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Chapter 1

Introduction

Psoriatic arthritis
Psoriatic arthritis (PsA) is an inflammatory disease that can affect both the skin and
musculoskeletal system.1,2 In the majority of cases, patients have skin disease (psoriasis) before
they develop PsA.3 The prevalence of psoriasis (Pso) in Western Europe is up to 2%, and in about
one third of these patients the disease evolves to PsA.4-6 Psoriatic arthritis has a major impact
on quality of life and can lead to impairment of (joint) function and structural damage.7,8
The clinical presentation of PsA is diverse. Six different domains have been defined that can
be involved in the disease: nail disease, skin disease, axial disease, enthesitis, dactylitis, and
peripheral arthritis (see Figure 1).1,9 Hence, not all of these domains have to be involved in one
patient; every patient with PsA is unique and can have involvement of different domains and
to a different extent.

Figure 1. Different domains of PsA.

Historically, the treatment and management of PsA showed many similarities with rheumatoid
arthritis (RA). Research demonstrated that the impact on quality of life and function of both
diseases is similar.10 However, PsA and RA have been shown to be clearly distinct rheumatic
diseases.11,12 Not only the pathogenesis is different, but also the clinical presentation and
response to treatment.1,11 Subsequently, treatment and disease management protocols for RA,
although still commonly used in PsA, are not well suited for PsA.
In order to optimise the care for PsA patients, targeted research and implementation of
tailored disease management protocols are needed. Additionally, special attention should be
paid to the heterogeneity (i.e. involvement of multiple domains) of the disease, as this poses
challenges for researchers and physicians . For this thesis, three important topics were defined
and thereby also potential avenues for improvement of PsA care:
1. Improving timely detection of PsA in Pso patients
2. Refining disease activity assessment in PsA
3. Optimising early treatment of PsA

9

1

10

1

Introduction

In this general introduction, I will outline the current key information available on the
detection of PsA, describe the measurement of disease activity in PsA, and elaborate on the
evidence of early treatment strategies in PsA. I will also state the research questions and aims
for this thesis with regard to that specific topic. Last, I will provide an outline of this thesis.

Improving timely detection of PsA in Pso patients
Psoriasis is the precursor of PsA in about 85% of the cases.1 In these patients, the average time
between the development of Pso and PsA is 10 years.3 The quality of life of patients with PsA
is worse compared to patients with solely psoriasis.13 Timely detection of PsA in Pso patients
is important, as we know that a delay in the recognition of PsA can lead to irreversible joint
damage, with all its consequences.7,14 Since the early treatment of patients with PsA is vital, it
seems warranted that the disease should be detected at the earliest stage possible.
But how do we secure early referral of PsA patients to a rheumatologist? Especially when
many of these patients are seen by physicians (e.g. dermatologist) that are not trained in
recognizing (subtle) signs of PsA. In addition, the disease presentation is very heterogenous
as stated before (i.e. symptoms and signs vary extensively between patients). The difficulty
to recognize signs of PsA in Pso patients is highlighted by a study that found a relatively high
number of undiagnosed patient with active PsA (17.6%) in a dermatological cohort of Pso
patients.15 Therefore, finding ways to identify patients with PsA -ideally in combination with
ways to select those Pso patients with an increased risk for PsA- is key.
Generally, there are no laboratory tests available (that have been translated to routine practice)
that can assist in detecting the presence of PsA or patients at risk for PsA. Commonly used nonspecific inflammatory markers (i.e. C-reactive protein [CRP], erythrocyte sedimentation rate)
are only elevated in about half of the patients with PsA and can sometimes also be elevated
in patients with only moderate to severe Pso.16-18 With respect to disease specific diagnostic
markers, some research has focused on finding these for PsA. However, no serum autoantibody
that is associated with PsA has been discovered yet.19 Ongoing research is focusing on
identifying possible laboratory markers that may function as diagnostic markers for PsA.
Soluble biomarkers that have been proposed to be associated with PsA, include (but are not
limited to): C-X-C motif chemokine ligand 10 (CXCL-10), matrix metalloproteinase-3 (MMP-3)
and macrophage-colony, stimulating factor (M-CSF).20,21 In addition, some research has also
focused on finding specific cell subsets associated with PsA. For example, there are indications
that an increase in CD8+ effector T-cells and CD3+ CD71+ T-cells in peripheral blood are both
associated with PsA.22,23 However, none of these markers has made it into the clinic (yet).
With regard to clinical aspects and presentation of the disease, screening questionnaires
to detect PsA in Pso populations do exist and most PsA screening strategies are based on
questionnaires such as the psoriasis epidemiology screening tool (PEST) and Toronto psoriatic
arthritis screening (TOPAS). 24-26 However, these questionnaires have shown methodological
limitations. For instance, these PsA screening questionnaires lack accuracy in cohorts other
than in which they were developed, and content validity of these questionnaires seems not to
be supported by high quality evidence.25,27,28 Thus, opportunities still lie ahead of us to upgrade
these screening questionnaires (or develop new screening questionnaires), in order to improve
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the performance of screening methods for PsA. The importance of gaining knowledge about
the differential patient characteristics of patients with Pso (limited to skin involvement)
versus Pso patients with concomitant PsA, remains high.
To conclude, early detection of PsA in patients with Pso is crucial to ensure timely treatment.
However, screening questionnaires perform suboptimal and no laboratory test for PsA exists.
Therefore, the aim of the first part of this thesis was:
- To systematically assess and summarise possible laboratory, genetic and clinical markers
for the development or presence of PsA in a Pso population (chapter 2);
- To discover disease-specific immune profiles that discriminate Pso from PsA patients
(chapter 3);
- To determine the prevalence and disease characteristics of Pso patients with known or
newly diagnosed PsA in a dermatology cohort (chapter 4)

Refining disease activity assessment in PsA
Following PsA diagnosis, it is vital to know which domains of the disease are involved and
to what extent. However, due to the heterogeneity of PsA, measuring disease activity is a
challenge in routine clinical practice. Although it is challenging, it is of importance that we
do find ways to do so. This is especially important as measuring disease activity enables the
assessment of treatment response and thereby ‘treating patients to target’. The TICOPA study
showed that applying a treat-to-target (T2T) approach (i.e. aiming at a specific target and
adjustment of treatment when the target is not reached) in PsA patients, leads to significantly
better clinical outcomes (i.e. composite disease activity scores, function and quality of
life).29 Largely based on the results from this study, the European Alliance of Associations for
Rheumatology (EULAR) recommends that treatment in PsA should be aimed at reaching a
specific target (being remission, or, alternatively, minimal/low disease activity).30
However, T2T for PsA patients in routine practice has not yet been implemented widely. Among
other reasons, because of feasibility concerns and because no consensus has been reached
on a preferred outcome measure.31,32 Different PsA-specific outcome measures have been
proposed, all with their own clinical and methodological advantages and disadvantages. Table
1 summarizes the different measures/domains that these composite measures encompass.
The achievement of Minimal Disease Activity (MDA) criteria was used as the target in the
only T2T study in PsA.29 It is, however, a dichotomous measure and subsequently hampers the
monitoring of disease activity over time. Other PsA composite measures include the Disease
Activity in Psoriatic Arthritis (DAPSA) and the Composite Psoriatic Disease Activity Index
(CPDAI), but both have less discriminative capacity than the other measures.33 In addition, the
GRACE score was developed, but it does not include an assessment of enthesitis and dactylitis,
which are both deemed important domains of PsA.34 The Psoriatic Arthritis Disease Activity
Score (PASDAS) does not have these disadvantages. It is a continuous measure, includes
many of the disease domains and has good discriminative capacity and responsiveness.33-35
Conversely, its biggest disadvantage is that it is deemed less feasible for routine practice,
because of its complex formula and extensiveness of the measured disease domains.

11

1

12

1

Introduction

Introduction

Table 1. PsA-specific composite disease activity measures and which domains are involved in their
calculation.
Joints

Skin

PASDAS

x

MDA

x

x

GRACE

x

x

CPDAI

x

x

DAPSA

x

Dactylitis

Enthesitis

x

x

Spine

CRP

Patient
global

Physician
global

x

x

x

x
x

x

Pain

x

x

x

x

Function

x

x
x
x

Quality
of life

x
x

x

x

x

x

When implementing T2T in PsA, not only the choice of outcome measure is of importance.
Previous research has also shown that sex differences in PsA play an important role with
regard to achieving the treatment target. Women with PsA less often reach low disease
activity treatment targets than men.36,37 Furthermore, although PsA affects men and women
equally (ratio 1:1), the way PsA manifests itself in men and women is different.1 For example,
women have more swollen joints and enthesitis, and men have more inflammatory backpain
and worse skin disease.38-40 All in all, we have indications that these differences should be
taken into account for the assessment of treatment response.
To conclude, T2T in PsA has shown important benefits. Yet, the implementation of T2T in PsA
remains difficult and is hampered by feasibility problems and the lack of consensus on the
preferred PsA outcome measure. In addition, sex differences also play an important role in
reaching treatment target. Therefore, the aim of the second part of this thesis was:
• To explore the feasibility of implementing the PASDAS and skin measurements in routine
clinical practice (chapter 5);
• To assess the disease burden in a large regional hospital (Sint Maartenskliniek) PsA cohort,
enabled by the implementation of PASDAS measurement and skin measurements in routine
clinical practice (chapter 6);
• To assess differences between men and women with PsA with regard to disease activity and
(not) reaching treatment target (chapter 7);
• To determine the minimal important change and meaningful change value of the PASDAS
(chapter 8)

Optimising early treatment of PsA
So, we already know that early initiation of treatment in PsA is important to prevent
structural joint damage.7 But this leads to the following question: what is an effective
treatment (strategy) in PsA? For the pharmacological treatment of PsA, glucocorticoids, NonSteroidal Anti-Inflammatory Drugs (NSAIDs), conventional synthetic Disease-Modifying Anti
Rheumatic Drugs (csDMARDs) and biological and targeted synthetic DMARDs (b/tsDMARDs)
are available. Yet, the optimal first-line treatment (strategy) for PsA is still unclear. Most
treatment guidelines recommend csDMARDs (after local glucorticoids and NSAIDs) as first-line
systemic treatment in PsA. The csDMARDs that are available in PsA are methotrexate (MTX),
sulphasalazine (SASP), and leflunomide (LEF). MTX is the one that is most often prescribed,
because rheumatologists have a lot of experience prescribing MTX (as it is also the first-line
treatment in RA).1 Additionally, MTX is effective and registered for treating psoriasis.41

Despite their placement on top of the list in treatment guidelines, there is a paucity of evidence
for the effectiveness of csDMARDs.9,30,42 The most recent placebo-controlled study investigating
the effectiveness of MTX in PsA, failed to show superiority of MTX over placebo.43 However,
this trial had methodological issues which hampers drawing definite conclusions. Some other
studies do suggest an effect for MTX, although the effect size appears to be small.44-46 In line,
the limited evidence available also shows disappointing effect sizes for the other csDMARDs
as well (i.e. SASP, LEF).42
It is plausible that combining csDMARDs may be more effective than csDMARD monotherapy.
In RA, MTX plus LEF combination therapy demonstrated increased effectiveness compared to
MTX monotherapy. Besides, this combination therapy also showed a relatively good overall
safety profile (also compared to MTX plus SASP combination therapy).47-49 To examine the
effectiveness of combinations of csDMARDs compared to monotherapy in PsA, was therefore
prioritized on the EULAR research agenda.30
To summarise, the optimal fist-line treatment strategy for PsA is unknown and the
recommended csDMARDs seem to lack effectiveness when used as monotherapy. It may be
hypothesized that combining csDMARDs in PsA is more effective than csDMARD monotherapy.
Therefore the aim of the third part of this thesis was:
• To design a randomised controlled trial (RCT) examining the effectiveness of MTX and LEF
combination therapy compared to MTX monotherapy in patients with PsA (chapter 9);
• To carry out a RCT investigating the effectiveness of MTX plus LEF combination therapy
compared to MTX plus placebo (monotherapy) in patients with PsA (chapter 10)

Outline of this thesis
In summary, this thesis consists of the following chapters:
Part 1 ‘Improving timely detection of PsA in Pso patients’:
• A systematic review investigating possible laboratory, genetic and clinical markers for the
development or presence of PsA in a Pso population (chapter 2)
• A cross-sectional study exploring disease-specific immune profiles that discriminate Pso
from PsA patients (chapter 3)
• A prospective observational study determining the prevalence and characteristics of PsA in
a dermatological cohort of psoriasis patients and exploring patient characteristics of newly
discovered PsA patients (chapter 4)
Part 2 ‘Refining disease activity assessment in PsA’:
• A letter to the editor describing the feasibility of implementing the PASDAS and skin
measurements in routine practice (chapter 5)
• A cross-sectional study assessing the disease burden in a large regional hospital (Sint
Maartenskliniek) PsA cohort after implementation of PASDAS measurement and skin
measurements (chapter 6)
• A cross-sectional study assessing differences between men and women with PsA with
regard to disease activity and (not) reaching treatment target (chapter 7)
• A retrospective cohort study defining the minimal important change and meaningful
change value of the PASDAS (chapter 8)
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Part 3 ‘Optimising early treatment of PsA’:
• A protocol for a RCT examining the effectiveness of MTX and LEF combination therapy
compared to MTX monotherpy in patients with PsA (chapter 9)
• A RCT investigating the effectiveness of MTX plus LEF combination therapy compared to
MTX plus placebo (monotherapy) in patients with PsA (chapter 10)
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Chapter 1

Markers associated with (the development of) PsA in Pso patients

Abstract

Introduction

Twenty to thirty percent of psoriasis (Pso) patients will develop psoriatic arthritis (PsA).
Detection of Pso patients that are (at risk for) developing PsA is essential to prevent structural
damage. We conducted a systematic search of five bibliographic databases, up to May 2020.
We searched for studies assessing markers (clinical, laboratory, genetic) associated with the
development or presence of PsA in Pso patients. Study selection and quality assessment of
the included studies was performed, followed by a qualitative best evidence synthesis to
determine the level of evidence for a marker and its association with concomitant/developing
PsA in Pso. Overall, 259 possible markers were identified in 119 studies that met the inclusion
criteria. Laboratory markers related to inflammation and bone metabolism reached a strong
level of evidence for the association (not prediction) of PsA in Pso. Only CXCL10 showed strong
evidence for a positive predictive value for PsA in Pso. The importance of timely detecting PsA
in a Pso population, and finding more (bio)markers contributing to early detection, remains
high.

Psoriatic arthritis (PsA) is an immune-mediated inflammatory disease affecting joints and
entheses, and is strongly associated with psoriasis (Pso). Twenty to thirty percent of Pso
patients will develop PsA, with an average lag time between Pso and PsA of 10 years.1,2 This lag
time creates a unique opportunity to identify patients with an increased risk for (developing)
PsA. The (timely) recognition of concomitant PsA, or ideally early prediction, is important,
because untreated PsA can lead to irreversible joint damage.3,4 Treatment of arthritis leads to
an improvement of both function and quality of life.5 However, patients with Pso are mostly
seen by physicians (e.g. dermatologists) who are not trained in recognizing early signs of
arthritis. Identifying markers for PsA in patients with Pso can optimize screening to detect the
onset of PsA as early as possible.
Current screening strategies mostly use questionnaires based on clinical characteristics to
detect PsA.6,7 Both characteristics of Pso as well as environmental factors may be relevant
variables for PsA screening.8-10 Next to clinical characteristics, extensive research has been
done on genetic markers, in both HLA- (human leukocyte antigen) and non-HLA-regions.10-12
Likewise, there are laboratory markers involved in inflammation pathways who might be able
to help detect PsA in Pso patients.13,14 However, most research focusses on the differentiation
between Pso and/or PsA on one side, and healthy controls on the other side. To our knowledge,
no comprehensive overview has been made to summarize the evidence for these clinical,
genetic and laboratory markers.
Therefore we conducted a systematic review to identify possible markers for the onset of PsA
in a Pso population, with the purpose of providing a comprehensive summary of the available
markers for PsA in Pso.

Material and methods
Protocol
The protocol was designed according to the Preferred Reporting Items for Systematic review
and Meta-Analysis15 and registered in Prospero (CRD42018093982).
Search strategy
Five bibliographic databases (PubMed, EMBASE, Web of Science, Medline and Cochrane) were
searched for studies from January 1st, 1990 up to April 29th, 2020. Search terms compromised
key words involving study population, study design and etiology (supplementary table 1). In
addition, reference lists of included articles were used for cross-reference checking.
Study selection
Studies were screened for eligibility based on title and abstract by two independent reviewers
(MM, JV for laboratory and genetic studies; MM and TH for clinical studies). Potentially relevant
papers were assessed in full text (MM, TH). Any disagreement was resolved by consensus or by
discussion with a third reviewer (JR, MW, JV). Studies were excluded based on the following
criteria: 1) <10 patients per group (Pso and PsA, respectively), 2) age of patients <18 years, 3)
no statistical comparison between Pso and PsA, 4) languages other than English, German or
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Dutch. We primarily focused on studies with a longitudinal design, meaning that the marker
was present before the presentation of PsA. A very low number of longitudinal studies was
available for laboratory studies (n=2), and none for genetic studies. To not miss potential
relevant markers in these two categories, we also included genetic and laboratory studies
with a cross-sectional design (i.e., marker was present at the same time as PsA) as a “second
best” option. While these might not be useful to identify predictors for development of PsA,
they could provide information about possible markers for concomitant PsA.
Data extraction
Data extracted included study design, patient characteristics, markers and outcome.
Extraction was performed by two reviewers, with 10% overlap to check extraction quality
(MM, TH).
Assessment of risk bias
Risk bias was assessed using the Newcastle Ottawa Scale for case-control and cohort studies.16
This tool comprises three domains: selection, comparability and outcome/exposure. A study
was considered of “good” quality when it had a minimum of 3 stars in the selection domain,
1 star in the comparability domain and 2 stars in the outcome/exposure domain. “Fair” quality
was given when a study had a minimum of 2 stars in the selection, 1 star in the compatibility
and 2 stars in the outcome/exposure domain.17 If a study failed to meet these standards, it was
considered to be of “poor” quality. Risk of bias assessment was performed by two reviewers
(MM, TH) independently. Any disagreement was resolved by consensus or by discussion with a
third reviewer (JR, MW, JV).
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study with low quality. In case of two or more good/fair quality studies, the results of the poor
quality studies were not taken into account for the BES. The heterogeneity of the markers and
statistics precluded a quantitative meta-analysis.

2
Results
Study selection
The search yielded 5517 non-duplicate articles and, in addition, 14 studies were included via
cross-reference checking. After screening on title and abstract, 221 articles were assessed in
full text. A total of 119 studies met the selection criteria and were included. Of these, 19 studied
clinical markers,18-36 69 studied laboratory markers,27,37,38,40–55,57–73,75–96,124–133 and 32 studied genetic
markers.97–113,115–123,134–139 One study described both clinical and laboratory markers.27 A flow chart
of the selection process is shown in figure 1.

Best evidence synthesis
For the best evidence synthesis (BES), we included markers that either showed a significant
difference between Pso and PsA in at least one study, or markers that showed no significant
results in at least two studies (i.e. we excluded markers who were only investigated once and
showed no association). Markers were grouped into overarching categories (see Table 1-3). In
addition, for markers presented as a categorial variable, we used the data of the most extreme
level. For example, In the study from Love et al, body mass index (BMI) was categorized into
four levels: < 25 (normal), 25-30, 30-35, >35 kg/m2.33 For the best evidence synthesis, we looked
at the highest level (i.e. BMI > 35 kg/m2) compared to reference level (i.e. BMI <25 kg/m2). We
then assessed the consistency of the results within and across studies. If within a study, a
marker was represented in multiple non-hierarchical conceptually similar constructs , we
considered the result consistent if ≥ 75% of the constructs pointed in the same direction.
Otherwise, we considered the result for that marker “mixed”. For example, one study looked
at fracture, any trauma and trauma leading to medical care.21 Because two of these were not
predictive of PsA, and one was, we considered this study to have “mixed results” with respect
to the marker ‘trauma’.
If across multiple studies, <75% of studies were in agreement with each other, we considered
this “conflicting evidence”. If ≥75% of studies were in agreement, we applied the evidence
grading according to Sackett.17 Because only a small minority of the included studies were of
“good” quality, we adapted the Sackett best evidence synthesis as follows: strong evidence in
case of two or more studies with good or fair quality, moderate evidence in case of two or more
studies with low quality or one study of good or fair quality, and limited evidence in case of one
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Figure 1: PRISMA flowchart of included studies.
PRISMA = preferred reporting items for systematic reviews and meta-analysis; PsA= psoriatic arthritis; Pso = psoriasis.
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Study characteristics
The characteristics of the included studies are listed in supplementary table 2. All clinical
studies had a longitudinal design. Two laboratory studies had a longitudinal design and 67
had a cross-sectional design. All of the genetic studies had a cross-sectional design. Based on
the criteria described in the best evidence synthesis, 259 markers were selected for further
description (clinical: 51, laboratory: 137, genetic: 71), of which 104 were described in multiple
studies (clinical: 32, laboratory: 36, genetic: 36). All markers are shown in supplementary table
3-5.
Quality assessment
Of the included studies, 19 studies were qualified as good quality, 11 studies were qualified as
fair quality, and 89 studies were qualified as poor quality. Quality assessment of the included
studies is shown in supplementary table 6 and 7.
Best evidence synthesis
Qualitative best evidence synthesis is depicted separately for clinical, laboratory and genetic
studies in tables 1-3. With respect to predictive markers for PsA in Pso, we report the markers
for which there was at least a moderate level of evidence, or which were investigated in more
than one study. With respect to markers associated with the presence of PsA in Pso, we report
only the markers which were investigated in more than one study. An overview of the most
promising findings are also shown in figure 2.
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Clinical markers
Strong level of evidence
Strong evidence was available for 13 of the 51 investigated clinical markers. All these markers
showed no association with the development of PsA in Pso patients. These markers included
the following: diabetes,18,19 diarrhea,18,20 psoriatic nail lesion,18,19,25,27 menopause,18–20 oral
contraceptives,19,20 alcohol consumption,18–21,28–30 past smoking, 18,20,28,29,31,32 methotrexate use,18,19
age,20,22,27,29 a patient reported family history of PsA,18,20,27 female sex,20,22,27,28 trauma,19–21,35 and
psychological distress.22,23 There was no strong evidence available for clinical markers that had
a positive or negative (i.e., protective) association with the development of PsA.
Moderate level of evidence
Moderate evidence was available for 20 of 51 clinical markers. Only six of them were
investigated in more than one study. All of these markers showed no association with the
development of PsA in Pso. These markers included the following: fertility treatment,20,21
hormone replacement therapy,20,21 influenza vaccination,20,21 tetanus vaccination,20,21 change
in work status,20,21 and death of a family member.20,21
Moderate evidence of a positive association was available for 13 clinical markers. These
included the following: uveitis,18 (worsening) fatigue,22 (worsening) function,22 (worsening)
pain,22 (worsening) stiffness,22 arthralgia in women,22 heel pain,22 structural entheseal lesions,26
intergluteal skin lesion,25 nail pitting,18 corticosteroid use,19 retinoid use,18 and lifting heavy
loads.20
Moderate evidence of a negative association was available for 1 marker: entheseal cortical
volumetric bone mineral density (vBMD).26

Figure 2: Overview of most promising predictors for the development of psoriatic arthritis in psoriasis
patients. Clinical parameters are depicted in blue, laboratory parameters are depicted in green.
The strongest evidence is available for the predictive value of CXCL10, this is depicted in bold.
CXCL = C-X-C motif ligand; Pso = psoriasis; vBMD = volumetric bone mineral density
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Conflicting evidence
Conflicting evidence was available for 13 of 51 clinical markers. These markers included several
disease characteristics: younger age at Pso onset,23–25 longer duration of Pso,27,28 presence of scalp
lesions,25,27 more severe Pso,18,20,22,25,27,28 and higher BMI.18,22,27,29,33,34 Conflicting evidence was also
found for infection requiring antibiotics,18,20 pregnancy,19–21 current smoking,18,20,28,29,31,32 rubella
vaccination,20,21 university or high school level of education,18,20 anxiety/depression,18,20,21,36 and
moving to a new home.20,21
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Medication

Corticosteroids use

1x positive association19

Evidence

Influenza vaccination

1x no association20

Strong evidence of no
association

Methotrexate use

2x no association

Strong evidence of no
association

Strong evidence of no
association

Retinoid use

1x positive association18

Moderate evidence of
positive association

Rubella vaccination

1x no association20

1x positive association21

Conflicting evidence

Tetanus vaccination

1x no association20

1x no association21

Moderate evidence of no
association

Age

4x no association20,22,25,27

Table 1: Best evidence synthesis of clinical markers.
Category

Marker

Good/Fair Quality Studies

Comorbidities

Diabetes mellitus

2x no association18,19

2

Disease
characteristics
(general)

Disease
characteristics
(joints)

Disease
characteristics
(skin/nails)

Fertility

Intoxication

Poor Quality Studies

1x no association21

Diarrhea

2x no association18,20

Infection requiring
antibiotics

1x positive association

Moderate evidence of
positive association
1x no association21

18,19

Conflicting evidence

20

1x no association18

Moderate evidence of no
association

Uveitis

1x positive associaton

Moderate evidence of
positive association

(worsening) Fatigue

1x positive association22

Moderate evidence of
positive association

Worsening function

1x positive association22

Moderate evidence of
positive association

BMI

3x no association18,22,27
2x positive association29,33

1x positive association34

Younger age at Pso onset

2x positive association23,24
1x no association25

Conflicting evidence

BMI at 18 years

1x positive association24

1x no association34

3x no association18,20,27

Arthralgia in women
(not men)

1x positive association22

Moderate evidence of
positive association

Patient reported family
history of PsA
Female sex

3x no association20,22,27

Cortical vBMD entheseal

1x negative association26

Moderate evidence of
negative association

Hip circumference

Heel pain

1x positive association22

Moderate evidence of
positive association

(worsening) Stiffness

1x positive association22

Moderate evidence of
positive association

Waist circumference

1x positive association34

Structural entheseal
lesion

1x positive association26

Moderate evidence of
positive association

Limited evidence of
positive association

Waist-hip ratio

1x positive association34

Worsening pain

1x positive association22

Moderate evidence of
positive association

Limited evidence of
positive association

1x no association27

Weight increase from
18 years

1x positive association34

Duration of Pso

Limited evidence of
positive association

Intergluteal lesions

1x positive association25

Moderate evidence of
positive association

Nail pitting

1x positive association18

Moderate evidence of
positive association

Psoriatic nail lesion

3x no association18,19,27
1x positive association25

Strong evidence of no
association

Scalp lesions

1x no association27
1x positive association25

Severity of Pso

2x no association20,27
3x positive association18,22,25

Fertility treatment

1x no association20

18

1x positive association28

University or high school
level of education

Conflicting evidence
Physical stress

Strong evidence of no
association
Conflicting evidence
Conflicting evidence
Strong evidence of no
association
1x no association28

Strong evidence of no
association

1x positive association34

Limited evidence of
positive association
Conflicting evidence

1x no association20
1x negative association18

Moderate evidence of
positive association

Lifting heavy loads

1x positive association20

Trauma

2x no association19,20

1x mixed results21
1x positive association35

Strong evidence of no
association

Anxiety/depression

2x no association18,20
1x positive association36

1x no association21

Conflicting evidence

Conflicting evidence

Change in work status

1x no association20

1x no association21

Moderate evidence of no
association

1x positive association28

Conflicting evidence

Death of a family
member

1x no association20

1x no association21

Moderate evidence of no
association

1x no association21

Moderate evidence of no
association

Move to a new house

1x no association20

1x positive association21

Conflicting evidence

Psychological distress

1x no association22
1x no association19

1x no association21

Moderate evidence of no
association

Hormone replacement
therapy

1x no association20

Menopause

3x no association18-20

Oral contraceptives

2x no association19,20

1x no association21

Strong evidence of no
association

Pregnancy

1x no association20
1x negative association19

1x no association21

Conflicting evidence

Alcohol consumption

3x no association18-20
1x mixed results29

3x no association21,28,30

Strong evidence of no
association

Current smoking

2x negative association20,31
2x no association18,29

1x negative association28
1x no association32

Conflicting evidence

Past smoking

3x no association18,29,31
1x negative association20

2x no association28,32

Strong evidence of no
association

1x positive association32

Limited evidence of
positive association

Smoking intensity

Patient
characteristics

Strong evidence of no
association

Psychological
distress

29

Strong evidence of no
association

A positive association is defined as a higher risk of PsA when the marker is present/increased/higher. A negative association is
defined as a lower risk of PsA when the marker is present/increased/higher.
BMI body mass index, PsA psoriatic arthritis, Pso psoriasis, vBMD volumetric bone mineral density
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Laboratory markers

2

Strong level of evidence
Strong evidence was available for nine of 137 investigated laboratory markers. CXCL10 (C-X-C
motif ligand 10) was the only laboratory marker which showed a positive association with
the development of PsA in Pso patients. It was also the only laboratory marker studied in a
longitudinal design.
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Table 2: Best evidence synthesis of laboratory markers.
Category

Marker

Poor Quality Studies

Evidence

ACPA

Anti-CCP

3x positive association37-39
1x not associated40

Moderate evidence of
positive association

Anti-MCV

1x positive association41

Limited evidence of
positive association

42,43

Strong evidence of no
association

43

Bone metabolism

Good/Fair Quality Studies

25(OH) Vitamin D

2x no association

3x no association

Alkalic Phosphate

1x no association

44-46

Calcium

Four markers showed a strong level of evidence for a positive association with the presence
of PsA in Pso: a higher level of matrix metalloproteinase 3 (MMP3),49,51,52,54 a higher level of
osteoprotegerin (OPG),49–53,55 a higher level of interleukin 6 (IL-6),61–64 and a higher level of
C-reactive protein (CRP).27,43,44,47,49,53,54,56,62,64,66,70–75,124,130

COMP

1x no association49

CPII:C2C

1x positive association49

CTX

Five markers showed a strong level of evidence for no association with PsA in Pso: vitamin D,42–
45,130
serum glucose,42,62,71,76,77,130 serum triglycerides,42,46,62,71,72,76,77 serum high-density lipoprotein
(HDL),42,62,71,72,77 and serum lowdensity lipoprotein (LDL).42,50,51,53,55,62,71,72,76,130
Moderate level of evidence
Moderate evidence was available for 56 of 137 investigated laboratory markers. Fourteen of
these 56 have been investigated in more than one study.
Of those 14 markers, six showed a positive association with the presence of PsA in Pso: the
presence of anti-citrullinated protein antibodies (ACPA),37-40 a higher level of IL-34,56,66 a higher
level of tumor necrosis factor alpha (TNFα),56,64 a higher mean platelet volume (MPV),68,69
a higher LDL:HDL ratio,62,64,71,76 and the presence of microRNA miR-146a-50.78,79
Cell culture

Only one of the 14 markers which were investigated more than once, showed moderate
evidence of a negative association with the presence of PsA in Pso: a lower ratio of OPG to
receptor activator of nuclear factor kappa-B ligand (RANKL) was associated with the presence
of PsA in Pso.50,56
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Cytokines

47-48

2x no association

Moderate evidence of no
association

2x no association47-48

Moderate evidence of no
association

1x no association50

Moderate evidence of no
association
Moderate evidence of
positive association
Moderate evidence of no
association

2x no association47,51

DKK-1

1x no association

1x positive association

Conflicting evidence

MMP3

3x positive association49,52,54

1x no association51

Strong evidence of
positive association

OPG

2x positive association

4x no association

Strong evidence of
positive association

OPG/RANKL ratio

2x negative
association50,56

Moderate evidence of
negative association

Osteoclast precursors

1x positive association56

Limited evidence of
positive association

52

53

49,52

50,51,53,55

Phosphate

1x no association43

1x no association47

Moderate evidence of no
association

RANKL

1x no association49

2x positive association56,57
3x no association50,51,53

Conflicting evidence

Urine Hp

1x negative association48

Limited evidence of
negative association

IL-2 secretion

1x positive association58

Limited evidence of
positive association

IL-17 secretion

1x positive association59
1x no association58

Conflicting evidence
Strong evidence of
positive association

(Change in) CXCL10

1x positive association27
1x positive association60

IL-6

1x positive association61
1x positive association62

1x positive association63
1x no association64

Strong evidence of
positive association

There was moderate evidence for no association for seven laboratory markers: serum alkalic
phosphate,43,47,48 serum calcium,47,48 serum cartilage oligomeric matrix protein (COMP),49,50
serum phosphate,43,47 serum collagen type I C-telopeptide (CTx),47,51 serum very low-density
lipoprotein (VLDL),62,76 and serum creatinine.43,53

IL-12/23 p40

1x no association49

Conflicting evidence
Conflicting evidence was available for 14 of 137 laboratory markers: markers of bone metabolism
(Dickkopf (DKK1);52,53 RANK-L49–51,53,56,57), markers of lipid metabolism (serum leptin;64,71 total
serum cholesterol;42,62,71,76,77 total cholesterol: HDL ratio;42,76 serum triglycerides42,71,72,76,77,130),
inflammation markers (erythrocyte sedimentation rate (ESR),43,44,47,56,62,66,70,74,75 cell numbers
(platelet count;68,70 white blood cell count70,130), cell phenotype (IL-17 secretion58,59), cytokine
levels (IL-12/23 p40;49,56 macrophage colonystimulating factor (M-CSF)52,53), uric acid,77,86– 88 and
antibodies against LL-37.82,95

1x positive association56

Conflicting evidence

IL-23

1x positive association65

Limited evidence of
positive association

IL-33

1x positive association56

Limited evidence of
positive association

1x positive association56

Moderate evidence of
positive association

IL-35

1x positive association56

Limited evidence of
positive association

IL-36a

1x negative association56

Limited evidence of
negative association

IL-38

1x positive association56

Limited evidence of
positive association

IL-34

M-CSF
TNFα

1x positive association66

1x negative association52

1x positive association53

Conflicting evidence

2x positive association56,64

Moderate evidence of
positive association
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Cytologic
phenotype

2

Inflammation
marker

Lipid metabolism
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CD3+ CD71+ count

1x positive association58

Limited evidence of
positive association

LDL

CD4+CD45RACXCR3+CCR4-

1x negative association67

Limited evidence of
negative association

LDL to HDL ratio

CD4+CD45RACXCR3+CCR6-

1x negative association

Limited evidence of
negative association

Leptin
Total cholesterol

CD4+CD45RA-IFNy+

1x negative association67

67

Limited evidence of
negative association

2x no association42,71

3x no associated46,72,76
1x positive association62

Strong evidence of no
association

2x positive association62,76

Moderate evidence of
positive association

1x positive association

1x no association

Conflicting evidence

1x negative association42
1x no association71

2x no association76,77
1x positive association62

71

64

Conflicting evidence

Total cholesterol/HDL

1x no association

1x positive association

Conflicting evidence

CD4+CD45RA-IL17+

1x positive association67

Limited evidence of
positive association

Triglycerides

2x no association42,71

4x no association42,46,76,77
2x positive association62,72

Strong evidence of no
association

CD4+TEMCXCR3+CCR4-

1x negative association67

Limited evidence of
negative association

VLDL

2x no association62,76

Moderate evidence of no
association

CD4+TEMIL17A+

1x negative association

Limited evidence of
negative association

CD8+CD45RACCR6+CXCR3-CD69+

67

1x positive association

CD8+CD45RA-IL17+

67

miRNA expression

42

76

let-7b-3p

1x negative association78

Moderate evidence of
negative association

Limited evidence of
positive association

let-7b-5p

1x negative association78

Moderate evidence of
negative association

1x positive association67

Limited evidence of
positive association

let-7e-5p

1x positive association78

Moderate evidence of
positive association

CD8+TCMCD69+

1x positive association

67

Limited evidence of
positive association

miR-26a-5p

1x positive association78

Moderate evidence of
positive association

CD8+TEMIL17A+

1x positive association67

Limited evidence of
positive association

miR-27a-3p

1x positive association78

Moderate evidence of
positive association

CD8+TEMRACCR6+CXCR3CD69-

1x positive association

Limited evidence of
positive association

miR-27b-3p

1x positive association78

Moderate evidence of
positive association

CD8+TEMRACXCR3+CCR4-

1x negative association67

Limited evidence of
negative association

miR-29a-3p

1x positive association78

Moderate evidence of
positive association

CD8+TEMRACXCR3+CCR6CD69+

1x positive association67

Limited evidence of
positive association

miR-30e-5p

1x positive association78

Moderate evidence of
positive association

Mean platelet volume

2x positive association

Moderate evidence of
positive association

miR-92a-3p

1x negative association78

Moderate evidence of
negative association

Monocyte count

1x positive association70

Limited evidence of
positive association

miR-92b-3p

1x negative association78

Moderate evidence of
negative association

Neutrophil count

70

1x positive association

Limited evidence of
positive association

miR-98-5p

1x positive association78

Moderate evidence of
positive association

Neutrophil to lymphocyte
ratio

1x positive association70

Limited evidence of
positive association

miR-139-3p

1x negative association78

Moderate evidence of
negative association

Platelet count

1x positive association70
1x no association68

Conflicting evidence

miR-146a-5p

1x positive association78

Platelet to lymphocyte
ratio

1x positive association

Limited evidence of
positive association

miR-203a

1x negative association78

Moderate evidence of
negative association

White blood count

1x positive association70
1x no association46

Conflicting evidence

miR-486-5p

1x negative association78

Moderate evidence of
negative association

miR-1180-3p

1x negative association78

Moderate evidence of
negative association

miR-2379-5p

1x positive association 78

Moderate evidence of
positive association

miR-3158-3p

1x negative association78

Moderate evidence of
negative association

miR-4732-3p

1x negative association78

Moderate evidence of
negative association

CCL1

1x negative association80

Moderate evidence of
negative association

CCL7

1x negative association80

Moderate evidence of
negative association

CCL20

80

1x negative association

Moderate evidence of
negative association

CX3CL1

1x negative association80

Moderate evidence of
negative association

CXCL2

1x negative association80

Moderate evidence of
negative association

CXCL5

1x negative association80

Moderate evidence of
negative association

67

68,69

70

CRP

5x positive
association43,49,54,66,71
1x no association27

8x positive
association44,47,53,56,70,72-74
4x no association46,58,64,75

Strong evidence of
positive association

ESR

1x positive association66
1x no association43

5x positive
association44,47,56,70,74
2x no association62,75

Conflicting evidence

Adiponectin

1x positive association71

1x negative association64

Conflicting evidence

ApoA to ApoB ratio

1x positive association76

Limited evidence of
positive association

ApoB

1x positive association76

Limited evidence of
positive association

CER

1x positive association46

Limited evidence of
positive association

Glucose

2x no association42,71

4x no association46,62,76,77

Strong evidence of no
association

HDL

2x no association42,71

3x no association62,72,77

Strong evidence of no
association

1x negative association77

Limited evidence of
negative association

Insulin

mRNA expression
whole blood

HAT1

1x positive association79

1x positive association81

Moderate evidence of
positive association

Limited evidence of
positive association
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Serum

IL-3

1x negative association80

Moderate evidence of
negative association

FHL1

1x positive association92

Limited evidence of
positive association

IL-6

1x negative association80

Moderate evidence of
negative association

GPS1

1x positive association92

Limited evidence of
positive association

94

IL-8

1x negative association80

Moderate evidence of
negative association

IL23R

1x positive association

Limited evidence of
positive association

IL-17C

1x negative association80

Moderate evidence of
negative association

ITGB5

1x positive association92

Limited evidence of
positive association

IL-17F

1x negative association80

Moderate evidence of
negative association

POSTN

1x positive association92

Limited evidence of
positive association

ISG20

1x negative association80

Moderate evidence of
negative association

PP2R4

1x positive association92

Limited evidence of
positive association

MMP-3

1x negative association80

Moderate evidence of
negative association

SNCA

1x positive association92

Limited evidence of
positive association

92

NOTCH2NL

1x negative association81

Limited evidence of
negative association

SRP14

1x positive association

Limited evidence of
positive association

SET2D

1x negative association81

Limited evidence of
negative association

SRPX

1x positive association92

Limited evidence of
positive association

Anti-ADAMTS-L5 IgG
antibodies

1x positive association95

Limited association of
positive association

Miscellaneous

STAT3

1x negative association80

Moderate evidence of
negative association

STAT6

1x negative association80

Moderate evidence of
negative association

Anti-LL37 antibodies

1x positive association95
1x mixed results82

Conflicting evidence

SYK

1x negative association80

Moderate evidence of
negative association

Arylesterase activity

1x positive association72

Limited evidence of
positive association

TBX21

1x negative association80

Moderate evidence of
negative association

Hemoglobin

1x negative association70

Limited evidence of
negative association

CD5L

1x positive association54

Moderate evidence of
positive association

IgG response to C region
of rM12 protein

1x positive association96

Limited evidence of
positive association

Creatinine

1x no association43

1x no association53

Complement C9

Moderate evidence of no
association

1x negative association

82

Limited evidence of
negative association

IFI16

1x negative association

Moderate evidence of
negative association

sIL2R

1x positive association61

Moderate evidence of
positive association

ITGB5

1x positive association54

Moderate evidence of
positive association

83

Gelsolin

1x negative association44

Limited association of
negative association

K17

1x positive association84

Limited evidence of
positive association

M2BP

54

1x positive association

Moderate evidence of
positive association

MPO

1x positive association54

Moderate evidence of
positive association

PRL

1x positive association85

Limited evidence of
positive association

STIP1

1x positive association84

Limited evidence of
positive association

1x no association88
1x negative association77

Conflicting evidence

VCP

1x positive association89

Limited evidence of
positive association

VEGFR-3

1x positive association90

Limited e evidence of
positive association

YKL-40

1x positive association91

Limited evidence of
positive association

C16ORF61

1x positive association92

Limited evidence of
positive association

CPN2

1x positive association92

Limited evidence of
positive association

CXCL12

1x positive association93

Limited evidence of
positive association

Uric acid

Skin
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1x positive association86
1x no association87

A positive association is defined as a higher risk of PsA when the marker is present/increased/higher. A negative association is
defined as a lower risk of PsA when the marker is present/increased/higher.
ACPA anti citrullinated protein antibodies; ADAMTS a disentegrin and metalloproteinase with thrombospondin motifs;
anti-CCP anti-cyclic citrullinated protein; Apo apolipoprotein; C16ORF61 endosomal protein sorting factor like (VSP35L);
C2C collagen fragment neoepitopes Col2-3/4 (long mono); CCL C-C chemokine ligand; CCR C-C chemokine receptor; CD
cluster of differentiation; CD5L CD5 ligand; CER ceramide; CM central memory; COMP cartilage oligometric matrix protein;
CPII C-propeptide of type II collagen; CPN2 carboxypeptidase N subunit 2; CRP C-reactive protein; CTX collagen type I
C-telopeptide; CX3CL C-X3-C motif ligand; CXCL C-X-C motif ligand; CXCR C-X-C motif receptor; DKK dickkopf; EM effector
memory; ESR erythrocyte sedimentation rate; FHL1 four and a half LIM domains; GPS G protein pathway suppressor;
HAT human airway trypsin-like protein; HDL high density lipoprotein; Hp hydroxyproline; IFI interferon-inducible protein;
IFN interferon; IgG immunoglobulin G; IL interleukin; IL23R IL23 receptor; ISG interferon stimulated gene; ITGB integrin beta
; K17 keratin 17; LDL low density lipoprotein; M2BP Mac-2-binding protein; M-CSF macrophage colony stimulating factor;
MCV mutated citrullinated vimentin; miRNA micro RNA; MMP matrix metalloproteinase; MPO myeloperoxidase; mRNA
messenger RNA; OPG osteoprotegerin; POSTN periostin; PPP2R4 protein phosphatase 2 phosphatase activator (PTPA);PRL
prolactin ; RANKL receptor activator of nuclear factor kappa-B ligand; RNA ribonucleic acid; SETD SET domain protein; sIL-2R
soluble IL-2 receptor; SNCA synuclein alpha; SRP signal recognition particle; SRPX sushi repeat containing protein X-linked;
STAT signal transducer and activator of transcription; STIP stress-inducible phosphoprotein; SYK spleen associated tyrosine
kinase; TBX T-box; TNF tumor necrosis factor; VCP valosin containing protein; VEGFR vascular endothelial growth factor
receptor; VLDL very low density lipoprotein
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Genetic markers

2

Strong level of evidence
There were no genetic markers which reached a strong level of evidence for a positive, negative
or no association with the presence of PsA.
Moderate level of evidence
Moderate evidence was available for 30 of 71 investigated genetic markers. Twenty-two of
those 31 have been investigated in more than one study.
Of these 22 markers, six showed a positive association with the presence of PsA in Pso: the
presence of haplotype B*27-C*01,97,99 haplotype B*27-C*02,97,99,100 haplotype B*38-C*12,97,99,100
haplotype B*39: 01-C*12,97,100 the presence of HLA-B*27,97,99,100,102–105 and the presence of the
single nucleotide polymorphism (SNP) rs1800925 in the IL13 gene.116,117
Moderate evidence of a negative association was available for three markers: the presence of
haplotype B*57- C*06,97,99 the presence of HLA-C*06,97,99–105,107–109 and the presence of the SNP
rs2082412 in the IL12B gene.111,135
There was moderate evidence for no association for 13 genetic markers: the presence of
HLA-B*57,99,100,102,104 HLA-C*01,97,100,102 HLA-DRB1*03,101,102 the presence of the SNP rs397211 of
IL1RN,111,135 the presence of the SNP’s rs3212227109,115 and rs6887695 in the IL12B gene,109,115 the
presence of the SNP rs2066807 in IL23A,111,135 the presence of the SNP rs11209026 in IL23R,109,115
the presence of the SNP rs610604 in TNFAIP3 (TNF alphainduced protein 3),111,135 the presence
of the SNP rs17728338 in TNIP (TNFAIP3-interacting protein),111,135 the presence of the SNP
rs1076160 in TSC1 (tuberous sclerosis 1),111,135 and the presence of TNFa-238109,122 and TNFa308.109,122
Conflicting evidence
Conflicting evidence was found for 17 of 71 genetic markers, of which 14 were investigated
in more than one study. These were the presence of HLA-B*08,97,99,100,102,103 HLA-B*13,101,102,104
HLA-B*18,97,100
HLA-B*37,97,102
HLA-B*38,97,99–101,104
HLA-B*39,97,100
HLA-C*02,97,99,100,102
99,100,102
99,100
101,102
HLA-C*07,
HLA-C*12,
HLADQB1* 02,
the presence of glutamic acid (Glu) at HLA-B
amino acid position 45,102,103,106 the presence of arginine (Arg) at HLA-B amino position 97,102,103
the presence of SNP rs20541 in the IL13 gene,111,117,135 and the presence of SNP rs2201841 in the
IL23R gene.111,135
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Table 3: Best evidence synthesis of genetic markers
Category

Marker

HLA

Haplotype B*08:01-C*07
Haplotype B*08-C*07MICA*00801

Good/Fair Quality Studies

Poor Quality Studies

Evidence

1x positive association97

Limited evidence of
positive association
Moderate evidence of
positive association

1x positive association98

Limited evidence of
positive association

Haplotype B*18-C*07

1x positive association

Haplotype B*27-C*01

2x positive association

Moderate evidence of
positive association

Haplotype B*27-C*02

3x positive
association97,99,100

Moderate evidence of
positive association

99

97,99

Haplotype B*27-C*02MICA*00701/026

1x positive association98

Moderate evidence of
positive association

Haplotype B*35-C*04MICA*0201/020

1x negative association98

Moderate evidence of
negative association

Haplotype B*37-C*06

1x negative association97

Limited evidence of
negative association

Haplotype B*38-C*12

3x positive
association97,99,100

Moderate evidence of
positive association

Haplotype B*39:01-C*12

2x positive
association97,100

Moderate evidence of
positive association

Haplotype B*57-C*06

2x negative
association97,99

Moderate evidence of
negative association

Haplotype B*57-C*06MICA*017

1x negative association99

Limited evidence of
negative association

HLA-A*03

1x mixed results101

Conflicting evidence

HLA-B*08

2x positive association97,99
3x no association100,102,103

Conflicting evidence

HLA-B*13

1x mixed results101
2x no association102,104

Conflicting evidence

HLA-B*18

1x positive association97
1x no association100

Conflicting evidence

HLA-B*27

6x positive
association97,99,100,103-105
1x no association102

Moderate evidence of
positive association

HLA-B*37

1x negative association97
1x no association102

Conflicting evidence

HLA-B*38

3x positive
association97,99,100
1x no association104
1x mixed results101

Conflicting evidence

HLA-B*39

1x positive association100
1x mixed results97

Conflicting evidence

HLA-B*40

1x negative association97

Limited evidence of
negative association

HLA-B*44

1x negative association97

Limited evidence of
negative association

HLA-B*57

1x negative association99
3x no association100,102,104

Moderate evidence of no
association

HLA-B*70

1x mixed results101

Conflicting evidence

HLA-B amino acid
position 45 Glu

1x positive association106
2x no association102,103

Conflicting evidence

HLA-B amino acid
position 95 Leu

1x positive association102

Limited evidence of
positive association

HLA-B amino acid
position 97 Arg

1x mixed results103
1x no association102

Conflicting evidence

HLA-C*01

1x positive association99
3x no association97,100,102

Moderate evidence of no
association
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HLA-C*02
HLA-C*06

2

Non-HLA

1x negative association107
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2x positive association97,99
2x no association100,102

Conflicting evidence

NFKBIA rs7152376

1x positive association107

7x negative
association97,99,102-105,108
2x no association100,109
1x mixed results101

Moderate evidence of
negative association

PTPN22 rs2476601

1x positive association121

Limited evidence of
positive association

TNFa-238

109,122

2x not associated

Moderate evidence of no
association

Moderate evidence of
positive association

HLA-C*07

1x positive association
2x no association100,102

Conflicting evidence

TNFa-308

2x not associated109,122

Moderate evidence of no
association

HLA-C*08

1x negative association105

Limited evidence of
negative association

TNFa-857

1x positive association109

Limited evidence of
positive association

HLA-C*12

1x positive association
2x no association99

Conflicting evidence

TNFacd haplotype a6c1d3

1x positive association123

Limited evidence of
positive association

HLA-C amino acid
position 305 Ala

1x positive association102

Limited evidence of
positive association

TNFAIP3 rs610604

2x not associated111,114

Moderate evidence of no
association

HLA-C rs10484554

1x positive association110

Limited evidence of
positive association

TNIP rs17728338

2x not associated

Moderate evidence of no
association

HLA-C rs12191877

1x negative association

Limited evidence of
negative association

TRAF3IP2 rs240993

1x not associated114

Limited evidence of no
association

HLA-DQB1*02

1x mixed results101
1x no association102

Conflicting evidence

TRAF3IP2 rs458017

1x not associated110

Limited evidence of no
association

HLA-DRB1*03

2x no association

Moderate evidence of no
association

TSC1 rs1076160

2x not associated111,114

Moderate evidence of no
association

HLA-DR*04

1x positive association101

Limited evidence of
positive association

ZNF816A

1x negative association114

Limited evidence of
negative association

HLA-DR*07

1x negative association

Limited evidence of
negative association

HLA-DR*11

1x mixed results

Conflicting evidence

ADAMTS9-MAG1 deletion

1x positive association112

Limited evidence of
positive association

CCR2 rs1799864

99

100

111

101,102

105

101

Limited evidence of
positive association

1x positive association

113

IL1RN rs397211

2x no association111,114

Moderate evidence of no
association

IL12B rs2082412

2x negative
association111,114

Moderate evidence of
negative association
Moderate evidence of no
association

IL12B rs3212227

1x no association115

1x no association109

IL12B rs6887695

1x no association115

1x no association109

IL13 rs1800925

1x positive association

116

IL13 rs20541

Moderate evidence of no
association

1x positive association

Moderate evidence of
positive association

2x positive
association114,117

Conflicting evidence

117

1x not associated111
IL13 rs848

1x positive association116

Moderate evidence of
positive association

IL17E rs79877597

1x positive association118

Limited evidence of
positive association

IL23A rs2066807

2x not associated111,114

Moderate evidence of no
association

1x no association109

Moderate evidence of no
association

IL23R rs2201841

1x negative association111
1x not associated114

Conflicting evidence

KIR2DS1 pos / C2 neg

1x positive association119

Limited evidence of
positive association

LOC100505817 rs4891505

1x positive association120

Limited evidence of
positive association

IL23R rs11209026

1x no association115

MICA*00701/026

1x positive association98

Moderate evidence of
positive association

MICA*00801

1x positive association98

Moderate evidence of
positive association

MICA*016

1x negative association98

Moderate evidence of
negative association

39

111,114

A positive association is defined as a higher risk of PsA when the marker is present/increased/higher. A negative association
is defined as a lower risk of PsA when the marker is present/increased/higher.
ADAMTS a disentegrin and metalloproteinase with thrombospondin motifs; Arg arginine; CCR C-C motif receptor;
Glu glutamic acid; HLA human leukocyte antigen; IL interleukin; IL1RN IL-1 receptor antagonist; IL23R IL-23 receptor;
KIR killer-cell immunoglobulin-like receptor; MAGI membrane-associated guanylate kinase; MICA MHC class I polypeptiderelated sequence A; PTPN22 protein tyrosine phosphatase non-receptor type 22; TNF tumor necrosis factor; TNFAIP TNF
alpha-induced protein; TNIP TNFAIP3 interacting protein; TRAF TNF receptor associated factor; TRAF3IP TRAF3 interacting
protein; TSC1 tuberous sclerosis 1; ZNF zinc finger protein
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Discussion

2

In this review, we summarized the available evidence for possible markers for the onset
or presence of PsA in a Pso patient population in a systematic way. Thereby, we provide an
update and addition to a recent narrative review regarding this subject by Scher et al.10 When
looking at clinical markers, we found only strong evidence for markers which were associated
with the development of PsA. Regarding laboratory markers, there was strong evidence for the
predictive value of (a change in) CXCL10 serum titers.27,60 There was also strong evidence for the
association with (but not prediction of) PsA of several markers related to bone metabolism49–55
and inflammation.27, 43, 44, 47, 49, 53, 54, 56, 58, 61–64, 66, 70–75, 130 With respect to genetic markers, we found no
markers which reached a strong level of evidence for the association with PsA.
In line with previous beliefs on possible clinical risk factors,10,140 we found moderate evidence
for a positive association of gluteal fold lesions25 and nail pitting for the onset of PsA.18 However,
for nail involvement in general (e.g., distal onycholysis, oil drop phenomenon and crumbling),
there was strong evidence of no association.18,19,25,27 Therefore, this relationship seemed to be
restricted to this specific nail feature.
Notably, we found conflicting evidence for the predictive value of obesity18,20,22,27,29,33,34 and
psoriasis severity18,20,22,25,27,28 for the development of PsA in Pso patients. These studies may also
be prone to bias because patients with severe Pso differ from patients with mild Pso in several
aspects. For instance, when looking at Pso severity in particular, one can argue that more
severe skin involvement is treated more intensively, thereby possibly suppressing concomitant
arthritis. These kinds of bias may be the reason why these frequently reported markers reach
conflicting evidence when all the studies are taking into account in a systematic way.
When looking at BMI at one unspecified timepoint, this marker shows conflicting evidence
for a relationship with the development of PsA. In three out of five high/fair quality studies,
there was no association,18,22,27 while two out of five showed a positive association.29,33 Even
when taking into account that the before mentioned three studies are performed in a
partially overlapping cohort, this marker does not reach the 75% agreement level we consider
necessary for a conclusive result. Therefore, BMI at any unspecified timepoint may not be
specific enough for prediction of PsA. Interestingly, more specified markers of weight and
body composure (e.g., recent weight gain, BMI at younger age or abdominal adiposity) showed
a positive association with the development of PsA in Pso but were only investigated in one
study of poor quality.34 Increasing the evidence in a more detailed way may be more valid and
relevant.
The association of trauma and psoriatic arthritis was theorized to be due to a deep Koebner
phenomenon.140 This phenomenon is comparable to the well-known Koebner phenomenon in
the skin, where trauma can cause the appearance of new skin lesions. The theory on the deep
Koebner phenomenon is based on a study of Thorarensen et al, who used diagnostic codes
to establish two comparable cohorts (Pso with and without PsA).35 However, when forming
cohorts in this way, there is a higher risk of misclassification in either cohort. This study is
in disagreement with two other papers with higher diagnostic certainty.19,20 Therefore we
concluded that there is currently strong evidence that physical trauma is not associated with
a higher rate of PsA in Pso patients.
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The relationship between smoking and PsA development has been described previously as
the "smoking paradox".31 This entails the fact that smoking appears to be a risk factor for PsA
when looking at the general population, but this association disappears when only looking
at psoriasis patients. This paradox may be explained by collider bias: bias resulting from
correcting for a variable which is a common effect of the exposure and outcome.10 In our
review, we found conflicting evidence for an effect of (current) smoking.18,20,28,29,31,32 However,
due to this collider bias, it is hard to determine if smoking leads to additional risk for the
development of PsA in a Pso population, unrelated to its effect on the development of Pso.
Studies focusing on a change in smoking status after the development of Pso may shed a light
on this enigma, as suggested by Nguyen31.
With regard to laboratory markers, only CXCL10 was studied longitudinally. This cytokine was
described in two good/fair quality studies, both found an association between CXCL10 and
PsA. Pso patients who developed PsA had a higher CXCL10 serum level at baseline.27 It was also
shown that during the evolution to arthritis the serum level of CXCL10 diminished: a larger
negative change was associated with a higher risk of PsA.60 The reason why CXCL10 levels
decreased towards the development of PsA is still unknown. One hypothesis could be that the
psoriasis patient group with a high level of CXCL10 is more prone to develop arthritis due to
its chemoattractant properties on CXCR3+ CD4+ and CD8+ T-cells.141 In the evolution towards
clinical manifest PsA, locally produced CXCL10 might get depleted by these infiltrating and
locally expanding inflammatory cells, subsequently lowering circulating CXCL10 levels over
time. However, since these two studies were published by the same research group, results
may be based on (partially) overlapping patient groups. Therefore, the predicting value of
CXCL10 should be interpreted cautiously.
With regard to cross-sectional studies, and markers that may indicate the presence of PsA in
Pso patients, we found strong evidence for a positive association with PsA in Pso for markers
of inflammation and bone. CRP is a well-known, widely used inflammatory marker. We found
strong evidence that the CRP level in PsA patients was higher than in patients with Pso only.27,
43,44,47,49,53,54,56,64,66, 70–75,124, 30
We argue that the co-appearance of joint inflammation is responsible
for this observation. However, we found no articles which studied the level of CRP before the
start of PsA in Pso. Therefore, it is unknown whether it can be used as a predictive marker. Also,
a clear CRP cut-off value for the presence of PsA (and therefore, specificity and sensitivity) is
lacking.
Other markers for which strong evidence of a positive association with the development of
PsA in Pso exist, were IL-6, MMP3 and OPG. IL-6 is widely regarded as a marker for systematic
inflammation and an important contributor to the production of CRP by the liver. MMP3
and OPG are associated with bone metabolism; one of the hallmark signs of PsA is new bone
formation.142 Also, untreated arthritis can lead to irreversible erosions.4 Therefore, it is not
surprising that MMP and OPG showed an association with the presence of PsA in our review. In
line with CRP, the predictive value of these markers is unknown, because longitudinal studies
are not performed yet.
Laboratory markers for cardiovascular disease are studied extensively in psoriatic
disease.42,46,62,64,71,72,76,77,130 From these findings, we can conclude with strong evidence that these
levels do not differ between psoriasis patients with and without arthritis. This is in contrast to
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a recent review which showed that the prevalence of cardiovascular comorbidities is higher in
patients with PsA when compared to Pso.143 This suggests that there are additional factors (e.g.
systemic inflammation) that play a role in cardiovascular morbidity in PsA.

2

With respect to genetic markers, we focus here on the most important HLA-markers for Pso
and PsA, and the IL-12 – IL-23 – IL-17 axis. The most important genetic marker for psoriasis is
HLA-C*06, also known as PSOR1.144 This marker is responsible for up to 50% of Pso heritability
in the healthy population. It is associated with type-I (early onset) psoriasis, as well as a guttate
phenotype.145 Interestingly, our review shows that, when looking within the population of Pso
patients, patients with the HLA-C*06 marker were less likely to also have PsA. Despite multiple
studies investigating this marker, high quality studies are needed to confirm the robustness of
the negative relationship between HLA-C*06 and the onset of PsA.
We found a moderate level of evidence for the presence of concomitant PsA in Pso for HLA-B*27,
known for its high prevalence (90%) in ankylosing spondylitis (AS).146 In other diseases of
the spondyloarthritis spectrum, the presence of HLA-B*27 is still higher than in the general
population, but less than in AS. Our review showed that the presence of HLA-B*27 was higher
in the Pso patients who developed arthritis than in the Pso patients who did not. This could
indicate that HLA-B*27 may be able to differentiate between Pso patients who do or do not
have PsA, which is also considered a part of the spondyloarthritis spectrum.
When looking at the IL-17/IL-23 axis from a genetic viewpoint, there was moderate evidence
that there are no SNPs in the IL23 gene for which the presence differs significantly between
PsA and Pso patients.109,111,114,115,147 We found limited evidence that the presence of rs79877597 in
the IL17 gene was more common in PsA versus Pso patients118. With regard to the common IL12/IL-23 pathway, there was moderate evidence regarding several SNPs in the IL12 gene.148 We
found that the presence of one SNP in IL12 (rs2082412) was lower in PsA versus Pso patients,
while other SNPs in this gene showed no difference.109,111,114,115 While the IL-17/IL-23 axis may be
important for the development of psoriatic disease in the general population, these results
may indicate that it is of limited importance in the development of PsA in Pso.
The strengths of this study include the extensiveness and systematic way of the search
with respect to markers for PsA in patient cohorts with Pso, subsequentially providing a
comprehensive overview of the available evidence. Also, the intertwining of clinical, laboratory
and genetic markers in a systematic way is unique. By conducting a best evidence synthesis,
taking the study quality into account, we made a qualitative overview of the extensive data.
The limitations of this systematic review are mostly due to the limitations of the included
studies. Since there were (almost) no prospective/longitudinal studies looking at genetic
and laboratory markers, we could only summarize the level of evidence with regard to the
relationship between laboratory and genetic markers with the presence of PsA in patients
with Pso (i.e. only one predictive factor could be identified). The level of evidence was limited
by a paucity of high or fair quality studies. Mostly, this was because of a lack of appropriate
definition of patient and control groups, in addition to not adjusting for possible confounders.
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Conclusion
This comprehensive systematic review on clinical, laboratory and genetic markers for PsA in
patients with Pso revealed that a useful set of markers is not established yet. There were no
clinical or genetic markers with strong evidence which could predict the development of PsA
in Pso cohorts. There was strong evidence that laboratory markers related to bone metabolism
and inflammation were associated with the presence of PsA. Promising is CXCL10, which
reached a strong level of evidence for predicting development of PsA in a Pso population.27,60
The importance of timely detecting PsA in a Pso population, and finding more (bio)markers
contributing to early detection, remains high.
List of abbreviations
ACPA: anti-citrullinated protein antibodies
Arg: arganin
AS: ankylosing spondylitis
BES: best evidence synthesis
BMI: body mass index
COMP: cartilage oligometric matrix protein
CRP: C-reactive protein
CTx: collagen type I C-telopeptide
CXCL: C-X-C motif ligand
DKK1: dickkopf 1
ESR: erythrocyte sedimentation rate
Glu: glutamic acid
HDL: high density lipoprotein
HLA: human leukocyte antigen
IL: interleukin
LDL: low density lipopreotein
M-CSF: macrophage colony stimulating factor
MMP3: metalloproteinase 3
MPV: mean platelet volume
OPG: osteoprotegrin
PsA: psoriatic arthritis
Pso: psoriasis
RANKL: receptor activator of nuclear factor kappa-B ligand
SNP: single nucleotide polymorphism
TNF: tumor necrosis factor
TNFAIP: TNF apha-induced protein
TNIP: TNFAIP3 interacting protein
TSC1: tuberous sclerosis 1
vBMD: volumetric bone mineral density
VLDL: very low density lipoprotein
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(genetic$ adj1 marker).ti,ab.
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Psoriatic arthritis

exp psoriatic arthritis/
(arthr$ adj1 psoria$).ti,ab.
(arthrop$ adj1 psoria$).ti,ab.
(enthes$ adj1 psoria$).ti,ab.
Spondylarthritis/
(spondyloarthr$ adj1 psoria$).ti,ab
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Limits
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conference proceeding or "conference review")
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Web of science search strategy
Psoriasis

exp psoriasis/
psorias$.ti,ab.
(psoriat$ adj patients).ti,ab.

Risk factors (general)

Predict$.ti,ab.
exp risk factors/
(risk adj factor*).ti,ab.
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laboratory and genetic)
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Psoriatic arthritis
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Cochrane search strategy
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predict*:ti,ab,kw
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etiology:ti,ab,kw
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OR
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Medline search strategy
Psoriasis

limit … to (dutch or english or german)
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Psoriatic arthritis

MeSH descriptor: [Arthritis, Psoriatic] explode all trees
arthri* near/1 psoria*:ti,ab,kw
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enthes* near/1 psori*:ti,ab,kw
MeSH descriptor: [Spondylarthritis] this term only
spondyloarthr* near/1 psoria*:ti,ab,kw
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Patient characteristics
Psoriasis
Diagnosis: by clinical and
histopathological criteria
N = 10
Age (median): 38 years
Sex: 40% male
Exclusion PsA: no
Diagnosis: basis not reported
N = 40
Age (mean): 43 years
Sex: 65% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 45
Age (mean): 46 years
Sex: 44% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 20
Age (mean): 44 years
Sex: 50% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 583
Age (mean): 50 years
Sex: 46% male
PsA exclusion: yes
Diagnosis: basis not reported
N = 146
Age: not reported
Sex: 53% male
Exclusion PsA: uncertain

Diagnosis: basis not reported
N = 85
Age (mean): 51 years
Sex: 51% male**
Exclusion PsA: yes
Diagnosis: basis not reported
N = 40
Age (mean): 58 years
Sex: 60% male
Exclusion PsA: yes
Diagnosis: basis not reported
N = 44
Age: not reported
Sex: not reported
Exclusion PsA: no
Diagnosis: by dermatologist
N= 614
Age (mean): 50 years
Sex: 60% male
Exclusion PsA: yes, not by
rheumatologist
Diagnosis: by characteristic
lesions
N = 34
Age (mean): 37 years
Sex: 65% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 55
Age (mean): 52 years
Sex: 42% male
Exclusion PsA: no

Study, design
Abdelaal, 201893
Egypt
Cross-sectional

Abdel Fattah, 200937
Egypt
Cross-sectional

Abji, 201627
Canada
Cohort
Follow-up: 1-5 years
Abji, 201780
Canada
Cross-sectional

Abji, 202060
Canada
Cohort
Follow-up: 1-10 years
Alenius, 200539
Sweden
Cross-sectional

Alenius, 200963
Sweden
Cross-sectional

Amin, 201557
Egypt
Cross-sectional

De Andrea, 201983
Italy
Cross-sectional

Aterido, 2019102
Spain
Cross-sectional

Attia, 201155
Egypt
Cross-sectional

Ausavarungnirun, 201766
Thailand
Cross-sectional

Diagnosis: by rheumatologist,
CASPAR criteria
N = 55 years
Age (mean): 53
Sex: 42% male

Diagnosis: by CASPAR criteria
N = 16
Age (mean): 35 years
Sex: 63% male

Serum OPG was not associated with
PsA.

The presence of Leu at amino acid
position 95 of HLA-C was positively
associated with PsA.

A lower level of IFI16 was associated
with PsA.

A higher serum RANKL level was
associated with PsA.

A higher IL-6 level was associated
with an increased risk of PsA.

A higher anti-CCP level was
associated with an increased risk of
PsA.

A larger decline in CXCL10 over time
was associated with PsA.

A lower mRNA-expression of 15 genes
was associated of PsA.*

Baseline patient characteristics and
disease activity were not associated
with an increased risk of PsA.
CXCL10 was associated with PsA.

Anti-CCP levels were not associated
with PsA.

Bone metabolism (1)
A higher (level of) ESR and hs-CRP
Inflammation markers (2) were associated with PsA.

Bone metabolism (1)

HLA (1)

Serum markers (1)

Bone metabolism (1)

Cytokines (1)
Other serum markers (1)

ACPA (1)

Cytokines (1)

mRNA expression,
peripheral blood (25)

Cytokines (1)
Inflammation marker (1)
Disease activity (4)
Patient characteristics (4)

ACPA (1)

A higher mRNA-expression of CXCL12
in keratinocytes, dermal cells and
blood vessels was associated with
PsA.

Main results
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Diagnosis: by rheumatologist,
CASPAR criteria
N = 2265
Age (mean): 53 years
Sex: 56% male

Diagnosis: by CASPAR criteria
N = 158
Age (median): 50 years
Sex: 50% male

Diagnosis: by CASPAR criteria
N = 20
Age (mean): 46 years
Sex: 40% male

Diagnosis: by Moll and Wright
criteria
N = 134
Age (mean): 48 years
Sex: 51% male**

Diagnosis: basis not reported
N = 160
Age: not reported
Sex: 45% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 61
Age (mean): 50 years
Sex: 52% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 20
Age (mean): 48 years
Sex: 45% male

Diagnosis: by rheumatologist and
CASPAR
N = 46
Age (mean): 47 years
Sex: 54% male

Diagnosis: by Moll & Wright criteria
N = 40
Age (mean): 43 years
Sex: 45% male

Cytologic phenotype (3)

Predictors (n)

2

Diagnosis: by CASPAR criteria
N = 10
Age (median): 39 years
Sex: 30% male

Patient characteristics
Psoriatic Arthritis

Supplementary table 2: Characteristics of included studies (n=119)
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Diagnosis: by dermatologist
N = 1001
Age (mean): 48 years
Sex: 51% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 39
Age (mean): 46 years
Sex: 39% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 51
Age (mean): 47 years **
Sex: not reported
Exclusion PsA: no
Diagnosis: by 2 independent
dermatologists
N = 410
Age (mean): 47 years
Sex: 54% male**
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 12
Age (mean): 51 years
Sex: 50% male
Exclusion PsA: no
Diagnosis: by histopathology
N = 29
Age (mean): 39 years
Sex: 52% male
Exclusion PsA: yes
Diagnosis: basis not reported
N = 21
Age (mean): 54 years
Sex: 90% male
Exclusion PsA: no

Diagnosis: by dermatologist
N = 49
Age (mean): 49 years
Sex: 59% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 743
Age: not reported
Sex: not reported
Exclusion PsA: yes
Diagnosis: basis not reported
N = 1784
Age: not reported
Sex: not reported
Exclusion PsA: yes
Diagnosis: not reported basis
N = 2808
Age: not reported
Sex: not reported
Exclusion PsA: yes
Diagnosis: basis not reported
N = 109
Age: not reported
Sex: not reported
Exclusion of PsA: yes
Diagnosis: basis not reported
N = 38
Age (mean): 50 years
Sex: 63% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 106
Age (mean): 43 years
Sex: 48% male
Exclusion PsA: no

Bartosinska, 201550
Poland
Cross-sectional

Bartosinka, 2018133
Poland
Cross-sectional

Batalla, 2015118
Spain
Cross-sectional

Benham, 201359
UK
Cross-sectional

Borman, 200847
Turkey
Cross-sectional

Bose, 201458
Italy
Cross-sectional

Bostoen, 2014124
Belgium
Cross-sectional

Bowes, 2011117
UK, Ireland
Cross-sectional

Bowes, 2015121
Multiple countries
(WTCCC2-cohort)
Cross-sectional
Bowes, 2017103
Multiple countries
(WTCCC2-cohort)
Cross-sectional
Cabaleiro, 2013109
Spain
Cross-sectional

Calzavara, 1998125
Italy
Cross-sectional

Candia, 200638
USA, Columbia
Cross-sectional

Diagnosis: by Moll and Wright
criteria
N = 72
Age (mean): 48 years
Sex: 43% male

Diagnosis: by Moll and Wright,
Ruzicka criteria
N = 76
Age (mean): 49 years
Sex: 46% male

Diagnosis: basis not reported
N = 33
Age: not reported
Sex: not reported

A higher IL-22 secretion by PBMC’s
was associated with PsA.

The presence of IL17E rs79877597 CC
genotype was positively associated
with PsA.

mRNA expression of PDCD1, NRP1
and HLA-G was not associated with
PsA.

A lower OPG/sRANKL ratio was
associated with PsA.

Hyperuricemia was not associated
with PsA.

ACPA (1)

ACPA (1)

HLA (1)
Non-HLA (8)

HLA (10)

Non-HLA (1)

Non-HLA (2)

Inflammation marker (1)

Cell culture (7)
Cytologic phenotype (1)

A higher level of anti-CCP was
associated with PsA.

Presence of APF was not associated
with PsA.

The presence of TNF-857 CC
phenotype was positively associated
with PsA.

The presence of Asp or Ser at
amino acid position 97 of HLA-B
was positively associated with
PsA. HLA-C*0602 was negatively
associated with PsA.

The presence of PTPN22 rs2476601
was positively associated with PsA.

The presence of IL-13 rs1800925 and
rs20541 major allele were positively
associated with PsA.

CRP was not associated with PsA.

A higher IL-2 secretion by anti-CD3stimulated T-cells and a higher
percentage of CD3+CD71+ cells were
associated with PsA.

Bone metabolism (4)
A higher (level of) of ESR and CRP
Inflammation markers (2) were associated with PsA.

Cell culture (1)
Cytologic phenotype (2)

Non-HLA (6)

mRNA expression,
peripheral blood (3)

Bone metabolism (4)
Cytokines (1)

Uric acid (1)

Markers associated with (the development of) PsA in Pso patients

Diagnosis: by rheumatologist based
on psoriasis and peripheral arthritis
N = 1945
Age: not reported
Sex: not reported

Diagnosis: basis not reported
N = 1962
Age: not reported
Sex: not reported

Diagnosis: by rheumatologist based
on psoriasis and peripheral arthritis
N = 937
Age: not reported
Sex: 42% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 55
Age (mean): 50 years
Sex: 69% male

Diagnosis by: CASPAR criteria
N = 30
Age (mean): 54 years
Sex: 67% male

Diagnosis: by inflammatory arthritis
N = 18
Age (mean): 41 years
Sex: 44% male

Diagnosis: by
CASPAR criteria
N = 11
Age (mean): 52 years
Sex: 46% male

Diagnosis: by Moll & Wright and
CASPAR criteria
N = 170
Age (mean): 47 years
Sex: 54% male**

Diagnosis: basis not reported
N = 21
Age (mean): 47 years **
Sex: not reported

Diagnosis: by CASPAR criteria
N = 22
Age (mean): 48 years
Sex: 22% male

Diagnosis: by rheumatologist
N = 100
Age (mean): 50 years
Sex: 49% male
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Barbarroja, 201987
Spain
Cross-sectional
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Diagnosis: basis not reported
N = 58
Age (mean): 41 years **
Sex: 53% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 26
Age (mean): 45 years
Sex: 46% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 309
Age: not reported
Sex: 59% male
Exclusion PsA: no
Diagnosis: basis not reported
N = 10
Age: not reported
Sex: 60% male
Exclusion PsA: yes
Diagnosis: basis not reported
N = 100
Age (mean): 50 years
Sex: 55% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 10
Age (median): 50 years
Sex: 60% male
Exclusion PsA: no
Diagnosis: basis not reported
N = 42
Age (mean): 46 years
Sex: 74% male
Exclusion PsA: yes

Diagnosis: by dermatologist
N = 28
Age (mean): 45 years
Sex: 69% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 50
Age (median): 48 years
Sex: 66% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 159
Age (mean): 48 years
Sex: 54% male
Exclusion PsA: yes

Diagnosis: by dermatologist
N = 342
Age: not reported
Sex: 57% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 404
Age (mean): 46 years
Sex: 56% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 335
Age (mean): 46 years
Sex: 56% male
Exclusion PsA: yes

Chandran, 201049
Canada
Cross-sectional

Coto-Segura, 2019107
Spain
Cross-sectional

Cretu, 201592
Canada
Cross-sectional

Cretu, 201754
Canada
Cross-sectional

Dalbeth, 201053
Australia
Cross-sectional

Dalmady, 201341
Hungary
Cross-sectional

Diani, 201951
Italy
Cross-sectional

Diani, 201967
Italy
Cross-sectional

Eder, 201120
Canada
Case-control
Follow-up: 10 years

Eder, 2011116
Canada
Cross-sectional

Eder, 201228
Canada
Case-control
Follow-up: not reported
Eder, 201299
Canada
Cross-sectional

Diagnosis: by rheumatologist,
CASPAR criteria
N = 712
Age (mean): 42 years
Sex: 58% male

Diagnosis: by psoriasis and arthritis
or CASPAR
N = 728
Age (mean): 37 years
Sex: 59% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 555
Age: not reported
Sex: 59% male

A higher MPV was associated with
PsA.

12/36 proteins were higher expressed
in PsA lesional skin.*** A higher level
of serum ITGB5 was associated with
PsA.

The presence of HLA-Cw6 was
negatively associated with PsA. The
presence of NFKB1A rs7152376 was
positively associated with PsA.

The presence of IL-13 rs848 and
rs1800925 major alleles were
positively associated with PsA.

Lifting heavy loads and infections
that required antibiotics were
associated with an increased risk of
PsA.
Smoking was associated with a
decreased risk of PsA.

A higher percentage of 7$ and a lower
percentage of 5¥ cell subsets were
associated with PsA.

None of the markers of bone
metabolism were associated with
PsA.

A higher level of anti-MCV titers was
associated with PsA.

Higher levels of CRP, DKK-1 and
M-CSF were associated with PsA.

HLA (18)

The presence of HLA-B*27,
HLA-C*01, HLA-C*02 genotypes and
HLA-B*18-C*07, HLA-B*27-C*01,
HLA-B*27-C*02, HLA-B*38-C*12,
HLA-B*08-C*07, and HLA-B*57-C*06
haplotypes are positively associated
with PsA. HLA-C*06 and HLADRB1*07 were negatively associated
with PsA.

Disease activity (9)
Smoking was associated with a
Intoxication (4)
decreased risk of PsA.
Patient characteristics (1)

Non-HLA (2)

Comorbidities (4)
Disease activity (2)
Fertility (5)
Intoxication (4)
Medication (6)
Patient characteristics (3)
Physical stress (13)
Psychological distress (6)

Cytologic phenotype (27)

Bone metabolism (21)

ACPA (1)

Bone metabolism (3)
Cytokines (1)
Inflammation marker (1
Serum markers (1)

Bone metabolism (1)
Higher levels of ITGB5, M2BP and CRP
Inflammation markers (1) were associated with PsA.
Serum markers (4)

Skin ( 36)
Serum markers (2)

HLA (1)
Non-HLA (3)

Bone metabolism (6)
Higher level of hs-CRP, OPG,
Cytokines (2)
MMP-3 and the CPII:C2C ratio were
Inflammation markers (1) associated with PsA.

Cytologic phenotype (2)

Markers associated with (the development of) PsA in Pso patients

Diagnosis: by CASPAR
N = 159
Age (mean): 45 years
Sex: 56% male

Diagnosis: basis not reported
N = 50
Age (median): 48 years
Sex: 78% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 15
Age (mean): 51 years
Sex: 78% male

Diagnosis: by CASPAR criteria
N = 46
Age (mean): 45 years
Sex: 52% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 38
Age (median): 44 years
Sex: 58% male

Diagnosis: by CASPAR criteria
N = 100
Age (mean): 51 years
Sex: 49% male

Diagnosis: by CASPAR criteria
N = 10
Age: not reported
Sex: 60% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 187
Age: not reported
Sex: 48% male

Diagnosis: by CASPAR criteria
N = 26
Age (mean): 47 years
Sex: 46% male

Diagnosis: by Moll and Wright
criteria
N = 48
Age (mean): 41 years **
Sex: 58% male
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Canpolat, 201068
Turkey
Cross-sectional
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Diagnosis: by dermatologist
N = 30
Age: not reported
Sex: not reported
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 114
Age (mean): 52 years
Sex: 58% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 155
Age (median): 50 years
Sex: 54% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 464
Age (mean): 47 years
Sex: 56% male
Exclusion PsA: yes

Diagnosis: by dermatologist
N = 410
Age (mean): 47 years
Sex: 56% male
Exclusion PsA: yes

Diagnosis: dermatologist
N = 8742
Age (mean): 52 years
Sex: 51% male
Exclusion PsA: no

Diagnosis: by dermatologist
N = 314
Age (mean): 46 years**
Sex: 55% male **
Exclusion PsA: yes
Diagnosis: basis not reported
N = 32
Age: not reported
Sex: not reported
Exclusion PsA: no
Diagnosis: by dermatologist
N = 89
Age (mean): 41 years
Sex: 66% male
Exclusion PsA: yes
Diagnosis: by rheumatologist,
characteristic lesions
N = 40
Age (mean): 74 years
Sex: 50% male
Exclusion PsA: no
Diagnosis: by characteristic
lesions
N = 21
Age (mean): 43 years
Sex: 58% male
Exclusion PsA: yes
Diagnosis: basis not reported
N = 24
Age (mean): 51 years
Sex: 46% male
Exclusion PsA: no

Eder, 2013126
Canada
Cross-sectional

Eder, 201371
Canada
Cross-sectional

Eder, 201618
USA
Cohort
Follow-up: 8 years

Eder, 201722
USA
Cohort
Follow-up: 8 years

Egeberg, 201823
Denmark
Cohort
Follow-up: 18 years

Eiris, 2014134
Spain
Cross-sectional

Elkayam, 2004101
Israel
Cross-sectional

Engin, 2020127
Turkey
Cross-sectional

Esawy, 201944
Egypt
Cross-sectional

Farrag, 2017131
Egypt
Cross-sectional

Frasca, 201882
Italy
Cross-sectional

Diagnosis: by rheumatologist,
CASPAR criteria
N = 32
Age (mean): 54 years
Sex: 59% male

Diagnosis: by CASPAR criteria
N = 24
Age (mean): 47 years
Sex: 52% male

More severe psoriasis, low level of
education and the use of systemic
retinoid medications were
associated with an increased risk of
PsA.

Higher levels of hsCRP, adiponectin
and leptin were associated with PsA.

A lower serum uric acid and a higher
hsCRP were associated with PsA.

The presence of HLA-B*27, HLA-B*38,
HLA-B*39 , HLA-C*12 genotypes and
HLA-B*38-C*12, HLA-B*39-C*12 and
HLA-B*37-C*02 haplotypes were
positively associated with PsA.

Serum TWEAK levels are not
associated with PsA.

The presence of HLA-A*03, -B*13 and
-B*38 was negatively associated with
PsA.

The presence of IL23R rs2201841 AA
genotype and IL23R rs11209026 GG
genotype was positively associated
with PsA.

A longer duration of cutaneous
symptoms was associated with an
increased risk of PsA.

Cytokines (1)
Serum markers (4)

Cytokines (1)

A lower level of plasma C9 is
associated with PsA.

A higher level of serum IL-34 was
associated with PsA.

ACPA (1)
A lower level of gelsolin was
Inflammation markers (1) associated with PsA.
Serum markers (1)
Higher levels of hsCRP and BSE are
associated with PsA.

Serum markers (1)

HLA (30)

Non-HLA (4)

Disease activity (4)

Disease activity (17)
Arthralgia in women, heel pain,
Patient characteristics (3) fatigue and stiffness were associated
Psychological distress (2) with an increased risk of PsA.
An increase in pain, stiffness, fatigue
and functional disability were
associated with an increased risk of
PsA.

Comorbidities (5)
Disease activity (5)
Fertility (1)
Intoxication (4)
Medication (3)
Patient characteristics (6)
Psychological distress (1)

Inflammation marker (1)
Lipid metabolism (6)
Serum markers (1)

Inflammation marker (1)
Lipid metabolism (5)
Uric acid (1)

HLA (14)

Markers associated with (the development of) PsA in Pso patients

Diagnosis: by rheumatologist,
CASPAR and Moll & Wright criteria
N = 76
Age (mean): 45 years
Sex: 55% male

Diagnosis: basis not reported
N = 14
Age (mean): 43 years
Sex: 57% male

Diagnosis: by rheumatologist
N = 50
Age: 58 years
Sex: 60% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 91
Age (mean): 46 years**
Sex: 55% male**

Diagnosis: rheumatologist
N = 1269
Age (mean): 52 years
Sex: 51% male

Diagnosis: by rheumatologist
N = 57
Age (mean): 49 years
Sex: 54% male

Diagnosis: by rheumatologist,
CASPAR
N = 51
Age (mean): 47 years
Sex: 55% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 203
Age (median): 51 years
Sex: 61% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 125
Age (mean): 54 years
Sex: 52% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 178
Age: not reported
Sex: not reported
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Eder, 2012100
Canada
Cross-sectional
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Diagnosis: by rheumatologist
N = 86
Age (mean): 52 years **
Sex: 63% male**
Exclusion PsA: no
Diagnosis: by code#
N = 88780
Age (mean): 49 years
Sex: 48%
Exclusion PsA: no
Diagnosis: basis not reported
N = 24
Age (mean): 34 years
Sex: 50% male
PsA exclusion: no
Diagnosis: by dermatologist
N = 611
Age: not reported
Sex: 54% male
Exclusion PsA: subset
Diagnosis: basis not reported
N = 65
Age (mean): 44 years
Sex: 66 % male
PsA exclusion: no
Diagnosis: by code#
N = 16
Age (mean): 47 years **
Sex: 58% male**
Exclusion PsA: no
Diagnosis: by clinical and
histopathological criteria
N = 281
Age (mean): 40 years **
Sex: 59% male**
Exclusion PsA: no

Diagnosis: basis not reported
N = 70
Age (mean): 46 years
Sex: 54% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 145
Age (mean): 46 years
Sex: 50% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 71
Age: 41 years
Sex: 42% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 200
Age (median): 54 years
Sex: 51% male
Exclusion PsA: nee
Diagnosis: by dermatologist
N = 48
Age (mean): 50 years
Sex: 54% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 180
Age (median): 51 years
Sex: 50% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 1050
Age: not reported
Sex: 59% male
Exclusion PsA: no

Green, 202029
UK
Cohort
Follow-up: 17 years
Hein, 199148
Germany
Cross-sectional

Ho, 2008108
United Kingdom
Cross-sectional

Hohler, 2002123
Belgium, Germany
Cross-sectional

Hong, 201890
USA
Cross-sectional

Hur, 202075
South Korea
Cross-sectional

Husakova, 201585
Country not reported
Cross-sectional

Husni, 201872
USA
Cross-sectional

Isik, 2016122
Turkey
Cross-sectional

Jadon, 201752
UK, USA
Cross-sectional

Jensen, 201391
Denmark
Cross-sectional

Johnson, 201964
USA
Cross-sectional

Julia, 2012110
Spain
Cross-sectional

Diagnosis: by rheumatologist,
CASPAR criteria
N = 955
Age: not reported
Sex: 54% male

Diagnosis: basis not reported
N = 143
Age (median): 51 years
Sex: 56% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 42
Age (mean): 52 years
Sex: 43% male

25(OH) Vitamin D is not associated
with PsA.

A higher level of VEGFR-3 was
associated with PsA.

The presence of HLA-B*27 and
haplotype TNFa6c1d3 were positively
associated with PsA.

The presence of HLA-C*06 was not
associated with PsA.

A lower urine Hp excretion was
associated with PsA.

HLA (1)
Non-HLA (3)

Cytokines (3)
Inflammation marker (1)
Lipid metabolism (4)

Serum markers (1)

Bone metabolism (3)
Cytokines (1)

Non-HLA (2)

Inflammation marker (1)
Lipid metabolism (4)
Serum markers (1)

Serum markers (1)

The presence of HLA-C rs10484554
was positively associated with PsA.

A higher level of TNFα, and a lower
level of adiponectin, were associated
with PsA.

A higher level of YKL-40 was
associated with PsA.

A lower level of M-CSF was
associated with PsA. A higher level of
MMP-3 was associated with PsA.

The presence of TNFa-238A and
-308A was not associated with PsA.

A higher level of CRP and
triglycerides, and a higher
arylesterase activity were associated
with PsA.

A higher level of serum PRL was
associated with PsA.

Inflammation markers (2) ESR and CRP were not associated
with PsA.

Serum markers (1)

HLA (1)
Non-HLA (4)

HLA (1)

Bone metabolism (3)

Intoxication (5)
Higher BMI and moderate drinking
Patient characteristics (3) were associated with an increased
risk of PsA.

Bone metabolism (1)

Markers associated with (the development of) PsA in Pso patients

Diagnosis: by CASPAR criteria
N = 200
Age (median): 58 years
Sex: 52% male

Diagnosis: by CASPAR criteria
N = 58
Age: 49 years
Sex: 40% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 198
Age (mean): 50 years
Sex: 51% male

Diagnosis: by seronegative arthritis
N = 40
Age (mean): 49 years
Sex: 50% male

Diagnosis: CASPAR criteria
N = 19
Age (mean): 40 years**
Sex: 59% male**

Diagnosis: basis not reported
N= 16
Age (mean): 47 years **
Sex: 58% male**

Diagnosis: by rheumatologist,
seronegative inflammatory arthritis
Age (mean): 48 years
Sex: 53% male

Diagnosis: by rheumatologist
N = 480
Age: not reported
Sex: 57% male

Diagnosis: basis not reported
N = 24
Age (mean): 40 years
Sex: 40% male

Diagnosis: by code#
N = 1409
Age (mean): 45 years
Sex: 53%

Diagnosis: basis not reported
N = 59
Age (mean): 52 years **
Sex: 63% male**
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Gisondi, 201145
Italy
Cross-sectional
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Diagnosis: by dermatologist
N = 822
Age: not reported
Sex: not reported
Exclusion PsA: no
Diagnosis: basis not reported
N = 41
Age (mean): 38 years
Sex: 54%
Exclusion PsA: no
Diagnosis: by dermatologist
N = 111
Age (mean): 38 years
Sex: 56% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 41
Age (mean): 48 years
Sex: 54% male
Exclusion PsA: no
Diagnosis: by code#
N = 73447
Age (mean): not reported
Sex: not reported
Exclusion PsA: no
Diagnosis: by dermatologist
N = 20
Age (mean): 45 years
Sex: 60% male
Exclusion PsA: no
Diagnosis: by code#
N = 74419
Age (mean): 52 years **
Sex: 43% male**
Exclusion PsA: no

Diagnosis: self-report
N = 581
Age (mean): not reported
Sex: 0% male
Exclusion PsA: no
Diagnosis: self-report
N = 556
Age (mean): not reported
Sex: 0% male
Exclusion PsA: no
Diagnosis: basis not reported
N = 20
Age (median): 52 years
Sex: 70% male
Exclusion PsA: not reported
Diagnosis: by dermatologist
N = 80
Age: not reported
Sex: 61% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 145
Age (mean): 46 years
Sex: 51% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N= 34
Age (mean): 43 years
Sex: 71% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 151
Age (mean): 45 years
Sex: 66% male
Exclusion PsA: no

Kilic, 201769
Turkey
Cross-sectional

Kim, 201670
South Korea
Cross-sectional

Krajewska, 201974
Poland
Cross-sectional

Lewinson, 201736
UK
Cohort
Follow-up: 0-25 years
El-Leithy, 202094
Egypt
Cross-sectional

Love, 201233
UK
Cohort
Follow-up:
0-15 years

Li, 201232
USA
Cohort
Follow-up: 0-14 years
Li, 201234
USA
Cohort
Follow-up: 0-14 years
Li, 201656
China
Cross-sectional

Liao, 2008105
Taiwan
Cross-sectional

Lin, 201473
USA
Cross-sectional

Lin, 201979
Taiwan
Cross-sectional

Loft, 2018115
Denmark
Cross-sectional

Diagnosis: by rheumatologist
N = 549
Age (mean): 46 years
Sex: 46% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 17
Age (mean): 48 years
Sex: 73% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 198
Age (mean): 50 years
Sex: 50% male

Diagnosis: by rheumatologist, Moll &
Wright criteria
N = 91
Age: not reported
Sex: 55% male

A higher MPV was associated with
PsA.

A deletion at ADAMTS-MAGI1 was
positively associated with PsA.

Higher expression of IL23R in dermis
and epidermis were associated with
PsA.

Major depressive disorder was
associated with an increased risk of
PsA.

A higher (level of) CRP and BSE were
associated with PsA.

Non-HLA (52)

miRNA (1)

Inflammation marker (1)

HLA (5)

Bone metabolism (3)
Cytokines (8)
Cytologic phenotype (1)
Inflammation marker (2)

Patient characteristics
(16)

Intoxication (7)

The presence of TNF rs361525 was
positively associated with PsA.

A higher expression of miR-146a-5p
in monocytes was associated with
PsA.

A higher level of CRP was associated
with PsA.

The presence of HLA-B*27 or
HLA–C*12 was associated positively
with PsA.

A higher (level of) CRP, BSE, IL-12/23
p40, IL-33, IL-34, IL-35, IL-38, TNFα,
RANKL and OCP were associated
with PsA. A lower (level of) IL-36a and
OPG/RANKL-ratio were associated
with PsA.

A higher BMI, weight change since
early adulthood, and a higher waist
and hip circumference and waisthip-ratio were associated with an
increased risk of PsA.

Smoking intensity and duration were
associated with an increased risk of
PsA.

Patient characteristics (3) A higher BMI was associated with an
increased risk of PsA.

Skin (2)

Psychological distress (1)

Inflammation marker (2)

Cytologic phenotype (8)
A higher NLR, PLR and ESR were
Inflammation markers (2) associated with PsA.

Cytologic phenotype (1)

Non-HLA (1)

Markers associated with (the development of) PsA in Pso patients

Diagnosis: basis not reported
N = 40
Age (median): 41 years
Sex: 65% male

Diagnosis: self-report
N = 146
Age (mean): not reported
Sex: 0% male

Diagnosis: self-report
N = 157
Age (mean): not reported
Sex: 0% male

Diagnosis: by code#
N = 976
Age (mean): 52 years **
Sex: 43% male**

Diagnosis: by rheumatologist,
CASPAR criteria
N = 20
Age (mean): 50 years
Sex: 60% male

Diagnosis: by code#
N = 1466
Age (mean): not reported
Sex: not reported

Diagnosis: by rheumatologist,
CASPAR criteria
N = 31
Age (mean): 50 years
Sex: 48% male

Diagnosis: by CASPAR criteria
N = 25
Age (mean): 42 years
Sex: 52% male

Diagnosis: basis not reported
N = 116
Age (mean): 48 years
Sex: 41% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 1131
Age: 54 years
Sex: 51% male
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Julia, 2015112
Spain
Cross-sectional
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Diagnosis: basis not reported
N = 31
Age (mean): 56 years
Sex: 84% male
Exclusion PsA: no
Diagnosis: basis not reported
N = 23
Age (mean): 52 years
Sex: 70% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 50
Age (mean): 53 years
Sex: 43% male
Exclusion PsA: no
Diagnosis: basis not reported
N = 88
Age: not reported
Sex: 71% male
Exclusion PsA: no
Diagnosis: basis not reported
N = 72
Age (median): 53 years**
Sex: 67% male**
Exclusion PsA: no
Diagnosis: basis not reported
N = 40
Age (mean): 49 years
Sex: 78% male**
Exclusion PsA: no
Diagnosis: basis not reported
N = 3523
Age: not reported
Sex: not reported
Exclusion PsA: not reported

Diagnosis: by code#
N = 218156
Age (mean): 45 years **
Sex: 48% male**
Exclusion PsA: no
Diagnosis: by dermatologist
N = 3098
Age: not reported
Sex: not reported
Exclusion PsA: no
Diagnosis: by dermatologist
N = 70
Age (mean): 46 years
Sex: 54% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 33
Age (mean): 55 years
Sex: 64% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 29
Age (mean): 40 years
Sex: 59% male
Exclusion PsA: yes
Diagnosis: by not reported
N = 163
Age (mean): 46 years
Sex: 44% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 62
Age (mean): 41 years
Sex: not reported
Exclusion PsA: no

Maejima, 201789
Japan
Cross-sectional

Mavropoulos, 2017129
Greece
Cross-sectional

Muto, 199696
Japan
Cross-sectional

Mysliwiec, 201746
Poland
Cross-sectional

Mysliwiec, 2019130
Poland
Cross-sectional

Nair, 2009111
Multiple
Cross-sectional

Nguyen, 201731
UK
Cohort
Follow-up: 0-20 years
Okada, 2014106
Multiple
Cross-sectional

Orgaz-Molina, 201342
Spain
Cross-sectional

Ortolan, 201977
Italy
Cross-sectional

Pasquali, 202078
Sweden
Cross-sectional

Pattison, 200721
USA
Case-control
Follow-up: 10 years

Pietrzak, 201976
Poland
Cross-sectional

Diagnosis: by CASPAR criteria
N = 31
Age (mean): 41 years
Sex: not reported

Diagnosis: by rheumatologist,
CASPAR
N = 98
Age (mean): 54 years
Sex: 54% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 28
Age (mean): 49 years
Sex: 43% male

A higher level of STIP1 and K17 levels
were associated with PsA.

Lipid metabolism (14)

Comorbidities (4)
Fertility (6)
Intoxication (2)
Medication (6)
Physical stress (5)
Psychological distress (6)

miRNA (20)

Lipid metabolism (7)
Serum marker (1)

Bone metabolism (1)
Lipid metabolism (6)

HLA (1)

Intoxication (2)

HLA (1)
Non-HLA (9)

Bone metabolism (1)
Cytologic phenotype (1)
Inflammation marker (1)
Lipid metabolism (25)

Lipid metabolism (2)

Miscellaneous (2)

Cytologic phenotype (5)

Higher levels of apoB and oxLDL, and
a higher ratio apoA:apoB, TC:HDL and
LDL: HDL were associated with PsA.
A lower level of HDL-C was
associated with PsA.

A traumatic event, oral ulcerations,
infectious diarrhea and vaccinations
were associated with an increased
risk of PsA.

A lower level of 10 extravesicular
miRNA§ and a higher level of
9 extravesicular miRNA¶ were
associated with PsA.

A lower level of insulin and uric acid
were associated with PsA.

A lower level of total cholesterol was
associated with PsA.

The presence of Glu at amino
acid position 45 of HLA-B*27 was
positively associated with PsA.

Current smoking was associated
with a decreased risk of PsA.

The presence of HLA-C rs12191877,
IL12B rs2082412 and IL23R rs2201841
were positively associated with PsA

A higher SFA/UFA ratio is associated
with PsA.

A higher level of CER was associated
with PsA.

A higher level of IgG antibody against
the C region was associated with PsA.

Amount of regulatory B- cells was
not associated with PsA.

Inflammation markers (2) ESR and CRP were not associated
with PsA.

Serum markers (2)

Markers associated with (the development of) PsA in Pso patients

Diagnosis: by rheumatologist,
CASPAR criteria
N = 43
Age (mean): 60 years
Sex: 74% male

Diagnosis: by rheumatologist
N=79
Age (mean): 45 years
Sex: 54% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 3038
Age: not reported
Sex: not reported

Diagnosis: by code#
N = 7057
Age (mean): 45 years **
Sex: 48% male**

Diagnosis: basis not reported
N = 1755
Age: not reported
Sex: not reported

Diagnosis: basis not reported
N = 14
Age (mean): 55 years
Sex: 78% male**

Diagnosis: basis not reported
N = 13
Age (median): 53 years**
Sex: 67% male**

Diagnosis: by Moll and Wright
criteria
N = 31
Age: not reported
Sex: 57% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 60
Age (mean): 51 years
Sex: 66% male

Diagnosis: by CASPAR criteria
N = 11
Age (mean): 48 years
Sex: 73% male

Diagnosis: by CASPAR criteria
N = 12
Age (mean): 45 years
Sex: 67% male
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Maejima, 201484
Japan
Cross-sectional
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Diagnosis: by dermatologist
N = 62
Age (mean): 41 years
Sex: not reported
Exclusion PsA: no
Diagnosis: by dermatologist
N = 26
Age: not reported
Sex: 60% male**
Exclusion PsA: no
Diagnosis: basis not reported
N = 48
Age (mean): 46 years
Sex: 52% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 243
Age: not reported
Sex: 59% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N =23
Age (mean): 51 years
Sex: 100% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 48
Age (mean): 43 years
Sex: 64% male
Exclusion PsA: no
Diagnosis: by histopathology
N = 15
Age (mean): 50 years
Sex: 73% male
Exclusion PsA: no

Diagnosis: by dermatologist
N = 90
Age (mean): 45 years
Sex: 66% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 693
Age (mean): not reported
Sex: 38% male
Exclusion PsA: yes
Diagnosis: basis not reported
N = 301
Age: not reported
Sex: not reported
Exclusion PsA: yes
Diagnosis: basis not reported
N = 15
Age: not reported
Sex: not reported
Exclusion PsA: no
Diagnosis: by dermatologist
N = 3110
Age: not reported
Sex: not reported
Exclusion PsA: subset
Diagnosis: by code#
N = 70646
Age (mean): 48 years **
Sex: 50% male**
Exclusion PsA: yes

Pirowska, 201865
Poland
Cross-sectional

Pollock, 201581
Canada
Cross-sectional

Pollock, 201198
Canada
Cross-sectional

Pollock, 2019136
Canada
Cross-sectional

Sag, 201843
Turkey
Cross-sectional

Shibata, 200940
Japan
Cross-sectional

Simon, 202026
Germany
Cohort
Follow-up: 7 years
Soltani-Arabshahi, 201024
USA
Cohort
Follow-up: 6 years
Soto-Sanchez, 2010113
Spain
Cross-sectional

Spadaro, 199661
Italy
Cross-sectional

Stuart, 2015120
Canada, Estonia,
Germany, Sweden, USA
Cross-sectional
Thorarensen, 201735
UK
Cohort
Follow-up: 19 years

Diagnosis: by code#
N = 1010
Age (mean): 48 years **
Sex: 50% male**

Diagnosis: basis not reported
N = 1631
Age: not reported
Sex: not reported

Structural entheseal lesions and low
cortical vBMD were associated with
an increased risk of PsA.

Presence of anti-CCP was not
associated with PsA.

A higher level of CRP was associated
with PsA.

Hypermethylation of LOC391322,
ERICH1-AS1, PPP2R2D and PTPRN2
were negatively associated with PsA.
Hypermethylation of ELF5, SORCS2,
EGFL8, NTF3, IL22 and PIP5K1C were
positively associated with PsA.

The presence of MICA*00801 was
positively associated with.

A lower expression of NOTCH2NL and
SETD2 was associated with PsA.
A higher expression of HAT1 and
P2RY5 was associated with PsA.

A higher level of IL-23 was associated
with PsA.

Higher levels of cholesterol, LDL,
triglycerides and hsIL6, and a higher
ratio LDL:HDL, were associated with
PsA.

Physical stress (5)

HLA (1)
Non-HLA (1)

Cytokines (2)

Non-HLA (3)

Bone and joint trauma were
associated with an increased risk of
PsA.

The presence of rs1050414 (near
HLA-C and –B) and rs48991505 (near
LOC100505817) were positively
associated with PsA.

A higher level of IL-6 and sIL2R was
associated with PsA.

The presence of CCR2-64 rs1799864
was positively associated with PsA.

Disease activity (2)
Younger age at psoriasis onset,
Patient characteristics (1) higher worst ever BSA and higher
BMI at age 18 years were associated
with an increased risk of PsA.

Disease activity (7)

ACPA (1)

Bone metabolism (8)
Inflammation marker (2)
Serum markers (2)

Non-HLA (10)

HLA (4)
Non-HLA (4)

mRNA expression, whole
blood (18)

Cytokines (2)

Cytokines (1)
Inflammation marker (1)
Lipid metabolism (8)

Markers associated with (the development of) PsA in Pso patients

Diagnosis: by rheumatoid factor
negative polyarthritis
N = 47
Age (mean): 52 years
Sex: 64% male

Diagnosis: by rheumatologist
N = 81
Age: not reported
Sex: not reported

Diagnosis: by patient report
N = 250
Age (mean): not reported
Sex: not reported

Diagnosis: by rheumatologist,
CASPAR
N = 24
Age (mean): 47 years
Sex: 54% male

Diagnosis: by Bennet criteria
N = 16
Age (mean): 52 years
Sex: 69% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 43
Age (mean): 46 years
Sex: 67% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 13
Age (mean): 52 years
Sex: 100% male

Diagnosis: by rheumatologist,
CASPAR criteria
N = 249
Age: not reported
Sex: 61% male

Diagnosis: basis not reported
N = 48
Age (mean): 46 years
Sex: 52% male

Diagnosis: by CASPAR criteria
N = 34
Age: not reported
Sex: 60% male**

Diagnosis: by CASPAR criteria
N = 31
Age (mean): 41 years
Sex: not reported

2

Pietrzak, 202062
Poland
Cross-sectional
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Diagnosis: by dermatologist
N = 58
Age (mean): not reported
Sex: 49% male
Exclusion PsA: yes

Diagnosis: by histopathology
N = 276
Age (mean): 57 years
Sex: 72% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 69
Age (mean): 50 years**
Sex: 56% male**
Exclusion PsA: no
Diagnosis: by dermatologist
N = 145
Age: not reported
Sex: not reported
Exclusion PsA: no
Diagnosis: self-report
N = 1508
Age (mean): 43 years**
Sex: 50% male**
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 214
Age: not reported
Sex: not reported
Exclusion PsA: yes

Diagnosis: by code#
N = 573
Age (mean): not reported
Sex: 0% male
Exclusion PsA: yes
Diagnosis: by dermatologist
N = 479
Age (mean): 45 years
Sex: 58% male
Exclusion PsA: yes, not by
rheumatologist
Diagnosis: by dermatologist
N = 379
Age: 39 years
Sex: 55% male
Exclusion PsA: yes
Diagnosis: basis not reported
N = 47
Age (mean): 45 years **
Sex: 44% male**
Exclusion PsA: no
Diagnosis: by clinical and
histopathological criteria
N = 73
Age (mean): 47 years
Sex: 58% male
Exclusion PsA: no
Diagnosis: by dermatologist
N = 376
Age (mean): 41 years
Sex: 47% male
Exclusion PsA: yes

Tsuruta, 201786
Japan
Cross-sectional

Voiculescu, 2018137
Hungary
Cross-sectional

Williams, 2005119
USA
Cross-sectional

Wilson, 200925
USA
Cohort
Follow-up: 30 years
Winchester, 201297
Ireland
Cross-sectional

Wu, 201530
USA
Cohort
Follow-up: 16 years
Yan, 2018138
USA
Cross-sectional

Yang, 2012114
China
Cross-sectional

Yilmaz, 201788
Turkey
Cross-sectional

Yuan, 201995
USA
Cross-sectional

Zhao, 2019139
China
Cross-sectional

Diagnosis: by rheumatologist,
CASPAR criteria
N = 379
Age (mean): 43 years
Sex: 60% male

Diagnosis: basis not reported
N = 22
Age: not reported
Sex: not reported

The presence of KIR2DS1 was
positively associated with PsA.

The presence of MC4R 17782313 was
positively associated with PsA.

The presence of hyperuricemia was
associated with PsA.

Corticosteroid use was associated
with an increased risk of PsA.
Pregnancy was associated with a
decreased risk of pregnancy.

Non-HLA (12)

Serum marker (2)

Uric acid (1)

Non-HLA (20)

HLA (2)

Intoxication (5)

HLA (27)

The presence of IL12B rs4921485 was
negatively associated with PsA. The
presence of IL23R rs4655683 and
NFKBIA rs12883343 were positively
associated with PsA.

A higher level of anti-ADAMTS-L5
and anti-LL-37 antibodies were
associated with PsA.

Serum uric level was not associated
with PsA.

The presence of IL12B rs2082412 was
negatively associated with PsA.

The presence of HLA-C*06:02 was
negatively associated with PsA.

Regular beer consumption and
heavier alcohol use were associated
with an increased risk of PsA.

The presence of HLA-C*06 was
negatively associated with PsA.

Disease activity (14)
Scalp lesions, nail dystrophy,
Patient characteristics (1) involvement of intergluteal/perianal
regions and a higher number of
affected sites were associated with
an increased risk of PsA.

Non-HLA (1)

Non-HLA (5)

Uric acid (1)

Comorbidities (4)
Disease activity (6)
Fertility (3)
Intoxication (1)
Medication (7)
Patient characteristics (1)
Physical stress (2)
Psychological distress (1)

Markers associated with (the development of) PsA in Pso patients

Diagnosis: by CASPAR criteria
N = 23
Age (mean): 45 years **
Sex: 44% male**

Diagnosis: by rheumatologist,
CASPAR criteria
N = 595
Age: 43 years
Sex: 60% male

Diagnosis: by rheumatologist or
dermatologist
N = 175
Age (mean): 48 years
Sex: 51% male

Diagnosis: by code#
N = 141
Age (mean): not reported
Sex: 0% male

Diagnosis: by rheumatologist
based on psoriasis, negative RF and
arthritis
N = 359
Age: not reported
Sex: not reported

Diagnosis: self-report
N = 57
Age (mean): 43 years**
Sex: 50% male**

Diagnosis: basis not reported
N = 75
Age: not reported
Sex: not reported

Diagnosis: basis not reported
N = 13
Age (mean): 50 years**
Sex: 56% male**

Diagnosis: by CASPAR criteria
N = 55
Age (mean): 57 years
Sex: 71% male

Diagnosis: inflammatory arthritis in
Pso patients
N = 40
Age (mean): not reported
Sex: 48% male

2

Thumboo, 200219
USA
Case-control
Follow-up: 2 years
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ADAMTS a desintegrin and metalloproteinase with thrombospondin motifs; ACPA anti citrullinated protein antibodies; anti-CCP anti-cyclic citrullinated peptide; APF antiperinuclear factor; Apo
apolipoprotein; Asp aspartic acid; BMI body mass index; BSA body surface area; C16ORF61 endosomal protein sorting factor like (VSP35L); C2C collagen fragment neoepitopes Col2-3/4 (long mono);
CASPAR classification criteria for psoriatic arthritis; CCL C-C chemokine ligand; CD cluster of differentiation; CER ceramide; CCR chemokine receptor; CPII C-propeptide of type II collagen; CPN2
carboxypeptidase N subunit 2; CRP C-reactive protein; CTNNBIP catenin beta interacting protein; CX3CL C-X3-C motif ligand; CXCL C-X-C motif ligand; CXCR C-X-C motif chemokine receptor; DKK
dikkop; ESR erythrocyte sedimentation rate; FHL1 four and a half LIM domains; Glu glutamic acid; GPS G protein pathway suppressor; HDL high-density lipoprotein; HLA human leukocyte antigen; Hp
hydroxyproline; hs high sensitivity; IFI interferon-inducible protein; IFN interferon; IgG immunoglobulin G; IL interleukin; IL23R interleukin 23 receptor; ISG interferon stimulated gene; ITGB integrin
beta; K17 keratin 17; KIR killer-cell immunoglobulin-like receptor; LDL low-density lipoprotein; LZIC leucine zipper and CTNNBIP1 domain containing; M2BP Mac-2-binding protein; MAGI membraneassociated guanylate kinase; M-CSF macrophage colony stimulating factor; MCV mutated citrullinated vimentin; MICA MHC class I polypeptide-related sequence; MMP matrix metalloproteinase;
MPV mean platelet volume; mRNA messenger RNA; NLR neutrophile:lymphocyte ratio; NRP neuropilin; OCP osteoclast precursors; OPG osteoprotegerin; oxLDL oxidated LDL; PAFAH1B2 platelet
activating factor acetylhydrolase 1b catalytic subunit 2; PBMC peripheral blood mononuclear Cells; PDCD programmed cell death 1; PLR platelet:lymphocyte ratio; PPP2R4 protein phosphatase 2
phosphatase activator (PTPA); POSTN periostin; PRL prolactin; PsA psoriatic arthritis; Pso psoriasis; PTPN22 protein tyrosine phosphatase non-receptor type 22; RANKL receptor activator of nuclear
factor kappa-B ligand; RF rheumatoid factor; RNA ribonucleic acid; Ser serine; SFA saturated fatty acids; SNCA synuclein alpha; sIL-2R soluble IL-2 receptor; sRANKL soluble RANKL; SRP signal
recognition particle; SRPX sushi repeat containing protein X-linked; STAT signal transducer and activator of transcription; STIP stress-inducible phosphoprotein; SYK spleen associated tyrosine
kinase; TC total cholesterol; TEM effector memory T cell; TEMRA TEM re-expressing CD45RA; TNF tumor necrosis factor; TWEAK TNF-like weak inducer of apoptosis; UFA unsaturated fatty acids; UK United
Kingdom; USA United States of America; vBMD volumetric bone mineral density; VEGFR vascular endothelial growth factor receptor; WTCCC Welcome Trust Case Control Consortium.

* CCL1, CCL20, CCL7, CX3CL1, CXCL2, IL-17C, IL-17F, IL-3, IL-6, IL-8, ISG20, MMP-3, STAT3, STAT6, SYK
** Data only known for entire cohort, not reported for Pso and PsA separately.
*** C16ORF62, CPN2, FHL1, GPS1, ITGB5, LZIC, PAFAH1B2, PPP2R4, POSTN, SNCA, SRP14, SRPX
$
CD8+TEMRACCR6+CXCR3-CD69+, CD8+TEMRACCR6-CXCR3+CD69-, CD8+TEMCD69+, CD8+CD45RA+CXCR3-CCR6-CD69+, CD4+CD45RA-IL17+, CD8+CD45RA-IL17+, CD8+TEMIL17A+
¥
CD4+CD45RA-IFNγ+, CD8+TEMRACXCR3+CCR4-, CD4+CD45RA-CXCR3+CCR4-, CD4+TEMCXCR3+CCR4-, CD4+CD45RA-CXCR3+CCR6#
Diagnosis by code includes record linkage, international classification of diseases (ICD)-9 codes and (THIN) read codes.
§
hsa-miR-92a-3p, hsa-miR-139-3p, hsa-let-7b-5p, hsa-miR-92b-3p, hsa-let-7b-3p, hsa-miR-486-5p, hsa-miR-1180-3p, hsa-miR-3158-3p, hsa-miR- 4732-3p, hsa-miR-203a
¶
hsa-miR-23a-3p, hsa-miR-379-5p, hsa-miR-98-5p, has-let-7e-5p, hsa-miR-29a-3p, hsa-miR-27b-3p, hsa-miR-26a-5p, hsa-miR-146a-5p
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Category
Marker
Study (ref)
Significance
Effect Size

Comorbidities
Infection requiring
antibiotics
20
P = 0.046
OR = 1.72 (1.01-2.95)

18
P = 0.72
HR = 1.15 (0.53-2.49)

Diarrhoea
20
P = 0.19
OR = 1.7 (0.76-3.79)

21
P = Not reported
OR = 0.23 (0.05-1.06)

18
P = 0.08
HR = 3.18 (0.88-11.4)

Diabetes
18
P = 0.32
HR = 0.53 (0.15-1.84)

19
P = 0.403
OR = 0.40 (0.05-3.42)

Uveitis
18
P = 0.0002

Disease
characteristics
RR = 31.5 (5.06 – 195.8)

Age at Pso onset
24
P = < 0.001
OR = 0.98 (0.96-0.98)

25
P = 0.25
RR = 0.91 (0.77-1.07)

Fatigue (MFSS > 5)
22
P = 0.007
OR = 2.36 (1.27-4.39)

Worsening fatigue
22
P = 0.001
OR= 1.27 (1.09-1.57)

Heel pain
22
P = 0.02
OR = 4.18 (1.26-13.8)

Stiffness (VAS>2)
22
P = 0.045
OR = 2.03 (1.02-4.06)

Arthralgia
22
P = 0.02
Not reported

Arthralgia men
22
P = Not reported
RR = 0.52 (0.12-2.22)

Arthralgia women
22
P = Not reported
RR = 2.59 (1.15-5.88)

Worsening stiffness
22
P = 0.03
RR = 1.21 (1.02-1.42)

Psoriatic nail lesion
18
P = 0.31
HR = 1.36 (0.76-2.45)

19
P = 0.752
OR = 1.16 (0.46-2.92)

27
P = 0.68
OR = 1.2 (0.5-3.2)

25
P = Not reported
RR = 2.24 (1.26-3.98)

Nail pitting
18
P = 0.0007
HR = 2.21 (1.24-3.92)

Worsening pain
22
P = < 0.001
RR = 1.34 (1.14-1.57)

Worsening function
22
P = 0.04
RR = 0.96 (0.92-0.99)

Severe Pso
20
P = 0.89
OR = 0.89 (0.49-1.61)

28
P = < 0.0001
OR = 2.07 (1.47-2.97)

Duration of Pso
27
P = 0.99
OR = 1 (1.0-1.0)

Duration of Pso, 6-10 years
28
P = 0.09
OR = 0.70 (0.47-1.06)

Duration of Pso, 11-15 years
28
P = 0.003
OR = 0.49 (0.31-0.79)

Duration of Pso, 16-20 years
28
P = 0.002
OR = 0.46 (0.28-0.74)

Duration of Pso, 21 years and more
28
P = <0.0001
OR = 0.37 (0.26-0.53)

PASI
22
P = 0.03
OR = 1.05 (1.01-1.09)

27
P = 0.57
OR = 1.0 (0.9-1.1)

PASI 10-20 vs <10
18
P = 0.73
HR = 1.16 (0.50-2.64)

PASI >20 vs <20
18
P = 0.0006
HR = 5.39 (1.64-17.7)

Scalp lesions
27
P = 0.98
OR = 1.0 (0.4-3.0)

25
P = Not reported
RR = 3.75 (2.09-6.71)

Intergluteal lesions
25
P = Not reported
RR = 1.95 (1.07-3.56)

Number of Pso sites 2
25
P = Not reported
RR = 0.77 (0.37-1.64)

Number of Pso sites = > 3
25
P = Not reported
RR = 2.24 (1.23-4.08)

Structural entheseal lesion
Cortical vBMD entheseal
26
P = 0.008
HR = 5.10 (1.53-16.99)

26
P = Not reported
HR = 0.64 (0.42-0.98)

Early (<20 years) vs late onset pso
(dermatologist)
26
P = <0.001
OR = 0.52 (0.39-0.69)
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Fertility

Early (<30 years) vs late onset pso
(dermatologist)

26

P = 0.051

OR = 0.84 (0.71-1.0)

Early (<20 years) vs late onset pso
(cutaneous symptoms)

26

P = 0.777

OR = 1.03 (0.84-1.27)

Early (<30 years) vs late onset pso
(cutaneous symptoms)

26

P = 0.018

Menopause

20

P = 0.50

18

P = 0.75

19

P = 0.86

OR = 0.89 (0.26-3.10)

20

P = 0.73

OR = 1.2 (0.47-2.09)

19

P = 0.04

OR = 0.19 (0.04-0.95)

21

P = Not reported

OR = 1.06 (0.44-2.55)

Pregnancy

Oral contraceptives

Current smokers 1-14 cig/day

27

P = Not reported

OR = 1.22 (0.58-2.56)

Current smokers =/> 15 cig/day

27

P = Not reported

OR = 1.93 (1.09-3.4)

Smoking duration < 25 years

27

P = Not reported

OR = 1.35 (0.9-2.04)

Smoking duration =/>25 years

27

P = Not reported

OR = 1.9 (1.09-3.33)

Pack-years <20

27

P = Not reported

OR = 1.22 (0.79-1.89)

OR = 1.8 (0.31-11.49)

Pack-years =/>20

27

P = Not reported

OR = 2.02 (1.24-3.29)

OR = 1.19 (0.40-3.53)

Smoking at or before arthritis

21

P = Not reported

OR = 0.68 (0.39-1.17)

Retinoid use (ever)

18

P = 0.02

HR = 3.42 (1.24-9.44)

Methotrexate use

18

P = Not reported

Not reported

19

P = Not reported

Not reported

Corticosteroids use

19

P = 0.015

OR = 4.33 (1.34-14.02)

Influenza vaccination

20

P = 0.87

OR = 1.0 (0.58-1.57)

21

P = Not reported

OR = 0.40 (0.14-1.14)

20

P = 0.81

OR = 0.8 (0.22-3.32)

21

P = Not reported

OR = 12.4 (1.20-122.14)

20

P = 0.87

OR = 1.1 (0.29-4.24)

21

P = Not reported

OR = 1.91 (1.0-3.7)

20

P = 0.29

OR = 0.99 (0.97-1.01)

22

P = 0.61

RR = 0.99 (0.96-1.02)

OR = 1.22 (1.03-1.45)

Medication

20

P = 0.23

OR = 1.7 (0.71-4.23)

19

P = 0.15

OR = 2.9 (0.68-12.28)

21

P = Not reported

OR = 1.4 (0.55-3.5)

20

P = 0.83

OR = 1.1 (0.5-2.39)

21

P = Not reported

OR = 1.38 (0.53-3.6)

20

P =0.83

OR = 0.9 (0.26-2.98)

21

P = Not reported

OR = 0.17 (0.04-0.79)

Alcohol social (= 1 or more per week 20
vs none)
20

P = 0.73

OR = 0.9 (0.56-1.50)

P = 0.92

HR = 1.02 (0.40-2.59)

25

P = 0.15

RR = 0.76 (0.54-1.08)

28

P = 0.67

OR = 0.94 (0.68-1.28)

27

P = 0.38

OR = 1.0 (0.9-1.0)

20

P = 0.96

OR 1.0 (0.42-2.51)

BMI

22

P = 0.11

RR = 1.05 (0.99-1.13)

27

P = 0.39

OR = 1.5 (0.6-4.2)

Hormone replacement therapy
Fertility treatment
Intoxication

Markers associated with (the development of) PsA in Pso patients

Alcohol daily (= 1 or more per day
vs none)

Rubella vaccination
Tetanus vaccination
Patient
characteristics

Age

20

P = 0.97

HR = 1.02 (0.40-2.59)

BMI >30
BMI 25-30 vs <25

28

P = 0.05

OR = 1.65 (0.99-2.67)

33

P = <0.001

RR = 1.09 (0.93-1.28)

Weekly alcohol use

19

P = 0.57

OR = 0.77 (0.32-1.89)

34

P = Not reported

OR = 1.81 (1.23-2.93)

Alcohol >35 units/week

21

P = Not reported

OR = 0.57 (0.27-1.20)

29

P = <0.001

OR = 1.76 (1.41-2.19)

Alcohol: none vs 0-15 g/day

30

P = Not reported

RR = 0.75 (0.50-1.12)

33

P = <0.001

RR = 1.22(1.02-1.47)

Alcohol: none vs 15-30 g/day

30

P = Not reported

RR = 1.09 (0.48-2.47)

34

P = Not reported

OR = 1.90 (1.13-3.18)

Alcohol: none vs >30 g/day

30

P = Not reported

RR = 2.09 (0.90-4.84)

29

P = <0.001

OR = 2.04 (1.60-2.60)

Alcohol: 0-15 vs 15-30 g/day

30

P = Not reported

RR = 1.45 (0.67-3.16)

33

P = <0.001

RR = 1.48 (1.2-1.81)

Alcohol: 0-15 vs >30 g/day

30

P = Not reported

RR = 2.79 (1.24-6.26)

34

P = Not reported

OR = 2.98 (1.86-4.78)

Moderate drinker (=0.1-3 units/day) 29
vs none

P = 0.0033

OR= 1.57 (1.16-2.11)

29

P = <0.001

OR = 2.42 (1.85-3.16)

Overweight vs normal

18

P = 0.95

HR = 1.02 (0.50-2.10)

Heavy drinker (=>3 units/day) vs
none

29

P = 0.82

OR = 0.94 (0.56-1.58)

Obese vs normal

18

P = 0.1

HR = 1.76 (0.89-3.47)

Current smoking

31

P = Not reported

HR = 0.91 (0.84-0.99)

BMI at age 18, <21

34

P = Not reported

OR = 1.28 (0.79-2.06)

27

P = Not reported

OR = 1.62 (1.00-2.63)

BMI at age 18, 23.0-24.9 vs <21

34

P = Not reported

OR = 1.73 (0.96-3.13)

28

P = 0.002

OR = 0.57 (0.41-0.81)

BMI at age 18, 25.0-29.9 vs <21

34

P = Not reported

OR = 1.69 (0.88-3.26)

18

P = 0.38

HR = 1.36 (0.68-2.73)

BMI at age 18, = or > 30 vs <21

34

P = Not reported

OR = 1.53 (0.71-3.29)

20

P = 0.038

OR = 0.54 (0.31-0.96)

BMI at 18 years

24

P = < 0.01

OR = 1.06 (1.02-1.10)

29

P = 0.54

OR = 0.94 (0.76-1.16)

Waist circumference
(28.0-31.9 inch vs < 28.0 inch)

34

P = Not reported

OR = 1.46 (0.54-3.99)

Waist circumference
(> 32.0 vs < 28.0 inch)

34

P = Not reported

OR = 3.02 (1.21-7.56)

Hip circumference
(38.0-40.9 inch vs < 38.0 inch)

34

P = Not reported

OR = 1.24 (0.51-3.0)

Hip circumference
(>41.0 inch vs < 38.0 inch)

34

P = Not reported

OR = 2.59 (1.18-5.69)

Ex-smokers

31

P = Not reported

HR = 1.07 (0.97-1.18)

27

P = Not reported

OR = 1.39 (0.89-2.16)

28

P = 0.21

OR = 0.81 (0.56-1.12)

18

P = 0.87

OR = 1.05 (0.56-1.99)

20

P = 0.015

OR = 0.52 (0.31-0.88)

29

P = 0.073

OR = 0.83 (0.69-1.02)

BMI 30-35 vs <25

BMI >35 vs <25
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Waist-hip ratio
(0.744-0.800 vs < 0.744)

34

P = Not reported

OR = 1.41 (0.63-3.15)

Waist-hip ratio
(>0.800 vs <07.44)

34

P = Not reported

OR = 2.48 (1.20-5.15)

Marker

Study

Significance

Effect Size

ACPA

AntiCCP

39

P = 0.006

Not reported

37

P = 0.012

Not reported

38

P = < 0.001

Not reported

40

Not significant

Not reported

42

P = 0.083

Not reported

46

Not significant

Not reported

Weight change from 18 years
(increase 50-99.9 lb vs < 20 lb)

34

P = Not reported

OR = 2.42 (1.49-3.91)

Weight change from 18 years
(increase 100 lb vs < 20 lb)

34

P = Not reported

OR = 3.84 (1.93-7.63)

University level of education

20

P = 0.56

OR = 1.18 (0.66-2.13)

43

P = 0.685

Not reported

HR = 0.30 (0.09-0.99)

45

P = 0.4

Not reported

25(OH) Vitamin D < 20 mg/L

43

P = 0.090

Not reported

25(OH) Vitamin D 2030 mg/L

43

P = 0.795

Not reported

P = 0.049

25(OH) Vitamin D

Patient reported family history
of PsA

18

P = 0.29

HR = 1.96 (0.57-6.71)

25(OH) Vitamin D > 30 mg/L

43

P = 0.876

Not reported

27

P = 0.85

OR = 1.2 (0.1-10.5)

Alkalic Phospate

47

P = 0.231

Not reported

Female sex

18

P = 0.86

OR = 0.86 (0.53-1.42)

47

Not significant

Not reported

28

P = 0.85

OR = 1.03 (0.78-1.36)

43

P = 0.234

Not reported

22

P = 0.41

RR = 1.46 (0.59-3.63)

47

P = 0.47

Not reported

27

P = 0.75

OR = 1.2 (0.5-2.9)

47

Not significant

Not reported

20

P = 0.69

OR = 1.2 (0.54-2.51)

43

P = 0.207

Not reported

19

P = 0.41

OR = 1.50 (0.58-3.91)

50

P = 0.145

Not reported

21

P = Not reported

OR = 1.0 (0.34-2.96)

49

P = 0.35

OR = 1.000

35

P = Not reported

RR = 1.46 (1.04-2.04)

CPII:C2C

49

P = 0.01

OR = 12.031

Lifting heavy loads (>100 pounds/
hour)

20

P = 0.0008

OR = 2.92 (1.56-5.46)

CTX

47

P = 0.169

Not reported

Any trauma

20

P = 0.054

OR = 1.97 (0.99-3.96)

CTxI

51

Not significant

Not reported

21

P = Not reported

OR = 1.10 (0.65-1.86)

CTxII

51

Not significant

Not reported

35

P = Not reported

RR = 1.32 (1.13-1.54)

DKK1

52

P = 0.07

OR = 1.14

Trauma leading to medical care

21

P = Not reported

OR = 2.53 (1.1-6.0)

53

P = < 0.001

Not reported

Joint trauma

35

P = Not reported

RR = 1.50 (1.19-1.90)

51

Not significant

Not reported

Death of family member

20

P = 0.82

OR = 1.1 (0.63-1.79)

52

P = 0.0004

OR = 1.02

21

P = Not reported

OR = 1.1 (0.6-2.0)

49

P = 0.04

OR = 1.323

20

P = 0.68

OR = 1.1 (0.67-1.82)

54

P = 1.00E03

OR = 1.59

21

P = Not reported

OR = 2.29 (1.21-4.4)

51

Not significant

Not reported

20

P = 0.44

OR = 1.2 (0.73-2.07)

52

P = 0.17

OR = 2.51

21

P = Not reported

OR = 1.72 (0.85-3.5)

50

P = 0.986

Not reported

Becoming unemployed

21

P = Not reported

OR = 1.92 (0.6-6.0)

49

P = 0.04

OR = 1.323

Becoming employed

20

P = 0.85

OR = 1.0 (0.54-1.66)

55

P = 0.77

Not reported

Treated for anxiety/depression

20

P = 0.41

OR = 0.8 (0.39-1.45)

53

Not significant

Not reported

21

P = Not reported

OR = 0.67 (0.27-1.7)

51

Not significant

Not reported

121

P = 0.021

HR = 1.37 (1.05-1.80)

50

P = 0.049

OR = 0.92

18

P = 0.85

HR = 0.92 (0.35-2.34)

22

P = 0.11

RR = 1.17 (0.89-3.35)

19

P = 0.87

OR = 0.93 (0.36-2.36)

Move to a new home
Changed job

Depression
Psychological distress

HR = 0.22 (0.08-0.62)

Bone metabolism

18

Fracture

P = 0.005

OR = 1.34 (0.82-2.17)

University vs high school
incomplete

Male sex

Psychological
distress

Category

34

18

P = Not reported

BMI = Body mass index; IB = international pound; Cig = cigarettes; PASI = Psoriasis Area and Severity Index; Pso = psoriasis;
PsA = psoriatic arthritis; vBMD = volumetric bone mineral density.
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Supplementary table 4: Statistical significance and effect sizes of laboratory markers

Weight change from 18 years
(increase 20-49.9 lb vs < 20 lb)

High school graduate vs

Physical stress

Markers associated with (the development of) PsA in Pso patients

Calcium

COMP

MMP3

OPG

OPG/RANKL ratio

56

P = < 0.001

Not reported

Osteoclast precursor

56

P = < 0.001

Not reported

Phosphate

47

P = 0.456

Not reported

43

P = 0.541

Not reported

57

P = < 0.001

Not reported

50

P = 0.221

Not reported

RANKL

2

80

Markers associated with (the development of) PsA in Pso patients

2
Cell culture

49

P = 0.77

OR = 0.999

CD8+TEMRACXCR3+CCR4

67

P = 0.018

Not reported

53

Not significant

Not reported

CD8+TEMRACXCR3+CCR6CD69+

67

P = 0.01

Not reported

51

Not significant

Not reported

Mean platelet volume

5257

P = 0.072

Not reported

56

P = < 0.001

Not reported

68

P = < 0.001

Not reported

Urine Hp

47

P = < 0.05

Not reported

Monocyte count

70

P = 0.0172

Not reported

PBMC’s: IL17 secretion

59

P = < 0.05

Not reported

Neutrophil count

70

P = < 0.0001

Not reported

Tcells: IFNy secretion

58

P = 0.367

Not reported

Neutrophil:lymphocyte ratio

70

P = 0.0002

Not reported

Tcells: IL2 secretion

58

P = 0.023

Not reported

Platelet count

70

P = 0.001

Not reported

Tcells: IL4 secretion

58

P = 0.27

Not reported

68

P = 0.09

Not reported

Not reported

Platelet:lymphocyte ratio

70

P = 0.0227

OR = 1.012

Not reported

White blood count

70

P = < 0.0001

Not reported

46

Not significant

Not reported

CX3CL1

80

P = 0.046

Not reported

CXCL2

80

P = 0.002

Not reported

Tcells: IL5 secretion
Tcells: IL10 secretion

Cytokines

58
58

P = 0.695
P = 0.285

Tcells: IL17 secretion

58

P = 0.16

Not reported

Tcells: TNFa secretion

58

P = 0.64

Not reported

CXCL10

27

P = 0.004

OR = 1.3

CXCL10 decline over time

60

P = < 0.001

Not reported

CXCL5

80

P = 0.042

Not reported

IL6

63

P = 0.002

Not reported

CXCL10

81

P = 0.23

Not reported

61

P = 0.05

Not reported

HAT1

81

P = 0.02

Not reported

IL6 (high)

64

Not significant

OR = 1.28

IL3

80

P = 0.021

Not reported

IL6 (hs)

62

P = <0.01

Not reported

IL6

80

P = 0.044

Not reported

IL12p40

49

P = 0.12

OR = 1.014

IL8

80

P = 0.001

Not reported

Not reported

IL17C

80

P = 0.009

Not reported

Not reported

IL17F

80

P = 0.014

Not reported

80

P = 0.008

Not reported

56
IL23

65

P = < 0.05
P = 0.0038

mRNA expression
whole blood

IL33

56

P = < 0.05

Not reported

ISG20

IL34

66

P = 0.001

Not reported

MMP3

80

P = 0.001

Not reported

56

P = < 0.001

Not reported

NFKB1

80

P = 0.581

Not reported

IL35

56

P = < 0.01

Not reported

NOTCH2NL

81

P = < 0.001

Not reported

IL36a

56

P = < 0.001

Not reported

SETD2

81

P = 0.03

Not reported

IL38

56

P = < 0.001

Not reported

STAT3

80

P = 0.022

Not reported

MCSF

52

P = 0.01

OR = 0.44

STAT6

80

P = 0.035

Not reported

53

P = < 0.01

Not reported

SYK

80

P = 0.004

Not reported

64

P = < 0.001

Not reported

TBX21

80

P = 0.004

Not reported

CRP

27

P = 0.147

Not reported

70

P = < 0.0001

Not reported

P = 2.55 x 10E07

OR = 1.96

TNFa

56
TNFa (high)
Cytologic
phenotype

Markers associated with (the development of) PsA in Pso patients

64

P = < 0.001
P = > 0.05

Not reported
OR = 2.25

Inflammation
marker

CD3+CD71+ count

58

P = 0.034

Not reported

54

CD4+CD45RACXCR3+CCR4

67

P = 0.001

Not reported

47

P = < 0.05

Not reported

CD4+CD45RACXCR3+CCR6

67

P = 0.025

Not reported

73

P = 0.001

Not reported

CD4+CD45RAIFNy+

67

P = 0.015

Not reported

53

P = < 0.05

Not reported

CD4+CD45RAIL17+

67

P = 0.034

Not reported

74

P = < 0.001

Not reported

CD4+TEMCXCR3+CCR4

67

P = 0.037

Not reported

46

Not significant

Not reported

CD4+TEMIL17A+

67

P = 0.029

Not reported

75

P = 0.487

OR = 0.398

CD8+CD45RACCR6+CXCR3CD69+

67

P = 0.026

Not reported

72

P = 0 .001

Not reported

CD8+CD45RAIL17+

67

P = 0.005

Not reported

43

P = < 0.001

Not reported

CD8+TCMCD69+

67

P = 0.035

Not reported

(1f36)

P = <0.05

Not reported

Not reported

58

Not significant

Not reported

Not reported

64

Not significant

OR = 1.24

CD8+TEMIL17A+
CD8+TEMRACCR6+CXCR3CD69

67
67

P = 0.034
P = 0.0001

81

2

82

Markers associated with (the development of) PsA in Pso patients

CRP (high)

49

P = 0.03

OR = 2.402

62

P = < 0.05

Not reported

hsCRP

66

P = 0.01

Not reported

42

P = 0.606

Not reported

71

P = < 0.001

Not reported

76

P = < 0.05

Not reported

44

P = 0.008

Not reported

42

P = 0.189

Not reported

70

P = < 0.0001

OR = 1.036

71

P = 0.55

Not reported

2
ESR

Lipid metabolism

Markers associated with (the development of) PsA in Pso patients

Total cholesterol/HDL
Triglycerides

66

P = < 0.001

Not reported

46

Not significant

Not reported

47

P = < 0.05

Not reported

77

P = 0.32

Not reported

74

P = 0.017

Not reported

72

P = 0.037

Not reported

44

P = < 0.0001

Not reported

76

P = 0.4156

Not reported

75

P = 0.600

OR = 0.984

62

P = <0.05

Not reported

43

P = 0.066

Not reported

76

P = 0.1268

Not reported

62

P = 0.57

Not reported

62

P = 0.16

Not reported

56

P = <0.05

Not reported

78

P = 0.015

Not reported

71

P = 0.005

Not reported

hsalet7b3p (extracellular vesicle)

78

P = 0.018

Not reported

64

P = 0.12

Not reported

hsalet7b5p (extracellular vesicle)

78

P = 0.024

Not reported

64

P = < 0.05

OR = 0.61

hsalet7e5p (extracellular vesicle)

78

P = 0.032

Not reported

Adiponectin (high)

76

P = < 0.05

Not reported

hsamiR26a5p (extracellular vesicle)

78

P = 0.045

Not reported

ApoA:ApoB

76

P = < 0.05

Not reported

hsamiR27a3p (extracellular vesicle)

78

P = 0.032

Not reported

ApoB

46

P = 0.003

Not reported

hsamiR27b3p (extracellular vesicle)

78

P = 0.045

Not reported

CER

42

P = 0.068

Not reported

hsamiR29a3p (extracellular vesicle)

78

P = < 0.05

Not reported

Glucose

71

P = 0.12

Not reported

hsamiR30e5p (extracellular vesicle)

78

P = 0.04

Not reported

46

Not significant

Not reported

hsamiR92a3p (extracellular vesicle)

78

P = 0.02

Not reported

76

P = 0.0519

Not reported

hsamiR92b3p (extracellular vesicle)

78

P = 0.033

Not reported

62

P = 0.08

Not reported

hsamiR985p (extracellular vesicle)

78

P = 0.022

Not reported

77

P = 0.49

Not reported

hsamiR1393p (extracellular vesicle)

78

P = 0.007

Not reported

Glucose (fasting)

42

P = 0.196

Not reported

hsamiR146a5p (extracellular vesicle)

79

P = < 0.05

Not reported

HDL

71

P = 0.69

Not reported

miR146a5p in CD14+ monocytes

78

P = 0.01

Not reported

77

P = 0.1

Not reported

hsamiR203a (extracellular vesicle)

78

P = 0.042

Not reported

72

P = 0.627

Not reported

hsamiR4865p (extracellular vesicle)

78

P = 0.017

Not reported

62

P = 0.25

Not reported

hsamiR11803p (extracellular vesicle)

78

P = 0.039

Not reported

77

P = 0.02

Not reported

hsamiR23795p (extracellular vesicle)

78

P = 0.022

Not reported

Insulin

42

P = 0.087

Not reported

hsamiR31583p (extracellular vesicle)

78

P = 0.018

Not reported

LDL

71

P = 0.52

Not reported

hsamiR47323p (extracellular vesicle)

95

P = < 0.001

Not reported

46

P = 0.36

Not reported

AntiADAMTSL5 IgG

95

P = < 0.001

Not reported

72

P = 0.192

Not reported

AntiLL37 IgG

82

Not significant

Not reported

76

P = 0.0798

Not reported

AntiLL37 citrinullated

82

P = 0.02

Not reported

62

P = < 0.05

Not reported

AntiLL37 carbamylated

82

P = 0.02

Not reported

76

P = < 0.01

Not reported

C9

54

P = 3.63 E01

OR = 1.08

62

P = < 0.05

Not reported

CD5L

53

P = > 0.05

Not reported

71

P = 0.04

Not reported

Creatinin

43

P 0.145

Not reported

Leptin

64

Not significant

OR = 1.21

44

P = < 0.0001

Not reported

Leptin (high)

42

P = 0.042

Not reported

Gelsolin

83

P = 0.0006

Not reported

Total cholesterol

71

P = 0.45

Not reported

IFI16

61

P = 0.05

Not reported

77

P = 0.13

Not reported

IL2R

54

P = 3.05 E06

OR = 3.82

76

P = 0.0637

Not reported

ITGB5

84

P = 0.0264

Not reported

Adiponectin

LDL:HDL

VLDL
miRNA expression

Serum

83

2

84

Markers associated with (the development of) PsA in Pso patients

2

Skin

Markers associated with (the development of) PsA in Pso patients

K17

54

P = 3.07 E04

OR = 32.32

M2BP

85

P = 0.0003

Not reported

PRL

84

P = 0.050

Not reported

STIP1

86

P = 0.01

OR = 4.28

Uric acid

88

Not significant

Not reported

77

P = 0.001

Not reported

87

P = 0.302

Not reported

Hyperuricemia

89

P = 0.0098

Not reported

VCP

90

P = 0.026

Not reported

VEGFR3

91

P = < 0.0001

Not reported

YKL40

92

P = < 0.001

Not reported

C16ORF61, laesional 1

92

P = 0.667

Not reported

C16ORF61, laesional 2

92

P = 0.007

Not reported

C16ORF61, nonlaesional

92

P = < 0.001

Not reported

CP2N, laesional 1

92

P = 0.032

Not reported

CP2N, laesional 2

92

P = 0.03

Not reported

CP2N, nonlaesional

93

P = 0.000

Not reported

CXCL12 in blood vessels

93

P = 0.000

Not reported

CXCL12 in dermal cells

93

P = 0.000

Not reported

CXCL12 in keratinocytes

92

P = <0.001

Not reported

FHL1, laesional 1

92

P = 0.016

Not reported

FHL1, laesional 2

92

P = 0.021

Not reported

FHL1, nonlaesional

92

P = 0.014

Not reported

GPS1, laesional 1

92

P = 0.008

Not reported

GPS1, laesional 2

92

P = 0.385

Not reported

GPS1, nonlaesional

94

P = 0.001

Not reported

IL23R, epidermal

94

P = 0.018

Not reported

IL23R, dermal

92

P = 0.006

Not reported

ITGB5, laesional 1

92

P = 0.032

Not reported

ITGB5, laesional 2

92

P = 0.017

Not reported

ITGB5, nonlaesional

92

P = > 0.05

Not reported

POSTN, laesional 1

92

P = 0.001

Not reported

POSTN, laesional 2

92

P = 0.013

Not reported

POSTN, nonlaesional

92

P = 0.043

Not reported

PPP2R4, laesional 1

92

P = 0.008

Not reported

PPP2R4, laesional 2

92

P = 0.678

Not reported

PPP2R4, nonlaesional

92

P = < 0.001

Not reported

SNCA, laesional 1

92

P = < 0.001

Not reported

SNCA, laesional 2

92

P = 0.089

Not reported

SNCA, nonlaesional

92

P = 0.019

Not reported

SRP14, laesional 1

92

P = 0.016

Not reported

SRP14, laesional 2

92

P = 0.57

Not reported

SRP14, nonlaesional

92

P = 0.043

Not reported

SRPX, laesional 1

92

P = 0.08

Not reported

SRPX, laesional 2

92

P = 0.014

Not reported

SRPX, nonlaesional

72

P = 0.003

Not reported

Miscellaneous

Arylesterase activity

70

P = 0.0011

OR = 0.685

Hemoglobin

96

P = < 0.001

Not reported

ACPA = anti citrullinated protein antibodies; ADAMTS = a disentegrin and metalloproteinase with thrombospondin motifs;
anti-CCP = anti-cyclic citrullinated protein; Apo = apolipoprotein; C16ORF61 = endosomal protein sorting factor like (VSP35L);
C2C = collagen fragment neoepitopes Col2-3/4 (long mono); C9 = complement factor 9; CCR = C-C chemokine receptor;
CD = cluster of differentiation; CD5L = CD5 ligand; CER = ceramide; CM = central memory; COMP = cartilage oligometric
matrix protein; CPII = C-propeptide of type II collagen; CP2N = carboxypeptidase N subunit 2; CRP = C-reactive protein; CTX =
collagen type I C-telopeptide; CXCL = C-X-C motif ligand; CXCR = C-X-C motif receptor; DKK = dickkopf; EM = effector memory;
ESR = erythrocyte sedimentation rate; FHL1 = four and a half LIM domains; GPS = G protein pathway suppressor; HAT =
human airway trypsin-like protein; HDL = high density lipoprotein; hs = high sensitivity; IFI = interferon-inducible protein;
IFN = interferon; Ig = immunoglobulin; IL = interleukin; IL2R = IL2 receptor; IL23R = interleukin 23 receptor; ISG = interferon
stimulated gene; ITGB = integrin beta; K17 = keratin 17; L = liter; LDL = low density lipoprotein; M2BP = Mac-2-binding protein;
M-CSF = macrophage colony stimulating factor; mg = milligram; miRNA = micro RNA; MMP = matrix metalloproteinase;
mRNA = messenger RNA; NFKB = nuclear factor kappa-B; OPG = osteoprotegerin; OR = odds ratio; PBMC = peripheral
blood mononuclear cells; POSTN = periostin; PPP2R4 = protein phosphatase 2 phosphatase activator (PTPA); RANKL =
receptor activator of NFKB ligand; RNA = ribonucleic acid; SETD = SET domain protein; SNCA = synuclein alpha; SRP = signal
recognition particle; SRPX = sushi repeat containing protein X-linked; STAT = signal transducer and activator of transcription;
STIP = stress-inducible phosphoprotein; SYK = spleen associated tyrosine kinase; TBX = T-box; TNF = tumor necrosis factor;
VCP = valosin containing protein; VEGFR = vascular endothelial growth factor receptor; VLDL = very low density lipoprotein
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86

Markers associated with (the development of) PsA in Pso patients

Markers associated with (the development of) PsA in Pso patients

Supplementary table 5: Statistical significance and effect sizes of genetic markers

2

HLA-B*38

99

P = 0.026

OR = 1.65

Category

Marker

Study

Significance

Effect Size

100

P = 0.04

Not reported

HLA

Haplotype B*08:01-C*07

97

P = 0.0020

OR = 1.81

104

Not significant

Not reported

Haplotype B*08-C*07-MICA*00801

98

P = 0.021

OR = 1.730

HLA-B*38 Ashkenazi

101

Not significant

Not reported

Haplotype B*18-C*07

99

P = 0.004

OR = 10.1

HLA-B*38 Sephardic

101

P = < 0.05

Not reported

Haplotype B*27-C*01

97

P = 0.0020

OR = 4.61

HLA-B*38:01:01

97

P = 0.3865

OR = 1.66

99

P = < 0.0001

OR = 41.1

HLA-B*39

100

P = 0.03

Not reported

OR = 2.59

HLA-B*39:01:01:01

97

P = 0.0288

OR = 2.86

OR = 19.9

HLA-B*39:06:01

97

P=1

OR = 1.20

Not reported

HLA-B*44:02:01:01

97

P = 0.0198

OR = 0.60

OR = 12.923

HLA-B*57

99

P = 0.001

OR = 0.58

P = 0.47

Not reported

Haplotype B*27-C*02

97
99
100

Haplotype B*27-C*02-MICA*00701/026

98

P = 0.0333
P = < 0.0001
P = 0.04
P = 0.000

Haplotype B*35-C*04-MICA*0201/020

98

P = 0.047

OR = 0.490

100

Haplotype B*37-C*06

97

P = 0.0424

OR = 0.54

104

Not significant

Not reported

Haplotype B*38-C*12

97

P = 0.3865

OR = 1.66

102

P = 2.64x10E-2*

Not reported

99

P = 0.01

OR = 2.9

HLA-B57*01

102

P = 1.98 x 10E-2*

Not reported

100

P = 0.02

Not reported

HLA-B*57:01:01

97

P = 0.0002

OR = 0.48

97

P = 0.0190

OR = 3.93

HLA-B*70 Ashkenazi

101

P = < 0.05

Not reported

100

P = 0.005

Not reported

HLA-B*70 Sephardic

101

Not significant

Not reported

97

P = 0.0004

OR = 0.49

HLA-B amino acid position 45 Glu

102

P = 1.46 x 10E-4*

Not reported

OR = 0.5

HLA-B amino acid position 45 Glu/Gly

102

P = 2.02 x 10E-4*

Not reported

OR = 0.577

HLA-B amino acid position 45 Glu/Lys

102

P = 7.89x10E-3*

Not reported

102

P = 2.24 x 10E-3*

Not reported

Haplotype B*39:01-C*12
Haplotype B*57-C*06

99
Haplotype B*57-C*06-MICA*017

99

P = 0.03
P = 0.020

HLA-A3 Ashkenazi

101

P = < 0.05

Not reported

HLA-B amino acid position 45 Glu/Thr

HLA-A3 Sephardic

101

Not significant

Not reported

HLA-B amino acid position 45

106

P = 2.9 x 10E-12

OR = 1.46

HLA-B*08

103

P = > 0.05

Not reported

Glu vs Thr/Lys/Met

103

P = 0.16

Not reported

99

P = 0.009

OR = 1.61

HLA-B amino acid position 45 Gly/Met

102

P = 3.57x 10E-3*

Not reported

100

P = 0.12

Not reported

HLA-B amino acid position 45 Lys/Met

102

P = 2.62x10E-3*

Not reported

102

P = 1.76x10E-3*

Not reported

HLA-B amino acid position 45 Lys/Thr

102

P = 1.74x10E-2*

Not reported

97

P = 0.0019

OR = 1.81

HLA-B amino acid position 95 Leu

102

P = 3.50 x 10E-8

OR = 1.595

102

P = 1.76x10E-3*

Not reported

HLA-B amino acid position 95 Trp

102

P = 3.18 x 10E-3*

Not reported

101

P = < 0.05

Not reported

HLA-B amino acid position 97 Arg/Asn/Ser

102

P = 1.47 x 10E-6*

Not reported

Not reported

HLA-B amino acid position 97 Arg/Thr

102

P = 1.20 x 10E-2*

Not reported

Not reported

HLA-B amino acid position 97 Asn

102

P = 4.73 x 10E-6*

Not reported

Not reported

HLA-B amino acid position 97 Asn/Ser

102

P =1.31 x 10E-6*

Not reported

102

P = 1.62 x 10E-3*

Not reported
Not reported

HLA-B*08:01
HLA-B*13 Ashkenazi
HLA-B*13 Sephardic
HLA-B*13

101

Not significant

104

Not significant

102

P = 1.72x10 -3*
E

HLA-B*18

100

P = 0.52

Not reported

HLA-B amino acid position 97 Asn/Ser/Thr

HLA-B*18:01:01

97

P = 0.0037

OR = 6.59

HLA-B amino acid position 97 Asn/Ser/Trp

102

P = 9.47 x 10E5*

HLA-B*27

HLA-B*27:05

105

P = 0.0007

Not reported

HLA-B amino acid position 97 Asn/Trp

102

P = 3.92 x 10 -2*

Not reported

99

P = < 0.0001

OR = 5.17

HLA-B amino acid position 97 Asn/Ser/Val

102

P = 2.12 x 10E-3*

Not reported

100

P = 0.002

Not reported

HLA-B amino acid position 97 Asp vs Arg

103

P = 5.76 x 10E-8

OR = 2.46

104

P = < 0.001

OR = 4.2

HLA-B amino acid position 97 Ser

102

P = 1.37 x 10E-2*

Not reported

102

P=7.96x10E-7*

Unclear

HLA-B amino acid position 97 Ser/Trp

102

P = 4.82 x 10E-2*

Not reported

103

P = 3.53 x 10E-7

OR = 2.34

HLA-B amino acid position 97 Ser vs Arg

103

P = 3.58 x 10E-5

OR = 1.45

HLA-B amino acid position 97

102

P = 2.74 x 10E-2*

Not reported

E

HLA-B*27:05:02

97

P = 0.0001

OR = 3.77

HLA-B*37

102

P = 1.05x10E-2*

Not reported

HLA-B amino acid position 97 Thr/Trp

102

P = 1.33 x 10E-2

Not reported

HLA*B37:01

102

P = 1.05x10 -2*

Not reported

HLA-B amino acid position 97 Thr/Val

102

P = 2.49 x 10E-3*

Not reported

HLA-B*37:01:01

97

P = 0.0424

OR = 0.54

HLA-B amino acid position 97 Thr vs Arg

103

P = 0.716

OR = 0.959

HLA-B amino acid position 97 Try vs Arg

103

P = 0.283

OR = 0.795

E
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HLA-B amino acid position 97 Trp/Val

102

P = 2.35 x 10E-2*

Not reported

HLA-DRB1*03:01 Ashkenazi

101

Not significant

Not reported

HLA-B amino acid position 97 Val

102

P = 3.89 x 10 -2*

Not reported

HLA-DRB1*03:01 Sephardic

101

Not significant

Not reported

HLA-B amino acid position 97 Val vs Arg

103

P = 0.913

OR = 0.988

HLA-DRB1*04:02 Ashkenazi

101

P = < 0.05

Not reported

HLA-C*01

99

P = 0.001

OR = 2.54

HLA-DRB1*04:02 Sephardic

101

Not significant

Not reported

100

P = 0.21

Not reported

HLA-DRB1*04:05 Ashkenazi

101

P = < 0.05

Not reported

E

102

P = 3.43 x 10 -3*

Not reported

HLA-DRB1*04:05 Sephardic

101

P = < 0.05

Not reported

HLA-C*01:02

102

P = 3.43 x10E-3*

Not reported

HLA-DRB1*04:06 Ashkenazi

101

P = < 0.05

Not reported

HLA-C*01:02:01

97

P = 0.0828

OR = 1.78

HLA-DRB1*04:06 Sephardic

101

P = < 0.05

Not reported

HLA-C*02

99

P = 0.0008

OR = 2.42

HLA-DRB1*07

105

P = < 0.001

OR = 0.12

100

P = 0.27

Not reported

HLA-DRB1*14:01 Ashenazi

101

P = < 0.05

Not reported

102

P = 2.40 x 10E-2*

Not reported

HLA-DRB1*14:01 Sephardic

101

Not significant

Not reported

102

P = 2.40 x 10E-2*

Not reported

rs1050414 (near HLA-C and HLA-B)

120

P = 7.4 x 10E-11

OR = 1.53

HLA-C*02:02:02

97

P = 0.0316

OR = 2.35

ADAMTS9-MAG1 deletion

112

P = 0.0088

Not reported

HLA-C*06

99

P = 0.0002

OR = 0.58

CCR2 rs1799864

113

P = 0.0007

Not reported

105

P = 0.014

OR = 0.41

IL1RN rs397211

111

P = 0.79

Not reported

100

P = 0.69

Not reported

114

P = 0.74

Not reported

108

P = 0.02

OR = 0.72

114

P = 0.04

Not reported

104

P = < 0.001

OR = 0.5

111

P = 0.01

Not reported

107

P = < 0.001

Not reported

109

P = 0.549

Not reported

102

P = 6.96 x 10E-11

OR = 0.5275

115

P = 0.55

OR = 1.13

101

P = < 0.05

Not reported

109

P = 0.522

Not reported

HLA-C*06 Sephardic

101

Not significant

Not reported

115

P = 0.33

OR = 1.20

HLA-C*06:02

103

P = 9.57 x 10E-66

OR = 0.37

116

P = 0.045

OR = 1.28

109

p = 0.491

Not reported

117

P = 0.015

Not reported

102

P = 6.96 x10E-11

OR = 0.5275

114

P = 0.48

Not reported

HLA-C*06:02:01:01

97

P = 9.94 x 10E-12

OR = 0.30

117

P = 0.004

Not reported

HLA-C*07

99

P = 0.027

OR = 1.35

111

P = 0.11

Not reported

100

P = 0.32

Not reported

IL13 rs848

116

P = 0.047

RR = 1.30

102

P = 2.21 x 10E-4*

Not reported

IL17E rs79877597

118

P = 0.032

OR = 1.50

HLA-C*07:01

102

P = 8.27 x 10E-3*

Not reported

IL23A rs2066807

114

P = 0.96

Not reported

111

P = 0.23

Not reported

109

P = 0.459

Not reported

115

P = 0.11

OR = 1.96

IL23R rs2201841

114

P = 0.08

Not reported
Not reported

HLA-C*02:02

HLA-C*06 Ashkenazi

E

Non-HLA

IL12B rs2082412
IL12B rs3212227
IL12B rs6887695
IL13 rs1800925
IL13 rs20541

HLA-C*07:01:01:01

97

P = 0.0023

OR = 1.76

HLA-C*07:02

102

P = 3.05 x 10E-2*

Not reported

HLA-C*08

105

P = 0.021

OR = 0.35

HLA-C*12

99

P = 0.13

OR = 1.29

100

P = 0.005

Not reported

111

P = 0.02

HLA-C*12:03:01:01

97

P = 0.0668

OR = 1.83

IL23R rs 7530511

109

P = 0.994

Not reported

HLA-C amino acid position 305 Ala

102

P = 4.47 x 10E-8

OR = 1.582

KIR2DS1 pos / C2 neg

119

P = 0.0046

Not reported

HLA-C amino acid position 305 Thr

102

P = 2.21 x 10E-4*

Not reported

MICA*00701/026 (presence)

98

P = < 0.001

OR = 4.402

HLA-C rs10484554

110

P = 1.69 x 10E-6

Not reported

MICA*00801 (presence)

98

P = 0.110

OR = 1.339

HLA-C rs12191877

111

P = 0.006

Not reported

MICA*00801 (homozygosity)

98

P = 0.009

OR = 2.260

HLA-DQB1*02:01

102

P= 3.25 x 10E-3*

Not reported

MICA*016 (presence)

98

P = 0.034

OR = 0.418

HLA-DQB1*02:01 Ashkenazi

101

P = < 0.05

Not reported

NFKBIA rs696

115

P = 0.1

OR = 1.36
Not reported

IL23R rs11209026

HLA-DQB1*02:01 Sephardic

101

Not significant

Not reported

NFKBIA rs7152376

107

P = < 0.001

HLA-DRB1*03

102

P = 4.03 x 10E3*

Not reported

NFKBIA rs8016957

114

P = 0.06

Not reported

HLA-DRB1*03:01

102

P = 3.06 x 10E3*

Not reported

PTPN22 rs2476601

121

P = 4.4 x 10E-4

Not reported

115

P = 0.41

OR = 1.21

89

2

A
Wu, 201530

Risk of bias was assessed using the Newcastle-Ottawa scale and for further explanation of the exact answer options, we refer to the original paper16 (ref 16). A study was considered of “good” quality
when it had a minimum of 3 stars in the selection domain, 1 star in the comparability domain and 2 stars in the outcome/exposure domain. “Fair” quality was given when a study had a minimum of 2
stars in the selection, 1 star in the compatibility and 2 stars in the outcome/exposure domain17.

Fair

Poor
B

A
A

A
C

B
yes

no
yes

yes
B

B

B
A

C

Wilson, 200925

A

A
A

C

Fair

Poor
D
A
B
no
no
B

Good

Thorarensen, 201735

A

A

A
A

A
D

A
yes

yes
no

yes
A

B
A

A
A

B

A

B
Soltani, 201024

Simon, 2020

Fair
A
A
B
yes
yes
B
A
A
C
Nguyen, 201831

26

Good

Poor
B

A
A

A
C

B
yes

yes
yes

yes
B

B

A
A
Love, 201233

A

A
C
Li, 201234

C

Poor

Fair
C

C
A

A
B

C
yes

yes
yes

yes
B

B
A

A

C

A
A

C
Li, 201232

A
A

Lewinson, 201736

Good

Good
A
A
B
yes
yes
B

Good

Green, 202029

A

A

B
A

Good

Fair

Fair
C

C

B
A

A
B

A
yes

yes
no

yes
A

B

Outcome
not present
at start

ADAMTS = a disentegrin and metalloproteinase with thrombospondin motifs; Ala = alanine; Arg = Arganine; Asn = Asparagine;
CCR = C-C motif receptor; DNA = deoxyribonuclease acid; Glu = glutamic acid; Gly = glycine; HLA = human leukocyte antigen;
IL = interleukin; IL1RN = IL-1 receptor antagonist; IL23R = IL-23 receptor; KIR = killer-cell immunoglobuline-like receptor; Leu
= leucine; Lys = lysine; MAGI = membrane-associated guanylate kinase; Met = methionine; MHC = major histocompatibility
complex; MICA = MHC class I polypeptide-related sequence A; NFKB = nuclear factor kappa B; NFKBIA = NFKB inhibitor alpha;
OR = odds ratio; ; PTPN22 = protein tyrosine phosphatase non-receptor type 22; Ser = Serine; Thr = threonine; TNF = tumor
necrosis factor; TNFAIP = TNF alpha-induced protein; TNIP = TNFAIP3 interacting protein; Trp = tryptophan; TSC1 = tuberous
sclerosis 1; Val = valine; ZNF = zinc finger protein

A

* no correction for multiple testing, not genome-wide significant

B

Not reported

A

P = 0.01

A

Not reported

114

ZNF816A

A

P = 0.52

A

Not reported

111

Egeberg, 201823

Not reported

P = 0.42

Eder, 201722

P = 0.07

114

A

111
TSC1 rs1076160

yes

Not reported

no

Not reported

P = 0.07

A

P = 0.67

114

B

111
TNIP1 rs17728338

A

Not reported

A

P = 0.58

Eder, 201618

114

A

TNFAIP3 rs610604

A

Not reported

A

Not significant

A

123

yes

Not reported

TNFacd haplotype a11c1d3

yes

Not significant

no

P = 0.008

yes

123
123

A

RR = 5.3

TNFacd haplotype a6c1d3
TNFacd haplotype a10c1d3

A

Not reported

A

Not significant

A

123

A

Not reported

TNFacd haplotype a2c2d4

A

P = 0.657

A

p = 0.038

A

109
109

Abji, 202060

Not reported

TNFa-857
TNFa-1031

Abji, 201627

Not reported

Quality

P = 0.673

Adequacy
of followup

OR = 1.04

109

Sufficient
follow-up

P = 0.93

Outcome

Not reported

122

TNFa-308

Assessment
of outcome

OR = 1.002

P = 0.577

Controls for
additional
factor

P = 0.99

109

Comparibility

122

Controls
for age

TNFa-238

Ascertainment
of exposure

OR = 1.63

Selection

p = 6.7 x 10E-9

Selection of
non-exposed
cohort

120

Representativeness
of exposed cohort

rs4891505 (near LOC100505817)
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Supplementary table 6: Quality assessment of cohort studies
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B
B
B
B
B
B
A
A
A

A
C
A
A
A
A
A
A
A

67

Diani, 201951
Eder, 201120
Eder, 2011116
Eder, 201228
Eder, 2012100
Eder, 201299
Eder, 2012126

A
B
A
B
B
A
B

A
A
A
C
A
A
A

Elkayam, 2004101
Engin, 2020127
Esawy, 201944
131

Eiris, 2014134

Frasca, 201882

Farrag, 2017

Eder, 2013
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A

A

A

A

C

A

A

A

C

A

A

B

A

A

A

C

B

C

C

A

C

A

C

C

A

C

C

C

A

A

A

C

A

A

A

A

A

A

C

C

A

A

A

A

A

C

Selection of
controls

B

A

B

B

B

B

A

A

A

A

A

A

A

B

B

A

B

A

A

B

A

B

A

B

B

B

B

B

B

B

B

B

A

B

B

A

B

A

B

B

B

A

B

A

B

B
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controls
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yes
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no
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no
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yes
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yes
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for age

A

A

A

A

A

A

A

A

A

A

C

A

D

A

C

A

A

A

A

A

A

A

A

B

A

A

A

A

A

C

A

C

A

A

A

A

A

A

A

A

A

A

A

A

A

C

Ascertainment
of exposure

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

B

B

A

A

A

A

A

A

A

A

A

A

A

B

A

A

A

A

A

A

A
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Exposure

C

A

A

A

A

A

A

A

A

A

B

C

A

A

A

A

A

A

A

A

A

A

A

A

A

B

A

C

A

C

A

A

A

A

C

A

A

A

C

A

A

A

A

A

A

A

Non
response
rate

Poor
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Good

Poor

Poor

Poor

Poor
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Good

Poor

Poor

Poor

Poor
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Poor
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Fair

Poor

Poor

Poor
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Good

Poor
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Poor

Poor
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Poor

Poor
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Poor
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Diani, 2019

Cretu, 2017

Dalmady, 201341
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B

B

C
Cretu, 201592

B

B

A

Coto-Segura,
2019107

A

B

A

Chandran, 201049

A

B

Dalbeth, 201053

B

A

B

A

Calzavara, 1998125

C

B

C

Cabaleiro, 2013109

Canpolat, 201068

A

A

Bowes, 2017103

Candia, 200638

B
B

A

A

Bostoen, 2014124
A

B

A

Bose, 201458

B

A

B

Borman, 200847

Bowes, 2015121

B

Bowes, 2011117

B

A
C

Benham, 201359

B

C

Bartosinka, 2018133
Batalla, 2015118

A
B

A

A
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C

A
B

A

Attia, 201155

Bartosinka, 201550

A

A

Aterido, 2019102

Barbarroja, 201987

A
A

A
A

B

A

Alenius, 200963

De Andrea, 201983

A

Amin, 201557

B

A
C

Alenius, 200539

A

A

Abdel Fattah, 200937
Abji, 201780

B

C

Abdelaal, 201893
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Representativeness
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Adequate case
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B
B
B

C
A

Husakova, 201585

B
B
B
A
B

A
A
B

Julia, 2012110
Julia, 2015112
Kilic, 201769
70

B
B
B

B
A
A

El-Leithy, 202094
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B
A
B
B
A
B
B

A
B
B
B

A
A
A
A
A
C
B

A
B
B
C

84

Lin, 201473
Lin, 201979
Loft, 2018115

Maejima, 201789

Mavropoulos,
2017129
Muto, 199696
Mysliwiec, 201746
Mysliwiec, 2019130

A
A
B
A
B

C
A
A
A
A

Orgaz-Molina,
201342
Ortolan, 201977
Pasquali, 202078

B
B
B
B

C
C
A

Pietrzak, 202062
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B
B
B

A
C
A
Pollock, 2019136

A
A
A
A

A
C
B
B

Thumboo, 201819
Tsuruta, 201786

Soto-Sanchez,
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Stuart, 2015120

B

A

Shibata, 200940

Spadaro, 199661

A
B

A
B

Sag, 201843
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Pollock, 2013

Pollock, 201581

Pollock, 201198

Pirowska, 2018

B

A
C
Pietrzak, 201876

A

A

C

C

A

A

A

A

C

A

B

A

A
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A

C

C
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A

A
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Chapter 1

Disease-specific immune profiles in Pso and PsA

Abstract

Introduction

Psoriasis (Pso) is a chronic inflammatory skin disease, and up to 30% of Pso patients develop
psoriatic arthritis (PsA) which can lead to irreversible joint damage. Early detection of PsA
in Pso patients is crucial for timely treatment but difficult for dermatologists to implement.
We therefore aimed to find disease-specific immune profiles, discriminating Pso from PsA
patients, possibly facilitating the correct identification of Pso patients in need for referral to
a rheumatology clinic. The phenotypes of peripheral blood immune cells of consecutive Pso
and PsA patients were analysed and disease-specific immune profiles were identified via a
machine learning approach. This approach resulted in a random forest classification model
capable of distinguishing PsA from Pso (mean AUC=0.95). Key PsA-classifying cell subsets
selected included increased proportions of differentiated CD4+CD196+CD183-CD194+
and CD4+CD196-CD183-CD194+ T-cells and reduced proportions of CD196+ and CD197+
monocytes, memory CD4+ and CD8+ T-cell subsets and CD4+ regulatory T-cells. Within PsA,
joint scores showed an association with memory CD8+CD45RA-CD197- effector T-cells and
CD197+ monocytes. To conclude, through the integration of in-depth flow cytometry and
machine learning, we identified an immune cell profile discriminating PsA from Pso. This
immune profile may aid in timely diagnosing PsA in Pso.

Psoriasis (Pso) is a chronic and common skin disease with a prevalence of around 2%.1
Significant co-morbidities are associated with Pso, including psoriatic arthritis. Up to 30% of
Pso patients develop psoriatic arthritis (PsA), a chronic inflammation of joints and entheses
with a lag time of about 10 years. PsA has additional negative impact on quality of life and
delayed diagnosis leads to increased chances of disability.1-4 Adequate detection of PsA in
Pso patients is therefore important to ensure timely treatment and prevention of structural
joint damage.5 However, identifying patients with (concomi-tant) PsA in psoriasis patients is
difficult among others due to the diverse presentation of the disease. There is an unmet need
for a valid method that is able to assist in screening Pso patients for PsA.
Considering both diseases are immune-mediated inflammatory diseases but with clear
differences in clinical characteristics, it is conceivable that these differences may be reflected
in the composition of circulating immune cell subsets. Several serum soluble biomarkers such
as CXCL10, matrix metalloproteinase-3 (MMP-3) and macro-phage-colony stimulating factor
(M-CSF) have been shown to be associated with PsA.6,7 Also, increased percentages of CD8+
effector T-cells were reported in PsA.8 However, to our knowledge, a biomarker (or a subset
of markers) with enough discriminative capacity to use in routine (dermatology) practice to
identify PsA patients in a cohort of Pso patients is still lacking.
Here, we performed a cross-sectional study to investigate whether PsA patients can be
distinguished from Pso patients by integrating flow cytometry of circulating peripheral
blood immune cell subsets and a machine learning approach. We identified distin-guishing
disease-specific immune profiles which might aid in the early diagnosis of Pso patients with
concomitant PsA.

Results
Patient population
The study consecutively enrolled 41 PsA and 45 Pso patients. Extensive information on patients
and disease characteristics can be found in table 1. The percentage of female patients was
53.7% and 44.4% in the PsA group and Pso group, respectively. Mean age was, as expected,
higher in PsA patients (56.1 ± 14.5 years) compared to Pso patients (44.1 ± 15.2 years). All the
PsA patients had peripheral disease and did not have predominant axial disease. None of the
included patients had concomitant other immune-mediated inflammatory diseases (e.g.,
inflammatory bowel disease).

99

3

100

Disease-specific immune profiles in Pso and PsA

Disease-specific immune profiles in Pso and PsA

101

Table 1. Demographic and clinical characteristics of Pso and PsA patients.
PsA (N=41)

3

Pso (N=45)

Age (years)

56.1 ± 14.5

44.1 ± 15.2

Female (number, %)

22 (53.7%)

20 (44.4%)

BMI

27.0 ± 5.1#

29.2 ± 5.4#

cDMARD (current use)

17 (41.5%)

4 (8.7%)

bDMARD (current use)

0 (0%)

7 (15.6%)

4.8 ± 10.7

3.2 ± 5.0##

CRP
PASI

2.9 ± 3.7

###

3

13.3 ± 7.3

DAS28

2.4 ± 1.3

-

PASDAS

4.9 ± 1.1###

-

TJC28

2.2 ± 3.6

TJC68

7.2 ± 5.8###

-

SJC28

1.8 ± 3.5

-

SJC66

5.8 ± 6.4###

-

Except where indicated otherwise, values are mean ± SD. bDMARD = biological dis-ease-modifying antirheumatic drug; BMI
= body mass index; cDMARD = conventional DMARD; CRP = C-reactive protein; DAS28 = disease activity score in 28 joints
[range 0.96-10]; PASI = pso-riasis area and severity index [range 0-72]; PASDAS = psoriatic arthritis disease activity score
[range 0-10]; SJC28 = Swollen joint count of 28 joints [range 0-28]; SJC66 = Swollen joint count of 66 joints [range 0-66]; TJC28
= Tender joint count of 28 joints [range 0-28]; TJC68 = Tender joint count of 68 joints [range 0-68].
2
Variables with missing values for PsA and/or Pso:.
#
BMI was available for a subset of 27 PsA patients and 41 Pso patients.
##
CRP was available for a subset of 42 Pso Patients.
###
Data was available for a subset of 14 PsA patients.
1

Differences in immune cell subsets between PsA and Pso
Deep phenotyping of circulating immune cell subsets resulted in the detection of over a
hundred different cell subsets for each blood sample. Univariate analysis of cell percentages
data revealed a number of immune cell subsets including T, B, NK, NKT and monocytes that
were significantly different in PsA vs Pso (Figure 1A). As compared to Pso, PsA patients showed
reduced levels of CD196+ and CD197+ monocytes, memory T-cells, CD4+CD197+CD45RAT-cells, CD8+CD45RA-CD27- T-cells, Treg, and CD19+IgD+CD5++ B-cells, but increased fractions
of CD4+CD196+CD183-CD194+ Th17-like and CD4+CD196-CD183-CD194+ T-cells (Figure 1B).
Details on cell subsets analysed in the univariate analysis are shown in supplementary table
S2.

Figure 1. Differences in the percentages of circulating immune cell subsets in PsA versus Pso.
(A) The volcano plot shows the differential immune cell subsets in Pso versus PsA patients. Each dot
represent one cell subset and is coloured based on its lymphocytes lineage as indicated in the legend.
The X-axis indicates the log2 (fold change of Pso/PsA). The horizontal dotted line indicates p = 0.05. The
vertical dotted line indicates Pso/PsA fold change =1.
(B) The violin plots show examples of significantly different cell subsets in PsA versus Pso patients. Each
dot represents an individual subject. The grey dot and grey line indicate the mean values and two
times standard deviations, respectively.
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Random forest classification model reveals a disease-specific immune profile
To determine whether Pso could be distinguished from PsA by their immune cell phenotype, a
machine learning classification model using Random Forest (RF) meth-odology was generated
by using selected immune cell subsets that were shown to be significantly different between
PsA and Pso and that were not highly correlated with each other (spearman rho < 0.8). The
analytical procedure is illustrated in figure 2A. The resulting ROC curve of 500 RF models
indicates a proper discrimination between PsA and Pso (Figure 2B, mean AUC value 0.95 ± 0.04;
mean specificity 0.73 ± 0.04; mean sensitivity 0.71 ± 0.04; mean out-of-bag error 0.13). Age did
not influence the classification model performance (data not shown).
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To analyse to what extent the different immune cell subsets contributed to the classification of PsA and Pso, we used the feature importance score (gini score) generated by the
RF classification model. Figure 2C lists the top 10 of immune cell subsets based on their gini
scores, which quantitatively measures how on average a variable contributes to the model.
The higher the gini score, the more important the feature is for the classification. The most
relevant cell subsets contributing to the classification of PsA or Pso were memory T-cells
(CD4+CD197+CD45RA-, CD45RO+CD45RA-, CD8+CD45RA-CD27-, CD4+CD45RA-CD27-), Th17like cells (CD4+CD196+CD183-CD194+), Th2-like cells (CD4+CD196-CD183-CD194+), and Treg
cells (CD4+CD25+CD127lo). Additionally, CD196+ and CD197+ monocytes helped distinguishing
PsA from Pso (Figure 2C).

Figure 2. Discrimination of PsA from Pso patients using a random forest classification model.
(A) Schematic overview of the data analysis procedure. The significantly different cell sub-sets in PsA
versus Pso were selected based on the univariate analysis as shown in Fig 1A and the highly correlated
cell subsets were excluded. Randomly splitting for train-ing X’ (70%) and test Y’ (30%) dataset was
repeated 500 times. The RF classification model (containing 1000 forests) was built using the training
dataset and the test dataset was shuffled randomly to cross-validate the model.
(B) Overview of the ROC curves derived from 500 RF classification models in which se-lected immune
cell subsets (p-value<0.05 and rho<0.8) function as predicting variables. The AUC value was shown as
mean ± SD.
(C) Top 10 most relevant-cell subsets contributing to the classifications of PsA and Pso. Cell subsets were
ranked based on gini-score. Fold change is computed as the ratio of mean values of each cell subset’s
percentage in Pso vs PsA. Names of immune cell subsets in red indicate these cells are higher in PsA
than in Pso.
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Association of the PsA-specific immune profile with clinical parameters
We applied a qualitative analysis to assess the correlations between disease activity measures
and the percentages of the top 10 PsA/Pso-classifying immune cell populations. The correlation
of cell percentages with joint disease activity (swollen joint count [SJC] 28/66, tender joint count
[TJC] 28/68), disease activity composite scores (Disease Activity Score 28 [DAS28] and Psoriatic
Arthritis Disease Activity Score [PASDAS]) and skin disease severity (Psoriasis Area and Severity
Index [PASI]), in the PsA cohort was as-sessed. Decreased numbers of CD197+ monocytes
and CD8+CD45RA-CD27- memory T-cells positively correlated with joint involvement as well
as overall disease composite scores (Figure 3). None of the PsA/Pso-classifying immune cell
subsets showed a corre-lation with skin disease severity (PASI) in PsA, nor in Pso, except for
CD196+ monocytes which mildly correlated with PASI in Pso (r=0.38, p<0.05) (Figure 4).

3

Figure 4. Correlation of PASI with key immune cell subsets that contribute to the discrimination of PsA
and Pso.
Heatmap shows the Pearson’s correlation between percentages of top 10 PsA-classifying cell subsets
with PASI score. Numbers indicate the Pearson’s correlation coefficient. * p<0.05.

1

Figure 3. Correlation of clinical parameters with key immune cell subsets that contribute to the
discrimination of PsA and Pso. .
Heatmap shows the Pearson’s correlation between percentages of top 10 PsA-classifying cell subsets with
clinical parameters in PsA. Numbers indicate the Pearson’s correlation coefficient, * p<0.05; ** p<0.01; ***
p<0.001.
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Discussion
To our knowledge, this is the first study to show that PsA and Pso patients can be discriminated
based on blood-based profiling of multiple immune cell subsets combined with a machine
learning approach. The PsA-specific immune profile distinguishing PsA from Pso, is defined
by a reduced proportion of CD4 and CD8 memory T-cell subsets, Treg cells and CD196+ and
CD197+ monocytes as well as an increased proportion of differ-entiated CD4+ memory T-cells
expressing the chemokine receptors CD196(CCR6) and CD194(CCR4).
The reduced presence of memory T cells and CD196(CCR6)+ monocytes in PsA patients’
peripheral blood as compared to Pso patients might be explained by increased migration to
the joints and entheses of the PsA patients. The increased proportion of memory CD4+ T-cells
expressing the chemokine receptors CD194(CCR4) and CD196(CCR6) in the circulation of PsA
patients might appear contradictory to this. However, memory T cells expressing CD196(CCR6)
have been shown to be increased in the peripheral blood of PsA patients before while they also
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accumulated in the synovial cavity and migrated towards PsA synovial fluid.8 These results hint
at the specific increased proliferation of CD196(CCR6)+ (memory) T cells in PsA compensating
for the accumulation in the joint/entheses.

3

CD194(CCR4)+ T cells have also been shown to migrate to the PsA synovial cavity, which
expresses high levels of the CD194(CCR4) ligand MDC/CCL22.13 In line, Th17 and Th22 cell
populations are enriched for CD196(CCR6) and CD194(CCR4) and are known to play a pathogenic
role in in the pathogenesis of PsA.14,15 As CD196(CCR6)+ and CD194(CCR4)+ (memory) CD4+ T
cells are also implicated in Pso, there might also be a relative decrease of these immune cell
subsets in the peripheral blood of Pso patients e.g. due to the increased inflammation of the
skin in the Pso vs PsA in our populations. However we did not find any correlation between
PASI scores and the CD196(CCR6)+ and CD194(CCR4)+ (memory) CD4+ T cell subset (Figure 4)
making it less likely that this effect plays a major role.
In PsA patients we further observed less circulating CD197(CCR7)+ monocytes as compared to
Pso and this cell population revealed a strong correlation with joint disease activity as well as
overall disease composite scores, suggesting that CD197(CCR7)+ monocytes might migrate to
the lymphatic system and/or joints and entheses and con-tribute to inflammation. Others have
reported that CD197(CCR7) mRNA levels in monocytes correlate to the clinical inflammation
status (DAS28) in rheumatoid arthritis patients and that signaling of CD197(CCR7) (by CCL21)
promotes Th17‑mediated bone loss an important destructive process in PsA.16 In contrast, in
models of psoriasis no role for CD197(CCR7)+ monocytes/monocyte-derived dendritic cells
was found in the disease process.17 Noteworthy are the findings by Schnitte et al., who found
that peripheral blood monocyte-derived dendritic cells from PsA patients migrated less
towards a MIP3b gradient (CCR7 ligand) than did cells from Pso patients while the level of
expression of CD197(CCR7) was comparable.18 They did not report if a difference in numbers
of CD197(CCR7)+ monocytes/monocyte-like cells was researched. These data might be in line
with our hypothesis in which migration prone CD197(CCR7)+ cells have already migrated to
lymphatics and sites of inflammation and the less responsive and/or MIP3b pre-exposed cells
remain.
The strengths of this study are 1) extensive phenotyping of more than one hundred immune
cell subsets, 2) unsupervised machine learning data analysis approach that minimizes bias and
strengthens its robustness, and 3) availability of extensive clinical data enabling correlation of
PsA-classifying immune cell subsets with clinical parameters. This resulted in a capability to
distinguish Pso from PsA patients. Further validation of our results is found in the correlation
of the PsA-identifying cell subsets with the joint scores and musculoskeletal disease activity
measures within the PsA population.
With regard to limitations of our study, we found differences in three important clinical
parameters between PsA and Pso patients. First, the difference in PASI scores between the
PsA and Pso cohorts might be a limitation of our study. However, we deem it unlikely that
our findings are influenced by the difference in PASI score, as no clear correlation between
(available) PASI scores and the PsA-classifying immune cell popu-lations were found. Second,
a difference in conventional disease-modifying antirheumatic drug (cDMARD) use was
present at baseline. The cDMARD use in PsA patients was higher than in Pso patients. To
increase the external generalizability of our results, we did not exclude patients that used a
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cDMARD. As our capability to distinguish PsA from Pso patients was high, the difference in use
of cDMARDs seems unlikely to play a decisive role. Last, a difference was found in the age of
PsA and Pso patients, with the PsA patients (56.1 ± 14.5) being about 10 years older than the
Pso patients (44.1 ± 15.2) but also with a large age overlap. As we took consecutive patients
from both cohorts, this difference in age was expected.19 In fact, including the patients age did
not improve the RF model performance. Age has been evaluated extensively in the past also
using the same flow cytometry panels used in the current study.11,12 Although aging influences
the immune cell composition (e.g. young vs old), within the age-interval (mean age 44 - 56)
of our study-cohort, as expected and as analyzed, the outcome of the RF model was hardly
influenced.
However, although an important role played by the above variables is unlikely we aim to
conduct a longitudinal follow-up study in which we match Pso patients with newly found
PsA patients from the same cohort. In our current work we used 5 supplemental 10-colour
antibody panels to reveal an immune-profile that discriminates between PsA and Pso. As this
is not suitable for daily clinical practice, in future studies, based on our RF-modelling, only a
single panel might be used. A panel consisting of the immune lineage markers CD3, CD4, CD8,
CD14, combined with the maturation/differentiation markers CD45RA, CD27, CD127, activation
marker CD25 and the chemokine receptors CD196, CD197, CD183 as this appears to be sufficient
to discriminate Pso patients with and without PsA.
To conclude, our study shows that Pso and PsA patients can potentially be differ-entiated
based on the flow cytometry of circulating immune cells combined with a ma-chine learning
approach. This highlights the possibility, after external validation, of using a combination of
selected immune cell subsets, as a method for detecting PsA in Pso patients.

Materials and Methods
Patients and setting
Patient inclusion criteria were 1) a diagnosis of Pso by a dermatologist or PsA made by a
rheumatologist, respectively, and 2) age ≥18 years. Exclusion criteria consisted of 1) current
malignancies and 2) presence of other inflammatory rheumatic diseases. The Pso cohort
included patients with only cutaneous involvement; all Pso patients were screened for PsA
by using the Psoriasis Epidemiology Screening Tool (PEST) (a PEST score of ≥2 was used as
cut-off value), or concomitant PsA was ruled out after assessment by a rheuma-tologist.9
Demographic and clinical data were collected. PASI was used to measure skin disease severity.
Joint disease activity was assessed using both the 28 and 66/68 tender and swollen count
(TJC/SJC). Disease activity composite scores in PsA were assessed using the DAS28 and the
PASDAS. Ethical approval (number: NL66544.091.18) or exemption of formal ethical review
was obtained from the local human research ethics committee (Radboudumc Nijmegen, the
Netherlands).
Experimental procedure
Peripheral blood (PB) samples of Pso and PsA patients were collected in 10 ml K2EDTA tubes,
processed for flow cytometry and analysed as reported [10]. Flow cy-tometry panels and
antibodies are listed in supplementary table S1. All antibodies were titrated and tested before

107

3

108

Disease-specific immune profiles in Pso and PsA

use. Percentages of immune cell subsets were manually analysed using Kaluza software
version 2.1 (Beckman-Coulter) as described previously.10-12

3

Statistical Analysis
Subsets that were shown to be significantly different (Wilcoxon signed-rank test) between PsA
and Pso and that were not highly correlated (spearman rho < 0.8), were included as features
in the RF classification model. To build the RF classifier, the following steps were taken (Figure
2A). 1) The dataset was randomly split into a training (70% of the samples) and test-set (30% of
the samples). 2) An RF model consisting of 1000 forests was built and optimized with internal
cross-validation. 3) Step 1 and 2 were repeated 500 times. This procedure resulted in 500
RF-based models, each of which was evaluated by an Area under the Curve (AUC) analysis.
Pearson’s correlation coefficient was used to assess the correlations of immune cell subsets
and clinical parameters. All data were analysed using the statistical packages installed under
R version 3.6.2 (https://www.r-project.org). Plots were generated using ggplot2() and mean
sdl() R functions.
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Supplementary tables

Supplementary table 2: Univariate analysis of peripheral blood cell subsets in Pso vs PsA

Supplementary table 1: FACS staining panels used in this study.
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Chapter 1

Prevalence and characteristics of patients with (active) PsA in a Pso cohort

Abstract

Introduction

Patients with psoriasis are at risk for developing psoriatic arthritis (PsA), which can lead to
irreversible joint damage. However, a part of psoriasis patients with concomitant PsA remains
undiscovered in practice. The aims of this study were: to prospectively determine prevalence,
characteristics, and disease burden of PsA in a Pso population; and to determine prevalence
and characteristics of patients with active PsA, who were not under rheumatological care.
Psoriasis patients were screened by a rheumatologist at the dermatology outpatient clinic
for PsA. Patients with suspected active PsA not seeing a rheumatologist were referred to a
rheumatologist for confirmation. The total prevalence of PsA in this observational, prospective
cohort (n=303) was 24%. Psoriasis patients with concomitant PsA had longer skin disease
duration and more often a treatment history with systemic therapies. In this academic,
specialized setting, 2.3% of patients (n=7), were not receiving rheumatological care despite
having active PsA. These patients were characterized by a combination of low (perceived)
disease burden and low yield of screening questionnaires, making it hard for the dermatologist
to discover PsA in these patients. Thus, screening for more subtle active arthritis in psoriasis
patients in a dermatology setting could be improved.

Psoriatic arthritis (PsA) is a debilitating immune-mediated inflammatory disease of joints and
entheses, which can lead to permanent joint damage.1 Adequate and early treatment of PsA
improves joint function and quality of life (QoL).2 Therefore, it is crucial to discover and treat
PsA patients as soon as possible. The population most at risk for PsA are patients with psoriasis
(Pso): one in three Pso patients will develop PsA.3 Because Pso usually presents itself before the
onset of PsA, dermatologists are in a unique position to screen Pso patients for the presence
of PsA.4
Unfortunately, in Pso patients at the dermatology clinic, PsA is frequently undiscovered.5 While
this leads to undertreatment of joint complaints in the individual patients, it also leads to an
underestimation of the prevalence of PsA in the Pso population. This is exemplified by a lower
prevalence of PsA in Pso in population studies (where PsA was scored by looking at registered
diagnoses in electronic health files) when compared to observational studies (where PsA
was actively sought in Pso patients).6 To aid dermatologists in discovering PsA patients,
several screening questionnaires have been developed.7-11 However, when tested in external
validation cohorts, the sensitivity of these questionnaires differed widely, ranging from 24 to
92 percent.12 This means that even with the use of these validated questionnaires, PsA patients
elude detection. Also, the predictive performance of the screening questionnaires is known to
fare worse in patients who have undiscovered PsA when compared to patients with known
PsA.13,14
In designing the screening questionnaires, studies have been hampered by a scarce amount
of Pso patients with newly discovered PsA.7,8 To improve power, some groups have chosen
to increase the group of PsA cases by adding patients with already known PsA from the
rheumatology department.7,9 However, patients with undiscovered PsA may differ from those
who are already known and treated at the rheumatology department, which may lead to
underperformance of the screening tools in this specific population. It is therefore important
to increase our knowledge on the population of Pso patients with PsA, especially with regard
to those who aren’t actively treated by a rheumatologist.
The aim of our DAPPER study (Discovery of Arthritis in Psoriasis Patients for Early
Rheumatological referral) was to identify and describe the Pso patients with concomitant PsA
at the dermatology outpatient clinic. Firstly, we determined the prevalence, characteristics,
and disease burden of PsA in a Pso population. Furthermore, we investigated the prevalence of
patients with active PsA, who were not (yet) under current rheumatological care. We further
characterized the medical history and joint complaints of these active PsA patients without
current rheumatological care. Lastly, we examined whether the treatment, disease activity,
or QoL of these active PsA patients without rheumatological care changed after referral to a
rheumatologist.
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Study setting and design
DAPPER is a prospective observational study, conducted at the department of dermatology of
the Radboud university medical center (Radboudumc) from June 1st, 2019 to February 17th, 2022
(recruitment and data collection June 2019-June 2021, follow-up until February 2022 for newly
discovered PsA patients). The Radboudumc is a national expertise center for psoriasis. In line
with this specialized setting, patients in certain study cohorts (e.g. patients using biologicals)
are screened annually using the Psoriasis Epidemiology Screening Tool (PEST) questionnaire.7
However, patients outside these study cohorts are not routinely screened for the presence
of PsA. The study protocol of the DAPPER study has been published in detail elsewhere.15 It
was approved by the Ethical Committee of the region Arnhem-Nijmegen, Radboudumc
(NL68137.091.18), and registered in the Dutch Trial Register (NTR 7604). The study was
performed in accordance with the Declaration of Helsinki and Good Clinical Practice.
Participants
Patients with physician-diagnosed Pso, aged ≥18 years, currently treated by a dermatologist,
were eligible for inclusion. Patients were stratified 1:1:1 for current treatment (topicals only,
conventional systemics, biologicals/small molecule inhibitors (biol/SMI)) to enable outcome
assessment per treatment group. Current treatment may serve as a proxy for disease severity
(16). A concomitant diagnosis of PsA was not an exclusion criterium. All patients gave written
informed consent before inclusion in the study.
Study procedure
After informed consent, a study visit was planned adjacent to a regular outpatient visit with
the dermatologist. During the study visit, patients were screened for suspicion of active PsA by
a trained rheumatologist using a structured interview and physical examination. For the full
list of parameters, see supplementary file 1.
When there was a clinical suspicion of active PsA at the study visit, and the patient was not
under current rheumatological care, the patient was referred to a rheumatologist. There,
additional examinations were performed for confirmation or dismissal of diagnosis (i.e.
laboratory tests, and/or imaging such as ultrasound, X-ray, or MRI). When there was a clinical
suspicion of active PsA, and the patient was already under current rheumatological care, he/
she was advised to contact their treating rheumatologist. Current rheumatological care was
defined as patients who were still actively visiting a rheumatologist for their PsA care, i.e. who
had a planned appointment with their rheumatologist in the following year.
Patients with a rheumatologist-confirmed active PsA after referral were followed for a year.
After a year, data on changes in treatment, PsA disease activity, and QoL were collected.
Outcomes
The primary outcome was the prevalence of concomitant PsA in Pso patients. A patient was
considered to have PsA if either he/she had received a previous diagnosis by a rheumatologist,
or if he/she had a confirmed diagnosis of PsA after referral in this study. Active PsA was defined
as having PsA, and at least one inflamed enthesis or joint (axial or peripheral) at the moment of
study visit. For axial arthritis or enthesitis, imaging was required to affirm active inflammation.
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Groups were defined as either ‘Pso’ (cutaneous Pso only) or ‘PsoPsA’ (Pso with concomitant PsA).
Demographic data and disease characteristics of Pso and PsoPsA were compared. Secondary
outcome was the prevalence of active PsA not under care of rheumatologist in Pso patients. Of
these PsoPsA patients, medical history and joint complaints were described. Also, changes in
treatment, disease activity, and QoL one year after referral of these patients were assessed by
comparing scores on the Psoriatic Arthritis Disease Activity Score (PASDAS), Dermatology Life
Quality Index (DLQI), and Psoriatic Arthritis Impact of Disease (PsAID) with measurements at
the moment of referral.17-19
Statistical analysis
Continuous data were described with means (with standard deviation, SD) or medians (with
interquartile ranges, IQR), when appropriate. Categorical data were described as absolute
frequencies with percentages.
Prevalence estimates were calculated as n per 100 Pso patients, with 95% confidence intervals
(CI). Patients with unclear diagnoses were classified as not having PsA, but a sensitivity
analysis was done in which patients with unclear diagnosis were classified as cases.
Differences between groups were tested with unpaired student t-test or Mann-Whitney U
(continuous data), or Chi-square/Fisher exact (categorical data) when appropriate. Missing
data were not imputed. Patients with suspected PsA after study visit, who were unable or
unwilling to visit a rheumatologist for confirmation of diagnosis, were defined as ‘unclear
diagnosis'. Patients with unclear diagnoses were not included in the comparisons between
Pso and PsoPsA groups.
Bonferroni correction for multiple testing was applied, with an alpha of 0.001 (0.05/58 tests)
being considered significant. Data were analysed using SPSS Statistics software, version 25
(IBM).

Results
Participants
Figure 1A shows the flow chart of included patients. We approached 516 patients (consecutive
per treatment group), of which 304 were willing to participate. Patients used topicals only
(N=101), conventional systemics (N=102), or biol/SMI (N=101). One patient dropped out during
study visit, because of the inability to undergo physical examination. Four patients had a
clinical suspicion of PsA during the study visit, but refrained from visiting a rheumatologist
(n=3 declined referral, n=1 intercurrent illness). Table I shows the characteristics of the
included patients. Mean age at inclusion was 54 years; 36% of patients were female (109/304).
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Table I: Patient characteristics at time of screening.
All patients
N-%

304 (100%)

Age at study inclusion, years

53.6 (± 16.1)

Female sex
BMI
Physically taxing job

4

PsoPsA

225 (74%)

P

74 (24%)

53.4 (± 16.6) 54.5 (± 15.0)

.62

109 (36%)

80 (36%)

29 (39%)

.57

28.7 (± 5.7)a

28.6 (± 5.7)b

29.6 (± 5.4)c

.20

59 (19%)

.15

41 (18%)

15 (20%)

Age at start Pso, years#

25 (16, 41)d 26.5 (16,44)e

23 (15,37)f

.11

Disease duration Pso, years#

24 (11,36)g

21 (10,35)h

27 (17, 39)

.02

Current smoking

68 (22%)

52 (23%)

12 (16%)

.21

Current alcohol

204 (67%)

151 (67%)

49 (66%)

.89

Pso

176 (58%)

128 (57%)

44 (60%)

.70

PsA

48 (16%)i

34 (15%)i

13 (18%)

.63

FCI#

2 (1, 3)

2 (0, 3)

2 (1,4)

.02

129 (42%)

95 (42%)

34 (46%)

.58

36 (12%)

25 (11%)

10 (14%)

.58

Osteoarthritis

119 (39%)

77 (34%)

42 (57%)

.001

UV

252 (83%)

184 (82%)

63 (85%)

.51

Dithranol

110 (36%)

77 (34%)

30 (41%)

.33

Intoxications
Family history
Comorbidity

Cardiovascular
Figure 1: flowchart of included patients
PsA = psoriatic arthritis; Pso = psoriasis; PsoPsA = psoriasis with concomitant PsA.

Pso

Depression
Treatment history
Topical
Conventional systemic
drugs

All conv. drugs

241 (81%)

170 (76%)

71 (96%) <.001

Methotrexate

210 (69%)

140 (62%)

68 (92%) <.001

Acitretin

Biological and small
molecule inhibitors

77 (25%)

50 (22%)

36 (35%)

Fumaric Acid

126 (41%)

92 (41%)

33 (45%)

.58

Cyclosporin

56 (18%)

38 (17%)

17 (23%)

.24

All biol/SMI

120 (40%)

72 (32%)

48 (65%) <.001

TNFα-inhibitor

100 (33%)

56 (25%)

43 (58%) <.001

IL17-inhibitor

24 (8%)

10 (4%)

14 (19%) <.001

IL23-inhibitor

3 (1%)

1 (0.4%)

2 (3%)

.15

Ustekinumab

51 (17%)

31 (14%)

20 (27%)

.01

8 (3%)

4 (2%)

4 (5%)

.11

All conventional

113 (38%)

88 (39%)

23 (34%)

.41

Methotrexate

80 (26%)

63 (28%)

16 (22%)

.28

PDE4-inhibitor

.03

Current therapy
Conventional

Figure 1A: Study procedure
304 patients were included, of which 303 could be screened. In 277, classification was clear after study
visit (Pso only n = 212, Pso with inactive PsA n=48, Pso with active PsA under current rheumatological
care n= 17; see also top dotted box figure 1B). In 26 patients classification was unclear after study visit:
these were eligible for rheumatological referral, and 22 were actually referred.
Figure 1B: Outcomes
Top dotted box represents patients for whom rheumatological referral wasn’t deemed necessary (as also
seen in box 2 of figure 1A). Bottom dotted box represents patients who were referred to a rheumatologist
(as also seen in box 4 of figure 1A).
* Alternative diagnoses were: osteoarthritis n=6, degenerative discopathy n=2, shoulder cuff tendinopathy n=2, diffuse
idiopathic skeletal hyperostosis (n=2), mucoid cyst of distal interphalangeal joint n=1. In two patients, no definite diagnosis
could be made, but there was no active arthritis and PsA was deemed unlikely.

Biological and small
molecule inhibitors

Acitretin

11 (4%)

8 (4%)

3 (4%)

.74

Fumaric Acid

17 (6%)

14 (6%)

3 (4%)

.58

Cyclosporin

2 (0.7%)

2 (0.9%)

All biol/SMI

101 (33%)

57 (25%)

44 (60%) <.001

47 (16%)

28 (12%)

19 (26%)

.01

21 (7%)

9 (4%)

12 (16%)

.001

IL23-inhibitor

2 (0.7%)

1 (0.4%)

1 (1%)

.43

Ustekinumab

29 (10%)

19 (8%)

10 (14%)

.20

2 (3%)

.06

TNFα-inhibitor
IL17-inhibitor

PDE4-inhibitor
Screening
questionnaires

0 (0%)

2 (0.7%)

0 (0%)

EARP positive (≥3)

152 (50%)

PEST positive (≥3)
ToPAS2 positive (≥8)

98 (33%)j
129 (42%)

93 (41%)
43 (19%)i

55 (74%) <.001
53 (72%)i <.001

70 (31%)

58 (78%) <.001
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Continuous variables are in mean ± standard deviation, unless stated otherwise. Parameters with missing values are marked.
Differences between Pso (cutaneous Pso only) and PsoPsA (Pso with concomitant PsA) were tested, P-values given.
Biol = biological; BMI = body mass index; PDE = phosphodiesterase; EARP = early arthritis for psoriatic patients questionnaire;
FCI = functional comorbidity index; IL = interleukin; IQR = interquartile range; PEST = psoriasis epidemiology screening tool;
PsA = psoriatic arthritis; Pso = psoriasisis; PsoPsA = psoriasis with concomitant PsA; SMI = small molecule inhibitor; TNF =
tumour necrosis factor; ToPAS = Toronto psoriatic arthritis screen questionnaire; UV= ultraviolet
#
= reported in median, IQR
a
= missing in 25 patients; b = missing in 20 patients; c = missing in 6 patients; d = missing in 13 patients; e = missing in 9 patients;
f
= missing in 5 patients; g = missing in 12 patients; h = missing in 8 patients; i = missing in 1 patient; j = missing in 1 patient

4

Table II: Disease burden at moment of screening.
All patients
N-%
Skin and
nails

PsoPsA

P

304 (100%)

225 (74%)

74 (24%)

PASI

2.7 (1.4, 4.4)a

2.8 (1.6, 4.5)b

2.4 (1.1, 4.0)

BSA

1.9 (0.3, 4.5)c

1.6 (0.4, 4.6)a

2.0 (0.4, 3.8)

.73

18 (5, 47)

18 (4, 47)

17 (7, 43)

.83

VAS skin

Joints and
entheses

Pso

.08

NAPSI

Median, IQR

14 (6, 25)d

15 (6, 25)e

12 (5, 20)f

.18

N-NAIL

Median, IQR

4 (1, 10)

4 (1, 10)

e

4 (0, 9)f

.30

0

49 (16%)d

32 (18%)e

17 (25%)f

.34

1-2

51 (17%)

e

39 (21%)

11 (16%)f

≥3

153 (50%)d

110 (61%)e

39 (58%)f

Current nail pitting

133 (53%)

e

95 (53%)

38 (54%)f

.88

Current joint pain

222 (74%)

159 (71%)

63 (85%)

.01

99 (33%)

70 (31%)

27 (37%)

.39

Proximal

149 (49%)

92 (41%)

53 (72%)

<0.001

Axial

d

d

d

Distal

157 (52%)

116 (52%)

37 (50%)

.82

VAS joints

22 (3, 52)

21 (2, 50)

28 (6, 58)

.14

VAS fatigue

40 (9, 69)

34 (8,68)

46 (17, 73)

.13

Morning stiffness ≥ 30m

45 (15%)

26 (12%)

19 (26%)

.003

Heel pain

80 (27%)

55 (25%)

25 (34%)

.12

271 (89%)

215 (86%)

55 (75%)

<0.001

23 (8%)

9 (4%)

12 (16%)

9 (3%)

1 (0.4%)

7 (9%)

0

222 (73%)

172 (76%)

46 (62%)

1

30 (10%)

22 (10%)

8 (11%)

2-4

32 (11%)

22 (10%)

10 (14%)

≥5

19 (6%)

9 (4%)

10 (14%)

Swollen joint 0
count
1
2-4
Tender joint
count

Leeds
enthesitis
index
Dactylitis

0

262 (87%)

197 (88%)

62 (84%)

1

25 (8%)

17 (8%)

7 (9%)

≥2

16 (5%)

11 (5%)

5 (7%)

1 (0.3%)

0 (0%)

1 (1%)

.02

.70

.08

Continuous variables are in median (interquartile range), unless stated otherwise. Parameters with missing values are
marked. Differences between Pso (cutaneous Pso only) and PsoPsA (Pso with concomitant PsA) were tested, P-values given.
BSA = body surface area; IQR = interquartile range; NAPSI = nail psoriasis severity index; N-NAIL = Nijmegen nail psoriasis
activity index; PASI = psoriasis area and severity index; PsA = psoriatic arthritis; Pso = psoriasisis; PsoPsA = psoriasis with
concomitant PsA; VAS = visual analogue scale;
a
f

Prevalence of PsA
Figure 1B shows the diagnosis of all patients. After excluding the patients in whom no diagnosis
could be made (n=5: 1 unfulfilled screening, 4 unfulfilled referral), the prevalence of PsA in this
treatment-stratified cohort was 24.4% (74/304; 95% CI 21.9-26.8%). The prevalence of PsA was
11.9% (12/101; 95% CI 8.7-15.1%) in the topicals only group, 17.5% (18/103; 95% CI 13.7-21.2%)
in the conventional systemics group, and 44.0% (44/100; 95% CI 39.0-49.0%) in the biol/SMI
group. A sensitivity analysis, where all patients with an unclear diagnosis were classified as
cases, showed similar results (total prevalence 25.7%, 95% CI 23.2-28.2%; topicals only 14.9%;
95% CI 12.2-19.5%; conventional systemics 18.4, 95% CI 14.6-22.2%; biologicals unaltered).

= missing in 2 patients; b = missing in 1 patients; c = missing in 3 patients; d = missing in 51 patients; e = missing in 44 patients;
= missing in 7 patients

Characteristics and disease burden of Pso and PsoPsA patients
Table I and II show the characteristics and disease burden of the cohort. When applying
Bonferroni correction, Pso patients differed from PsoPsA patients with regard to: a previous
diagnosis of osteoarthritis (Pso 77/225, 34%; PsoPsA 42/74, 57%; P = 0.001), ever use of
conventional systemics (Pso 170/224, 76%; PsoPsA 71/74, 96%; P < 0.001), ever use of biol/SMI
(Pso 72/225, 32%; PsoPsA 48/74, 65%; P < 0.001), current use of biol/SMI (Pso 57/225, 25%; PsoPsA
44/74, 60%; P < 0.001), patient-reported joint pain in proximal joints (Pso 92/225, 41%; PsoPsA
53/75, 72%; P < 0.001), and number of swollen joints at physical examination (P<0.001) . When
applying an explorative cut-off of P< 0.05, we also found differences in psoriasis skin disease
duration (Pso 21 years (10, 35); PsoPsA 27 years (17, 39); P = 0.02 (median, IQR)), current joint pain
(Pso 159/225, 71%; PsoPsA 63/74, 85%; P = 0.01), morning stiffness with a duration of more than
thirty minutes (Pso 26/225, 12%; PsoPsA 19/74, 26%; P = 0.003) and number of tender joints at
physical examination (P = 0.02). Sensitivity of used screening questionnaires was 74%, 72%,
and 78% for EARP, PEST, and Topas, respectively.
Suspicion of active PsA, in patients not under rheumatological care
Table III shows the characteristics of the patients who were referred to the department of
rheumatology (N=26 suspected of active PsA, of which N=22 referred). In 9/22 patients with
suspicion of active PsA not under rheumatological care, the diagnosis PsA was confirmed.
In seven out of these nine patients the PsA was deemed active (32% of all referred patients),
which accounted for 2.3% of the entire cohort. Of these patients, 5/7 did not have the
diagnosis before; 2/7 were previously diagnosed with PsA but were not currently treated by
a rheumatologist. In 2/9 patients additional imaging did not reveal active musculoskeletal
inflammation at the time of their visit to the rheumatology department. These two patients,
who were in remission for PsA, both had a previous diagnosis of PsA but weren’t under current
care of a rheumatologist.
Baseline characteristics of patients with confirmed active PsA upon new referral to the
rheumatology clinic
Table IV and supplementary table I show the characteristics of the seven patients with
confirmed active PsA, who were not under rheumatological care. All patients (7/7) fulfilled the
Classification Criteria for Psoriatic Arthritis (CASPAR); 2/7 patients showed irreversible joint
changes (i.e., erosions) on imaging. Five out of seven patients presented themselves in the
study visit with a mono-arthritis. Only 2/7 patients indicated a significant burden of joint pain
(VAS joints ≥ 50 mm) and impact on QoL (PsAID12 ≥ 4.0) at the study visit. All patients with
complete clinical data (6/6) were in moderate disease activity according to PASDAS (range:
3.8 – 5.3). The screening questionnaires identified 2/5 patients with a new diagnosis, and 2/2
patients with previously known PsA.
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Leeds enthesitis
index

Table III: characteristics of referred patients, suspected of active PsA and not under current
rheumatological care
All referred
patients

No PsA

PsA,
active

Suspicion of

4

13 (59)

7 (32)

2 (9)

Age (mean, SD)

56 (± 13)

55 (± 15)

54 (± 11)

66 (1)

Female sex

6 (27)

4 (31)

2 (29)

0 (0)

BMI ≥ 30

7 (32)

5 (39)

1 (14)

1 (50)

Current medication

No systemic

7 (32)

5 (39)

2 (29)

0 (0)

All conventional

7 (32)

6 (46)

1 (14)

0 (0)

Methotrexate

5 (23)

5 (39)

0 (0)

0 (0)

2 (9)

1 (8)

1 (14)

0 (0)

Acitretin
All b/tsDMARD

8 (36)

2 (15)

4 (57)

2 (100)

TNF-inhibitor

4 (18)

1 (8)

1 (14)

2 (100)

IL17-inhibitor

2 (9)

0 (0)

2 (29)

0 (0)

Ustekinumab

1 (5)

1 (8)

0 (0)

0 (0)

Apremilast

1 (5)

0 (0)

1 (14)

0 (0)
2 (100)

Interview
History of

Osteoarthritis

13 (59)

8 (62)

3 (43)

Swollen joints

12 (55)

6 (46)

5 (71)

1 (5)

20 (91)

12 (92)

7 (100)

1 (50)

43 (12, 70)

49 (26, 66)

16 (5, 79)

48 (5, 90)

9 (41)

6 (46)

2 (29)

1 (50)

Proximal joints

12 (55)

6 (46)

6 (86)

0 (0)

Distal joints

14 (64)

10 (77)

3 (43)

1 (5)

All backpain

14 (64)

9 (69)

3 (43)

2 (100)

3 (14)

1 (8)

2 (29)

0 (0)
8 (0, 16)

Current joint pain
VAS joints (median, IQR)
Painful joints

Backpain

Axial

Inflammatory back
pain
VAS skin (median, IQR)
Screening

31 (5, 72)

35 (5, 73)

51(17, 79)

EARP positive (≥3)

13 (59)

7 (54)

5 (71)

1 (50)

PEST positive (≥3)

10 (46)

5 (39)

4 (58)

1 (50)

ToPAS positive (≥8)

11 (50)

7 (54)

3 (43)

1 (50)

2.9
(1.7, 5.3)

2.7
(1.8, 6.1)
8 (4,20)b

3.4
(2.4, 6.2)
15 (7, 35)b

1.6
(1.3, 1.8)
9 (0, 17)

3 (0, 9)b

5 (2, 19)b

5 (0,10)

Physical examination
Skin

PASI (mean, IQR)
NAPSI (mean, IQR)
N-NAIL (mean, IQR)

Swollen joint count

0

9 (41)

8 (62)

0 (0)

1 (50)

1

10 (46)

4 (31)

5 (71)

1 (50)

3 (14)

1 (8)

2 (29)

0 (0)

11 (50)

7 (54)

3 (43)

1 (50)

2-4
Tender joint count

11 (4, 20)a
3.5 (0, 10)a

0
1

3 (14)

2 (15)

1 (14)

0 (0)

2-4

3 (14)

3 (23)

0 (0)

0 (0)

5 or more

5 (23)

1 (8)

3 (43)

1 (50)

10 (77)

5 (71)

3 (14)

2 (15)

1 (14)

2 (100)
0 (0)

2 (9)

1 (8)

1 (14)

0 (0)

Reason for referral

Demographics
22 (100)

17 (77)

2 or more

PsA,
inactive

N

0
1
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14 (64)

6 (46)

7 (100)

1 (50)

Axial arthritis

Peripheral arthritis

8 (36)

5 (39)

2 (29)

1 (50)

Enthesitis

3 (14)

2 (15)

1 (14)

0 (0)

All values are N (%), unless indicated otherwise. There were no patients with dactylitis. Inflammatory back pain was defined
by a score of 4 or more on the ASAS inflammatory back pain criteria.
ASAS = assessment of spondyloarthritis international society; BMI = body mass index; EARP = early arthritis for psoriatic
patients questionnaire; IL = interleukin; IQR = interquartile range; NAPSI = nail psoriasis severity index; N-NAIL = Nijmegen
nail psoriasis activity index; PASI = psoriasis area and severity index; PEST = psoriasis epidemiology screening tool; PsA
= psoriatic arthritis; SD = standard deviation; TNF = tumour necrosis factor; ToPAS = Toronto psoriatic arthritis screen
questionnaire; VAS = visual analogue scale;
a

= 2 missing; b = 1 missing

Longitudinal follow-up of patients with confirmed active PsA upon new referral to the
rheumatologist
Supplementary table I shows the follow-up data of the seven referred patients with
confirmed active PsA. In 6/7 patients, rheumatological referral led to one or more treatment
changes (intra-articular injections n=3, start conventional systemics n=3, switch in biol/SMI
n=1; 1 patient started conventional systemic after intra-articular injections). In 1/7 patient,
treatment was changed by the dermatologist already from a conventional systemic drug to
a biological. During follow-up, 1/7 patients stopped all systemic medications after a Covid19infection, and refused further systemic rheumatological or dermatological follow-up.
Regarding disease activity, 5/6 patients showed improvement in the number of swollen joints
after one year. Two out of four patients with complete PASDAS follow-up were in low disease
activity (PASDAS ≤3.2). Regarding HR-QoL, before referral, 4/7 patients showed a large burden
of Pso/PsA on their QoL as measured by DLQI or PsAID12 (DLQI ≥ 5 or PsAID12 ≥ 4, respectively).
After one year, 3/7 patients showed a large burden of PsA (PsAID12 ≥ 4). Of these three patients,
two still had active PsA despite treatment changes (PASDAS ≥ 5.4), while the other patient
reported a large burden of skin disease (DLQI ≥ 5).

4

4

2
1

66SJC
LEI

Peripheral

0

5

68TJC

VAS fatigue

Peripheral

0

1

0

76

< 0.5

denotes questionnaire scores which would warrantee a rheumatological referral

Reason for
referral

Joints, physical
examination

None

2

15

Morning
stiffness, h

Never

Yes

C

#

Axial &
Peripheral

0

1

16

99

>2

79

Yes

10

7#
3#

N/A

1

0.3 %

0.8

25-30

0-20

brodalumab

3 csD
4 biol/smi

Asthma

1

27.9

Female

21-40

D

10

6

Peripheral

0

1

1

12

< 0.5

5

Never

3#

1

Peripheral

0

1

6

65

< 0.5

30

Yes

#

47
4#

79

7.5 %

10.4

26-30

20-40

acitretin

1 csD
3 biol/smi

Asthma
OA

3

28.2

Male

41-60

E

0
3#

67

5.0 %

3.9

okt-15

40-60

topical

Topical

Depression

1

29.3

Female

41-60

#

0

Peripheral

Axial &
Peripheral &
Enthesitis

1

0

6

< 0.5

16

Yes

7

3#

3
3#

17

2.3%

2.4

okt-15

2

3

23

76

0.5–1

79

Yes

12

5#

10
8#

21

0.5 %

3.4

30-35

40-60

apremilast

adalimumab
0-20

1 csD

1

26.5

Male

3 csD

Steatosis
Malignancy
OA, HT

5

35.2

Male

G
61-80

F
41-60

Previously known, active
Not under rheumatological care

BMI = body mass index; b/ts D = biological/targeted systemic drug; BSA = body surface area; csD = conventional systemic drug; EARP = early arthritis for psoriatic patients questionnaire; FCI =
functional comorbidity index; HT = hypertension; LEI = Leeds enthesitis index; MI = myocardial infarction; N-NAIL = Nijmegen nail psoriasis activity index; OA = osteoarthritis; PASI = psoriasis area
and severity index; PEST = psoriasis epidemiology screening tool; PsA = psoriatic arthritis; SJC = swollen joint count; TJC = tender joint count; ToPAS = Toronto psoriatic arthritis screen questionnaire;
VAS = visual analogue scale

#

Topas

5

5

5

N-NAIL

51

5

86

VAS skin

2.4 %

2
0

3.0 %

BSA

3.3

20-25

20-40

secukinumab

1 csD
3 biol/smi

Steatosis
OA

1

25.1

Male

41-60

B

2
2

6.2

PASI

EARP
PEST

05-okt

Duration, y

topical
60-80

Current
Age at start, y

1 csD

History

Joints,
Joint swelling
patient reported VAS joints

Screening
questionnaires

Skin disease

Treatment

Comorbidity
Other

2

BMI
FCI

Male
21.9

Sex

A
61-80

Participant
Age, y

Newly diagnosed PsA

Table IV. Comorbidity, treatment history, skin and joint examination at moment of screening of referred patients with confirmed active PsA.
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Discussion

4

In this prospective observational study, we identified Pso patients with concomitant PsA in
the dermatology outpatient clinic via a structured interview and physical examination by
a trained rheumatologist. We found a prevalence of PsA in Pso of 24% in the entire cohort.
When separated by current treatment modality, the prevalence of PsA in Pso was 12% for
topicals only, 18% for conventional systemics and 44% for biol/SMI. When comparing PsoPsA
with Pso patients, PsoPsA patients were more often diagnosed with osteoarthritis, had a
higher functional comorbidity index, had more often used conventional systemic medication
and biologics, had a longer duration of skin disease, and more often reported joint pain and
morning stiffness. With our extensive screening, we identified seven (2.3%) Pso patients with
active PsA who were not under current rheumatological care. These patients were referred to
the rheumatologist: conventional systemic therapy was started in 3/7, biologic therapy was
switched in 1/7 patients, local glucocorticoid joint injections were given to 3/7 patients. After
one year, 5/6 patients showed improvement of arthritis.
One in four patients in our Pso cohort had concomitant PsA. These results are in line with those
of the systematic review of Alinaghi et al, who found a pooled prevalence of 22.7% (95 CI 20.6%25.0%) for PsA in Pso patients in Europe.6 The increase of PsA prevalence parallel to an increase
in treatment intensity is also comparable to previous studies.3,20 A possible explanation for this
phenomenon could be that the increase in treatment severity represents an increase in skin
disease severity. For instance, Ogdie and all showed that a higher affected BSA is associated
with a higher PsA incidence.16
Characteristics differed between Pso and PsoPsA patients. It is known that Pso precedes PsA in
the majority of patients. The PsoPsA group showed a longer disease duration compared to the
Pso group, but their current age did not differ. Indeed, the age at start of Pso showed a numerical
difference, indicating that psoriasis was diagnosed at an earlier age in the PsoPsA group.
PsoPsA patients were more often diagnosed with osteoarthritis, which could be detection
bias due to the fact that they visited a rheumatologist more often, or misclassification where
PsA symptoms were interpreted as osteoarthritis. Although the patients more often used
conventional systemic medication and biologics, part of the newly detected patients were on
conventional systemic or biologic treatment, which is in line with previous studies.3,21,22
Of interest, in our cohort still one-third of the patients (28/79, both known and unknown PsA
patients) had active PsA when screened. However, our cohort contained only seven patients
with active PsA not under current rheumatologic care, of which five were undiagnosed. This
is lower than that 15.5% undiagnosed cases reported in the meta-analysis of Villani et al.5 The
setting and cohort composition might contribute to these differences. Our cohort consisted
of 3 treatment groups (topical, conventional systemic and biol/SMI) and the setting was a
psoriasis expertise center in which patients on biologics were already screened on a regular
basis using the PEST questionnaire. In this specialized academic setting, dermatologists
could have had more time during their consultations to ask for joint complaints, compared to
dermatologists working in other settings. Because ideally all active PsA cases are discovered
and treated, this relatively low number of newly discovered PsA patients in this cohort may be
a hopeful sign that improved detection is feasible.
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When further looking at these seven active PsA patients not under rheumatological care,
three things are worth mentioning. First, in these patients, the disease burden of PsA was
relatively low: 5/7 patients presented themselves with a mono-arthritis, and patients did not
report a significant burden of joint pain, nor a significant impact of PsA complaints on their
HR-QoL. Second, 2/7 patients were already known to have PsA, but were not under treatment
of a rheumatologist anymore. Third, the yield of the screening PsA questionnaires (e.g. PEST)
in these patients was low: only 2/5 previously undiscovered PsA patients would have been
marked as being suspect for PsA. Previous research also showed a lower sensitivity of the
screening questionnaires in patients without a previous PsA diagnosis.14 This can be partially
explained by the fact that both PEST and Topas ask whether a patient has been diagnosed with
arthritis before, providing all previously diagnosed PsA patients with an extra point.7,9
One of the aims of our research was to describe the changes in treatment, disease activity and
QoL in the patients with active PsA who were referred to the rheumatologist. While the arthritis
improved in the majority of the patients, it is humbling to see that 3/7 patients still experience
a significant burden of PsA one year after referral. In 2/7 patients, this can be explained by the
fact that there was still a high disease activity of PsA as reflected by PASDAS. Unfortunately,
studies have shown that in clinical practice, a significant part of PsA patients still have active
disease, despite treatment.23,24 Even in the stringent treat-to-target TICOPA trial, only 62% of
patients undergoing protocolized tight control showed a significant response in joint scores
(ACR20).2 In this light, evaluation of the effect of PsA screening and referral on the disease
burden as experienced by patients is a valuable addition to the Pso/PsA research agenda.
The strengths of this study are the thorough interview and physical examination of all patients
by a trained rheumatologist, and the setting in the dermatology outpatient clinic. Instead of
using questionnaires with known low sensitivity, we employed a rheumatologist to assess
all patients.13,14 As rheumatologist diagnosis is the gold standard, the risk of misclassification
using this process was deemed very low.25 By placing this rheumatologist at the location of
dermatological care, we ensured maximal participation of the Pso patients. Thereby, we
avoided “healthy participant” bias, where patients who are more interested in a healthy
life(style) are more prone to join a study, as much as possible.
The limitations of this study are the setting in a tertiary hospital with special expertise in Pso
care. This hampers the translation to non-academic cohorts, thereby abating the external
validity. When comparing our academic cohort with a nation-wide cohort of patients
approached via the Dutch Psoriasis Association, our cohort is more often treated with systemic
medication (conventional systemic 38% versus 26%, biologicals/smi 33% versus 16%) and has
a lower burden of skin disease (PASI 5.5 versus 2.7).26 Moreover, a part of the patients in our
cohort has already been screened regularly for psoriatic arthritis in the past. The treatment
guideline of the Dutch Society for Dermatology and Venereology does recommend alertness
for the signs of PsA, the use of screening questionnaires is not formally recommended.27 As a
consequence of the increased use of systemic medication and increased use of screening as
compared to non-academic dermatology clinics, our academic cohort showed a low amount
of previously undetected PsA patients, making it hard to determine characteristics of these
patients to aid detection in another setting.
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In conclusion, the observational, prospective DAPPER study revealed that the prevalence
of PsA in this tertiary center was 24%, comparable to literature. The PsoPsA patients were
characterized by a longer disease duration of psoriasis and a different treatment history
with more conventional systemic and biologic therapies compared to Pso patients. In this
academic, specialized setting where patients are already screened with questionnaires, many
PsA cases were already identified. While this yield was already higher than in literature,5
still an additional 2.3% of patients were identified with active PsA who were not receiving
rheumatological care. These patients were characterized by a combination of low (perceived)
disease burden and low yield when using screening questionnaires, making it hard for the
dermatologist to discover PsA in these patients. While our results show that it is possible to
identify the majority of PsA patients in regular care, improving current screening strategies
for PsA in Pso is needed if we want to detect more subtle active arthritis in psoriasis patients
in a dermatology setting.
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Supplementary file 1
Parameters
The screening included oral history taking about skin and joint complaints, as well as
parameters that could possibly be used to identify patients with concomitant arthritis, such
as family history. Comorbidity was assessed using the Functional Comorbidity Index (0-18)24.
Current and previous treatment for Pso and/or PsA were recorded. Patient perceived burden
of skin and joint involvement was measured with a visual analogue scale (VAS; 0-100 mm);
a score of > 50 mm corresponds to an unacceptable symptom state, and was considered a
high burden25. Also, we used three existing screening questionnaires (PEST, Toronto Psoriatic
Arthritis Screen – ToPAS, Early Arthritis for Psoriatic Patients – EARP) to collect clinical
characteristics that have previously been linked to a higher risk of concomitant arthritis7,9,10.
Physical examination entailed a 68 tender joint count, 66 swollen joint count, dactylitis count,
and Leeds enthesitis index (0-6)26. Skin disease was assessed using the Psoriasis Area and
Severity Index (PASI; 0-72) and body surface amount (BSA; 0-100)27. Nail disease was assessed
using the Nail Psoriasis Severity Index (NAPSI; 0-80) and the Nijmegen Nail Psoriasis Activity
Index (N-NAIL; 0-150)28,29.
Disease activity at the rheumatology department was assessed via the modified Psoriatic
ArthritiS Disease Activity Score (PASDAS), a PsA-specific composite disease activity score, and
its subscales16. A higher PASDAS equals higher disease activity, with predefined cut-offs of ≤ 3.2,
> 3.2 - < 5.4 and ≥ 5.4 for low, moderate, and high disease activity, respectively30. HR-QoL were
assessed via the Dermatological Life Quality Index (DLQI) and Psoriatic Arthritis Impact of
Disease (PsAID)17,18. While DLQI measures only skin-related issues and is not specific for Pso, the
PsAID is developed to assess the impact of both joint and skin issues as a consequence of PsA.
In both questionnaires, a higher score indicates a heavier disease burden. A score of >4 on the
PsAID, or a score of >5 on the DLQI, is considered a high impact on the QoL of the patient17,25,31.
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Supplementary table 1: First visit and follow-up of referred patients with confirmed active PsA at the
department of rheumatology.
Newly diagnosed PsA

Participant

A

Previously known, active
Not under rheumatological
care

B

C

D

E

F

G

1

1

1

4

19

0

First visit rheumatology department
Physical
examination

4
Patient
reported
outcomes

68TJC

5

66SJC

3

0

0

1

1

6

1

LEI

1

0

1

0

0

3

0

Dactylitis

0

0

0

0

0

0

0

PASDAS
DLQI

3.8
7

3.8
0

4.0
0

4.0
12

5.3
15

5.2
2

N/Aa
2

PsAID12

3.2

0

0.7

0.6

5.7

5.6

0.5

SF12 PCS

36.32

49.8

47.7

47.00

32.19

29.1

52.6b

VAS Global

50

40

60

50

80

20

30

HAQ

0.75

0

0.5

0.5

0.25

0.5

0b

Erosive disease

None

None

None

None

Yes

None

Yes

CASPAR criteria

Yes

Yes

Yes

Yes

Yes

Yes

Yes

68TJC

4

0

7

1

N/Ac

32

1

66SJC

1

0

4

0

N/Ac

1

1

LEI

0

0

2

N/Ac

N/Ac

2

N/Ad

Dactylitis

0

0

0

N/A

c

N/A

0

N/Ad

PASDAS

2.7

2.1

5.8

N/A

c

N/A

5.5

N/Ad

Follow-up after one year
Physical
examination

Patient
reported
outcomes

c
c

DLQI

1

4

0

8

3

0

2

PsAID12

0.6

0.8

6.0

4.3

1.1

4.6

1.0

SF12 PCS

50.5

53.6

19.9

N/Ac

59.1

28.2

N/Ad

VAS Global

25

10

85

N/A

N/A

60

N/Ad

c

c

CASPAR = classificiation criteria for psoriatic arthritis; DLQI = dermatological life quality index; LEI = Leeds enthesitis index;
N/A = not available; PASDAS = psoriatic arthritis disease activity score; PsAID = psoriatic arthritis impact of disease; SF12
PCS = short form 12 physical component summary score; SJC = swollen joint count; TJC = tender joint count; VAS = visual
analogue scale
a
= no PASDAS due to missing actual SF12 PCS; b = at start of systemic medication; c = not noted at follow-up by treating
rheumatologist; d = partial rheumatological follow-up; patient declined further treatment
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Key Message: Implementation of the PASDAS as routine outcome measure is feasible.
Sir, psoriatic arthritis (PsA) is a heterogeneous disease, with involvement of at least five health
domains: peripheral joint disease, enthesitis, dactylitis, axial involvement, skin and nail
psoriasis. Treatment and assessment of treatment response are therefore a major challenge
in routine clinical practice. In 2015, the European League Against Rheumatism (EULAR)
recommended that treatment should be aimed at reaching remission, or alternatively
minimal/low disease activity, by regular monitoring and appropriate adjustment of therapy.1
The EULAR recommendations are partially based on results from the TICOPA trial, the only
trial assessing the effect of treat-to-target (T2T) in PsA. This study showed significant better
clinical outcomes of T2T compared to usual care using Minimal Disease Activity criteria (MDA)
as treatment target.2 T2T in PsA has, however, not yet been implemented widely because
concerns have been raised about feasibility, cost-effectiveness of T2T, and a widely accepted
valid and reliable disease activity outcome measure is still lacking.3,4 Here we describe our
efforts to implement routine measurement of the Psoriatic Arthritis Disease Activity Score
(PASDAS) for all 1200 PsA patients in our clinical practice, enabling a T2T approach and
facilitating embedded clinical studies. The implementation process comprised different
stages.
First, a thorough literature search yielded several disease specific measures for PsA. The
optimal disease activity measure for PsA would be a continuous measure that includes the
different domains of the disease, that is reliable and valid, and importantly, is feasible in
routine practice. Disease specific PsA measures that have been proposed are the Disease
Activity in Psoriatic Arthritis (DAPSA), the MDA, the Composite Psoriatic Disease Activity Index
(CPDAI) and the PASDAS. Of these, the MDA, CPDAI and DAPSA have clear shortcomings. MDA
is a dichotomised outcome measure, the CPDAI has less discriminative capacity than other
outcome measures, and the DAPSA has unfavourable clinimetric properties.5
The PASDAS does not have these drawbacks.5 It is a continuous disease activity index that
includes arthritis (66/68 joint score), enthesitis, dactylitis, C-reactive protein (CRP), physician
disease activity visual analogue scale (VAS) score, patient disease activity VAS, and patientreported physical function.6 However, despite the favourable clinimetric properties of the
PASDAS, its’ use in routine practice might be hampered by its’ complexity. Drawbacks include
the requirement of a CRP and filled-out health status measure (i.e., 36-Item Short Form Health
Survey (SF36)) at time of assessment, the calculation difficulty, and the lack of a (formal) skin
domain assessment. Additionally, the PASDAS is thought to be too time consuming for both
patient and physician. After extensive deliberation of several PsA specific measurement
tools, we chose the PASDAS as monitoring tool for disease activity, in spite of its’ complexity.
Thereafter, we set out to mitigate the drawbacks of the PASDAS.
Second, a meeting with patient partners was organised to query patients’ acceptability of
measurement burden. They preferred comprehensive clinical assessment of skin and joints
above a limited assessment, although the former would be more time consuming. We also
added a simple assessment of skin disease, the Body Surface Area (BSA) and Physician Global
Assessment score (PGA), to our monitoring tool. Furthermore, research demonstrated that for
the PASDAS calculation the physical component score (PCS) of the SF36 could be substituted
by the SF12-PCS.7 As the SF12 is more concise we chose the SF12v1 instead of the SF36, despite

5

142

Feasibility of PASDAS measurement in routine clinical practice

the requirement of a license for its’ use. The SF12v1 is completed by the patients in the waiting
room before their appointment with the rheumatologist.
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The project resulted in standardized and routine measurement of the PASDAS and skin
involvement for all our PsA patients before consultation with the rheumatologist. In addition
to improving clinical care, these routine outcome measurements can be used for clinical
studies, both observational and interventional (embedded randomised trials within a cohort).
We conclude that it is possible to successfully implement PASDAS measurements in routine
clinical practice, underscoring the feasibility of this approach. After implementation, our
patient partners were consulted again. They felt that the implementation of the PASDAS
and skin scores significantly improved the evaluation of disease activity on all domains, and
this was highly appreciated. Future improvements might include additional optimisation of
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instruments.
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Disease burden in a large regional hospital (the Sint Maartenskliniek) PsA cohort

Abstract

Introduction

Objectives
We investigated the disease activity and overall disease burden of (subgroups of) patients
with psoriatic arthritis (PsA) using the Psoriatic Arthritis Disease Activity Score (PASDAS) in an
already tightly monitored cohort.

Psoriatic arthritis (PsA) is a chronic inflammation of joints and entheses that occurs in up to
30% of patients with psoriasis.1 It is a multifaceted disease with a multiple of skin and skeletal
manifestations. For this reason, it is a challenge to assess disease activity, as all the different
facets, or domains as they are often called, have to be taken into account.

Methods
This is a cross-sectional study, evaluating data of the first visit of 855 PsA patients after
implementation of the PASDAS in our tightly monitored cohort (e.g. Disease Activity Score 28
(DAS28) was provided as an anchor). Differences on clinical outcomes between subgroups of
patients using established cut-offs for disease activity status (i.e., very low (VLDA), low (LDA),
moderate (MDA), and high disease activity (HDA)) were examined.

Finding ways to measure disease activity in PsA patients is essential to enable treating
patients to target. In addition to rheumatoid arthritis (RA), where treat-to-target (T2T) is
well established and a widely accepted treatment approach, there is also evidence that a
T2T approach in PsA results in substantial clinical benefits (i.e. improved articular, skin and
patient reported outcomes).2 Out of the available disease activity measures, the Disease
Activity Score 28 (DAS28) is the most frequently used measure for T2T in RA and is also an often
used outcome measure in PsA.3 Because the DAS28 is a well established outcome measure and
rheumatologists are very familiar with its use, using DAS28 to measure disease activity in PsA
might seem like a feasible option. However, the DAS28 has shown some limitations when it
is used in patients with PsA. First, research has shown that a 28 joint count is not sufficient
in PsA, and a 66/68 joint count should be used instead.4 Second, the DAS28 only includes
the peripheral joint domain and does not take into account the other domains of PsA (i.e.
dactylitis, enthesitis, axial disease, and skin and nail psoriasis). Third, although it is a valid
instrument in RA (with a predominantly polyarticular presentation), its validity in PsA (with a
predominantly oligoarticular presentation) is suboptimal.5 Lastly, a cross-sectional study in a
non-T2T population showed that residual disease activity was still present in patients in Low
Disease Activity (LDA) according to the DAS28.6

Results
With the PASDAS, 53.1% of patients were in VLDA/LDA. 29.5% of patients had ≥1 swollen joints,
20.6% had ≥1 enthesitis index points and 3.0% had active dactylitis. Using DAS28, 77.5% of the
patients were in VLDA/LDA. Analysis was performed to assess whether not reaching PASDAS
VLDA/LDA, while reaching DAS28 VLDA/LDA, results in worse outcomes. Patients reaching
both DAS28 and PASDAS VLDA/LDA (N=445(52.0%)) were compared with patients reaching
only DAS28 VLDA/LDA (N=218(25.5%)). For these latter patients significantly worse scores on
separate domains were found in measures used for PASDAS/DAS28 calculation as well as other
disease measures (e.g. function, inflammatory back pain). This result remained, even when
the more strict VLDA cut-off was used for the DAS28.
Conclusion
PASDAS implementation uncovered relevant residual disease activity in a quarter of patients
previously assessed as being in DAS28 VLDA/LDA, underscoring the potential value of PASDAS
measurements in PsA clinical care.

Taking the above into consideration, one might assume that a PsA specific composite measure
is of additive value. The Psoriatic Arthritis Disease Activity Score (PASDAS) is a composite
measure validated in PsA with defined cut-offs.7,8 It has the best responsiveness when
compared to other PsA specific and non-specific composite measures and takes many of the
core outcome domains (i.e. pain, patient global, physical function, health related quality of
life, fatigue, systemic inflammation, and musculoskeletal and skin disease activity) into
account.9 The implementation of PASDAS in routine clinical practice is hampered in part
due to feasibility concerns, because of its comprehensiveness and complex formula. For this
reason, there is limited knowledge about the value of the PASDAS in a real-world cohort. The
question arises whether there is still potential to optimize care for PsA patients by PASDAS
implementation in an already tightly monitored cohort.
We have previously demonstrated that the implementation of the PASDAS in routine practice
is feasible.10 Before the implementation of the PASDAS in our routine practice cohort, the
DAS28 was used as an anchor (i.e. as guidance but not as specific treatment target), and
measured and noted at every visit. Patients were treated using a standardized treatment
protocol and PsA specific assessment recommendations were provided. This protocol advised
among others to take into account the other PsA domains (e.g. enthesitis, dactylitis) in
addition to other joints such as the lower extremities, and was to a large extent based on the
Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) and European
League Against Rheumatism (EULAR) guidelines for the management of PsA.11,12 To improve the
adherence to international PsA guidelines and after consultation of our patients partners (who
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preferred more comprehensive measurement to fully evaluate disease burden), we changed
our PsA management strategy and implemented PASDAS measurement (thereby replacing
the DAS28). This change enables us to better document the health status, including disease
activity, of our patients with PsA and to enable PASDAS guided T2T with the assumption that
this may improve patient care. Moving to a PsA specific measure which includes most relevant
domains may avoid underestimating disease activity with subsequent under treatment.
Therefore, the aim of our study was 1) to examine the overall disease burden and disease
activity parameters within the PsA core outcome domains of our cohort and 2) to examine
whether residual disease activity does exist in those patients deemed adequately treated by
DAS28, by comparing patients that reached both the DAS28 and PASDAS targets with those
reaching only the DAS28 target, but not the PASDAS target.

6

Patients and methods
Patients and setting
This is a cross-sectional study evaluating patients that were outpatients and treated at the
department of Rheumatology of the Sint Maartenskliniek, Nijmegen, The Netherlands. They
had a clinical diagnosis of PsA and were being T2T with a PASDAS LDA target (<=3.2) from March
2019 onwards, using a standardized treatment and assessment protocol.10 The PASDAS LDA
target of ≤3.2 also reflects fulfilling the Minimal Disease Activity criteria.13 The standardized
assessment protocol included measurement of the PASDAS and was complemented with
standard skin measurements and evaluation of inflammatory back pain (IBP). Occasionally,
also the health related quality of life and patient’s acceptability of symptoms were measured.
Before March 2019, these patients were being monitored using DAS28 C-reactive protein (CRP)
<2.9 (LDA) as an anchor (figure 1). Real-time data on the DAS28 scores of all PsA patients per
treating rheumatologist were openly available to the whole treatment and management
team, enabling direct feedback. The 8 month period ensured that all PsA patients were at
least seen once after the implementation of the new PASDAS guided T2T strategy, as we assess
patients on average every 3-6 months, in line with EULAR guidelines. Patients were selected
based on the International Classification of Diseases-10 (ICD-10) code for psoriatic arthritis
and had at least one complete PASDAS score. Only PASDAS scores without missing values
were used for the analysis. If one or more components of the PASDAS were missing, thereby
hampering the calculation of the PASDAS, the patient corresponding to the PASDAS with
missing values was excluded from the analysis. If patients had multiple PASDAS scores during
the follow-up period, we only used the first PASDAS score. This study was reviewed by the
local human research ethics committee of the Radboudumc Nijmegen, the Netherlands (CMO
region Arnhem-Nijmegen) and was officially exempted from formal review (CMO number
2019-5459) as patients were not subjected to any additional measurements other than used in
routine practice. Informed consent was obtained using an ‘opt out’ procedure.

6

Figure 1: Overview routine outcome measures from a DAS28 monitored cohort to a PASDAS T2T cohort
* BSA = body surface area; CRP = C-reactive protein; DAS28 = disease activity score in 28 joints [range 0.96-10]; IBP =
inflammatory backpain; Patient global VAS = patients global visual analogue scale disease activity [range 0-100 mm]; PCS =
physical component score [range 0-100]; PGA = physician global assessment [range 0-4]]; Physician global VAS = physician
global VAS disease activity [range 0-100 mm]; PsA = psoriatic arthritis; SJC28 = swollen joint count of 28 joints [range 0-28];
SJC66 = swollen joint count of 66 joints [range 0-66]; SF12 = short form-12; TJC28 = tender joint count of 28 joints [range 0-28];
TJC68 = tender joint count of 68 joints [range 0-68].

Data collection
We used electronic health record data from PsA patients that was prospectively collected
between March 2019 and December 2019. Disease activity was simultaneously measured
using the DAS28-CRP and PASDAS. The 66 swollen joint count (SJC66), 68 tender joint count
(TJC68), Leeds Enthesitis Index (LEI), dactylitis count, and physician’s and patient’s global
disease activity visual analogue score (VAS) were assessed. Skin disease activity was assessed
by measurement of Physician Global Assessment (PGA) score and a simplified Body Surface
Area (BSA) score. PGA of skin assessed plaque severity of one representative plaque. It was
measured on an ordinal scale that ranged from 0 to 4 (0 = clear, 1 = almost clear, 2 = mild,
3 = moderate, 4 = severe). The simplified BSA score was measured using an ordinal scale
(no skin involvement (0%), mild skin involvement (>0% and ≤ 3%) and moderate to severe
skin involvement (>3%)). Also the presence of nail involvement (yes or no) was assessed.
Inflammatory back pain (IBP) was assessed using five standardized questions based on the
ASAS IBP criteria; if 4 out of 5 questions were answered positively, IBP was marked as present.
(14) Function was assessed using the Health Assessment Questionnaire (HAQ) and the physical
component score of the Short Form (SF)-12.15,16 Acceptability of current symptoms was assed
using the Patient Acceptable Symptom State (PASS).17 In addition, demographic characteristics
(i.e., age, sex, body mass index), disease duration and treatment-related characteristics were
collected. The PASDAS was calculated as:
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(0.18 √ physician global VAS + 0.159 √ patient global VAS - 0.253 √ SF-12 PCS + 0.101 LN (SJC
+ 1) + 0.48 LN (TJC + 1) + 0.23 LN (LEI + 1) + 0.377 LN (dactylitis count + 1) + 0.102 ln (CRP + 1)
+ 2) x 1.5.
Where CRP is in milligrams per litre (mg/l), the global (disease activity) VAS scores range
between 0 and 100 mm, the SF12- PCS ranges between 0 and 100, and the maximum scores
for the TJC, SJC, LEI and dactylitis are 68, 66, 6 and 20, respectively. The original PASDAS was
developed using the SF-36 instead of the SF-12, but as research has indicated that using the
SF12 does not alter the results of the PASDAS and to lower the patient burden, we chose to use
the SF12.18,19

6

Statistical analysis
Descriptive statistics were computed using means with standard deviation (SD) for normally
distributed continuous variables and frequencies for categorical variables. Both the PASDAS
and DAS28-CRP were calculated.7,20 Patients were classified as having Very Low Disease
Activity (VLDA), LDA, Moderate Disease Activity (MDA) or High Disease Activity (HDA) according
to the PASDAS and DAS28-CRP. The cut-offs used for the PASDAS were ≤1.9 (VLDA), >1.9 and
≤ 3.2 (LDA), >3.2 and <5.4 (MDA) and ≥5.4 (HDA).(8) For the DAS-28 CRP, <2.4 (VLDA), ≥2.4 and
<2.9 (LDA), ≥2.9 and ≤ 4.6 (MDA) and >4.6 (HDA) were used as cut-off scores.21,22 In RA literature,
VLDA is usually described as remission but as the DAS28 is a (restricted) joint measurement
we deemed VLDA to be a better description of the disease activity state in PsA. Differences
between groups for several clinical outcomes (PASDAS components, PsA core domains and
patient reported outcomes) were tested with Chi-square test for categorial variables and with
unpaired t-test for continuous variables. Given that the results of the non-parametric tests
(i.e. Mann Whitney test) for skewed variables (i.e. SJC28, SJC66, TJC28, TJC68 and enthesitis)
did not differ from the results of the parametric equivalent, the results of the parametric tests
(i.e. t-test) are presented. To account for multiple testing, Bonferroni correction was applied
(corrected α = 0.003). Analyses were performed in STATA software version 13.0. (StataCorp).
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Table 1: Sample characteristics of a real world PsA cohort after implementation of the PASDAS
Full sample
(n = 855)
Age, years

55.1 (13.2)

Female, N (%)

390 (46)

BMI#

28.1 (5.4)

Disease duration, years

9.9 (8.8)

Age at onset of PsA

45.2 (15.2)

PASDAS

3.1 (1.6)

SJC66
N (%)

0.9 (2.1)
0

603 (70)

1-4

196 (23)

5 or more

56 (7)

TJC68
N (%)

2.70 (5.2)
0

426 (50)

1-4

271 (32)

5 or more

158 (18)

Enthesitis (LEI)
N (%)

0.38 (0.8)
0

679 (79)

1

82 (10)

2 or more

94 (11)

Active dactylitis, N (%)

26 (3)

Simplified BSA
N (%)

0%

416 (49)

>0 % and ≤3%

390(46)

>3%

41 (5)

≤1

616 (72)

PGA (skin)
N (%)

>1

239 (28)

Active nail disease, N (%)##

291 (42)

Presence of IBP, N (%)

75 (9)

Physician global VAS

18.5 (18.9)

Results

Patient global VAS

32.2 (25.2)

PCS (SF12)

41.8 (10.4)

Patients
Data of 855 PsA patients with at least one complete PASDAS score was available. Patients and
disease characteristics are shown in table 1. The mean age was 55.1 years (SD=13.1) and 45.6%
were female. The mean disease duration was 9.9 years (SD=8.8) and the mean age at PsA onset
was 45.2 years (SD=15.2). The mean PASDAS was 3.1 (SD=1.6), 20.6% of patients had one or
more Leeds Enthesitis Index points, only 3.0% of patients had active dactylitis and 29.5% of
patients had one or more swollen joints. With regard to skin disease, 4.8% of patients had a
simplified BSA score >3% and 28.0% had mild/moderate to severe plaque severity (PGA skin
>1). IBP was present in 8.9% of patients. Data was skewed for SJC28, SJC66, TJC28, TJC68 and
enthesitis on the LEI, for these variables the median (interquartile range) was 0 (0-10), 0 (011), 0 (0-16), 1 (0-38) and 0 (0-4), respectively. The mean DAS28-CRP score was 2.2 (SD=1.0) and
using the 28 SJC of the DAS28, 21.2% of patients had one or more swollen joints. A total of 15.0%
of patients did not use any Disease-Modifying AntiRheumatic Drugs (DMARDs), 41.4% used
one or more conventional DMARDs (cDMARDs) without using a biological DMARD (bDMARD)
and 43.6% used a bDMARD. No mean difference was found in PASDAS between cDMARD users
and bDMARD users (3.03 versus 3.04) (data not shown).

CRP >5 mg/l, N (%)

154 (18)

DAS28-CRP

2.2 (1.0)

Rheumatoid factor negative, N (%)###

643 (92)

Anti-CCP negative, N (%)‡

694 (98)

DMARD use
N (%)

None

128 (15)

cDMARD

354 (41)

bDMARD

373 (44)

Function (HAQ)‡‡

0.6 (0.6)

PASS unacceptable, N (%)‡‡‡

78 (16)

* Except where indicated otherwise, values are the mean (SD). bDMARD = biological disease-modifying antirheumatic drug;
BMI = body mass index; BSA = body surface area [range 0-100%]; CCP = cyclic citrullinated peptide; cDMARD = conventional
DMARD; CRP = C-reactive protein; DAS28-CRP = disease activity score in 28 joints using CRP [range 0.96-10]; HAQ = health
assessment questionnaire [range 0-3]; IBP = inflammatory backpain; LEI = leeds enthesitis index [range 0-6]; PASDAS =
psoriatic arthritis disease activity score [range 0-10]; PASS = patient acceptable symptom scale; Patient global VAS = patients
global visual analogue scale disease activity [range 0-100 mm]; PCS = physical component score [range 0-100]; PGA =
physician global assessment [range 0-4]; Physician global VAS = physician global VAS disease activity [range 0-100 mm]; PsA
= psoriatic arthritis; SJC66 = swollen joint count of 66 joints [range 0-66]; SF12 = short form-12; TJC68 = tender joint count of
68 joints [range 0-68].
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All variables with >10% missing:
#
BMI was available for a subset of 402 patients.
##
Presence of active nail disease was available for a subset of 699 patients.
###
Rheumatoid factor was available for a subset of 700 patients.
‡
Anti-CCP was available for a subset of 708 patients.
‡‡
HAQ was available for a subset of 361 patients.
‡‡‡‡
PASS was available for a subset of 478 patients.
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VLDA
(≤1.9)
(n = 216 (25%))

LDA
(>1.9 and ≤3.2)
(n = 238 (28%))

MDA
(>3.2 and <5.4)
(n = 334 (39%))

HDA
(≥5.4)
(n = 67 (8%))

52.3 (14.1)

56.5 (12.6)

55.74(12.6)

52.3 (13.6)

67 (31)

103 (43)

176 (53)

44 (66)

Disease duration,
years

8.9 (8.0)

10.6 (8.7)

10.3 (9.2)

9.1 (9.2)

Age at onset of PsA

44.2 (16.5)

46.1 (15.1)

45.6 (14.8)

43.7 (13.8)

PASDAS

1.0 (0.6)

2.6 (0.4)

4.2 (0.6)

5.9 (0.6)

SJC66

0.1 (0.5)

0.3 (1.1)

1.3 (2.5)

3.3 (3.0)

202 (94)

198 (83)

190 (57)

13 (19)

13 (6)

37 (16)

116 (35)

30 (45)

N (%)

0
1-4
5 or more

TJC68
N (%)

0
1-4
5 or more

Enthesitis (LEI)
N (%)

1 (0)

3 (1)

28 (8)

24 (36)

0.3 (1.1)

1.1 (2.0)

3.7 (5.2)

10.9 (10.0)

184 (85)

142 (60)

98 (29)

2 (3)

29 (13)

83 (35)

142 (43)

17 (25)

3 (1)

13 (5)

94 (28)

48 (73)

0.0 (0.3)

0.1 (0.3)

0.6 (0.9)

1.4 (1.4)
24 (36)

0

212 (98)

219 (92)

224 (67)

1

0 (0)

16 (7)

52 (16)

14 (21)

2 or more

4 (2)

3 (1)

58 (17)

29 (43)

1 (0)

4 (2)

10 (3)

11 (16)

Active dactylitis,
N (%)

11.4 (8.7)

28.0 (15.5)

53.9 (19.1)

6.1(8.2)

22.0 (13.5)

48.7 (17.7)

72.2 (12.5)

50.3 (6.6)

44.7 (9.3)

36.9 (7.9)

28.0 (7.0)

23 (11)

34 (14)

66 (20)

31 (46)

DAS28-CRP

1.4 (0.4)

1.8 (0.5)

2.7 (0.8)

4.0 (0.9)

HAQ##

0.2 (0.4)

0.5 (0.6)

0.9 (0.6)

1.4 (0.7)

1 (1)

6 (5)

46 (25)

25 (71)

CRP >5 mg/l, N (%)

Table 2: Patient and disease characteristics according to PASDAS disease activity states

Age, years

1.6 (3.5)

PCS (SF12)

PASDAS disease activity states
Table 2 shows patient and disease characteristics between subgroups according to PASDAS
disease activity states. Women were over-represented in the high disease activity group, as
66% of the patients in HDA was female, and under-represented in the VLDA and LDA group
(33% and 43% female, respectively). Our results suggested also that patients in PASDAS MDA
and HDA had worse skin disease and more often current IBP than patients in VLDA or LDA. The
percentage of patients that deemed their disease activity as unacceptable increased with
consecutive disease activity states; 0.7% and 4.9% of the patients in VLDA or LDA deemed their
disease activity as unacceptable, compared to 24.6% and 71.4% of the patients in MDA or HDA.
With regard to the DAS28, 5.6% of the patients in VLDA and 20% of the patients in LDA deemed
their disease activity as unacceptable.

Female, N (%)

Physician global VAS
Patient global VAS

PASS unacceptable,
N (%)###

* Except where indicated otherwise, values are the mean (SD). BSA = body surface area [range 0-100%]; CRP = C-reactive
protein; DAS28-CRP = disease activity score in 28 joints using CRP [range 0.96-10]; HAQ = health assessment questionnaire
[range 0-3]; HDA = high disease activity; IBP = inflammatory backpain; LDA = low disease activity; LEI = leeds enthesitis index
[range 0-6]; MDA = moderate disease activity; PASDAS = psoriatic arthritis disease activity score [range 0-10]; PASS = patient
acceptable symptom scale; Patient global VAS = patients global visual analogue scale disease activity [range 0-100 mm]; PCS
= physical component score [range 0-100]; PGA = physician global assessment [range 0-4]; Physician global VAS = physician
global VAS disease activity [range 0-100 mm]; PsA = psoriatic arthritis; SJC66 = swollen joint count of 66 joints [range 0-66];
SF12 = short form-12; TJC68 = tender joint count of 68 joints [range 0-68]; VLDA = very low disease activity.
All variables with >10% missing:
#
Presence of active nail disease was available for a subset of 168 patients in the VLDA group, a subset of 204 patients in the
LDA group, a subset of 274 patients in the MDA group and a subset of 53 patients in the HDA group.
##
HAQ was available for a subset of 106 patients in the VLDA group, a subset of 103 patients in the LDA group, a subset of 130
patients in the MDA group and a subset of 22 patients in the HDA group.
###
PASS was available for a subset of 135 patients in the VLDA group, a subset of 121 patients in the LDA group, a subset of 187
patients in the MDA group and a subset of 35 patients in the HDA group.

Simplified BSA
N (%)

0%

116 (54)

117 (50)

153 (46)

30 (46)

>0% and ≤3%

91 (42)

107 (45)

163 (49)

29 (45)

8 (4)

12 (5)

15 (5)

6 (9)

>3%
PGA (skin), N (%)
Active nail disease,
N (%)#
Presence of IBP, N (%)

>1

44 (21)

57 (24)

90 (28)

22 (36)

58 (35)

84 (41)

125 (46)

24 (45)

6 (3)

14 (6)

42 (13)

13 (21)
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Figure 2: Disease activity states of the PASDAS compared to the DAS28-CRP
Note: Number of patients in VLDA (25.3% vs 66.8%, dark green), LDA (27.8% vs 10.8%, light green), MDA (39.1% vs 19.8%, orange)
and HDA (7.8% vs, 2.7% red) according to PASDAS and DAS28-CRP, respectively.
* VLDA = very low disease activity; LDA = low disease activity; MDA = moderate disease activity; HDA = high disease activity.
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PASDAS VLDA or LDA compared to DAS28-CRP VLDA or LDA
Figure 2 and supplementary table 1 show the percentage of patients in VLDA, LDA, MDA and
HDA using the PASDAS and DAS28-CRP. A significant difference was found (P<0.001), as only
53.1% of patients reachedthe PASDAS LDA target (≤3.2) compared to 77.5% of patients reaching
the DAS28-CRP LDA target (<2.9). To assess whether there is an indication that not reaching the
PASDAS target while reaching the DAS28 target results in worse outcomes, patient and disease
characteristics of patients in VLDA or LDA in both PASDAS and DAS28-CRP versus those who
are only in VLDA or LDA according to the DAS28-CRP but not PASDAS were compared (table 3).
Significantly worse scores were found (all P<0.001) for swollen joints, tender joints, enthesitis,
VAS disease activity of both physician and patients, as well as in function and PASS scores in
the group that did not reach PASDAS LDA target, but only DAS28-CRP LDA target. Also IBP was
more frequently present in the group that was not in PASDAS LDA (P <0.001). No significant
difference in BSA >3% was found (see table 3), nor for the other BSA categories, between
patients that reached both targets versus only the DAS28 target (BSA =0% (227 (51.0%) vs 104
(47.7%), P =0.424) and BSA =1-3% (195 (43.8%) vs 102 (46.7%), P =0.470)). To investigate the
potential of using a more strict cut-off score for the DAS28, the more stringent DAS28-CRP
VLDA cut-off (< 2.4) was used to make the same comparison. Worse scores were found for
swollen joints, tender joints, enthesitis, dactylitis, VAS disease activity of both physician and
patients, IBP, function and PASS scores (all p<0.001) in patients that did not reach the PASDAS
LDA target (table 4).
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Table 3: Characteristics of patients in PASDAS and DAS28-CRP VLDA/LDA compared to patients only in
DAS28-CRP VLDA/LDA and not in PASDAS VLDA/LDA

Age, years

Patients in PASDAS
VLDA/LDA and in
DAS28 VLDA/LDA
(n = 445 (52%))

Patients not in
PASDAS VLDA/LDA
and only in DAS28
VLDA/LDA
(n = 218 (25%))

p-value

-

54.9 (13.4)

55.4 (12.6)

Female N (%)

164 (37)

105 (48)

-

Disease duration, years

9.9 (8.5)

10.9 (9.5)

-

Age at onset of PsA

45.0 (15.7)

44.5 (15.7)

-

PASDAS

1.8 (0.9)

4.0 (0.6)

<0.001

SJC66

0.2 (0.8)

0.7 (1.4)

<0.001

TJC68

0.7 (1.6)

2.1 (3.4)

<0.001

SJC28

0.1 (0.4)

0.3 (0.6)

<0.001

TJC28

0.2 (0.7)

0.5 (0.8)

<0.001

Enthesitis (LEI)

0.1 (0.3)

0.5 (0.8)

<0.001

0

423 (95)

152 (70)

-

1

15 (3)

38 (17)

-

2 or more

7 (2)

28 (13)

-

3 (1)

8 (4)

0.005

N (%)

Active dactylitis, N (%)
Simplified BSA, N (%)

>3%

PGA (skin), N (%)

>1

Active nail disease (%)#
Presence of IBP, N (%)
Physician global VAS

20 (5)

11 (5)

0.752

112 (25)

62 (28)

0.382

140 (45)

82 (47)

0.056

20 (5)

30 (14)

<0.001

6.7 (8.4)

28.0 (16.8)

<0.001

Patient global VAS

14.4 (13.9)

44.0 (16.7)

<0.001

PCS (SF12)

47.5 (8.6)

37.3 (8.2)

<0.001

52 (12)

31 (14)

0.354

1.6 (0.4)

2.2 (0.4)

-

59 (13)

36 (17)

-

cDMARD

188 (42)

83 (38)

-

bDMARD

198 (45)

99 (45)

-

0.4 (0.5)

0.8 (0.6)

<0.001

7 (3)

21 (17)

<0.001

CRP >5 mg/l, N (%)
DAS28-CRP
DMARD use
N (%)

None

HAQ##
PASS unacceptable, N (%)###

* Except where indicated otherwise, values are the mean (SD). Only variables where a p-value is shown were tested. Corrected
alpha = 0.003 (Bonferroni correction). bDMARD = biological disease-modifying antirheumatic drug; BSA = body surface area
[range 0-100%]; cDMARD = conventional DMARD; CRP = C-reactive protein; DAS28-CRP = disease activity score in 28 joints
using CRP [range 0.96-10]; HAQ = health assessment questionnaire [range 0-3]; IBP = inflammatory backpain; LDA = low
disease activity; LEI = leeds enthesitis index [range 0-6]; PASDAS = psoriatic arthritis disease activity score [range 0-10]; PASS
= patient acceptable symptom scale; Patient global VAS = patients global visual analogue scale disease activity [0-100 mm];
PCS = physical component score; PGA = physician global assessment; Physician global VAS = physician global VAS disease
activity [range 0-100 mm]; PsA = psoriatic arthritis; SJC28 = swollen joint count of 28 joints [range 0-28]; SJC66 = swollen joint
count of 66 joints [range 0-66]; SF12 = short form-12; TJC28 = tender joint count of 28 joints [range 0-28]; TJC68 = tender joint
count of 68 joints [range 0-68]; VLDA = very low disease activity.
All variables with >10% missing:
#
Presence of active nail disease was available for a subset of 364 patients in the group with patients in PASDAS VLDA/LDA
and DAS28-CRP VLDA/LDA and in a subset of 174 patients in the group with patients only in DAS28-CRP VLDA/LDA.
##
HAQ was available for a subset of 204 patients in the group with patients in PASDAS VLDA/LDA and DAS28-CRP VLDA/LDA
and in a subset of 89 patients in the group with patients only in DAS28-CRP VLDA/LDA.
###
PASS was available for a subset of 251 patients in the group with patients in PASDAS LDA and DAS28-CRP VLDA/LDA and in
a subset of 123 patients in the group with patients only in DAS28-CRP VLDA/LDA.
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Table 4: Characteristics of patients when the more stringent DAS28-CRP VLDA criteria are used (patients
in PASDAS VLDA/LDA and DAS28-CRP VLDA compared to patients only in DAS28-CRP VLDA and not in
PASDAS VLDA/LDA)
Patients in PASDAS
VLDA/LDA and in
DAS28 VLDA
(n = 424 (50%))

Patients not in
PASDAS VLDA/LDA
and only in DAS28
VLDA
(n = 147 (17%))

p-value

54.6 (13.4)

54.4 (13.4)

-

151 (36)

68 (46)

-

Disease duration, years

10.0 (8.5)

11.1 (8.8)

-

Age at onset of PsA

44.6 (15.8)

43.9 (13.4)

-

PASDAS

1.8 (0.9)

3.9 (0.5)

<0.001

Age, years
Female N (%)

6

SJC66

0.2 (0.8)

0.6 (1.5)

<0.001

TJC68

0.6 (1.5)

1.7 (3.2)

<0.001

SJC28

0.1 (0.2)

0.2 (0.5)

0.002

TJC28

0.2 (0.5)

0.2 (0.5)

0.849

Enthesitis (LEI)

0.1 (0.3)

0.4 (0.7)

<0.001

0

405 (96)

106 (72)

-

1

14 (3)

27 (18)

-

2 or more

5 (1)

14 (10)

-

2 (0)

7 (5)

<0.001

N (%)

Active dactylitis, N (%)
Simplified BSA, N (%)

>3%

PGA (skin), N (%)

>1

Active nail disease, N (%)#
Presence of IBP, N (%)
Physician global VAS

19 (5)

6 (4)

0.838

108 (25)

41 (28)

0.484

215 (62)

131 (38)

0.013

19 (5)

20 (14)

<0.001

6.7 (8.4)

28.1 (16.6)

<0.001

Patient global VAS

14.1 (13.6)

41.1 (15.2)

<0.001

PCS (SF12)

47.7 (8.5)

37.9 (7.9)

<0.001

43 (10)

15 (10)

0.983

57 (13)

23 (16)

-

cDMARD

180 (42)

57 (39)

-

bDMARD

187 (44)

67 (46)

-

0.4 (0.5)

0.7 (0.5)

<0.001

7 (3)

11 (13)

<0.001

CRP >5 mg/l, N (%)
DMARD use
N (%)

None

Function (HAQ) ##
PASS unacceptable, N (%)###

* Except where indicated otherwise, values are the mean (SD). Only variables where a p-value is shown were tested. Corrected
alpha = 0.003 (Bonferroni correction). bDMARD = biological disease-modifying antirheumatic drug; BSA = body surface area
[range 0-100%] ; cDMARD = conventional DMARD; CRP = C-reactive protein; DAS28-CRP = disease activity score in 28 joints
using CRP [range 0.96-10]; HAQ = health assessment questionnaire [range 0-3]; IBP = inflammatory backpain; LDA = low
disease activity; LEI = leeds enthesitis index [range 0-6]; PASDAS = psoriatic arthritis disease activity score [range 0-10]; PASS
= patient acceptable symptom scale; Patient global VAS = patients global visual analogue scale disease activity [range 0-100
mm]; PCS = physical component score [range 0-100]; PGA = physician global assessment [range 0-4]; Physician global VAS
= physician global VAS disease activity [range 0-100mm]; PsA = psoriatic arthritis; SJC28 = swollen joint count of 28 joints
[range 0-28]; SJC66 = swollen joint count of 66 joints [range 0-66]; SF12 = short form-12; TJC28 = tender joint count of 28 joints
[range 0-28]; TJC68 = tender joint count of 68 joints [range 0-68]; VLDA = very low disease activity.
All variables with >10% missing:
#
Presence of active nail disease was available for a subset of 346 patients in the group with patients in PASDAS VLDA/LDA
and DAS28-CRP VLDA and in a subset of 120 patients in the group with patients only in DAS28-CRP VLDA
##
HAQ was available for a subset of 241 patients in the group with patients in PASDAS VLDA/LDA and DAS28-CRP VLDA and
in a subset of 83 patients in the group with patients only in DAS28-CRP VLDA
###
PASS was available for a subset of 196 patients in the group with patients in PASDAS VLDA/LDA and DAS28-CRP VLDA and
in a subset of 59 patients in the group with patients only in DAS28-CRP VLDA
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Discussion
In this cross-sectional study, we observed that implementation of the use of the PASDAS,
together with measurements for skin/nail and axial disease, in a formerly DAS28 monitored
PsA cohort suggested residual disease activity. One in three patients did not reach the PASDAS
target (<=3.2), while reaching the DAS28 anchor (VLDA or LDA), with significant worse scores
in objective and subjective clinical outcomes reflecting higher disease burden. This latter was
also reflected by other health status measures such as function, PASS and the presence of IBP.
Even when the more stringent DAS28-CRP VLDA cut-off was used, the results indicated worse
outcomes in patients that reached DAS28-CRP VLDA but did not reach the PASDAS target. These
observed differences can not solely be attributed to the more extensive measurement of joint
involvement (i.e. 66/68 SJC/TJC instead of 28SJC/TJC) as also other measures that are not used
to calculate the PASDAS showed significant worse scores (e.g. HAQ, acceptable symptom state,
inflammatory back pain).
There is substantial evidence available for the benefit of quick treatment escalation and T2T
using Minimal Disease Activity citeria in PsA from the TICOPA trial.2 Nonetheless, the evidence
for T2T in PsA is still considerably less than the evidence for T2T in RA. Moreover, TICOPA found
no difference in structural damage between the standard treatment arm and tight control
arm at 48 weeks. However, we do know from long-term (5 years) data on golimumab treated
PsA patients, that persistently fulfilling the Minimal Disease Activity criteria resulted in less
radiographic damage.23 In addition to the discussion about the potential benefits of T2T in
PsA, also the preferred outcome measure for T2T in PsA remains under discussion. There is
no consensus on which outcome measure should be recommended to assess disease activity
in PsA. Several outcome measures have been compared in the past (in both trial and clinical
settings), among others showing limitations of non-PsA specific measures and the possible
additive value of using PsA-specific composite measures.5,6,24-29 Out of the proposed outcome
measures for PsA, the PASDAS has the best responsiveness compared to other measures, and
other benefits include that it is a continuous outcome measure that comprises many of the
PsA domains.5 Complementing data from trials with real-world data on T2T in PsA is essential
to further explore the advantage of T2T in PsA and to develop recommendations for a suitable
T2T approach including appropriate outcome measures. For this reason, we show the crosssectional results from the implementation of the use of the PASDAS, in a formerly strictly
and DAS28 monitored (in addition to recommendations to take into account extensive joint
evaluation as well as the other PsA disease domains) cohort.
Despite our previous PsA DAS28 treatment protocol recommendations to take into account
the different PsA specific domains, and rheumatologists awareness of the DAS28 as a
suboptimal measure for PsA, the implementation of the use of the PASDAS suggested the
presence of residual disease burden. We know from previous research, that PASDAS LDA
reflects fulfilling the Minimal Disease Activity criteria, and that using these latter criteria as
treatment target, results in improved outcomes.2,13 With regard to this cohort, only half of the
cohort reached the PASDAS LDA target, underlining the suggestion that disease activity in our
cohort wasn’t sufficiently controlled and that patients were possibly undertreated, despite all
the efforts of tightly monitoring the cohort. However, in this cohort, treatment decisions are
(and were) based on shared decision making between patient and physician. It is possible that
residual disease activity wasn’t left unnoticed, but that there were reasons for patients and/

6

158

Disease burden in a large regional hospital (the Sint Maartenskliniek) PsA cohort

or physician to not intensify treatment. This is also suggested by the PASS, that shows that
about three quarters of the patients in MDA and one quarter of the patients in HDA, still deem
their disease activity acceptable. However, being in DAS28 VLDA/LDA was for 26% of patients
insufficient to speak of an acceptable disease state.

6

Finding the perfect balance between undertreatment and overtreatment remains challenging
in PsA. But decisions on intensifying treatment or not should in any case be made consciously.
Not measuring disease activity properly might lead to undertreatment, as disease activity can
easily be overlooked in busy outpatient clinics. This is exemplified by the increased number
of swollen joint(s) when the PASDAS target is not reached. In addition our findings suggested
worse skin disease and more IBP in patients that did not reach the PASDAS target (patients in
MDA and HDA) compared to patients in LDA and VLDA. It should also be noted that women were
over-represented in the higher disease activity groups. Further analysis will be performed in
the near future to look at this more in-depth.
The strengths of this study include the large sample size and that it was performed in a
relevant clinical setting, as our cohort was formerly DAS28 monitored. The reason this setting
is of importance, is because the DAS28 still is a widely used measure to assess disease activity
in PsA patients in routine practice, despite concerns about its validity in PsA. However, the
cross-sectional design of our study limits inferences about the long-term health outcomes of a
PASDAS guided T2T strategy. Although there was a trend towards worse skin involvement with
higher PASDAS scores, the data on skin disease was rather restricted, hampering drawing firm
conclusions. Additionally, for some of the variables there was a lot of missing data, because all
the data was collected in routine practice and not in a research setting. Furthermore, no data
is available on treatment changes, treatment related adverse events, structural progression
and change in PASDAS yet. Continued collection of data with multiple follow-up assessments
has to indicate whether this new strategy will result in improved outcomes.
In conclusion, our DAS28 monitored cohort showed notable residual disease activity according
to the PASDAS in a quarter of our patients. This suggests that the DAS28 is a suboptimal
measure for T2T in PsA patients and that the PASDAS together with measurements for axial
and skin/nail disease, might have the potential to improve T2T outcomes in PsA patients.
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DAS28-CRP disease activity

PASDAS disease activity
VLDA

LDA

MDA

HDA

Total

VLDA

212

212

143

4

571 (66.8%)

LDA

4

17

69

2

92 (10.8%)

MDA

0

9

117

43

169 (19.8%)

HDA

0

0

5

18

23 (2.7%)

Total

216 (25.3%)

238 (27.8%)

334 (39.0%)

67 (7.8%)

855 (100.0%)

Chapter 7
Being overweight is associated
with not reaching low disease
activity in women but not men
with psoriatic arthritis

* Values are the number of patients (%). CRP = C-reactive protein; DAS28-CRP = disease activity score in 28 joints using CRP;
HDA = high disease activity; LDA = low disease activity; MDA = moderate disease activity; PASDAS = psoriatic arthritis disease
activity score; VLDA = very low disease activity.

Mulder MLM
Wenink MH
Vriezekolk JE
Published in Rheumatology (Oxford). 2022;61:770–774.
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Chapter 1

Sex differences with respect to disease activity in PsA

Abstract

Introduction

Objective
To assess sex differences in disease activity parameters and health-related quality of life in
Psoriatic arthritis (PsA), and to assess whether determinants associated with not reaching
treatment target differed between men and women.

Psoriatic Arthritis is an inflammatory disease that can cause joint, entheseal, skin, nail, and
axial disease.1 Its prevalence in men and women is equal, however, disease manifestations
and outcomes seem to differ between sexes. Several studies found that women have more
frequently enthesitis, elevated inflammatory markers, more swollen joints, higher disease
activity according to multiple composite disease activity measures, and a higher impact
of disease in daily life. On the other hand, men reported more frequent inflammatory back
pain (IBP) and more severe skin and nail disease.2-6 Gaining knowledge about underlying
mechanisms of the differences between men and women is important to optimize treatment
strategies, especially given that women seem to less often reach low disease activity (LDA)
treatment targets.5,6

Methods
Routine practice data of 855 PsA patients, who were all tightly monitored and treated, was
used. Sex differences including, but not limited to, Psoriatic Arthritis Disease Activity Score
(PASDAS), skin/nail disease, SF12-PCS/MCS, and inflammatory back pain (IBP) were assessed.
Multivariate analyses were used to examine determinants associated with not reaching
treatment target (PASDAS≤3.2) in men and women.
Results
Women had worse scores for - among others- swollen and tender joints, CRP, enthesitis,
and function (all P<0.001). Higher PASDAS scores were found for women (3.5±1.5) than men
(2.7±1.5, p<0.001). Likewise, women were more often not at PASDAS treatment target (OR =
2.03, P<0.001). No difference in current medication use was found. Nail disease, IBP, number
of DMARDs used (past and current), and Body Mass Index (BMI) were associated with not
reaching treatment target in the overall sample. For women, but not men, BMI was associated
with not reaching PASDAS low disease activity (LDA) (OR between 2.41-3.43, P<0.001).
Conclusions
Women with PsA in a tightly monitored and treated setting have more severe disease than
men. This is demonstrated by worse scores for women in both subjective and objective disease
activity measures, in addition to women less often reaching the treatment target. Notably,
being overweight is associated with higher disease activity in women, but not men.

Studies investigating determinants associated with not reaching treatment target between
men and women in PsA are, however, scarce. One study showed that shorter disease duration
and less disability at baseline were predictive for better outcome after 5 years follow-up.5 Only
for men, less pain at baseline was also predictive for favourable outcome. More insight into
sex specific factors associated with not reaching treatment target is needed to inform sex
specific treatment strategies (e.g. earlier escalation of treatment).
Recently, results of our routine practice cohort of strictly monitored and treated PsA patients
indicated that men and women differed with regard to the proportion of patients that
achieved LDA according to the Psoriatic Arthritis Disease Activity Score (PASDAS).7 To further
investigate potential sex differences related to poor outcome, we conducted a secondary
analysis of our cohort data. The objectives were: 1) to assess differences between men and
women in disease activity parameters and health-related quality of life parameters, 2) to
assess which determinants were related to not reaching treatment target, and 3) to assess
whether these determinants differed between men and women.

Patients and methods
Study design
The current cross-sectional study is a secondary analysis of data obtained from a routine
practice cohort previously described.7
Patients and setting
Our cohort comprised 855 patients with a clinical diagnosis of PsA and all patients were
treated at the outpatient Rheumatology clinic of the Sint Maartenskliniek, The Netherlands.
Informed consent was obtained using an opt-out procedure.
Data collection
Data was collected between March 2019 and December 2019. Individual components of the
PASDAS (swollen and tender joints [SJC/TJC], enthesitis, C-reactive protein (CRP), dactylitis,
physical component summary score (PCS) of the Short Form-12 [SF12], and physician’s and
patient’s global disease activity visual analogue score [VAS]), together with skin disease (Body
Surface Area [BSA] score and Physician Global Assessment [PGA] score), nail disease, mental
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component summary score (SF12-MCS), Health Assessment Questionnaire (HAQ), Patient
Acceptable Symptom State and IBP were measured.8

7

Statistical analysis
To examine sex differences, chi-square test for categorial variables and unpaired t-test for
continuous variables were used. Bonferroni correction was applied to account for multiple
testing (corrected α = 0.002). To examine which determinants were associated with not
reaching LDA (PASDAS≤3.2), both univariate and multivariate logistic regression analyses
were performed.9 Determinants that were part of the outcome (PASDAS score) (e.g. SJC66) or
strongly correlated (r > 0.7) with the outcome or with one of the individual components of the
PASDAS score were excluded. The following determinants were entered into the regression
models: sex, age, disease duration, Body Mass Index (BMI), the presence of IBP, SF12-MCS,
current and past medication use, and skin and nail involvement. Stratified sex analyses were
performed using the same determinants. Stepwise backwards regression analysis was used
to build the final models with a threshold of P=0.157 (Akaike criterion). Determinants with
a P<0.05 were considered significant. A multiple imputation model with chained equations
(MICE) was performed to impute variables with >10% missing that were used in the regression
analyses; 30 complete data sets were generated by imputation.10 All analyses were performed
in STATA 13.0.

Results
Clinical differences between men and women
Supplementary table 1 displays the sample characteristics and differences between men and
women. Mean PASDAS was higher in women compared to men (3.5 vs 2.7, P<0.001). Worse
scores were also found for SJC, TJC, enthesitis, physician and patient global disease activity
VAS, CRP, SF12-PCS, SF12-MCS, and HAQ in women compared to men (all P<0.001). There was
a trend towards women having more often IBP (P=0.005), but this sex difference disappeared
after Bonferroni correction. Skin disease and current medication use did not significantly
differ between men and women.
Determinants associated with not reaching PASDAS treatment target for overall sample
(N = 855)
Table 1 displays the results of the univariate and multivariate logistic regression analysis
with not reaching PASDAS LDA as the outcome in the total sample. In the multivariate model,
female sex (OR=1.62, P=0.002), higher BMI (OR between 1.74 and 2.04, P-values between 0.032
and 0.002), presence of nail disease (OR=1.41, P=0.043), presence of IBP (OR=3.12, P<0.001), and
higher number of DMARDs used currently (OR=1.65, P=0.010) or in the past (OR=1.20, P<0.001)
were determinants for not reaching PASDAS LDA. The use of a bDMARD (OR=0.56, P=0.023),
cDMARD (OR=0.50, P=0.030) and a higher SF-12MCS (OR=0.95, P<0.001) score lowered the
likelihood of not being in PASDAS LDA.
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Table 1: Univariate and multivariate logistic regression analyses of determinants associated with not
reaching PASDAS target (N = 855)
Univariate
Variable

Multivariate

OR (95% CI)

P-value

OR (95% CI)

P-value

Female sex

2.03 (1.54-2.67)

<0.001

1.62 (1.19-2.20)

0.002

Age

1.00 (0.99-1.01)

0.842

Disease duration (years)

1.00 (0.99-1.02)

0.595

BMI 25-30 kg/m2 (ref: <25)

1.59 (1.07-2.37)

0.021

2.04 (1.30-3.21)

0.002

BMI 30-35 kg/m2 (ref: <25)

1.86 (1.15-3.00)

0.012

1.81 (1.05-3.10)

0.032

2

BMI >35 kg/m (ref: <25)

1.5 (1.05-2.16)

0.026

1.74 (1.16-2.62)

0.008

BSA >0 % and ≤3% (ref: 0%)

1.23 (0.94-1.63)

0.136

BSA >3% (ref: 0%)

1.34 (0.70-2.54)

0.376

PGA >1 (ref: ≤1)

1.40 (1.02-1.91)

0.036

Presence of nail disease

1.39 (1.03-1.88)

0.030

1.41 (1.01-1.96)

0.043

Presence of IBP

3.5 (2.06-5.96)

<0.001

3.12 (1.75-5.57)

<0.001

MCS (SF12)

0.94 (0.92-0.95)

<0.001

0.95 (0.93-0.96)

<0.001

cDMARD use (ref: no DMARD)

0.68 (0.45-1.04)

0.075

0.50 (0.26-0.94)

0.030

bDMARD use (ref: no DMARD)

0.73 (0.48-1.12)

0.149

0.32 (0.15-0.68)

0.003

Number of DMARDs history

1.22 (1.14-1.32)

<0.001

1.20 (1.09-1.32)

<0.001

Number of DMARDs current

1.05 (0.85-1.30)

0.648

1.65 (1.13-2.41)

0.010

* A P-value of <0.05 is considered significant. PASDAS = psoriatic arthritis disease activity score; BMI = body mass index; BSA
= body surface area; PGA = physician global assessment of psoriasis; IBP = inflammatory backpain; SF12-MCS = short form-12
mental component scale; cDMARD = conventional disease-modifying antirheumatic drug; bDMARD = biological DMARD.

Determinants for not reaching PASDAS treatment target for men (N = 465) versus women
(N = 390)
Table 2 displays the results of the multivariate logistic regression analysis for not reaching
PASDAS LDA stratified for men and women. In both men and women, IBP (men: OR=2.75,
P=0.026; women: OR=3.36, P=0.002) and the number of DMARDs used in the past (men:
OR=1.36, P<0.001; women: OR=1.13, P=0.025) were associated with not reaching PASDAS LDA.
Only for women, being overweight was also associated with not reaching PASDAS LDA (BMI
25-30: OR=3.43, P<0.001; BMI 30-35: OR=2.59, P=0.019; BMI >35: OR=2.41, P=0.002). Only for
men, a higher number of currently used DMARDs was associated with not reaching PASDAS
LDA (OR=1.91, P=0.018). Conversely, higher SF12-MCS scores for both men and women (men:
OR=0.93, P<0.001; women: OR=0.96, P=0.001), cDMARD use for women (OR=0.40, P=0.047) and
bDMARD use for men (OR=0.25, P=0.011) lowered the likelihood of not being in PASDAS LDA.
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Table 2: Final multivariate logistic regression model of determinants associated with not reaching PASDAS
target stratified for sex
Men (N = 465)
Variable

OR (95% CI)

Women (N = 390)

P-value

BMI 25-30 kg/m2 (ref: <25)

P-value

3.43 (1.76-6.68)

<0.001

BMI 30-35 kg/m2 (ref: <25)

2.50 (1.17-5.37)

0.019

BMI >35 kg/m2 (ref: <25)

2.41 (1.37-4.23)

0.002

Presence of nail disease
Presence of IBP

7

OR (95% CI)

1.51 (0.93-2.46)

0.093

2.75 (1.13-6.70)

0.026

3.36 (1.57-7.20)

0.002

MCS (SF12)

0.93 (0.90-0.95)

<0.001

0.96 (0.94-0.99)

0.001

cDMARD use (ref: no DMARD)

0.60 (0.24-1.49)

0.268

0.40 (0.16-0.99)

0.047

bDMARD use (ref: no DMARD)

0.25 (0.09-0.73)

0.011

0.35 (0.12-1.09)

0.070

Number of DMARDs history

1.36 (1.17-1.59)

<0.001

1.13 (1.01-1.26)

0.025

Number of DMARDs current

1.91 (1.12-3.25)

0.018

1.54 (0.88-2.68)

0.128

* A P-value of <0.05 is considered significant. PASDAS = psoriatic arthritis disease activity score; BMI = body mass index; IBP
= inflammatory backpain; SF12-MCS = short form-12 mental component scale; cDMARD = conventional disease-modifying
antirheumatic drug; bDMARD = biological DMARD.

our knowledge, we are the first to show that the same holds true for PsA. Tentatively, the
generally higher fat percentage in women might be the underlying mechanism that leads to
an increased pro-inflammatory state.13,15,16
The limitations of this study include the cross-sectional design, which hampers drawing
conclusions about causal relationships. Furthermore, no recently diagnosed PsA patients were
included in our cohort and information on BMI at time of disease presentation is therefore
unavailable. Arguably, a higher BMI in women is caused by women having higher disease
activity (which may lead to physical inactivity for example) instead of the other way around.17
In conclusion, women with PsA have higher disease burden than men in a tightly monitored
cohort. A higher BMI in women, but not men, was associated with not reaching the treatment
target. This suggests that rheumatologists should pay extra attention to weight loss in the
disease management of women with PsA.
Key messages
• Tightly monitored and treated women with PsA have higher disease activity than men.
• Being overweight is associated with not reaching treatment target in women, but not in
men.
• Special attention should be paid to this in the disease management of women with PsA.

Discussion
This study shows that women with PsA, in a tightly monitored and treated cohort, have higher
disease burden compared to men. This is demonstrated by worse scores for women in both
subjective and objective disease activity measures, in addition to women less often reaching
PASDAS LDA. Besides female sex, also the presence of nail disease and IBP, a higher number
of DMARDs used (in the past or current), and a higher BMI were associated with not reaching
PASDAS LDA in the overall sample. Both a higher SF-12MCS score and c/bDMARD use lowered
the likelihood of not being in LDA in the overall sample. Stratified for sex, however, a higher
BMI was significantly associated with not reaching PASDAS LDA in women, but not in men.
Conversely, a higher current number of DMARDs used was associated with not reaching
PASDAS LDA in men, but not in women.
Our finding that women less often reach LDA and have a higher disease burden, is in line with
results from other studies.2-6 We showed that in almost all objective measures women score
worse compared to men. This is in contrast to previous research, which suggested that the
difference in disease burden between men and women can be explained predominantly by
subjective measures.2,6,11 Furthermore, this is the first study that illustrates higher disease
activity levels in women in a tightly monitored and treated cohort. Given no significant
difference in current DMARD use between men and women, less DMARD use is not an
explanation for the higher disease activity in women.
Noteworthy, we found that in women only, higher BMI was associated with increased
likelihood of not reaching treatment target. Previous studies – albeit not stratified for sex –
also showed that higher BMI was related to not reaching LDA in both PsA and RA, and that
losing weight resulted in improvement of disease activity.12-14 For RA, there is evidence that
being overweight is associated with higher disease activity in women, but not in men.15 To
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Supplementary material
Table 1: Sample characteristics (N = 855)
Men
(N = 465)

Women
(N =390)

P-value

Age, years

56.07 (12.4)

53.87 (13.9)

0.015

Disease duration, years

10.23 (9.0)

9.60 (8.5)

0.303

Age at onset of PsA

45.82 (15.4)

44.54 (15.1)

0.227

BMI

27.74 (4.2)

28.46 (6.4)

0.181

PASDAS

2.72 (1.5)

3.49 (1.5)

<0.001
<0.001

SJC66
N (%)

0.62 (1.6)

1.16 (2.5)

0

359 (77)

244 (63)

-

1-4

84 (18)

112 (29)

-

5 or more
TJC68
N (%)

7

34 (9)

-

3.48 (5.4)

<0.001

0

278 (60)

148 (38)

-

1-4

131 (28)

140 (36)

-

5 or more

56 (12)

102 (26)

<0.001

Enthesitis (LEI)
N (%)

22 (5)
2.03 (5.0)

0.22 (0.6)

0.53 (1.0)

0

399 (86)

280 (72)

-

1

37 (8)

45 (12)

-

2 or more

29 (6)

65 (17)

-

17 (4)

9 (2)

0.253
0.069

Active dactylitis, N (%)
Simplified BSA
N (%)

0%

213 (46)

203 (52)

>0 % and ≤3%

222 (48)

168 (43)

0.173

25 (5)

16 (4)

0.385

320 (69)

296 (76)

0.047

>3%
PGA
N (%)

≤1
>1

Active nail disease, N (%)*

145 (31)

94 (24)

0.022

161 (42)

130 (41)

0.666

Presence of IBP, N (%)

29 (6)

46 (12)

0.005

Physician global VAS

15.43(16.8)

22.78 (20.9)

<0.001

Patient global VAS

28.09 (23.9)

37.45 (25.8)

<0.001

PCS (SF12)

43.57 (10.1)

39.56 (10.3)

<0.001

MCS (SF12)**

51.11 (9.3)

47.85 (10.7)

<0.001

57 (12)

97 (25)

<0.001
-

CRP >5 mg/l, N (%)
Rheumatoid factor negative, N (%)***

358 (93)

185 (91)

Anti-CPP negative, N (%)

381 (98)

311 (97)

-

Function (HAQ)‡‡

0.39 (0.5)

0.87 (0.7)

<0.001

35 (13)

43 (21)

0.017

55 (12)

59 (15)

0.157

PASS unacceptable, N (%)‡‡‡
DMARD use
N (%)

None
cDMARD

197 (42)

171 (44)

0.262

bDMARD

213 (46)

160 (41)

0.160

173

* Except where indicated otherwise, values are the mean (SD). An adjusted P of ≤0.002 is considered significant (Bonferroni
correction). PsA = psoriatic arthritis; BMI = body mass index; PASDAS = psoriatic arthritis disease activity score; SJC =
swollen joint count; TJC = tender joint count; LEI = leeds enthesitis index; BSA = body surface area; PGA = physician global
assessment of psoriasis; IBP = inflammatory backpain; Physician global VAS = physician global VAS disease activity; Patient
global VAS = patients global Visual Analogue Scale disease activity; PCS = physical component score; SF12 = short form-12;
MCS = mental component scale; CRP = C-reactive protein; CCP = cyclic citrullinated peptide; HAQ = health assessment
questionnaire; PASS = patient acceptable symptom scale; cDMARD = conventional disease-modifying antirheumatic drug;
bDMARD = biological DMARD.
All variables with >10% missing:
* Presence of active nail disease was available for a subset of 699 patients
** SF12-MCS was available for a subset of 420 men and 328 women
*** Rheumatoid factor was available for a subset of 387 men and 313 women
‡
Anti-CCP was available for a subset of 389 men and 319 women
‡‡
HAQ was available for a subset of 193 men and 168 women
‡‡‡
PASS was available for a subset of 273 men and 205 women
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Chapter 1

The minimal important change (MIC) and meaningful change value (MCV) of the PASDAS

Abstract

Introduction

Objective
To determine the Minimal Important Change (MIC) values and Meaningful Change Values
(MCV) of the Psoriatic Arthritis Disease Activity Score (PASDAS) and the Standard Error of
Measurement (SEM) of the PASDAS.

Psoriatic arthritis (PsA) is an inflammatory disease which can affect both skin and joints. PsA
is characterized by a combination, or all five, of the following symptoms; psoriasis, peripheral
joint disease, axial joint disease, enthesitis and dactylitis.1 If left untreated PsA can result in
irreversible joint damage.2 Current treatment guidelines therefore recommend treat-totarget (T2T) in PsA, aiming at reaching remission or, alternatively, low disease activity.3

Methods
Routine practice data of 544 patients with Psoriatic Arthritis (PsA) was available for analysis.
An anchor-based method using linear regression analyses was used to determine the MICs
and MCVs of the PASDAS. With this anchor-based method we compared changes in PASDAS
score with an external reference (anchor). The anchor question inquired whether the patient’s
wellbeing had changed since their previous visit. It consisted of a 7-point Likert scale (range:
very much improved to very much deteriorated). Interperiod correlation matrix analysis was
performed to determine the SEM.
Results
The overall MIC and MCV of the PASDAS were 0.67 (95% CI; 0.55-0.79) and 1.34 (95% CI; 1.211.46), respectively. Results for improvement and deterioration were 0.65 (95% CI; 0.46-0.83)
and 0.71 (95% CI; 0.49-0.93) for the MIC, respectively, and 1.29 (95% CI; 1.11-1.48) and 1.42 (95%
CI; 1.19-1.64) for the MCV, respectively. The SEM was determined at 0.81.
Conclusions
The MIC of the PASDAS provides an extra tool for physicians in the treatment of PsA patients to
put context to the patient’s perspective of disease activity, while the MCV might aid the use of
the PASDAS in PsA clinical trials.

177

To date, multiple PsA-specific outcome measures to monitor disease activity have been
developed. The Psoriatic Arthritis Disease Activity Score (PASDAS) is one of the most promising
PsA-specific measures since it is a continuous measure, includes most of the PsA domains, has
cut-off values for remission, low, moderate and high disease activity, and is the most sensitive
to change when compared to other PsA-specific measures.4,5 Thus, PASDAS driven T2T was
implemented in routine practice in our hospital.6
Increasingly, the focus of current treatment guidelines has started to shift to the patient’s
perspective on disease activity. In order to use the PASDAS as a continuous measure in
individual patients, understanding which change in PASDAS represents a patient relevant
change is essential. The Minimal Important Change (MIC) is a concept, which represents the
smallest amount of change in disease activity, that patients perceives as an important change.
Determination of a MIC enables assessing and interpreting treatment response within an
individual patient.7,8 To our knowledge, the MIC of the PASDAS is still unknown hampering
assessment of the impact of change in PASDAS at an individual level.
The PASDAS might also be used as a suitable outcome measure for clinical trials in PsA patients.
Currently, the American College of Rheumatology (ACR) response criteria are frequently used
as the primary outcome measure to monitor drug effectiveness in PsA patients.9 However, the
ACR response criteria were originally developed for rheumatoid arthritis and are therefore
less suited for use in PsA. For the PASDAS to be a candidate outcome measure for PsA clinical
trials, the change value reflecting the patient’s perspective is critical.10 Since clinical trials are
aimed at examining drug effectiveness, a larger change value than the MIC might be more
relevant. This value is called the Meaningful Change Value (MCV) and reflects a change in
disease activity that is deemed ‘really meaningful’ by patients. Similarly to the MIC, the MCV
of the PASDAS is still unknown, impeding the use of the PASDAS in clinical trials.
The aim of this study was to determine the overall MIC (MICoverall) and MCV (MCVoverall) of the
PASDAS, as well as the values for improvement (MICimp/MCVimp) and deterioration (MICdet/
MCVdet) and the Standard Error of Measurement (SEM), in a routine practice cohort of PsA
patients. Additionally, to explore whether MIC and MCV values differ for sex and age.

Patients and methods
Patients and Setting
This was a retrospective cohort study, using routine practice data of 544 patients who were
treated at the department of Rheumatology at the St. Maartenskliniek. All patients had
a clinical diagnosis of PsA. PASDAS measurements were systematically conducted during
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routine practice, and patients were treated for at least two months before the first PASDAS
measurement. Depending on disease activity, patients returned for routine care appointments
every two to six months (due to COVID-19 sometimes extended to eight months). This study was
reviewed by the human research ethics committee (CMO region Arnhem-Nijmegen, dossier
number: 2019-5459) and after this local review the study was exempted from ethical approval
according to the Medical Research Involving Human Subjects Act (WMO), since patients were
not subjected to any additional measurements. Informed consent from patients was obtained
using an opt-out method.
Data collection
Data was collected using electronic health record data between November 2018 and
September 2020. At each routine care appointment, the individual components of the
PASDAS were assessed to evaluate disease activity. These components include; physician and
patient global disease activity visual analogue score (VAS, ranging from 0 to 100mm), physical
component score (PCS) of the short form 12 (SF-12, ranging from 0 to 100), swollen joint count
(SJC66), tender joint count (TJC68), Leeds Enthesitis Index (LEI, ranging from 0 to 6), dactylitis
count (ranging from 0 to 20), and the CRP (mg/l).

8

The PASDAS was calculated using previously reported formula11, although the original SF-36
PCS was substituted for the PCS of the SF-12 as a reliable alternative.12
For each patient, the first two consecutive PASDAS measurements were selected that had a
patient-reported “anchor” score of perceived change reported at the same time point as the
second PASDAS measurement (±1 week). In accordance with the average follow-up time, the
minimal and maximum time interval between the two PASDAS measurements was set at two
to eight months (±1 week). PASDAS measurements with missing values were excluded. After
filtering, 408 of the initial 544 patients remained.
Furthermore, demographic data, disease duration and responses to the anchor question were
collected. The anchor question consisted of a 7-point Likert scale and was posed at the second
PASDAS measurement. The question enquired whether the patient’s wellbeing had changed
since their previous visit (“How did you feel in the past week compared to your previous visit?”).
Response options were; [1] very much improved, [2] much improved, [3] slightly improved, [4]
no change, [5] slightly deteriorated, [6] much deteriorated, [7] very much deteriorated.
Statistical analysis
Data was described as mean (SD) or absolute frequencies and percentages, where appropriate.
The difference between two PASDAS measurements was calculated and denoted as deltaPASDAS. Given assumptions for linearity were met13, the MIC and MCV were determined using
linear regression. The MICoverall value is represented by the regression coefficient of deltaPASDAS as a function of the anchor score, as this represents the step from the “no change”
group to the “slightly improved/deteriorated” groups. We defined the MCVoverall as the step
from the “no change” group to the “much improved/deteriorated” groups, and is therefore
represented by two steps on the anchor scale (twice the regression coefficient).
Likewise, the MICimp, MCVimp, MICdet and MCVdet were determined. For MICimp, linear regression
was performed using the “no change” and “improved” groups, and for MICdet only the “no

The minimal important change (MIC) and meaningful change value (MCV) of the PASDAS

179

change” and “deteriorated” groups were used. To explore any sex or age related differences,
results were further stratified for males and females, and ≤60 and >60 years.
To allow for reliable interpretation of the MICs and MCVs, the SEM of the PASDAS was
calculated, given its dependency on cohort specific characteristics. The SEM was calculated
using interperiod correlation matrix analysis. This method assumes that the correlation
between the two PASDAS measurements decreases as the time interval between the two
measurements increases.14 The intercept of the correlation as a function of the time interval
represents an estimation of the r0 value and can be substituted into the following formula;
SEM = SD * √(1 - r0)
where SD is the standard deviation of the PASDAS.
STATA v13.1 was used to perform all analyses (StataCorp).

Results
Sample characteristics
Table 1 shows the cohort characteristics of 408 routine care PsA patients. 53.7% of patients
were male and the mean age was 56.8 years (SD = 13.3). Mean disease duration was 10.1
years (SD = 8.5). Mean PASDAS was 3.15 (SD = 1.65) and 3.06 (SD = 1.51) at time point 1 and 2,
respectively.
Table 1. Sample characteristics of a routine practice PsA patient cohort.
Overall
Age

56.78

(13.33)

Males, N (%)

219

(53.7%)

BMIa, kg/m2

27.84

5.02)

Disease durationb, years

10.09

(8.50)

PASDAS at first visit

3.15

(1.65)

PASDAS at second visit

3.06

(1.51)

10
29
67
208
69
23
2

(2.45%)
(7.11%)
(16.42%)
(50.98%)
(16.91%)
(5.64%)
(0.49%)

324

(91.5%)

Transition scale,
N (%), (mean Delta-PASDAS, SD)

Very much improved
Much improved
Slightly improved
No change
Slightly deteriorated
Much deteriorated
Very much deteriorated

Rheumatoid factor negativec, N (%)
Anti-CCP negative , N (%)
d

DMARD usee, N (%)

None
cDMARD
bDMARD

348

(97.5%)

41
174
193

(10.0%)
(42.6%)
(47.3%)

(-2.05, SD=1.91)
(-1.29, SD=1.32)
(-0.71, SD=1.36)
(-0.05, SD=1.28)
(0.61, SD=1.27)
(1.25, SD=1.38)
(3.29, SD=3.45)

*Values are the mean (SD), unless specified otherwise. aData available for 220 patients, bData available for 402 patients, cData
available for 354 patients, dData available for 357 patients, eIf a patient used both a cDMARD and a bDMARD, a patient was
classified as bDMARD user.
Abbreviations: Anti-CCP = anti-cyclic citrullinated peptide; bDMARD = biological disease-modifying anti-rheumatic drug ;
cDMARD = conventional DMARD; PASDAS = Psoriatic Arthritis disease activity score.
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Determination of the MIC and MCV
Table 2 shows the MIC and MCV values. The MICoverall was 0.67 (95% CI; 0.55-0.79). The MICimp
was 0.65 (95% CI; 0.46-0.83) and MICdet was 0.71 (95% CI; 0.49-0.93). The MCVoverall was 1.34 (95%
CI; 1.21-1.46). The MCVimp was 1.29 (95% CI; 1.11-1.48) and MCVdet was 1.42 (95% CI; 1.19-1.64).
The SEM was 0.81. When results were stratified for sex, women had a lower MICdet than men
(data not shown). Likewise, when data was stratified for age, patients with younger age (≤60
yrs.) had a lower MICdet, but a higher MICimp compared to patients with older age (>60 yrs.).
However, the differences for sex and age were not significant (data not shown).
Table 2. MIC and MCV for the PASDAS including values for improvement and deterioration (95%-CI).
Overall

Improvement

Deterioration

MIC

0.67
(0.55-0.79)

0.65
(0.46-0.83)

0.71
(0.48-0.93)

MCV

1.34
(1.21-1.46)

1.29
(1.11-1.48)

1.42
(1.19-1.64)

Abbreviations: MIC = minimal important change; MCV = meaningful change value.
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A limitation of our study is that the data was collected from a routine practice cohort with
follow-up visits not set at specific time intervals. Despite using a validated method to determine
the SEM14, the varying time frame between the first and second PASDAS assessment yields
the analysis less precise compared to proper test-retest conditions.17 Although this might be
considered a weakness, this data might better reflect the reality in rheumatology practices
and patient’s lives. Moreover, the relatively long time interval between the two PASDAS scores
(up to 8 months) could have introduced recall bias. However, a post-hoc sensitivity analysis
with follow-up time set at two to six months yielded similar MIC and MCV values compared
to the longer follow-up of two to eight months. Research by Wyrwich et al. demonstrated that
the MIC usually approximates the SEM.18 Given that our estimation of the SEM of the PASDAS
might be inflated by the varying time frame, the SEM and MICoverall might be closer together
than currently observed. It is recommended to base the MIC and SEM on pooled mean
estimates, which due to the scarcity of available data is not possible yet.17 Further studies
in different PsA samples are warranted to confirm the robustness of the established MIC,
MCV and SEM for the PASDAS. Selection bias is another possible limitation of this study. 136
patients (25%) were excluded from analyses because of a missing PASDAS value at the second
visit or their follow-up visit occurred outside the set time frame of 2 to 8 months. However, no
differences in patient characteristics between this subgroup of patients and our study sample
were found. This adds to the reliability of our results.

Discussion
The PASDAS is one of the most well-suited PsA-specific outcome measures to monitor disease
activity in PsA patients and cut-offs for specific disease activity states are known. Determining
the MIC and MCV from the patient’s perspective is important to further improve application
of the PASDAS in both routine practice and clinical trials. The results of our routine practice
cohort show an overall MIC and MCV of 0.67 and 1.34, respectively. The SEM of 0.81 is slightly
higher than the MICoverall. Furthermore, the MICimp/MCVimp is lower than the MICdet/MCVdet. To
our knowledge, this study yields the first patient-oriented MIC and MCV of the PASDAS.
To account for the patient’s perspective, an anchor-based method was used to determine the
MIC and MCV. Patients responded to an anchor question (i.e. external criterium) that assessed
the perceived change in health status at the second visit. Several applications of the anchorbased method, such as mean change method, ROC curve method, and linear regression
analysis method, exist. Whereas the mean change method is considered less precise (i.e. it
only includes one or two change groups), the ROC curve method is less suited for data with
bimodal distribution.15,16 In contrast, the linear regression analysis method can include all
change groups (from “no change” to “very much improved/deteriorated”) and is robust for data
distribution deviations. Therefore, linear regression was the method of choice for determining
the MIC and MCV in this study. Stratification of the data by sex and age, showed a trend in
which a lower MICdet was found for women and younger age (≤60 yrs.) compared to men and
older age (>60 yrs.) (P=0.20 and P=0.61 respectively). While a higher MICimp was observed for
younger age compared to older age (P=0.50; data not shown). Further research with larger
sample sizes, is needed to provide more insight into these observed trends. The SEM value of
0.81 in our tightly controlled routine practice cohort is comparable to the SEM value of 0.78
determined by Helliwell et al. (2014) in their routine multiple center practice cohort.5
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To conclude, in a routine practice cohort of PsA patients, the MICoverall and MCVoverall for the
PASDAS were determined, as well as MICimp/det and MCVimp/det values, and the SEM of the
PASDAS. The MIC values of the PASDAS provide an extra tool for physicians to put context to
the patient’s perspective of disease activity during treatment, while the MCV of the PASDAS
aids the use of the PASDAS in PsA clinical trials.
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Supplementary material
Table 1: Sample characteristics (N=855)
Men
(N = 465)

Women
(N =390)

P-value

Age, years

56.07 (12.4)

53.87 (13.9)

0.015

Disease duration, years

10.23 (9.0)

9.60 (8.5)

0.303

Age at onset of PsA

45.82 (15.4)

44.54 (15.1)

0.227

BMI

27.74 (4.2)

28.46 (6.4)

0.181

PASDAS

2.72 (1.5)

3.49 (1.5)

<0.001

SJC66

0.62 (1.6)

1.16 (2.5)

<0.001

0

359 (77)

244 (63)

-

1-4

84 (18)

112 (29)

-

5 or more

22 (5)

34 (9)

-

2.03 (5.0)

3.48 (5.4)

<0.001

0

278 (60)

148 (38)

-

1-4

131 (28)

140 (36)

-

5 or more

56 (12)

102 (26)

-

0.22 (0.6)

0.53 (1.0)

<0.001

0

399 (86)

280 (72)

-

1

37 (8)

45 (12)

-

2 or more

29 (6)

65 (17)

-

17 (4)

9 (2)

0.253

0%

213 (46)

203 (52)

0.069

>0 % and ≤3%

222 (48)

168 (43)

0.173

>3%

25 (5)

16 (4)

0.385

≤1

320 (69)

296 (76)

0.047

>1

N (%)

TJC68
N (%)

8

Enthesitis (LEI)
N (%)

Active dactylitis, N (%)
Simplified BSA
N (%)

PGA
N (%)

145 (31)

94 (24)

0.022

Active nail disease, N (%)*

161 (42)

130 (41)

0.666

Presence of IBP, N (%)

29 (6)

46 (12)

0.005

Physician global VAS

15.43(16.8)

22.78 (20.9)

<0.001

Patient global VAS

28.09 (23.9)

37.45 (25.8)

<0.001

PCS (SF12)

43.57 (10.1)

39.56 (10.3)

<0.001

MCS (SF12)**

51.11 (9.3)

47.85 (10.7)

<0.001

CRP >5 mg/l, N (%)

57 (12)

97 (25)

<0.001

Rheumatoid factor negative, N (%)***

358 (93)

185 (91)

-

Anti-CPP negative, N (%)

381 (98)

311 (97)

-

Function (HAQ)‡‡

0.39 (0.5)

0.87 (0.7)

<0.001

PASS unacceptable, N (%)‡‡‡

35 (13)

43 (21)

0.017

None

55 (12)

59 (15)

0.157

cDMARD

197 (42)

171 (44)

0.262

bDMARD

213 (46)

160 (41)

0.160

DMARD use
N (%)

185

* Except where indicated otherwise, values are the mean (SD). An adjusted P of ≤0.002 is considered significant (Bonferroni
correction). PsA = psoriatic arthritis; BMI = body mass index; PASDAS = psoriatic arthritis disease activity score; SJC = swollen
joint count; TJC = tender joint count; LEI = leeds enthesitis index; BSA = body surface area; PGA = physician global assessment
of psoriasis; IBP = inflammatory backpain; Physician global VAS = physician global VAS disease activity; Patient global VAS =
patients global Visual Analogue Scale disease activity; PCS = physical component score; SF12 = short form-12; MCS = mental
component scale; CRP = C-reactive protein; CCP = cyclic citrullinated peptide; HAQ = health assessment questionnaire; PASS
= patient acceptable symptom scale; cDMARD = conventional disease-modifying antirheumatic drug; bDMARD = biological
DMARD.
All variables with >10% missing:
* Presence of active nail disease was available for a subset of 699 patients
** SF12-MCS was available for a subset of 420 men and 328 women
*** Rheumatoid factor was available for a subset of 387 men and 313 women
‡
Anti-CCP was available for a subset of 389 men and 319 women
‡‡
HAQ was available for a subset of 193 men and 168 women
‡‡‡
PASS was available for a subset of 273 men and 205 women
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Study protocol to evaluate the effectiveness of MTX and LEF combination therapy

Abstract

Background

Background
Both methotrexate (MTX) and leflunomide (LEF) are registered and regularly prescribed as
first-line treatments for the use in PsA patients and they are occasionally used in combination.
However, evidence about their individual, and especially combined efficacy, in PsA is lacking.
The aim of this study is to compare the effectiveness and safety of MTX and LEF combination
therapy to MTX monotherapy in PsA patients.

Psoriatic arthritis (PsA) is a chronic inflammatory disease of joints and entheses that occurs
in up to 30% of patients with psoriasis that leads to pain, stiffness and loss of function,
and is frequently associated with an additional negative impact on quality of life.1,2 It is a
heterogeneous disease, with involvement of the joints, entheses, spine, skin and nails. Besides
the heterogeneity of the disease, the lack of high quality clinical trials assessing the efficacy of
traditional disease modifying therapies is a major challenge in routine clinical practice.3

Methods
COMPLETE-PsA is a randomised, placebo-controlled, double-blind clinical trial. DMARD
untreated patients (n=78) with clinical diagnosis of active (i.e., ≥2 swollen joints) PsA will
be randomised 1:1 (stratified for high disease activity, PASDAS ≥ 5.4) to the combination or
monotherapy. The intervention group receives MTX 25 mg (oral or subcutaneous) once weekly
plus LEF 20 mg daily and the control group receives the same but with placebo instead of LEF
daily. Primary endpoint is between group difference in Psoriatic Arthritis Disease Activity
Score (PASDAS) at 16 weeks, adjusted for baseline PASDAS. Key secondary parameters include
between group comparisons in change in Disease Activity in Psoriatic Arthritis (DAPSA) score,
skin score, enthesitis score, dactylitis score and swollen/tender joint count, as well as the
proportion of patients fulfilling Minimal Disease Activity (MDA), ACR20, ACR50 and ACR70
responses at week 16. Furthermore, safety, function and quality of life (HAQ, PSAID, SF12) will
be assessed.

For the treatment of peripheral arthritis in PsA, The European League Against Rheumatism
(EULAR) and the Group for Research and Assessment of Psoriasis and Psoriatic Arthritis
(GRAPPA) both recommend first line treatment with conventional disease modifying antirheumatic drugs (cDMARDs).4,5 cDMARDs that are recommended for the early management
of PsA are Methotrexate (MTX), Leflunomide (LEF), cyclosporine and sulfasalazine. In case of
cDMARD treatment failure, the EULAR recommends trying a second cDMARD or switching to
Tumor Necrosis Factor-α inhibitors (TNFi)which are part of the family of biological DMARDs
(bDMARDs), depending on the absence or presence of adverse prognostic factors, respectively.
In contrast, the American College of Rheumatology recommends treatment with a TNFi over
a cDMARD in treatment-naive and active PsA patients, but remarks that a cDMARD may be
considered in some situations (e.g. mild disease).6

Discussion
This is to our knowledge the first randomised, placebo-controlled, double-blind clinical trial
assessing the effectiveness of MTX and LEF combination therapy in PsA patients. The study will
provide important information for treatment strategies and treatment recommendations.
Trail registration
Dutch Trial Register NTR7632 (3 December 2018). CMO NL66544.091.18 (19 November 2018).

Although both the GRAPPA and EULAR recommend to start with a cDMARD as first-line therapy,
there is limited insight about the efficacy of cDMARDs, and especially their combination, in PsA.
To date, almost all the high quality clinical PsA trials that have been performed, investigate
the efficacy of bDMARDs instead of cDMARDs. However, bDMARDs have a several drawbacks.
They are in most countries only reimbursed after the failure of one or more cDMARDs, not
recommended as first line therapy, not available in oral form, more expensive, and patients
are more prone to serious infections compared to cDMARDs. Considering the above, the timely
availability of bDMARDs is limited in many situations and countries. Therefore, there is a need
for high quality trials that assess the efficacy of (combination of) cDMARDs in PsA. EULAR
also acknowledged the importance of this topic by adding ‘assessing efficacy and safety of
combinations of csDMARDs compared with cDMARD monotherapy’ to their research agenda
in 2016.4
Of the different cDMARDs, MTX is the one that is most widely used as a first choice treatment
regimen for patients with PsA. It is registered by the European Medicine Agency (EMA) for
PsA and was also used as starting drug in the only randomised trial assessing the effect
of implementing a treat-to-target treatment strategy in PsA (TICOPA trial).7 MTX is an
antimetabolite of the antifolate type, inhibiting purine synthesis, and its efficacy to reduce
disease activity, pain and limitations in rheumatoid arthritis is well established.8 This is in
contrast to PsA, where only low-quality evidence on the effectiveness of (low-dose, 15 mg
or less) MTX is available from eight studies, that shows a possible and only very small effect
of MTX on disease activity.9 Unfortunately, the only randomised and placebo controlled trial
that was judged as to be of low risk of bias, failed to show evidence that (low-dose) MTX
monotherapy improves synovitis in PsA, when compared to placebo.10
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The other cDMARD with some available evidence on its effectiveness in PsA and that is also
approved by the EMA, is LEF. LEF is a pyrimidine synthesis inhibitor that works by inhibiting
dihydroorotate dehydrogenase.11 A recent meta-analysis states that LEF seems a safe
and effective treatment option in PsA.12 However, only one of the included studies was a
randomised and placebo-controlled trial.13 They concluded that LEF was superior to placebo,
with a significantly higher proportion of patients improving in Psoriatic Arthritis Response
Criteria (PsARC) (59% vs 30%, respectively). Although the treatment response was larger in
patients using LEF, the effect sizes were relatively small. So in conclusion, MTX and LEF seem
effective in PsA, but effects are modest and only known for low dosed MTX.
It might be conceived that a more optimal cDMARD treatment for PsA would be combination
of optimally dosed MTX (25 mg) with LEF. Indeed, some evidence is available that combined
MTX and LEF might be effective in the treatment of PsA, although large randomised clinical
trials are lacking. A prospective observational study concluded that patients that were taking
MTX and LEF combination therapy were more likely to achieve a PASI50 (i.e. 50% improvement
on the Psoriatic Area Severity Index response).14 Another study found that low dose MTX and
LEF regimen was effective in PsA.15 In RA, the combination of MTX and LEF is one of the few
cDMARD combinations for which additive effectiveness was suggested, with acceptable
safety.16,17,18
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Therefore, the aim of our study is to investigate whether the effectiveness of optimally dosed
MTX and LEF combination therapy is superior to optimally dosed MTX monotherapy in patients
with active PsA. If MTX and LEF combination therapy is more effective and safe in PsA, this will
provide a valuable low-cost treatment option for patients with PsA.

Methods
This 16-week investigator-initiated single-centre, randomised, placebo-controlled, doubleblind clinical trial is currently (start inclusion: February 1, 2019) being carried out in patients
with PsA at the departments of rheumatology of the Sint Maartenskliniek in the cities of
Nijmegen and Woerden, the Netherlands.
Objectives
The aim of this study is to investigate whether the effectiveness of optimally dosed MTX
and LEF combination therapy is superior compared to optimally dosed MTX monotherapy in
DMARD untreated PsA patients with regard to disease activity and quality of life.
Primary objective
To assess the between group difference in Psoriatic Arthritis Disease Activity Score (PASDAS)
of MTX and LEF combination therapy versus MTX monotherapy in patients with PsA after 16
weeks, adjusted for baseline PASDAS.
Secondary objectives
Key secondary objectives that will be investigated (between treatment groups at week 16):
- The change in the different health domains of psoriatic arthritis (peripheral joint disease,
enthesitis, dactylitis, axial involvement, and skin and nail psoriasis)
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- The change in the Disease Activity in Psoriatic Arthritis (DAPSA) score
- The difference in proportion of patients meeting Minimal Disease Activity (MDA) criteria,
Low Disease Activity (LDA) according to PASDAS (≤3.2 ) and DAPSA (≤14), and American
College of Rheumatology (ACR) 20/50/70 response criteria
- The difference in quality of life
- The difference in adverse events
Study design
The COMPLETE-PsA trial is designed as a randomised placebo-controlled double-blind
superiority trial. 78 DMARD untreated PsA patients will be randomised 1:1 to either the
combination arm (MTX and LEF) or the monotherapy arm (MTX and placebo). To ensure equal
allocation of patients with high disease activity (HDA), we will stratify patients in both groups
by PASDAS ≥ 5.4 (= cut-off score for HDA) at baseline. This because regression to the mean is
more likely to occur in patients with HDA and from a biological point of view treatment might
be more effective in patients with HDA.
Assessments
Study visits are planned at baseline and week 8 and 16 (a one week window is permitted
around scheduled study visits). The screening visit and baseline visit will be performed at
the same time, to ensure timely start of treatment. We will contact patients by telephone
at week 4 to screen for treatment intolerance. We will ask if they experience any side effects
including high blood pressure, as measured by their general practitioner (GP) 2-4 weeks
after start of medication. Patients will start with MTX 15 mg per week at week 0 either oral
or subcutaneously, if this is well tolerated we will increase the dosage to 25 mg per week at
week 4 (telephone consultation). We perform regular blood sampling to screen for toxicity.
Within our study only baseline radiographs will be obtained, because we don’t expect to
find differences between baseline and the endpoint (16 weeks), as this period is too short to
assess (progression of) structural joint damage on radiographs. And this would also expose
our patients to unnecessary x-ray radiation. In figure 1, the study visits and assessments are
described.
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Fig 1. SPIRIT figure trial visits and assessments

Participants, intervention and outcomes
Inclusion criteria
1. Age ≥16 years.
2. Clinical diagnosis of PsA.
3. Evidence of active disease defined as ≥2 swollen joints, dactylitis counts as 1 swollen joint.
4. Subjects that have used cDMARDs and/or bDMARDs before, must have discontinued this
treatment for at least 6 months prior to baseline visit.
5. Subjects who are already taking NSAIDs/COX-2 inhibitors may participate in the study but
the dose has to be stable for at least one week prior to first dose of study drug.
6. Intramuscular and intra-articular corticosteroids have to be discontinued or not given
8 weeks prior to first dose of study drug. With the exception of a failed intra-articular
corticosteroid injection (defined as remaining swelling and (if previously present)
tenderness of the injected joint 2 weeks after the injection). In the case of a failed injection,
patients can participate in the study 2 weeks after the intra-articular injection.
7. Oral corticosteroids have to be discontinued 10 days prior to first dose of study drug.
8. If fumaric acid is used at baseline, this will be discontinued and switched to study medication
(according to usual care and to prevent triple therapy).

Exclusion criteria
1. Female subject who is pregnant, breastfeeding or is considering becoming pregnant during
the study or for approximately 2 years after the last dose of study drug or up to 11 days after
treatment when washout procedure is executed.
2. Male subject who is considering fathering a child or donating sperm during the study or
for approximately 2 years after the last dose of study drug or up to 11 days after treatment
when washout procedure is executed.
3. History of an inadequate response to MTX or LEF (prescribed by a rheumatologist for joint
disease).
4. Current severe infection including, but not limited to:
a. Active human immunodeficiency virus (HIV)
b. Active tuberculosis
5. History of an allergic reaction or significant sensitivity to constituents of the study drugs
(MTX/LEF).
6. Current or history of hepatic disease, including, but not limited to:
a. Non-alcoholic Fatty Liver Disease (NAFLD)
b. Non-alcoholic Steatohepatitis (NASH)
c. Alcoholic cirrhosis
7. History of clinically significant (per Investigator's judgment) drug or alcohol abuse within
the last 6 months prior to baseline visit.
8. Current or recent history of a severe, progressive, or uncontrolled renal, hematological,
gastrointestinal, metabolic, endocrine, pulmonary, cardiovascular or neurologic disease.
9. History of any fibromyalgia or diagnosis of inflammatory rheumatic disease other than
PsA. Prior history of fibromyalgia is permitted if documentation of change in diagnosis to
PsA or documentation that the diagnosis of fibromyalgia was made incorrectly.
10. Abnormal laboratory values within 1 month prior to baseline visit:
a. Serum alanine transaminase (ALT) > 1.5 × ULN
b. Estimated glomerular filtration rate (GFR) by simplified 4-variable Modification of Diet
in Renal Disease (MDRD) formula < 40 mL/min/1.73m2
c. Total white blood cell count (WBC) < 3,000/μL
d. Platelet count < 100,000/μL
e. Hemoglobin < 10 g/dL (6.3 mmol/L)
11. Current persistent hypertension requiring start or change of treatment regimen
12. Malignancy in the past 5 years except for non-melanoma skin cancer
Patient recruitment
A total of 78 patients will be enrolled over a period of 30 months. All rheumatologists in our
hospital will be informed about the study. Representatives of the study team will explain the
nature of the study to the patient and will answer all questions regarding the study. Other
rheumatologists in the Netherlands will be made aware of the study and are requested to
recruit and refer eligible patients to the site involved in the study. During the regular visit at
the outpatient clinic, an eligible patient will be briefly informed by his/her rheumatologist,
receives a patient information letter (PIF), an informed consent form (ICF), and is asked for
permission to be called by the coordinating investigator. The patient will be called after at
least 3 days (to ensure timely start of treatment) by the coordinating researcher, to inform
whether the patient has any additional questions and agrees to participate.
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Intervention
Investigational product/treatment
Patients in the combination arm (MTX and LEF) will receive MTX 25 mg (oral or subcutaneous)
once weekly plus 2 LEF 10 mg capsules daily. Patients in the monotherapy arm (MTX and
placebo) will receive MTX 25 mg (oral or subcutaneous) once weekly plus 2 placebo tablets
daily. We will perform a stepwise up-titration of MTX. The first 4 weeks, patients will use a
dosage of 15 mg per week. At week 4 (telephone consultation), we will check for treatment
tolerability and adverse events. In case the 15 mg per week dosage is well tolerated, we will
increase the dosage to 25 mg per week. If 15 mg per week is not tolerated, the dosage will not
be further increased. The total study duration is 16 weeks.
Use of co-medication
All patients will receive folic acid 10 mg/week during the study period to mitigate side effects
of MTX.
Follow-up treatment
After end of study at 16 weeks, everyone (including the patient) is unblinded and patients will
continue routine clinical care with their own physician. Further treatment decisions are per
standard clinical care and based on shared decision making. Shared clinical decision between
physicians and patients will allow patients to voluntarily stop or decrease the dosage on either
MTX or LEF when stable and low disease activity is reached and the study has ended.
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Escape treatment
In case of HDA per treating physician’s judgment, local topical psoriasis therapy, intraarticular corticosteroid injection(s) (after week 8, only 1 intra-articular injection is allowed),
and alteration of type and dosage of NSAIDs are permitted during the entire study period.
After baseline visit, intramuscular glucocorticoid injections are allowed until 8 weeks before
16 weeks visit. Oral glucocorticoids are allowed until 10 days before 16 week visit.
Outcome measures
Primary outcome
The primary outcome is the difference between the combination therapy group (MTX and
LEF) and the monotherapy group (MTX and placebo) on the PASDAS at week 16 adjusted for
baseline PASDAS. The PASDAS is a disease-specific outcome measure, that was developed as
part of a project that aimed to develop new composite measures for PsA, derived from realworld data (GRACE project).19 It is a disease activity and comprehensive continuous outcome
measure, taking many of the different health domains of PsA into account. Noteworthy, the
PASDAS received the highest number of votes for use in randomised clinical trials during a
consensus meeting held by the Group for Research and Assessment of Psoriasis and Psoriatic
Arthritis (GRAPPA) and Outcome measures in Rheumatology (OMERACT.20
The different components that are used for the PASDAS calculation are: a 66 swollen and 68
tender joint count (66/68 SJC/TJC), CRP, patient and physician global visual analogue scale
(VAS), leeds enthesitis index (LEI), dactylitis count and the physical component score (PCS)
of the Survey Short form-36 (SF-36). As research has shown that the PCS of the SF-36 can be
substituted by the PCS of the SF12, we chose to use the SF-12 instead, despite the requirement
of a license for its use.21 We consider a difference of 0.8 PASDAS points or more between
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treatment groups to be clinically relevant, since 0.8 was found to be the PASDAS cutoff for
response.22
Secondary outcome measures
Other disease activity outcome measures
As the best outcome measure for PsA in clinical trials remains under discussion, we chose to
also include other disease activity outcome measures that are regularly used in PsA trials.
Disease-specific measures for PsA that have been proposed, in addition to the PASDAS, are the
DAPSA and MDA criteria.23,24 The DAPSA is a continuous score that results from the summation
of the 66 SJC, 68 TJC, patient global VAS, patient pain VAS and CRP. MDA is a binary outcome
measure, and is achieved when 5 of the 7 following criteria are met: 66 SJC ≤1, 68 TJC ≤ 1,
Body Surface Area (BSA) ≤3, patient pain VAS ≤15, patient global VAS ≤20, health assessment
questionnaire (HAQ) ≤0.5 and LEI ≤1. To be able to compare our results with the results from
other clinical trials, we decided to also measure American College of Rheumatology (ACR)
20/50/70 response, because the ACR criteria are well established and the most often used as
primary outcome in PsA trials to date.
Skin and nail scores
The BSA score and Physician Global Assessment (PGA) score will be measured at every study
visit and we will assess the change in skin scores between groups. We chose to use BSA and
PGA, because it is simpler to measure them compared to the Psoriasis Area and Severity Index
(PASI). Furthermore, the product of PGA and BSA (PGAxBSA) has shown to be a measure that is
sensitive to change and that has a good correlation to the PASI.25 The BSA score is measured by
the percentage of skin that is affected and ranges from 0-100%. PGA of psoriasis is measured
on a nominal scale that ranges from 0 to 4 (0 = clear, 1 = almost clear, 2 = mild, 3 = moderate, 4
= severe) and measures plaque severity. Patients will be examined for nail psoriasis, and if nail
disease is present, we will also measure the ‘patient global VAS nail disease severity’ (0-100
mm) at every study visit.
Quality of life
For the measurement of quality of life, we use the SF-12, HAQ and the Psoriatic Arthritis
Impact of Disease (PsAID) questionnaire. The SF-12 and HAQ are also used for calculation of
the PASDAS and MDA criteria, respectively. The PsAID is a patient-reported outcome measure
that was developed with the help of patient partners to measure the impact of PsA.2. Research
has shown that the PsAID is a reliable PROM for the measurement of the impact of PsA and is
sensitive to change.27 Both the HAQ and the SF12 are validated non-disease specific measures
for functioning and health-related quality of life.
Safety
To assess if there is a difference in safety between the two treatment groups, we will keep
track of all the (serious) adverse events (S)AE. At the end of the study, the percentage of (S)
AE will be compared between the two arms. As this study was deemed as a low risk study by
the local ethics committee, no external data safety monitoring board was required. However,
there is an internal and independent data safety monitoring committee that reviews protocol
changes and data on safety and recruitment.
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Randomisation, concealment and blinding
Patients will be allocated to either MTX plus LEF (intervention) or MTX plus placebo (control)
at baseline visit, stratified by PASDAS ≥ 5.4 (HDA). Patients will be allocated using stratified
variable block randomisation, to prevent predictability of allocation. Randomisation is
performed by a research physician or research nurse using a computerised randomisation
procedure. Allocation is kept in sealed and consecutively numbered envelops. Patients,
physicians, researchers and nurses will be blinded for treatment allocation. The distribution
and assignment of study medication, based on randomisation number, is done by hospital
pharmacy. The placebo is manufactured compliant with Good Manufacturing Practice (GMP)
guidelines and placebo tablets are indistinguishable from LEF tablets. If needed, unblinding
is possible 24/7 after consulting the hospital pharmacist. All quantities that participants have
taken (evaluated by pill count) are documented. Before the disposal of used, unused and
depleted pill boxed, a pill count will be performed.
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Sample size
The primary outcome for the study is the difference between the combination therapy group
(MTX and LEF) and the monotherapy group (MTX and placebo) on the PASDAS at week 16. The
sample size per arm for a t-test having a power 1-β(=0.8) when testing at significance level
α(=0.05) (one-sided) to detect a difference of δ is N = 2*(z1-α + z1-β)2*SD2/δ2. Based on predefined response criteria for the PASDAS, we powered the study to detect a difference of
δ=0.822. The SD of the PASDAS in PsA patients is reported to range from 1.31 to 1.63, we used
the latter value in these calculation to be conservative.19 One-sided testing was chosen
because it is highly unlikely that a combination of MTX and LEF would be inferior (with regard
to effectiveness) to MTX monotherapy. In addition, as it is not common practice to start with
the combination therapy, the main focus of interest is to see if the combination is superior
to methotrexate monotherapy (the first-line therapy to date). Furthermore, one-sided testing
instead of 2-sided testing leads to a reduction in patient numbers and costs. With these
parameters, the required number of patients would be 52 per arm for a total of 104 patients.
When correcting for baseline PASDAS score, this sample size can be reduced by (1-r2) where r is
the correlation between baseline and follow up. In addition, baseline PASDAS is a stratification
factor, and therefore should be adjusted for in the analysis. Based on information from the
literature, the correlation between two PASDAS measurements is approximately 0.8.22
However, this correlation might be too optimistic considering it is based on patients without
changes in disease activity or treatment. Therefore, to protect for a too optimistic correlation,
we choose a total trial size corresponding to a correlation of 0.5. With this correlation of 0.5, a
total number of 78 patients is required. The short follow up of this trial will allow us to include
additional patients should some drop out. We expect no more than 10% (8 patients) drop
out, because of the short duration of the study, so the maximum number of patients we will
include is 86 (43 patients per arm).
Statistical analysis
All statistical analyses will be performed using STATA/IC 13.1 for Windows. Primary analysis
will be based on intention-to-treat analysis. The primary endpoint will be tested using
90% confidence intervals with the PASDAS at week 16 as outcome, treatment group as
determinant, and baseline values of PASDAS as covariate (ANCOVA). Missing values will be
imputed where appropriate. Differences between groups on secondary outcomes will be
tested with Chi-square test (or Fisher exact test) for categorial variables (e.g., response criteria
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sets such as MDA and ACR 20/50/70) and with unpaired t-test or non-parametric alternative
(where appropriate) for continuous variables (e.g., DAPSA score, Quality of Life). Descriptive
statistics will be provided using mean +/- SD, median (p25-p75) or percentages for primary and
secondary outcomes, where appropriate.
Data collection and monitoring
The collected data will be entered in CASTOR, an electronic database set up for clinical trials
(https://www.castoredc.com/nl/waarom-Castor.html). Data will be coded and kept based
on the rules for good clinical practice (GCP) by certified personnel. Handling of personal
data will comply with the Dutch Personal Data Protection Act (WBP, wetbescherming
persoonsgegevens). Data of all centers will be monitored following the guidelines of the
Sint Maartenskliniek. Data will be stored for 20 years after the end of the study. We will ask
patients for permission to use their data (anonymously) for additional research in the field
of PsA, as described in the patient information brochure. An independent monitor will be
appointed to monitor the study according to the monitoring plan. Monitoring and quality
assurance will be performed according to the advice of the NFU (Dutch Federation of
University Medical Centres).
Ethical consideration
This study has received ethical review board approval from the central Commissie
Mensgebonden Onderzoek (CMO) regio Arnhem Nijmegen, Radboud University Medical
Centre (number NL66544.091.18), dated 19 November 2018. It is registered in the Dutch Trial
Register, NTR 7632, dated 3 December 2018. Important protocol modifications will be submitted
for review to the ethics committee and communicated to the trial register. Informed consent
will be obtained from all the participants. If the patient is interested, the baseline visit will
start with signing the ICF by both the patient and coordinating researcher. Before signing, the
ICF needs to be fully understood and there will be possibility for the participant to ask any
additional questions. The study will be performed in accordance with the ICH Good Clinical
Practice(GCP) guidelines and all relevant legislation.

Discussion
PsA is a disabling disease with a negative impact on quality of life. However, the effectiveness
of cDMARDs, that are most often prescribed as first-choice treatment in PsA, remains unclear
due to a lack of high quality trials. This is because in the past PsA trials were considered less
urgent due to the impression that PsA is a rather mild disease compared to RA, and the lack of
validated classification criteria and outcome assessments. Factors hampering the execution
of PsA trials are the lower incidence compared to RA, hampering sufficient patient inclusion,
and the heterogeneity of the disease complicating outcome assessment. In addition, trials
with csDMARDs are in general less attractive to perform due to a lack of financial support by
pharmaceutical companies.
Noteworthy, MTX has been used as the first-choice treatment option in PsA for many years,
although it’s effectiveness, in line with the effectiveness of other cDMARDs, hasn’t been well
established and seems to be slightly disappointing. The efficacy of MTX in psoriasis and RA
may have added to impression that MTX is an effective treatment for PsA. In this study we
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aim to assess if a combination of MTX and LEF might be a better option as first-line treatment
regimen than optimally dosed MTX monotherapy. When the combination proves to indeed
be effective and of added value, this might lead to a reduction in bDMARD use and thereby
infection risk and costs. This could especially be of interest to low income countries, where
bDMARD availability is limited.
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During the development of this research protocol, there were different issues that needed to be
addressed and choices that had to be made. To start with, we had to choose a primary outcome
measure for this trial. So far, it is not clear what the most optimal outcome measure for clinical
trials in PsA is. The optimal outcome measure would preferably be a continuous measure, that
is disease-specific and includes the different domains of the disease. Furthermore, it has to
be reliable and sensitive to change. For this trial, we considered different outcome measures,
including: the DAPSA, the MDA criteria, the Composite Psoriatic Disease Activity Index (CPDAI),
the ACR 20/50/70 response criteria and the PASDAS. Although the DAPSA is easy to calculate,
it has unfavorable clinimetric properties. It is not parametrically distributed, has a large
measurement error, does only take the peripheral joint disease domain into account and it
was unable to discriminate between treatment groups in 2 different studies, in contrast to
ACR responses and MDA measurement.28,29 The MDA criteria result in a dichotomized outcome
(fulfillment of the criteria, yes or no) and consequently the need of a larger sample size than
would be needed with a continuous outcome measure. The CPDAI is a continuous outcome
measure, but has less discriminative capacity than other outcome measures.30 The ACR
response criteria are not disease specific, are dichotomous and don’t include all the PsA disease
domains. Contrary, the PASDAS is a disease-specific, continuous, reliable and valid outcome
measure that includes most of the disease domains of PsA. The use of the PASDAS as primary
outcome measure is further enabled by our integration of routine and standardized PASDAS
measurements in routine clinical practice.31 Based on these considerations, the PASDAS was
chosen as the primary outcome measure for this trial.
Second, decisions about the design of the study had to be made. Although the effectiveness
of MTX monotherapy remains not fully clear, especially the 25 mg dose, we deemed a trial
comparing MTX versus placebo unethical, as most of these patients already have already
failed to respond to treatment with NSAIDs and/or intra-articular injections and MTX is a
widely accepted first-line treatment according to EULAR and GRAPPA guidelines. This would
make the patient inclusion not feasible. Instead, using MTX monotherapy as an active control
condition, the first-choice in the field, would provide us with information that directly
translates to routine clinical practice. If MTX and LEF combination therapy is indeed more
effective than MTX monotherapy, this would result in faster remission induction and, possibly,
improvement in prognosis.32 Currently, the combination MTX and LEF is also being studied as
starting treatment arm of a large PsA treatment strategy study, the SPEED study.33 In addition
to using MTX monotherapy as the control condition, a LEF monotherapy control condition
would also be an option, since the effectiveness of LEF monotherapy isn’t well-established
either. However, adding an extra arm to this trial would result in a much larger sample size
that would severely hamper the feasibility. In case MTX and LEF combination therapy is
superior, conducting an additional study that compares MTX and LEF combination therapy
with LEF monotherapy will be considered
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Third, the dosage of MTX and LEF and the administration route for MTX had to be chosen. In
line with the evidence-based recommendations for the use of MTX in rheumatic diseases,
we chose for oral MTX and folic acid 10 mg/week with a MTX start dose of 15 mg/week that is
increased, if well tolerated, to 25 mg/week after week 4.34 In case of intolerance, MTX tablets
may be switched to MTX subcutaneous injections. In addition to intolerance, also patients
with a strong preference for parenteral administration are allowed to start with subcutaneous
injections. MTX is used in both arms and thus open label, so no placebo tablets or injections for
MTX had to be manufactured. In contrast to MTX, LEF is only available in oral form in 10 and 20
mg tablets. Previous research in RA has shown that paradoxically (S)AE resulting in treatment
discontinuation were higher when LEF 10 mg/day was used compared to LEF 20 mg/day,
whereas efficacy was lower in the 10 mg/day group compared to the 20 mg/day group.35 For
this reason, LEF 20 mg/day will be used in this study. Although 20 mg tablets are available,
we opted for 10 mg tablets. Every patient receives 2 LEF tablets or 2 placebo tablets daily. This
enables dose reduction of LEF from 20 to 10 mg if needed, without unblinding of treatment
allocation. Safety will be monitored closely and according to our local toxicity protocol and
MTX recommendations, lab testing will be done every 2 weeks the first month followed by
every 4 weeks thereafter until conclusion of the study to check for any blood abnormalities.34
Although in studies in RA the combination of MTX and LEF did not result in more laboratory
abnormalities than MTX alone, it is possible that PsA patients are not completely comparable
with RA patients with regard to side effects.17,18
Last, the permission of glucocorticoid use in the period before baseline visit had to be
determined. Patients sometimes receive glucocorticoids before they are referred to a
rheumatologist from their GP, have received local (intra-articular) treatment before they start
with cDMARD treatment or have very active disease that demands the use of glucocorticoids in
the obligated waiting time between receiving patient information and baseline visit. But the
use of glucocorticoids just before baseline visit might influence the baseline measurements.
Accordingly, a good balance between external generalisability and minimizing bias of the
baseline measurements is needed. Oral corticosteroids have to be discontinued 10 days prior
to baseline visit, to ensure the biological effect has faded. This is based on the general principle
that after 5 times the half-life of a drug (36 hours for oral glucocorticoids), 97% of the ingested
dose is removed from the body.36 This results in a wash-out period of 7.5 days. To assure the
return to the basal state of patients’ immune system, we chose to extend this period with 33%
to 10 days. Since intramuscular and intra-articular corticosteroids have a longer presence
and (residual) activity than oral corticosteroids they have to be discontinued 8 weeks prior
to inclusion. With the exception of a failed intra-articular corticosteroid injection (defined as
remaining swelling and (if previously present) tenderness of the injected joint 2 weeks after
the injection). In the case of a failed injection, patients can participate in the study 2 weeks
after the intra-articular injection. Since this will not result in disturbance of the baseline SJC/
TJC and will also contribute to external generalisability.
In conclusion, this investigator-initiated study will provide essential additional information
on the effectiveness of MTX and LEF combination cDMARD therapy in PsA It will provide
important information for treatment strategies and treatment recommendations in PsA.
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Chapter 1

The effectiveness of MTX and LEF combination therapy in PsA (COMPLETE-PsA)

Abstract

Introduction

Background
Conventional synthetic disease modifying anti-rheumatic drugs (csDMARDs) are the
cornerstone first-line treatment in psoriatic arthritis (PsA), although there is a paucity of
evidence for the effectiveness of csDMARDs and especially their combination. We hypothesized
that combining csDMARDs might be more effective that csDMARD monotherapy. We therefore
aimed to investigate whether a combination of methotrexate (MTX) and leflunomide (LEF) is
superior to MTX monotherapy on improvement in disease activity in patients with PsA.

Psoriatic Arthritis (PsA) is a clinically heterogenous inflammatory musculoskeletal disease
that can affect both the skin and musculoskeletal system.1 Timely initiation of effective
treatment is important as a delay can lead to impairment in function, quality of life and
societal participation.2,3 However, the optimal first-line treatment (strategy) for PsA is still
unclear.

Methods
78 patients with a clinical diagnosis of PsA and active disease (≥2 swollen joints) were included
in this randomised, placebo-controlled, double-blind trial. Patients were randomised (1:1)
to MTX plus LEF or MTX plus placebo. Patients received MTX 15 mg/week for four weeks and
thereafter 25 mg/week, combined with two LEF 10 mg tablets or two placebo tablets daily.
The primary outcome was the difference between the MTX plus LEF group and the MTX plus
placebo group on the psoriatic arthritis disease activity score (PASDAS) at week 16 adjusted
for baseline PASDAS. Secondary outcomes included safety and the achievement of minimal
disease activity (MDA) criteria and PASDAS low disease activity (LDA) (≤3·2).
Findings
MTX plus LEF was superior to MTX plus placebo at week 16 (change in PASDAS -1·7, SD=1·2
vs -1·2, SD=1·4; treatment difference= -0·55, 90% confidence interval -1·0 to -0·1, one-sided
P-value= 0·0245). Similar and significant results were found for achievement of MDA criteria
(59% vs 33%) and PASDAS LDA (59% vs 35%). Generally mild adverse events and treatment
discontinuation occurred more frequently in the MTX plus LEF group.
Interpretation
MTX plus LEF combination therapy results in greater improvement in disease activity
according to PASDAS and MDA in patients with PsA. However, MTX plus LEF combination
therapy is less well tolerated.
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In most treatment guidelines, conventional synthetic disease-modifying antirheumatic drugs
(csDMARDs) are, after local glucocorticoids and NSAIDs, the preferred first-line treatment.4,5
The position of csDMARDs is - among others- supported by the (relatively) limited availability
of biological DMARDs (bDMARDs) in many countries. Despite its widespread use in PsA and
placement in guidelines, there is a paucity of direct evidence for the efficacy of csDMARDs.6,7
Methotrexate (MTX) is the csDMARD that is most widely used because most rheumatologists
have ample experience prescribing it and it is also effective and registered for treating
psoriasis, unlike leflunomide (LEF) and sulphasalazine (SASP). However, two randomised trials
comparing MTX with placebo, failed to show superiority of MTX over placebo.8,9 In contrast,
MTX did show a positive effect on disease activity in clinical and strategy trials.10-12 For the
other csDMARDs (i.e LEF and SASP) there are studies available that seem to show some effect,
although the effect sizes, in line with MTX, seem relatively small.6,13,14
Because the effect size of the different csDMARDs in PsA seems to be small, it is of interest
to determine whether combining csDMARDS might be more effective than csDMARD
monotherapy. Currently, data on the effectiveness and safety of csDMARD combination
therapy in PsA is lacking. For this reason, assessing the efficacy and safety of combinations of
csDMARDs compared with csDMARD monotherapy was recently prioritized on the European
League Against Rheumatism (EULAR) research agenda.5
Therefore we carried out a randomised and placebo-controlled clinical trial (COMPLETEPsA) examining whether a combination of MTX and LEF is superior to MTX monotherapy on
improvement in disease activity measured by the Psoriatic Arthritis Disease Activity Score
(PASDAS) at week 16 in patients with active PsA.

Patients and methods
Study design
This was a single-centre investigator-initiated, randomised, double-blind, placebo-controlled
trial that was conducted at the Rheumatology Department of the Sint Maartenskliniek, the
Netherlands (locations: Boxmeer, Geldrop, Woerden and Nijmegen). The study protocol has
been described previously.15 Ethical review board approval was obtained from the central
Commissie Mensgebonden Onderzoek (CMO) region Arnhem Nijmegen, Radboud University
Medical Centre (number NL66544.091.18), dated November 19, 2018. This trial was also
registered in the Netherlands Trial Register (NL7404), dated December 3, 2018.
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Participants
All patients were pre-screened and recruited by their treating physician. Patients ≥ 16 years
with a clinical diagnosis of PsA and active disease (defined as ≥ 2 swollen joints, dactylitis
counting as 1 swollen joint) were eligible for inclusion.1,16 The inclusion and exclusion criteria
were previously reported in the original research protocol.15 If a patient had previously used
a DMARD, treatment had to be discontinued at least 6 months prior to baseline visit. Oral
corticosteroids had to be discontinued at least 10 days before baseline visit. In addition,
intramuscular (IM) and intra-articular (IA) corticosteroids had to be discontinued 8 weeks
prior to baseline visit. An exception was made for a failed IA injection (defined as remaining
swelling/tenderness of the injected joint 2 weeks after the injection): in this case patients were
eligible for inclusion 2 weeks after the IA injection. Concomitant NSAID use at baseline was
allowed, if the dose was stable for at least 1 week prior to baseline visit. If fumaric acid was used
at baseline, this was switched to study medication (to prevent triple therapy). Key exclusion
criteria included contraindications for use of MTX and/or LEF such as pregnancy, hepatic
disease, recent malignancy, unregulated hypertension or severe infection. Furthermore,
patients with a history of an inadequate response and or/allergic reaction to MTX or LEF were
excluded. All patients provided written and oral informed consent.
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Randomisation and masking
Seventy-eight patients were randomly allocated in a 1:1 ratio (stratified for high disease
activity, PASDAS ≥5·4) to either combination therapy (MTX and LEF) or monotherapy (MTX
and placebo), using computer-generated stratified variable block randomisation performed
by an independent pharmacist. This pharmacist was not involved in the rest of the trial. The
encapsulated LEF tablets were indistinguishable from the placebo capsules. The allocation
was kept in envelopes (that were sealed and consecutively numbered) at the pharmacy. During
the study period, the patients, nurses, researchers and treating physicians were all blinded for
treatment allocation. The researcher was masked when performing the analyses for primary
and secondary endpoints.
Procedures
In both arms, patients received open label oral MTX 15 mg/week for the first 4 weeks of the
study. If this was well tolerated, the dosage of MTX was increased to 25 mg/week after week 4.
MTX was combined with folic acid 2x5 mg/week during the whole study period. Patients could
be switched from oral MTX to subcutaneous MTX in case of intolerance, or directly start with
subcutaneous MTX in case patients had a strong preference for parenteral administration.
Once daily two LEF 10 mg tablets or two placebo tablets were administered to the intervention
group and control group, respectively. This enabled dose reduction of LEF/placebo if needed
from 20 mg (two tablets) to 10 mg (one tablet) without unblinding. The total follow-up period
was 16 weeks.
Study visits took place at baseline, week 8, and week 16. At these visits, disease activity, healthrelated quality of life, blood pressure, and laboratory values were assessed. Only at baseline,
data on demographics and disease history was collected, and radiographs (of hand, feet, and
chest) were taken. Patients were contacted by telephone at week 4 to screen for treatment
intolerance.

The effectiveness of MTX and LEF combination therapy in PsA (COMPLETE-PsA)

209

Outcomes
The primary outcome of this study was the difference between the combination therapy
group (MTX plus LEF) and the monotherapy group (MTX plus placebo) on the mean PASDAS at
week 16 adjusted for baseline PASDAS. The PASDAS is a PsA specific composite disease activity
measure and its calculation has been described previously.17 The following items are included
in the PASDAS calculation: 66/68 swollen and tender joint count (SJC66/TJC68), Leeds Enthesitis
Index (LEI), dactylitis count, VAS patient and physician global disease activity, C-reactive
protein (CRP) and physical component summary score (PCS) of the short form health survey
(SF)36. We used the SF12 as a substitute for the SF36, as this is a validated alternative.18
The primary outcome was measured at 16 weeks, secondary outcomes were measured at week
8 and 16. Key secondary outcomes included between-group differences in the proportion of
patients meeting Minimal Disease Activity (MDA) criteria, low disease activity (LDA) according
to PASDAS (≤3·2) and Disease Activity in Psoriatic Arthritis (DAPSA) (≤14) and ACR 20/50/70
response criteria. Additional secondary outcomes included the change from baseline in
different PsA domains. For musculoskeletal disease this included: SJC66 (0-66), TJC68 (0-68),
LEI (0-6), and dactylitis count (0-20). For skin disease this included: Body Surface Area score
(BSA) (0-100%), Physician global assessment (0-4 scale, ranging from clear to severe), PGAxBSA
(0-400), and patient VAS nail disease (0-100 mm).
Patient reported outcomes were : VAS patient pain (0-100 mm) and global disease activity
(0-100 mm), physical (PCS) and mental component summary score (MCS) of the SF12 (0-100),
Health Assessment Questionnaire (HAQ) Disability Index (0-3), and Psoriatic Arthritis Impact
of Disease (PsAID) (0-10).19-21
With regard to safety outcomes, all adverse events (AE), serious adverse events (SAE), and
discontinuations (permanently or temporarily) of medication were recorded at every regular
and unplanned study visit. In addition, all AEs were graded as mild, moderate or severe. Routine
lab testing (toxicity screening) was performed every 4 weeks, and additionally 2 weeks after
baseline visit (baseline, week 2, 4, 8, 12, and 16). In case of an AE or (suspected) intolerance,
extra laboratory testing was performed and/or dosage of medication was reduced and/or
medication was discontinued according to a standardized and predefined protocol.
Sample size
The sample size calculation is available in the original published trial protocol and in the
supplementary material.15 The trial was designed to detect a between-group difference of
0·8 on the PASDAS at week 16.22 Assuming a standard deviation of 1·63, one-sided alpha of 5%
and power at 80% required 104 participants.17 This was reduced to 78 participants in total by
including a conservative estimate of the correlation between baseline and week 16 PASDAS
of 0·5. One-sided testing was used for the sample size calculation and subsequently for all
the analyses, as it was deemed very unlikely and also not relevant to be able to demonstrate
that the combination of MTX and LEF would be less effective than MTX alone. [https://www.
onesided.org/, date accessed: November 2021].
Statistical analysis
Primary analysis was conducted on an intention-to-treat (ITT) basis without imputation of
missing data. The primary endpoint was compared between the groups (with 90% CI) using
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linear regression analysis, where the PASDAS at week 16 was used as the dependent variable,
treatment group as independent variable and baseline PASDAS as covariate. Sensitivity
analysis for the primary endpoint was performed with imputed data (multiple imputation
model with 50 sets) to account for missingness of one SF12-PCS score and subsequently one
PASDAS score at week 16. Another sensitivity analysis was performed post-hoc by adding
unbalanced baseline characteristics to the linear model of the primary analysis. Secondary
endpoints were tested using chi-square test (or Fisher exact test) for categorical variables
and unpaired t-test or Mann-Whitney U test (where appropriate) for continuous variables.
With regard to safety outcomes, both the incidence of (S)AEs and relative risk (with 95%
CI) per AE (that were most common or deemed of special interest by the researchers) were
calculated. Descriptive statistics were provided using mean +/−SD, median (quartile [Q]1,
Q3) or percentages. One-sided P-values were reported and a value of <0·05 was considered
significant. All analyses were conducted using STATA/IC 13.1 for Windows (StataCorp, College
Station, TX, USA).
Role of the funding source
This work was financially supported by the Regional Junior Researcher Grant from the Sint
Maartenskliniek, Nijmegen and the Radboudumc, Nijmegen, The Netherlands. The funder of
the study had no role in study design, data collection, data analysis, data interpretation, or
writing of the report.

Results
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Study population
A total of 82 patients, that provided oral consent for participation in this study and agreed
with baseline visit, were screened for eligibility between February 19, 2019 and March 11, 2021.
Seventy-eight patients fulfilled the inclusion criteria and were randomised to either MTX +
LEF (combination therapy, N=39) or MTX + placebo (monotherapy, N=39) (Figure 1). Baseline
patient and disease characteristics are depicted in table 1. All patients had active disease at
baseline with a median SJC and TJC of 4 in both arms. Patients were clinically diagnosed with
PsA and 87% (n/N=68/78) fulfilled the Classification for Psoriatic Arthritis (CASPAR) criteria. In
general, patients were recently diagnosed with PsA before inclusion (median: 1·2 months, Q1,
Q3: 0, 4).
One patient in the MTX + placebo group was excluded from the efficacy analysis prior to
unblinding, because the diagnosis of this patient was changed from PsA to systemic sclerosis
during the trial. The efficacy analyses are therefore based on data of 39 patients in the MTX +
LEF group and 38 patients in the MTX + placebo group (Figure 1). Directly after baseline visit (on
the same day), a total of 31% patients received systemic (IM) glucocorticoids (MTX + LEF group
n/N=14/39 (36%) vs MTX + placebo group n/N=17/39 (44%)). One patient (MTX + LEF group)
received rescue therapy outside the allowed window for IM glucocorticoids (i.e. ≤ 8 weeks
before study endpoint). This patient was prescribed IM corticosteroids at an unplanned visit 4
days before endpoint measurement (=week 16 visit), the PASDAS measured at this unplanned
visit (PASDAS: 6·58) was comparable with the PASDAS at study endpoint (PASDAS: 6·54).
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Figure 1. Trial profile

Table 1. Baseline demographic and clinical characteristics of patients
All
(N=78)

MTX + LEF
(N=39)

MTX + placebo
(N=39)

Age, years

53.1 (12.8)

56.5 (12.4)

49.8 (12.4)

Female, N (%)

28 (36)

16 (41)

12 (31)

Body mass index

27.3 (4.1)

27.0 (4.3)

27.6 (4.0)

Fulfilling CASPAR criteria, N (%)

68 (87)

32 (82)

36 (92)

Disease duration joints, months, median (Q1, Q3) 1.2 (0, 4)

1.2 (0, 4)

1.2 (0, 4)

Disease duration skin, years, median (Q1,Q3)

6.3 (1.1, 17.2)

6.9 (2.6, 14.9)

4.5 (0.6, 18.7)

12 (15)

6 (15)

6 (15)

Prior use of DMARD, N (%)

4 (5)

1 (3)

3 (8)

Concomitant use of topicals, N (%)

29 (37)

14 (36)

15 (39)

Concomitant use of NSAID, N (%)

47 (60)

20 (51)

27 (69)

Patient characteristics

Radiographic disease
Erosive disease, N (%)
Medications
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Disease activity composite measures

Table 2. Primary and secondary outcomes at week 16: improvements and differences between groups in
patients with PsA

PASDAS

4.9 (1.0)

4.9 (1.0)

4.9 (1.0)

Fulfilling MDA criteria, N (%)

6 (8)

4 (11)

2 (5)

Week 16

DAPSA, median (Q1, Q3)

28.8 (16.6, 39.5)

26.5 (17.5, 44.5)

31.3 (16, 38.5)

MTX + LEF
(N=39)

MTX + placebo Absolute difference
(N=38)
[90% CI]

P-value
One-sided

SJC66, median (Q1, Q3)

4 (2, 6)

4 (3, 5)

4 (2, 6)

Primary endpoint

TJC68, median (Q1, Q3)

4 (2, 10)

4 (1, 11)

4 (2, 10)

PASDAS at week 16

3.1 (1.4)

3.7 (1.3) #

-0.6 [-1.0, -0.1]

0·025

Disease activity components MSK

Enthesitis (LEI), median (Q1, Q3)

0 (0, 2)

0 (0, 2)

0 (0, 1)

Secondary endpoints

Active dactylitis, N (%)

18 (23)

6 (15)

12 (31)

Fulfilling PASDAS LDA, N (%)

23 (59)

13 (35)

24% [6, 42]

0·019

ESR (mm/h), median (Q1, Q3)

13 (5, 25)

13 (7, 27)

12.5 (5, 24)

Fulfilling PASDAS VLDA, N (%)

7 (18)

3 (8)

10% [3, 22]

0·177

5 (1, 13)

Fulfilling MDA criteria, N (%)

23 (59)

12 (33)

26% [7, 44]

0·013

20 (51)

14 (38)

13% [-5, 32]

0·120

6 (15)

4 (11)

5% [8, 17]

0·403

..

0·414

CRP (mg/L), median (Q1, Q3)

3.5 (1, 13)

3 (1, 13)

VAS physician global

35.3 (15.3)

36.3 (17.1)

34.3 (13.4)

Fulfilling DAPSA LDA, N (%)

Presence of IBP, N (%)

11 (14)

2 (5)

9 (23)

Fulfilling DAPSA VLDA, N (%)

Disease activity components skin/nails
Active psoriasis, N (%)

55 (71)

29 (74)

26 (67)

PASI, median (Q1, Q3)

0.8 (0, 3)

0.6 (0, 3.3)

1 (0, 2.2)

BSA, median (Q1, Q3)

1 (0, 2)

1 (0, 2.5)

0.8 (0, 1)

PGA >1, N (%)

38 (49)

20 (51)

18 (46)

PGA x BSA, median (Q1, Q3)

1 (0, 4)

1.75 (0, 7.5)

1 (0, 3)

Active nail disease, N (%)

50 (65)

26 (68)

24 (62)

VAS patient nails, median (Q1, Q3)

10 (0, 30)

10 (0, 40)

0 (0, 20)

VAS patient global

54.1 (21.2)

53.9 (22.4)

54.4 (20.2)

VAS patient pain

50.2 (24.2)

50.3 (23.8)

50.1 (24.9)

SF12-PCS

37.6 (9.3)

38.8 (10.5)

36.4 (7.9)

SF12-MCS

49.4 (8.6)

49.3 (9.3)

49.5 (8.0)

HAQ

0.7 (0.6)

0.7 (0.6)

0.7 (0.5)

PsAID

4.2 (2.1)

4.2 (2.2)

4.3 (2.0)

PROMs
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*All values are mean (SD) unless stated otherwise. BSA = body surface area; CASPAR = classification criteria for psoriatic
arthritis; CRP = C-reactive protein; DAPSA = disease activity in psoriatic arthritis; DMARD = disease-modifying anti rheumatic
drug; ESR = erythrocyte sedimentation rate; HAQ = health assessment questionnaire; IBP = inflammatory back pain; LEI =
Leeds enthesitis index; +MCS = mental component summary score; MDA = minimal disease activity; MSK = musculoskeletal;
NSAID = non steroidal anti-inflammatory drug; PASDAS = psoriatic arthritis disease activity score; PASI = psoriasis area
and severity index; PGA = physician global assessment of skin; PCS = physical component summary score; PROM = patient
reported outcome measure; PsAID = psoriatic arthritis impact of disease; Q=quartile; SF-12 = short form health survey; SJC =
swollen joint count; TJC = tender joint count; VAS = visual analogue scale.

All patients completed the 16 week study period (lost to follow-up N=0). However, for
7 patients, the week 8 visit had to be changed from physical consultation to telephone
consultation due to the COVID-19 outbreak, precluding physical examination and subsequent
calculation of composite disease activity scores. For the week 16 visit (study endpoint), none of
the consultations was switched from physical to telephone.
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DAPSA, change from baseline, -10.7 (-24.5, -3.5) -10 (-23.8, 0)
median (Q1, Q3)
Disease activity
components MSK
SJC66, change from baseline,
median (Q1, Q3)

-3 (-5, -2)

-2 (-4, 0)

..

0·039

TJC68, change from baseline,
median (Q1, Q3)

-2 (-4, 0)

-2 (-5, 0)

..

0·457

Enthesitis (LEI), change from
baseline

-0.7 (1)

-0.5 (1.3)

-0.2 [-0.6, 0.3]

0·263

Active dactylitis, N (%)

4 (10)

3% [-8, 13]

0·515

ESR (mm/h), change from
baseline, median (Q1, Q3)

-3 (-7, 3)

..

0·157

CRP (mg/L), change from
baseline, median (Q1, Q3)

0 (-4, 1)

-0.5 (-7, 1)

..

0·389

VAS physician global, change
from baseline

-22.0 (21.9)

-12.2 (19.7)

-9.8 [-17.7, -1.9]

0·021

Presence of IBP, N (%)

1 (3)

2 (5)

-3% [-10, 5]

0·490

Active psoriasis, N (%)

17 (44)

26 (68)

-25% [-43, -7]

0·014

BSA, change from baseline,
median (Q1, Q3)

0 (-2, 0)

0 (-0.5, 0.2)

..

0·005

PGA >1, N (%)

2 (5)

8 (21)

-16% [-28, -4]

0·039

PGA x BSA, change from
baseline median (Q1, Q3)

-1 (-7, 0)

0 (-1.5, 0.1)

..

0·010

Active nail disease, N (%)

14 (38)

20 (54)

-16% [-35, 3]

0·081

VAS patient nails, change
from baseline, median (Q1,
Q3)

0 (-20, 0)###

0 (-10, 0)###

..

0·039

VAS patient global, change
from baseline

-20.9 (24.4)

-13.9 (28.3)

-7.0 [-17.0, 3.0]

0·124

VAS patient pain, change
from baseline

-17.4 (24.0)

-13.7 (31.6)

-3.7 [-14.6, 7.1]

0·284

3 (8)
##

-3 (-13.5, 0)

##

Disease activity
components skin

PROMS
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SF12-PCS, change from
baseline

3.8 (10.6)

5.3 (9.6)

-1.5 [-5.4, 2.3]

0·253

SF12-MCS, change from
baseline

1.9 (10.0)

-0.3 (10.9)

2.2 [-1.8, 6.2]

0·182

HAQ, change from baseline

-0.2 (0.4)

-0.1 (0.4)

-0.1 [-0.3, 0]

0·101

PsAID, change from baseline

-1.7 (2.0) §

-1.3 (2.2)§

-0.4 [-1.2, 0.4]

0·212

*All values are mean (SD) unless stated otherwise. The primary endpoint was compared between the groups using linear
regression analysis and was adjusted for baseline PASDAS (dependent variable: PASDAS at week 16; independent variable:
treatment group; covariate: baseline PASDAS). A 90% CI is unavailable for all the skewed variables that were tested with a
non-parametric test (Mann-Whitney U test). For all the secondary endpoints the number of missing observations ranges
from 0 to maximum 2 per group unless indicated otherwise. All the secondary endpoints were tested using chi-square test (or
Fisher exact test) for categorical variables and unpaired t-test or Mann-Whitney U test (where appropriate) for continuous
variables. BSA = body surface area; CRP = C-reactive protein; DAPSA = disease activity in psoriatic arthritis; ESR = erythrocyte
sedimentation rate; HAQ = health assessment questionnaire; IBP = inflammatory back pain; LDA = low disease activity;
LEF = leflunomide; LEI = Leeds enthesitis index; MCS = mental component summary score; MSK = musculoskeletal; MTX =
methotrexate; PASDAS = psoriatic arthritis disease activity score; PCS = physical component summary score; PGA = physician
global assessment of skin; PROM = patient reported outcome measure; PsAID = psoriatic arthritis impact of disease;
Q=quartile; SF-12 = short form health survey; SJC = swollen joint count; TJC = tender joint count; VAS = visual analogue scale;
VLDA = very low disease activity.
#
PASDAS at week 16 was available for 37 patients in the MTX + placebo group.
##
Change in ESR was available for 32 patients in the MTX + placebo group and 35 patients in the MTX + LEF group.
###
Change in VAS patients nails was available for 34 patients in the MTX + placebo group and 32 patients in the MTX + LEF
group.
§
Change in PsAID was available for 34 patients in the MTX + placebo group and 38 patients in the MTX + LEF group.
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Efficacy
Primary outcome
All outcomes measured at study endpoint (week 16) are shown in table 2. The primary ITT
analysis showed superiority of MTX plus LEF combination therapy over MTX monotherapy.
The PASDAS at week 16, adjusted for baseline PASDAS, improved significantly in the MTX + LEF
group (PASDAS at week 16=3·1, SD=1·4) vs the MTX + placebo group (PASDAS at week 16=3·7,
SD=1·3), treatment difference = -0·55 (90% CI = -1·0 to -0·1; one-sided P-value =0·0245). After
imputation of one missing SF12 score (and subsequently PASDAS) at week 16, the betweengroup treatment difference remained significant in favor of MTX + LEF (-0·49; 90% CI = -0·9 to
-0·03; one-sided P-value = 0·0410). The results remained consistent after sensitivity analysis
adjusting for several slightly imbalanced baseline factors (supplementary table 1).
Secondary outcomes
Similar results were found for achievement of both PASDAS LDA and MDA, as the proportion
of patients achieving PASDAS LDA (MTX + LEF group: 59% [n/N=23/39] vs MTX + placebo group:
35% [n/N=13/38], one-sided P-value =0·0185) and MDA (MTX + LEF group: 59% [n/N=23/39] vs
MTX + placebo group: 33% [n/N=12/38], one-sided P-value =0·0130) was significantly larger
in the MTX + LEF group (Figure 2). Likewise, a larger proportion of patients achieved DAPSA
LDA in the MTX + LEF group, although not reaching significance (MTX + LEF group: 51% [n/
N=20/39] vs MTX + placebo group: 38% [n/N=14/38], one-sided P-value =0·1195) (figure 2). The
ACR response criteria at week 16 also showed more patients achieving ACR20/50/70 in the MTX
and LEF combination group, although this was not significant (supplementary table 2).
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Figure 2. Proportion of patients meeting different PsA responder criteria for low disease activity at week
16
Patients meeting the responder criteria for PASDAS (≤3.2), MDA (5 out of 7 criteria) and DAPSA (≤14) in the MTX + LEF group and
MTX + placebo group, respectively. Absolute differences between groups [90% CI] and P-values are shown. P-values depicted
in bold (PASDSA LDA and MDA) indicate a one-sided P-value <0.05. DAPSA = disease activity in psoriatic arthritis; LDA = low
disease activity; LEF = leflunomide; MDA = minimal disease activity criteria; MTX = methotrexate; PASDAS = psoriatic arthritis
disease activity score; PsA = psoriatic arthritis.

Other significant between-group differences at week 16 included the change in SJC66 and
change in physician global VAS. None of the (other) patient reported outcome measures
(PROMs) at week 16 were significantly different between groups, although there was a trend
towards larger improvement in patient global VAS, pain VAS, MCS, HAQ, and PsAID for the MTX
+ LEF group. With regard to skin disease activity, most skin/nail measures (i.e. active psoriasis,
change in BSA, change in PGAxBSA, PGA>1, and change in VAS patient nails), were significantly
better in the MTX + LEF group.
At week 8, significant between-group differences were found for change in BSA and PGAxBSA
in favor of the MTX + LEF group (supplementary table 2). With regard to the other outcomes
at week 8, no significant between-group differences were found for the musculoskeletal
outcomes, disease activity composite scores, and PROMs (supplementary table 3).
Medication dosage
At week 16, the mean dosage (in patients that did not discontinue medication) of MTX was 21·1
mg/week and 23·5 mg/week in the MTX + LEF group (n/N=31/39) and MTX + placebo group (n/
N=35/38), respectively. The mean dosage of LEF or placebo (in patients that did not discontinue
medication) was 18·2 mg/day in the MTX + LEF group (n/N=33/39) and 19·7 mg/day in the MTX
+ placebo group (n/N=36/38).
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Discussion

Table 3. Incidence of adverse events at week 16
Total
(N=78)

MTX + LEF
(N=39)

MTX + placebo
(N=39)

RR [CI 95%]

19 (24)

12 (31)

7 (18)

1.7 [0.8, 3.9]

Abdominal pain

9 (12)

5 (13)

4 (10)

1.3 [0.4, 4.3]

Nausea/vomiting

28 (36)

17 (44)

11 (28)

1.5 [0.8, 2.9]

Altered bowel habits

13 (17)

10 (26)

3 (8)

3.3 [1.0, 11.2]

Upper airway infections

4 (5)

2 (5)

2 (5)

1 [0.1, 6.7]

Pneumonia

2 (3)

1 (3)

1 (3)

1 [0.1, 15.4]

Infection other

7 (9)

5 (13)

2 (5)

2.5 [0.5, 12.1]

Hypertension

2 (3)

2 (5)

0 (0)

N/A#

Headache

13 (17)

9 (23)

4 (10)

2.3 [0.8, 6.7]

Tiredness

22 (28)

9 (23)

13 (33)

0.7 [0.3, 1.4]

Malaise

8 (10)

3 (8)

5 (13)

0.6 [0.2, 2.3]

Laboratory
ALT elevation (>2ULN)
Gastro-intestinal

Infections

Other

*All values are in N (%). ALT = alanine transaminase; LEF = leflunomide; MTX = methotrexate; RR = relative risk.
#
The relative risk for hypertension could not be calculated because the incidence in the MTX + placebo group was 0.
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Safety
During the study period, 13 patients (MTX + placebo n/N=3/39; MTX + LEF n/N=10/39)
permanently discontinued MTX and/or LEF/placebo due to AEs (Figure 1). Three patients, all in
the MTX + LEF group, temporarily (for 2 weeks) discontinued medication due to (possible) AEs
(only LEF n/N=1/39; MTX + LEF n/N=2/39). For the (S)AE analysis, the complete sample (N=78)
was included. Three patients experienced a SAE, all in the MTX + LEF group. Two of the SAEs
were deemed unrelated to the study medication. One was deemed possibly related to the
study drugs (clinical picture of severe infection and/or drug reaction, treated with antibiotics
and discontinuation of both MTX and LEF). All patients recovered completely during the study
period and no unblinding of nurses/researchers/patients occurred. There were no deaths. The
most frequently occurring AEs and AEs of special interest are shown in table 3. With respect to
the incidence of AEs, nausea/vomiting was the most common AE, occurring in 36% of patients
(MTX + LEF: 44% [n/N=17/39] vs MTX + placebo: 28 % [n/N=11/39]; RR [95% CI]: 1.5 [0·8-2·9]). The
incidence of most AEs (ALT elevation, abdominal pain, nausea/vomiting, altered bowel habits,
other infections, hypertension and headache) was higher in the MTX + LEF group. The largest
between-group difference was found for ‘altered bowel habits’ (MTX + LEF: 26% [n/N=10/39] vs
MTX + placebo: 8% [n/N=3/39]; RR [95% CI]: 3·3 [1·0, 11·2]). For both tiredness and malaise, the
incidence was higher in the MTX + placebo group. No differences were found in the incidence
of upper airway infections and pneumonia. All the AEs were graded as mild or moderate.

This randomised double-blind placebo-controlled clinical trial (COMPLETE-PsA) is to our
knowledge the first study examining the effectiveness of the combination of MTX plus LEF
as first-line treatment in PsA. We demonstrated that MTX plus LEF combination therapy
resulted in a significantly greater improvement in disease activity measured with the PASDAS
than treatment with MTX monotherapy after 16 weeks. In line, almost double the number
of patients achieved MDA and PASDAS LDA in the MTX plus LEF group. These results can be
considered a milestone in PsA research, as there is a lack of evidence for the efficacy and safety
of combination csDMARD therapy in PsA.4,5 When interpreting the results of this study, several
points should be considered.
First, we chose the PASDAS as primary outcome measure. The PASDAS is a PsA specific composite
measure and has previously shown good discriminative capacity between treatment arms
in PsA trials.23,24 Another benefit of the use of the PASDAS is that it aids the measurement of
treatment response in patients with limited joint involvement, as oligoarticular disease is the
most prevalent clinical presentation in PsA. The inclusion of this important and substantial
PsA subcategory increases the external generalizability of our results. This was underscored
by the relatively high number of included patients (44%, n/N=34/78) that did not fulfill the
minimum 3 SJC and 3 TJC criterion and would therefore have been excluded from participation
in most (pharmaceutical) trials. Our choice of also including patients with oligoarticular
disease, hampered the usefulness of the ACR response criteria to assess treatment response.
The ACR response criteria are often used as primary outcome in PsA trials, although they were
developed for rheumatoid arthritis (RA) and are suited best for patients with polyarticular
disease. Next to the PASDAS, we chose the MDA criteria as a secondary outcome as this is the
only composite measure evaluated in a PsA strategy treat-to-target trial (TICOPA). Previous
research has shown that PASDAS LDA reflects MDA and this is underscored by our findings as
we found an exactly equal number of patients that achieved PASDAS LDA and MDA in the MTX
plus LEF group at week 16.25
Second, comparing our primary outcome with other studies is hampered by the paucity of
studies examining the combination of MTX plus LEF therapy in PsA. In addition, the COMPLETEPsA study differs from other randomized clinical trials (RCTs) with regard to -among othersthe inclusion of patients with oligoarticular disease and primary outcome measure. There is
data available on the PASDAS from the SEAM-PsA study (MTX vs MTX + etanercept).11 When
comparing treatment difference according to change in PASDAS between the groups, the
results of SEAM-PsA at week 24 are comparable with the results from this study at week 16
(-0.65 vs -0.55, respectively). We did not find between-group differences at week 8, this is in
contrast to the study by van Mens et al. 2019, that did find differences between groups (MTX
vs MTX + golimumab) as early as week 8.12 A possible explanation could be the substantial
amount of patients who received systemic corticosteroids at baseline. Furthermore, the
higher number of missing observations at this time point (due to the COVID-19 outbreak)
and the pharmacological characteristics of the medications studied, might have contributed
to the lack of treatment effect at week 8. With respect to skin/nail outcomes at week 16, we
showed between-group differences in favor of the combination MTX plus LEF. Despite the lack
of official registration of LEF for treating psoriasis, the effectiveness of LEF on skin disease has
been demonstrated in previous studies.14,26
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Third, some limitations of this study should be considered. Although patients were successfully
stratified for high disease activity at baseline, some of the other baseline characteristics (sex,
skin disease, inflammatory back pain and dactylitis) were slightly unbalanced. One of the
most prominent differences was the higher percentage of females in the MTX plus LEF group.
However, as female sex is associated with possibly lower treatment response and higher
incidence of AEs, this might have lowered the treatment response in the MTX plus LEF group
and increase the AE rate, resulting in bias in the conservative direction.27,28 This was indeed
seen in the sensitivity analysis. The lack of a non-treatment (placebo) arm precludes drawing
conclusions on the effectiveness of MTX monotherapy. Adding a placebo-arm was, however,
considered unethical as MTX is widely prescribed and mentioned in guidelines as first-line
therapy and most of the patients already failed treatment with NSAIDs/local corticosteroids.
Additionally, no conclusions on the effectiveness of LEF monotherapy can be drawn from this
study. Yet, adding an extra arm to this trial would lead to a much larger sample size, thereby
severely hampering feasibility. Besides, we were particularly interested in answering the
question whether MTX plus LEF was superior to MTX monotherapy, as the latter is the most
widely prescribed first-line treatment in PsA. It should also be noted that, as this was a singlecentre study (performed at multiple locations in the Netherlands), this may reduce external
generalizability. In addition, the relatively short duration of the trial made investigating
radiographic outcomes not possible. Furthermore, it hampered the evaluation of long term
side-effects and rechallenging medication after discontinuation due to an AE in the second
half of the study.
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Last, our findings raise the question whether MTX plus LEF could be a valuable treatment
option in routine practice. For this, we have to weigh the potential additional effect of adding
LEF to MTX monotherapy vs the potential harms. Although the study wasn’t powered to
detect between-group differences, our results show more AEs and higher discontinuation
rates in the MTX + LEF group. Despite the higher discontinuation rate (and use of ITT
analyses) we found significantly better treatment response for MTX plus LEF, underscoring
its superior efficacy compared to MTX monotherapy. Both the total subgroup of patients that
discontinued medication and the subgroup of patients that discontinued medication in the
MTX plus LEF group, did not have distinct baseline characteristics compared to the overall
sample. All patients with AEs recovered completely during the study period. This suggests that
with appropriate monitoring and timely intervention if needed, the safety might be deemed
acceptable, in line with MTX plus LEF combination therapy in RA.29 Of note, when prescribing
MTX and LEF as subsequent monotherapy, the cumulative AE rate might well be comparable
to the additive effects seen in our study. A possibility might be to apply a step-down approach,
to initiate quick induction of low disease activity by prescribing the combination of MTX and
LEF, while AEs could remain limited by strict monitoring and treatment reduction when AEs
occur or treatment response is deemed sufficient. Observational longitudinal follow-up data
is currently being collected to monitor long term AEs in addition to sustained treatment
response, and achieving treatment target at 6 months (in line with EULAR guidelines).5
To conclude, this study shows that MTX plus LEF combination therapy is more effective than
MTX monotherapy in PsA. With regard to safety and tolerability, there are indications that
MTX plus LEF combination therapy is less well tolerated than MTX monotherapy. We believe
that prescribing the combination of MTX plus LEF in routine practice is viable when combined
with shared-decision making and strict monitoring of side-effects. Furthermore, the greater
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improvement in psoriasis in the combination therapy arm, suggests that combining MTX plus
LEF might also be of interest to dermatologists.

Panel
Evidence before this study
Most PsA treatment guidelines (i.e. European League Against Rheumatism (EULAR) and
Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA)) recommend
starting a csDMARD in patients with active PsA, although there is a paucity of evidence for
the effectiveness of csDMARDs and especially their combination in PsA. This topic therefore
is a priority on the EULAR research agenda. We searched the references from PsA treatment
guidelines (EULAR 2019, GRAPPA 2015). Furthermore we searched Pubmed using the search
terms “Psoriatic arthritis” and “conventional DMARD”. We did not find a study that compared
the combination of MTX plus LEF combination therapy with MTX plus placebo (monotherapy)
in PsA. We identified a systematic literature review (Mease et al. 2018) that concluded that the
evidence for csDMARD use in PsA is not conclusive. Furthermore, the information retrieved
from this literature search did indeed suggest that the effect sizes of csDMARD monotherapy
in PsA seem (relatively) small.
Added value of this study
This study shows that methotrexate (MTX) plus leflunomide (LEF) combination therapy is
superior to MTX plus placebo (monotherapy) on improvement in disease activity measured
by the Psoriatic Arthritis Disease Activity Score (PASDAS) in patients with active PsA at week
16. Other outcomes that favored the combination of MTX plus LEF included the Minimal
Disease Activity (MDA) criteria, swollen joints, VAS physician global and measures for skin and
nail disease. Our results indicated that the safety and tolerability profile might point towards
slightly worse outcomes for MTX plus LEF, however this study was not powered to draw
definite conclusions.
Implications of all the available evidence
The results of this study suggest that combination therapy with MTX plus LEF might be a
valuable and low-cost treatment option in PsA. Future research should focus on long-term
effectiveness and safety of this combination therapy in PsA.
Contributors
MLMM, JEV, NdB, EMGJdJ, AAdB, FHJvdH, PSH and MHW were involved in the study design.
MLMM, TWvH, LMN and MHW were involved in the data collection. MLMM, JEV and NdB
performed the data analyses. MLMM and JEV verified the underlying data. MLMM led the
drafting of the manuscript and figures. All authors were involved in writing of the manuscript,
had full access to all the data in the study and had final responsibility for the decision to
submit for publication.
Declaration of interests
JV reports payment/honoraria for lectures, presentations, speaker bureaus, manuscript writing
or educational events from Eli Lilly Netherlands BV and Galapagos Biopharma Netherlands
BV (personal funding); EdJ has received research grants for the independent research fund

10

220

The effectiveness of MTX and LEF combination therapy in PsA (COMPLETE-PsA)

The effectiveness of MTX and LEF combination therapy in PsA (COMPLETE-PsA)

of the department of dermatology of the Radboud university medical centre Nijmegen,
the Netherlands from AbbVie, Novartis, Janssen Pharmaceutica, Leo Pharma and UCB for
research on psoriasis, has acted as consultant and/or paid speaker for and/or participated in
research sponsored by companies that manufacture drugs used for the treatment of psoriasis
or eczema including AbbVie, Almirall, Janssen Pharmaceutica, Novartis, Lily, Celgene, Leo
Pharma, Sanofi, UCB and Galapagos (all funding is not personal but goes to the independent
research fund of the department of dermatology of Radboud university medical centre
Nijmegen, the Netherlands); PH reports payment/honoraria for lectures, presentations,
speaker bureaus, manuscript writing or educational events from Pfizer (payments made to
institution), Abbvie (payments made to institution), Novartis (personal funding) and Janssen
(both personal funding and payments made to institution) and consulting fees from Eli
Lilly (personal funding); TvH reports speaker fees from Eli Lilly and Novartis and support for
attending meetings from UCB (personal funding). The other authors have nothing to disclose.

References

Data sharing
The study protocol has been published under open access and is therefore freely accessible
(Mulder et al., 2020). A request for the use of deidentified patient data (for independent
scientific research) can be made to the corresponding author (m.mulder@maartenskliniek.
nl). Data will be provided after the research proposal is reviewed and approved by the principal
investigator of the study (Dr M.H. Wenink or other Sint Maartenskliniek representatives) and
by consultation of the other co-authors.

7.

Acknowledgements
We would like to thank all the patients that participated in this study; all rheumatologists
from the Sint Maartenskliniek that helped with the patient inclusion; our patient partners
and especially R. van den Griend; Dr. E. Mahler for her suggestions and advice with regard to
the study design; Dr. C. Popa and Dr. D. Telgt for being members of our data safety monitoring
board and the rheumatology nurses of our center for their assistance with collecting the data.

11.

1.

Ritchlin CT, Colbert RA, Gladman DD. Psoriatic Arthritis. N Engl J Med 2017; 376(10): 957-70.

2.

Haroon M, Gallagher P, FitzGerald O. Diagnostic delay of more than 6 months contributes to poor

221

radiographic and functional outcome in psoriatic arthritis. Ann Rheum Dis 2015; 74(6): 1045-50.
3.

McLaughlin M, Ostor A. Early treatment of psoriatic arthritis improves prognosis. Practitioner 2014;
258(1777): 21-4, 3.

4.

Coates LC, Kavanaugh A, Mease PJ, et al. Group for Research and Assessment of Psoriasis and Psoriatic
Arthritis 2015 Treatment Recommendations for Psoriatic Arthritis. Arthritis Rheumatol 2016; 68(5): 1060-71.

5.

Gossec L, Baraliakos X, Kerschbaumer A, et al. EULAR recommendations for the management of psoriatic
arthritis with pharmacological therapies: 2019 update. Ann Rheum Dis 2020; 79(6): 700-12.

6.

Maese J, Diaz Del Campo P, Seoane-Mato D, Guerra M, Canete JD. Effectiveness of conventional diseasemodifying antirheumatic drugs in psoriatic arthritis: A systematic review. Reumatol Clin (Engl Ed) 2018;
14(2): 81-9.
Ruhoff JT, Horn HC, Ellingsen T. Efficacy of methotrexate in management of peripheral psoriatic arthritis - a
systematic review. Dan Med J 2019; 66(10).

8.

Willkens RF, Williams HJ, Ward JR, et al. Randomized, double-blind, placebo controlled trial of low-dose
pulse methotrexate in psoriatic arthritis. Arthritis Rheum 1984; 27(4): 376-81.

9.

Kingsley GH, Kowalczyk A, Taylor H, et al. A randomized placebo-controlled trial of methotrexate in psoriatic
arthritis. Rheumatology (Oxford) 2012; 51(8): 1368-77.

10.

Coates LC, Helliwell PS. Methotrexate Efficacy in the Tight Control in Psoriatic Arthritis Study. J Rheumatol
2016; 43(2): 356-61.

10

for Psoriatic Arthritis: Primary Results From a Randomized, Controlled Phase III Trial. Arthritis Rheumatol
2019; 71(7): 1112-24.
12.

van Mens LJJ, de Jong HM, Fluri I, et al. Achieving remission in psoriatic arthritis by early initiation of TNF
inhibition: a double-blind, randomised, placebo-controlled trial of golimumab plus methotrexate versus
placebo plus methotrexate. Ann Rheum Dis 2019; 78(5): 610-6.

13.

Ethics approval
This study was reviewed and approved by the medical ethics committee (CMO) region ArnhemNijmegen (number NL66544.091.18), dated November 19, 2018.

Mease PJ, Gladman DD, Collier DH, et al. Etanercept and Methotrexate as Monotherapy or in Combination

Clegg DO, Reda DJ, Mejias E, et al. Comparison of sulfasalazine and placebo in the treatment of psoriatic
arthritis. A Department of Veterans Affairs Cooperative Study. Arthritis Rheum 1996; 39(12): 2013-20.

14.

Kaltwasser JP, Nash P, Gladman D, et al. Efficacy and safety of leflunomide in the treatment of psoriatic
arthritis and psoriasis: a multinational, double-blind, randomized, placebo-controlled clinical trial.
Arthritis Rheum 2004; 50(6): 1939-50.

Patient and public involvement
Patients partners were involved in the choice for the measurements performed in this study.
One patient partner was involved in final approval of the manuscript.

15.

plus leflunomide combination therapy in psoriatic arthritis: protocol of a randomized, placebo-controlled,
double-blind clinical trial (COMPLETE-PsA). Trials 2020; 21(1): 155.
16.

Funding
Regional Junior Researcher Grant (Sint Maartenskliniek and the Radboudumc,
The Netherlands).

Mulder MLM, Vriezekolk JE, den Broeder N, et al. Comparing methotrexate monotherapy with methotrexate

Coates LC, Conaghan PG, Emery P, et al. Sensitivity and specificity of the classification of psoriatic arthritis
criteria in early psoriatic arthritis. Arthritis Rheum 2012; 64(10): 3150-5.

17.

Helliwell PS, FitzGerald O, Fransen J, et al. The development of candidate composite disease activity and
responder indices for psoriatic arthritis (GRACE project). Ann Rheum Dis 2013; 72(6): 986-91.

18.

Helliwell PS, Waxman R. Modification of the Psoriatic Arthritis Disease Activity Score (PASDAS). Ann Rheum
Dis 2018; 77(3): 467-8.

19.

Ware J, Jr., Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and preliminary
tests of reliability and validity. Med Care 1996; 34(3): 220-33.

20.

Leung YY, Orbai AM, Hojgaard P, et al. OMERACT Filter 2.1 instrument selection for physical function domain
in psoriatic arthritis: Provisional endorsement for HAQ-DI and SF-36 PF. Semin Arthritis Rheum 2021; 51(5):
1117-24.

10

222

The effectiveness of MTX and LEF combination therapy in PsA (COMPLETE-PsA)

21.

Gossec L, de Wit M, Kiltz U, et al. A patient-derived and patient-reported outcome measure for assessing

The effectiveness of MTX and LEF combination therapy in PsA (COMPLETE-PsA)

223

Supplementary material

psoriatic arthritis: elaboration and preliminary validation of the Psoriatic Arthritis Impact of Disease
(PsAID) questionnaire, a 13-country EULAR initiative. Ann Rheum Dis 2014; 73(6): 1012-9.
22.

Helliwell PS, FitzGerald O, Fransen J. Composite disease activity and responder indices for psoriatic
arthritis: a report from the GRAPPA 2013 meeting on development of cutoffs for both disease activity states
and response. J Rheumatol 2014; 41(6): 1212-7.

23.

Vieira-Sousa E, Alves P, Rodrigues AM, et al. GO-DACT: a phase 3b randomised, double-blind, placebocontrolled trial of GOlimumab plus methotrexate (MTX) versus placebo plus MTX in improving DACTylitis in
MTX-naive patients with psoriatic arthritis. Ann Rheum Dis 2020; 79(4): 490-8.

24.

Coates LC, Merola JF, Mease PJ, et al. Performance of composite measures used in a trial of etanercept and
methotrexate as monotherapy or in combination in psoriatic arthritis. Rheumatology (Oxford) 2021; 60(3):
1137-47.

25.

Perruccio AV, Got M, Li S, Ye Y, Gladman DD, Chandran V. Treating Psoriatic Arthritis to Target: Defining the
Psoriatic Arthritis Disease Activity Score That Reflects a State of Minimal Disease Activity. J Rheumatol 2020;
47(3): 362-8.

26.

Nash P, Thaci D, Behrens F, Falk F, Kaltwasser JP. Leflunomide improves psoriasis in patients with psoriatic
arthritis: an in-depth analysis of data from the TOPAS study. Dermatology 2006; 212(3): 238-49.

27.

Haddad A, Gazitt T, Feldhamer I, et al. Treatment persistence of biologics among patients with psoriatic
arthritis. Arthritis Res Ther 2021; 23(1): 44.

28.

Theander E, Husmark T, Alenius GM, et al. Early psoriatic arthritis: short symptom duration, male gender
and preserved physical functioning at presentation predict favourable outcome at 5-year follow-up. Results
from the Swedish Early Psoriatic Arthritis Register (SwePsA). Ann Rheum Dis 2014; 73(2): 407-13.

29.

Bird P, Griffiths H, Tymms K, et al. The SMILE study -- safety of methotrexate in combination with leflunomide
in rheumatoid arthritis. J Rheumatol 2013; 40(3): 228-35.

10

Sample size calculation
The sample size calculation was previously reported in the original research protocol.1 The
primary outcome for the study is the difference between the combination therapy group
(MTX and LEF) and the monotherapy group (MTX and placebo) on the PASDAS at week 16.
The sample size per arm for a t-test having a power 1-β(=0.8) when testing at significance
level α(=0.05) (one-sided) to detect a difference of δ is N = 2*(z1-α + z1-β)2*SD2/δ2. Based on
predefined response criteria for the PASDAS, the study was powered to detect a difference of
δ = 0.8.2 The standard deviation of the PASDAS in PsA patients is reported to range from 1.31
to 1.63, we used the latter value in these calculation to be conservative.3 One-sided testing
was chosen because it is highly unlikely that a combination of MTX and LEF would be inferior
(with regard to effectiveness) to MTX monotherapy. In addition, as it is not common practice
to start with the combination therapy, the main focus of interest is to see if the combination
is superior to methotrexate monotherapy (the first-line therapy to date). Furthermore, onesided testing instead of two-sided testing leads to a reduction in patient numbers and costs.
With these parameters, the required number of patients would be 52 per arm for a total of 104
patients. When correcting for baseline PASDAS score, this sample size can be reduced by (1-r2)
where r is the correlation between baseline and follow-up. In addition, baseline PASDAS is a
stratification factor, and therefore, should be adjusted for in the analysis. Based on information
from the literature, the correlation between two PASDAS measurements is approximately 0.8.2
However, this correlation might be too optimistic, considering it is based on patients without
changes in disease activity or treatment. Therefore, to protect for a too-optimistic correlation,
a total trial size corresponding to a correlation of 0.5 was chosen. With this correlation of 0.5, a
total number of 78 patients is required.
1.

Mulder MLM, Vriezekolk JE, den Broeder N, Mahler EAM, Helliwell PS, van den Hoogen FHJ, et al. Comparing
methotrexate monotherapy with methotrexate plus leflunomide combination therapy in psoriatic
arthritis: protocol of a randomized, placebo-controlled, double-blind clinical trial (COMPLETE-PsA). Trials.
2020 Feb 10;21(1):155.

2.

Helliwell PS, FitzGerald O, Fransen J. Composite disease activity and responder indices for psoriatic
arthritis: a report from the GRAPPA 2013 meeting on development of cutoffs for both disease activity states
and response. J Rheumatol. 2014;41(6):1212–7.

3.

Helliwell PS, FitzGerald O, Fransen J, Gladman DD, Kreuger GG, Callis-Duffin K, McHugh N, et al. The
development of candidate composite disease activity and responder indices for psoriatic arthritis (GRACE
project). Ann Rheum Dis. 2013;72(6):986–91.
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Supplementary table 1. Primary analysis adjusted for imbalanced baseline factors
Absolute difference [90% CI]

One-sided P-value

Baseline PASDAS

-0.6 [-1.0, -0.1]

0·025

Week 8

+ Female sex

-0.6 [-1.1, -0.2]

0·011

+ Presence of inflammatory back pain

-0.6 [-1.0, -0.1]

0·027

MTX + LEF
(N=39)

MTX + placebo
(N=38)

P-value
One-sided

+ Presence of active dactylits

-0.5 [-1.0, -0.1]

0·026

Absolute
difference [90%
CI]

+ PASI

-0.6 [-1.0, -0.1]

0·019

3.5 (1.2)

3.7 (1.3)

-0.2 [-0.6, 0.3]

0·263

Fulfilling PASDAS LDA, N (%)

9 (28)

10 (29)

-1% [-20, 17]

0·454

Fulfilling PASDAS VLDA, N (%)

4 (13)

3 (9)

4% [-9, 16]

0·465

Fulfilling MDA criteria, N (%)

15 (48)

10 (29)

19% [-1, 39]

0·058

Fulfilling DAPSA LDA, N (%)

19 (58)

15 (43)

15% [-5, 35]

0·113

Fulfilling DAPSA VLDA, N (%)

4 (12)

4 (11)

1% [-12, 14]

0·611

DAPSA, change from baseline,
median (Q1, Q3)

-8.1 (-23.0, -2.5)

-8.5 (-18.5, -3)

..

0·403

SJC66, change from baseline,
median (Q1, Q3)

-2 (-4, -1)

-2 (-4, -1)

..

0·455

TJC68, change from baseline,
median (Q1, Q3)

-1 (-3, 1)

-2 (-5, 0)

..

0·076

Enthesitis (LEI), change from
baseline

-0.6 (1.5)

-0.3 (1.1)

-0.3 [-0.8, 0.2]

0·158

Active dactylitis, N (%)

4 (11)

5 (14)

-3% [-16, 10]

0·500

ESR (mm/h), change from
baseline, median (Q1, Q3)

-4 (-9, 1)

-3 (-10, 0)

..

0·490

CRP (mg/L), change from
baseline, median (Q1, Q3)

-1 (-7, 1)

0 (-6, 1.3)

..

0·129

VAS physician global, change
from baseline

-15.1 (22.4)

-13.3 (18)

-1.8 [-10, 6.3]

0·353

Presence of IBP, N (%)

4 (11)

4 (11)

0% [-13, 13]

0·645

Active psoriasis, N (%)

24 (67)

19 (53)

14% [-5, 33]

0·115

BSA, change from baseline,
median (Q1, Q3)

-0.3 (-1.5, 0)

0 (-0.5, 0)

..

0·016

PGA >1, N (%)

10 (28)

Primary endpoint
PASDAS at week 8

CI = confidence interval; PASDAS = psoriatic arthritis disease activity score; PASI = psoriasis area and severity index.

Supplementary table 2. ACR criteria at week 16
Week 16
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Supplementary table 3. Primary and secondary outcomes at week 8: improvements and differences
between groups in patients with PsA

Adjusted for

MTX + LEF
(N=39)

MTX + placebo Absolute difference
(N=38)
[90% CI]

P-value
One-sided

Fulfilling ACR20, n/N (%)

17/38 (45)

13/37 (35)

10% [-9, 28]

0·198

Fulfilling ACR50, n/N (%)

10/38 (26)

7/37 (19)

7% [-8, 23]

0·222

Fulfilling ACR70, n/N (%)

5/38 (13)

4/37 (11)

2% [-10, 15]

0·517

ACR = American college of rheumatology; LEF = leflunomide; MTX = methotrexate.
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Secondary endpoints

Disease activity components
MSK

Disease activity components
skin

9 (25)

3% [-14, 20]

0·395

PGA x BSA, change from baseline -1 (-4, 0)
median (Q1, Q3)

0 (-0.9, 0)

..

0·019

Active nail disease, N (%)

15 (52)

19 (54)

-3% [-23, 18]

0·419

VAS patient nails, change from
baseline, median (Q1, Q3)

0 (-20, 0)#

0 (0, 0)#

..

0·082

-17.3 (25.1)

-12.5 (24.8)

-4.8 [-14.6, 5]

0·207

PROMS
VAS patient global, change from
baseline
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VAS patient pain, change from
baseline

-14.9 (28)

-14.8 (22.3)

-0.2 [-10.1, 9.7]

0·488

SF12-PCS, change from baseline

4.4 (10.2)

5.6 (8.2)

-1.2 [-4.8, 2.5]

0·299

SF12-MCS, change from baseline -0.2 (9)

-0.9 (10.8)

0.7 [-3.3, 4.7]

0·388

HAQ, change from baseline

-0.2 (0.5)

-0.2 (0.3)

-0.0 [-0.2, 0.1]

0·329

PsAID, change from baseline

-1.2 (1.9)

-0.8 (1.7)

-0.4 [-1.1, 0.4]

0·219

*All values are mean (SD) unless stated otherwise. The primary endpoint was compared between the groups using linear
regression analysis and was adjusted for baseline PASDAS (dependent variable: PASDAS at week 8; independent variable:
treatment group; covariate: baseline PASDAS). A 90% CI is unavailable for all the skewed variables that were tested with a
non-parametric test (Mann-Whitney U test). The number of missing cases at week 8 is higher than at week 16 because of the
COVID-19 outbreak. Due to missingness, the N per group ranges from 31 to 38 in the MTX + placebo group and 29 to 39 in the
MTX + LEF group unless indicated otherwise. All the secondary endpoints were tested using chi-square test (or Fisher exact
test) for categorical variables and unpaired t-test or Mann-Whitney U test (where appropriate) for continuous variables. BSA
= body surface area; CRP = C-reactive protein; DAPSA = disease activity in psoriatic arthritis; ESR = erythrocyte sedimentation
rate; HAQ = health assessment questionnaire; IBP = inflammatory back pain; LDA = low disease activity; LEF = leflunomide;
LEI = Leeds enthesitis index; MCS = mental component score; MSK = musculoskeletal; MTX = methotrexate; PASDAS =
psoriatic arthritis disease activity score; PCS = physical component score; PGA = physician global assessment of skin; PROM
= patient reported outcome measure; PsAID = psoriatic arthritis impact of disease; Q = quartile; SF-12 = short form health
survey; SJC = swollen joint count; TJC = tender joint count; VAS = visual analogue scale; VLDA = very low disease activity.
#
Change in VAS patients nails was available for 33 patients in the MTX + placebo group and 25 patients in the MTX + LEF
group.
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Summary, general discussion and future perspectives
Here, I shall first summarise the main findings of this thesis. This is followed by a discussion
that highlights several important points about these main findings and places them in a
broader perspective. Last, directions for future research are specified. In general, the aim of
this thesis was to study and explore psoriatic arthritis (PsA), particularly the following three
topics: detection of PsA, measurement of disease activity in PsA, and early treatment in PsA.
The specific research aims (per topic) for this thesis were:
Part 1. Improving timely detection of psoriatic arthritis in psoriasis patients
• To systematically assess and summarise possible laboratory, genetic and clinical markers
for the development or presence of PsA in a psoriasis (Pso) population (chapter 2)
• To discover disease-specific immune profiles that discriminate Pso from PsA patients
(chapter 3)
• To determine the prevalence and disease characteristics of Pso patients with known or
newly diagnosed PsA in a dermatology cohort (chapter 4)
Part 2. Refining disease activity assessment in psoriatic arthritis
• To explore the feasibility of implementing the Psoriatic Arthritis Disease Activity Score
(PASDAS) and skin measurements in routine clinical practice (chapter 5)
• To assess the disease burden in a large regional hospital (Sint Maartenskliniek) PsA cohort,
enabled by the implementation of PASDAS measurement and skin measurements in routine
clinical practice (chapter 6)
• To assess differences between men and women with PsA with regard to disease activity and
(not) reaching treatment target (chapter 7)
• To determine the minimal important change and meaningful change value of the PASDAS
(chapter 8)
Part 3. Optimising early treatment of psoriatic arthritis
• To design a randomised controlled trial (RCT) examining the effectiveness of methotrexate
(MTX) and leflunomide (LEF) combination therapy compared to MTX monotherapy in
patients with PsA (chapter 9)
• To carry out a RCT investigating the effectiveness of MTX plus LEF combination therapy
compared to MTX plus placebo (monotherapy) in patients with PsA (chapter 10)

Summary
Part 1. Detection of PsA in Pso patients
Markers associated with (the development of) PsA in Pso patients
In chapter 2, we systematically assessed and summarised possible laboratory, genetic and
clinical markers for the development or presence of PsA in a Pso population. A total of 119
studies were included in the analysis. Of all defined possible markers, C-X-C motif chemokine
ligand 10 (CXCL-10) was the only marker which reached a strong level of evidence for
predicting the development of PsA in Pso patients. With respect to markers associated with
the presence of PsA in Pso patients, strong evidence was found for laboratory markers related
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to inflammation and bone metabolism. No clinical or genetic markers were determined that
reached a strong level of evidence for the presence or onset of PsA. However, some clinical
markers reached a moderate level of evidence for the development of PsA, and might therefore
be promising predictors for the development of PsA in Pso patients. These clinical markers
were: uveitis, (worsening) fatigue, (worsening) function, (worsening) pain, (worsening)
stiffness, arthralgia in women, heel pain, structural entheseal lesions, intergluteal skin lesion,
nail pitting, corticosteroid use, retinoid use, and lifting heavy loads. In conclusion, the results
of this study showed that a useful set of markers for PsA development or presence in Pso is not
established yet.

To date, the most promising marker for the development of PsA in Pso patients is CXCL-10. The
importance of research investigating possible markers for PsA remains high, as a useful set of
biomarkers for the development or presence of PsA is still lacking.

11

Disease-specific immune profiles in Pso and PsA
In chapter 3, we explored disease-specific immune profiles that are able to discriminate Pso
from PsA patients. Patients with Pso and PsA were included in this cross-sectional study. By
using both in-depth flowcytometry and machine learning, disease-specific immune profiles
were identified. This resulted in a random forest-based classification model that was able to
discriminate Pso from PsA patients with high accuracy. When looking further into the PsAspecific profile, this profile was defined by a reduced proportion of CD4 and CD8 memory
T-cell subsets, regulatory T-cells and CD196+ and CD197+ monocytes as well as an increased
proportion of differentiated CD4+ memory T-cells expressing the chemokine receptors CD196
(CCR6) and CD194 (CCR4). Some of these immune cell subsets (memory CD8+CD45RACD197effector T-cells and CD197+ monocytes) also showed an association with joint scores in PsA.
In conclusion, the method described above highlights the possibility of using a combination
of immune cell subsets (i.e. a disease-specific immune profile) to distinguish PsA from Pso
patients.

A combination of machine learning and flowcytometry is able to identify a disease-specific
immune profile that can distinguish Pso from PsA patients. After further validation, this
finding might have the potential to aid timely and appropriate referral of PsA patients to a
rheumatologist.

Prevalence and characteristics of patients with (active) PsA in a Pso cohort
In chapter 4, we determined the prevalence of PsA in a Pso cohort and explored patient
characteristics of active PsA patients that were not under current rheumatological care.
Data from the Discovery of Arthritis in Psoriasis Patients for Early Rheumatological referral
(DAPPER) cohort was used. This is a longitudinal observational cohort of 300 Pso patients,
stratified 1:1:1 for current treatment (topical only, conventional systemic drugs, biologicals/
small molecule inhibitors). Pso patients with concomitant PsA were identified via a structured
interview and physical examination by a rheumatologist at the dermatology outpatient clinic
of the Radboudumc (tertiary centre). The prevalence of concomitant PsA (both known and
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unknown) in this cohort was 24%. The prevalence of PsA increased when treatment intensified
(topicals only 12%; conventional systemics 18%; biologicals/small molecule inhibitors 44%). A
total of 7 (2%) patients had active PsA and were not under current rheumatological care. Five
patients were newly diagnosed, the other two already had a diagnosis of PsA in the past. Only
2 out of the 5 newly diagnosed patients were marked as ‘suspected PsA cases’ according to the
existing Psoriasis Epidemiology Screening Tool (PEST) and Toronto Psoriatic Arthritis Screen
(TOPAS) questionnaires. The disease burden of the active PsA (N=7) patients appeared to be
relatively mild. Almost all these patients (5/7) presented themselves with very limited joint
involvement (i.e. monoarticular disease) and, in line, the majority of these patients (5/7) did
not report a significant impact on quality of Life.

The prevalence of concomitant PsA in the DAPPER Pso cohort was 24%. Seven patients had
active PsA and were not under current rheumatological care. In general, these seven patients
were characterized by very limited joint involvement without significant impact on quality
of life.

Part 2. Refining disease activity assessment in PsA
Feasibility of PASDAS measurement in routine clinical practice
In chapter 5, we assessed the feasibility of implementing the PASDAS and skin measurements
in routine clinical practice. Although the PASDAS was deemed the composite disease activity
measure with the most favorable properties of all the PsA-specific composite measures, it
also had some disadvantages. These disadvantages, with regard to feasibility, included: the
requirement of a CRP and short form health survey (SF)36 at the time of assessment, the
difficult formula, and that it was time consuming. Besides, the PASDAS lacks a formal skin
domain (one of the key domains of PsA). We therefore set out to alleviate these disadvantages.
In agreement with our patients partners, we added a simple and separate measurement of skin
disease (modified body surface area score and physician global assessment of the skin), to the
standardized assessment (i.e. monitoring tool). To lower the assessment burden for patients,
we substituted the SF36 with the SF12 for the assessment and subsequent calculation of the
PASDAS, as previous research has demonstrated that this is a valid alternative. Furthermore,
a three-phase consultation was set-up (Figure 1). This entails completion of questionnaires
and a blood draw before the physician’s visit, consultation with a rheumatology nurse who
performs the physical measurements and a consultation with the rheumatologist. To aid
quick and easy calculation of the PASDAS, the scoring formulas (including mannequins for
joint, enthesitis and dactylitis scoring) were implemented in our electronical health record.
These efforts resulted in standardized measurement of the PASDAS and skin disease of the PsA
patients treated at our clinic.

Implementation of measurement of the PASDAS in routine clinical practice is possible when
appropriate actions are undertaken to increase feasibility.
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these differences also exist in a tightly monitored cohort. To further look into this, data of the
study described above was used for a secondary analysis. Sex differences according to multiple
disease activity parameters were assessed. In addition, sex differences in determinants
associated with not reaching treatment target were assessed using a multivariable analysis.
This study showed that women scored worse than men for both subjective and objective
disease activity measures. Women also less often achieved PASDAS LDA (i.e. the treatment
target). Other factors that were associated with not reaching PASDAS LDA in the overall
sample were: the presence of nail disease and inflammatory back pain, a higher number of
disease-modifying anti-rheumatic drugs (DMARDs) used (in the past or current), and a higher
body mass index (BMI). Notably, when determinants for not reaching treatment target were
stratified for sex, we found that a higher BMI was significantly associated with not reaching
PASDAS LDA in women, but not in men.

11

Figure 1. Three-phase consultation. 1) Blood drawing and filling in of questionnaires; 2) measurement
of PASDAS and skin disease by a rheumatology nurse; 3) consultation with a rheumatologist that has
PASDAS and skin scores in hand when seeing the patient and can make immediate treatment decisions
if necessary.

In a tightly (DAS28) monitored and treated cohort, women with PsA have higher disease
activity than men. Additionally, being overweight is associated with not reaching PASDAS
LDA in women, suggesting that attention should be paid to weight loss in the management of
especially women with PsA.

Disease burden in a large regional hospital (the Sint Maartenskliniek) PsA cohort
In chapter 6, we investigated the disease burden of PsA patients in the Sint Maartenskliniek,
which was enabled by the implementation of the PASDAS and skin measurements in routine
clinical practice. Furthermore, the presence of inflammatory back pain (IBP) was assessed.
Before implementation of the PASDAS, this cohort was tightly monitored and the disease
activity score in 28 joints (DAS28) was measured at every visit and used as an anchor. For
this study, we used cross-sectional data from 855 PsA patients that visited our clinic for the
first time after implementation of standardized PASDAS measurements. Only 53% of these
patients reached low disease activity (LDA) according to the PASDAS (≤3.2). Based on the
DAS28, 77.5% of the patients were in LDA, showing a discrepancy between those two disease
activity measures. Thereafter, patients that reached both the PASDAS and DAS28 LDA target
were compared with patients that only reached DAS28 LDA target. For the patients that only
reached DAS28 LDA (and not PASDAS LDA), worse scores for several important parameters
were found. These included -among others- swollen and tender joint counts and function.
These results strongly suggested that residual disease burden was still present in patients that
were assessed to being in DAS28 LDA.

The minimal important change (MIC) and meaningful change value (MCV) of the PASDAS
In chapter 8, we determined the MIC, MCV and standard error of measurement (SEM) of
the PASDAS. The determination of these values is important to improve the application of
the PASDAS in routine practice and clinical trials. The MIC and MCV both put context to the
patient’s perspective on disease activity. In other words, it is important for physicians to
know which values are deemed a minimal and important/major difference in disease activity
according to patients. In this retrospective cohort study (N=544) that included routine practice
data, an anchor-based method (comparing changes in PASDAS score with an external anchor
question) was used to determine the MIC and MCV. In addition, an interperiod correlation
matrix analysis was used to determine the SEM. The (overall) MIC and MCV were 0.67 and 1.34,
respectively. The SEM was 0.81.

The overall MIC and MCV of the PASDAS were 0.67 and 1.34, respectively. These values may
further improve the application of the PASDAS in routine practice and clinical trials.

Part 3. Optimising early treatment of PsA
PASDAS, skin, and IBP measurements revealed relevant residual disease burden in our
previously DAS28-monitored cohort. This implies that full assessment of PsA domains in
routine practice is of additive value and might improve treat-to-target outcomes in PsA.

Sex differences with respect to disease activity in PsA
In chapter 7, we assessed differences between men and women with PsA with regard to
disease activity and (not) reaching treatment target. We know from previous studies that
differences between men and women with PsA do exist, but not much is known about whether

Study protocol to evaluate the effectiveness of methotrexate (MTX) and leflunomide (LEF)
combination therapy
In chapter 9, we designed a study protocol for a randomised controlled trial (RCT) that
examined the effectiveness of MTX and LEF combination therapy in patients with PsA.
Conventional synthetic (cs)DMARDs are the cornerstone first-line treatment in many PsA
guidelines (of which MTX is the most widely prescribed). One of the main reasons for this, is
that the costs of biological DMARDs (bDMARDs) are high, especially when compared to the
costs of csDMARDs. Therefore, bDMARDs are not readily available in many countries. However,
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the effectiveness of csDMARDs remains unclear, as there is a lack of studies examining their
efficacy in PsA. Furthermore, the effect sizes of the different csDMARDs seem to be relatively
small. Thus, we hypothesized that combining two csDMARDs, MTX and LEF, might be more
effective than csDMARD monotherapy. We designed a trial where patients with PsA and
active disease (defined as ≥2 swollen joints) would be randomized 1:1 to either MTX plus LEF
or MTX plus placebo. Both groups would receive (open-label) MTX 25 mg weekly combined
with LEF 20 mg daily or placebo. To our knowledge for the first time, the PASDAS was chosen
as the primary outcome measure, as it is a PsA-specific measure that has previously shown
good discriminative capacity between treatment arms. The primary research question we
wanted to answer with this study design was: ‘Is a combination of MTX and LEF superior to
MTX monotherapy on improvement in disease activity measured by the PASDAS at week 16 in
patients with active PsA?’.

A study protocol was designed to investigate the effectiveness of csDMARD combination
therapy in PsA. The aim for this study was to compare MTX plus LEF combination therapy with
MTX monotherapy in patients with active PsA.

11

The effectiveness of MTX and LEF combination therapy in PsA (COMPLETE-PsA)
In chapter 10, we investigated whether MTX plus LEF combination therapy was more
effective than MTX plus placebo (monotherapy) in patients with active PsA. The study design
is briefly explained in the paragraph above. Outcomes were measured at week 8 and 16.
Seventy-eight patients were included in this study and there was no lost-to-follow-up. The
results showed that MTX plus LEF was superior to MTX plus placebo at week 16 according
to the change in PASDAS, reaching PASDAS LDA and fulfilling minimal disease activity (MDA)
criteria. In line, almost all the secondary outcome measures showed better scores for the MTX
plus LEF combination group. Notably, measures for skin disease also clearly showed greater
effectiveness of MTX plus LEF combination therapy. Conversely, the data on AEs and treatment
discontinuation showed (slightly) worse scores for the MTX plus LEF group. However, the
study wasn’t powered to measure a statistical difference. To conclude, MTX plus LEF is more
effective than MTX plus placebo in patients with active PsA. However, this study also indicates
that it is possibly less well tolerated. All in all, MTX plus LEF combination therapy appears to
be a viable treatment option in routine practice when combined with strict monitoring of AEs
and shared-decision making.

This RCT demonstrated that MTX plus LEF combination therapy is superior, with regard to
improvement in disease activity, to treatment with MTX monotherapy after 16 weeks in
patients with active PsA. This combination therapy appears to be a valuable and low-cost
treatment option in routine practice.
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General discussion
In the following discussion, I will elaborate on some subjects and questions that I encountered
when performing the research for this thesis. The topics that will be addressed for the three
themes of this thesis are: ‘Improving timely detection of PsA in Pso patients: the meaning of
screening’, ‘Refining disease activity assessment in PsA: we are equal but not the same’, and
‘Optimisation of early treatment of PsA: csDMARDs up-to-date or out-of-date’. This is followed
by a discussion that focusses on two methodological and overarching topics: ‘Routine practice
cohorts versus research cohorts: black, white or grey’ and ‘PsA-specific outcome measures in
routine practice and clinical trials: to measure is to know’.
Detection of PsA in Pso patients: the meaning of screening
Research has shown the importance of timely detection of patients with PsA.1-3 However, from
both research and personal experience, I can conclude that finding ways to ensure timely
detection of PsA is challenging.4,5 Chapters 2, 3, and 4 all addressed screening for PsA and/
or detecting the presence of PsA in Pso patients. These chapters shared the same ultimate
goal: aiding the timely referral of patients with PsA to a rheumatologist. However, defining
‘Which patients should be referred to a rheumatologist and/or should be under the care of a
rheumatologist?’ might not be as easy as it seems to be at first glance. Furthermore, conducting
research that focusses on identifying markers for the development and/or presence of PsA is
challenging and demanding. So, ‘What problems do we encounter when conducting research
that aims to identify markers for the development and/or presence of PsA?’ and ‘Is there an
additional approach to screening for PsA in order to ensure timely referral and diagnosis?’
‘Which patients should be referred to a rheumatologist and/or should be under the care of a
rheumatologist?’
Ideally, all Pso patients (with any musculoskeletal pain) would be referred to a rheumatologist
for an annual check-up. Yet, this is not a realistic approach -among other reasons- due to the
high healthcare costs that are associated with it. To efficiently use our resources, we should
consider which patients should be under the care of a rheumatologist and/or referred to a
rheumatologist and which patients should not. Since the diagnosis of PsA is based on clinical
signs and symptoms, a rheumatologist can only diagnose a patient with PsA with certainty,
when symptoms are present at the time of examination.6 A history of ‘possible’ PsA symptoms,
is (usually) not enough to diagnose a patient with PsA. In the Netherlands, in most cases where
there is suspicion of PsA (but no objectifiable musculoskeletal inflammation), patients will be
referred back to their treating physician (e.g. dermatologist, general practitioner [GP]) and
told to contact the rheumatologist again when they have signs of active disease.
Supportive of this approach is that only PsA patients with active disease have an indication
for (change of) treatment.7,8 In other words, if a PsA patient is currently in complete drugfree (or with the treatment started by the dermatologist) remission, there is no indication
for (intensification of) treatment. So, in effect, both ‘new’ and ‘known’ patients with PsA,
might need only to be seen by a rheumatologist when they have active symptoms. However,
it can be envisioned that preferably patients that are at high risk for a severe disease course
(e.g. structural damage) should be monitored more strictly than patients without this risk.
However, how we could determine a patient’s risk for a more severe disease course has not yet
sufficiently been unraveled.9
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Another matter of question is the definition of ‘active’ symptoms. As an illustration, the
presence of a red, warm and swollen joint in a patient with Pso is obviously a sign of possible
PsA-related joint inflammation. However, PsA can also present itself with enthesitis or,
although less often, with inflammatory back pain (IBP). The signs of enthesitis and IBP are
notoriously more difficult to recognise and screening questionnaires also perform less well
for these manifestations of PsA.10 Thus, the screening of Pso patients for possible PsA should
probably be sensitive to all heterogeneous disease manifestations.
To conclude, in my view it is important that symptoms are present at the time of referral to a
rheumatologist, because referring patients without active symptoms is likely in most cases
not worthwhile. First, because the diagnosis (of both ‘new’ PsA or a possible flare in patients
with a history of PsA) is clinical and can only be made when symptoms are present. Second,
because an indication for (change in) treatment is limited to the subgroup of patients with
active PsA.
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‘What problems do we encounter when conducting research that aims to identify markers for the
development and/or presence of PsA?’
Considering markers for the development of PsA, longitudinal studies are required to determine
which markers that are present in Pso patients (without concomitant PsA) ‘at baseline’ can
predict whether a patient will eventually develop PsA. In chapter 2, we found that there are
not many (translational) longitudinal studies available. The most likely explanation is that
these studies are difficult to conduct. This is because the annual incidence of newly diagnosed
PsA in a cohort of Pso patients is relatively low. Research showed that the incidence of PsA
in a Pso cohort is 1.7%, 3.1%, and 5.1% at 5, 10, and 20 years following the diagnosis of Pso,
respectively.11 For example, a cohort of 1000 Pso patients has to be followed for 5 years, to
detect 17 new PsA patients. As a result, the (lack of) power of these studies is an issue, as it is
challenging to reach a substantial number of cases (PsA patients). In addition, patients have to
be screened for PsA multiple times. If a patient has not developed PsA at ‘time point A’, it is very
well possible they will develop it at ‘time point B’. These two elements taken together make
conducting these studies very time and resource consuming. Therefore, efforts have been
made to merge data from existing longitudinal psoriatic disease cohorts from all over Europe,
thereby increasing knowledge and opportunities for future research (https://www.imi.europa.
eu/projects-results/project-factsheets/hippocrates).
With respect to markers associated with the presence of PsA, these can be investigated in
cross-sectional studies. To do so, a group of PsA patients has to be compared with a group
of Pso patients. Yet, this implies that Pso and PsA patients can be divided into two mutually
exclusive categories. It is questionable whether this is truly the case. It has been proposed
that Pso and PsA are more a spectrum of one (psoriatic) disease than two different disease
entities.1,12 This becomes more clear when including patients for studies (chapter 3). To
illustrate, in which group would one place a patient that uses only topical treatment and has
the following characteristics: active skin disease (Pso) and a PsA diagnosis in the past (but
without active disease for multiple years). Is this a Pso patient? A PsA patient? Or should we
exclude this patient from the study?
As stated before, the ultimate aim is to aid the referral of patients with active PsA. With this
goal in mind, it is plausible that when conducting these studies (that seek to identify markers
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for the presence of PsA), it is important to limit the inclusion of patients in the PsA group to
patients with active PsA. It can therefore be argued that a limitation of the study described in
chapter 3 was that we also included PsA patients without active disease. In chapter 2, I found
that a small majority of studies report about disease activity of PsA patients. Even when they
do so, the information on disease activity that is provided in these papers is limited most of the
time. Hence, another potential way to optimise these studies, could be to improve reporting
on disease activity. Additionally, any ‘undiscovered’ PsA activity in the Pso population should
ideally be ruled out by a rheumatologist.
‘Is there an additional approach to screening for PsA in order to ensure timely referral and
diagnosis?’
A positive development in the field of psoriatic disease is that, with the rise of the use of PsA
screening questionnaires in dermatological settings, the ‘PsA awareness’ of dermatologists
has increased.13 Nonetheless, these screening questionnaires perform suboptimal (as shown
in chapter 4) and have to be repeated.10,14 It is therefore of interest to assess additional options
to ensure timely referral. An opportunity may lie in not only increasing the awareness of
dermatologists, but also increasing patient awareness. Further improving and supporting
the self-management of patients with Pso, might be a promising strategy. This should
involve educating patients about PsA and possible signs of PsA, and when to contact their
treating physician. Preferably, this should not only be implemented in the dermatological
setting, but also in the primary care setting, as many patients with Pso are solely under the
care of a GP.13 It is plausible that applying a twin-track approach (screening questionnaires
combined with strategies to improve patient self-management and awareness), might
lead to an improvement in the timely referral of patients with (possible) PsA. Besides, it is of
importance that rheumatologists and dermatologists educate each other in the subtleties of
musculoskeletal and skin disease, respectively.
Disease activity in PsA: we are equal, but not the same
The results from the study described in chapter 6 -although not specifically set-up to
investigate this- implied that disease activity in women with PsA might be higher than
in men in our tightly monitored cohort. These results led to the origin of chapter 7, where
significantly and clinically meaningful higher disease burden was found in women compared
to men with PsA. In addition, we found that factors associated with reaching low disease
activity differed between men and women. According to this data, we can infer that sex
differences did exist in our (tightly monitored and treated) cohort. This finding was contrary
to my expectations. While I was aware of some studies showing differences between men and
women with PsA, intuitively I expected that treating and monitoring patients tightly would
diminish these differences. This led to two important questions ‘Why do women in a tightly
monitored and treated cohort have worse disease activity than men?’ and ‘Should the treatment
and management of men and women with PsA be different?’
‘Why do women in a tightly monitored and treated cohort have worse disease activity than men?’
The differences between men and women are complex and extensive. Important biological
differences between men and women, that might play a role in rheumatology, include (but
are not limited to): body composition (e.g. men generally have a lower fat percentages and are
taller than women), anatomy/physiology (e.g. women have a smaller liver and subsequently
a lower first-pass metabolism), sex hormones (e.g. testosterone is the dominant sex hormone
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in men and estrogen in women), and both the adaptive and innate immune response (e.g. the
prevalence of infectious diseases is higher in men).15-18 Although this knowledge is not novel,
the translation of the existence of sex differences to routine PsA practice is relatively new.

that discontinued (previous) treatment. This may have differed between men and women in
our cohort, since the discontinuation and adverse event rate of medication in PsA generally
appears to be higher in women.24,30

Previous research has shown that the disease presentation of men and women with PsA differs.
Women tend to have higher disease burden compared to men, with more often elevated
inflammatory markers, enthesitis, swollen joints, higher disease activity (according to disease
activity measures), higher impact of disease in daily life, and worse scores for patient reported
outcomes. Conversely, men seem to have more severe skin/nail disease and inflammatory
back pain.19-24 But if you treat and monitor patients tightly and apply standardized protocols,
why don’t these differences diminish or disappear?

With respect to possible different treatment effects for men and women, a plausible
explanation for the observed sex differences could be that women tend to have higher
baseline disease activity scores. So, the response rates to medication of men and women
might be similar, but women have higher disease burden at baseline, and this may still lead
to women ending up with higher disease activity scores. To rephrase this, the ‘improvement in
disease activity’ may be equal for men and women, but women have a higher starting point.
Looking at it from a different perspective, it is also possible that women and men do respond
differently to treatment (i.e. the ‘improvement in disease activity’ is not equal in men and
women).

I will discuss three possible explanations for the observed sex differences in our cohort.
First, the lack of full assessment of all disease manifestations of PsA in our cohort (prior to
the implementation of PASDAS measurement), could possibly contribute to the observed sex
differences. The data of chapter 6 and 7 was collected at the time we switched our cohort
from using the DAS28 as an anchor to a (PASDAS) treat-to-target approach. In other words, the
collected data was from patients that had their first PASDAS measurement, but they were not
subjected to PASDAS treat-to-target yet. We already knew that tightly monitoring and treating
patients with only the DAS28 as an anchor was suboptimal (chapter 6). Yet, sex differences
were also revealed by measurement of DAS28, since women also had higher DAS28 scores than
men. Thus, it is unlikely that the lack of full assessment of all disease manifestations is the sole
explanation for our findings.
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Second, a frequently proposed explanation, is that women tend to mostly have worse scores
for the ‘subjective measures’ such as pain and quality of life.20,22,25 Besides, the prevalence
of concomitant fibromyalgia syndrome is higher in women.26 Of note, these disease
manifestations are often thought of as ‘not warranting intensification of DMARD therapy’.
However, in our cohort (chapter 7), we also found worse scores for women for almost all the
objective measures (e.g. swollen joints, acute-phase reactants). It is possible that women
report worse subjective measures (e.g. pain) because they score worse on objective measures
(e.g. swollen joints), instead of it being an ‘isolated’ phenomenon. Furthermore, distinguishing
concomitant fibromyalgia from PsA-related enthesitis is difficult and this could further
blur the clinical picture.27 The higher disease activity in women can therefore not solely be
explained by having worse subjective scores. Although personal interpretation by the treating
physician of disease activity and complaints might still be coloured by sex of the patient and
thus influence decision making on e.g. treatment intensification.
Third, following the above, different treatment or treatment effects for men and women could
be other possible explanations for the observed sex differences.28,29 With regard to possible
different treatment of men and women, chapter 7 showed that the proportion of patients
that used a conventional synthetic disease-modifying anti-rheumatic drugs (csDMARD) or
biological DMARD (bDMARD) did not differ between men and women. Nevertheless, this does
not rule out relative undertreatment of female patients, as we demonstrated that women had
higher disease burden and therefore treatment possibly should have been intensified (e.g. more
bDMARD use in women). Unfortunately, we did not look into the dosage of the medication that
was used (as lower dosage might result in lower effectiveness) or the proportion of patients

‘Should the treatment and management of men and women with PsA be different?’
To date, not much evidence is available on sex-specific treatment strategies in PsA. It is
suggested that the response for women to tumor necrosis factor-inhibitor (TNFi) treatment
is lower than for men, consistent with results in axial spondylartritis.31,32 The impact of sex
on efficacy outcomes was also investigated in the EXCEED study (secukinumab [IL17i] versus
adalimumab [TNFi]) and the results were presented at the American College of Rheumatology
(ACR) conference 2020 (abstract number: 0507). They showed greater effectiveness of
secukinumab (compared to adalimumab) in women, whereas for men no differences were
found. Conversely, for Janus kinase inhibitors (JAKi), no meaningful differences in response
rate between the sexes were found (ACR 2020; abstract number: 0377). In conclusion, this data
indicates that there may be different treatment response for men and women. I suggest that
treatment protocols should take these sex differences into account and that future research
unraveling these sex differences is meaningful. This research should not only focus on
differential treatment responses to medication, but also on other factors that may contribute
to not reaching a state of ‘low disease activity’ in men and women, as these may also differ (as
was emphasized by chapter 7).
All in all, crystal clear answers to the questions proposed above are not available yet. However,
we have many indications that men and women with PsA are ‘not the same’ and that attention
should be paid to sex differences in routine practice and when conducting clinical trials in PsA.
Early treatment of PsA: csDMARDs, up-to-date or out-of-date?
It might be deemed of interest that csDMARDs are still the preferred first line DMARD in PsA
despite the paucity of evidence for their efficacy. Especially, since the evidence for the efficacy
of biological bDMARDs and targeted synthetic (ts)DMARDs is much more robust.13 This
raises the questions why we would still prescribe csDMARDs (with a paucity of evidence for
their efficacy) in PsA as fist-line therapy and why would we still be interested in performing
research investigating the efficacy of (combinations of) csDMARDs? That this is indeed a
relevant question was highlighted by a comment I received on our study protocol from one of
the reviewers (chapter 9). This reviewer questioned whether research on csDMARDs was still
relevant. I will therefore further look into this topic and provide my view on whether csDMARD
research in PsA is really outdated or not. The following questions are considered: ‘Why are
csDMARDs on top of the list of PsA treatment guidelines when their effectiveness is questionable/
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still unknown?’, and ‘What are the possible advantages of prescribing a csDMARD?’. Finally,
‘Should we still conduct csDMARD research in PsA?’ and ‘Should methotrexate and leflunomide
combination therapy be a first-line treatment option in patients with PsA?’ will be explored.
‘Why are csDMARDs on top of the list of PsA treatment guidelines when their effectiveness is
questionable/still unknown?’
There are two likely explanations why csDMARDs are still mentioned as preferred firstline therapy in PsA. First, rheumatologists have ample experience prescribing csDMARDs,
especially methotrexate (MTX), in RA. This makes starting a csDMARD in PsA an option they feel
‘comfortable’ with. On a side note, in RA, csDMARDs are even often continued during bDMARD
therapy as this has been proven to improve efficacy and drug retention.33 Conversely, there is
no evidence that for PsA the same holds true.34 The second, and probably main reason, has a lot
to do with the limited (absolute and/or relative) availability of b/tDMARDs in many countries.
This mostly relates to their costs, that are still higher than the costs of csDMARDs. Many (also
high-income) countries have strict requirements for starting a b/tsDMARD (e.g. failing at least
one or two csDMARDs).35 In some low-income countries, they are not available at all or only for
people participating in pharmaceutical trials.
‘What are the possible advantages of prescribing a csDMARD?’
In addition to the low costs of csDMARDs, csDMARDs also have additional advantages. One of
them, is that the infection rate for csDMARDs is (slightly) lower than for bDMARDs, which is
especially of importance in high endemic (tuberculosis) areas.36 Additionally, csDMARDs can
be stored by room temperature. On the contrary, most bDMARDs have to be stored at a lower
temperature (i.e. in a refrigerator). Something that is again, not always possible for everyone
and/or in every situation. For instance, PsA patients using a bDMARD frequently request advise
on how to bring and store their medication when they go on a trip abroad.
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Another consideration, that in my opinion and experience is often overlooked, is the route
of administration for medication. The majority of patients prefer oral medication over
subcutaneous medication.37 All the bDMARDs are unavailable in oral form, whereas csDMARDs
are available in oral form. Especially for newly diagnosed patients that start with systemic
treatment, being able to start with oral medication, and not having to learn how to inject
yourself (right away), could possibly lower the threshold for starting with systemic medication
for these patients.
‘Should we still conduct csDMARD research in PsA?’
Since, supported by international and local guidelines, the large majority of PsA patients with
peripheral disease is prescribed a csDMARD as first-line therapy, one could argue that we have
a moral obligation to further investigate their effectiveness. This was also acknowledged by
the European Alliance of associations for Rheumatology (EULAR) that prioritized assessing
the effectiveness of (combinations of) csDMARDs on their research agenda.8 In spite of this
recommendation, not many csDMARD trials have been performed in the last decade. The key
reason for this is probably (lack of) funding. Pharmaceutical companies have a big influence
on the trials that are performed to date and have a large budget. The pharmaceutical
companies thereby influence the medication that is researched in trials, namely b/tsDMARDs
(they produce). For these companies, there is no (financial) incentive to fund trials assessing
the efficacy of (combinations of) csDMARDs.
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Another possible reason for the lack of conducted csDMARD trials in PsA, is that rheumatologists
have ample experience and are confident in prescribing csDMARDs (especially MTX), as
mentioned before, and base their judgement on the effectiveness of csDMARDs on their own
expert-opinion. However, considering the available evidence for MTX (the most frequently
prescribed csDMARD), the efficacy of this drug in PsA is still unclear. The MIPA trial failed
to show superiority of MTX over placebo.38 But MTX was not optimally dosed (15 mg weekly
instead of the usual 25 mg weekly) and this trial had other methodological issues. It is plausible
that we should therefore perform a trial assessing the effectiveness of MTX under optimal
conditions. This is endorsed by the PsA research agenda, as investigating the effectiveness of
MTX is still prioritized.8 The only way to examine the effectiveness of solely MTX, would be
to compare a placebo arm versus a MTX monotherapy arm. However, many people consider
such a trial unethical. As MTX is the usual first-line treatment and a delay in treatment can
lead to negative outcomes for patients.2,39 Moreover, patients likely have little motivation to
participate in a trial where it is possible that they receive placebo instead of (possible) active
treatment for a couple of months. Thus, although important, it is not as easy as it might look
at first glance to conduct randomized clinical trials assessing the efficacy of MTX and/or other
csDMARDs.
To summarise, the efficacy of csDMARDs -alone or in combination- is not yet completely
clarified. For many different reasons however, performing csDMARD trials is not really
‘popular’ in the field. Thanks to our research, described in chapter 10, we do know however
that they might be a valuable (low-cost and safe) treatment option and I therefore propose
that research that focusses on csDMARDs is not outdated but is still relevant.
‘Should methotrexate and leflunomide combination therapy be a first-line treatment option in
patients with PsA?’
The COMPLETE study (chapter 10) showed that almost double the patients receiving the
combination of MTX plus LEF achieved the minimal disease activity (MDA) criteria or PASDAS
low disease activity compared to MTX monotherapy. When translating this result to the
patients perspective, this means that a patient has a chance that is almost twice as high to
respond to first-line treatment compared to current usual care (MTX monotherapy). It can
therefore be argued that MTX plus LEF combination therapy should indeed be considered as
a first-line treatment in PsA. However, we do have indications that the combination therapy
is less well tolerated than MTX monotherapy and therefore shared-decision making is of
importance. Thus, are patients willing to accept a possibly higher chance of intolerance, in
exchange for a higher chance of treatment response? A shared-decision making process could
aid in discussing whether to adopt a step-up or step-down approach. Future investigation
of the long-term side effects of MTX and LEF combination therapy in PsA will further aid
policy makers in deciding what the placement of this combination therapy should be in PsA
treatment guidelines.
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Methodological considerations
Research cohort versus routine practice cohort: black, white or grey
When conducting scientific research, data can be derived from roughly two important data
sources. The first source, is data from research cohorts. Data in these cohorts is collected
specifically for research purposes. The second one, is routine practice data. In this case, data
isn’t collected for research purposes (solely), but is collected in routine practice (primarily to
evaluate treatment response) and can be used for research purposes.
I would like to share some of my observations obtained after using data from a routine
practice cohort to perform the research for this thesis. All the data from part 2 ‘Refining
disease activity assessment in PsA’ (chapter 5, 6, 7, 8) of this thesis was collected in routine
practice. In addition, part of the data described in chapter 10 was derived from routine
practice. Questions that I will elaborate on, using my own experience as a reference, are: ‘What
are drawbacks and benefits of using routine practice data for research especially compared to
using data from research cohorts?’ and ‘Is there an opportunity to intertwine routine practice
and research cohorts?’
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‘What are drawbacks and benefits of using routine practice data for research compared to using
data from research cohorts?’
With regard to possible drawbacks, the following factors should be considered. First, the data
is less ‘clean’ than data from research cohorts. The data collection is not standardised and the
data is collected in different formats. As a consequence, cleaning the data before it can be used
for research purposes is more time consuming. In general, there is also more ‘missing data’,
because the data that is needed to answer your research question is not as precisely collected
as you need it to be (or wasn’t collected at all). Furthermore, there are no specific time intervals
between measurements. Data is collected when patients visit the clinic and therefore the
time between measurements may vary. This is exemplified by the results from chapter 8,
where we found that the time between two appointments differed between patients. Thereby
possibly leading to a less precise estimation of the standard error of measurement, minimal
important change (MIC) and meaningful change value (MCV). From a methodological point of
view, different potential systematic errors (biases) have been described that may occur when
using routine clinical data to assess the effects of healthcare interventions. These include, but
are not limited to, information bias, selection bias and prevalent-user bias.40
Considering possible benefits on the other hand, the following points should be taken into
account. First, by collecting data in routine practice, the sample size is usually much larger
than in research cohorts. Even if patients don’t want to participate in clinical research,
most of these patients do give consent to use their (anonymized) observational data from
the electronical health record (EHR) for research purposes. Besides, regarding the clinical
implication of results, it is conceivable that translating results to routine practice is easier
in routine practice cohorts, as the data used for the study was already collected in routine
practice. Another advantage is that it is less time consuming to collect the data, as ‘the data
collects itself’. Especially when the data is entered in the EHR in a way that it is easy to handle
‘on the back-end’ (e.g. as less plain text as possible).
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‘Is there an opportunity to intertwine routine practice and research cohorts?’
An example of intertwining the two can be found in chapter 10. A lot of the measurements
were performed in routine practice, as the measurement of the PASDAS (the primary outcome
for this study) was part of daily care in this cohort. This was supplemented with additional
measurements that were deemed important for this specific study. Embedding part of the
measurements of this trial in routine practice rendered this trial more feasible to conduct.
Also for patients, the threshold to participate in this clinical trial was probably lower, as they
were not treated very differently from patients that did not participate in the trial.
The example above underscores that research and observational routine practice cohorts can
be intertwined. Another option (and a possible ‘sweet spot’) to do so, may be found in the trial
within cohort concept (TwiC).41 This concept uses an existing observational cohort. Within this
cohort, patients that are possibly eligible are offered the trial intervention. Patients that are
not selected can serve as the control group. The TwiC set-up has a big advantage compared
to other set-ups with regard to research opportunities as multiple trials can be executed
in the same cohort. In addition, the external generalisability of the results might be higher
than of traditional RCTs. Especially for PsA, where patient inclusion can be a hurdle (due to
the relatively low prevalence compared with other rheumatic diseases such as rheumatoid
arthritis [RA]), this might offer an opportunity to facilitate patient inclusion.42 The idea of
using a TwiC set-up in PsA research, has already been put into practice by Coates et al. (https://
clinicaltrials.gov/ct2/show/NCT03739853).
In summary, data can be derived from research cohorts, routine practice cohorts or
a combination of these two. This last option might possibly be the one with the most
undiscovered opportunities.
PsA-specific outcome measures in clinical trials and routine practice: to measure is to
know
Following from the last section about the intertwining of routine practice cohorts and
research cohorts, ideally one would use a PsA (composite) outcome measure that is suitable
for measuring outcomes in both the routine practice and clinical trial setting. In chapter 5,
6, 7, 8 the results of PASDAS implementation in routine practice are shown. And in chapter 9
and 10 we demonstrated that the PASDAS can also be used as a primary outcome measure in a
clinical trial. This illustrates how the same PsA-outcome measure can be used in both settings.
However, despite possible advantages, the implementation of PsA-specific outcome measures
in both routine practice and clinical trials is still limited. In the following section I will outline
why it is vital to make efforts to increase the implementation of PsA-specific outcome
measures in both settings and how and why this would improve the care for PsA patients. The
following questions will be addressed: ‘Why is it important to implement a PsA-specific outcome
measure in routine practice?’, ‘Why is it important to implement a PsA-specific outcome measure
(as primary outcome) in clinical trials?’, and ‘What are the lessons learned from using the PASDAS
in both routine practice and as primary outcome in a clinical trial?’
‘Why is it important to implement a PsA-specific outcome measure in routine practice?’
Implementing a PsA-specific outcome measure in routine practice is crucial to apply a
fitting treat-to-target approach. Treat-to-target (T2T) encompasses routine assessment of
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disease activity and adjustment/escalation of treatment until the preferred target is reached.
Applying a T2T approach has been shown to improve clinical outcomes (including function and
quality of life) in PsA patients.43 The EULAR task force proposed -among others- two general
recommendations8:
1. ‘The treatment target should be clinical remission/inactive disease of musculoskeletal
(arthritis, dactylitis, enthesitis, axial disease) and extra-articular manifestations.’
2. ‘Validated measures of musculoskeletal disease activity and assessment of cutaneous and/or
other relevant extra-articular manifestations should be used in clinical practice to define the
target and to guide treatment decisions; the frequency of the measurements depends on the
level of disease activity.’
However, although PsA guidelines do recommend T2T in PsA, no consensus has been reached
on the preferred ‘gold standard’ outcome measure in routine practice.44
In addition to the T2T approach, implementing a PsA-specific composite measure in routine
practice is also important to aid clinical decision making with respect to treatment. Using
a PsA specific continuous composite measure enables the treating physician to determine
the disease activity in multiple dimensions while also providing a single outcome to
determine disease severity and treatment effect over time. This is further supported by the
Group for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) treatment
guideline, that provides domain-specific recommendations (i.e. peripheral arthritis, axial
disease, enthesitis, dactylitis, skin disease, or nail disease).7 Depending on which domain is
predominantly involved, different medication is recommended.
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Despite recognition of its importance, routine measurement of PsA-specific outcomes has
not yet been implemented widely.45 Concerns with respect to feasibility seem the biggest
obstacle to overcome.46 Two approaches to tackle this issue have been proposed.47 First, as
demonstrated in chapter 5, the organization/set-up of the consultation can be adjusted
(i.e. three phase consultation, Figure 1) in addition to the use of digital technology (e.g.
implementation of PASDAS items and calculation in the EHR). Second, (existing) composite
measures can be shortened to increase their feasibility in routine practice.48
Thus, although deemed difficult, overcoming the feasibility obstacles when implementing a
PsA-specific outcome measure in routine practice is possible and important. This is because it
facilitates both a T2T approach and helps therapeutic decision-making. The implementation
of a PsA-specific outcome measure in routine practice thereby promises to optimise and
improve the care for PsA patients.
‘Why is it important to implement a PsA-specific outcome measure (as primary outcome) in
clinical trials?’
Although there is increasing awareness that RA and PsA are two completely different diseases
that subsequently should be treated differently, this has not been (fully) translated in the
use of PsA-specific outcome measures.42 Looking at it more closely, an interesting landscape
emerges. Patients with PsA are assessed using RA-specific outcome measures in both daily
practice and clinical trials.46,47 This discrepancy is endorsed by chapter 6, where I describe
that the DAS28 (a primarily articular and RA-specific measure) was used for many years
to assess disease activity and treatment response in PsA patients that were treated at the
Sint Maartenskliniek (up until 2018). The DAS28 includes a tender and swollen joint count of 28
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joints, patient global score, and an acute-phase reactant.49 We showed that relevant residual
disease burden was still present in all disease domains of PsA, which implies that the DAS28
(or the treating physician) did not pick-up on especially the extra-articular manifestations
of PsA and that the 28 joint count (instead of a 66/68 joint count) was too limited.50 For the
following section however, I would like to focus on the use of RA outcome measures in PsA
clinical trials. More specifically, the very common use of the ACR 20/50/70 response criteria as
primary outcome measure in PsA clinical trials.51 In addition, I will address why there is a need
for replacement of the ACR criteria with a PsA-specific outcome measure.
For a better understanding of the subject, the drawbacks of using the ACR response criteria in
PsA have to be addressed. From this automatically follows what the value of replacing these
criteria with a more appropriate measure would be. The ACR response criteria are shown in
the box below.

ACR response criteria
- 20%/50%/70% improvement in:
• swollen joint count
• tender joint count
And
- 20%/50%/70 improvement in at least 3 of the following 5 items:
• patients' global assessment of disease activity
• physicians' global assessment of disease activity
• patients' global assessment of pain
• acute-phase reactant
• disability

With regard to the ACR criteria, a few things stand out. First, because of the way the ACR
response criteria are ‘built up’ (i.e. the minimal requirement of improvement in swollen and
tender joints as entry criterion), they are better suited for use in polyarticular disease (the most
common presentation of RA) than in oligoarticular disease (the most common presentation
of PsA). Subsequently, because the ACR response criteria are best suited when at least 3 (but
ideally 5) joints are involved, a minimum of 3 swollen and 3 tender joints at time of inclusion
is required for almost all PsA trials. This results in a less representative sample, because PsA
patients with involvement of ‘only’ 1 or 2 joints are not included. One should bear in mind that
in PsA the larger joints are often involved (in contrast to RA). So even if the number of joints
involved seems limited at first glance, it can still be very debilitating for a patient to have,
for example, two swollen knees. Therefore this subgroup of PsA patients should not be left
out from clinical trials. Second, it is a binary outcome measure. Because patients are defined
as responders or non-responders, this results in a loss of information and subsequently
statistical power. Therefore, using a binary outcome measure in clinical trials requires a larger
sample size. This hampers the feasibility of conducting PsA trials (in particular investigatordriven trials) as the prevalence of PsA is lower than RA.42 Last, it does not take extra-articular
manifestations of PsA (e.g. dactylitis, enthesitis) into account and could thereby underestimate
disease burden.
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The main advantage of implementing a PsA-specific composite measure in clinical trials relates
to the heterogeneity of the disease. Because of the multifaceted nature of PsA, a measure
that assesses disease activity (and thereby treatment response) across all PsA domains is
very likely to represent this disease better than measures that only take the articular domain
into account (e.g. ACR criteria).52 It follows that when a PsA-specific outcome measure is used
in clinical trials, this facilitates the translation of these results to the daily practice setting.
Furthermore, it also facilitates the inclusion of a more heterogenous sample (i.e. monoarticular and oligoarticular disease) instead of a homogeneous sample (i.e. polyarticular
disease). This better reflects the PsA patients seen by rheumatologists in daily practice.
‘What are the lessons learned from using the PASDAS in both routine practice and as primary
outcome in a clinical trial’?
Here, I would like to reflect on the use of the PASDAS as primary outcome measure in both
routine practice (chapter 5, 6, 7, 8) and in a clinical trial (chapter 9, 10). To recap, the PASDAS
items are shown in the box below. The items are (numerically) combined in a quite complex
formula.53 The PASDAS has previously shown good discriminative capacity between treatment
arms and also reflects extra-articular involvement.54 Additionally, it was considered to be
the most appropriate measure for use in clinical trials.46 Yet, because of its complexity, it was
deemed unfeasible for use in routine practice in its current form.46

11

PASDAS items
• swollen joint count (0-66)
• tender joint count (0-68)
• dactylitis count (0-20)
• leeds enthesitis index (0-6)
• C-reactive protein
• VAS patients global disease activity (0-100)
• VAS physician global disease activity (0-100)
• SF12/36-PCS (0-100)

As feasibility is such an important topic and the main reason for not implementing a PsAspecific outcome measure in routine practice, I will first discuss my own experiences with
the feasibility of PASDAS measurement in daily practice. My overall experience is, that with
the set-up as described in chapter 5, PASDSAS measurement is reasonably feasible in routine
practice. The complex formula is a hurdle, but once we correctly implemented this formula
in the EHR, the score was always readily available (as the calculation is performed ‘on the
back-end’). Because all the separate components of the PASDAS are also shown in the EHR (in
addition to the final score), this enables rheumatologists to interpret changes of the separate
components over time.
However, for the calculation of the PASDAS, every separate assessment (see box above) is
needed. Without one of these assessments, calculation of the PASDAS is not possible (as
the formula doesn’t allow for missing values). Specifically for the short form (SF)12 physical
component summary score (PCS) this can be a problem. If a patients skips one question, the
SF12-PCS cannot be calculated and consequently the PASDAS cannot be calculated. Based
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on my own experience, the questionnaire (SF12-PCS) is the one that is most often partially
or completely missing in our busy outpatient clinic. In case the SF12-PCS is missing (and the
rheumatologist has no time to let a patient fill-out this questionnaire), the SF12-PCS of the
previous visit is often used to calculate the PASDAS. This yields the PASDAS less accurate. Yet, the
biggest feasibility problems with the PASDAS became apparent during the COVID-19 outbreak.
Because our rheumatology nurses had clinical duties on the COVID-19 cohort ward, they were
not available for the (physical) assessment of PsA patients at the outpatient department.
Following, it emerged that our nurses were essential for the process, as assessment of all
the PASDAS items was deemed too time-consuming by many rheumatologists to perform
themselves. To conclude, the PASDAS is feasible in routine practice, but the three-phase
consultation (Figure 1) as described in chapter 5 is essential to make it work. We are still
using the PASDAS to date and have made further efforts to improve its application in routine
practice (chapter 8).
With regard to my experiences with the PASDAS as primary outcome measure in a clinical
trial (chapter 9, 10), I would like to consider the following observations. Because the PASDAS
is also used for assessment in routine practice, part of the data for the COMPLETE study was
collected in routine practice, which was very convenient. Moreover, when performing the
sample size calculation, I found that using the PASDAS as primary outcome measure allows for
a relatively small sample size compared to other measures. This is because the PASDAS yields
a continuous score, that is normally distributed. Using the PASDAS also aided the inclusion
of patients with limited joint involvement (oligoarticular disease). Additionally, as shown in a
previous study and by the results in chapter 10, achieving PASDAS low disease activity (where
the PASDAS is dichotomized) reflects achieving MDA criteria.55 The state of MDA is proposed
as the preferable primary target in clinical trials.56 Of note, the PASDAS does not include a
skin and axial domain. As we had already implemented measures for skin and axial disease
in routine practice, this was not a hurdle in this study. But when using the PASDAS as primary
outcome measure, it should be recognised that separate and supplementary measures have
to be used for the assessment of axial disease and skin disease.
In summary, the PASDAS has shown to be a valuable composite outcome measure in both
routine practice and clinical trials. Continued efforts are needed to optimise (the use of) the
PASDAS, as this may further aid the use of this measure in daily practice and clinical trials.
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Future perspectives
The main findings of this thesis provide new insights and thereby directions for future
research. I consider the following recommendations to be of main importance with regard to
future research directions in PsA.
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Optimising early treatment of psoriatic arthritis
The observational long-term follow-up data of the COMPLETE study (MTX+LEF vs
MTX+placebo) should be used to investigate research questions with respect to
sustained remission, drug-survival, radiographic progression, and the occurrence
of side effects.

Improving timely detection of psoriatic arthritis in psoriasis patients
Research that aims to identify clinical and biological markers for the presence
of PsA in Pso patients might benefit from especially focusing on the subgroup of
active PsA patients.

The effectiveness of other csDMARD combinations could be explored. In addition,
the efficacy and safety of csDMARD combinations versus bDMARD therapy should
be investigated.

Translational research in this field could be improved by conducting longitudinal
studies, as this enables identifying markers associated with the development of
PsA. This may aid timely identification of Pso patients at risk for developing PsA.
Collaboration between clinicians (i.e. dermatologists and rheumatologists) and
basic/translational scientists is vital when conducting laboratory studies. This
improves both clinical characterization of patients and interpretation of study
findings.
Psoriatic arthritis symptom awareness should be increased by education of Pso
patients. Exploring different methods of increasing patient awareness could be
investigated and implemented.
Refining disease activity assessment in psoriatic arthritis

11

The experience of rheumatology centres with regard to the feasibility of the
different PsA-specific outcome measures and treat-to-target in routine practice
should be mapped to aid (and supplement) treat-to-target recommendations in
PsA.
Research comparing different PsA-specific composite measures (regarding clinical
outcomes) in a treat-to-target setting is of interest. Specifically, evaluating disease
burden upon applying a treat-to-target strategy with shortened versions versus
the ‘orginal’ (more elaborate) composite measures.
In line, ways to increase the feasibility of the (use of the) PASDAS should be explored
to facilitate its use in routine practice.
Sex differences in treatment response should be investigated and the findings of
these studies should be taken into account in PsA management guidelines and
consequently personalised medicine.
PsA-specific outcome measures should be used as primary endpoint in PsA clinical
trials.
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Chapter 1

Nederlandse samenvatting

Deze Nederlandse samenvatting is vooral bedoeld voor lezers zonder specifieke
achtergrondkennis. Voor een uitgebreidere samenvatting en discussie verwijs ik graag naar
hoofdstuk 11 ‘Summary, general discussion and future perspectives’. Hieronder zal ik eerst een
korte samenvatting geven van het ziektebeeld artritis psoriatica in het algemeen. Deze zal
worden gevolgd door een samenvatting van de belangrijkste bevindingen per hoofdstuk van
dit proefschrift.
Artritis psoriatica
Artritis psoriatica is een reumatische ziekte waarbij mensen zowel huid- als gewrichtsklachten
kunnen krijgen. De ziekte wordt vastgesteld op basis van ‘klinische’ kenmerken en symptomen.
Er is op dit moment nog geen bloedtest beschikbaar die kan helpen bij het stellen van de
diagnose. Veruit de meeste mensen krijgen eerst klachten van de huid (psoriasis), voordat zij
artritis psoriatica ontwikkelen. De huidziekte psoriasis treft ongeveer 2% van de mensen in
West-Europa. Bij ongeveer 30% van deze mensen met psoriasis ontwikkelt zich vervolgens
artritis psoriatica. Deze aandoening heeft grote gevolgen voor de kwaliteit van leven van
deze patiënten. Daarnaast kan deze aandoening, indien deze niet op tijd wordt herkend
en behandeld, leiden tot verminderde (gewrichts)functie en structurele gewrichtsschade.
Het tijdig opsporen van artritis psoriatica is van belang om deze negatieve uitkomsten te
voorkomen.
De presentatie van artritis psoriatica is erg divers. In totaal kunnen er 6 ‘domeinen’ betrokken
zijn bij deze ziekte. Dit zijn: de nagels, de huid, de wervelkolom, de peesaanhechtingen
(enthesitis), het hebben van worstvingers/-tenen (dactylitis) en het hebben van
gewrichtsontstekingen (artritis). Al deze domeinen hoeven echter niet betrokken te zijn binnen
1 patiënt. Daarnaast bestaan er veel verschillen in de uitingen van de ziekte tussen patiënten.
De heterogeniteit van artritis psoriatica maakt het voor artsen lastig om in kaart te brengen
welke domeinen betrokken zijn binnen 1 patiënt en in welke mate. Anders geformuleerd;
het meten van de ziekteactiviteit bij patiënten met artritis psoriatica is ingewikkeld en
uitdagend. Toch is het wel van belang dat we manieren vinden om dit te doen. Het meten van
ziekteactiviteit maakt namelijk het ‘treat-to-target’ behandelen van patiënten met artritis
psoriatica mogelijk. Dit houdt in dat de behandeling is gericht op het behalen van een specifiek
doel (het target) en zolang dit doel niet is behaald, de behandeling zal worden aangepast. In
het algemeen wordt als target aangehouden het behalen van ‘lage ziekteactiviteit’ conform
een ziekteactiviteitmaat. Uit eerder onderzoek weten we dat het treat-to-target behandelen
van artritis psoriatica patiënten de beste resultaten oplevert.
Nadat de ziekte is vastgesteld, kan behandeling worden opgestart. In het algemeen zijn er
2 belangrijke groepen van medicamenten waaruit gekozen kan worden. Dit zijn de klassieke
reumaremmers (csDMARDs) en de biologische reumaremmers (bDMARDs). Om verschillende
redenen (onder andere de prijs), wordt vaak in eerste instantie gekozen voor het starten
met een csDMARD. Ondanks dat het starten met een csDMARD dus de eerste keuze in de
behandeling is, zijn er aanwijzingen dat dit type reumaremmers bij artritis psoriatica minder
goed werkt dan bij andere reumatische ziekten (zoals bijvoorbeeld reumatoïde artritis). Dit
leidt er toe dat minder mensen een goede response (lage/rustige ziekte activiteit) hebben na
gebruik van csDMARDs, dan we graag zouden willen zien. Daarom is er een noodzaak om de
eerste keuze behandeling van artritis psoriatica verder te optimaliseren. Hierbij kan gedacht
worden aan het gelijktijdig gebruik van 2 csDMARDs in plaats van ‘maar’ 1. Het is aannemelijk
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dat zo’n combinatiebehandeling wel eens effectiever zou kunnen zijn dan behandeling met 1
csDMARD (monotherapie).
Het uiteindelijke doel van dit proefschrift was het verbeteren van de zorg voor artritis psoriatica
patiënten. Dit heb ik gedaan door me te richten op 3 belangrijke aangrijpingspunten:
1. Het verbeteren van het tijdig ontdekken van artritis psoriatica bij patiënten met psoriasis
2. Het verbeteren van het meten van de ziekteactiviteit van patiënten met artritis psoriatica
3. Het verbeteren van de vroege behandeling van artritis psoriatica
Deel 1: Het verbeteren van het tijdig ontdekken van artritis psoriatica bij patiënten met
psoriasis
Markers geassocieerd met (het ontwikkelen van) artritis psoriatica in psoriasis patiënten.
Het tijdig ontdekken van artritis psoriatica bij patiënten met psoriasis is van belang om
o.a. snel te kunnen starten met behandeling en zo hopelijk gewrichtsschade te voorkomen.
In hoofdstuk 2 hebben we een literatuurstudie gedaan, waarbij we ons hebben gericht op
studies die onderzoek hebben gedaan naar markers die mogelijk geassocieerd zijn met het
hebben (of krijgen) van artritis psoriatica in psoriasis patiënten. Deze markers hebben we
onderverdeeld in 3 hoofdgroepen, namelijk: laboratorium markers, genetische markers
en klinische markers. In totaal werden er 119 verschillende studies gebruikt voor deze
literatuurstudie. Van alle markers, kwam alleen de laboratorium marker genaamd CXCL10 naar voren als een marker waarvoor er sterk bewijs is dat deze is geassocieerd met het
krijgen van artritis psoriatica. Andere laboratorium markers die geassocieerd bleken te zijn
met het hebben van artritis psoriatica, waren markers die gerelateerd waren aan ontsteking
(inflammatie) en botmetabolisme. Voor geen van de klinische en/of genetische markers werd
sterk bewijs gevonden dat zij geassocieerd waren met het hebben en/of krijgen van artritis
psoriatica. Voor sommige klinische markers werd wel ‘matig’ bewijs gevonden voor het krijgen
van artritis psoriatica, dit waren: uveïtis (inwendige ontsteking van het oog), (toename in)
vermoeidheid, verslechterde functie, pijn, stijfheid, gewrichtspijn bij vrouwen, hielklachten,
structurele afwijkingen van de peesaanhechtingen, psoriasis in de bilnaad, putjes in de nagels,
gebruik van corticosteroïden, gebruik van retinoïden en het veelvuldig tillen van een zware
last. In conclusie liet deze literatuurstudie zien dat een bruikbare set van markers voor het
ontwikkelen/hebben van artritis psoriatica in psoriasis patiënten nog niet bestaat.

Op dit moment is CXCL-10 de meest veelbelovende bekende marker die zou kunnen helpen bij
het tijdig opsporen van patiënten met psoriasis die artritis psoriatica zullen gaan ontwikkelen.
Het blijft nog steeds van groot belang om verder onderzoek te doen naar markers die
geassocieerd zijn met het hebben en/of krijgen van artritis psoriatica.

Immuuncelprofielen kunnen psoriasis en artritis psoriatica van elkaar onderscheiden
Aangezien er dus op dit moment nog geen (laboratorium) marker beschikbaar is voor artritis
psoriatica, is het van belang is dat er meer onderzoek komt naar markers die ons kunnen
ondersteunen in het opsporen van artritis psoriatica bij (psoriasis) patiënten. In hoofdstuk
3 hebben we gekeken of doormiddel van een ‘profiel’ van immuuncellen er onderscheid
gemaakt kan worden tussen artritis psoriatica en psoriasis patiënten. Immuuncellen spelen
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een belangrijke rol in de afweer tegen ziekteverwekkers en er zijn talloze verschillende type
immuuncellen. Onze vraag was of de verhouding waarin deze immuuncellen aanwezig zijn in
het bloed verschilde tussen psoriasis en artritis psoriatica patiënten en of we deze verschillen
vervolgens konden gebruiken om deze patiënten van elkaar te onderscheiden. In deze studie
werden allereerst de immuuncelprofielen van psoriasis en artritis psoriatica patiënten in kaart
gebracht. Vervolgens werd gekeken of door middel van het gebruik van ‘machine learning’
(een vorm van kunstmatige intelligentie) deze immuuncelprofielen gebruikt konden worden
om psoriasis en artritis psoriatica patiënten van elkaar te onderscheiden. Het bleek inderdaad
dat deze immuuncelprofielen vrij goed in staat waren om deze patiëntgroepen van elkaar te
onderscheiden. Dit toont aan dat het in kaart brengen van immuuncelprofielen gecombineerd
met het gebruik van ‘machine learning’ veelbelovend zou kunnen zijn om psoriasis en artritis
psoriatica patiënten van elkaar te kunnen onderscheiden op basis van een bloedmonster.

De combinatie van ‘machine learning’ en het in kaart brengen van immuuncelprofielen
maakt het mogelijk om psoriasis en artritis psoriatica patiënten van elkaar te onderscheiden.
Na verdere validatie, zou deze bevinding ons mogelijk kunnen ondersteunen in het tijdig
ontdekken van artritis psoriatica in psoriasis patiënten.

De prevalentie en karakteristieken van artritis psoriatica patiënten in een psoriasis cohort
In hoofdstuk 4 hebben we onderzocht wat de prevalentie is van artritis psoriatica in
een psoriasis cohort (het DAPPER cohort). Daarnaast hebben we gekeken naar wat de
karakteristieken waren van deze artritis psoriatica patiënten. Hierbij hebben wij ons specifiek
gericht op patiënten die niet onder behandeling waren van een reumatoloog, terwijl zij bij
screening wel actieve artritis psoriatica bleken te hebben. In andere woorden waren dit
patiënten met onbekende/onontdekte actieve artritis psoriatica. Er werden in totaal 300
psoriasis patiënten gescreend voor het hebben van artritis psoriatica. Deze screening hield
in dat patiënten aan een uitgebreide anamnese/interview en lichamelijk onderzoek werden
onderworpen. De prevalentie van artritis psoriatica in dit psoriasis cohort was 24%. Deze 24%
bevatte zowel patiënten met bekende als onbekende artritis psoriatica. In totaal waren er
7 patiënten (2%) met actieve artritis psoriatica, die op dat moment niet werden behandeld
door een reumatoloog. Twee patiënten waren eerder onder behandeling van een reumatoloog
geweest (en hadden dus al een bekende diagnose), maar waren uit controle geraakt. De andere
5 patiënten waren nog nooit onder behandeling van een reumatoloog geweest (en werden dus
nieuw gediagnosticeerd). Van deze 5 nieuw gediagnosticeerde patiënten, werden er maar 2
opgepikt met bestaande vragenlijsten die gericht zijn op het screenen van psoriasis patiënten
voor het hebben van artritis psoriatica. Deze bestaande vragenlijsten functioneerden dus
onvoldoende. Wat opviel was dat van de 7 patiënten met actieve psoriasis (die niet onder
behandeling waren van een reumatoloog), de ziektelast relatief mild was. Ze ervaarden in
het algemeen geen evidente impact op de kwaliteit van leven en daarnaast waren er relatief
weinig gewrichten betrokken bij de ziekte.

De prevalentie van (bijkomende) artritis psoriatica in dit psoriasis cohort was 24%. Zeven
patiënten (2%) hadden hierbij actieve artritis psoriatica zonder dat zij onder behandeling
waren van een reumatoloog. Zij werden gekenmerkt door een (relatief) lage ziektelast.
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Deel 2: Het verbeteren van het meten van de ziekteactiviteit van patiënten met artritis
psoriatica
De haalbaarheid van het meten van de PASDAS in de dagelijkse klinische zorg
Het goed in kaart brengen en meten van ziekteactiviteit van patiënten met artritis psoriatica
is van belang om hen goed te kunnen behandelen. Ziekteactiviteit kan worden gemeten door
middel van verschillende ziekteactiviteit maten. In hoofdstuk 5 hebben we gekeken naar de
haalbaarheid van het implementeren van de psoriatic arthritis disease activity score (PASDAS)
en huidmetingen in de dagelijkse klinische zorg voor artritis psoriatica patiënten. De PASDAS
is een specifieke ziekteactiviteitmaat voor patiënten met artritis psoriatica. Deze maat
neemt veel van de domeinen die bij de ziekte betrokken kunnen zijn mee. De PASDAS bevat
de volgende elementen: de ontstekingswaarde in het bloed (CRP), een vragenlijst gericht op
de kwaliteit van leven (SF12-PCS), het aantal pijnlijke en gezwollen gewrichten, het aantal
pijnlijke peesaanhechtingen (enthesen), het aantal worstvingers en -tenen (dactylitis), en een
VAS score voor ziekteactiviteit volgens de patiënt en de arts (op een schaal van 0 tot 100). De
PASDAS score wordt daarna berekend door een relatief complexe formule die de uitslag van al
deze elementen combineert. De uitkomst van de PASDAS is altijd een getal ergens tussen de 0
en de 10. De reden dat we de PASDAS wilden implementeren, was om de zorg voor patiënten
met artritis psoriatica verder te kunnen verbeteren. Eerder werd namelijk de ziekteactiviteit
bij patiënten met artrititis psoriatica (in de Sint Maartenskliniek) gemeten door middel van
de DAS28. Deze maat is echter specifiek gemaakt voor mensen met reumatoïde artritis en
functioneert daarom suboptimaal in patiënten met artritis psoriatica. Ondanks dat daarom
het meten van de PASDAS een betere optie leek, kleefden er een aantal nadelen aan deze maat.
Vooral zijn complexiteit (met het meten van veel verschillende domeinen) en daarnaast het
prikken van bloed en het invullen van een vragenlijst, werd als tijdrovend gezien. Daarnaast
werd de ‘huidlast’ niet gemeten met de PASDAS. In overleg met onze patiënten kozen we
er echter toch voor om voor de PASDAS te gaan, omdat de patiënten een uitgebreide en
nauwkeurige (en daarbij meer tijdrovende) benadering prefereerden boven een beknopte
variant. Tevens werd in overleg met hen besloten om een relatief simpele meting van de
huid aan de PASDAS meting toe te voegen. De formules voor het berekenen van de PASDAS
en de specifieke onderdelen van de PASDAS, werden in het elektronisch patiëntendossier
geïmplementeerd. Daarnaast werd de set-up van het consult van patiënten aangepast naar
een 3-fasen-consult (figuur 1). Stap 1: bloed wordt afgenomen en de vragenlijst wordt ingevuld.
Stap 2: bezoek aan de reumaverpleegkundige, die de PASDAS en huidscores meet. Stap 3:
bezoek aan de reumatoloog, die onder andere met behulp van de PASDAS score in overleg met
de patiënt kan bepalen of er iets aan de behandeling moet worden gewijzigd. Het resultaat
van deze inspanningen is dat de PASDAS en huidmaten nu standaard worden gemeten bij alle
patiënten met artritis psoriatica bij elk bezoek aan de reumatoloog in de Sint Maartenskliniek.

Implementatie van de PASDAS in de dagelijkse klinische zorg is mogelijk als lokaal additionele
acties worden ondernomen om de verschillende metingen te faciliteren.

Figuur 1. 3-fasen-consult. 1) bloedafname en invullen vragenlijst; 2) meten van de PASDAS en huid door de
reumaverpleegkundige; 3) consult met de reumatoloog die zowel de PASDAS als huid scores in zijn/haar
handen heeft wanneer hij/zij de patiënt ziet en daardoor direct behandelbeslissingen kan nemen.

Ziektelast van patienten met artritis psoriatica die worden behandeld in een groot regionaal
ziekenhuis (de Sint Maartenskliniek)
Zoals al hierboven benoemd, werd eerder (voor 2018) de ziekteactiviteit van patiënten met
artritis psoriatica gemeten middels de DAS28. Deze maat is echter vrij beperkt en neemt
bijvoorbeeld niet het aantal pijnlijke peesaanhechtingen mee (enthesitis) of het aantal
worstvingers/-tenen (dactylitis). In hoofdstuk 6 hebben we daarom de ziektelast onderzocht
van patiënten met artritis psoriatica die behandeld werden in de Sint Maartenkliniek. Dit
werd mogelijk gemaakt doordat we de PASDAS en huidmetingen hadden geïmplementeerd
in de dagelijkste klinische zorg voor deze patiënten in 2018. Gegevens van 855 patiënten
werden voor dit onderzoek gebruikt. Specifiek werden de gegevens gebruikt van het eerste
bezoek aan de reumatoloog nadat de PASDAS was geïmplementeerd. Voor dit bezoek werd
de ziekteactiviteit van deze patiënten dus gemeten met de DAS28. Maar de helft van de
patiënten (53%) had een PASDAS score die paste bij het behalen van het ‘lage ziekteactiviteit
target’ volgens de PASDAS (PASDAS ≤3.2). Wanneer de DAS28 berekent werd tijdens ditzelfde
bezoek, behaalde iets meer dan driekwart (78%) van de patiënten het lage ziekteactiviteit
target volgens de DAS28. Dit liet dus een discrepantie zien tussen deze twee uitkomstmaten.
Volgens de DAS28 meting behaalden veel meer mensen lage ziekteactiviteit dan volgens de
PASDAS meting. De groep patiënten die lage ziekteactiviteit behaalden volgens zowel de
PASDAS als de DAS28 werd vergeleken met de groep die alleen lage ziekteactiviteit behaalde
volgens de DAS28. Voor patiënten die alleen het DAS28 lage ziekteactiviteit target haalden
(en dus niet het PASDAS lage ziekteactiviteit target), werden slechtere scores gevonden met
betrekking tot een aantal belangrijke parameters. Dit waren onder meer: het aantal pijnlijke
en gezwollen gewrichten en functie. Deze resultaten impliceerden dat er nog steeds evidente
ziektelast was in patiënten met lage ziekteactiviteit volgens de DAS28 en dat de ziektelast van
deze patiënten voor de implementatie van de PASDAS (toen alleen de DAS28 gemeten werd)
dus mogelijk werd onderschat.
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Metingen van de PASDAS en huid lieten zien dat er relevante en residuele ziektelast bestond
in ons artritis psoriatica cohort (waarbij eerder standaard de DAS28 werd gemeten). Dit
impliceert dat een volledige beoordeling van alle domeinen van artritis psoriatica in de
klinische zorg van belang is en mogelijk de zorg voor deze patiënten kan verbeteren.

Verschillen tussen mannen en vrouwen met artritis psoriatica in relatie tot ziekteactiviteit
Uit eerder onderzoek is gebleken dat er verschillen bestaan in die ziektepresentatie van
mannen en vrouwen met artritis psoriatica. Er was echter weinig bekend of deze verschillen
tussen mannen en vrouwen blijven bestaan als zij strak worden gemonitord en daarnaast
behandeld worden volgens gestandaardiseerde protocollen. Om deze reden hebben wij
in hoofdstuk 7 gekeken naar de verschillen tussen mannen en vrouwen in relatie tot
ziekteactiviteit en het al dan niet behalen van het lage ziekteactiviteit target. De gegevens die
werden gebruikt voor hoofdstuk 6, werden opnieuw bekeken voor deze analyse. Verschillen
tussen mannen en vrouwen met betrekking tot verschillende parameters werden onderzocht.
Daarnaast werd gekeken of er verschillen waren tussen mannen en vrouwen in factoren die
waren geassocieerd met het niet behalen van het lage ziekteactiviteit target. We vonden dat
vrouwen slechter scoorden op zowel subjectieve als objectieve uitkomstmaten. Vrouwen
behaalden daarnaast minder vaak het PASDAS target voor lage ziekteactiviteit. Naast ‘vrouw
zijn’, waren er ook andere factoren die waren geassocieerd met het niet behalen van lage
ziekteactiviteit. Deze factoren waren: het hebben van nagelafwijkingen passend bij psoriasis,
het hebben van inflammatoire rugklachten, het gebruik van een hoger aantal medicamenten
(vroeger of heden) en het hebben van een hogere body mass index (BMI). Opvallend was, dat
wanneer we keken naar mannen en vrouwen afzonderlijk, het hebben van overgewicht (een
hoge BMI) bij vrouwen geassocieerd bleef met het niet behalen van lage ziekteactiviteit, maar
bij mannen niet. Anders geformuleerd, in onze studie was alleen bij vrouwen het hebben van
overgewicht geassocieerd met het niet behalen van lage ziekteactiviteit.

In een strak gemonitord cohort hebben vrouwen met artritis psoriatica hogere ziekteactiviteit
dan mannen. Daarnaast is het hebben van overgewicht geassocieerd met het niet behalen van
het lage ziekteactiviteit target bij vrouwen, maar niet bij mannen.

De minimal important change (MIC) and meaningful change value (MCV) van de PASDAS
Om de PASDAS goed te kunnen gebruiken in de dagelijkse klinische praktijk is het van belang
om verschillen over de tijd in PASDAS scores binnen 1 patiënt goed te kunnen interpreteren.
Hierbij is het noodzakelijk om te weten welk verschil in PASDAS score patiënten ervaren als
een ‘minimale klinisch relevante verandering’ (dit wordt in het Engels de minimal important
change [MIC] genoemd). Dit is de kleinste verandering in score die patiënten als belangrijk
ervaren. Een andere waarde die van belang is, is de waarde die patiënten ervaren als een
daadwerkelijk belangrijk en groot verschil. Hiervoor gebruiken we de Engelse term meaningful
change value (MCV). Voor deze studie hebben we de gegevens van 544 patiënten met artritis
psoriatica gebruikt, van twee opeenvolgende bezoeken. Bij het tweede bezoek werd aan deze
patiënten gevraagd een zogenaamde ‘ankervraag’ in te vullen, die inhield of zij vonden dat het
in relatie tot het vorige bezoek met de arts beter of slechter ging met hun artritis psoriatica

Nederlandse samenvatting

klachten. Deze ankervraag bestond uit 7 punten (heel veel verbeterd – veel verbeterd – een
beetje verbeterd – geen verandering – een beetje verslechterd – veel verslechterd – heel
veel verslechterd). Door deze ankervraag naast het verschil in PASDAS score tussen deze 2
bezoeken te leggen, konden we de MIC en MCV bepalen. De MIC voor de PASDAS bleek 0.67 te
zijn. De MCV voor de PASDAS werd bepaald op 1.34.

De Minimal Important Change (MIC) en de Meaningfull Change Value (MCV) van de PASDAS
waren respectievelijk 0.67 en 1.34. Deze getallen kunnen het gebruik van de PASDAS in de
klinische zorg en in studies verder ondersteunen.

Deel 3. Het verbeteren van de vroege behandeling van artritis psoriatica
Onderzoeksprotocol voor het evalueren van de effectiviteit van methotrexaat en leflunomide
combinatietherapie
Op dit moment is het voorschrijven van een klassieke reumaremmer (csDMARD) nog steeds in
de verschillende richtlijnen de hoeksteen van de eerstelijns behandeling van artritis psoriatica.
Van deze csDMARDs wordt methotrexaat het vaakst voorgeschreven. De belangrijkste reden
hiervan is de kosten van biologische reumaremmers (bDMARDs) die nog steeds vele malen
hoger liggen dan die van csDMARDs. Hierdoor zijn bDMARDs vaak maar beperkt beschikbaar
en moet aan strikte voorwaarden worden voldaan (zoals bijvoorbeeld het niet reageren op 1 of
2 csDMARDs), voordat tot behandeling met bDMARDs kan worden overgegaan. De effectiviteit
van csDMARDs is nog niet helemaal duidelijk en opgehelderd, maar deze lijkt relatief beperkt
te zijn. Het is aannemelijk dat een combinatie van 2 csDMARDs effectiever zou kunnen zijn
dan het gebruik van 1 csDMARD. Om te kunnen onderzoeken of dit ook daadwerkelijk zo
is, hebben we in hoofdstuk 9 een studieprotocol ontworpen voor een gerandomiseerde
en gecontroleerde klinische studie. In deze studie wilden we graag onderzoeken wat de
effectiviteit was van methotrexaat en leflunomide combinatietherapie in vergelijking met
methotrexaat monotherapie (de gebruikelijke eerste keuze behandeling). In dit protocol
beschreven we dat patiënten met actieve artritis psoriatica gerandomiseerd zouden worden
(1:1) over 2 verschillende onderzoeksgroepen. De ene groep krijgt daarbij methotrexaat plus
leflunomide en de andere groep krijgt methotrexaat met een placebo. Aan beide groepen
wordt 25 mg methotrexaat per week voorgeschreven (niet-geblindeerde onderdeel van de
studie). Dit wordt gelijktijdig gecombineerd met ofwel leflunomide 20 mg per dag of placebo
(geblindeerde onderdeel van de studie). De PASDAS werd als uitkomstmaat gebruikt voor
dit onderzoek. De specifieke onderzoeksvraag die we met dit onderzoeksprotocol wilden
beantwoorden was: ‘Is een combinatie van methotrexaat en leflunomide superieur (op basis
van PASDAS score) aan methotrexaat monotherapie na 16 weken in patiënten met actieve
artritis psoriatica?’

Er werd een onderzoeksprotocol ontworpen om de effectiviteit van csDMARD
combinatietherapie in artritis psoriatica te onderzoeken (COMPLETE-PsA studie). Het doel
van deze studie was het vergelijken van methotrexaat en leflunomide combinatietherapie
met methotrexaat monotherapie in patiënten met artritis psoriatica.
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De effectiviteit van methotrexaat en leflunomide combinatietherapie (COMPLETE-PsA)
In hoofdstuk 10 hebben we, met behulp van het hierboven beschreven onderzoeksprotocol,
onderzocht of methotrexaat plus leflunomide combinatietherapie effectiever was dan
methotrexaat plus placebo (monotherapie) in patiënten met actieve artritis psoriatica. Het
totale onderzoek duurde 16 weken, waarbij er 3 maal metingen werden verricht. Metingen
vonden plaats op tijdstip 0 (baseline), week 8 en week 16. In totaal werden er 78 patiënten
geïncludeerd in deze studie. De resultaten lieten zien dat methotrexaat plus leflunomide
inderdaad effectiever was dan methotrexaat alleen na 16 weken op basis van verschillende
uitkomsten (waarvan de belangrijkste de PASDAS score was). Bijna twee keer zoveel
mensen behaalden lage ziekteactiviteit volgens de PASDAS in de combinatiegroep (59%)
in vergelijking met de monotherapie groep (35%). Opvallend was dat naast dat patiënten
in de combinatiegroep dus betere scores hadden voor gewrichtsziekte, zij ook betere
scores behaalden voor metingen die betrekking hadden op de huid. Meer mensen in de
combinatiegroep hadden na 16 weken geen actieve huidziekte meer (psoriasis) in vergelijking
met de groep die alleen methotrexaat kreeg. We zagen echter wel dat er ook meer bijwerkingen
optraden in de combinatiegroep en dat daarnaast mensen die in deze groep zaten vaker
stopten met de voorgeschreven medicatie. Dus, concluderend, is de combinatietherapie van
methotrexaat en leflunomide duidelijk effectiever dan methotrexaat alleen, maar hebben
we wel aanwijzingen dat de combinatietherapie slechter wordt verdragen. We denken dat
wanneer patiënten worden betrokken in het besluitvormingsproces (zijn mensen bereid een
mogelijk hogere kans op bijwerkingen te accepteren voor een hogere kans op response), de
combinatie van methotrexaat en leflunomide een goede behandeloptie zou kunnen zijn voor
mensen met artritis psoriatica.

Deze gerandomiseerde gecontroleerde klinische studie toonde aan dat methotrexaat en
leflunomide combinatietherapie effectiever is dan methotrexaat monotherapie in patiënten
met artritis psoriatica. Dit lijkt een waardevolle en relatief goedkope behandeloptie te zijn in
de dagelijkse zorg voor patienten met artritis psoriatica.
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Conclusie
Discussie en toekomstig onderzoek
In hoofdstuk 11 bediscussieer ik de belangrijkste conclusies van dit proefschrift en plaats ik
deze in een breder perspectief. Daarnaast geef ik aanbevelingen voor toekomstig onderzoek.
Ik zal hier een paar van de belangrijkste zaken te noemen waar, mijns inziens, toekomstig
onderzoek zich op zou moeten focussen (een uitgebreidere lijst kan gevonden worden in
hoofstuk 11 ‘future perspectives’). Allereerst is het van belang dat er meer samenwerking komt
tussen dermatologen, reumatologen en basale/translationele wetenschappers. Hierdoor zou
onderzoek dat zich richt op het identificeren van laboratorium makers voor artritis psoriatica
verder geoptimaliseerd kunnen worden. Ten tweede is het belangrijk om verder te kijken naar
manieren om de drempel voor het implementeren van een geschikte ziekteactiviteitmaat in
de dagelijkse klinische zorg voor artritis psoriatica patiënten te verlagen. Dit zou namelijk
de mogelijkheid om artritis psoriatica patiënten te behandelen conform het treat-totarget principe ten goede komen. Tot slot blijft het van belang om de langetermijneffecten
(en bijwerkingen) van de combinatie van methotrexaat en leflunomide in kaart te brengen.
Hiervoor kunnen de langetermijngegevens van de COMPLETE-PsA studie (hoofdstuk 9 en 10)
gebruikt worden.
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HM, Roelofs R, Wiegerinck ET, Laarakkers CM, Swinkels DW, Bolhuis A, Cherayil BJ, Tjalsma
H. Low dietary iron intake restrains the intestinal inflammatory response and pathology of
enteric infection by food-borne bacterial pathogens. Eur J Immunol. 2015 Sep;45(9):2553-67.
Conference abstracts (presenter)
Mulder MLM, Vriezekolk JE, van Hal TW, Nieboer LM, den Broeder N, de Jong EMGJ, den Broeder
AA, van den Hoogen FHJ, Helliwell PS, Wenink MH. Comparing methotrexate monotherapy
with methotrexate plus leflunomide combination therapy in psoriatic arthritis (COMPLETEPsA): a double-blind, placebo-controlled, randomised, trial.
Poster presentation (in guided tour): at EULAR annual meeting 2022, Copenhagen.
Mulder MLM, Wenink MH, Vriezekolk JE. Being overweight is associated with not reaching
low disease activity in women but not men with Psoriatic Arthritis.
Poster presentation: at GRAPPA trainee symposium 2021, virtual;
Poster presentation (in guided tour): at EULAR annual meeting 2021, virtual.
Mulder MLM, He X, van den Reek JMPA, Urbano PCM, Kaffa C, Wang X, van Cranenbroek B,
van Rijssen E, van den Hoogen FHJ, Joosten I, Alkema W, de Jong EMGJ, Smeets RL, Wenink MH,
Koenen HJPM. Blood-Based Immune Profiling Combined with Machine Learning Discriminates
Psoriatic Arthritis from Psoriasis Patients.
Oral presentation: at NVR Najaarsdagen 2021, Amersfoort;
Poster presentation: at ACR annual meeting 2021, virtual.
Mulder MLM, van Hal TW, van den Hoogen FHJ, de Jong EMGJ, Vriezekolk JE, Wenink MH.
Measuring disease activity in psoriatic arthritis: PASDAS implementation in a tightly
monitored cohort reveals residual disease burden.
Oral presentation: at GRAPPA trainee symposium 2020, virtual.

Mulder MLM, van den Reek JMPA, de Jong EMGJ, van Cranenbroek B, Smeets RL, Joosten
I, Urbano PCM, He X, van den Hoogen FHJ, Koenen HJPM, Wenink MH. High dimensional
flowcytometric profiling distinguishes psoriasis and psoriatic arthritis patients.
Oral presentation: at GRAPPA trainee symposium 2019, Paris;
Oral presentation: at ACR annual meeting 2019, Atlanta.
Mulder MLM, den Broeder AA, van Ginneken BTJ, Mahler EAM, van den Hoogen FHJ, Vriezekolk
JE, Wenink MH. Implementing Psoriatic Arthritis Disease Activity Score-guided treat-to-target
in psoriatic arthritis routine clinical practice: (im)possible?
Poster presentation: at EULAR annual meeting 2019, Madrid;
Poster presentation: at ACR annual meeting 2019, Atlanta.
Mulder MLM. Implementatie van de PASDAS en huidscores in de dagelijkse zorg voor artritis
psoriatica patienten.
Oral presentation: at NVR Najaarsdagen 2019, Arnhem.
Conference abstracts (other)
Michielsens CAJ, den Broeder N, Mulder MLM, van den Hoogen FHJ, Verhoef LM, den
Broeder AA. Tumour necrosis factor inhibitor dose adaptation in psoriatic arthritis and axial
spondyloarthritis (TAPAS): a retrospective cohort study.
Poster presentation: at GRAPPA trainee symposium 2021, virtual;
Poster presentation: at EULAR 2021, virtual.
van Hal TW, Mulder MLM, Wenink MH, Vriezekolk JE. Determinants of work and social
participation in patients with psoriatic arthritis in the Netherlands: an observational study.
Poster presentation: at GRAPPA trainee symposium 2021, virtual;
Oral presentation: at NVR najaarsdagen 2021, Amersfoort;
Poster presentation: at ACR annual meeting 2021, virtual.
Van Hal TW, Mulder MLM, Wenink MH, Pasch MC, van den Reek JMPA, de Jong EMGJ. Discovery
of Arthritis in Psoriasis Patients for Early Rheumatological referral (DAPPER): a longitudinal
cohort study.
Poster presentation: at annual symposium Dutch society of experimental dermatology 2020,
Lunteren;
Poster presentation: at gene to clinic 2022, London;
Poster presentation: at EULAR 2022, Copenhagen.

270

PhD portfolio

272

Chapter 1

273

PhD portfolio
Year(s)

ECTS

RIHS introduction course

2018

0.5

BROK course

2018

1.5

Scientific writing for PhD students

2018

3.0

Epidemiologisch onderzoek: opzet en interpretatie EpidM, VUmc

2018

4.0

Selective EULAR immunology course, Lisbon

2018

2.0

Regression analysis course EpidM, VUmc

2019

4.0

RIHS scientific integrity course

2020

1.0

BSR spondyloarthritis course, Leeds University

2020

4.0

Missing data analysis course EpidM, VUmc

2021

2.0

Scientific integrity (Lex Bouter)

2018

0.1

Weten en eten

2019, 2021

0.2

PhD retreat, Den Bosch

2017

0.5

NVR januari vergadering, Utrecht

2018

0.25

NVR conference, Arnhem

2018

0.5

International congress on spondyloarthritides, Gent

2018

0.75

PhD retreat, Den Bosch

2018

0.5

International immunology summit, Prague

2019

0.75

EULAR conference, Madrid (poster presentation)

2019

1.25

GRAPPA trainee symposium, Paris (oral presentation)

2019

1.0

ACR annual meeting, Atlanta (oral and poster presentation)

2019

2.0

Post EULAR symposium, Amersfoort (poster presentation)

2019

0.5

NVR conference, Arnhem (oral presentation)

2019

0.75

GRAPPA trainee symposium, virtual (oral presentation)

2020

1.0

EULAR conference, virtual (poster presentation in guided tour)

2021

1.25

GRAPPA trainee symposium, virtual (poster presentation)

2021

1.0

NVR conference, virtual (oral presentation)

2021

0.75

ACR annual meeting, virtual (poster presentation)

2021

1.75

TRAINING ACTIVITIES
a) Courses & workshops

b) Seminars & lectures

c) Symposia & congresses

d) Other
Journal club Sint Maartenskliniek

2018-2022 2.0

Research lunch Sint Maartenskliniek

2018-2022 1.0

Schrijfdagen (writing retreat) Sint Maartenskliniek

2018-2021

2.0

Research internship psoriatic arthritis, Leeds/Oxford/Aberdeen

2020

3.75

Review scientific publications

2020-2022 0.5
TEACHING ACTIVITIES

e) Lecturing
‘Meetcentrum artritis psoriatica’: education and training

2018

6.75

Lecture ‘Take home messages international immunology summit’

2019

0.25

2021

2.0

f) Supervision & internships
Supervision of master student Biomedical Sciences
TOTAL

55
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Curriculum vitae
Michelle Leisanne Marlies Mulder werd geboren
op 3 maart 1991 te Nijmegen. In 2009 behaalde zij
haar VWO diploma (cum laude) aan het Mondial
College in Nijmegen. Vervolgens startte ze met
de opleiding geneeskunde aan de Radboud
Universiteit in Nijmegen. Tijdens haar bachelor
geneeskunde nam zij deel aan het ‘Honours
programme Medical Sciences’, waar haar
interesse voor het onderzoek werd geboren. Als
onderdeel van dit programma verbleef zij in 2012
gedurende een paar maanden in Boston voor haar
onderzoekstage 'Effects of dietary iron on the
intestinal inflammatory response to a bacterial
enteropathogen'. Dit onderzoek verrichte zij aan Harvard Medical School, onder begeleiding
van Prof. Cherayil en Prof. Swinkels. Haar bachelor diploma behaalde zij (cum laude) in 2012.
Daarna startte ze met haar co-schappen en behaalde in 2015 haar master diploma (cum laude).
Na het afronden van haar studie geneeskunde werkte zij eerst als arts-assistent op de afdeling
revalidatie in revalidatiecentrum Klimmendaal te Arnhem. Daarna ging zij aan de slag op de
afdeling interne geneeskunde, in het Canisius Wilhelmina ziekenhuis te Nijmegen. Aan het
begin van 2017 startte zij vervolgens met poliklinische en klinische werkzaamheden op de
afdeling reumatologie van de Sint Maartenskliniek, waar zij geïnteresseerd raakte in het
ziektebeeld artritis psoriatica.
Na 1 jaar werkzaam te zijn geweest als arts-assistent op de afdeling reumatologie, startte
zij in 2018 met haar promotietraject ‘Early detection, characterization and treatment of
psoriatic arthritis’. Dit onderzoek komt voort uit een samenwerkingsproject tussen de afdeling
Reumatologie van de Sint Maartenskliniek en de afdelingen Dermatologie en Medische
Immunologie van het Radboudumc. Haar onderzoek verrichte zij onder leiding van Prof.
Frank van den Hoogen, Prof. Elke de Jong, Dr. Mark Wenink en Dr. Hans Koenen. Tijdens haar
promotieonderzoek verbleef zij gedurende enkele weken in Groot-Britannie en verrichte
zij stages aan Leeds University (Prof. Philip Helliwell), Oxford University (Prof. Laura Coates)
en Aberdeen University (Prof. Gary Macfarlane). Het doel van deze stages was het opzetten
van internationale samenwerking tussen de Sint Maartenskliniek en Groot-Brittannië. De
resultaten van haar promotieonderzoek staan beschreven in dit proefschrift.
In maart 2022 startte zij met haar opleiding tot reumatoloog, waarbij zij op dit moment haar
vooropleiding interne geneeskunde doet in het Rijnstate ziekenhuis te Arnhem.
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Patiënten die mee hebben gedaan aan het artritis psoriatica onderzoek binnen de Sint
Maartenskliniek en het Radboudumc, hartelijk dank voor jullie belangrijke bijdrage aan dit
proefschrift en de wetenschap.
Leden van mijn promotieteam, ieder op jullie eigen manier hebben jullie een belangrijke
bijdrage geleverd aan de totstandkoming van dit proefschrift.
Frank, aan het begin van onze samenwerking was er af en toe wat ruis op de lijn en was er
helaas niet altijd sprake van ‘keep on smiling’. Naarmate de tijd vorderde vonden we elkaar
steeds meer. Met name gedurende het laatste deel van mijn promotie heb jij een essentiële rol
gespeeld. Je hebt doorgepakt waar nodig en jouw tomeloze bereikbaarheid en steun waardeer
ik enorm.
Elke, ondanks dat ik soms zag hoe ontzettend druk je het had met alle taken die op jouw
schouders rusten, was je ontzettend betrokken bij mijn promotietraject en bleef je ‘down
to earth’ en enthousiast. Altijd was je bereid om actief en praktisch mee te denken bij het
onderzoek. En het allerbelangrijkste, ik voelde me door jou echt gezien als persoon.
Mark, ook wij hebben een weg af moeten leggen voordat we helemaal op één lijn zaten. Maar
die weg was het meer dan waard want uiteindelijk waren wij een super team. We hadden aan
een half woord genoeg om elkaar te begrijpen en je stond altijd achter mij. Ondanks dat ik het
niet prettig vond dat ik een periode om mezelf was aangewezen tijdens jouw sabbatical, heeft
het me wel het vertrouwen gegeven dat ik het ook alleen kan.
Hans, ik wil jou uiteraard ook danken voor jouw bijdrage aan dit boekje. Voor mij was jij niet
altijd even zichtbaar. Desalniettemin was je altijd enthousiast over al mijn onderzoeksideeën
en vond ik het prettig samenwerken met je.
Joke, bij meerdere hoofdstukken van dit boekje heb jij een erg belangrijke rol gespeeld. Om die
reden wil ik ook jou hier noemen als ‘lid van mijn promotieteam’. Jouw hands-on denkwijze en
organisatorisch vermogen hebben het verschil gemaakt. Nu mag je de teugels laten vieren en
ga ik het zelf doen.
Leden van de manuscriptcommissie, jullie wil ik hartelijk danken voor de tijd en moeite die
jullie genomen hebben voor het lezen en beoordelen van mijn proefschrift.
Junior en senior onderzoekers van ‘het W-gebouw’, dank dat ik altijd bij jullie terecht kon
voor hulp en mijn ‘domme’ vragen. Velen van jullie hebben daarmee op hun eigen manier een
bijdrage gehad aan dit boekje. Ook bedankt voor jullie gezelligheid bij uitjes en de schrijfdagen.
Onderzoekers van de afdeling dermatologie van het Radboudumc, ook al hebben we elkaar
minder vaak gezien omdat ik toch veel in de Sint Maartenskliniek zat, dankjulliewel voor de
gastvrijheid, de gezelligheid en de interesse in mijn onderzoek. In het bijzonder wil ik Juul
bedanken. Je bent ontzettend betrokken geweest bij mijn promotietraject. Altijd stond je voor
me klaar en was bereid om mee te helpen en te denken bij al mijn projecten. Ik heb dan ook
graag met je samengewerkt en hoop dat we dat in de toekomst nog vaker mogen doen.
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Onderzoekers van de afdeling medische immunologie van het Radboudumc, allemaal hartelijk
dank voor jullie inzet en het mede mogelijk maken van hoofdstuk 3 van dit proefschrift. Xuehui,
thank you for your support and hard work (including creating an endless number of figures to
give us a better understanding of the data).
Reumatologen, PAs en AIOS van de Sint Maartenskliniek, bedankt voor de leuke en fijne tijd
de afgelopen 5 jaar. Jullie zijn allemaal laagdrempelig en staan altijd klaar om te helpen. Jullie
inzet voor de inclusie voor de COMPLETE studie wordt ook zeer gewaardeerd. In het bijzonder
dank aan Lieke, voor het waarnemen en includeren van patiënten als ik afwezig was. Ik heb
veel geleerd de afgelopen jaren en ik weet zeker dat ik daar de rest van mijn werkzame leven
als reumatoloog profijt van zal hebben.
Dear Laura and Philip, thank you for welcoming me into your homes. You have been a rolemodel for me throughout the years and I hope we will work together on future projects.
Medewerkers van het secretariaat en de polikliniek (afdeling reumatologie van de Sint
Maartenskliniek en afdeling dermatologie van het Radboudumc), bedankt voor jullie hulp
en ondersteuning in alle zaken die geregeld moesten worden om dit onderzoek mogelijk te
maken. Ook wil ik graag de reumaverpleegkundigen bedanken voor hun inzet en het meten
van de PASDAS bij alle PsA patiënten in de Sint Maartenskliniek. .
Studenten die betrokken waren bij de onderzoeken beschreven in dit proefschrift, hartelijk
dank voor jullie harde werk, ondersteuning en opperste concentratie bij het (soms erg saaie)
invoerwerk. Anouk, jou wil ik in het bijzonder bedanken voor jouw ontzettend goede bijdrage
aan hoofdstuk 8 van dit proefschrift.
Kamergenootjes van de onderzoekerskamer die het hele jaar door in ‘kerstsfeer’ was, bedankt
voor al jullie steun bij het maken van dit proefschrift. De lieve kaartjes of chocolade op mijn
bureau als het even lastig was. Het samen vieren van grote en kleine overwinningen met
champagne en cake. Hulp bij het oplossen van statistische problemen (the devil is in the
details). Maar ook zeker jullie luisterend oor als ik weer eens moest spuien over onmogelijk
reviewcommentaar van ‘reviewer 2’ of verbouwingsperikelen (de keuken was favoriet
onderwerp van gesprek). Jullie zijn een fijne groep mensen die erg met elkaar meeleeft. Hou
dat vast.
Vrienden en familie, bedankt voor het luisteren naar mijn eindeloze verhalen die voor jullie
op zijn best onbegrijpelijk en op zijn slechtst oersaai geweest moeten zijn. Dank voor talloze
luisterende oren, voor borrels, etentjes, festivals, theetjes.. ze waren essentiëler dan jullie ooit
zullen weten om dit proefschrift te kunnen voltooien.
Roy, dank voor het maken van de ontwerpen voor dit boekje. Ook voor je engelen geduld, als
ik alleen maar riep ‘blurren en hapjes’ en jij zonder zeuren ergens weer een millimeter kleur
afhaalde. Daarnaast bedankt voor het maken sommige van mijn posters voor congressen, ik
heb nog nooit zoveel positieve reacties op een poster gehad. Jij hebt daarmee een belangrijke
bijdrage geleverd aan de aandacht die er was voor mijn onderzoek.

Opa en oma, jullie wil ik bedanken voor alle interesse de afgelopen jaren. Jullie waren zo
trots als een pauw als ik weer wat (ook al was het in mijn ogen iets kleins) bereikt had op
onderzoeksgebied. Dat motiveerde mij altijd om weer door te gaan.
Paranimfen, Jim en Remco, met oneindig veel humor en luchtigheid hebben jullie me door de
afgelopen jaren heen getrokken. Jullie brachten veel kleur aan mijn leven buiten het werk en ik
ben dan ook ontzettend dankbaar dat jullie er altijd zijn. Jim, er zijn weinig mensen die me zo
goed kennen als jij. Altijd net 2 stappen eerder dan ik wist jij haarfijn de vinger op de zere plek
te leggen. En je had altijd gelijk. Ook jouw kennis van de Nederlandse taal kwam meermaals
goed van pas. Document na document heb jij zonder zeuren nagekeken en verbeterd (oké
vooruit, af en toe werd ik wel een klein beetje uitgelachen als ik weer een domme fout had
gemaakt). Remco, jij staat voor gezelligheid en warmte, bedankt voor alle keren dat je me in
de watten hebt gelegd. En of het nu om kleding ging of de lay-out van het boekje, jij stond
altijd klaar met goede (styling) adviezen. Jullie hebben allebei je taak als paranimf heel serieus
genomen en ik weet zeker dat dankzij jullie inzet het een prachtige dag wordt.
Pap en mam, hoe kan ik jullie ooit bedanken voor alles wat jullie de afgelopen jaren voor mij
hebben betekend. Jullie zijn me altijd blijven zien voor wie ik echt ben. Daarbij hadden jullie
een rotsvast vertrouwen in mij en in een goede afloop, hoe hard ik dat soms ook tegensprak.
Jullie hielden me met beide benen op de grond en beteugelden me als ik weer iets te veel en
te vaak de woorden ‘Sint Maartenskliniek’ uitsprak. ‘Nu gaan we even gezellig doen’ heb ik
meer dan één keer te horen gekregen. En terecht. Er zijn meer dingen belangrijk in het leven
dan een boekje, en mocht ik dat al eens even dreigen te vergeten, waren jullie er altijd om
me daaraan te herinneren. Want jullie waren er altijd. Soms door me te ontzorgen door mijn
auto te tanken of voor me te koken. Maar nog veel vaker door er gewoon ‘te zijn’, te luisteren
en zo nodig onmisbare adviezen te geven. Ik durf daarom wel te zeggen dat zonder jullie dit
proefschrift er niet was geweest. Ik had me geen betere steun kunnen wensen.
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General information about the data collection
The research data that is presented in this thesis was collected at the department of
Rheumatology at the Sint Maartenskliniek and the departments of Medical Immunology
and Dermatology at the Radboudumc. It was archived according to the Findable, Accessible,
Interoperable and Reusable (FAIR) principles. A detailed description of how these FAIR
principles were applied is provided below.
Ethics and privacy
The data and (serum) samples that were collected for this thesis were obtained from human
subjects. The studies were approved by the medical and ethical review board Committee on
Research Involving Human Subjects region Arnhem Nijmegen, the Netherlands (Chapter 3, 4,
10) or exempted from formal review (Chapter 6, 7, 8). All participants provided informed consent
using both opt-in (Chapter 3, 4, 10) and opt-out procedures (Chapter 6, 7, 8). All the studies
involving human subjects were performed in accordance with the Declaration of Helsinki. The
privacy of the participants in these studies (Chapters 3, 4, 6, 7, 8, 10) was warranted by using
anonymous and encrypted identification codes. The encryption keys were stored separate
from study data and were only accessible to members of the study team.

Fair principles
Findable: All the data that was obtained during the studies, is stored on department
servers (Sint Maartenskliniek: V:\ under Reuma_research_studies and Y:\research_archive;
Radboudumc: z:\ under Reuma EXTRA_complete PsA). Clinical data from psoriasis patients
(Chapter 3, 4) is stored on the Digital Research Environment (Radboudumc). The paper data
is stored at the research department’s archive of the Sint Maartenskliniek (Chapter 10) and
Radboudumc (Chapter 4). Serum samples (anonymized) are stored at the department of
Medical Immunology at the Radboudumc.
Accessible: All data will be available upon reasonable request to the corresponding author.
The following manuscripts were published under open-access:
• Mulder MLM, et al. Profiling Combined with Machine Learning Discriminates Psoriatic
Arthritis from Psoriasis Patients. Int J Mol Sci. 2021 Oct 12;22(20):10990.
• Mulder MLM, et al. Clinical, laboratory, and genetic markers for the development or presence
of psoriatic arthritis in psoriasis patients: a systematic review. Arthritis Res Ther. 2021 Jun
14;23(1):168.
• Mulder MLM, et al. Comparing methotrexate monotherapy with methotrexate plus
leflunomide combination therapy in psoriatic arthritis: protocol of a randomized, placebocontrolled, double-blind clinical trial (COMPLETE-PsA). Trials. 2020 Feb 10;21(1):155.
Reusable: Serum samples (Chapter 3) will be saved for 10 years after study termination. Data
from the COMPLETE study (Chapter 10) will be saved for 25 years after study termination. Data
from the other studies (Chapter 3, 4, 6, 7, 8) will be saved for 15 years after study termination.
The data is not publicly available due to them containing information that could compromise
research participant consent. Renewed permission by patients is needed for re-use of these
data.
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Interoperability: All data was documented in commonly used file formats to ensure
interoperability. For two studies (Chapter 4, 10), data was collected using electronical case
report forms (CASTOR EDC).
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Marsman, D. (2022). Polymyalgia rheumatica. Clinical characteristics and new treatment
opportunities. Radboud University Nijmegen, Nijmegen. The Netherlands.
Alingh, J. (2021). Effect of robotic gait training on the post-stroke gait pattern. Evaluation of
LOPES II. Radboud University Nijmegen, Nijmegen. The Netherlands.
Van Dijsseldonk, R. (2021). Step into the future: mobility after spinal cord injury. Radboud
University Nijmegen, Nijmegen, The Netherlands.
Pelle, T. (2021). Beating osteoarthritis by e-self management in knee or hip osteoarthritis.
Radboud University Nijmegen, Nijmegen. The Netherlands.
Van Heuckelum, M (2020). Novel approaches to improve medication adherence in rheumatoid
arthritis. Radboud University Nijmegen, Nijmegen. The Netherlands.
Mathijssen, E. (2020). The voice of patients with rheumatoid arthritis. Radboud University
Nijmegen, Nijmegen. The Netherlands.
Bakker, S. (2019). Regional anesthesia and total knee arthroplasty. Anesthetic and
pharmacological considerations. Radboud University Nijmegen, Nijmegen. The Netherlands.
Claassen, A. (2019). Strategies for patient education in rheumatic diseases. Radboud University
Nijmegen, Nijmegen. The Netherlands.
Fenten, M. (2019). Optimizing locoregional anesthesia in fast track orthopaedic surgery.
Radboud University Nijmegen, Nijmegen. The Netherlands.
Minten, M. (2019). On the role of inflammation and the value of low dose radiation therapy in
osteoarthritis. Radboud University Nijmegen, Nijmegen. The Netherlands.
Verhoef, L. (2019). Effective and efficient use of bDMARDs in rheumatoid arthritis. Radboud
University Nijmegen, Nijmegen. The Netherlands.
Bekker, C. (2018). Sustainable use of medication. Medication waste and feasibility of
redispensing. Utrecht University, Utrecht. The Netherlands.
Bikker, I.(2018). Organizing timely treatment in multi-disciplinary care. University of Twente,
The Netherlands.
Bouman, C. (2018). Dose optimisation of biologic DMARDs in rheumatoid arthritis: long-term
effects and possible predictors. Radboud University Nijmegen, The Netherlands.

292

293

Mahler, E. (2018). Contributors to the management of osteoarthritis. Utrecht University,
The Netherlands.

Stegeman, M. (2015). Fusion of the tarsal joints: outcome, diagnostics and management of
patient expectations. Utrecht University, Utrecht, The Netherlands.

Tweehuysen, L. (2018). Optimising biological treatment in inflammatory rheumatic diseases.
Predicting, tapering and transitioning. Radboud University Nijmegen, Nijmegen,
The Netherlands.
Geerdink, Y. (2017). Getting a grip on hand use in unilateral cerebral palsy. Radboud University,
Nijmegen, The Netherlands.

Van Herwaarden, N. (2015). Individualised biological treatment in rheumatoid arthritis. Utrecht
University, Utrecht, The Netherlands.

Remijn, L. (2017). Mastication in children with cerebral palsy. Radboud University, Nijmegen,
The Netherlands.

Willems, L. (2015). Non-pharmacological care for patients with systemic sclerosis. Radboud
University, Nijmegen, The Netherlands.

Selten, E. (2017). Beliefs underlying treatment choices in osteoarthritis. Radboud University,
Nijmegen, The Netherlands.

Witteveen, A. (2015). The conservative treatment of ankle osteoarthritis. University of
Amsterdam, Amsterdam, The Netherlands.

Van Hooff, M. (2017). Towards a paradigm shift in chronic low back pain? Identification of
patient profiles to guide treatment. VU University Amsterdam, Amsterdam, The Netherlands.

Zwikker, H. (2015). All about beliefs. Exploring and intervening on beliefs about medication to
improve adherence in patients with rheumatoid arthritis. Radboud University, Nijmegen,
The Netherlands.

Lesuis, N. (2016). Quality of care in rheumatology. Translating evidence into practice. Radboud
University, Nijmegen, The Netherlands.
Luites, J. (2016). Innovations in femoral tunnel positioning for anatomical ACL reconstruction.
Radboud University, Nijmegen, The Netherlands.
Pakvis, D. (2016). Survival, primary stability and bone remodeling assessment of cementless
sockets. An appraisal of Wolff's law in the acetabulum. Radboud University, Nijmegen,
The Netherlands.
Schoenmakers, K. (2016). Prolongation of regional anesthesia. Determinants of peripheral nerve
block duration. Radboud University, Nijmegen, The Netherlands.
Altmann, V. (2015). Impact of trunk impairment on activity limitation with a focus on
wheelchair rugby. Leuven University, Leuven, Belgium.
Bevers, K. (2015). Pathophysiologic and prognostic value of ultrasonography in knee
osteoarthritis. Utrecht University, Utrecht, The Netherlands.
Cuperus, N. (2015). Strategies to improve non-pharmacological care in generalized
osteoarthritis. Radboud University, Nijmegen, The Netherlands.

Wiegant, K. (2015). Uitstel kunstknie door kniedistractie. Utrecht University, Utrecht,
The Netherlands.

Koenraadt, K. (2014). Shedding light on cortical control of movement. Radboud University,
Nijmegen, The Netherlands.
Smink, A. (2014). Beating Osteoarthritis. Implementation of a stepped care strategy to manage
hip or knee osteoarthritis in clinical practice. VU University Amsterdam, Amsterdam,
The Netherlands.
Stolwijk, N. (2014). Feet 4 feet. Plantar pressure and kinematics of the healthy and painful foot.
Radboud University, Nijmegen, The Netherlands.
Van Kessel, M. (2014). Nothing left? How to keep on the right track. Spatial and non-spatial
attention processes in neglect after stroke. Radboud University, Nijmegen, The Netherlands.
Brinkman, M. (2013). Fixation stability and new surgical concepts of osteotomies around the
knee. Utrecht University, Utrecht, The Netherlands.
Kwakkenbos, L. (2013). Psychological well-being in systemic sclerosis: Moving forward in
assessment and treatment. Radboud University, Nijmegen, The Netherlands.
Severens, M. (2013). Towards clinical BCI applications: assistive technology and gait
rehabilitation. Radboud University, Nijmegen, The Netherlands.

Kilkens, A. (2015). De ontwikkeling en evaluatie van het Communicatie Assessment & Interventie
Systeem (CAIS) voor het aanleren van (proto-)imperatief gedrag aan kinderen met complexe
ontwikkelingsproblemen. Radboud University, Nijmegen, The Netherlands.

Stukstette, M. (2013). Understanding and treating hand osteoarthritis: a challenge. Utrecht
University, Utrecht, The Netherlands.

Penning, L. (2015). The effectiveness of injections in cuffdisorders and improvement of
diagnostics. Maastricht University, Maastricht, The Netherlands.

Van der Maas, A. (2013). Dose reduction of TNF blockers in Rheumatoid Arthritis: clinical and
pharmacological aspects. Radboud University, Nijmegen, The Netherlands.

294

295

Zedlitz, A. (2013). Brittle brain power. Post-stroke fatigue, explorations into assessment and
treatment. Radboud University, Nijmegen, The Netherlands.

Ruiter, M. (2008). Speaking in ellipses. The effect of a compensatory style of speech on functional
communication in chronic agrammatism. Radboud University, Nijmegen, The Netherlands.

Beijer, L. (2012). E-learning based speech therapy (EST). Exploring the potentials of E-health for
dysarthric speakers. Radboud University, Nijmegen, The Netherlands.

Baken, B. (2007). Reflexion on reflexes. Modulation during gait. Radboud University, Nijmegen,
The Netherlands.
Gaasbeek, R. (2007). High tibial osteotomy. Treatment of varus osteoarthritis of the knee.
Radboud University, Nijmegen, The Netherlands.

Hoogeboom, T. (2012). Tailoring conservative care in osteoarthritis. Maastricht University,
Maastricht, The Netherlands.
Boelen, D. (2011). Order out of chaos? Assessment and treatment of executive disorders in braininjured patients. Radboud University, Nijmegen, The Netherlands.
Heesterbeek, P. (2011). Mind the gaps! Clinical and technical aspects of PCL-retaining total
knee replacement with the balanced gap technique. Radboud University, Nijmegen, The
Netherlands.
Hegeman, J. (2011). Fall risk and medication. New methods for the assessment of risk factors in
commonly used medicines. Radboud University, Nijmegen, The Netherlands.
Smulders, E. (2011). Falls in rheumatic diseases. Risk factors and preventive strategies in
osteoporosis and rheumatoid arthritis. Radboud University, Nijmegen, The Netherlands.
Snijders, G. (2011). Improving conservative treatment of knee and hip osteoarthritis. Radboud
University, Nijmegen, The Netherlands.
Vriezekolk, J. (2011). Targeting distress in rheumatic diseases. Utrecht University, Utrecht,
The Netherlands.
Willems, P. (2011). Decision making in surgical treatment of chronic low back pain.
The performance of prognostic tests to select patients for lumbar spinal fusion. Maastricht
University, Maastricht, The Netherlands.
Aarts, P. (2010). Modified constraint-induced movement therapy for children with unilateral
spastic cerebral palsy: the Pirate group intervention. Radboud University, Nijmegen,
The Netherlands.
Groen, B. (2010). Martial arts techniques to reduce fall severity. Radboud University, Nijmegen,
The Netherlands.
Van Koulil, S. (2010). Tailored cognitive behavioral therapy in fibromyalgia. Radboud University,
Nijmegen, The Netherlands.
Van den Bemt, B. (2009). Optimizing pharmacotherapy in patients with rheumatoid arthritis:
an individualized approach. Radboud University, Nijmegen, The Netherlands.
Van Nes, I. (2009). Balance recovery after supratentorial stroke. Influence of hemineglect and
the effects of somatosensory stimulation. Radboud University, Nijmegen, The Netherlands.

Koëter, S. (2007). Patellar instability. Diagnosis and treatment. Radboud University, Nijmegen,
The Netherlands.
Langeloo, D. (2007). Monitoring the spinal cord during corrective spinal surgery: a clinical study
of TES-MEP. Radboud University, Nijmegen, The Netherlands.
De Haart, M. (2005). Recovery of standing balance in patients with a supratentorial stroke.
Radboud University, Nijmegen, The Netherlands.
Den Otter, R. (2005). The control of gait after stroke: an electromyographic approach to
functional recovery. Groningen University, Groningen, The Netherlands.
Spruit, M. (2005). Surgical treatment of degenerative disc conditions of the lumbar spine.
Biomechanical, clinical and radiological aspects. University Utrecht, Utrecht, The Netherlands.
Weerdesteyn, V. (2005). From the mechanisms of obstacle avoidance towards the prevention of
falls. Radboud University, Nijmegen, The Netherlands.
Jongerius, P. (2004). Botulinum toxin type-A to treat drooling. A study in children with cerebral
palsy. Radboud University, Nijmegen, The Netherlands.
Van de Crommert, H. (2004). Sensory control of gait and its relation to locomotion after a spinal
cord injury. Radboud University, Nijmegen, The Netherlands.
Van der Linde, H. (2004). Prosthetic prescription in lower limb amputation. Development of a
clinical guideline in the Netherlands. Groningen University, Groningen, The Netherlands.
Hendricks, H. (2003). Motor evoked potentials in predicting motor and functional outcome after
stroke. University of Nijmegen, Nijmegen, The Netherlands.
Hosman, A. J. F. (2003). Idiopathic thoracic spinal deformities and compensatory mechanisms.
University of Nijmegen, Nijmegen, The Netherlands.
Donker, S. (2002). Flexibility of human walking: a study on interlimb coordination. Groningen
University, Groningen, The Netherlands.
Hochstenbach, J. (1999). The cognitive, emotional, and behavioural consequences of stroke.
University of Nijmegen, The Netherlands.

296

297

De Kleuver, M. (1998). Triple osteotomy of the pelvis. An anatomical, biomechanical and clinical
study. University of Nijmegen, Nijmegen, The Netherlands.
Van Balen, H. (1997). A disability-oriented approach to long-term sequelae following traumatic
brain injury. Neuropsychological assessment for post-acute rehabilitation. University of
Nijmegen, Nijmegen, The Netherlands.
Tromp, E. (1995). Neglect in action: a neuropsychological exploration of some behavioural
aspects of neglect. University of Nijmegen, Nijmegen, The Netherlands.
Van Lankveld, W. (1993). Coping with chronic stressors of rheumatoid arthritis. University of
Nijmegen, Nijmegen, The Netherlands.
Geurts, A. (1992). Central adaptation of postural organization to peripheral sensorimotor
impairments. University of Nijmegen, Nijmegen, The Netherlands.
De Rooij, D. (1988). Clinical and serological studies in the connective tissue diseases. University
of Nijmegen, Nijmegen, The Netherlands.

298

299

Want als de mooiste bloemen groeien, langs de rand van het ravijn
Dan moet daar ook het beste uitzicht op je stoutste dromen zijn
Want als ik iets zou mogen zeggen, nee het is geen rechte lijn
En de grens maar iets verleggen gaat maar zelden zonder pijn
Want de allermooiste bloemen, groeien vlak langs het ravijn
En om die te kunnen plukken moet je durven
Moet je durven
Moet je durven
Moet je durven
Moet je durven bang te zijn
Uit: Ravijn - Veldhuis en Kemper
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