1. Introduction

Psoriatic arthritis (PsA) is a progressive inflammatory syndrome associated with psoriasis [1, 2]. It
encompasses highly variable manifestations (including inflammatory arthritis, spondylitis, enthesitis,
dactylitis), occurring in up to 30% of people with psoriasis [1-3]. There has been a rapid expansion in
therapeutic options available for PsA over recent years [1, 4]. However different drugs, with different
modes of action, present new challenges when considering therapy selection for PsSA and its wide-
ranging clinical manifestations. Evidence is lacking to guide individual therapeutic decisions and
therefore how to best offer a personalised approach to PSA management [1, 4].

Current practice generally follows a stepwise approach using conventional synthetic disease-modifying
anti-rheumatic drugs (csDMARDSs), followed by biologic disease-modifying anti-rheumatic drugs
(bDMARDS), if their response is inadequate [1, 2]. However newer guidelines (American College of
Rheumatology (ACR) and National Psoriasis Foundation) recommend the use of bDMARDs as first-
line treatment (tumour necrosis factor alpha inhibitors (TNFi)) [5]. Extending past csDMARDs, key
treatment groups include three key bDMARDs: TNFi; interleukin (IL)-17A inhibitors; IL-12/-23 inhibitors;
IL-23 inhibitors; and two small molecule targeted-synthetic disease-modifying anti-rheumatic drugs
(tsDMARDSs): janus kinase inhibitors; and apremilast (phosphodiesterase-4inhibitor) [1].

Some patients with inadequate responses to first-line bDMARDSs, sequentially respond well to drugs
with different modes of action [1, 6]. Others may sequentially respond to drugs within the same class
[1]. This may represent different disease pathogenesis or evolution, potentially in response to varying
sequential trials of bDMARDSs [1]. These unpredictable responses can result in suboptimal therapy with
potential delays and negative outcomes. These drugs are generally tolerated well however potential
adverse events should be considered with bDMARDS, including reactivation of latent tuberculosis,
opportunistic infections and skin site reactions from drug infusion or injection [7].

2. Current domain-based approach

Therapeutic decisions for bDMARDs and tsDMARDs are generally based on patients’ limited clinical
phenotype, physician familiarity and cost[1, 4]. Phenotypic focus is generally based on musculoskeletal
or dermatological manifestations. Most rheumatological drug trials focus on patients with peripheral
arthritis achieving 20% improvement in baseline ACR responses (ACR20) as their primary outcome [1].
Spondylitis, dactylitis and enthesitis, in contrast, tend to be included as secondary endpoints, rather
than in specific research studies powered to evaluate these domains [1].

A small number of head-to-head studies have been performed in PsA allowing us to compare different
therapies. A 52-week trial (SPIRIT head-to-head (NCT03151551)) compared the efficacy of ixekizumab
(IL-17A inhibitor) and adalimumab (TNFi) in bDMARD-naive patients with active PsA [8]. Patients were
randomised 1:1 to either drug, and stratified by either concomitant csDMARDSs therapy and co-existent
moderate-to-severe plaque psoriasis [8]. Ixekizumab superiority was found, where a significantly higher
proportion of patients achieved combined ACR50 (50% improvement from baseline in ACR responses)
and PASI (Psoriasis Area and Severity Index)-100 responses, when compared to adalimumab (39.2%
versus 26.1%, respectively; p<0.001) [8]. Significant achievement of PASI100 was higher in the
ixekizumab arm, compared to adalimumab (64.3% versus 41.3%; p<0.001) [8]. Ixekizumab non-
inferiority was demonstrated evaluating ACR50 alone (p=0.924) [8]. Secondary endpoints highlighted
ixekizumab superiority to various composite disease measures, generally pertaining to skin disease [8].
Similar efficacy was observed for measures of enthesitis resolution (including Spondyloarthritis
Research Consortium of Canada (SPARCC) (p=0.097) and Leeds Enthesitis Index (p=0.392)) and
dactylitis resolution (Leeds Dactylitis Index-Basic (p=0.620)) [8]. Whilst these data demonstrate IL-17A
suppression is effective in patients with co-existent skin and joint disease, it remains unclear which
mechanism is preferred for extra-articular PsA features.

Another IL-17A inhibitor (secukinumab) was compared with adalimumab in a phase 3b trial (EXCEED
NCT02745080), in active PsA [9]. The trial failed to meet its primary endpoint (ACR20) and
secukinumab superiority was not achieved, with no significant difference observed between either
treatment (p=0.0719) [9].



Whilst skin disease is generally measured as a secondary outcome in PsA trials, head-to-head studies
exist evaluating chronic plaque psoriasis alone. Evaluating efficacy of treating skin disease is important,
as controlling for all domains of psoriatic disease is the aim of optimal treatment. The ACCEPT phase
three trial (NCT00454584) compared the efficacy of ustekinumab (IL-12/23-p40 subunit inhibitor) with
etanercept (TNFi) in the treatment of moderate-to-severe psoriasis at 12 weeks [10]. Patients were
randomly assigned to receive ustekinumab at 45mg or 90mg; etanercept (50mg); or placebo [10].
Significantly higher proportions of patients in the ustekinumab arms achieved PASI-75 responses, when
compared with etanercept (p=0.01 and p<0.001, correspondingly) [10]. Physician’s global assessment
of clear or minimal skin disease were observed in both ustekinumab arms (compared to etanercept,
p<0.001 each) [10].

The CLEAR phase 3b study (NCT0274982) established secukinumab superiority in achieving PASI-90
and PASI-100 responses (p<0.0001 and p=0.0103, respectively), in patients with moderate-to-severe
psoriasis, when compared with ustekinumab [11]. Another study (IXORA-S NCT02561806) similarly
found superior efficacy of IL-17A inhibition (ixekizumab) over ustekinumab [12]. Alongside these data,
additional studies show superior efficacy of IL-23-p19 inhibitors (in addition to IL-17A suppression) over
both TNF inhibition and ustekinumab, in treating skin disease [8, 10-14].

The ECLIPSA study (EudraCT 2017-003799-29) demonstrated that p40-IL-12/23 inhibition may be
superior to that of TNFi in enthesitis-driven PsA [15]. Patients with active enthesitis (with previous
inadequate responses to methotrexate, regardless of arthritic joint count) received either ustekinumab
or a TNFi [15]. By week-24, significantly more patients receiving ustekinumab achieved enthesitis
clearance (as per SPARCC=0), compared to those receiving a TNFi (p=0.018) [15]. There was no
significant difference between either drug in the treatment of arthritis [15]. However, ustekinumab
superiority was observed in terms of improvement of skin disease [15].

Differential efficacy may be particularly key in axial disease, as evidenced by trials in ankylosing
spondylitis (AS). Data support the efficacy of TNFi and IL-17A inhibitors, both currently licensed in AS
treatment [16]. However, AS trials evaluating other therapeutic modes have failed to achieve their
primary outcomes [17-19]. Risankizumab (IL-23-p18 inhibitor) failed to achieve its primary endpoint of
40% improvement in Assessment in SpondyloArthritis International Society responses at week-12,
when compared with placebo, in a proof-of-concept phase two trial (NCT02047110) [17]. Ustekinumab
similarly failed to meet primary outcomes (versus placebo) in three multicentre studies evaluating its
efficacy in AS [18]. Failure to meet the primary endpoint in the POSTURE trial (NCT01583374) was
similarly observed evaluating the efficacy of apremilast in active AS [19].

From these data, our understanding of the mechanisms responsible for axial disease remain limited.
Whilst genetic associations between IL23R-polymorphisms and AS are recognised, this does not
correspond to the lack of efficacy observed with ustekinumab and risankizumab, and is reminder of the
pathogenetic complexity of chronic inflammatory diseases. This polymorphism is also associated with
inflammatory bowel disease, which may be linked to PsA, and seems to respond to TNFi and IL-23
suppression, but less effectively with IL-17 inhibition [20, 21].

2.1 Future approaches

Beyond the clinical phenotypic approach to personalised medicine in PsA, few data currently exist
demonstrating precision medicine in rheumatology in general. Tissue-based therapeutic approaches
already exist in oncological specialities, which could be a strategy applied in PSA.

One open-label trial addressed personalised medicine in PsA, stratifying treatments based on patients’
baseline T-helper (TH) cell immunophenotypes and their responses [22]. Four strategic treatment
subgroups were defined, based on markers of Tul7 and Tul cell activation (both implicated in PsA
pathogenesis), and predetermined upper and lower quartile parameters (from healthy controls) in the
estimated proportion of activated Tu17 (above or below 1.5%) and Tw1l (above or below 1.2%) cells of
the CD4 population [22]. These immunophenotypic subgroups (and their strategic bDMARD
treatments) comprised: Thl-predominant (ustekinumab); Twl7-predominant (secukinumab); both
Tul/Tul7 high proportions (TNFi for major joint involvement or secukinumab for major skin
involvement); both Tu1/Tul7 low proportions (TNFi) [22].



Sixty-four patients with methotrexate-resistant PSA were allocated to receive either standard bDMARD
treatment (n=38); or one of the aforementioned strategic bDMARD treatments (n=26) (based on their
immunophenotyping) [22]. After six months, significant decreases from baseline were observed in the
Simple Disease Activity Index (SDAI); 28-joint Disease Activity Score (DAS28)-erythrocyte
sedimentation rate (ESR); and PASI responses in the overall strategic group (p<0.05) [22]. There were
significant improvements in low disease activity measures (SDAI, DAS28-(ESR) and ACR20) in the
strategic treatment group, compared with the standard treatment group (p<0.05) [22]. However, there
was no significant difference in PASI achievement between the two groups [22].

These results demonstrate the efficacy of bDMARD selection according to Tw cell immunophenotyping.
Albeit small, this is the first study to enact the concept of baseline immunophenotyping in PSA. There
are however various limitations. The small study size was not powered to effectively compare the
groups, nor was a prespecified primary endpoint stated. It is not fully clear how the Tw cell markers and
their parameters were selected for formulating the immunophenotypic subgroups, nor the rationale for
their allocation of respective therapeutic agents. The Tl percentages did not differ between the healthy
controls and PsA patients, raising the question of the significance of the Tul-predominant subgroup [4,
22]. Nonetheless, this proof-of-concept study exemplifies a promising approach and exciting potential
for personalising PsA therapy, especially in the context the expanding treatment choices.

Further research is required to optimise our understanding and accuracy of PSA immunophenotyping.
Questions have been raised about potential immunophenotypic stability and evolution, in the context of
time or prior DMARD exposure [4]. Future suggestions for personalised medicine are broad, including
advanced blood and tissue immunophenotyping processes; larger, carefully-designed trials; complex
statistical methodologies; and evolving our understanding of immunocompetent cells in PSA. These
advances however pose challenges to researchers. Blood analysis, whilst practical, may not reflect the
same pathogenic process at tissue level. However tissue analysis, whilst more specific, is more
expensive and incurs a more invasive approach.

3. Summary

The expanding range of treatments for PSA is welcome but poses challenges for selecting the best
therapeutic mode, given its heterogeneity. The beginnings of personalised medicine, in the form of
proof-of-concept immunophenotyping, is one novel and exciting approach. This, combined with
complex statistical analyses, is a potential step in the right direction to help re-define the PsA treatment
algorithm and therefore optimise patients’ treatment without delay.
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