposing the rest of
the organs to the risk of adverse events; however, in patients
affected by severe skin psoriasis or PsA, systemic treatments
offer a valuable alternative. Conventional systemic therapy,
such as use of cyclosporine, methotrexate, and retinoid in
the long term, can cause organ toxicities.**

Methotrexate has been shown to improve NAPSI score
in several studies; however, its use is limited by a wide
range of potential side effects, including hepatotoxicity,
ulcerative stomatitis, lymphopenia, nausea, and low white
blood cell count.>® The calcineurin inhibitor cyclosporine
is an immunosuppressive drug characterized by reasonable
efficacy in the treatment of nail bed and nail matrix signs of
psoriasis. Unfortunately, serious adverse reactions such as
renal dysfunction, hypertension, fatigue, headache, paresthe-
sia, hypertrichosis, gingival hyperplasia, and gastrointestinal
disorders have been reported. Furthermore, the prolonged use
of cyclosporine may play a role in the development of renal
failure and several malignancies.**%

Acitretin, which belongs to the retinoid family, regulates
cellular differentiation and also possesses anti-inflammatory
properties. Acitretin has been shown to have a moderate
efficacy particularly on nail signs of psoriasis, although
its efficacy is limited by common side effects including
cheilitis, dry mouth, and skin exfoliation.®%> New molecules
have been studied to improve the QOL of psoriasis patients
focusing on the new discoveries. Psoriasis is characterized by
anomalous immune response and determined by self-cytokine
networks.®* The importance of these adverse effects has
stimulated the development of new therapies characterized
by high affinity and a safety profile.

Historically, anti-TNF-o. biological agents such as inf-
liximab, adalimumab, golimumab, certolizumab as well as
etanercept, a recombinant TNF-o decoy receptor, have been
used to treat psoriasis. TNF-ais a proinflammatory cytokine
that plays a major role in psoriasis stimulating keratinocyte
proliferation, inflammatory infiltrate in the epidermis and
preventing keratinocyte apoptosis. The Anti-TNF-o family
has been demonstrated to be a reasonably safe and effective
treatment for plaque-type psoriasis, PsA, and nail psoriasis.
Infections, such as mycobacterium tuberculosis, demyelinat-
ing diseases, congestive heart failure, induction of the forma-
tion of autologous antibodies, and production of antibodies
neutralizing anti-TNF-o drugs were described as adverse
reactions related to the anti-TNF-o. agent.®

Infliximab, a chimeric anti-TNF-o immunoglobulin (Ig)
G1 monoclonal antibody that consists of human antibody
constant regions and murine variable regions, was approved
for PsA and plaque-type psoriasis in 2005/2006. Several
studies have shown the valuable effect of infliximab on nail
psoriasis — both nail bed and nail matrix psoriasis. Also
in patients with severe nail psoriasis at baseline, an excel-
lent degree of response can be achieved after 22 weeks of
therapy.® The data indicate that infliximab is effective for
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psoriatic nail disease in the context of severe skin and/or
joint involvement.

Adalimumab is a fully human anti-TNF-o. IgG1 monoclo-
nal antibody. Several studies have emphasized adalimumab
to be an effective choice of treatment for psoriasis of the nail
bed and nail plate. A prospective study reported a decreased
incidence of onychomycosis in patients treated with adali-
mumab for 24 weeks. Significant improvement was noted as
early as week 12 with regard to both fingernails and toenails
in patients treated with adalimumab.*

Etanercept is a fusion protein of the TNF-o receptor
and Fc end of the IgG1 antibody. Barrera et al reported an
average reduction of 51% in the NAPSI score in 562 patients
enrolled in this study after 54 weeks of therapy.®” The efficacy
of etanercept on nail psoriasis was evident after 24 weeks
of treatment, with greater improvements observed after
48 weeks.®% In conclusion, treatment of nail psoriasis with
etanercept should be considered in the context of treating
moderate-to-severe psoriasis with the aim of achieving
improvement of both skin and psoriasis nail lesions.

Golimumab is a human monoclonal anti-TNF-o antibody.
The randomized controlled trial, GO-REVEAL study, showed
amean NAPSI improvement of 52% at 52 weeks.” Substan-
tial improvements in nail symptoms, evaluated by the NAPSI
and physician’s global assessment of psoriatic nail disease,
were observed in golimumab-treated patients as early as 24
weeks and were preserved or improved through 52 weeks.”
Golimumab should be considered in patients with nail and
joint involvement as an advantageous treatment strategy.

Certolizumab pegol is a humanized mouse monoclonal
antibody to TNF-a: that is chemically modified by PEGylation,
and consequentially it has a prolonged half-life in patients.
Certolizumab confirmed the NAPSI improvement of the other
anti-TNF drugs, the clinical trial showed that the NAPSI
change from baseline at week 24 was —52% with certolizumab
pegol 200 mg every 2 weeks and —59% with certolizumab
pegol 400 mg every 4 weeks versus —32% with placebo.™
Certolizumab pegol should be considered in patients with
nail and joint involvement. Advances in understanding the
pathogenesis of the disease have led to the development of
new treatment strategies.”>’”> Immunological research has
recently pointed out the central role of IL-17 and IL-23 in
the pathogenic pathway of psoriasis.

Ustekinumab is a human anti-1L-12/23 IgG1 monoclonal
antibody. Rich et al described a mean NAPSI improvement of
46.5% within 24 weeks both in nail bed and nail matrix pso-
riasis.”* PHOENIX-1 study was a placebo-controlled study
carried out in 766 psoriasis patients treated with ustekinumab

45 mg, of whom 70% were affected by nail psoriasis. Nail
improvement was higher in patients with a good Psoriasis
Area Severity Index (PASI) response and the improvement in
the NAPSI scale ranged from 30% to 57% at 24 weeks.™

Several other studies have been performed that have
confirmed these results.”7® Studies on ustekinumab demon-
strated nail responses similar to those obtained with other
biologics (about 24 weeks of treatments). Contraindications
and adverse events of ustekinumab are similar to anti-TNFo
treatments.”’

IL-17, firstly described by Yao et al in 1995,® is a family of
proinflammatory cytokines that consists of IL-17A, IL-17B,
IL-17C, IL-17D, IL-17E, and IL-17F, secreted by T cells,
natural killer cells, mast cells, and neutrophils.” IL-17A is
produced predominantly by Th17, a subset of CD4* T cells.
Anomalous production of IL-17A is strongly implicated in
the pathogenesis of psoriasis and other autoimmune diseases
such as rheumatoid arthritis, chronic noninfectious uveitis,
and Crohn’s disease. Its neutralization has potential utility
in other autoimmune disorders.”%

Based on the evidence available, regarding the role
of Th17 cells in psoriasis and psoriatic arthritis, three
therapeutic agents against IL-17A have been developed:
secukinumab, ixekizumab, and brodalumab. Significant
reductions in NAPSI scores were observed using ixekizumab
as early as 2 weeks, through 20 weeks, and in an open-
label extension.?!#> Complete remission of nail disease was
achieved in a high proportion of patients: 43% at week 44
and 51% at week 68.%? Although few data are available, due
to the recent approval of the drug, ixekizumab should be
considered in patients affected by severe skin psoriasis.

Apremilast is a selective inhibitor of phosphodiesterase 4
that breaks down cyclic adenosine monophosphate (cAMP).
An increase in cAMP levels downregulates the expressions
of TNFo, IL-17, IL-23, and many others, and upregulates
the anti-inflammatory 1L-10.%

A 50% reduction in NAPSI was achieved for 33.3% and
14.9% of patients given apremilast (30 mg) twice a day and
placebo, respectively, at 16 weeks. At week 32 (an open-
label study), a 50% reduction in NAPSI score response was
observed in 45.2% of patients treated with apremilast by
Papp et al in a Phase III, multicenter, double-blind, placebo-
controlled study.®

ESTEEM 1 and ESTEEM 2 evidenced a target NAPSI
improvement of 43% and 60%, respectively, after 32 weeks
of therapy, which was maintained through week 52.%%5 Apre-
milast has been shown to be efficient in the treatment of both
nail matrix and nail bed psoriasis (Figure 2). Furthermore,
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Week 0

Week 24

Figure 2 Patient affected by nail psoriasis at baseline (week 0). The same patient after 12 weeks and 24 weeks of treatment with apremilast.

apremilast was generally well tolerated during Phase III
clinical trials, and in particular, most adverse events were
mild or moderate in intensity and the incidence rate did
not appear to increase over time.* The convenience of oral
administration of apremilast is associated with its safety pro-
file, and the tolerability of the side effect profile makes this
medication an attractive choice for clinicians.®#* Apremilast
should be considered in patients with joint and skin involve-
ment. Apremilast is not only effective for moderate-to-severe
psoriasis or PsA but it is also characterized by a good safety
profile and does not require laboratory monitoring as with
traditional biological agents.

Tofacitinib is an oral Janus kinase inhibitor that recently
has been investigated for psoriasis. Papp et al during Phase II1
studies described significant dose-dependent improvements
in the NAPSI score with tofacitinib treatment in patients
affected by nail psoriasis, suggesting that the JAK pathway
is a critical therapeutic target of the disease.® It also offers
the convenience of oral administration. In conclusion, oral
tofacitinib is an effective, well-tolerated treatment option for
moderate-to-severe chronic plaque psoriasis.

Discussion

While the nails represent a small portion of the body surface
area, psoriasis in this area can have a disproportionate influ-
ence on a patient’s physical and psychosocial activities.®
This review highlighted the primary importance of the
nail involvement in the psoriatic disease. Furthermore, we
emphasize the role of Candida in inducing and maintain-
ing inflammation through IL-17; moreover, keratinocytes
express IL-17 receptor and are involved in the production
of aberrant K17.354!

Therefore, we suggest ruling out onychomycosis in
patients with nail abnormalities before concluding that
the patients are affected by nail psoriasis and, in psoriatic
patients, excluding the comorbidities with a fungal infection
before starting treatment. This recommendation is underlined

by the fact that nail psoriasis is mostly treated with immuno-
suppressive drugs, like steroids, methotrexate, or biologics,
which may aggravate mycotic nail infections.* To manage a
patient co-affected by onychomycosis and psoriasis, we sug-
gest to initially treat the fungal infection for at least 3 months
using a systemic antifungal therapy and to avoid local topical
steroids and subsequently treat the psoriatic disease.?*

The commonly used disease modifying antirheumatic
drugs (DMARDs) can cause adverse effects that require
monitoring,” while anti-TNF-o (eg, adalimumab, etaner-
cept, infliximab, certolizumab pegol, and golimumab) can
cause infections, malignancies, and production of antidrug
antibodies that can impact effectiveness; administration of
TNF-a. is through injection or infusion.66.70.7!

Currently, two recent meta-analyses — regarding adali-
mumab, etanercept, golimumab, and infliximab — showed
that differences in terms of efficacy of these drugs cannot
be demonstrated.?”#® Additionally, in one of these studies,
no significant differences in terms of safety of these drugs
were established.®” Though the mechanism of action of the
anti-TNF biologic drugs is similar, some molecular dif-
ferentiations might justify the successful switch from one
to other.

Currently, use of apremilast and tofacitinib favors an early
healing of nail psoriasis because they act directly on the patho-
genic targets, distressing the inflammatory signals associated
with the initiation and maintenance of the disease activity
without altering the microbial flora and, as with several con-
ventional synthetic DMARDs, they are characterized by the
convenience of oral administration.*# The Medical Board
of the National Psoriasis Foundation recommends systemic
treatments, including apremilast, for patients with major skin
and nail disease or skin, nail, and joint disease.*

Conclusion
This review underlines that the number of treatments for
PsA and psoriasis has increased considerably in recent years
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and will probably lead to the authorization of new therapies
in the future. Given the heterogeneity of the disease, the
therapy should be personalized to individual cases. Principal
features of these strategies should consider optimizing QOL,
eliciting inclinations and goals, balancing risks and benefits,
setting priorities, discontinuing needless medications, and
starting beneficial medications, however, prioritizing simple
regimens and integrating care. Models of care should be
custom-made on patient necessity. Achieving this transition
will require a change from disease-specific to patient-specific
models of care delivery.®

Further investigations including prognostic biomarkers
and patient stratification are necessary to allow clinicians
the possibility of making better use of various biologic and
non-biologic treatment options available.
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