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A B S T R A C T

Psoriatic arthritis (PsA) is a heterogeneous, chronic inflammatory musculoskeletal disorder that affects ~0.1% of the population. PsA may severely impact quality-of-
life and constitutes a significant economic burden on our health care system. While early effective treatment is deemed essential to prevent irreversible joint damage
and functional impairment, not all patients respond to the same disease modifying anti-rheumatic drugs (DMARDs). DMARD options for PsA are rapidly evolving, yet
only 50–60% of patients show a satisfactory response to their first-line DMARD therapy. Hence, there is an urgent medical need to predict which patients benefit from
a particular treatment. To this end, molecular biomarkers capable of predicting therapeutic response are currently being scrutinized in clinical studies, that together
should build a framework for clinical guidelines that improve personalized targeted treatment. In this review new developments within the field of biomarker
discovery for predicting therapeutic response to DMARDs in PsA are examined.

1. Introduction

The identification of predictors of treatment response in psoriatic
arthritis (PsA) is one of the candidate flagship research areas to “permit
personalized and stratified medicine approaches”, stated at the 2017
Collaborative Research Network Meeting of the Group for Research and
Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) [1]. This
perspective from an international consortium of rheumatologists and
dermatologists highlights the importance of identifying predictors to
disease modifying anti-rheumatic drugs (DMARDs) before treatment
initiation [2]. Furthermore, the European League Against Rheumatism
(EULAR) - an organization representing European health care profes-
sionals, patients and scientific societies of rheumatology - addressed
this matter in their 2015 research agenda [3].

PsA is a chronic inflammatory musculoskeletal disorder that affects
~0.1% of the global population [4]. It can severely impact quality of
life and it contributes to a significant economic burden on our health
care system [5,6]. Characterized by a heterogeneous disease presenta-
tion [7], PsA patients may suffer from diverse musculoskeletal and
extra-articular manifestations including peripheral arthritis, axial
spondyloarthritis, enthesitis, dactylitis, psoriasis and nail disease [5,8].
Therapies include non-steroidal anti-inflammatory drugs (NSAIDs),
intra-articular glucocorticoids and DMARDs [9], which have sig-
nificantly improved quality-of-life of many patients [10]. The repertoire
of DMARDs approved for PsA treatment consist of 15 options and is still
expanding (see Table 1) [11,12]. Still, up to 40–50% of patients fail to

show a partial or complete response [8,12]. This response deficit can
have major implications. Firstly, early effective treatment is essential to
prevent irreversible joint damage and functional impairment [7,13].
Secondly, DMARDs can be accompanied by serious adverse effects that
should be avoided, particularly if there is no (expected) treatment
benefit [14]. Lastly, the medications place tremendous strain on the
healthcare system due to increasing costs [13]. All these factors un-
derscore potential benefits of treating patients directly with the right
drug of choice.

Thus far, no evidence-based strategies are available for rheumatol-
ogists that guide the decision as to which DMARD best suits the in-
dividual PsA patient [11]. The presence of certain disease phenotype or
adverse prognostic factors – being polyarthritis, extra-articular mani-
festations, elevated acute phase reactants and radiographic damage –
may somewhat guide clinicians in their therapeutic decision-making, as
based on the international PsA management recommendations [9,13].
However, selection of a specific treatment based on an accurate pre-
diction of the disease course is not possible [8], and it is unknown if and
how the differential response to the available DMARDs could be pre-
dicted [8,9,13].

This calls for accurate predictors of a favorable drug response to
identify patients who will benefit from particular DMARDs. The perfect
predictor would be an objective, quantifiable, accurate and re-
producible measurable indicator: a biomarker [15]. Biomarkers are an
important clinical need to improve personalized medicine in care for
patients with PsA [7,16–19]. Currently there is much progress in
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biomarkers discovery on this topic, which we will summarize here
[16–18,20,21]. Moreover, we will highlight their practical clinical use,
review ongoing research, discuss future perspectives, and suggest re-
commendations for future research. Of note, the identification of bio-
markers for other purposes, including diagnosis, disease onset and
disease activity, are discussed elsewhere [5,17,21–23]. The scope of
this review concerns predictive molecular biomarkers of drug response.

2. Methods

A literature search was conducted to identify articles discussing
molecular biomarkers predictive of therapeutic response in PsA.
PubMed and Embase were searched in September 2019 for combina-
tions of synonyms, MeSH and Emtree terms for ‘biomarkers’ and
‘psoriatic arthritis’ (see Appendix Table A-C). In total 1119 articles were
identified. Duplicates were removed and 849 articles were screened on
title and abstract, based on pre-defined eligibility criteria (appendix
Table D). Consequently, 74 selected articles were screened full-text on
relevancy to include in the analysis. The search was supplemented by
related citations in PubMed and reference citations of the identified
articles in the initial search.

3. Results

3.1. Search

Nine studies identified molecular biomarkers that predict therapy
response in PsA (see Fig. 1 and Table 2). All studies included patients
using a tumor necrosis factor-α inhibitor (TNFi): adalimumab, certoli-
zumab pegol, etanercept, golimumab and/or infliximab. Only one study
included patients that were administered a non-TNFi [24]. The results
are discussed below, subdivided by genetic, circulating and tissue bio-
markers.

3.1.1. Genetic biomarkers
PsA is known to harbor a strong genetic inheritable component

[25]. The risk ratio for first-degree relatives is up to 40, mainly ex-
plained by genetic variants within the human leukocyte antigen (HLA)
region [22,25]. MicroRNAs, long non-coding RNAs, gene expression
levels, human leukocyte antigen (HLA) variants and single nucleotide
polymorphisms (SNPs) have been studied extensively in the search for
biomarkers associated with the onset of PsA, its severity and its co-
morbidities [22]. Considering predicting therapeutic response, two
polymorphisms (s6920220 and rs610604 (TNFAIP3)) were associated
with improved quality-of-life at 3 and 6months after initiation of TNFi
based on the European Quality Of Life (EQ) – Visual Analogue Scale

(VAS) [26]. However, no associations with other outcomes were ob-
served (Psoriasis Area and Severity Index (PASI) and Numeric Rating
Scale (NRS) for pain).

3.1.2. Circulating biomarkers
Throughout the years several potential circulating biomarkers have

been studied, using peripheral blood measurements [18]. Examples
include acute phase reactants like C-reactive protein (CRP), auto-anti-
bodies, cytokines and peripheral blood mononuclear cell subsets. Al-
ready by 2007, CRP was suggested as a biomarker predictive of treat-
ment response in refractory PsA [27]. Elevated baseline levels of CRP
were associated with good therapeutic response to infliximab with
multivariate regression analysis. Response was defined using the
American College of Rheumatology (ACR)50 response criterion. CRP is
a mediator of the innate immune mechanism of complement activation,
and considering that high CRP levels associates with disease progres-
sion, CRP levels are widely used to monitor infection, inflammation,
chronic disease and tissue injuries [28].

Lowered baseline levels of the complement component C3 was
found to associate with response to adalimumab and etanercept after
22 weeks of treatment [29], based on the EULAR response criteria [30].
C3 is part of the complement cascade of the innate immune system and
disturbances in complement activation might contribute to tissue da-
mage [31]. However, in this study, no significant associations were
found with CRP, erythrocyte sedimentation rate or other (activation-
induced) complement cleavage products and therapy response.

As potential biomarkers for joint destruction and inflammation,
increased baseline levels of matrix metalloproteinase (MMP)-3 were
found to associate with response to TNFi therapy defined as PASI< 4,
tender joint count (TJC)< 3 and swollen joint count (SJC)< 1 [32].
No associations were found for TNF superfamily member 14, receptor
activator of NFκB ligand, osteoprotegerin, cartilage oligomeric matrix
protein, c-propeptide of type II collagen, type II collagen neoepitopes
Col2–3/4Clong mono and C1e2C, aggrecan 846 epitope or CRP. MMP-3 is
implicated in cartilage destruction in rheumatic inflammatory diseases
[33], and has shown to be predictive of structural progression in an-
kylosing spondylitis [34].

Two protein panels predictive of response to the TNFi golimumab
have been published [35]. Both panels revealed adiponectin, which is
known to reduce inflammation in various cell types [36], and factor VII,
a blood coagulation factor and antibacterial zymogen [37], as being
predictive for response rate. Response was based upon the ACR20 re-
sponse criterion and Disease Activity Score (DAS)28 for the first and
second panel, respectively.

Finally, low-molecular mass hyaluronan (LMHA) was found pre-
dictive: normal serum levels are associated with better response to

Table 1
DMARDs approved for treatment of psoriatic arthritis.

DMARD group Generic name Mechanism of action

Conventional synthetic Methotrexate MTX Induce adenosine accumulation, alter pro-inflammatory cytokine production & modulate humoral / cellular immunity
Cyclosporin CSA Reduces proliferation of activated T cells
Leflunomide LEF Inhibits T cell activation and proliferation
Sulfasalazine SSZ Inhibits NFκB, inhibits osteoclast formation & reduces secretion of pro-inflammatory cytokines

Biologic Adalimumab ADA Anti-TNF-α monoclonal antibody
Certolizumab pegol CZP Anti-TNF-α Fab fragment of monoclonal antibody
Etanercept ETN Anti-TNF-α dimeric TNF receptor p75-IgG I fusion protein
Golimumab GOL Anti-TNF-α monoclonal antibody
Infliximab IFX Anti-TNF-α chimeric monoclonal antibody
Ustekinumab UST Anti-IL-12 and−23 monoclonal antibody to shared p40 subunit
Ixekizumab IXE Anti-IL-17 monoclonal antibody
Secukinumab SEC Anti-IL-17 monoclonal antibody
Abatacept ABT Selectively inhibits T cell co-stimulation

Targeted synthetic Tofacitinib TOF JAK1, −2 and 3 inhibitor
Apremilast APR Intracellular PDE-4 inhibitor

Abbreviations: DMARD: disease modifying anti-rheumatic drug; IL: interleukin; JAK: janus kinase; NFκB: nuclear factor kappa B; PDE: phosphodiesterase; TNF: tumor
necrosis factor;
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adalimumab [38]. Response was evaluated with ACR response criteria.
LMHA is a polysaccharide present on the surface of epithelial cells and a
known regulator of inflammation and tissue repair by recruiting im-
mune cells and initiating secretion of cytokines [39]. For example,
LMHA fragments can activate Toll Like Receptors [40].

3.1.3. Tissue biomarkers
Inflammation in PsA prototypically occurs at the site of both skin

and joint. Some biomarker-finding research has therefore been focused
on the discovery of tissue biomarkers in the synovium, the synovial
lining of joints [41]. In a landmark study on synovial biomarkers in
PsA, a panel of 57 proteins was shown to predict response to biologicals
assessed by DAS28 [24]. Here, an unbiased high throughput approach
was used to identify proteins with multiple reaction monitoring mass-
spectrometry assays. This was the only study to also include a T cell
inhibitor next to TNFi as therapy of interest. The most predictive pro-
tein was S100-A8, a known damage-associated molecular pattern and
regulator of inflammatory processes and immune response. [42] S100-
A8 does so via stimulation of leukocyte recruitment and induction of
cytokine secretion [43]. Many of the other proteins of the panel are also
known to be implicated in inflammation [24].

In another proteomics study using synovial tissue, two panels in two
separate cohorts of 7 and 14 proteins were found predictive of TNFi
response measured with ACR70, DAS28 and EULAR response criteria
[44]. Proteins that changed in both cohorts were haptoglobin, actin,
serum albumin, annexin A2, serum amyloid P, Collagen α3 and fi-
brinogen. These are involved in various pro- and anti-inflammatory
processes [44]. However, not all the proteins overlapped and validation
of these panels was not performed.

Of note, extensive research on synovial fluid in PsA has resulted in
various new insights into the molecular basis of the disease, next to
identification of both diagnostic as prognostic soluble biomarkers [45].
Yet our search revealed no studies on synovial fluid biomarkers pre-
dictive for therapy response. In addition, there have been no studies
examining the skin of PsA patients as predictor of therapy response,
whereas this is currently being explored for predicting PASI response in
psoriasis patients [46,47].

4. Discussion

4.1. Challenges of implementation

Altogether the abovementioned studies provide experimental sup-
port for the predictive value of biomarkers for therapeutic response.
However, none are currently implemented in routine practical clinical
care [8,22,48,49]. Here we discuss possible explanations for the ob-
struction between biomarker discovery and the following steps of va-
lidation, clinical implementation and evaluation [50].

To find a predictor of therapy response, the definition of response
should be unequivocal. However, in PsA this is not straightforward. Firstly
because PsA - although now known as a clinical entity characterized by a
distinct pathogenesis, phenotype and course - [7,16,51] has long been
considered a relatively mild form of rheumatoid arthritis (RA) [7]. This led
to initially copying outcome measures like DAS28 [7,30,51–53], which do
not include PsA-specific manifestations [5,52]. This reduces the clinical
applicability of some previously published work. Secondly, the hetero-
geneous disease manifestations of PsA make it difficult to define response
[5,7,51,52]. For example, ACR response criteria are useful to assess per-
ipheral arthritis. However, for disease activity of skin, dactylitis, axial
spondyloarthritis and enthesitis other outcome measures are required.
Since patients exhibit different disease phenotypes, treatment goals vary
based upon their individual needs and complaints. It might thus be re-
levant to identify predictive biomarkers for specific clinical manifestations,
next to pooling response to all disease manifestations as a whole.

Furthermore, the hypothesis that differences in immune pathogen-
esis underlie the heterogeneous disease manifestations [54], raises the
question which tissue site should be studied for biomarker discovery:
skin, synovium, synovial fluid or peripheral blood? For example, skin
biomarkers may predict psoriasis remission, but not reduction in dac-
tylitis or enthesitis. In this respect it is further important to acknowl-
edge that even the same broad type of “tissue” (e.g. skin) shows site-
specific differences in steady state across the human body [55,56]. The
ideal biomarker is also practical and safe to obtain and this should be
taken into account [24].

Finally, there are overarching challenges with respect to biomarker
implementation in clinical practice [50]. Analysis methods used for

Fig. 1. Flowchart.
Legend: The search yielded 314 articles in PubMed
and 805 in Embase. After removal of duplicates 849
articles remained for screening on title and abstract.
69 Articles were screened full-text for relevancy, of
which 7 articles were included in the final analysis.
One relevant articles was retrieved by assessing re-
ference citations of the selected articles and related
citations in PubMed.
Abbreviations: DMARD: disease modifying anti-
rheumatic drug; PsA: psoriatic arthritis.
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discovery are frequently costly, technically difficult and labor-intensive
[17,50]. Importantly, external validation is often lacking in studies that
report on discovery of a new biomarker [50] and thus validation of
candidate biomarkers has been difficult [18,57]. For example, a pre-
dictive value of CRP for TNFi responders [27] was validated by a single
study [58], but not confirmed by three others [29,32,35]. Generally
speaking, a biomarker for clinical use needs to demonstrate excellent
sensitivity and specificity, thus a single biomarkers (e.g. protein) may
lack the ability to singularly predict a certain outcome or definitive
diagnosis [18,59].

Taking all these challenges into account, it might not be surprising
that no biomarkers predictive of treatment response are implemented
yet. It has becomes increasingly evident that it is a challenge to develop
robust, reproducible, cheap and fast assays that are validated in re-
presentative PsA patient cohorts [60].

4.2. Emerging tools & approaches for biomarker research

In the past decade, advances in research have led to improved un-
derstanding of PsA etiology [8,22]. The current consensus is that the
pathogenesis is multifactorial [8], and this awareness has resulted in
expanding the field of biomarker discovery to include (epi)genetics,
proteins, metabolites, microbioma and environmental factors [20]. In
the few years technical advances have made it possible to extensively
study all these ‘multi-omics’ with unbiased approaches, using various
next-generation, high-throughput technologies [61]. For example in the
field of epigenomics, multiple players in disease pathogenesis – in-
cluding DNA methylation sites, histone modifications and microRNAs -
were discovered with pan-genomic microarrays [62,63]. Also in other
omics field – like proteomics, transcriptomics, exposomics, metabo-
lomics and microbiomics - next-generation techniques are increasingly
applied for biomarker discovery [18,44,45,63–66]. These evolving
technologies result in large amounts of data, requiring computational
modeling for advanced analyses and integration of multiple omics da-
tasets to produce composite panels of biomarkers [18,64,67]. These
advances may help drive future biomarker research, with a critical role
for bioinformatics to analyze and integrate large omics datasets
[16,68].

4.3. Future perspectives

Currently, biomarkers make up a notable part of the research
agenda in rheumatology in the search for tools to improve personalized
medicine [21]. Also within the PsA field researchers have made great
strides. Recently, a trial was conducted that evaluated treatment effi-
cacy of different drugs based on standard care versus strategically se-
lected bDMARD choice, the latter guided by phenotypes of peripheral T
helper cell characteristics [69]. They found significantly higher low
disease activity after six months in the patients that received strategi-
cally selected drugs, showing the potential benefits of personalized
medicine. Further trials to explore this concept are mandatory [70].
Furthermore, Table 3 highlights some promising research on the topic

of biomarkers predictive of therapy response in PsA [58,71–75]. Our
own group has initiated the TOFA-PREDICT study (EudraCT number
2017–003900-28), which is a multicenter randomized clinical trial in
the Netherlands, integrating multiple data layers to predict treatment
response to cs-, b- and tsDMARDs. Moreover, important data are ex-
pected from the OUTPASS study, a United Kingdom prospective ob-
servational cohort of 300 patients to investigate serological, clinical,
genetic and psychological factors influencing PsA response to biologics
(UKCRN number 13910) [76].

5. Recommendations

Research initiatives in the field of biomarker discovery towards
prediction of PsA therapy response are ongoing, and the discovery and
validation of these biomarkers is internationally considered an im-
portant and urgent clinical need and therefore a recurring topic on
international research agendas [1,16]. Since no biomarkers have been
implemented in clinical care, we formulate specific points of con-
sideration to improve the clinical utility of future biomarker research
results.

Firstly, it is important to include DMARDs other than only TNFi [3].
Data on biomarkers predictive of response to targeted synthetic
DMARDs, IL-17 inhibitors and IL-12/23 inhibitors are lacking to date.
Since these treatment options are currently recommended in interna-
tional guidelines and increasingly selected by clinicians [9], research on
predictive biomarkers for these therapies is warranted (Table 4).

Secondly, future research needs accurate and robust composite re-
sponder indices, that take into account the core domains of this het-
erogeneous disease. To answer to this need, the Outcome Measures in
Rheumatology (OMERACT) group published in 2017 an updated core
outcome set for research [77]. Since one scoring system might not be
attainable for all patients [53], outcome measures should be carefully
selected dependent on both the treatment goals, as well as the research
goals.

Thirdly, it is critical for researchers to not only discover, but also
confirm and validate their findings in independent external cohorts of
patients, since false-positive biomarker leads are unfortunately quite
common in large datasets [48]. Preferably, after validation the assays
would be translated and adapted into non-invasive, affordable and
technically simple assays.

Fourthly, it is plausible that single biomarker might not exceed the
thresholds for accurate and robust prediction of clinical outcomes [18].
Rather, we recommend first computationally exploring a broad range of
biomarkers (based on different -omics approaches) in large cohorts of
PsA patients followed throughout time, before and after treatment. In
doing so, it may be possible to develop panels of biomarkers that reflect
changes in clinical manifestations and response (or lack thereof) to
treatment [16,18].

This brings us to our last recommendation: the sharing of data.
Considering that PsA is a relatively uncommon disease, the sharing of
patient data - clinical characteristics, demographics, imaging and omics
– would enable higher patient numbers to discover and validate new

Table 3
Promising research on molecular biomarkers predictive of treatment response in PsA.

Abstract N Drug Definition response Biomarker Result

Conti Ceccarelli (2019) Ann Rheum Dis 17 APR EULAR criteria Treg Higher proportion of Tregs within CD4+ T cell population
associated with response

David (2019) Rheumatology 50 Biologics EULAR criteria, DAS28 HLA-B27 No association of HLA-B27 with response
Mascia (2019) J Psoriasis PsA 70 TNFi PsARC, ACR20 SNP TNF-α genomic

region
Significant association of SNP-29 with response

Scrivo (2019) Clin Exp Rheumatol 151 GOL MDA hsCRP Higher hsCRP predictive of response

Abbreviations: ACR response: American College of Rheumatology response criterion; APR: apremilast; DAS28: disease activity score; GOL: golimumab; HLA: human
leukocyte antigen; hsCRP: high sensitive C-reactive protein; MDA: minimal disease activity score; PsA: psoriatic arthritis; PsARC: Psoriatic Arthritis Response Criteria;
SNP: single nucleotide polymorphism; TNF: tumor necrosis factor; TNFi: tumor necrosis factor alpha inhibitor (ADA, CZP, ETN, GOL, IFZ); Treg: T regulatory cell.
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findings. Improved collaboration with computational biologists will be
critical for success [78]. The fruitful result of such a collaboration has
already been described by Ademowo and collegues [24]. They used not
only Irish patients for their biomarkers discovery, but also included a
cohort of Dutch patients for validation of their findings. Another il-
lustration of this line of thinking is the ‘ArthroMark’ project [79]. These
German researchers created a cooperation between several national
institutions that share their resources in a consortium for biomarker
analysis in rheumatic diseases. Patient data is expected to be of more
value if clinicians would accurately record clinical characteristics and
collaborate with fundamental researchers and experts in genetics [22].
Another example in the field of collaborative projects is the Accel-
erating Medicines Partnership (AMP), an American partnership be-
tween the National Institutes of Health, Food and Drug Administration,
pharmaceutical companies and non-profit organizations. They have
already conducted some interesting research in the field of RA [80,81].
Projects like these are likely to optimize the process of discovery and
validation of not only molecular biomarkers in this field, but also
clinical and imaging biomarkers [79].

6. Conclusion

PsA is a potentially aggressive inflammatory musculoskeletal dis-
order, which may severely impact physical function and quality-of-life.
Currently it is not possible to predict which patients respond to which
particular treatment, which underlines the urgent clinical need for
biomarkers predictive of drug response to optimize personalized med-
icine. Biomarker discovery has shown to be a time-consuming and
difficult process, in which discovery has to be followed by confirmation,
validation, clinical implement and evaluation. Promising new tools and
approaches are emerging to identify new molecular biomarkers in

omics datasets with computational modeling analyses. As several re-
search groups are working on identification and validation of such
markers in PsA, we anticipate that this urgent clinical need will be
answered in the future to reduce health care costs and improve patient
care.

7. Limitations

We are aware that our review has limitations. One important lim-
itation is the reporting bias that is inherent to literature reviews [82],
through which we might have missed research that studied biomarkers
and did not find any predictive capacities of the biomarkers listed here.
Moreover, given that we only included articles with (synonyms of)
‘psoriatic arthritis’ in their title or abstract we might have missed ar-
ticles primarily describing biomarkers in the context of psoriasis or
spondylarthropathies.
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Appendix A. Appendix

Appendix Table A
Literature search.

Category Biomarker Psoriatic arthritis

MeSH term Biomarkers Arthritis, Psoriatic
Emtree term Biological marker Psoriatic arthritis
Synonyms Biologic marker* Arthritic psoriasis

Biological marker* Arthropathic psoriasis
Biomarker* Psoriasis arthropathica
Laboratory marker* Psoriatic arthritis
Serum marker* Psoriatic arthropathies

Psoriatic arthropathy

- Abbreviations: Emtree: Embase subject headings; MeSH: medical subject headings.

Table 4
Recommendations for research on biomarkers predicting therapy response in PsA.

Difficulty Recommendation

o Large repertoire of available DMARDs • Include other therapies than TNF-α inhibitors
o Defining therapy response • Careful selection of the most appropriate outcome measure based on treatment and

research goals
o High false-positive rates in biomarker discovery • Validation in independent external cohorts of patients

• Exploring not single, but combinations of biomarkers
o Invasive procedure for obtaining tissue material, followed by costly, labor-
intense and technically difficult analyses methods

• Translation and adaption of discovery assays into less-invasive, affordable and
technically simple assays for clinical implementation

o Relatively low disease prevalence • Sharing of clinical, imaging, molecular data

• International collaborations of patient representatives, health care professionals, non-
profit organizations and pharmaceutical companies

- Abbreviations: DMARD: disease modifying anti-rheumatic drug; PsA: psoriatic arthritis; TNF: tumor necrosis factor.
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Appendix Table B
Search syntax PubMed.

Search term Syntax Results
[1]

1. Biomarker (((((Biomarkers[MeSH Major Topic]) OR Biologic Marker*[Title/Abstract]) OR Biological Marker*[Title/Abstract]) OR Biomarker*[Title/Abstract])
OR Laboratory Marker*[Title/Abstract]) OR Serum Marker*[Title/Abstract]

449.854

2. Psoriatic ar-
thritis

((((((Arthritis, Psoriatic[MeSH Major Topic]) OR Arthritic psoriasis[Title/Abstract]) OR Arthropathic psoriasis[Title/Abstract]) OR Psoriasis
arthropathica[Title/Abstract]) OR Psoriatic arthritis[Title/Abstract]) OR Psoriatic arthropathies[Title/Abstract]) OR Psoriatic arthropathy[Title/
Abstract]

9.163

1 AND 2 (((((((Biomarkers[MeSH Major Topic]) OR Biologic Marker*[Title/Abstract]) OR Biological Marker*[Title/Abstract]) OR Biomarker*[Title/Abstract])
OR Laboratory Marker*[Title/Abstract]) OR Serum Marker*[Title/Abstract])) AND (((((((Arthritis, Psoriatic[MeSH Major Topic]) OR Arthritic
psoriasis[Title/Abstract]) OR Arthropathic psoriasis[Title/Abstract]) OR Psoriasis arthropathica[Title/Abstract]) OR Psoriatic arthritis[Title/
Abstract]) OR Psoriatic arthropathies[Title/Abstract]) OR Psoriatic arthropathy[Title/Abstract])

314

- Legend: [1] Search conducted on the 3rd of September 2019.

Appendix Table C
Search syntax Embase.

Search term Syntax Results
[1]

1. Biomarker ‘biological marker’/de OR ‘biologic marker*’:ab,ti OR ‘biological marker*’:ab,ti OR biomarker*:ab,ti OR ‘laboratory marker*’:ab,ti OR ‘serum
marker*’:ab,ti

464.737

2. Psoriatic ar-
thritis

‘psoriatic arthritis’/de OR ‘arthritic psoriasis’:ab,ti OR ‘psoriasis arthropathica’:ab,ti OR ‘psoriatic arthritis’:ab,ti OR ‘psoriatic arthropathies’:ab,ti OR
‘psoriatic arthropathy’:ab,ti

23.233

1 AND 2 (‘biological marker’/exp. OR ‘biological marker’ OR ‘biologic marker*’:ab,ti OR ‘biological marker*’:ab,ti OR biomarker*:ab,ti OR ‘laboratory
marker*’:ab,ti OR ‘serum marker*’:ab,ti) AND (‘psoriatic arthritis’/exp. OR ‘psoriatic arthritis’ OR ‘arthritic psoriasis’:ab,ti OR ‘psoriasis arthro-
pathica’:ab,ti OR ‘psoriatic arthritis’:ab,ti OR ‘psoriatic arthropathies’:ab,ti OR ‘psoriatic arthropathy’:ab,ti)

805

- Legend: [1] Search conducted on the 4th of September 2019.

Appendix Table D
Eligibility criteria.

Inclusion - Adult study participants
- Humans
- Original study
- Full text available
- Molecular biomarkers predicting DMARD response

Exclusion - Meta-analysis
- Review
- Case-report
- Expert opinion
- Authors reply
- Language other than English
- Only other diseases than PsA

- Abbreviations: DMARD: disease modifying anti-rheumatic drug; PsA: psoriatic ar-
thritis.
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