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Abstract

Sections

Psoriatic arthritis (PsA) is anatomically much more heterogeneous
thanrheumatoid arthritis, as, beyond synovitis, it often also involves
enthesitis, peritendinitis, tenosynovitis, osteitis and periostitis. This
heterogeneity currently precludes a gold standard for objectively
defining resolution of inflammation following treatment, with enthesitis
posing a particular challenge. Despite these difficulties, we apply
lessons learned from rheumatoid arthritis to describe how patients with
PsA and aninadequate response to therapy can be designated within
two patient subgroups, characterized by persistentinflammatory

PsA (PIPsA) and non-inflammatory PsA (NIPsA), respectively. The
NIPsA phenotype is defined by the lack of ongoing joint inflammation,
as confirmed through clinical assessment and imaging, along with
normalized inflammatory marker levels. NIPsA might be associated
with obesity, biomechanical-related pain, osteoarthritis, fibromyalgia,
secondary post-inflammatory damage and central pain mechanisms.
In this article, we frame PSA composite outcomes measuresin
relationship to the PIPsA and NIPsA phenotypes and propose that this
approach might help to minimize unnecessary or ineffective cycling

of PsA therapy in patients who acquire dominant non-inflammatory
mechanisms and might also inform future trial design.
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Key points

o For optimal management of patients with psoriatic arthritis
(PsA) and an inadequate response to treatment (particularly in
cases that are difficult to treat or refractory), we propose two main
disease subcategories: persistent inflammatory PsA (PIPsA) and
non-inflammatory PsA (NIPsA).

o Despite the complexity of PsA in terms of the structures involved
(enthesis, synovium, tendons, para-tendinous soft tissue and bone),
the best clinical feature for the routine recognition of genuine
inflammatory arthritis is joint swelling (synovitis or dactylitis), which
can be confirmed by ultrasonography (PIPsA phenotype).

o In symptomatic patients with persistent pain and high composite
scores, but without objective clinical signs of inflammation, the
absence of ‘active’ inflammation on ultrasonography suggests a NIPsA
phenotype that is likely to be associated with comorbidities, such

as obesity and osteoarthritis; however, distinguishing ‘pure’ and less
common isolated entheseal phenotypes remains challenging for this
less common clinical phenotype.

o The exhaustion of therapeutic options define treatment-refractory
PsA; however, it is recognized that non-response, as measured by
composite outcomes, might involve non-inflammatory components,
highlighting the need for imaging.

o Accurate characterization of the PIPsA phenotype will facilitate
clinical trials, including combinations of advanced therapies using
existing composite outcomes for PsA.

Introduction

The success of biological disease-modifying anti-rheumatic drugs
(bDMARDs) and targeted synthetic DMARDs (tsDMARDs) in rheumatol-
ogy forboth rheumatoid arthritis (RA) and psoriatic arthritis (PsA) has
revolutionized the management and even resulted in dose optimiza-
tion or tapering strategies as key features in disease management'?.
Despite these therapeutic advances, there hasbeenincreasing recogni-
tion of patients with inflammatory arthritis that is non-responsive or
refractory to treatment, initially in RA and later in PsA*”.

Patients with RA who have been exposed to multiple DMARDs
without apparent benefit are variously designated as having
‘difficult-to-treat’, ‘treatment-resistant’ or ‘refractory’ RA*¢. We previ-
ously suggested that patients with RA in whom all available classes
of drug have failed could be designated as having ‘poly-refractory
RA’, as there are no therapeutic options left®. In RA, the ‘difficult-to-
treat’ terminology is the best agreed term and defines individuals
with signs of active disease in whom at least two bDMARD or
tsDMARD classes have failed following conventional DMARDs".
The ‘difficult-to-treat’ terminology as articulated for RA was also used
inPsA, with ‘difficult-to-treat’ PsA having been suggested to also rep-
resent failure of at least one conventional DMARD and two bDMARD
or tsDMARD classes*’ (Table 1). An attempt has also been made to
differentiate ‘difficult-to-treat’ PsA from ‘treatment-resistant’ PsA
driven by comorbidities (also defined as ‘complex-to-manage’ PsA,
abbreviated to C2M PsA)*'°. However, universal agreement on these
definitionsis still lacking.

Inthis article, we propose that patients with PsA and aninadequate
response to therapy, starting with patients who are unresponsive to
conventional DMARDs and extending to individuals with ‘difficult-to-
treat’ PsA and refractory PsA (in whom treatments from all available
classes have failed) can be classified into two distinct disease sub-
groups: asubgroup with a persistentinflammatory PsA (PIPsA) pheno-
type, whichis marked by active joint inflammation (typically clinically
manifesting as joint swelling) and confirmed on imaging; and a sub-
group with non-inflammatory PsA (NIPsA) phenotype, which is often
linked to comorbidities such as obesity and osteoarthritis (OA). Inaddi-
tion, we discuss potential mechanisms underlying these phenotypes,
aswell as considerations for treatment strategies and trial design.

Inadequate therapy responses in PsA

A Northern European registry study of over 10,000 patients demon-
strated that patients with PsA who received more than four bDMARDs
or tsDMARDs — that is, patients representing an approximation for
arefractory or near-refractory state — have a very low likelihood of
achieving remission as assessed using the Disease Activity in Pso-
riatic Arthritis (DAPSA) score, with number needed to treat of 63
(ref. 11). In such patients, differentiation between inflammatory (that
is PIPsA-associated) and non-inflammatory (thatis NIPsA-associated)
mechanismes, is vital to prevent futile therapy cycling and ensure
optimal PsA management in the real-world setting.

Multiple treatment failures make it essential toidentify the under-
lying mechanisms driving inadequate responses to therapy. Several
patients with PsA who are cycling through bDMARDs or tsDMARDs
show little objective evidence of jointinflammation. International reg-
istries data, observational studies and clinical trials reveal that only 10%
to40% of patients with PsA achieve remission'>'* despite very low rates
of radiographic disease progression. Hence, a failure to differentiate
between PsA associated with traceable inflammatory mechanisms (that
is, PIPsA) versus PsA where non-inflammatory mechanisms mightbein
place (thatis, NIPsA) might explain why alarge population of patients
with PsA do not achieve remission or low disease activity. The existing
burden of apparent treatment failure in PsA has shifted the focus from
Minimal Disease Activity (MDA) or DAPSA remission onto ‘Patient
Acceptable Symptom State”™'°, which we propose should be assessed
through the perspective of both inflammatory and non-inflammatory
mechanisms to optimize treatment strategies. At first glance, our
newly suggested term NIPsA might appear to be contradictory, as the
term ‘arthritis’inherently implies the presence of inflammation. How-
ever, chronicinflammatory conditions, including PsA, often progress
through an initial inflammatory phase to post-inflammatory phases.
The latter may be characterized by secondary OA and joint malalign-
ment, both of which involve pain sensitization mechanisms and are,
thus, painful. Differentiating between disease phases presents a clini-
cal challenge, as purely inflammatory or non-inflammatory states are
rarely observed, not only in PsA but also in conditions suchasRA, and
overlapping mechanisms frequently coexist”.

Outside of rheumatology, similar dynamics between pro-
inflammatory and post-inflammatory disease states are observed.
For instance, in multiple sclerosis, patients with severe disability are
unlikely to respond to therapy if inflammation is no longer active,
as evidenced by negative MRI scans'®". Similarly, validated com-
posite outcome measures in PsA, such as DAPSA, Psoriatic Arthritis
Disease Activity Score (PASDAS) and MDA, encompass patients with
treatment-resistant disease. Such apparent resistance, whichemerges
fromthe clinimetricindices, might stem not fromactive inflammation
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Table 1| Psoriatic arthritis phenotypes: terms and definitions

Patients with active disease in whom at least two
different lines of biologic or targeted synthetic
therapy and at least one conventional DMARD
have failed

Difficult to treat PsA
(clinical classification)

Refractory PsA
(clinical classification)

Failure owing to treatment inefficacy or intolerance,
or treatment exclusion based on contraindications,
for at least one drug of each advanced therapy
(biologic or targeted synthetic DMARDs) licensed
for PsA. This criterion applies to patients with active
disease as determined by a validated composite
outcome measure

Persistent
inflammatory PsA
(clinical and imaging
classification)

Patients with active disease with imaging evidence
of ongoing inflammation (based on ultrasonography
or MRI), despite undergoing at least one
recommended therapy from any single DMARD
class (either conventional or biologic and targeted
synthetic DMARDs)

Non-inflammatory PsA
(clinical and imaging
classification)

Patients with active disease without imaging
evidence of ongoing inflammation (based on
ultrasonography or MRI), despite undergoing at least
one recommended therapy from any single DMARD
class (either conventional or biologic and targeted
synthetic DMARDSs)

Active disease
(clinical classification)

Ongoing peripheral and/or axial musculoskeletal
symptoms. Conventionally characterized by

a DAPSA score >14 or an alternative validated
outcome measure and ASDAS >2.1 for isolated spinal
symptoms

ASDAS, Ankylosing Spondylitis Disease Activity Score; DAPSA score, Disease Activity in
Psoriatic Arthritis score; PsA, psoriatic arthritis.

atthe time of assessment but rather from the residual damage inflicted
by prior inflammation.

To avoid confusion and the implication that such patients with
high composite scores are no longer considered to have PsA, it is
more accurate to describe the mechanisms driving their symptoms
as non-inflammatory or representative of a NIPsA phenotype. This
terminology provides a nuanced perspective on their condition,
acknowledging its complexity while maintaining the validity of their
diagnosis.

Anatomical challenges in PsA

The heterogeneity of musculoskeletal involvement in PsA, including
synovitis, osteitis, enthesitis, peritendinitis and periostitis, compli-
cates the detection and definition of PsA withinadequate response to
treatement*?., Isolated axial disease or peripheral enthesitis without
adjacent synovio-entheseal involvement are rare manifestations but
importanttorecognizeinorder toavoid misdiagnoses and inappropri-
ate therapeutic approaches (Fig. 1). Furthermore, it is acknowledged
that the persistence of pain and joint tenderness in the absence of joint
swelling and of elevated C-reactive protein (CRP) levels are more likely
tobereportedinPsAthaninRA, owingtothe entheseal and extracapsu-
lar centricinflammation in PsA? (Fig. 1). Such PsA cases might represent
immunologically driven refractory disease that is difficult to demon-
strate objectively?>** %, The pathological variability of the affected
tissues, combined with the challenges in assessing enthesitis, makes
distinguishing between inflammatory and non-inflammatory mecha-
nisms more challenging than RA (Fig. 1). In particular, the correlation
between entheseal tenderness and imaging findings varies according
to the studies from poor to suboptimal, hence a gold standard test is

lacking®, However, similar to RA, PsA is most commonly character-
ized by joint swelling, and the presence or absence of this clinical lesion
isalso akey parameter for the delineation between inflammatory and
non-inflammatory mechanismsin PsA.

Lessons from refractory RA
Lessons learned from refractory RA can help to better understand
inflammatory mechanismsin PsA patients withinadequate response to
therapy. We previously proposed two major subdivisions for the clini-
cal assessment of RA towards switching DMARD class and especially
switchingacross bDMARDs or tsDMARDSs: non-inflammatory refractory
RA (NIRRA) and persistent inflammatory refractory RA (PIRRA)*". The
NIRRA group, as designated by the absence of ultrasonographic power
Doppler changes in clinically swollen joints correlated more strongly
with obesity, OA and fibromyalgia, as well as with lower CRP and lower
SJC compared with the PIRRA group, with NIRRA representing 40% of
total refractory RA cases®. The primacy of synovitis and secondary
nature of erosion in RA is well established, as is the control of joint
inflammation towards structural damage prevention®”. RA-associated
synovitis is readily evaluable using ultrasonography in clinically acces-
siblelocations and furthermore®, thereis a clear link between synovial
inflammation and bone erosion — a key prognostic surrogate in RA.
Compared with RA, erosive disease is less prevalent and disease
progressionis slower in PsA, with only a subset of patients experienc-
ing substantial radiographic progression®-*>, However, analogous to
RA, baseline radiographic erosive damage, raised CRP levels and per-
sistent synovitis are also major risk factors for PsA progression®-*%,
underscoring the key importance of synovitis and outcomes in PsA.
Damage in PsA also includes post-inflammatory lesions including
both juxta-articular and entheseal new bone formation in both the
peripheral and axial skeleton”*®, but at the population level persistent
inflammatory disease is mostly readily recognized in relation to joint
swelling associated with synovitis.

Recognizing the PIPsA landscape

PIPsA refers to cases where patients continue to show active disease
with clearimaging evidence of ongoinginflammation, such as through
ultrasonography or MRI, despite having received at least one recom-
mended therapy from a DMARD class, including conventional, bio-
logic, or targeted synthetic options (Table 1). The temporal concept
referenced with ‘persistent’in the PIPsA classificationisimportantand
refers to alack of reduction in disease activity by at least 50% within
3 months or not reaching the treatment target within 6 months, in
accordance with the treat-to-target approach and the European Alli-
ance of Associations for Rheumatology (EULAR) recommendation
on PsA treatment’.

Both animal studies and human imaging analyses suggest that
initial PsA involvementis entheseal and includes the synovio-entheseal
complex (SEC) structure, and this explains the focal joint swelling
(Fig. 1a) or entire digital swelling (dactylitis)***"~*°, Dactylitis encom-
passes most of the primary lesions of psoriatic finger involvement,
ranging from tenosynovitis and subcutaneous edema (also called
pseudotenosynovitis), which are characteristic of the acute phases,
to articular synovitis and erosions observed in the chronic phases
(Fig.1a).Indeed, apart from the rare pure axial PsA phenotypes oriso-
lated peripheral entheseal phenotypes, persistent swelling is clearly
linked to PsA clinical expression, progression joint erosion, destruc-
tion and joint deformity (Fig. 1). Accordingly, the concept of NIRRA
and PIRRA relating to objective evidence of synovitis in RA may be
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Tendonitis, paratendonitis and tenosynovitis are all manifestations ~ Synovitis linked to SEC and easier to appreciate on imaging than isolated enthesitis

of SEC disease

Persistently elevated CRP linked to clinical joint swelling
Functional enthesis

__Synovium IS

Extensor tendon

Small enthesis of the digit

Tenosynovitis Synovitis leads to joint destruction and deformities

Flexor tendon Clinical swelling is easier to recognize  Synovitis is the most common PsA manifestation

in accessible synovial joints during the progression from arthralgia to PsA

Axial soft tissue +/- axial osteitis

Paratendinitis and tenosynovitis

Large joint synovitis

Isolated peripheral enthesitis
| | or isolated polyenthesitis
Periostitis +/- osteitis
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Fig.1| The complexity of psoriatic arthritis-related joint disease.

a, The central role of synovitis in psoriatic arthritis (PsA) and its various clinical
implications are highlighted towards defining imaging and possibly tissue
assessment as the gold standard for exclusion of non-inflammatory PsA (NIPsA)
phenotypes. Synovitis is the most common manifestation of early PsAin
patients with arthralgia follow-up. Synovitis linked with the synovio-entheseal
complex (SEC) is easier to detect than enthesitis alone, with synovitis often
acting as a ‘smoking gun’ for other pathology. Clinically, synovitis is easy to
recognize owing to visible joint swelling and can be confirmed through imaging
techniques. Persistent raised C-reactive protein (CRP) levelsin trials, indicating a
non-response, are linked to joint swelling. Additionally, synovitis contributes to
joint destruction and deformity like those observed in rheumatoid arthritis (RA)

and is associated with PsA-related erosion and outcomes. b, The pathological
tissue heterogeneity of musculoskeletal pathological involvement in PsA-related
jointdisease, and the associated difficulty in objectively measuringjoint

target tissues, complicates the detection and definition of refractory PsA.
PsAinvolvements include not only synovitis but also osteitis, enthesitis,
peritendinitis, and periostitis of both the peripheral and axial skeleton.

At the population level, isolated axial disease and isolated peripheral enthesitis
without adjacent synovio-entheseal soft-tissue involvement are uncommon PsA
manifestations. Ultrasonography can be used to identify inflammatory changes
inall soft-tissue structures that are affected in PsA, including the synovial cavities
and bursae, tenosynovial structures and adjacent soft tissues, enabling the
diagnosis of PsA with inadequate response to treatment.

broadly applicable to PsA patients withinadequate response to therapy
wherejoint synovitis is often central to the patient outcomes®. Hence,
most NIPsA and PIPsA phenotypes can be clinically gleaned from joint
tenderness and swelling, as documented by ultrasonography (Fig. 2).

Assessing enthesitis, peritendinitis, periostitis and osteitis is
comparatively more challenging than evaluating clinical joint swell-
ing that is often associated with joint cavity synovitis and effusion"*!
(Fig. 1b). When clinically accessible, entheseal structures are, unlike
the synovium, relatively avascular and, although painful or tender,
might not display ultrasonographic changes. Inaddition, whereas the
association between joint synovitis and structural damage has been
well established, especially inRA, the link between the involvement of
peri-articular structures (such as peritendinitis), which are commonly
seenin PsA, and structural damage is less defined. Results from the
phase lllb ACHILLES randomized controlled trial, where secukinumab
for peripheral enthesitis showed statistically significantimprovements
over the placebo onlyin theretrocalcaneal bursitis component of the
SECstructure, thus highlight the utility of synovitis evaluationin a pri-
mary entheseal pathology*>**. These findings suggest that the synovial
component of the SEC is more responsive to change, which is why we
willfocus onthis SEC componentin PIPsA phenotype definitions —even
when enthesitis is the specific lesion under evaluation** 5,

Importance of objective measurement of joint inflammation
PsA-related oligoarthritis and PsA-polyarthritis (the latter defined by
the presence of at least five swollen joints, which is considered a poor
prognostic factor according to EULAR recommendations’) are read-
ily evaluable in the clinic, and the presence or absence of synovitis or
peritendinitis can be easily detected using ultrasonography (Fig. 2).
Dactylitisisincludedin the EULAR recommendations for polyarthritis
owing to the presence of synovitis and has a poor prognosis for the
association with radiographic damage, especially when more than one
finger or toe are affected"”.

Compared withjoint swelling withevidence of activeinflammation
on imaging, PIPsA phenotypes with isolated entheseal involvement
are substantially more challenging to objectively assess, especially in
patients with persistent inflammatory enthesitis symptoms despite
treatment*’. Also, the persistence of pain in a particular enthesis might
be related to mechanical enthesopathies or non-inflammatory pain
mechanismstriggered after aninflammatory process, oracombination
of both?*?**%*! In this scenario, detection of entheseal tenderness dur-
ing the physical examination would not be sufficient to define a PIPsA
phenotype. The same limitation applies to the axial disease, where the
inflammatory and non-inflammatory mechanisms are both likely to

impact the same patient, sometimes simultaneously. In patients with
axial symptomatic PsA, and especially in HLA-B27-negative individuals,
MRI is often negative despite the presence of inflammation®. Thus,
although collectively there might be imaging “blind spots” for the
detectionof bothisolated peripheral entheseal and axial inflammation,
joint or digit swelling appearing at physical examination in patients
withinadequate responseto therapy canstillbe anindicator of aPIPsA
phenotype, hence the suggested focus on swelling that is likely to be
linked to SEC disease (Fig.1).

Ultrasonography for defining PIPsA and NIPsA

Despite the challenges posed by the heterogeneity of the structures
involved, especially when compared with RA, imaging has potentially
akey role in defining PIPsA and NIPsA phenotypes. In patients with
elevated disease activity scores and joint swelling (which is the best
surrogate for jointinflammation in PsA), the presence of ‘active’inflam-
mation on ultrasonography should be used for confirming the PIPsA
phenotype, especially in doubtful cases, asin the presence of obesity or
joint deformities****, Ina patient with a confirmed PIPsA phenotype,
imaging can also help to identify the specific anatomical siteinvolved
(forexample, in the case of amini-enthesitis of the digit)******. In addi-
tion, ultrasonography has the potential to detect PsA-independent
factors that promote persistent inflammation, such as concomitant
crystal arthritis****. In patients with joint tenderness but without
any clinical evidence of inflammation, for example, in those with no
jointswelling and normal CRP levels*® %, inwhom aNIPsAis suspected,
imaging, and particularly ultrasonography, can be used to exclude
the presence of SEC inflammation®. Furthermore, although isolated
enthesitis (that is, enthesitis without joint or tendon manifestations)
isuncommonin patients with PsA, the detection of anentheseal power
Doppler signal, with or without other indicators of ‘active’ entheseal
inflammation (such as hypoechoic areas or entheseal thickening*”¢*)
orstructural damage (such as bone erosions) — especially at the Achil-
les enthesis, might indicate an entheseal PIPsA phenotype. Whereas
ultrasonography is anaffordable and accessible approach to assessing
synovitisin PsAitis stillnot able to detect peri-entheseal osteitis. There-
fore, in patients with ongoing features of inflammatory pain, an MRI
scan should be considered for further evaluation if ultrasonography
findings are negative.

Potential pathogenetic mechanisms in PIPsA

Theimmunopathogenesis of PIPsAis poorly understood, as few stud-
ies have so far focused on treatment-refractory PsA. Genome-Wide
Association Studies (GWAS), as well as results from translational studies
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Synovitis

Peritendinitis
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Fig.2|Imaging peripheral inflammation in psoriatic arthritis. In rheumatoid
arthritis (RA), the persistent inflammatory refractory RA (PIRRA) phenotype
isbased on the presence of joint synovitis, as determined in B-mode, as
synovial hypertrophy (Aa) and concomitant power Doppler (PD) changes (Ab).
Likewise, in psoriatic arthritis (PsA), synovitis is a central disease component

to the persistent inflammatory PsA (PIPsA) phenotype. However, given the
synovio-entheseal complex (SEC) centricity of disease, other lesions, including
tenosynovitis (Baand Bb), enthesitis (Ca and Cb) and peritendinitis (Daand Db),
should be evaluated in a patient with an inadequate response to therapy.

testing inhibitors of the tumour necrosis factor (TNF), interleukin-23
(IL-23) and IL-17 pathways strongly incriminate the IL-23-IL-17 axisand
the NF-kB-TNF pathways in PsA pathogenesis®, but there are very lim-
ited dataonthe contribution of these pathways to treatment-refractory
disease. Also, the MHC-1 associations beyond HLA-B27 in PsA, as well
as mechanistic studies using patient-derived samples or humanized
mouse models of PsA all point to a key role for CD8" T cells and their
associated cytokines®® 5,

As the PIPsA phenotype is likely to arise in patients previously
exposed to TNF, IL-17 or IL-23 inhibition, and in cases where drug com-
pliance and the absence of neutralizing antibodies are confirmed,
geneticassociations might help to explain PIPsAimmunopathogenesis.
In fact, genetic variants affecting many cytokine pathways including
those downstream of IL-1, IL-4 or IL-13 and IL-6 have emerged from
GWAS®. The reverse translational immunology studies investigat-
ing arole for these cytokines in refractory PsA are rudimentary, but
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case series of refractory PsA responding to IL-6 inhibition have been
reported’’. Furthermore, the use of IL-4- or IL-13-blocking strategies
for eczema is associated with the development of both psoriasis and
PsA, implicating type 2 cytokine dysregulation in the induction of
PsA”'. GWAS have also linked genetic variants of the type 1 interferon
and JAK-STAT pathways with PsA. Accordingly, it will be interesting to
see how many patients inwhomJAK pathway inhibition has failed have
aPIPsA phenotype. Other potential molecular mechanismsleading to
PIPsA mightinclude rare monogenic forms of PsA, especially in younger
patients, epigenetic modifications and somatic mutations, but this
is largely speculative owing to the paucity of data. Synovial biopsies
from patients with a defined PIPsA phenotype might help to dissect
the immunopathogenesis of non-response to two or more classes of
therapy in PsA7>72,

Potential mechanisms in NIPsA

Evidence supporting the concept that the NIPsA phenotype is common
comes from evaluations of patients with PsA 12 months after initiat-
ing afirst anti-TNF therapy, which showed that almost 40% reported
unacceptable pain and that nearly two-thirds of this remaining pain
load was attributed to a pain patternindicative of anon-inflammatory
mechanism (defined as refractory painin thatstudy)’. The refractory
painwas defined as a combination of pain of >40 mm on the visual ana-
logue scale, a CRP value of below 10 mg/l and fewer than one swollen
joint’. More swollen joints and higher global assessment at the start
of anti-TNF therapy were associated with a significantly lower risk of
12-monthrefractory pain, suggesting that patients with higher initial
inflammation might be less prone to present with unresolved pain
indicative of a non-inflammatory mechanism later on”.

One of the most interesting research areas in difficult-to-treat
or refractory PsA, as defined by composite outcome measures, is the
exploration of pain persistence mechanisms that are not directly medi-
ated by active inflammation. The International Association for the
Study of Pain has developed definitions for three general categories
of pain: nociceptive, neuropathic and nociplastic”. These types of
pain can occur simultaneously, increasing both the severity and the
interference of the overall pain experience”. In patients with NIPsA,
persistence of disease activity assessed using traditional composite
scores is likely to be mediated by nociplastic and neuropathic pain
mechanisms, rather than nociceptive mechanisms’®. Accurately and
reliably characterizing these complex types of pain is crucial for cus-
tomizing appropriate treatment strategies and enhancing patient out-
comes. Evenwheninflammationis clinically controlled, patients with
chronicarthritis still experience pain and this residual pain appears to
be more pronounced in PsA thanin RA”,

In patients with aNIPsA phenotypeitisalsoimportant to exclude
anyrecurrent, short-duration, inflammatory flares that have subsided
prior toclinical assessment, as these might warrant therapy switching.
Using astatistical methodology known as mediation analysis, various
DMARDs have been assessed for pain reduction resulting from inflam-
mation and neuroinflammation control versus a direct pain-relieving
effect, as some DMARDs might act directly on the nervous system as
neuromodulatory agents”*,

Local and systemic inflammation might contribute to nociplastic
pain, and detecting systemic inflammation can be challenging, espe-
ciallyin PsA, where systemic inflammation levels are frequently low®".
Neuroinflammation has been associated with a specificinflammatory
patternin PsA, that involves IL-23 and IL-17 signalling, the JAK-STAT
pathway, TNF and IL-6 cytokines, although the field is still rudimentary

compared with knowledge about central pain mechanisms and how
these impact neural connectivity in RA®. Disentangling the NIPsA
phenotype will also facilitate research into how pro-inflammatory
cytokines might contribute to pain via neuropathic pain mechanismsin
nerves and dorsal root gangliaand alsoin nociplastic pain mechanisms
inthe central nervous system.

Composite outcomes through the NIPsA

and PIPsA lens

Contemporary composite outcomes represent the mainstay of disease
activity and response assessment in PsA and mainly include DAPSA,
Disease Activity Score 28 and MDA®*#* (Fig. 3). There areimportant vari-
ationsinthe frequency of remission status according to the definition
used, varying between 13.1% (very low disease activity) to 42.1% (Disease
Activity Score 28), depending on the score used, and this indicates that
achieving remission in PsA might be unattainable for many patients'.
There hasbeenashift towards amore patient-centred disease perspec-
tive with increased adoption of patient-reported outcomes®. Given
the multifaceted nature of painin chronic PsA, we believe that a more
formal differentiation between PIPsA and NIPsA components might not
only benefit patients, but also help physicians and the pharmaceuti-
cal industry to better charter novel therapy development courses.
We propose that the non-inflammatory and persistent inflammatory
aspects of PsA composite outcomes canbe set out along a continuum
of inflammatory to non-inflammatory features and a dissociation
between these features will help to quickly delineate PIPsA or NIPsA
phenotypes (Fig. 3).

In composite PsA indices, pain has a substantial impact on
the total score as, for example, in MDA, 3 out of 7 components are
patient-reported outcomes (pain visual analogue scale, patient global
assessment and health assessment questionnaire), 2 out of 7compo-
nents are related to tenderness in joints and entheses, although not
necessarily indicating inflammation, and only two MDA components
are associated with objective signs of inflammation (PASI and swol-
len joints). The proportion of subjective measures in those scores
partly explains discrepancies in reported responses to bDMARDs or
tsDMARDs, where a PASI9O0 response is generally expected in over
80% of treated patients with psoriasis®®, whereas an MDA response
is expected in only 30-40% of patients treated for PsA** (Fig. 3).
This disparity certainly reflects the complexity of PsA, with possible
involvement of multiple domains (joints, entheses, axial), but failure
to achieve MDA might be mediated independently of PsA-driven
inflammation with astrong NIPsA component. Thus, the persistence
of inflammation in a patient with PsA showing inadequate response
to therapy ideally requires investigation of the inflammation in all
potential domains, before concluding by classifying them under
aNIPsA phenotype.

With respect to enthesitis, a high number of tender entheseal
points, ismore suggestive of widespread pain syndromes than genuine
inflammatory disease’®****%, Improvement in SJC and CRP values, for
example, alongside dramatic concurrentimprovementsin other com-
posite outcome measure components, attests to the utility of composite
outcome measures in capturing excellent clinical responses. By contrast
improvementinjoint swelling, psoriasis and CRP but not composite out-
come measure componentsis more likely to indicate aNIPsA phenotype
(Fig. 3). Accordingly, we propose that a focus on the NIPsA and PIPsA
phenotype with objective measurement of the most measurable PsA
lesion, that s, synovitis, is key to avoiding futile or erroneous switching
of therapy and for dissecting disease mechanisms (Fig. 3).
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PIPsA
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Tender dactylitis count Physician global VAS TJ)C
DAS-28 CRP | SIC
CRP TIC
Physician global assessment
PsARC SJC (Likert scale)
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9“?'3' S — Enthesitis indices
indices Dactylitis indices

Fig.3|Evaluating psoriatic arthritis through the
perspective of composite outcomes. Psoriatic
arthritis (PsA) isaclinically defined multidomain
disease, typically assessed using composite
outcomes. Some composite outcome components
might strongly align with non-inflammatory PsA
(NIPsA) and others with persistent inflammatory
PsA (PIPsA) phenotypes. Common composite
outcome measures, including American College of
Rheumatology 20 (ACR20)'* and ACRS0 (ref.123),
areused in clinical trials. In addition, Disease Activity
in Psoriatic Arthritis (DAPSA) score'?*, minimal
disease activity (MDA)®, Psoriatic Arthritis Disease
Activity Score (PASDAS)'?, Disease Activity Score 28
(DAS28)?* and Psoriatic Arthritis Response Criteria
(PsARC)"*"*8 are also used regularly in the clinic.
Here, we display how certain domains, including
swollen joint count (SJC), dactylitis resolution,
C-reactive protein (CRP) and Psoriasis Area Severity
Index (PASI), are strongly aligned with PIPsAimmune
mechanisms, whereas other domains, including
patient visual analogue scale (VAS) pain and global
assessment, are aligned more closely with NIPsA
and are likely to inflate composite outcomes via

the non-inflammatory component of the disease.
Unfortunately, outcome domains, such as enthesitis,
or the cardinallesion, are difficult to measure
objectively and align more closely with the NIPsA
rather than the PIPsA concept. Isolated high patient-
reported outcome measures with resolution of joint
swelling, CRP normalization (if elevated initially)
and substantial skinimprovement or clearance
point towards NIPsA mechanisms. HAQ-DI, Health
Assessment Questionnaire-Disability Index; SF-36
PCS, Short Form 36 Physical Component Summary;
TJC, tender joint count.
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Comorbidity factors in refractory PsA

Various comorbidities, including obesity, depression, fibromyal-
gia and concomitant or secondary post-inflammatory OA, might
affect the development of NIPsA phenotypes and thus contribute
toreduced PsA therapy responses and an apparent refractory PsA
phenotype>'*®’, The link between obesity and persistent inflamma-
tory or non-inflammatory phenotypes might be much more complex
in PsA thanin RA, as obesity is a risk factor for PsA development’*”’,
with weight loss being associated with non-progression to PsA and
withimproved efficacy of biological therapy®> Furthermore, obesity
is linked to an increased rate of subclinical entheseal sonographic
abnormalities in healthy people, thus complicating the interpreta-
tion of imaging in PsA?**”%, In addition, increased skeletal stress
in obesity might also contribute to the Koebner phenomenon,
biomechanical-related pain, or physical stress-related enthesitis,
which is well described in animal models*>**. Thus, mechanical
enthesopathies in obesity and inflammatory enthesitis pose a par-
ticular challenge in defining immune or non-immune disease mech-
anisms, with the likelihood of both mechanisms being integrated
or overlapping. In terms of comorbidity, such as obesity, PsA sits at
the boundary between inflammatory and metabolic rheumatism
with the frequent co-occurrence of gout®. In patients with PIPsA, the

presence of monosodium urate crystals might promote the persis-
tence of synovial inflammation through mechanisms that differ from
those observed in PsA”. Concomitant gout or calcium pyrophosphate
deposition disease might also contribute torefractory RA, especially
in seronegative disease’®””. Concomitant gout should be evaluated
in the PIPsA phenotype and treated with urate-lowering therapy if
confirmed or suspected.

Other considerations on NIPsA and PIPsA

Thelack of a“gold-standard” histological confirmation, tissue inacces-
sibility, difficulty visualizing painful entheseal structures and the usu-
allymodestinflammatory responses make the differentiation between
a persistent inflammatory and a non-inflammatory phenotype more
challengingin PsA thanin RA. Also, some manifestations of PsA, such
as axial disease, show a disconnect between symptoms and imaging,
asasymptomatic new bone formationis sometimes detected. Clearly,
such silent lesions do not warrant therapy unless it is considered that
thereis arisk of inflammation-driven extensive spinal fusion, some-
thing that hasnot been addressed to date. Not being able to objectively
distinguish NIPsA from PIPsA mechanisms in such cases thus shifts
the option more towards drug cycling or a trial of therapy to support
a PIPsA phenotype.
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Treating PsA with extra-articular inflammatory
manifestations

Patients with PsA often have extra-articular inflammatory manifesta-
tions, including anterior uveitis, inflammatory bowel disease (IBD) and
psoriasis, and therapy selection for PsA is usually based on ability to
treat these associated extra-articular manifestations, if present*%5100,
However, the coexistence of articular and extra-articular involvement
iscertainly anelement that might complicate treatment and promote
a PIPsA pattern (Fig. 4) or limit therapy options, for example, in the
case of patients with PsA and IBD, where the IL-17 inhibitor should be
avoided'®"'>, An asynchronous response, when, for example, cutaneous
involvementbut notjointinvolvement might respond to treatment, or
the persistence of activity at the extra-articular level, as in the case of

IBD, can contribute to the persistence of disease activity at the articu-
lar level and impact patients’ function and quality of life, even in the
absence of joint disease®>',

Although RA is associated with some extra-articular or extra-
synovial features that might render disease more ‘complex to manage’,
we did not find these to be major considerations in our refractory
RA cohort®. Other non-articular features, including interstitial lung
disease'**' and vasculitis'°®, might contribute to difficult-to-treat
RA, butin our cohort of 1600 patients on biologic drugs these were
relatively uncommon®. The term C2M-PsA, emphasizing the potential
influence of comorbidities in influencing disease treatment and out-
comes, has recently been introduced for PsA but this did not include
any criteriafor stratification into inflammatory and non-inflammatory

PsA with inadequate response to therapy

Phenotype and categorize
e Clinical examination

* Imaging

e Laboratory assessment
« Timing of therapy changes

NIPsA
Clinical Peripheral joint swelling
examination (including dactylitis) absent
Imaging SEC inflammation absent

on imaging
Laboratory  CRP and ESR are usually
assessment normal
Timing of Frequent cycling of treatment
therapy in a brief period of time
changes

NIPsA
o Metabolic syndrome (obesity, diabetes)

PIPsA

Peripheral joint swelling
(including dactylitis) often
present

SEC inflammation present
on imaging

CRP and ESR potentially
elevated

Fluctuations with periods of
low/moderate disease activity

PIPsA
o Truly inflammatory active disease

A

» Osteoarthritis
» Widespread chronic pain (fioromyalgia,
anxiety, depression)
Fig. 4| Stratification of patients with psoriatic arthritis who respond
inadequately to therapy. This figureillustrates the categorization of psoriatic
arthritis (PsA) into two distinct phenotypes: non-inflammatory PsA (NIPsA) and
persistentinflammatory PsA (PIPsA). Patients with PsA can be classified into one
ofthese two phenotypes based on their clinical features, imaging features, timing
of treatment responses and laboratory examinations. Patients with NIPsA do not
exhibit objective inflammation but have other conditions contributing to their
symptoms, such as osteoarthritis and fibromyalgia. These patients often have

« Concomitant disease linked to PsA
spectrum (PsO, 1BD)

\ 4

obesity or diabetes as well. By contrast, PIPsA is defined by continuous objective
inflammatory activity including joint swelling, raised C-reactive protein (CRP)
levels and imaging abnormalities indicative of active disease. The figure
highlights the main features and differences between these two phenotypes,
showing that although they are distinct, they can be interchangeable over time
inasingle patient, as their conditions evolve. ESR, erythrocyte sedimentation
rate; IBD, inflammatory bowel disease; PsO, psoriasis; SEC, synovio-entheseal
complex.
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mechanisms®'”’. Given the relative safety of the IL-23 and IL-17 target-
ing monoclonal antibody therapies, management is potentially more
straightforward in complex cases.

InRA, the presence of OAis unsurprisingly associated witha NIRRA
phenotype®. However, the influence of OA on refractory PsA pheno-
types might be much more complex, as some forms of OA and PsA share
similar features, including distal interphalangeal joint and cervical
spine involvement that can complicate both diagnosis evaluation of
theresponse to therapy'*®'®”. The processes of joint degeneration and
remodelling, which are typical of OA, and of inflammation, which is
usually linked to PsA, are often considered to be distinct; nevertheless,
the psoriatic phenotype mightinfluence the underlying OA, making it
more inflammatory in nature and responsive to systemic treatment,
especiallyintheearly,inflammatory, disease phase. This opens up the
possibility that OA as acomorbidity might frequently promote a NIPsA
phenotype"*" but also generate an initial PIPsA phenotype.

Finally, clinicians need to consider sex-related differences in the
context of difficult-to-treat and refractory"? PsA. Observational stud-
ies investigating the effectiveness of bDMARDSs consistently report
that women have poorer treatment outcomes and lower drug per-
sistence rates than men'>", and that this is primarily due to higher
levels of pain, fatigue and worse quality of life. By contrast, men with
PsA often exhibit more severe radiographic structural damage in
both axial and peripheral joints, as well as greater progression of this
damage, than women'>"¢, This highlights the necessity of gaining a
deeper understanding of the mechanisms behind arthritis pain and
how the mechanisms that promote PIPsA and NIPsA may be sex- and
gender-related™”",

Implications for clinical trials designs

Theselection of patients with a PIPsA phenotype, based on the presence
of joint swelling withimaging-confirmed synovitis, is likely toincrease
the chances of success for any inflammation-targeting interventions,
including the combination of bDMARDs and tsDMARDs. Conversely,
excluding the NIPsA phenotype from the trial landscape might help
to minimize inconsistencies in the next phase of trials in PsA (Fig. 4).
Combinations of bDMARDs and tsDMARDs have the potential for
improved disease control but are currently underutilized in PsA and
inrheumatic and musculoskeletal diseases in general™'*?, Data from
the VEGA trialin IBD suggests that combination therapy with the IL-23
inhibitor guselkumab and the TNF inhibitor golimumab might be more
effective for ulcerative colitis than therapy with either drug alone'”.
A similar trial in PsA is comparing guselkumab in combination with
golimumab, versus guselkumab or golimumab alone in patients withan
inadequate response to TNF inhibitors alone (NCT05071664). Whereas
the IBD combination trial includes objective colonoscopic and his-
tological confirmation of intestinal inflammation, the PsA trials lack
objective confirmation of jointinflammation. These differences could
have disappointing translational consequences. Nevertheless, the
preliminary case series in PsA and spondyloarthritis support the use
of bDMARD and tsDMARDs in combination or as add-on therapies in
disease settings"*"?, and the implementation of a strategy forimproved
patient stratification might help to deliver promising results.

Conclusions

In this article, we have pragmatically extrapolated the similarities
between ‘difficult-to-treat’and refractory RA and PsA, with afocus on
synovial and soft-tissue inflammation, and delineate the PIPsA and
NIPsA phenotypes for patient stratification. Inthe absence of reliable

serum biomarkers that predict responses to advanced therapies for
PsA, we propose a focus onimaging, and particularly the use of ultra-
sonography, toidentify clinically accessibleinflamed structures at the
peripheral skeleton and disentangle the PIPsA phenotype from the
NIPsA phenotype. We next propose that new biological therapy strat-
egies, including combination therapy strategies, should be focussed
on patients with a PIPsA phenotype. Ultimately, this will help to opti-
mize use of biological therapy and identify truly refractory PIPsA.
Furthermore, a formal focus on the NIPsA phenotypes will facilitate
new research avenues in patients without any objectively detectable
ongoing inflammation who still experience disabling pain, and this
dichotomy will be important for targeting central pain mechanisms.
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