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Abstract

Purpose of Review The therapeutic response to biologic agents in psoriasis is significantly higher than observed in psoriatic
arthritis (PsA). In this review, specific actions to improve treatment outcomes in PsA are discussed.

Recent Findings Increased understanding of disease pathogenesis derived from improved preclinical models and advances in
cell-based and molecular technologies provide new tools to identify therapeutic targets. In addition to the important contributions
of metabolic comorbidities, chronic pain and the lack of a diagnostic biomarker signal the need for new strategies to improve
outcomes. Potential strategies include the following: (1) discover a novel pathway or cellular subset, (2) apply stratification
biomarkers to individualize therapy, (3) preclinical intervention, (4) combination therapy, (5) lifestyle modification, (6) address
chronic pain and fatigue, and (7) multidisciplinary care.

Summary The future holds great promise for enhanced treatment responses in PsA based on improved understanding of indi-

vidual variation in disease pathophysiology coupled with comprehensive and integrated treatment programs.
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Introduction

As recently as 50 years ago, psoriatic arthritis (PsA) was con-
sidered a variant of RA and treatment regimens were derived
from the experience in rheumatoid disease. The publication of
Moll and Wright’s manuscript in 1973 established PsA as a
distinct entity with a number of unique features that set it apart
from RA [1]. The following year, these same authors de-
scribed the family of spondyloarthritis (SpA), where PsA
was considered a central member of that family [2]. Over the
following 25 years, the realization that PsA was a different
form of inflammatory arthritis took root, although this under-
standing did not initially translate into treatment advances.
The emergence of anti-tumor necrosis factor agents (TNFi)
in the late 1990s for the treatment of RA went on to transform
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the therapeutic landscape for psoriasis and PsA in a most
dramatic fashion. The expansion of the number of anti-TNF
agents was followed by the discovery of several novel path-
ways including 1L-23, IL-17, PDE4, and Jak-STAT resulting
in the approval of a wide range of treatments for both psoriasis
and PsA that have markedly expanded the pharmacologic
toolbox for these diseases [3, 4]. Most strikingly, agents that
inhibit IL-17 and/or IL-23 proved to be markedly effective for
psoriasis. Intriguingly, however, a parallel magnitude of re-
sponse has not been observed in PsA. In this review, we will
discuss the reasons for why the current therapeutic outcomes
in PsA are well below those in psoriasis. We will also identify
strategies that can be undertaken to improve therapeutic re-
sponse with the goal of inducing lasting disease remission in
PsA and perhaps even prevent it altogether.

To meet the challenge of improving PsA outcomes can
match those in psoriasis, we must understand the barriers that
foster both primary and secondary non-response to oral
DMARD:s, small molecules, and biologic agents. The first ma-
jor barrier is heterogeneity, a concept that is an essential element
of PsA. This heterogeneity is present at many levels including
the various domains of involvement (peripheral arthritis, axial
disease, dactylitis, skin and nails, enthesitis) [4] along with the
wide range of comorbidities that are so prevalent in patients
with this disorder. Heterogeneity is also observed in the degree
and extent of tissue involvement and undoubtedly a wide range
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of genetic, epigenetic, transcriptional, and metabolic pathways
that lead to onset and persistence of disease.

The other major barrier is complexity. Patients with psoria-
sis struggle with an inflammatory skin disease coupled with a
number of comorbidities. In PsA, tissue involvement is varied
involving a wide range of structures and cellular interactions
between immune cells and bone, cartilage, entheses,
synovium, and tendons. It is highly likely that molecular and
cellular events in these different tissues are distinct but con-
verge to foster ongoing inflammation and pathologic bone
remodeling. In addition, the origins of pain in PsA are incred-
ibly multifaceted and may arise from synovitis, osteitis, ten-
donitis, enthesitis, osteoarthritis, centralized pain, and chronic
damage related to joint destruction and altered joint
mechanics.

Many approaches to address the complexity and heteroge-
neity of PsA have been addressed and adopted into clinical
practice. These include the incorporation of the domain ap-
proach for treatment recommendations [5]; tools to improve
early recognition and diagnosis [6]; development of more ro-
bust outcome measures such as the minimal disease activity
(MDA), low disease activity (LDA), and disease activity in
psoriatic arthritis (DAPSA); [7¢] and the recognition that cer-
tain agents work better for some domains than others. For
example, methotrexate and IL-23 blocking agents are not ef-
fective for axial disease [8¢, 9] while anti-IL-23 agents may be
more effective than TNFi for treatment of enthesitis, while
both IL-17 and IL-23 inhibition are extraordinarily effective
for psoriasis [10]. Despite these advances, we are left with
treatment responses in PsA [11e¢] that are of similar magni-
tude to those observed with TNFi over 15 years ago. In order
to move forward, the field must think and act creatively to
improve outcomes, quality of life, and function for our pa-
tients with PsA.

What actions can be taken to improve treatment response
in PsA? Fortunately, we now have powerful tools at our dis-
posal that allow us to interrogate the immune system to dis-
cover new cell subsets and pathways. Moreover, we have
techniques in preclinical models that provide detailed views
of the cellular topology and interactions in diseased tissues.
However, to fully address the multiple dimensions of this
disease, a reappraisal of our strategies will be required on
multiple fronts. A number of approaches are envisioned as
outlined in Box 1.

Discover a Novel Pathway or Cellular Subset

The discovery of the IL-23/IL-17 pathway in 2005 catalyzed
the growth of a new therapeutic space that greatly expanded
treatment options for PsA patients [12]. The challenging goal
of unveiling new pathways or cells is ever more realistic and
achievable with the availability of advanced analytic
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techniques for transcriptomic profiling of target tissues at the
single-cell level [13]. These types of analyses are critical be-
cause cells that express the same cell surface markers often
express distinct mRNA profiles and these may differ dramat-
ically in target tissues from patient to patient [14]. Most im-
portantly, the cost of mRNA profiling is dropping consider-
ably given the development of more affordable alternatives
[15¢e].

An array of technologies are now available that couple
transcriptomic profiling with expression of cell surface mole-
cules and parallel technologies that allow analysis of mRNA
expression in tissues along with platforms for epigenetic stud-
ies (Table 1) [16]. Several recent publications applying single-
cell RNA sequencing (scRNA-seq) to study of human rheu-
matoid synovium revealed that Thy 1+ and Thy1— fibroblastic
cells are situated at different locations in the synovial mem-
brane and are characterized by discrete effector functions (tis-
sue degradation and release of inflammatory cytokines)
[17+°]. Additional cellular subsets are now being identified
in synovial tissues and blood using these technologies.
Subsets of particular interest in PsA include CD8+ T resident
memory cells [18], v T cells [19], and monocytes with dis-
crete markers that are linked to particular functions [20].

The close relationship between obesity, metabolic syn-
drome, diabetes, and PsA is another area that may yield new
therapeutic pathways. It is well established that signaling in
immune and metabolic pathways converge at multiple levels
(receptor, organelle, kinase pathways, and gene expression)
such that altered metabolism can trigger an inflammatory re-
sponse while cytokines can act as nutrient hormones [21].
Technologies such as metabolomics [22, 23] and analysis of
mitochondrial function [24] are beginning to shed light on
these most important interactions which are likely promoting
ongoing systemic and target tissue inflammation in PsA.

Lastly, the application of big data analysis coupled with ma-
chine learning is already having a major impact on discoveries

Table 1 New technologies for analysis of cell subsets and tissue
samples

Technology Focus of analysis

scRNA-seq Transcriptome

ATAC-seq Epigenome

CyTOF Cell sub-subsets

Cite-seq Transcriptome and cell subsets
Slide-seq Spatial transcriptome

Laser capture Spatial transcriptome

Whole genome sequencing Genome

scRNA-seq single-cell RNA sequencing, ATAC-seq assay for transposase-
accessible chromatin using sequencing, CyTOF cytometry by time of
flight, CITE-seq cellular indexing of transcriptomes and epitopes by se-
quencing, Slide-seq slide sequencing
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and targeted therapies for individual PsA patients. In order to
differentiate cell subsets and pathways in individual tissues,
these technologies must have the capacity to analyze a large
number of variables that may impact disease severity, identify
potential therapies, and assist in outcome predictions. A major
goal is to apply these data to select therapies based on the target
tissue microenvironment (skin, blood, synovium, bone marrow).
In a recent study, application of machine learning algorithms to
synovial tissue samples from RA patients coupled with integra-
tive analysis of clinical, histologic, and gene expression data
allowed investigators to divide these tissues according to inflam-
matory, mixed, and non-inflammatory subtypes [25]. The non-
inflammatory tissues were characterized by activation of fibroid
and neuronal genes associated with fibrosis and pain with a
paucity of inflammation. In contrast, the inflammatory subsets
demonstrated an assortment of myeloid and lymphoid cells in
the synovium. This type of strategy may permit individualiza-
tion of therapy based on the integration of transcriptomics and
histopathologic findings in synovial tissue. Machine learning
strategies are particularly appealing because they are scientifi-
cally rigorous, intra- and inter-reader bias is lessened, a number
of variables are rapidly analyzed, and they are scalable.

Apply Stratification Biomarkers
to Individualize Therapy

The application of biomarkers to choose appropriate therapies
for individual patients has been an ongoing quest in both
rheumatoid and psoriatic arthritis. Serum biomarkers are the
most available and feasible choice but they have not proven to
accurately and reliably differentiate patients for specific ther-
apies. In one recent study, flow cytometric analysis carried out
on peripheral blood samples to identify cells with activated
Th1, Th17, or combined Th1/Th17 profiles with a flow panel
of eight monoclonal antibodies [26]. The treatment selection
of secukinumab, a TNFi or ustekinumab was based on the
flow cytometric pattern in one group while the other group
received a biological agent based on the judgment of the
treating physician. Patients treated with the flow cytometry-
based strategy showed significantly better joint outcomes than
those patients who received usual care while the change in the
psoriasis scores was not different. This study demonstrates the
potential advantage of cell subset analysis in improving treat-
ment response but additional confirmatory studies are required
[27]. Another technology that represents a major advance in
single-cell analysis is cytometry by time-of-flight (CyTOF) or
mass cytometry [28]. CyTOF is a flow cytometric approach
that employs heavy metal isotopes to analyze cell populations
and it can query over 50 separate markers per sample, a major
advantage over conventional cytometry which is limited to
about 20 fluorophores.

Preclinical Intervention

Longitudinal studies have demonstrated that about 20-30% of
psoriasis patients develop PsA. Most importantly, psoriasis
precedes the onset of PsA by an average of 68 years which
provides a unique opportunity to intervene with treatment for
psoriasis with the potential to mitigate the severity or even
prevent the onset of arthritis [29]. Indeed, psoriasis is a bio-
marker of PsA and one that is readily accessible. In the
Toronto cohort, the rate of annual conversion to PSA in the
general psoriasis population (i.e., not enriched with factors of
progression) was 3% annually and the onset of arthritis was
preceded by a period of fatigue and arthralgias [30e].
Identification of risk factors for PsA holds the possibility that
patients with increased likelihood of developing PsA may be
selected for earlier and more targeted systemic therapy, even
prior to the presence of synovio-enthesial inflammation.
Candidate risk factors include obesity, duration of psoriasis,
positive family history or psoriatic disease, nail disease, and
scalp psoriasis [31]. In addition, screening psoriasis patients
with imaging for subclinical musculoskeletal inflammation
may help identify patients at risk for arthritis. It is now appar-
ent that psoriasis patients without musculoskeletal symptoms
demonstrate a wide array of imaging abnormalities on scintig-
raphy, high-resolution CT, MRI, and ultrasound [32-36].
Ultrasound imaging is a feasible screening modality that can
be applied at point of care to identify patients with subclinical
enthesitis, tendonitis, or arthritis. Currently, it is unclear
whether these imaging findings can predict subsequent devel-
opment of PsA. However, the report that treatment of psoriasis
using ustekinumab in patients with positive ultrasound signals
in the absence of joint symptoms resulted in suppression of
these imaging findings is encouraging. Moreover, such an
approach is not only feasible and valid but particularly attrac-
tive when combined with phenotypic risk factors identified
above [37]. An interventional, preventive trial in psoriasis
patients at elevated risk for arthritis would provide vital input
into the validity and feasibility of such approaches and pro-
vide insights into the mechanisms underlying this transition
[38ee].

Combination Therapy

Preclinical intervention is an exciting approach but for the
majority of patients, clinicians struggle with primary or sec-
ondary non-response to different therapies. Due to the com-
plexity and heterogeneity of tissue involvement in the setting
of varied comorbidities, more than one pathway is likely to
require targeting to induce deep, long-lasting clinical re-
sponses or even cure. Regrettably, the addition of methotrex-
ate to etanercept in the recent SEAM trial did not increase
treatment response to any of the key musculoskeletal domains
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[39¢¢]. This outcome is in contrast to RA where combination
of these two agents was more effective than etanercept mono-
therapy [40]. Many clinicians speak to the increased efficacy
of apremilast plus a biologic over biologic monotherapy but
controlled studies examining this combination have not been
carried out. Enthusiasm for combined biologic approaches
was greatly dampened by a trial that combined IL-1 and
TNF inhibition for RA based on positive results in murine
models. In contrast to the findings in mice, RA patients expe-
rienced more side effects and lower treatment efficacy raising
deep concern for the effect of dual cytokine inhibition on host
defense [41]. Moreover, the decreased efficacy with the com-
bination was unexpected and in direct contrast to the results in
preclinical studies. An alternative approach to combination
therapy was undertaken using the bitypical antibody ABT
122, which combined anti-TNF and anti-IL-17 antibody con-
struct in both RA and PsA trials [42, 43¢]. The treatment
response was not higher for the bitypical mAb when com-
pared to adalimumab alone in either trial, but most important-
ly, adverse events were not higher in the ABT122 arms com-
pared to adalimumab monotherapy. These studies show that
combination therapy can be safe but additional work is re-
quired to improve efficacy and avoiding adverse events.
Potential future strategies include administering two different
biologics with separate but complementary mechanisms of
action at lower doses than monotherapies, combining small
molecules with biologic agents, or administering two different
biologic agents at different treatment intervals to improve out-
comes. This approach is already being explored in inflamma-
tory bowel disease in the Efficacy and Safety of Combination
Therapy With Guselkumab and Golimumab in Participants
With Moderately to Severely Active Ulcerative Colitis
(VEGA) trial (:dito_existshttps:/clinicaltrials.gov/ct2/show/
NCT03662542).

Lifestyle Modification

Patients often ask how they can take steps to improve their
response to treatment and in many cases, lifestyle modifica-
tions can be undertaken with the potential to lessen pain and
improve function. Most notably, obesity, metabolic syndrome,
type II DM, and hypertension are prevalent comorbidities in
PsA patients and these disorders are amenable to patient inter-
ventions [44]. It is important to stress to patients that elevated
BML is associated with an inadequate response to TNFi in PsA
patients [45]. This lower response can be addressed however,
since several studies demonstrated that weight loss is associ-
ated with increased response to TNFi as evidenced by im-
provement of a broad range of outcome measures [46, 47¢¢].
The improved response is not surprising given the overlap of
immune and metabolic pathways outlined above.
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Other factors that may relate to the link between obesity
and psoriatic disease are the microbiome which is altered in
overweight patients. Studies have demonstrated that dietary
intake may also have beneficial effects on the gut microbiome
[48]. The bacteria Akkermansia muciniphila present at lower
abundance in the gut of PsA patients [49] is negatively corre-
lated with the presence of obesity, type 2 diabetes, and hyper-
tension and may modulate the host immune response [50]. In
a recent pilot study, supplementation with A. muciniphila in
overweight and obese human volunteers was associated with
improved metabolic parameters and weight loss not seen in
controls [51]. This is relevant, since Akkermansia was also
found to be significantly decreased in the gut microbiome of
patients with new-onset PsA [49]. Additional studies examin-
ing the effects of microbiome perturbations on psoriatic dis-
ease outcomes, obesity, and metabolic function are in
progress.

Exercise cannot only assist with weight control but has also
been shown to lessen chronic inflammation and indirectly
improve multiple comorbidities including obesity, metabolic
syndrome and depression, and lower cardiovascular risk [52].
Moreover, the benefit of exercise for centralized pain has been
well documented although the magnitude of improvement is
variable from person to person [53]. More emphasis should be
placed on these lifestyle modifications with help from nutri-
tionists, physical therapists, and psychologists with formal
programs to help patients address and change habits that foster
ongoing inflammation in the setting of psoriatic disease.

Address Chronic Pain and Fatigue

Unresolved chronic pain is a persistent feature in PsA that can
lead to depression, impaired physical function, sleep distur-
bance, reduced work productivity, and disability [54¢]. The
pain may arise from ongoing synovitis, osteitis, enthesitis,
osteoarthritis, and chronic damage with mechanical alter-
ations in the joint. Many patients with PsA suffer from cen-
tralized pain that is often correlated with the significant psy-
chosocial burdens that plague patients with psoriatic disease.
In a large Danish Arthritis Cohort (DANBIO) administered
the painDETECT (PDQ) questionnaire, a measure of central-
ized pain, PsA patients demonstrated significantly higher
scores than RA subjects [55]. Persistent and unrecognized
centralized pain is a major factor in non-response to targeted
therapies in RA and it is not likely that altering biologic ther-
apies will improve outcomes in this patient subgroup [56].
Current trials exclude patients with fibromyalgia in clinical
trials although this decision is left to the investigators’ discre-
tion. One approach would be to identify fibromyalgia at
screening in PSA patients and treat both the centralized pain
and PsA together to determine if outcomes would improve.
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One study that supports this approach found that PsA pa-
tients with high centralized pain scores on the Widespread
Pain Questionnaire scale were significantly less likely to
achieve the MDA outcome measure [57].

Fatigue is also a major challenge for PsA patients and may
arise from depression, disease duration chronic pain, poor
sleep, and ongoing inflammation [58]. Efforts to diagnose
fatigue are essential to facilitate prompt intervention.
Addressing the underlying cause and introducing therapies
such as high-intensity interval training may be helpful for
many patients [59¢].

Multidisciplinary Care

The main theme of this review is that complexity and hetero-
geneity in PsA greatly complicate early diagnosis and effec-
tive therapy for many patients. Nowhere is this more evident
than in the treatment decisions faced by clinicians when PsA
patients present with multiple domain involvement, often
dominated by psoriasis lesions and inflammatory arthritis in
the setting of multiple comorbidities.

Therapeutic decisions are often required that take into ac-
count therapies for concomitant psoriasis and metabolic dis-
orders such as obesity, metabolic syndrome, and elevated risk
for cardiovascular disease. These types of decisions and pa-
tient interactions can be most effectively carried out in a team-
based environment (Fig. 1).

A working relationship between dermatology and rheuma-
tology and primary care provides numerous advantages to
patients and trainees and offers a robust educational and re-
search environment [60]. Cooperative care can facilitate
prompt access and provide an opportunity for early diagnosis
of arthritis in psoriasis patients. The relationships and coordi-
nated efforts foster collaborative treatment decisions between
rheumatology and dermatology for treatment of musculoskel-
etal disease in the setting of psoriasis and facilitate the recog-
nition and incorporation of comorbidities into the treatment
algorithm [61°].

The combined clinics also engage other members to partic-
ipate in the team including advanced practice providers
(APPs), students, medical and dermatology residents, and
rheumatology fellows. The educational environment is
enriched by the cross-collaborative interactions. These centers
also engage other subspecialists to assist in treatment of

Fig. 1 Multidisciplinary care in
psoriatic disease
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comorbidities including GI, cardiology, hepatology, endocri-
nology, and psychiatry. Finally, the centers enhance and en-
able ongoing research through clinical trials, investigator-
initiated studies, and longitudinal registries.

Multiple operational models have been adopted to provide
multidisciplinary care in patients with psoriatic disease [62].
These include face-to-face, parallel, and preferential circuit
efforts. In the face-to-face model, the dermatologist and
rheumatologist see patients together in a combined clinic.
In the parallel model, the rheumatology and dermatology
visits are separate but the offices are physically close so that
the patient transitions between offices asynchronously and
the providers communicate regarding diagnosis and therapy.
In the preferential circuit model, the two subspecialists
schedule prompt appointments and discuss care in order to
harmonize therapies but the visits are not necessarily tightly
coordinated. The face-to-face model is more feasible in an
academic environment while the other two models are more
appropriate for practitioners who do not practice in the same
center. Efforts to establish multidisciplinary clinics for pa-
tients with psoriatic disease are currently underway
spearheaded by Psoriasis & Psoriatic Arthritis Clinics
Multicenter Advancement Network (PPACMAN) and the
Group for Research and Assessment of Psoriasis and
Psoriatic Arthritis (GRAPPA) [60].

Conclusion

Advances in technology provide a unique opportunity to
tailor individual therapies based on the assessment of tis-
sue pathways of inflammation and injury and the presence
of key comorbidities. It is anticipated that combinations of
domain involvement are triggered by environmental and
genetic interactions and orchestrated downstream by
unique cell subsets and cytokine interactions that will ulti-
mately guide treatment selection. To increase the effective-
ness of our strategies, addressing the psychosocial burden
of disease along with the sources of acute and chronic pain
will be required. Multidisciplinary care models that are
spearheaded by dermatology and rheumatology in collab-
oration with primary care and relevant subspecialists hold
great promise for facilitating early diagnosis, integrating
treatment regimens, and fostering the research and educa-
tion of the next generation of caregivers, an essential ele-
ment for improving care for patients with psoriatic disease.
The diagnosis and treatment of PsA have undergone in-
credible transformation since the case descriptions of
Moll and Wright in 1973, but the near future holds great
promise for improved treatment response based on a better
understanding of individual variation in disease patho-
physiology coupled with comprehensive and integrated
treatment programs.
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Box 1 Strategies to improve outcomes in psoriatic arthritis

. Discover a novel inflammatory pathway or cell subset

. Apply stratification biomarkers to individualize therapy
. Preclinical intervention

. Combination therapy

. Lifestyle modification

. Address chronic pain and fatigue

. Multidisciplinary care
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