Nienke J. Kleinrensink

Imaging Insights

into the Diverse
Manifestations of
Psoriatic Arthritis




Imaging Insights into the Diverse
Manifestations of Psoriatic Arthritis

Nienke J. Kleinrensink



Imaging Insights into the Diverse Manifestations of Psoriatic Arthritis
PhD thesis, Utrecht University, the Netherlands

Author: Nienke J. Kleinrensink

Cover image: Klaas Jonkman

Printed by Ipskamp Printing | Proefschriften.net

Layout and design: Ninke van Wiggen, persoonlijkproefschrift.nl

ISBN: 978-94-6473-499-7

Copyright © N.J. Kleinrensink, 2024

All rights reserved. No part of this publication may be reproduced or transmitted in
any form or by any means without the permission from the author. The copyright of
articles that have been published or accepted for publication has been transferred
to the respective journals.



Imaging Insights into the Diverse
Manifestations of Psoriatic Arthritis

Inzichten in de diverse manifestaties van artritis psoriatica middels
beeldvormend onderzoek
(met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de
Universiteit Utrecht
op gezagvan de
rector magnificus, prof. dr. H.R.B.M. Kummeling,
ingevolge het besluit van het college voor promoties
in het openbaar te verdedigen op

dinsdag 18 juni 2024 des ochtends te 10.15 uur

door

Nienke Josephine Kleinrensink

geboren op 4 oktober 1989
te Hamburg, Duitsland



Promotoren:

Prol. dr. P.A. de Jong
Prof. dr. F.P.J.G. Lafeber

Copromotoren:
Dr. W. Foppen
Dr. J. Spierings

Beoordelingscommissie:
Prol. dr. M.S. de Bruin-Weller
Prof. dr. M.G.E.H. Lam
Prol.dr. M.T. Nurmohamed
Prof. dr. H.F. Vonkeman
Prof. dr. ir. H.H. Weinans (voorzitter)

Dit proefschrift werd (mede) mogelijk gemaakt met financiéle steun van de Hartstichting en ChipSoft.



Table of Contents

Chapter1
Chapter 2

Chapter 3

Chapter 4

Chapter5

Chapter 6

Chapter 7

Chapter 8
Appendices

General introduction and thesis outline

Comparison of the Heel Enthesitis MRI Scoring System
(HEMRIS) with clinical enthesitis and local metabolic
activity on PET-CT

Longitudinal Follow-Up Using the Heel Enthesitis
Magnetic Resonance Imaging Scoring System
(HEMRIS) Shows Minimal Changes in Heel Enthesitis
Assessed in Spondyloarthritis and Psoriasis Patients

The TOFA-PREDICT study protocol: A Stratification
trial to determine key immunological factors
predicting Tofacitinib efficacy and drug free remission
in Psoriatic Arthritis (PsA).

Structural and Inflammatory Imaging Parameters in
Psoriatic Arthritis: A comparison of DMARD-Naive and
DMARD-Failure Patients

Increased vascular inflammation on PET/CT in
psoriasis and the effects of biologic treatment:
systematic review and meta-analyses

Increased vascular inflammation on PET/CT in
psoriatic arthritis patients in comparison with
controls.

Summary and general discussion

Nederlandse samenvatting
Dankwoord

List of publications
Curriculum Vitae

17

39

65

93

121

163

183

200
204
208
210






Chapter1

General introduction and thesis outline



In the introduction of this thesis, at first an overview is provided on clinical features
of psoriasis and psoriatic arthritis and its comorbidities. Next, the cardiovascular
risk of patients with psoriatic disease is described. Then current imaging techniques
to monitor disease activity at the joints, entheses and cardiovascular system are
discussed. Last, the knowledge gaps in the field of imaging in psoriatic disease studied
in this thesis are addressed.

Psoriatic arthritis

Psoriatic arthritis (PsA) is a chronic inflammatory musculoskeletal disease. It occurs
in approximately in 0.05-0.21% of the European population, and around 30% of
patients with psoriasis develops PsA.(1,2) PsA is an heterogeneous disease with
diverse clinical manifestations; patients may exhibit nail and/or skin psoriasis and
the following musculoskeletal features: arthritis, dactylitis (swelling of an entire digit
or toe), enthesitis (inflammation at the site where tendons/ligaments attach to the
bony surface), and axial disease (Figure 1).

There are no diagnostic criteria available for psoriatic arthritis. The diagnosis
is often established by identification of inflammation of the peripheral joints, the
entheses and/or spine in patients with psoriasis, usually in the absence of rheumatoid
factor and anti-cyclic citrullinated peptide.(3) For research purposes, disease
classification criteria are available; the Classification criteria for Psoriatic Arthritis
(CASPAR).(4)

Table 1. Classification criteria for Psoriatic Arthritis (CASPAR). Psoriatic arthritis is defined
in presence of joint, spine, or entheseal inflammation, in combination with = three points
from five categories.

Category Points

Evidence of current psoriasis, a personal history of psoriasis, or a family history
of psoriasis:

e Current psoriasis 2
e Personal history of psoriasis 1
e Family history of psoriasis (first- or second-degree relative) 1
Typical psoriatic nail dystrophy (onycholysis, pitting, hyperkeratosis) 1
Negative rheumatoid factor 1
Current dactylitis or history of dactylitis 1
Hand or foot radiography: evidence of juxta-articular new bone formation, 1

appearing as ill-defined ossification near joint margin (excluding osteophytes)




PsA is part of the group of interrelated rheumatic diseases referred to as
“spondylarthritis” (SpA; Figure 1). Other spondylartropathies include axial
spondylarthritis (AS), reactive arthritis, SpA associated with inflammatory bowel
diseases, and undifferentiated peripheral SpA. These disorders have shared
musculoskeletal and extra-musculoskeletal (uveitis, psoriasis, and inflammatory
bowel disease) features.(5) To a certain extent there is also a common genetic
background between spondyloarthropathies, as there is familial clustering of
diseases and an association with human leukocyte antigen (HLA)-B27 positivity.(6)

Axial Peripheral
manifestations manifestations

Undifferentiated
peripheral SpA

Reactive
arthritis

nr-axSpA r-axSpA Psoriatic arthritis

SpA
associated
with IBD

Figure 1. Overview of the spondyloarthropathies.

Figure adapted from Proft, F., Poddubnyy, D. Ther Adv Musculoskelet Dis 2018 Vol. 10, Issue 5-6,
pages 129-139). Abbreviations: IBD= inflammatory bowel disease; nr-axSpA = non-radiographic
axial spondyloarthritis; r-axSpA = radiographic axial spondyloarthritis; SpA = spondyloathritis.



Prolonged articular inflammation can lead to significant joint damage in PsA,
by destruction of cartilage and bone (7,8). PsA has a large impact on quality of life,
and patients report moderate to major impact on physical activity (78%) and work
productivity (62%). Furthermore, patients report that the disease impacts their social
lives: a high proportion of patients experience shame or disapproval and report that
the disease affects their personal relationships.(9)

PsA is associated with an increased incidence of cardiovascular disease in
comparison with the general population.(10) This elevated risk of cardiovascular
disease can be partly attributed to increased traditional cardiovascular risk factors
in PsA.(11) Another factor possibly contributing to the cardiovascular risk in PsA, is
chronic low-grade systemic inflammation, leading to endothelial dysfunction, and
accelerated atherosclerosis. To further explore this relation, vascular imaging studies
in PsA could contribute.

A. Musculoskeletal features of PsA C. Impact of PsA on quality of life
’
L4
< §> A
\
Axial spondylitis Peripheral arthritis Pain, disability

[T |
||

Tiredness

Dactylitis Enthesitis

B. Extramusculoskeletal features of PsA 8%

) Negative effect on personal

relationships

Psoriasis Uveitis

Figure 2. Musculoskeletal and extra-musculoskeletal features of PsA.
The Figure was partly generated using Servier Medical Art, provided by Servier, licensed under
a Creative Commons Attribution 3.0 unported license. Abbreviation: PsA = psoriatic arthritis.



Over the past decades, pharmacological treatment options for PsA have expanded.
Where PsA treatment was previously limited to nonsteroidal anti-inflammatory drugs
(NSAID), steroids, and conventional synthetic disease modifying drugs (csDMARDs),
we now have the possibility to treat patients with immunologically biological
DMARDs (bDMARDs) and targeted synthetic drugs (tsDMARDs). This large range of
pharmacological options can be challenging for the clinician. The European Alliance of
Associations for Rheumatology (EULAR) and the Group for Research and Assessment
of Psoriasis and Psoriatic Arthritis (GRAPPA) have developed evidence-based
treatment strategies for psoriatic arthritis.(12,13) However, treatment response rates
vary between patients and efficacy may be lost over time. True disease remission is
rare.(3) Currently, the optimal treatment strategy for the individual patient cannot
be predicted, and unfortunately still is a trial and error approach.

Novel imaging techniques in psoriatic arthritis

Different imaging techniques, primarily conventional radiography, ultrasound, and
magnetic resonance imaging (MRI), can be applied in clinical practice and research
settings in patients with (suspected) PsA, for different purposes. First, imaging
of tendons and joints focused on synovitis, sacroiliitis, enthesitis, and tendinitis
supports the diagnostic process of PsA. This is important, since diagnostic delay can
result in joint damage and unfavorable functional outcomes.(14,15) Next, imaging
techniques can be applied to monitor treatment response in both routine care and
clinical trials. Furthermore, imaging studies could advance our understanding of
disease pathogenesis of PsA and its comorbidities. Finally, imaging measures can be
used as a predictor of treatment response and/or functional disabilities.

Each imaging modality has different strengths and limitations. Conventional
radiography is still the most commonly used modality in PsA. It is easy accessible,
relatively cheap, and can monitor structural damage.(16) Structural changes in
peripheral PsA follow the pattern of clinical joint involvement of an asymmetrical
distribution with the joints of the hands (including distal interphalangeal joints),
feet, ankles, knees, and shoulders most frequently affected. Radiographic features
of PsA can be categorized into destructive and proliferative changes. Destructive
changes are erosions and osteolysis, which may lead to the characteristic ‘pencil-in-
cup’ phenomenon. Proliferative features are new bone formation and bony ankylosis.
(17) However, conventional radiography lacks sensitivity for monitoring short term
treatment response because structural changes are relatively slow phenomena,
specifically in patients with early PsA, in whom little radiographic changes are



observed.(18) Furthermore, disease activity in soft tissue such as synovium, entheses,
and tendons cannot be visualized with this technique.

MRI is a sensitive imaging technique, which can be used for diagnosis and
monitoring of both structural and inflammatory changes in PsA. Inflammation within
the bone can be primarily identified with MRI, as an abnormal fluid signal within the
bone marrow (‘bone marrow edema’).(19) The Outcome Measures in Rheumatology
(OMERACT) group has developed reliable scoring systems for assessment and
monitoring of disease activity with MRI. The Heel Enthesitis Magnetic Resonance
Imaging Scoring (HEMRIS) model was developed for evaluation of enthesitis in
clinical care and trials.(20) However, HEMRIS has not yet been compared with clinical
examination and other imaging modalities. Furthermore, there is limited data on
the sensitivity to change of this scoring model. So far, in only one study evaluated,
no changes were found in the HEMRIS after treatment with either secukinumab or
placebo-secukinumab after 52 weeks.(21)

Positron emission tomography/computed tomography (PET/CT) with radiotracer
2deoxy218Ffluorodglucose (18FFDG) allows for in vivo visualization of cellular uptake
of glucose. 18F-FDG is a glucose analogue, which, unlike glucose, cannot be further
metabolized and therefore accumulates in metabolic active cells.(22) PET/CT is
broadly used in oncology, but could also be of value in diagnosis and monitoring of
inflammatory rheumatic diseases, such as PsA. Small pilot studies have demonstrated
the ability of PET/CT to diagnose early synovitis in PsA.(23) But PET/CT also allows for
imaging of extra-articular disease manifestations of PsA and comorbidities, such as
atherosclerosis and vascular inflammation. In psoriasis patients, PET/CT studies have
shown increased arterial inflammation as compared to controls.(24-27) Previously, it
had not yet been established whether this was also the case for the PsA population.

Ultrasound is a valuable tool in clinical care and research in PsA. It can be applied
at point of care, has low cost and artificial intelligence (Al) based interpretation is
on the horizon. As ultrasound was not used in this thesis a detailed introduction is
beyond the scope of this thesis, but future studies are clearly warranted.



Thesis objective and outline

The aims of this thesis are to investigate different imaging techniques to further
improve monitoring of disease activity in early PsA, and to gain further insight in
vascular inflammation in psoriatic disease.

Part one

This part appraises the role of the HEMRIS in diagnosis and monitoring of heel
enthesitis in PsA. In chapter 2, baseline clinical assessment of enthesitis is compared
with the advanced imaging modalities MRl and PET/CT, in patients with psoriasis,
PsA, and AS included in the prospective EXTEND-UP study. In chapter 3, sensitivity
to change of HEMRIS is evaluated in patients included in the EXTEND-UP study, and
correlations between changes on MRI and clinical disease activity parameters are
explored.

Part two
In part two, the study protocol of the TOFA-PREDICT trial is described (chapter 4). The
goal of this clinical trial is to predict treatment response to tofacitinib in PsA patients,
using a ‘multi-omics’ or ‘systems medicine’ approach. In this approach, data from
various systems (clinical, transcriptomic, metabolomic, proteomic, flow cytometry,
and imaging) to discover and validate profiles to predict treatment response are
integrated. In this trial, MRI and PET/CT are used to predict and evaluate treatment
response.

In chapter 5, baseline differences in MRI, PET/CT and conventional radiography
outcomes in TOFA-PREDICT patients with active PsA, who are either DMARD-naive
or -resistant, are examined.

Part three

This part focuses on vascular inflammation in psoriatic disease. In chapter 6, the
existing literature on vascular inflammation in psoriasis assessed with PET/CT, and
the effects of biologic treatment on vascular inflammation is reviewed. In chapter
7 vascular inflammation in patients with active PsA included in the TOFA-PREDICT
study, in comparison with a control population is investigated.
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Abstract

Objective

To compare the Heel Enthesitis Magnetic Resonance Imaging Scoring (HEMRIS) model
with clinical and PET/CT outcomes in patients with cutaneous psoriasis (Pso), psoriatic
arthritis (PsA) or ankylosing spondylitis (AS).

Methods

This prospective, observational study included 38 patients with Pso, PsA, and AS.
Patients were included regardless of presence or absence of clinical heel enthesitis.
MRI-scans of both ankles and a whole-body 18F-FDG PET/CT were acquired. MRIs
were assessed for enthesitis by two independent blinded observers according to the
HEMRIS. A physician, blinded for imaging results, performed clinical evaluations of
enthesitis at the Achilles tendon and plantar fascia.

Results

In total, 146 entheses were scored according to the HEMRIS and clinically assessed
for enthesitis (6 entheses were clinically affected). In Achilles tendons with clinical
enthesitis the HEMRIS structural damage score was significantly higher, compared
to Achilles tendons without clinical enthesitis (respective median scores 1.0 and
0.5; p=0.04). In clinically unaffected entheses, HEMRIS abnormalities occurred in
44/70 (63%) of Achilles tendons and in 23/70 (33%) of plantar fascia. At the Achilles
tendon, local metabolic activity measured on PET/CT was weakly associated with the
structural (rs=0.26, p=0.03) and total HEMRIS (rs =0.25, p=0.03).

Conclusion

This study revealed a high prevalence of subclinical HEMRIS abnormalities and
discrepancy between HEMRIS and clinical, and PET/CT findings. This may suggest
that the HEMRIS is a sensitive method for detection of inflammatory and structural
disease of enthesitis at the Achilles tendon and plantar fascia, although the clinical
significance of these MRI findings remains to be determined in longitudinal studies.



Key Messages
What is already known about this subject?

. Recently, the Heel Enthesitis Magnetic Resonance Imaging Scoring (HEMRIS)
model (1) was developed for use in clinical trials and clinical practice in
spondyloarthritis.

What does this study add?

. The first study to compare the novel HEMRIS to clinical examination and

to PET/CT in a cross-sectional cohort of patients with psoriasis, psoriatic
arthritis, and ankylosing spondylitis.

. HEMRIS abnormalities were highly prevalentin clinically unaffected entheses:
in 63% of Achilles tendons and 33% of plantar fascia.

. Clinical enthesitis and local FDG-PET/CT uptake were related to HEMRIS
abnormalities occurring at the Achilles enthesis.

How might this impact on clinical practice or future developments?

. Since subclinical HEMRIS abnormalities were frequently observed in the
current study, the prospective value of HEMRIS should be evaluated in future
longitudinal studies prior to implementation into clinical practice.

Introduction

Inflammation at the enthesis (enthesitis) is a key clinical feature of spondyloarthritis.
Psoriatic arthritis (PsA) and ankylosing spondylitis (AS) are both spondyloartropathies
in which enthesitis is part of disease classification criteria.(2,3) Enthesitis is also
considered in treatment recommendations for PsA.(4,5) Detection of enthesitis in
patients with cutaneous psoriasis (Pso), can allow for early diagnosis of PsA and
timely treatment initiation. Delay in diagnosis of PsA is associated with development
of peripheral joint erosions and reduced functional outcome.(6) Beyond daily clinical
practice, enthesitis is an important outcome measure in clinical trials in PsA and
AS.(7,8)

Currently, there is no gold standard for the evaluation of enthesitis. In clinical
examination enthesitis is evaluated by local tenderness when pressure is applied,
but this method is considered to have low sensitivity.(9) Another challenge is the low
specificity of clinical examination, for example to discriminate between tenderness
at the enthesis caused by inflammation or another cause, such as fibromyalgia.
(10,11) Hence, there is much interest in the use of imaging techniques for detection
of enthesitis.



Imaging techniques used for assessment of enthesitis include magnetic resonance
imaging (MRI) and ultrasound. Previous work has shown that MRl and ultrasound can
detect subclinical disease activity at the enthesis.(12,13) MRI is currently the only
imaging modality available to assess peri-entheseal bone marrow edema, which is
a specific inflammatory feature of enthesitis.(14,15)

Another imaging test that has the potential to diagnose enthesitis is
18F-fluorodeoxyglucose (18F-FDG) Positron Emission Tomography Computed
Tomography (PET/CT), as 18F-FDG is a marker for inflammatory processes.(16)
18F-FDG PET/CT has been reported to detect inflammation at the enthesis in PsA
patients,(17) while such features are not typically seen in healthy individuals.(18)

The heel, where the Achilles tendon and plantar fascia attach to the calcaneus,
is a frequently affected anatomical site for enthesitis in spondyloarthritis since it
is subjected to high mechanical stress.(8,19) Recently, the Outcome Measures in
Rheumatology (OMERACT)-group developed and validated the Heel Enthesitis MRI
Scoring (HEMRIS) system and published an atlas with reference images.(1) This novel
MRI scoring system takes both inflammatory and structural features of enthesitis into
account. The HEMRIS was not previously compared with other diagnostic methods
for enthesitis. We aimed to compare HEMRIS with clinical, laboratory, and PET/CT
outcomes in Pso, PsA and AS patients.

Methods

Study design and patients

This prospective observational study was performed in a single university hospital.
As part of the study design multiple imaging modalities were performed (MRI of the
feet and whole-body 18F-FDG PET/CT). Patients aged 18-65 years were included,
in three different disease categories: psoriasis (diagnosed by a dermatologist with
psoriatic arthritis excluded by a rheumatologist (in-training)), psoriatic arthritis
(fulfilling Classification Criteria for Psoriatic Arthritis (CASPAR)(2)), and AS (fulfilling
Assessment of SpondyloArthritis international Society (ASAS) classification criteria
(3)). Exclusion criteria were current use of conventional or synthetic disease-
modifying antirheumatic drugs (DMARDs), history of skin conditions other than
psoriasis, and contra-indications for MRl or PET/CT. Due to a separate analysis of
the microbiome (unpublished data), patients with a history inflammatory bowel
disease or gastrointestinal surgery, or a strict diet were excluded from the study.
Study participants were included regardless of the presence/absence of clinically



suspected enthesitis. Incorporation of clinical examination, laboratory testing, as well
as anatomical (MRI) and metabolic imaging (PET/CT) in this study enables assessment
of mutual associations between different tests. All patients gave written informed
consent for participation in the study. The study-protocol was approved by the local
medical ethics committee (registration number 15-429/M).

Study assessments

Clinical assessments included height, weight, blood pressure, 66/68 joint counts,
Psoriasis Area and Severity Index (PASI) and Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI). Clinical assessment also included an overall assessment of
enthesitis by means of the Leeds Enthesitis Index(20), which evaluates enthesitis at
the lateral humeral epicondyle, medial femur condyle, and Achilles tendon insertion.
In addition, enthesitis was assessed at the plantar fascia. In accordance with the
protocol for the Leeds Enthesitis Index, a standardized method of determining
enthesitis was employed, defined as: pain or tenderness at the enthesis upon
pressure of the thumb (pressure applied until examiner nail blanching occurred).
Physicians that performed clinical assessments were blinded to imaging results that
included MRI-scans of both feet and a 18F-FDG whole-body PET/CT-scan. Laboratory
parameters measured for the study were C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR).

MRI scanning protocol and HEMRIS scoring:

Both feet and ankles were evaluated separately on a 3 Tesla MRI-scanner (Philips,
type Achieve 3T TX, Koninklijke Philips Electronics NV, the Netherlands), using a
head coil. By positioning both ankles in a head coil, both ankles were evaluated in
the same position on the pre- and postcontrast images. The MRI-protocol included
the following sagittal sequences: T2-weighted, T2-weighted Spectral Attenuated
Inversion Recovery (SPAIR), T1-weighted SPIR (Spectral Presaturation with Inversion
Recovery) before contrast, and T1-weighted SPIR after contrast.

MRI-scans were assessed for different enthesitis subscores using the
semiquantitative HEMRIS(1) by two independent observers. The observers were a
fellowship-trained musculoskeletal radiologist (IK) and a senior radiology resident
with a sub-specialization in musculoskeletal radiology (PHV). Both readers were
blinded for clinical diagnosis and outcomes. The following pathologies were assessed
at the calcaneal insertional site of the Achilles tendon and plantar fascia:



- Inflammatory pathologies: intratendon hypersignal, peritendon hypersignal,

bone marrow edema, and retrocalcaneal bursitis (Achilles tendon only).

- Structural pathologies: tendon thickening, enthesophyte, entheseal bone

erosion, and intratendon hypersignal on TIW sequence.

Scores of both observers were averaged as suggested in the original HEMRIS
publication. In case one observer scored a HEMRIS subitem as ‘0’ (absent) and the
other observer as ‘1-3’ (mild/moderate/severe), this HEMRIS subitem was discussed
and agreed upon in a consensus meeting.

The OMERACT group suggested the use of ‘total inflammation’ and ‘total
structural’ damage scores for the Achilles tendon and plantar fascia combined. In
the present study, separate scores were calculated for the Achilles tendon and plantar
fascia, because this allowed for comparison with clinical examination and PET/CT
data. Inflammation scores were calculated by summation of inflammatory variables,
structural scores by summation of structural variables. A total HEMRIS score for each
enthesis was created by summation of the inflammation and structural scores. For
comparison of HEMRIS outcomes with clinical patient characteristics, such as age,
BMI, and laboratory parameters (ESR, CRP), we summed HEMRIS scores of the left
and right ankles.

PET/CT
Whole-body 18F-FDG PET/CT-scans were obtained for evaluation of systemic
inflammation, arthritis, and ankle enthesitis. "®F-FDG (dose 2,0 MBq/kg; radiation
exposure is 2.7mSv for a patient of 70kg (21))) was administered intravenously after
an overnight fast. Glucose was measured before the scan. Two patients had glucose
levels >8.3 (respectively 10.6 and 11.7), which was accepted for the purpose of this
study.(22) The PET/CT-scans were acquired one hour after administration of '®F-FDG.
A non-contrast-enhanced low-dose CT was performed for attenuation correction
(radiation exposure dose: 4.0 mSv). The PET/CT-reconstruction was compliant with
European Association of Nuclear Medicine Research Ltd. (EARL) guidelines.
18F-FDG uptake at the insertion sites of the Achilles tendon and plantar fascia into
the calcaneus was evaluated by placing spherical volumes of interest (VOIs) with a
diameter of 3.0 cm. VOIs were placed in the middle of the Achilles tendon and plantar
facia at site of the enthesis on fused PET/CT images using the Nuclear Medicine fusion
toolin IDS7 version 22.1 (Sectra AB, Linkdping, Sweden) allowing a clear anatomical
landmark for placing the FOVs. Within the VOIs, the maximum standardized uptake
(SUVmax)-values were measured. Background activity was determined by measuring



the mean standardized uptake in a spherical VOI placed centrally in the right liver lobe.
Target-to-background ratios were calculated by division of maximum standardized
uptake at the enthesis, by mean standardized uptake at the liver. One independent
reader, a senior rheumatology resident with a sub-specialization inimaging and five
years of experience (BK), performed all measurements.

Statistical analysis

Baseline patient characteristics were described with medians and interquartile
ranges (IQRs), or frequencies and percentages. For analysis of continuous HEMRIS
outcomes, the average of the two observers was used. For analysis of dichotomized
HEMRIS outcomes, the consensus scores were used.

Continuous HEMRIS outcomes and PET/CT target-to-background ratios of
entheses with and without clinical evidence of enthesitis, were compared using the
Mann-Whitney test. Continuous HEMRIS outcomes of Pso, PsA, and AS entheses
were compared using the Kruskal-Wallis test. Association between continuous
HEMRIS scores and clinical, laboratory (ESR, CRP) and PET/CT outcome measures
was assessed using the Spearman rank correlation coefficient. Missing values (see
Results section) were excluded from the analysis. The predetermined significance
level was set at p<0.05. All analyses were conducted using SPSS version 25 (IBM SPSS
Statistics, IBM Corporation, Armonk, NY).

Results

Patients’ characteristics

38 patients were included in this study: 13 Pso patients, 13 PsA patients, and 12 AS
patients. The median age was 48.4 (IQR 35.4 - 52.5) years and 66% were males. The
median PASIwas 4.4 (IQR3.2-9.9) in Pso and 4.6 (IQR 2.2 -9.3) in PsA. The PsA group
had a median of one swollen and one tender joint. In AS the median BASDAI score
was 3.8 (IQR 2.0-4.3). Table 1 provides descriptive statistics of patient characteristics
in more detail.



Table 1. Patient demographics by disease category (psoriasis, psoriatic arthritis or
ankylosing spondylitis).

Disease
categories:

Psoriasis Psoriatic Ankylosing Total
(n=13) arthritis (n=13) spondylitis (n=38)
(n=12)

Male sex, n (%): 6 (46.2) 10 (76.9) 9 (75.0) 25 (65.8)
Age in years, median 41.4 50.5 48.5 48.4
(IQR): (30.0-52.3) (42.4-52.8) (37.9 - 51.9) (35.4 - 52.5)
Disease duration in 20.8 6.3 8.2
years, median (IQR): (11.0-40.2) (0.5-11.9) (2.7-17.9) NA
BMI, median (IQR): 25.1 25.1 25.4 25.1

(22.3-35.4) (24.1-28.6) (22.9-27.3) (23.0-27.3)
TJC, median (IQR): NA  1.0(0.0-5.5) 0.0 (0.0-0.0) NA
SJC, median (IQR): NA  1.0(0.5-5.5) 0.0 (0.0-0.0) NA
Leeds enthesitisindex 0.0 (0.0 - 0.0) 0.0(0.0-1.0) 0.0 (0.0 -1.75) NA
(IQR):
PASI (IQR): 4.4 4.6 NA NA

(3.2-9.9) (2.2-9.3)

BASDAI (IQR): NA NA 3.8(2.0-4.3) NA
CRP (IQR): 3.0(1.0-5.1) 2.0(1.5-4.8) 3.2(1.3-7.5) 3.0(1.4-5.3)
ESR (IQR): 5.0(.0-11.0) 4.0(2.0-6.0) 5.0(3.0-13.0) 5.0(2.0-8.5)
Current NSAID use,
n (%): 1(7.7) 6 (46.2) 8(66.7) 15 (40.5)
Missing, n (%): 1(7.7) 0 0 1(2.6)

Table Legend. Data are presented as median (IQR), or n(%).

Abbreviations: BMI = body mass index, TJC = tender joint count, SJC = swollen joint count,
CRP = C-reactive protein, PASI = Psoriasis Area and Severity Index, BASDAI = Bath Ankylosing
Spondylitis Disease Activity Index, NSAID = Non Steroid Anti Inflammatory Drug, ESR = erythrocyte
sedimentation rate

HEMRIS outcomes in patients with and without clinical enthesitis:

75 ankle MRI-scans were evaluated, the MRI-scan of one ankle was not assessable for
enthesitis because of inadequate fat suppression. In one patient, clinical assessment
of enthesitis was not performed. This resulted in a total 146 entheses that were
evaluated for enthesitis with both clinical examination and MRI (HEMRIS). Clinical



enthesitis was observed in 3/74 (4.1%) Achilles tendons and 3/74 (4.1%) of plantar
fascia.

Figure 1 presents HEMRIS scores (inflammation score, structural damage score,
total score) of Achilles tendons and plantar fascia with and without clinical enthesitis.
A higher structural damage score was observed in Achilles tendons with clinical
enthesitis, compared to Achilles tendons without clinical enthesitis (respective
median scores 1.0 and 0.5; p=0.04). In 44/70 (62.9%, 95% confidence interval (Cl)
51.5- 74.2%) Achilles tendons without clinical enthesitis, subclinical inflammatory
and/or structural HEMRIS lesions (score =1) were observed. When using a higher cut-
off value (=2), subclinical HEMRIS lesions were still identified in 18/70 (25.7%, Cl 15.5-
36.0%) Achilles tendons.

No differences in HEMRIS inflammation, structural damage or total scores were
observed between plantar fascia with and without clinical enthesitis (Figure 1).
In clinically unaffected plantar fascia, subclinical inflammatory and/or structural
HEMRIS lesions were observed in 23/70 (32.9%, Cl 21.9 - 43.9%) (cut-off value: =1), or
10/70 (14.3%, CI 6.1 - 22.5%) (cut-off value: =2), of plantar fascias.

The HEMRIS subscore occurring most frequently in entheses with clinical enthesitis
was ‘peritendon hypersignal’ (in 3/6 (50.0%) entheses). HEMRIS subscores stratified
according to absence or presence of clinical enthesitis are provided in Supplemental
Table 1.

HEMRIS in relation to metabolic activity measured on PET/CT:

At the Achilles tendon, local metabolic activity measured on PET/CT was weakly
associated with the structural (rs=0.26, p=0.03) and total HEMRIS (rs=0.25, p=0.03)
(Figure 2). There was no correlation between local '®F-FDG uptake measured on
PET/CT at the plantar fascia and HEMRIS scores (Figure 2). There were no differences
between entheses with and without clinical enthesitis in regard to local '®F-FDG
uptake.
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Figure 3. MRl and 18F-FDG PET/CT of a 54-year-old male with ankylosing spondylitis, show-
ing abnormalities at the plantar fascia enthesis.

A. T2 SPAIR weighted image showing bone marrow edema (arrow), edema peritendon and
intratendon hypersignal (arrowhead)

B. 18F-FDG PET/CT with increased uptake at the plantar fascia enthesis (arrowhead)
Abbreviations: 18F-FDG PET/CT = 18F-fluorodeoxyglucose positron emission tomography/
computed tomography, MRI = magnetic resonance imaging, SPAIR = Spectral Attenuated
Inversion Recovery.

HEMRIS in relation to clinical patient characteristics and laboratory
parameters:

HEMRIS structural damage scores at the plantar fascia and Achilles tendon were not
significantly different in ankles from different patient categories Pso, PsA, and AS
(Figure 5). In Pso patients, none of whom had clinical enthesitis, HEMRIS structural
or inflammatory abnormalities (cut-off value: =1) were observed in 17/26 (65%) of
Achilles tendons and 9/26 (35%) of plantar fascia.

Age was correlated with the sum of the left and right structural HEMRIS at both
the Achilles tendon (rs=0.44;p=0.01) and plantar fascia (rs=0.36;p=0.03), and the sum
of the left and right total HEMRIS at the Achilles tendon (rs=0.36; p=0.03). BMI was
correlated with the sum of left and right total HEMRIS (rs=0.37; p=<0.05) at the plantar
fascia. Clinical parameters SJC, ESR and CRP were not significantly correlated with
the HEMRIS.
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Figure 5. Inflammation, structural and total HEMRIS at the Achilles tendon and plantar
fascia in patient categories Pso, PsA and AS.

Figures are median (range). Abbreviations: HEMRIS = Heel Enthesitis MRI Scoring System,
Pso = psoriasis, PSA = psoriatic arthritis, AS = ankylosing spondylitis.



Discussion

Recently, the HEMRIS was introduced as a scoring system for use in clinical trials
in spondyloarthritis and as a tool for assessment of enthesitis using MRI in clinical
practice.(1,23) As data on the new system are limited we compared HEMRIS outcomes
with clinical, laboratory, and PET/CT findings in patients prone to develop enthesitis.
Subclinical MRI lesions (HEMRIS cut-off value: =1) were frequently observed and even a
higher cut-off value of 22 still yielded a high prevalence of subclinical HEMRIS lesions.
In case of clinical enthesitis, higher structural damage scores were observed at the
Achilles tendon. There was a weak, but significant correlation between the structural
and total HEMRIS scores at the Achilles tendon and metabolic activity on PET/CT.
In patients with Pso, all without clinical evidence of involvement of the entheses,
subclinical MRI lesions occurred in 65% of Achilles tendons and 33% of plantar fascias.

An interesting observation in our study is that we frequently detected subclinical
inflammatory and structural MRI lesions at the plantar fascia and Achilles tendon. The
literature on this is limited, but our finding is consistent with that of Poggenborg et
al, who acquired whole-body MRIs in 18 PsA patients, 18 AS patients, and 12 healthy
controls and compared MRI-findings with clinical examination.(24) The agreement
of whole-body MRI and clinical assessment of enthesitis varied from 49-100% per
anatomic location. Subclinical enthesitis was most frequently detected at the greater
trochanter, Achilles tendons, and ischial tuberosity. It was hypothesized that this
could be due to high mechanical stress in these anatomical locations.(12,24). The
clinical significance of subclinical MRI findings at the enthesis in PsA and AS patients
remains to be determined. Enthesopathy may be observed in asymptomatic persons
without rheumatological conditions as a result of mechanical overload, degeneration,
endocrine disease, trauma or as an adverse effect to certain medications. (19,25)
Evaluation of a group of healthy volunteers with detailed information on BMI,
endocrinological conditions, and exposure to mechanical stress (e.g. sports) remains
to be performed in order to define ‘normal degeneration’. To evaluate whether
HEMRIS can predict future development of synovitis or erosions, we aim to follow our
study participants for a period of two years to better examine the clinical relevance
of the results.

Another finding is that subclinical MRI lesions were frequently observed in
psoriasis patients. The occurrence of subclinical MRI lesions in psoriasis patients is
consistent with previous research. Mathew et al performed low field (0.2 Tesla) MRI-
scans of the foot in 53 psoriasis patients without clinical arthritis. In 34% of MRI-



scans of psoriasis patients, inflammatory features (synovitis, tenosynovitis and/or
bone-marrow edema) were present. (26) Erdem et al evaluated foot involvement in
26 psoriasis patients without clinical arthritis or arthralgia.(27) The most common
inflammatory and structural features on 1.5 T MRI-scans of the foot/ankle were
Achilles tendonitis (57%), retrocalcaneal bursitis (50%), joint effusion/synovitis (46%),
soft-tissue edema (46%), and para-articular enthesophytes (38%).

However, the clinical significance of inflammatory or structural MRI lesions in
asymptomatic psoriasis patients is currently unclear. To date, there is only one
longitudinal study that evaluated the impact of subclinical MRI-findings in psoriasis
patients. Faustini et al. acquired 1.5 MRIs of the dominant hand of 55 psoriasis
patients without signs of PsA: classification as PsA according to CASPAR criteria
was an exclusion criterium. In 26/55 (47%) of patients subclinical MRI inflammation
was detected.(28) The MRI features synovitis, tenosynovitis, osteitis, and erosions
(measured using The OMERACT Psoriatic Arthritis Magnetic Resonance Imaging
Scoring System (PsAMRIS(29))) were not associated with progression from psoriasis
to psoriatic arthritis, although this could be due to the small sample size and relatively
short follow-up period of one year. To evaluate whether HEMRIS can predict future
progression to PsA, we aim to follow patients for a period of two years.

The use of 18F-FDG PET/CT for assessment of enthesitis in spondyloarthritis is
infrequently investigated. A previous study reported higher standardized uptake
values (SUVs) at the entheses (knees excluded) of spondyloarthritis patients,
compared to patients diagnosed with rheumatoid arthritis, non-rheumatic diseases,
and healthy subjects.(17) The authors suggest that this indicates that PET/CT could
be used as an alternative method to diagnose enthesitis.

In the current study, PET/CT was performed for study purposes only in order to
compare 18F-FDG PET/CT with MRI assessment of enthesitis. As 18F-FDG is a marker
forinflammatory processes, we hypothesized that the inflammatory HEMRIS would be
associated with metabolic uptake at the enthesis on PET/CT. However, inflammatory
HEMRIS at the Achilles tendon and plantar fascia were not associated with local
uptake on PET/CT (Figure 2). Our results did identify a weak correlation between the
structural and total HEMRIS at the Achilles tendon and metabolic activity on PET/CT
(Figure 2). A possible explanation for the limited association between MRl and PET/CT,
is that the enthesis is a poorly vascularized anatomical structure, (30) and 18F-FDG
PET/CT relies on intravenous supply of the glucose analogue 18F-FDG. Because of the
unestablished clinical relevance of metabolic activity on 18F-FDG PET/CT at the site
of the Achilles tendon and plantar fascia enthesis, in combination with the associated



radiation exposure, there is no role for 18F-FDG PET/CT in the clinical evaluation of
enthesitis yet. Our results on 18F-FDG PET/CT provide fundamental insight into the
pathogenesis of enthesitis, but in agreement with previous work the diagnostic value
for AS/spondyloarthritis has not been proven.(31,32)

Ultrasound is an alternative imaging modality that can also evaluate entheses, with
one major advantage being the fact that it is more readily available. A disadvantage
of ultrasound is the operator-dependency. In addition, ultrasound cannot detect
changes beyond the bone cortex, while enthesitis is considered to be an inflammatory
process that also impacts the bone (i.e. bone-marrow edema as seen by MRI and
immunopathology that includes the bone). (19) Nonetheless, ultrasound remains
a potential modality for investigating enthesitis in clinical practice or trials.(33,34)

Strengths of the current study include the use of the HEMRIS score as described,
PET/CT, blinded clinical examination and laboratory findings. By including a
population of asymptomatic patients, we were able to assess the frequency of
subclinical HEMRIS lesions. The study was designed principally to recruit patients
free ofimmunomodulatory drugs and patients were not selected based on presence
or absence of clinical enthesitis. A study limitation is therefore the low number of
patients with clinical enthesitis and the selection of patients with relative low disease
activity. In the present study both ankles were positioned in a head coil on the 3T
MRI and imaged separately to allow evaluation in the same position on the pre- and
postcontrast images. Using a head coil may have limited the resolution. A dedicated
ankle coil and smaller field of view would improve the image quality and more subtle
changes may be observed resulting in an even higher prevalence of subclinical
findings. Furthermore, this study did not include a control group of healthy subjects.
One previous study found no MRI abnormalities (specifically: enthesophyte, bone
marrow edema, bone erosions, subchondral cysts, joint space narrowing, osteolysis,
and/or soft-tissue edema) on foot/ankle MRIs in a group of 10 healthy volunteers(27).
However, this study was performed before publication of HEMRIS. The occurrence
of HEMRIS lesions in findings in an asymptomatic, healthy control group remains to
be determined.

In conclusion, our results indicate that HEMRIS is a sensitive tool for detection
of inflammatory and structural MRI lesions at the enthesis. Longitudinal follow-up
will be critical to determine the clinical significance of the HEMRIS lesions and the
metabolic activity at the enthesis, measured on PET/CT. Currently, HEMRIS does not
provide a threshold for clinical relevance. A threshold and/or the use of a healthy
control group would be useful for future studies on clinical correlation. We collected



detailed information on all study participants but did not take physical activity into
account. Since high mechanical stress is a known risk factor for enthesitis(19), this
would be recommended for future clinical studies.

Competing Interests
None declared.

Contributorship

All authors listed have made substantial contributions to the study design, or the
acquisition, analysis or interpretation of data, and approved the final version for
publication.

Acknowledgements

The authors would like to thank Anneloes van Loo, Karin Schrijvers, and Joke Nijdeken
for their valuable contributions in study logistics. We thank Anne Karien Marijnissen
for coordination of ethical affairs.

Funding Info

Financial support for the study was provided by Janssen Inc. The collaboration
project is co-funded by the PPP Allowance made available by Health~Holland, Top
Sector Life Sciences & Health, to stimulate public-private partnerships.

Ethical Approval Information
Ethical approval was provided by the medical ethics committee of the UMC Utrecht
(registration number 15-429/M).

Data Sharing Statement

All data relevant to the study are included in the article or uploaded as supplementary
information. Data are available upon reasonable request. Please contact
corresponding author.



References

10.

11.

12.

13.

14.

15.

Mathew AJAJ, Krabbe S, Eshed |, Gandjbakhch F, Bird P, Pedersen SJSJ, et al. The OMERACT
MRl in Enthesitis Initiative: Definitions of Key Pathologies, Suggested MRI Sequences and
Novel Heel Enthesitis Scoring System (HEMRIS). J Rheumatol. 2019 Feb 1;46(9):1232-1238.

Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants H. Classification criteria
for psoriatic arthritis: development of new criteria from a large international study. Arthritis
Rheum. 2006 Aug;54(8):2665-73.

Rudwaleit M, van der Heijde D, Landewe R, Listing J, Akkoc N, Brandt J, et al. The
development of Assessment of SpondyloArthritis international Society classification
criteria for axial spondyloarthritis (part I1): validation and final selection. Ann Rheum Dis.
2009 Jun;68(6):777-83.

Coates LC, Kavanaugh A, Mease PJ, Soriano ER, Laura Acosta-Felquer M, Armstrong
AW, et al. Group for Research and Assessment of Psoriasis and Psoriatic Arthritis 2015
Treatment Recommendations for Psoriatic Arthritis. Arthritis and Rheumatology. 2016
Mar 1;68(5):1060-71.

Gossec L, Smolen JS, Ramiro S, De Wit M, Cutolo M, Dougados M, et al. European League
Against Rheumatism (EULAR) recommendations for the management of psoriatic arthritis
with pharmacological therapies: 2015 update. Ann Rheum Dis. 2016;75(3):499-510.

Haroon M, Gallagher P, FitzGerald O. Diagnostic delay of more than 6 months contributes
to poor radiographic and functional outcome in psoriatic arthritis. Ann Rheum Dis. 2015
Jun;74(6):1045-50.

Andreasen RA, Kristensen LE, Ellingsen T, Christensen R, Baraliakos X, Wied J, et al.
Clinical characteristics of importance to outcome in patients with axial spondyloarthritis:
protocol for a prospective descriptive and exploratory cohort study. BMJ Open. 2017
Jul;7(7):e015536.

Orbai AM, de Wit M, Mease P, Shea JA, Gossec L, Leung YY, et al. International patient and
physician consensus on a psoriatic arthritis core outcome set for clinical trials. Ann Rheum
Dis. 2017 Apr;76(4):673-80.

Kehl AS, Corr M, Weisman MH. Review: Enthesitis: New Insights Into Pathogenesis,
Diagnostic Modalities, and Treatment. Arthritis Rheumatol. 2016 Feb;68(2):312-22.

Marchesoni A, Atzeni F, Spadaro A, Lubrano E, Provenzano G, Cauli A, et al. Identification
of the clinical features distinguishing psoriatic arthritis and fibromyalgia. J Rheumatol.
2012 Apr;39(4):849-55.

Mease P. Enthesitis in psoriatic arthritis (Part 3): clinical assessment and management.
Rheumatology (Oxford). 2020;59(1):i21-8.

Weckbach S, Schewe S, Michaely HJ, Steffinger D, Reiser MF, Glaser C, et al. Whole-body
MR imaging in psoriatic arthritis: Additional value for therapeutic decision making. Eur J
Radiol. 2011 Jan;77(1):149-55.

Aydin SZ, Karadag O, Filippucci E, Atagunduz P, Akdogan A, Kalyoncu U, et al. Monitoring
Achilles enthesitis in ankylosing spondylitis during TNF-a antagonist therapy: An
ultrasound study. Rheumatology. 2009;49(3):578-82.

McGonagle D, D. M, McGonagle D, D. M. Imaging the joint and enthesis: Insights into
pathogenesis of psoriatic arthritis. Ann Rheum Dis. 2005 Mar 1;64(SUPPL. 2):ii58-60.

Watad A, Eshed I, McGonagle D, A. W, I. E, D. M, et al. Lessons Learned from Imaging on
Enthesitis in Psoriatic Arthritis. Isr Med Assoc J. 2017 Nov;19(11):708-11.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Mountz JM, Alavi A, Mountz JD. Emerging optical and nuclear medicine imaging methods
in rheumatoid arthritis. Nature Reviews Rheumatology. 2012.

Taniguchi Y, Arii K, Kumon Y, Fukumoto M, Ohnishi T, Horino T, et al. Positron emission
tomography/computed tomography: a clinical tool for evaluation of enthesitis in patients
with spondyloarthritides. Rheumatology (Oxford). 2010 Feb;49(2):348-54.

TaniguchiY, Kumon Y, Ohnishi T, Nogami M, Tani T, Ogawa Y, et al. Frequency of enthesitis
in apparently healthy Japanese subjects detected by (18)F FDG-PET/CT. Mod Rheumatol.
2012 Nov;22(6):939-41.

Schett G, Lories RJ, D’Agostino MA, Elewaut D, Kirkham B, Soriano ER, et al. Enthesitis:
from pathophysiology to treatment. Nat Rev Rheumatol. 2017 Nov 21;13(12):731-41.

Healy PJ, Helliwell PS. Measuring clinical enthesitis in psoriatic arthritis: Assessment
of existing measures and development of an instrument specific to psoriatic arthritis.
Arthritis Care Res (Hoboken). 2008;59(5):686-91.

International Commission on Radiological Protection. ICRP Publication 106: Radiation
Dose to Patients from Radiopharmaceuticals. Ann ICRP. 2008;38(1).

Boellaard R, Delgado-Bolton R, Oyen WJG, Giammarile F, Tatsch K, Eschner W, et al. FDG
PET/CT: EANM procedure guidelines for tumour imaging: version 2.0. European Journal of
Nuclear Medicine and Molecular Imaging. 2014.

Mathew AJ, Krabbe S, Eshed I, Lambert RG, Laredo JD, Maksymowych WP, et al. Atlas of
the OMERACT Heel Enthesitis MRI Scoring System (HEMRIS). RMD Open. 2020 Feb;6(1).

Poggenborg RP, Eshed |, @stergaard M, Serensen |1J, Mgller JM, Madsen OR, et al. Enthesitis
in patients with psoriatic arthritis, axial spondyloarthritis and healthy subjects assessed
by “head-to-toe” whole-body MRI and clinical examination. Ann Rheum Dis. 2015
May;74(5):823-9.

Slobodin G, Rozenbaum M, Boulman N, Rosner I. Varied presentations of enthesopathy.
Semin Arthritis Rheum. 2007 Oct;37(2):119-26.

Mathew AJ, Bird P, Gupta A, George R, D. D, Mathew AJ, et al. Magnetic resonance imaging
(MRI) of feet demonstrates subclinical inflammatory joint disease in cutaneous psoriasis
patients without clinical arthritis. Clin Rheumatol. 2018 Feb 4;37(2):383-8.

Erdem CZ, Tekin NS, Sarikaya S, Erdem LO, Gulec S, C.Z. E, et al. MR imaging features of
foot involvement in patients with psoriasis. Eur J Radiol. 2008 Sep;67(3):521-5.

Faustini F, Simon D, Oliveira I, Kleyer A, Haschka J, Englbrecht M, et al. Subclinical joint
inflammation in patients with psoriasis without concomitant psoriatic arthritis: A cross-
sectional and longitudinal analysis. Ann Rheum Dis. 2016 Dec;75(12):2068-74.
@stergaard M, McQueen F, Wiell C, Bird P, Bayesen P, Ejbjerg B, et al. The OMERACT
Psoriatic Arthritis Magnetic Resonance Imaging Scoring System (PsAMRIS): Definitions of
key pathologies, suggested MRI sequences, and preliminary scoring system for PsA hands.
Journal of Rheumatology. 2009 Aug 1;36(8):1816-24.

Benjamin M, McGonagle D. The anatomical basis for disease localisation in seronegative
spondyloarthropathy at entheses and related sites. J Anat. 2001;199(5):503-26.

Bruijnen STG, van der Weijden MAC, Klein JP, Hoekstra OS, Boellaard R, van Denderen JC,
et al. Bone formation rather than inflammation reflects ankylosing spondylitis activity on
PET-CT: a pilot study. Arthritis Res Ther. 2012 Apr;14(2):R71.

Vijayant V, Sarma M, Aurangabadkar H, Bichile L, Basu S. Potential of (18)F-FDG-PET
as a valuable adjunct to clinical and response assessment in rheumatoid arthritis and
seronegative spondyloarthropathies. World J Radiol. 2012 Dec;4(12):462-8.



33. Balint P V, Terslev L, Aegerter P, Bruyn GAW, Chary-Valckenaere |, Gandjbakhch F, et
al. Reliability of a consensus-based ultrasound definition and scoring for enthesitis in
spondyloarthritis and psoriatic arthritis: an OMERACT US initiative. Ann Rheum Dis. 2018
Dec;77(12):1730-5.

34. D’Agostino MA, Coates LC. The Role of Ultrasound in Psoriatic Arthritis - Do We Need a
Score? Vol. 46, The Journal of rheumatology. Canada; 2019. p. 337-9.



Supplemental material

Supplemental Table 1. HEMRIS subscores stratified according to absence or presence of
clinical enthesitis at the Achilles tendon and plantar fascia.

Clinical Achilles tendon  No clinical Achilles tendon
enthesitis (n=3) enthesitis (n=70)

Inflammatory HEMRIS Achilles tendon pathologies:

Peritendon hypersignal, n (%) 2 (66.7) 13(18.6)
Intra-tendon hypersignal (T2W), 1(33.3) 9(12.9)
n (%)

Retrocalcaneal bursitis, n (%) 1(33.3) 17 (24.3)
Bone marrow edema, n (%) 0 0

Structural HEMRIS Achilles tendon pathologies:

Tendon thickness, n (%) 1(33.3) 5(7.1)
Bone erosion, n (%) 0(0.0) 2(2.9)
Bone spur, n (%) 1(33.3) 25(35.7)
Intra-tendon hypersignal (T1W), 1(33.3) 5(7.1)
n (%)

Clinical plantar fascia No clinical plantar fascia
enthesitis (n=3) enthesitis (n=70)

Inflammatory HEMRIS plantar fascia pathologies:

Peri-aponeurosis hypersignal, n 1(33.3) 10 (14.3)
(%)
Intra-aponeurosis hypersignal 1(33.3) 3(4.3)

(T2W), n (%)
Bone marrow edema n (%) 1(33.3) 3(4.3)

Structural HEMRIS plantar fascia pathologies:

Tendon thickness, n (%) 1(33.3) 10 (14.3)
Bone erosion, n (%) 0 0
Bone spur, n (%) 0 12(17.1)
Intra-aponeurosis hypersignal 1(33.3) 1(1.4)

(TIW), n (%)

Table Legend. Abbreviations: HEMRIS = Heel Enthesitis MRI Scoring System, T1IW = T1 weighted,
T2W = T2 weighted
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Abstract

Enthesitis is a common clinical feature of spondyloarthritis (SpA). For reliable
assessment of enthesitis the Heel Enthesitis Magnetic Resonance Imaging Scoring
System (HEMRIS) was developed. The aims of this study were to evaluate changes in
HEMRIS over time and to evaluate whether these changes correlated with changesin
clinical parameters. This single-center observational study followed patients with SpA
and psoriasis, regardless of presence of clinical heel enthesitis, for two years. Clinical
evaluation and ankle MRIs were performed annually. Changes in the HEMRIS were
compared at one-year intervals using the Wilcoxon signed-rank test. The association
between changes in the HEMRIS with changes in clinical parameters was evaluated
using Spearman’s correlation coefficient. In total, 38 patients were included. An
increase in the inflammatory and structural HEMRIS was identified in, respectively, 12
(17.9%) and 4 (6.0%) patients in one-year intervals. We found non-significant changes
in the HEMRIS during longitudinal follow-up. Changes in the HEMRIS did not correlate
with changes in local or general disease activity. Our results show that MRI-findings
of enthesitis assessed with HEMRIS changed in a small number of patients in a one-
year interval in an observational setting. Changes in HEMRIS were not associated with
changes in clinical disease activity.



Introduction

Enthesitis, defined as inflammation at the anatomical location where tendons,
ligaments, and joint capsules insert to bone, is a key clinical feature of
spondylarthropathies, including psoriatic arthritis (PsA) and ankylosing spondylitis
(AS).(1,2) Recommended treatment strategies for enthesitis vary and may include
non-steroidal anti-inflammatory drugs (NSAIDs), glucocorticoids, and, in PsA,
advanced treatment with disease-modifying anti-rheumatic drugs (DMARDs).(3,4)
However, a golden standard for evaluation of enthesitis is lacking. Clinical evaluation
of enthesitis, which relies on the subjective assessment of pain after applying pressure
at insertion sites, has limited sensitivity and specificity.(5-7)

To monitor enthesitis at an early stage and more accurately, imaging techniques,
such as ultrasound and MRI could be employed.(8) An advantage of MRI over
ultrasound is that it allows for visualization beyond the bone cortex and can detect
peri-entheseal osteitis or ‘bone marrow edema’. (1) For assessment of enthesitis with
MRIin PsA and AS patients with a focus on the heel region, the Outcome Measures in
Rheumatology (OMERACT) group developed and validated the Heel Enthesitis Scoring
System (HEMRIS).(9,10) Using the HEMRIS, inflammatory and structural features
of heel enthesitis can be assessed at the area of the Achilles tendon and plantar
fascia. However, the sensitivity of HEMRIS for change over time needs to be further
established in longitudinal studies, both for inflammatory and structural HEMRIS
pathologies.(9) So far, one study was performed and did not show any significant
changes after treatment with secukinumab or placebo-secukinumab after 52 weeks.
(11)

Besides its potential for evaluation of treatment effects, HEMRIS could provide
insights in the pathogenesis of PsA. It has been hypothesized that SpA originates
at the enthesis.(5) Imaging of the enthesis could possibly identify individuals with
subclinical enthesitis progressing from psoriasis to psoriatic arthritis at an early stage,
or predict disease activity.

The aims of this study are to evaluate the sensitivity of HEMRIS for change during
longitudinal follow-up and to assess whether changes in HEMRIS are associated
with changes in clinical disease activity in psoriasis (Pso), PsA, and AS patients.
As a secondary outcome, we compared HEMRIS in Pso patients with and without
progression to PsA to assess if HEMRIS was predictive of later development of PsA.



Materials and Methods

Study Design and Patients

In this observational longitudinal study, carried out in an academic hospital, we
included patients aged 18-65 years who were diagnosed with cutaneous Pso
(diagnosed by a dermatologist, with PsA excluded by a rheumatologist), PsA
(fulfilling Classification Criteria for Psoriatic Arthritis (CASPAR) (12)), and AS (fulfilling
Assessment of SpondyloArthritis international Society (ASAS) (13) classification
criteria). Patients were selected regardless of presence of clinical ankle enthesitis
at the Achilles tendon or plantar fascia. Exclusionary criteria included current use of
conventional or synthetic disease-modifying antirheumatic drugs (DMARDs) at time of
inclusion. The current study focuses on longitudinal follow-up with HEMRIS, baseline
MRI-results in comparison with clinical parameters and PET-CT were described in our
previous paper.(14)

Ankle-MRI Protocol and Scoring

Both ankles were evaluated separately on a 3-Tesla MRI scanner (3T TX, Philips
Healthcare, Best, The Netherlands) using a head coil. The MRI protocol included the
following sagittal sequences: T2-weighted, T2-weighted Spectral Attenuated Inversion
Recovery, T1-weighted SPIR (Spectral Presaturation with Inversion Recovery) before
contrast, and T1-weighted SPIR after contrast. Baseline ankle MRIs were assessed
by two independent musculoskeletal radiologists for inflammatory and structural
features of heel enthesitis using the HEMRIS. The HEMRIS is a scoring system
containing the following inflammatory and structural pathologies: intratendon
hypersignal, peritendon hypersignal, bone marrow edema, bursitis (Achilles tendon
only), tendon/aponeurosis thickening, enthesophyte, bone erosion and intra-tendon
hypersignal on T1-Weighted images. All pathologies are scored on a scale of 0-3 (none/
mild/moderate/severe). Examples of all grades of different HEMRIS pathologies are
provided in an imaging reference atlas.(10)

The maximum HEMRIS of 2 ankles is 24 for entheseal inflammation at the
Achilles tendon, structural damage at the Achilles tendon, and structural damage
at the plantar fascia; 18 for entheseal inflammation at the plantar fascia; 42 for total
entheseal inflammation; and 48 for total structural damage.

All HEMRIS subscores were averaged as suggested in the original HEMRIS
publication.(9) Average HEMRIS subscores of 0.5, 1.5 or 2.5 were evaluated in
a consensus meeting. Follow-up MRI-scans were evaluated for changes by a



musculoskeletal radiologist (IK). Ankle MRI-results were compared at one-year-
intervals: MRIs obtained at year 1 were compared to baseline, and MRIs obtained at
year 2 were compared to year 1. Change in HEMRIS was calculated by subtraction. For
comparison of HEMRIS with disease activity, HEMRIS of both ankles were summated.

Clinical Assessments

Psoriasis activity was measured using the Psoriasis Area and Severity Index (PASI).
(15) PASI > 10 was categorized as moderate to severe disease.(16) Disease activity
in PsA was assessed with the validated composite outcome measure ‘minimal
disease activity’ (MDA).(17) MDA is achieved when 5 out of 7 of the following criteria
are met: tender joint count < 1, swollen joint count < 1, PASI < 1, patient pain
visual analogue score (VAS) =< 15, patient global disease activity VAS < 20, health
assessment questionnaire < 0.5 and tender entheseal points (measured using the
Leeds Enthesitis Index (18)) < 1. Disease activity in AS was assessed with the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI).(19) The threshold value
for active disease was set at 4. Enthesitis at the site of the ankle was assessed by
palpation for tenderness of the insertions of the Achilles tendon and plantar fascia
into the calcaneus. MDA-status, categorized PASI, categorized BASDAI and clinical
assessment of enthesitis were compared at one-year intervals on three levels (stable,
increase of disease activity and decrease of disease activity).

Data Analysis

Non-normally distributed continuous data were reported using medians and inter-
quartile ranges (IQRs). Categorical variables were reported in frequencies and
percentages. The initial HEMRIS of Pso patients with and without clinical progression
to PsA were compared with the Mann-Whitney U Test.

Patients were followed for two years. We performed pairwise comparisons of
the HEMRIS and clinical outcomes in one-year intervals. Overall change in HEMRIS in
one-year intervals was assessed using the Wilcoxon signed-rank test. The potential
association of changes in HEMRIS with changes clinical disease activity was assessed
using Spearman’s correlation coefficient. Differences in HEMRIS at baseline in Pso
patients with and without progression to PsA were compared using the Mann-Whitney
U Test. Due to the small sample size, we did not perform corrections for multiple
measurements.

Patients that were lost to follow-up before the first follow-up visit were excluded
from all analyses. Patients that were lost to follow-up after year 1 were only excluded



from pairwise analyses comparing year 1 and year 2. The predetermined significance
level was set at p <0.05. Statistical analysis was performed using SPSS version 26 (IBM
SPSS Statistics, IBM Corporation, Armonk, NY, USA).

Results

Patients’ Characteristics

At baseline, 38 patients (76 ankles) were included. Baseline patient characteristics
and MRI-results have been described previously.(14) For the current study, disease
activity and MRI-results at inclusion and at year one are used as baseline values.
Briefly, Pso patients had low disease activity and moderate-severe PASI scores were
observed in only 5 (20.8%) patients at the baseline. PsA patients had ‘minimal disease
activity’ at baseline in 45.8% (n = 11) (Table 1). At baseline, 22 (87.5%) AS patients had
a BASDAI = 4 (Table 1). Achilles tendon and plantar fascia enthesitis were observed
in, respectively, eight (5.9.%) and six (4.5%) ankles assessed at baseline and at 52
weeks (pooled data; Table 1). At baseline, five patients (6.6%) were treated with a
DMARD (Table 1).

Serial MRI observations were available for 36 participants at 2 time points
(baseline and 52 weeks) and for 34 patients at 3 time points (baseline, 52 weeks,
and 104 weeks). At baseline, one ankle-MRI was excluded from analysis because of
insufficient image quality due to failure of fat suppression. At 104 weeks, the Achilles
tendon could not be examined on one MRI-scan due to an artifact. In total, 137 serial
MRI observations of heel enthesitis were available for change in HEMRIS; 137 at the
location of the Achilles tendon and 138 at the location of the plantar fascia. At patient
level (summated left and right HEMRIS) the total number of serial MRI observations
for change in HEMRIS is 68 at the location of the Achilles tendon and 67 at the location
of the plantar fascia.



Table 1. Patients’ characteristics at baseline and 52 weeks (pooled data). Patients that were
lost to follow-up were excluded from the analysis.

Disease Category

Pso PsA AS All

Total one year intervals, n 24 24 24 72
Demographics

Male gender, n(%): 12 (50.0) 18 (75.0) 18 (75.0) 48 (66.7)
Age, median (IQR): 42.2 50.9 49.1 49.2

(34.7-53.4) (40.6-52.9)  (38.8-52.2)  (36.8-52.8)

Disease duration in years, 22.5 7.8 8.7 NA
median (IQR) (14.4-42.2) (0.9-12.6) (3.4-17.2)

General disease activity:

Pso: moderate-severe 5(20.8) NA NA NA
psoriasis, n (%)

PsA: MDA, n (%) NA 11 (45.8) NA NA
Missing, n (%) NA 3(12.5) NA NA
AS: BASDAI score = 4, n (%) NA NA 22 (91.7) NA
Medication:

Current DMARD use, n (%): 0 4(16.7) 1(4.2) 5(6.6)
Current NSAID use, n (%): 2(8.3) 7(29.2) 16 (66.7) 25(34.7)
Missing, n (%) 1(4.2) 0 0 1(1.4)
Inflammatory markers:

ESR, median (IQR): 4.0(2.0-10.0)  4.0(2.0-6.0) 5.0(3.0-6.0) 4.0(2.0-6.5)
Missing, n (%) 2 (8.0) 0 1 2(2.8)
CRP, median (IQR): 2.5(0.9-5.7)  3.0(1.6-4.6) 1.6(0.9-4.4) 2.8(1.2-4.5)
Missing, n (%) 2(8.0) 0 1 3(4.2)



Table 1. Patients’ characteristics at baseline and 52 weeks (pooled data). Patients that were
lost to follow-up were excluded from the analysis. (continued)

Disease Category

Pso PsA AS All

Local disease activity at the enthesis:

Achilles tendon, n enthesis 48 48 48 144
Clinical enthesitis, n (%) 2(4.2) 1(2.1) 3(6.3) 6(4.2)
Missing, n (%) 0 4(8.3) 6(12.5) 10 (6.9)
Plantar fascia, n enthesis 48 48 48 144
Clinical enthesitis, n (%) 1(2.1) 4(8.3) 2(4.2) 7(4.9)
Missing, n (%) 0 4(8.3) 6(12.5) 10 (6.9)

Table Legend. Abbreviations: AS = ankylosing spondylitis, BASDAI = Bath Ankylosing Spondylitis
Disease Activity Index, CRP = C-reactive protein, DMARD = disease-modifying anti-rheumatic
drugs, ESR =erythrocyte sedimentation rate, IQR = interquartile range, Pso = psoriasis,
PsA = psoriatic arthritis, MDA = minimal disease activity, NA=not applicable, NSAID = non-
steroidal anti-inflammatory drugs.

Change in Disease Activity during Follow-Up
In most patients, the overall mild psoriasis severity remained stable throughout the
study. When compared at one-year intervals, a decrease in the PASI (disease activity
no longer classified as ‘moderate-severe’) occurred in three patients (13.0%). No
increases in PASI from mild to moderate-high disease activity were observed. Two
(18.2%) patients with Pso developed psoriatic arthritis during the two years follow-
up. Two Pso patients were lost to follow-up (Supplemental Figure S1). Activity of PsA
increased in n=3 (13.0%), decreased in n=6 (26.0%) and remained stable inn=9
(39.1%) patients in one-year observation intervals. One PsA patient was lost to follow-
up, another was excluded from the analysis at the last time point since no MRI-scan
was obtained (Supplemental Figure S1). Activity of ankylosing spondylitis, increased
in 2 (8.3%) patients, decreased in 2 patients (8.3%) and remained stable in 19 patients
(79.2%) during one-year observation intervals.

During follow-up, newly diagnosed clinical enthesitis was observed in four (3.2%)
Achilles tendon entheses and six (3.2%) plantar fascia. Treatment with a DMARD was
initiated in 6 (8.6%) patients during longitudinal follow-up (Supplemental Table S2).



Change in the HEMRIS during Follow-Up

Total HEMRIS for both ankles were low at the start of one-year intervals and after
follow-up (median score < 1, range 0-24 or 0-18; Supplementary Table S1). Increase
in the inflammatory and structural HEMRIS (cut-off value: =1) were identified in,
respectively, 12 (17.9%) and 4 (6.0%) patients during one-year follow-up intervals.
No significant changes were observed in continuous HEMRIS during longitudinal
follow-up (Figure 1). The HEMRIS subitems that changed most frequently during
longitudinal follow-up were ‘peritendon hypersignal’ (in 13 plantar fascia and 16
Achilles tendons: Figure 2; Supple-mental Table S3) and ‘retrocalcaneal bursitis’ (in
20 Achilles tendons: Figure 3; Supplemental Table S3). No new bone erosions were
observed during longitudinal follow-up (Supplemental Table S3).

Changes in clinical disease activity, assessed with measures of general disease
activity (Figure 4) and with measures for local disease activity at the enthesis (Figure
5) were not associated with changes in HEMRIS. Changes in clinical disease activity,
in sub-groups based on clinical diagnosis of Pso, PsA or AS, were not associated with
changes in HEMRIS (Figure 6). No difference was observed in HEMRIS results at time
of inclusion of the 2 Pso patients who developed PsA during longitudinal follow-up,
in comparison to the 9 Pso patients that did not (Supplemental Figure S2).
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Figure 1. Change in HEMRIS Entheseal inflammation and HEMRIS Structural damage after
longitudinal follow-up.

After one-year follow up intervals, no significant changes were observed in (A) HEMRIS Entheseal
inflammation, and (B) HEMRIS structural damage. Data are presented as the median change
and individual values of change in HEMRIS (Delta HEMRIS). HEMRIS scores of both ankles were
summated Abbreviations: A = delta, HEMRIS = Heel Enthesitis Scoring System.



Figure 2.

MRI images of a 33-year old male with psoriasis, showing a decrease in retrocalcaneal bursitis
after one-year longitudinal follow-up. (A) T2 SPAIR weighted image showing hypersignal at the
retrocalcaneal bursa consistent with mild inflammation at the bursa (arrow: grade 1; mild), (B)
T2 SPAIR weighted image showing no hypersignal at the retrocalcaneal bursa. SPAIR = Spectral
Selection Attenuated Inversion Recovery.

Figure 3.

MRI images of a 48-year old female with ankylosing spondylitis, showing an increase in peri-
Achilles tendon hypersignal after one-year longitudinal follow-up. (A) T2 SPAIR weighted image
showing no hypersignal surrounding the Achilles tendon, (B) T2 SPAIR weighted image showing
hypersignal (arrow: moderate; grade 2) surrounding the Achilles tendon, close to its insertion.
SPAIR = Spectral Selection Attenuated Inversion Recovery.
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Figure 4. Changes in the HEMRIS in patients with different levels of change in general dis-
ease activity.

Changes in general measures of clinical disease activity were not associated with changes in
the HEMRIS Entheseal inflammation and structural damage at the area of the Achilles tendon
(A,D), plantar fascia (B,E), and Achilles tendon and plantar fascia combined (C,F). Clinical disease
activity results were pooled but were assessed differently in each patient category, using
the PASI for psoriasis, MDA for psoriatic arthritis and the BASDAI for ankylosing spondylitis.
Data are presented as the median change and individual values of change in HEMRIS (Delta
HEMRIS). Abbreviations: A = delta, BASDAI = Bath Ankylosing Spondylitis Disease Activity Index,
HEMRIS = Heel Enthesitis Scoring System, MDA = minimal disease activity, PASI = Psoriasis Area
and Severity Index.
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Figure 5. Change in the HEMRIS in patients with different levels of change in clinical en-
thesitis.

Changes in clinical disease activity at the enthesis were not associated with changes in HEMRIS
Entheseal inflammation at the Achilles tendon (A and B) and the plantar fascia (C and D). Data
are presented as the median change and individual values of change in HEMRIS Entheseal
inflammation and structural damage scores. Abbreviations: A = delta, HEMRIS = Heel Enthesitis
Scoring System.
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Discussion

In this prospective observational study in Pso and SpA (PsA and AS) patients with
limited clinical disease activity at the enthesis, we evaluated whether ankle enthesitis
on MRI, assessed using the HEMRIS, was sensitive to change during longitudinal
follow-up. No significant differences were observed in the HEMRIS after a one-year
follow-up intervals (Figure 1). The secondary objective was to evaluate whether
changes in clinical disease activity, assessed with general measures of disease
activity, or with clinical examination of enthesitis, were associated with changes in
the HEMRIS. HEMRIS results were not associated with changes in general or local
measures of disease activity (Figures 2, 4-6). Overall, results of this study indicate that
the HEMRIS remains stable during longitudinal follow-up in an observational setting.

In the original publication of HEMRIS by the OMERACT group, change in
inflammatory pathologies before and after anti-TNF therapy was evaluated in a
group of SpA patients.(9) The standardized response mean of HEMRIS was 0.7, which
is considered moderate. Since a clinical diagnosis of enthesitis was not mandatory
for inclusion, the authors suggested that the responsiveness of HEMRIS would be
‘good in trials with baseline enthesitis as an inclusion criterion’. Subsequently, clinical
heel enthesitis was an inclusion criterion for patients included in the ACHILLES trial.
However, a post-hoc analysis of the ACHILLES trial showed little changes in HEMRIS
in both patients treated with secukinumab or placebo, while a higher but non-
significant proportion of patients treated with secukinumab had resolution of clinical
enthesitis.(11) Our results with minimal changes in HEMRIS are in line with findings
of the ACHILLES trial.

A possible explanation for the minimal changes in the HEMRIS in our study, is
the low initial HEMRIS (Supplemental Table S1), allowing for only a little window
for improvement during longitudinal follow-up in an observational setting. The
low HEMRIS results could possibly be caused by the selection of study patients: we
included both Pso (skin disease only) and SpA patients, and clinical enthesitis was
not an inclusion criterion. Clinical enthesitis was present in only 6% of ankles at the
Achilles tendon and 5% of plantar fascia at baseline. At follow-up, clinical assessment
of enthesitis remained stable in the vast majority of patients (Figure 5). A benefit
of inclusion of patients without a clinical diagnosis of enthesitis is that it allows for
evaluation of the clinical importance of subclinical MRI-findings. As reported in our
previous paper on baseline data of the current cohort, subclinical MRI-abnormalities
occurred in 62.9% of Achilles tendons and in 32.9% of plantar fascias.(14) Our results



indicate that subclinical HEMRIS findings are of limited clinical relevance since the
large number of subclinical MRI findings did not predict the development of clinical
enthesitis or structural changes on MRI after one and two years.

The finding that minimal changes in HEMRIS are not associated with changes in
general disease activity, could be considered unexpected, since enthesitis has been
attributed a major role in SpA disease pathogenesis in the proposed ‘enthesitis model’.
(2) With the subdivision of general and local disease activity in the categories ‘stable
disease’, ‘increase’ and ‘decrease’ in clinical disease activity, we potentially bypass the
effects of continuous high disease activity in SpA on structural HEMRIS pathologies.
However, the formation of new structural HEMRIS pathologies occurred in only 6.0%
of patients in one-year intervals and did not include bone erosions (Supplemental
Table S3). Another possible explanation for the lacking association of HEMRIS with
general disease activity is that with HEMRIS, only the ankle is assessed for enthesitis.
Imaging multiple entheses at once with MRI can be done by using whole body MRI, but
this technique has its challenges, such as limited image resolution and highly varying
interrater agreement for enthesitis lesions.(20)

This analysis included patients with cutaneous Pso to assess if subclinical MRI
changes at the enthesis could predict future progression to PsA. We did not find
differences between HEMRIS at inclusion in Pso subjects with and without later
development of PsA (Supplemental Figure S2). The results of this explorative analysis
must be interpreted with caution though, due to the low number of Pso patients
included (n = 13) and progressing to PsA (n =2). Further work is required to evaluate
the potential of HEMRIS as an imaging biomarker for future onset of inflammatory
joint disease in Pso.

Strengths of the current study include its longitudinal design, assessment of MRI-
scans by experienced radiologists and the comparison of MRI-results with clinical
assessments of both general disease activity and local disease activity at the enthesis.
The relatively small sample size remains a limitation. Since this is an exploratory
study, no sample size calculations were made, which increases the chance of a type
Il error. To increase power, we analyzed the data over one-year intervals. With a total
follow-up duration of two years, each subject occurred in the dataset twice (regarding
comparisons of the HEMRIS with general measures of disease activity), or four times
(regarding comparisons of the HEMRIS with clinical examination of enthesitis at both
ankles). Analyses were not adjusted for multiple measurements in patients because
of limited power, however no significant changes in HEMRIS were observed in the
unadjusted analyses. Another limitation is the observational study design. Further



research in larger populations is required to further establish the responsiveness
of HEMRIS to change and its association with change in clinical disease activity.
In the ongoing TOFA-PREDICT study (EudraCT Number 2017-003900-28), we aim
to investigate the effect of three different DMARDs (tofacitinib, methotrexate, and
etanercept) on HEMRIS results in a PsA population with more active disease.

Conclusions

MRI findings of heel enthesitis assessed with HEMRIS changed in a small number
of patients in an observational setting. Although changes of enthesitis evaluated
on MRI were minimal in this study, quantitative MRI assessment of enthesitis could
potentially visualize change in these structures in more detail.
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Supplemental material

Supplemental Table S1. Total HEMRIS scores and change in total HEMRIS scores at Achilles
tendon, plantar fascia and Achilles tendon and plantar fascia combined.

Startofone- Endofone- Change p-value*
year interval yearinterval scores

Achilles tendon (summated scores

left + right ankle)

Total MRI-scores, n= 72 67 67

Total HEMRIS entheseal 1.0 (0.0-2.0) 0.0(0.0-1.0)  0.0(0.0-0.0) 0.28
inflammation score (0-24), median

(IQR)

Total HEMRIS structural damage 1.0 (0.0-2.0) 1.0(0.0-2.0) 0.0(0.0-0.0) 0.32
score (0-24), median (IQR)

Total missing MRIs, reasons:

Missing, patient lost to follow-up 2 6 6
(n=)
Missing, MRI quality (n=) 2 3 3

Plantar fascia (summated scores left + right ankle)

Total MRI-scores, n= 72 68 68

Total HEMRIS entheseal 0.0 (0.0-0.8) 0.0 (0.0-0.0)  0.0(0.0-0.0) 0.31
inflammation score (0-18), median

(IQR)

Total HEMRIS structural damage 0.0 (0.0-1.8) 0.0 (0.0-2.0) 0.0 (0.0-0.0) 0.68
score (0-24), median (IQR)

Total missing MRIs, reasons:
Missing, lost to follow-up (n=) 2 6 6
Missing, MRI quality (n=) 2 2 2

Total (Achilles tendon + plantar fascia, summated scores left + right ankle)

Total MRI-scores, n= 72 68 67

Total HEMRIS entheseal 1.0(0.0-3.0) 1.0(0.0-2.0) 0(-1.0-0.0) 0.14
inflammation score (0-42),

median (IQR)

Total HEMRIS structural damage 1.0 (0.0-3.8) 1.0 (0.0-4.0) 0.0 (0.0-0.0) 0.89
score (0-48), median (IQR)



Supplemental Table S1. Total HEMRIS scores and change in total HEMRIS scores at Achilles
tendon, plantar fascia and Achilles tendon and plantar fascia combined. (continued)

Startofone- Endofone- Change p-value*
yearinterval yearinterval scores

Total missing MRIs, reasons:

Missing, patient lost to follow-up 2 6 6
(n=)
Missing, MRI quality (n=) 2 3 3

Table Legend. *= Wilcoxon Signed Rank Test, n=total number of MRI-scans, HEMRIS = Heel
Enthesitis MRI Scoring System, IQR = interquartile range, MRl = magnetic resonance imaging

Supplemental Table S2: Patients’ characteristics at follow-up.

Disease category (at time of inclusion)

Psoriasis Psoriatic Ankylosing All
arthritis spondylitis

Total one year intervals, N = 23 23 24 70
General disease activity:
Pso: moderate-severe 2 (8.7) NA NA NA
psoriasis, n (%)
PsA: MDA, n (%) NA 14 (60.9) NA NA
Missing, n (%) NA 3(13.0) NA NA
AS: BASDAI score =4, n (%) NA NA 21(87.5) NA
Missing, n (%) NA NA 1(4.2) NA
Medication:
Current DMARD use, n (%): 1(4.3) 8(34.8) 2(8.3) 11(16.2)
Missing, n (%) 0 1(4.3) 1(4.2) 2(2.9)

Current NSAID use, n (%): 2(8.7) 5(21.7) 15(62.5) 22 (32.4)



Supplemental Table S2: Patients’ characteristics at follow-up. (continued)

Disease category (at time of inclusion)

Psoriasis Psoriatic Ankylosing All
arthritis spondylitis

Missing, n (%) 0 1(4.3) 1(4.2) 2(2.9)
Inflammatory markers:

ESR, median (IQR): 5.0(2.0-13.0) 3.0(2.0-6.0) 5.0(2.0-9.3) 4.5(2.0-7.0)
Missing, n (%) 2(2.9) 0 0 2(2.9)
CRP, median (IQR): 1.6(0.5-9.2) 3.5(2.2-6.2) 1.3(0.7-3.9)  2.2(0.9-4.9)
Missing, n (%) 1 0 1 2(2.9)

Total

Local disease activity at the enthesis:

Achilles tendon, N enthesis = 46 46 48 140
Clinical enthesitis, n (%) 4(8.7) 0 4(8.3) 8 (5.7)
Missing, n (%) 0 2 (4.3) 8(16.7) 10(7.1)
Plantar fascia, N enthesis = 46 46 48 140
Clinical enthesitis, n (%) 6(13.0) 5(10.9) 0 11(7.9)
Missing, n (%) 0 2 (4.3) 0 10 (7.1)

Table legend. Abbreviations: AS = ankylosing spondylitis, BASDAI = Bath Ankylosing Spondylitis
Disease Activity Index, CRP = C- reactive protein, DMARD = disease-modifying anti-rheumatic
drugs, ESR = erythrocyte sedimentation rate, IQR = interquartile range,

Pso = psoriasis, PsA = psoriatic arthritis, MDA = minimal disease activity, NA = not applicable,
NSAID = non-steroidal anti-inflammatory drugs.

Patients’ characteristics at 52 and 104 weeks (pooled data). Patients that were lost to follow-up
were excluded from the analysis.



Supplemental Table S3. Change in HEMRIS subscores after longitudinal follow-up

Achilles tendon Plantar fascia

Total observations, n= 137 138
Tendon thickening

. Increase, n(%) 1(0.7) 1(0.7)

. Decrease, n(%) 0(0) 3(2.2)
Tendon hypersignal T1IW:

. Increase, n(%) 1(0.7) 1(0.7)

. Decrease, n(%) 5(3.6) 3(2.2)
Bone spur:

. Increase, n(%) 1(0.7) 0(0)

. Decrease, n(%) 0 1(0.7)
Tendon erosion:

. Increase, n(%) 0(0) 0(0)

. Decrease, n(%) 0(0) 0(0)
Bone marrow edema:

. Increase, n(%) 0(0) 2(1.4)

. Decrease, n(%) 0(0) 1(0.7)
Tendon hypersignal T2W:

. Increase, n(%) 0(0) 2(1.4)

. Decrease, n(%) 6(4.4) 3(2.2)
Peritendon hypersignal:

. Increase, n(%) 3(1.8) 5(3.6)

. Decrease, n(%) 10 (7.3) 11 (28.9)
Retrocalcaneal bursitis:

. Increase, n(%) 10 (7.3) NA

. Decrease, n(%) 10 (7.3) NA

Table legend. Abbreviations: NA = not applicable, TIW = T1-weighted images, T2W = T2-weighted
images



Chapter 3

buibpuwi a2upbU0SaL 2130UbBDW =[YW ‘SIIIYIID 213D1I0Sd = \/Sd ‘SISpLIoSd =0S4

‘dn-mojjo4 = n4 ‘sniApuods buiso|fyup = Sy :SU0ILINGIGQqY “(dn-mojjoy sapak omi pup dn mojjoj.apak suo ‘auljasnq) juiod swi YIps 10 SUOIION]DAS [DIUID
*34eyomojd ‘1S a4nSi4 jejuswalddnsg

sieak om]

(1IN ou) papnoxa | N4 oy sso| |

1eak auQ

N4 03 ssof L N4 oissoj |

au|jeseq

62



>
w

5 20 20
© >
£ @
g £, =
< g 157 & 154
8 E =
w © ‘:—'
<2 2 10— 5 104
i= 1} =
[*] = -—
< = o 73]
w5 5
o
[ele) [oNoNe] ]
0 e = 0 - ani— I —
T T T T
No converter Converter No converter Converter
c
S 20 20
© (0]
o} E >
O I e
§ 8 15 S 154
| = 2
] @©
3 I g
= Q S
© w 10— 5 10+
B 0 S
c =
b — e
c (]
wg 5]
(o) e}
00 (o]
e] [ ]
o T * 0 T T
No converter Converter No converter Converter
40— 40—
oy
9 %
g 30 g 30
Iy £ ©
L < o
= ©
£ 20— 5 20
@ ©
£ 2
[~ wn
w 10— 104
o]
5200 _e_o 099
0 O [s] 8 0 [«] LJ
T hdli T I
No converter Converter No converter Converter

Supplemental Figure S2. Change in the HEMRIS in Pso patients with and without progres-
sion to PsA.

No differences were observed in respective HEMRIS inflammation and structural damage results
at the Achilles tendon (A and B), plantar fascia (C en D) and plantar fascia and Achilles tendon
and plantar fascia combined (E and F) at inclusion in Pso patients that later developed PsA
(‘converter’, n=2), in comparison with Pso patients that did not developed PsA. (‘no converter’,
n=11). Abbreviations: Pso = psoriasis, PsA = psoriatic arthritis.
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Abstract

Introduction

Psoriatic arthritis (PsA) is a chronic, inflammatory, musculoskeletal disease that
affects up to 30% of psoriasis patients. Current challenges in clinical care and
research include personalised treatment, understanding the divergence of therapy
response and unravelling the multi-factorial pathophysiology of this complex disease.
Moreover, there is an urgent clinical need to predict, assess and understand the
cellular and molecular pathways underlying the response to disease modifying anti-
rheumatic drugs (DMARDSs). The TOFA-PREDICT clinical trial addresses this need. Our
primary objective is to determine key immunological factors predicting Tofacitinib
efficacy and drug-free remission in PsA.

Methods and analysis

In this investigator-initiated, phase Ill, multi-centre, open-label, four-armed,
randomized controlled trial, we plan to integrate clinical, molecular, and imaging
parameters of 160 PsA patients. DMARD-naive patients are randomized to
methotrexate or tofacitinib. Additionally, patients that are non-responsive to
¢sDMARDs continue their current csDMARD and are randomized to etanercept or
tofacitinib. This results in four arms with each 40 patients. Patients are followed for
one year. Treatment response is defined as minimal disease activity (MDA) at week
16. Clinical data, biosamples, and images are collected at baseline, 4 weeks, and 16
weeks; at treatment failure (treatment switch) and 52 weeks. For the first 80 patients,
we will use a systems medicine approach to assess multi-omics biomarkers and
develop a prediction model for treatment response. Subsequently, data from the
second 80 patients will be used for validation.

Ethics and dissemination

The study was approved by the Medical Research Ethics Committee in Utrecht,
Netherlands, is registered in the European Clinical Trials Database and is carried out
in accordance with the declaration of Helsinki. The study’s progress is monitored by
Julius Clinical, a science-driven contract research organization.

Registration details
MREC reference number: NL63439.041.17; EudraCT reference number: 2017-003900-
28.



Strength and limitations of this study

Strengths

1. Our multi-omics systems medicine approach integrates molecular, imaging, and
clinical data, which facilitates identification of pre-treatment profiles that are
associated with DMARD response in PsA.

2. We use a two-step data analysis approach to both discover and validate predictive
profiles.

3. Sensitive imaging techniques are used to evaluate treatment response at multiple
time points, enabling comparison with conventional response measures.

Limitations

4. Although the TOFA-PREDICT study includes therapies with three different
mechanisms of action (MTX, a TNF inhibitor and a Janus Kinase Inhibitor), this
does not cover the full therapeutic armamentarium available for PsA.

5. The two-step approach with discovery and validation bisects the cohort, leading
to reduced sample size per treatment group.

Introduction

Background
Psoriatic arthritis (PsA) is a chronic, auto-inflammatory and auto-immune,
musculoskeletal disease that affects up to 30% of patients with psoriasis.(1) It is
considered a heterogeneous disease, as patients have a variable disease course
and clinical phenotype.(1-4) The hallmarks of PsA include cutaneous psoriasis, nail
dystrophy, peripheral arthritis, axial spondyloarthritis, dactylitis, and enthesitis.
(1-3) PsA may also feature extra-musculoskeletal manifestations and comorbidities
that impact overall morbidity and mortality, including anxiety, depression, uveitis,
inflammatory bowel disease, metabolic syndrome, and cardiovascular events.(5-11)
PsA can cause severe joint damage early in the disease course, contribute to
functional disability and chronic pain, and as such negatively impact quality of
life.(2,4,12-14) Delayed treatment initiation is associated with progression of joint
erosions, decreased long-term physical function and reduced risk of medication-
free remission.(13-16) A delayed diagnosis of six months may already negatively
impact physical function and joint erosions.(14) These data highlight the necessity of



timely initiation of effective treatment with disease-modifying anti-rheumatic drugs
(DMARDs).(17,18)

Challenges in treatment and assessing response to therapy

The care for patients with PsA faces several challenges.(19) The first challenge arises
in unravelling the mechanisms that underlie pathogenesis. Although over the past
15 years many researchers have studied its complex etiology, the exact molecular
mechanisms underpinning PsA pathogenesis remain unknown.(3,20) It is important
to improve our understanding of the genetic, environmental, and immune-mediated
factors that initiate and maintain the disease, as discoveries about dysregulated
immunological pathways can facilitate the development of new therapies. For
example, identification of the implications of the tumor necrosis factor alpha (TNF)
and interleukin (IL)-23/IL17 pathways have led to rapid development of effective
therapeutic agents.(1,3) Moreover, stratification of patients with inflammatory
arthritis by immunological phenotype for selection of therapy has shown promise.
For example, favourable treatment response in PsA patients that were stratified
based upon circulating T helper cell profiles has been reported.(21) In rheumatoid
arthritis, a machine learning model based upon divergent transcriptional signatures
in peripheral blood mononuclear cells (PBMCs), monocytes, and CD4+ T cells, was
reported to predict treatment response in adalimumab or etanercept (ETN) treated
patients.(22) These examples underline how unravelling disease pathogenesis may
improve clinical practice.

The second challenge comprises a lack of methods to select the optimal
treatment for each patient.(4,12,23) Evidence-based treatment strategies for PsA
were developed by the European League Against Rheumatism (EULAR) and the Group
for Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA). However,
treatment response rates are disappointing.(24,25) Up to 40% of patients respond
insufficiently to a first DMARD, and strongly divergent drug responses are observed.
(3,4,12) Although conventional synthetic (cs)DMARDs are frequently used as first-
line therapy, there is limited evidence available on their effectiveness in PsA.(26-28)
Moreover, the number of csDMARDs, biologic (b)DMARDs, and targeted synthetic (ts)
DMARDs is rapidly increasing and head-to-head trials are scarce.(23,29-31) Hence,
clinicians have no tools at their disposal to predict which DMARD will be effective
for an individual patient.(23) This lack of precision medicine is a clinically relevant
problem for a potentially aggressive disease, that may impact quality of life, affect



multiple organ systems, has an economic burden on the healthcare system, and
demands costly treatment that potentially causes adverse events.(12-19,21)

The third challenge comprises the wide array of novel imaging modalities and the
growing number of analytical methods that have become available for the evaluation
of therapy response in PsA. Conventional radiography lacks sensitivity, especially
in early disease patients in whom little radiographic abnormalities are observed.
(32) Furthermore, the visual interpretation of medical images is time-consuming,
bound with interobserver variation and limited to semi-quantitative outcomes that
may be insensitive to detect small changes over time. On the contrary, computer-
based medical image analysis can generate uniform, quantitative resultsin a (semi)-
automatic manner. Adding these techniques in trials and in clinical practice may add
to unravelling mechanisms as well as improvement of treatment.

Rationale

Overall, there is an urgent clinical need to assess and understand the cellular and
molecular pathways underlying DMARD treatment response in PsA. To this end the
TOFA-PREDICT trial was designed. In this investor-initiated, phase Ill, multi-centre,
four-armed, randomized trial, a multi-omics systems medicine approach is used
to integrate pre-treatment clinical, transcriptomic, metabolomic, proteomic, flow
cytometry, and imaging data to discover PsA patients profiles that predict response
to tofacitinib (TOF), as compared to methotrexate (MTX) and etanercept (ETN). By
expanding our knowledge of the underlying mechanisms, course and treatment
response, the TOFA-PREDICT study also aims to identify novel biomarkers for
diagnosis and disease monitoring.(3,19)

In the TOFA-PREDICT trial sensitive imaging techniques, including magnetic
resonance imaging (MRI) and Fluorine-18-fluorodeoxyglucose positron emission
tomography/computerized tomography (18F-FDG PET/CT), are applied to monitor
disease activity. The current trial can deliver important data on the value of these
more advanced imaging methods. With the use of ankle MRI-scans early, possibly
reversible, and inflammatory features of PsA can be visualized at the heel, which is the
most frequently affected site for enthesitis in PsA.(33,34) Moreover, 18F-FDG PET/CT
might aid in the measurement of local and systemic inflammation in PsA, including
(peri)-articular and vascular inflammation.



Objectives

Primary

Identify pre-treatment profiles with integrated clinical, transcriptomic, metabolomic,
proteomic, flow cytometric, and imaging data that predict response to treatment with
tofacitinib, in DMARD-naive and DMARD non-responsive PsA patients

Secondary
Compare clinical efficacy of treatment with tofacitinib, methotrexate and etanercept
in DMARD-naive and DMARD-non responsive patients with active PsA

Compare structural response to treatment of active PsA with tofacitinib,
methotrexate, and etanercept using (semi)quantitative ankle-MRI outcomes,
radiographic outcomes, and 18F-FDG PET/CT outcomes

Determine (medication specific) molecular mechanisms predicting and underlying
clinical response to tofacitinib, in comparison to methotrexate, and etanercept in
active PsA

Methods And Analysis

Study setting
TOFA-PREDICT is a multicentre (seven) investigator-initiated, phase Ill, open-label,
four-arm, randomized controlled study conducted in the Netherlands. A total of 160
PsA patients that fulfil the ClASsification criteria for Psoriatic ARthritis (CASPAR) will
beincluded in two groups, each with two treatment arms.(35) The first group consists
of DMARD-naive patients, who are randomized to MTX (arm 1) or TOF (arm 2). The
second group consists of DMARD non-responsive patients, who continue csDMARD
background therapy and are randomized to addition of ETN (arm 3) or TOF (arm 4).
Eligibility criteria are displayed in Table 1. The TOFA-PREDICT trial started on April
4, 2018 and the scheduled end date is July 1,2025. By the end of 2022, inclusion of
the first cohort of 80 patients is completed. The evaluation of the first cohort will be
initiated early 2023.



Table 1. TOFA-PREDICT eligibility.

INCLUSION CRITERIA

General

1 Patients aged 18-75 years.
2 Fulfilment of CASPAR criteria for psoriatic arthritis (PsA).
3 Psoriatic arthritis disease duration of =8 weeks.

4 Active arthritis based on =2 swollen joints AND =2 tender joints.

Concomitant therapies

5 In case of oral corticosteroid use, a stable dose of <10 mg/day of prednisone (or equivalent)
for 24 weeks prior to baseline visit is allowed.

6 Incase of NSAID use, a stable dose one week prior to baseline visit is allowed.

7 In case of current topical treatment of psoriasis, the following regimens are allowed:
Non-medicated emollients
Topical corticosteroids =1% for only palms, soles, face and intertriginous areas
Tar or salicylic acid preparations and shampoos for only the scalp

Specific for DMARD non-responsive patients (arm 3 and 4)

8 Current use of csDMARD (MTX, LEF, SSZ)
On the highest tolerable dosage (max dose 25 mg/week)
A stable dose =4 weeks prior to baseline
Without previous serious toxicity
In case of MTX: concomitant folate supplementation 25 mg/week

9 History of 1 bDMARD prior to inclusion is allowed, except:
Prior use of etanercept.
Primary failure of other TNFi than etanercept (adalimumab, golimumab, infliximab,
certolizumab).

EXCLUSION CRITERIA

General

10 Pustular psoriasis only.

11 Diagnosis of fibromyalgia or history of any rheumatic autoimmune or inflammatory disease
other than PsA.

12 Any condition possibly affecting oral drug absorption, such as gastrectomy, diabetic gastro
enteropathy or bariatric surgery (e.g. gastric bypass).

13 A skin condition at the time of baseline that could interfere with evaluation of psoriasis
severity.

14 Previous participation in any study with tofacitinib as IP.

15 Participation in other studies involving investigational drug(s) <4 weeks prior to baseline visit.

Specific for DMARD-naive patients (arm 1 and 2)




16 History of csDMARD, bDMARD or tsDMARD use.

Specific for DMARD non-responsive patients (arm 3 and 4)

17 History of =2 bDMARDs or =1 tsDMARD.

Therapies

18 Prior treatment with non-B cell-specific lymphocyte depleting therapies, alkylating agents
or total lymphoid irradiation. Rituximab or other selective B-lymphocyte depleting agents
are allowed, if discontinued =1 year prior to first dose of the IP and normal CD19/20+ counts
by flow cytometry analysis.

19 Specific concomitant therapies, being:
Injected corticosteroids <4 weeks prior to baseline visit
UVB phototherapy <2 weeks prior to baseline visit
PUVA (psoralens and UVA) phototherapy <4 weeks prior to baseline visit
Topical treatments that could affect psoriasis severity (corticosteroids, tars, keratolytics,
anthralin, vitamin D analogs, retinoids) <2 weeks prior to baseline visit

Safety

20 Pregnant females, females planning pregnancy, breastfeeding females and females of
childbearing potential not using highly effective contraception. Women of childbearing age
must test negative for pregnancy prior to enrolment.

21 Blood dyscrasias within three months prior to baseline visit, including:
Haemoglobin <10 g/dL
White blood cell count <3.0 x 10°%/L (<3000/mm?)
Absolute neutrophil count <1.5 x 10%/L (<1500/mm?3)
Absolute lymphocyte count <1.0 x 10%/L (<1000/mm?)
Platelet count <100 x 10°/L (<100,000/mm?)

22 Estimated Creatinine Clearance <40 ml/min based on Cockcroft formula.

23 Total bilirubin, AST or ALT more than two times the upper limit of normal at screening visit.
24 History of an infected joint prosthesis at any time, with the prosthesis still in situ.

25 Oral antimicrobial therapy <2 weeks prior to baseline visit.

26 Vaccination with live or attenuated vaccines:
<6 weeks prior to baseline visit
Planned during the study period
<6 weeks following discontinuation of the IP

27 History of alcohol or drug abuse (unless in full remission for 26 months prior to baseline visit).

28 Significant trauma or surgical procedure <1 month prior to baseline visit, or any planned
elective surgery during the study period.

29 Active, latent orinadequately treated infection with Mycobacterium tuberculosis as defined by:
Positive QuantiFERON-TB Gold In-Tube test within 3 months prior to the screening visit
Suspected radiographic features on chest radiograph within 3 months prior to the screening
visit
Medical history of inadequately or untreated latent or active Mycobacterium tuberculosis
infection



30 Positive serologic screening for infection with human immunodeficiency virus (HIV), hepatitis
B virus, hepatitis C virus, or history of any other chronic infection.

31 Increased risk for gastrointestinal perforation, such as diverticulitis.
32 History of any immunodeficiency or afirst-degree relative with a hereditary immunodeficiency.

33 History of any lymphoproliferative disorder (such as Epstein Barr Virus related
lymphoproliferative diseases), history of lymphoma, leukaemia, or signs and symptoms
suggestive of current lymphatic disease.

34 History of a disseminated herpes zoster or simplex infection, or recurrent (=1 episode) herpes
zoster infections.

35 History of active infection requiring hospitalization, parenteral antimicrobial therapy, or as
otherwise judged clinically significant by the investigator, <6 months prior to baseline visit.

36 Current history of lymphoma and malignancy, except for
Adequately treated or excised non-metastatic basal cell cancer of the skin, squamous cell
cancer of the skin and cervical carcinoma in situ.
Adequately treated solid malignant tumours without recurrence after a minimal follow-up
period of 10 years.

37 Current or recent history of a severe, progressive or uncontrolled renal, hepatic,
haematological, gastrointestinal, metabolic, endocrine, pulmonary, cardiovascular, or
neurologic disease.

38 Other severe acute or chronic, medical or psychiatric conditions, or laboratory abnormalities,
that may
Increase the risk associated with study participation or IP administration
Interfere with interpretation of study results

Table Legend. Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase;
bDMARD: biologic DMARD (‘biological’) e.g. inhibitors of tumour necrosis factor and interleukin-
17A; CASPAR: ClASsification criteria for Psoriatic Arthritis; csDMARD: conventional synthetic
DMARD e.g. methotrexate, leflunomide or sulfasalazine; DMARD: disease modifying anti-
rheumatic drug; IP: investigational product; LEF: leflunomide; MTX: methotrexate; NSAID: non-
steroidal anti-inflammatory drug; PsA: psoriatic arthritis; SSZ: sulfasalazine; tsDMARD: targeted
synthetic DMARD; TNFi: tumour necrosis factor alpha inhibitor; UVA: ultra-violet A; UVB: ultra-
violet B.

Interventions

The first group of patients are DMARD-naive and have active PsA. Typically, these
patients are at an early stage of PsA. Patients are randomized to receive either MTX
monotherapy 25mg once a week, subcutaneously (standard of care therapy, arm
1) or TOF monotherapy 5mg twice daily, orally (investigational therapy, arm 2).
Randomization is performed per site in computer-generated random blocks. Patients
will be assessed according to a predefined schedule of regular study visits (Table 2).
In case of treatment failure (see heading “Treatment failure”), combination therapy



will be initiated: patients randomized to MTX will also start TOF, and vice versa. If
drug intolerance warrants discontinuation of the drug, a switch will be made to the
alternate drug as monotherapy (TOF to MTX and vice versa).

The second group of patients are non-responders to previous treatment with
either MTX, leflunomide (LEF) or sulfasalazine (SSZ), or to previous treatment with
combination therapy of a csDMARD and one previous bDMARD. A history of one
bDMARD prior to inclusion is allowed, except for prior use of ETN. Prior use of a
tsDMARD (Janus kinase inhibitor, abatacept) is also not allowed. Only patients who
have had secondary treatment failure to a TNFi, defined as initial good response,
but diminished clinical efficacy over time, are eligible to participate in the study.(36)
These DMARD non-responders continue background therapy with csDMARD and are
randomized to receive the addition of either ETN 50mg once a week, subcutaneously
(arm 3) or TOF 5mg twice daily, orally (arm 4). ETN was chosen as it was reimbursed
and no preference for a specific TNF-inhibitor is mentioned in current EULAR and
GRAPPA international guidelines for the treatment of PsA.(24,25) In the event of
treatment failure or drug intolerance (see heading ‘Treatment failure’), a switch from
ETN to TOF or vice versa will be made (Figure 1).

Study visits

Study visits are performed at baseline, week 4, week 16, week 26, week 39 and week
52. Each study visit comprises multiple study assessments (a schematic overview is
depicted in Table 2). From week 16 onwards, the American College of Rheumatology
(ACR)50 score is calculated every study visit, to determine treatment failure.(37) The
ACR50 score is described in the outcomes section. Patients are evaluated additionally
to the above-described visits according to regular clinical practice, including blood
sampling for safety measurements according to regular practice. During all visits,
adverse events and serious adverse events are documented with respect to safety
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Figure 1. Study design.

Treatment failure is defined as not attaining the ACR50 response on two consecutive
study visits (interval four weeks), starting from week 16. Abbreviations: 18F-FDG PET/
CT = 18F-fluorodeoxyglucose positron emission tomography/computed tomography; CASPAR:
ClASsification criteria for Psoriatic ARthritis; DMARD: disease modifying anti-rheumatic drug;
NR: non-responder to conventional synthetic and a maximum of one biologic DMARD therapy;
MRI: magnetic resonance imaging.
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Treatment failure

Treatment failure is defined as failing to achieve an ACR50 response on two
consecutive visits from week 16 onwards. If a patient does not attain the ACR50
response at a regular study visit, an additional study visit is scheduled 4 weeks later.
At this ‘treatment failure’ visit the ACR50 response is re-assessed. In the event that
the ACR50 response is again not attained, ‘treatment failure’ is confirmed and a cross-
over to the alternate treatment protocol within that study group takes place (Figure
1). A minimum washout of 1 week will be applied to patients switching from TOF to
ETN (or vice versa). If the ACR50 response is attained at the ’treatment failure’-visit,
regular 12-week visit intervals will continue and the patient will not switch therapy.
In addition, drug intolerability that warrants discontinuation (e.g., side-effects,
laboratory abnormalities) is defined as treatment failure at any time point. In the
case of MTX, dosage lowering is the first step in case of drug intolerability. For ETN
and TOF, dosage changes are not possible and drug intolerability indicates treatment
failure. Cross-over will not take place in the last 3 months of follow-up.

MTX dosage adjustments

MTXis initiated in the DMARD-naive arm at a dosage of 15mg/week subcutaneously.
The dosage is increased to 25 mg/week after 4 weeks, unless the ACR50 response is
attained or side effects prevent safe dosage escalation. By increasing the dosage to
25mg/week at week 4, the primary end point of the study can be compared between
MTX and TOF at week 16 (i.e., 12 weeks of administering the maximal dosage of MTX).
MTX dosage may be reduced during follow-up if ACR50 has been attained and/or if
side-effects occur, in accordance with standard clinical care.

Escape medication

In accordance with standard clinical care, the following escape therapies are allowed:
non-steroidal anti-inflammatory drugs (NSAIDs), intra-articular corticosteroid
injections, and from week 24 onwards, topical corticosteroids.

End of study

After 52 weeks of follow-up, all patients will resume regular clinical care while
continuing the DMARD therapy that was initiated during the study. Treatment in
regular care will also be resumed by patients that discontinue trial medication due
to (serious) adverse events, treatment failure after cross-over or other reasons. From



these patients, we will only collect a selection of data after 52 weeks of follow-up
(Table 2: footnote 6).

Data collection and samples

All collected clinical data are entered in an online database (Research online; Julius
Centre UMC Utrecht) designed for the TOFA-PREDICT trial. Blood samples for the
multi-omics analyses are collected at several time points throughout the study
(Figure 1). In addition, blood samples are taken to monitor drug safety after the start
of MTX, TOF or ETN. Blood samples for the multi-omics analyses are collected at seven
different study sites After protocolized transport, all blood samples are processed
in a standardized way in the University Medical Center (UMC) Utrecht. The samples
are pseudo-anonymized and after magnetic-activated cell sorting, peripheral blood
mononuclear cell subsets are stored. Additionally, serum, plasma and peripheral
blood mononuclear cell subset lysates are stored. All blood samples for multi-omics
analyses are registered with Quaero Systems. The multi-omics analyses of the stored
samples are performed in batches at a later stage, taking confounders such as
treatment arm, visit number and demographics into account. All data are integrated
at the Data Research Environment (anDREa). The omics data will be made available
in public databases after primary analyses and publication.

Patient and public involvement statement
Patients were not involved in the development of the research question, the design
and conduct of the study, choice of outcome measures nor recruitment.

Outcomes

Systems medicine approach

The primary objective is to discover and validate pre-treatment clinical,
transcriptomic, metabolomic, proteomic, flow cytometric, and imaging profiles that
predict treatment response. Response and nonresponse are defined as attaining or
not attaining MDA, respectively, after 16 weeks of treatment. To define these profiles,
a multi-omics systems medicine approach will be used for which transcriptomic,
metabolomic, proteomic, and flow cytometry data are collected. Transcriptomic
and flow cytometry analysis will be performed on peripheral blood mononuclear
cell(subset)s. Proteomic and metabolomic analyses will be performed on serum
and/or plasma samples. These molecular and cellular data will be added to the



clinical, structural, and imaging data (ankle-MRIs, whole body 18F-FDG PET/CT, and
radiographs of the hands and feet). Systems medicine data analyses will be used to
combine the different omics-layers in our attempt to identify profiles that predict
treatment response.

Clinical efficacy measures

We use MDA at week 16 as the primary outcome for the identification of molecular
and cellular profiles that predict treatment response. MDA is a validated, PsA-specific
composite measure that includes evaluation of arthritis (tender and swollen joint
count), skin disease (Psoriasis Area and Severity Index (PASI) and Body Surface Area
(BSA)), enthesitis, and patient reported outcomes (Health assessment Questionnaire
(HAQ), visual analogue scale (VAS) for pain and VAS for patient global assessment).
(38,39) The clinical relevance of composite measures that include multiple disease
domains has become increasingly evident over recent years.(38-40) To define
treatment failure, we use the ACR50 response, because treatment effect during follow-
up is most commonly detected as a change from baseline. ACR50 is a composite
measure defined as 50% improvement in the number of both swollen and tender
joints, next to 50% improvement in at least three of the following outcomes: HAQ,
acute phase reactant (we use CRP), VAS for patient global assessment, VAS for
physician global assessment and VAS for pain.(37,41,42) We calculate the ACR50 every
12 weeks starting from week 16. Moreover, we assess dactylitis, blood pressure, body
mass index (BMI), laboratory parameters, additional patient-reported outcomes and
calculate additional PsA-specific composite indices.(43)

Patient-reported measures

At baseline, week 4, 16, 26, 39, 52 and at treatment failure visits, patients fill out online
questionnaires to monitor disease activity and their mental and physical health. TOFA-
PREDICT employs the following questionnaires: Assessment of SpondyloArthritis
(ASAS) health index, Dermatology Life Quality Index (DLQI), EuroQol five-dimension
scale (EQ-5D), HAQ, self-administered psoriasis area and severity index (SAPASI), the
Work Productivity and Activity Impairment (WPAI) questionnaire and two VAS scores
to assess pain and the patients’ global assessment.(44-49)

Imaging measures
Three imaging techniques are applied in the TOFA-PREDICT study: MRI-scans of both
ankles, whole body 18F-FDG PET/CT and conventional radiography of the hands and



feet. At baseline, week 16 and 52 MRI-scans of both ankles are obtained. MRI-scans
are performed using MR-equipment with a field strength of 1.5 or 3 Tesla. The ankles
are scanned separately using an extremity coil. The MRI-protocol was developed
in accordance with the European Society of Musculoskeletal Radiology (ESSR)
recommendations and contains the following sequences: 3D proton density (PD)
with fat suppression (FS), transversal T1 Turbo Spin Echo (TSE) and 3D T1 FS before
and after intravenous gadolinium injection.(50) The estimated total time in the MRI
room is <60 min per patient per visit. Ankle-MRIs are visually evaluated using PSAMRIS,
adapted for the heel, and HEMRIS measures.(33,51) Using deep learning, quantitative
outcome measures for ankle-MRIs will be developed aiming to quantify (peri)articular
inflammatory joint changes such as synovitis, bone marrow oedema, and enthesitis.

At baseline and week 52, whole-body 18F-FDG PET/CT-scans are obtained. ®F-FDG
is administered intravenously after an overnight fast. Dosing of '®F-FDG depends on
local guidelines. After administration of ®F-FDG, the 18F-FDG PET/CT is performed
one hour later. A non-contrast-enhanced low-dose CT is performed for attenuation
correction. In this multicentre trial, all PET/CT-reconstructions are compliant to
European Association of Nuclear Medicine Research Ltd. (EARL) guidelines in order to
achieve comparable quantitative outcome parameters, such as standardized uptake
values (SUVs).(52) The main 18F-FDG PET/CT outcome measures are vascular and
(peri)articular inflammation.

At baseline and at week 52 radiographs of hands and feet are acquired.
Radiographs of hands and feet are evaluated using the PsA-modified Sharp-van der
Heijde score.(53) MRI, 18F-FDG PET/CT and radiography observers are blinded to
diagnosis and treatment.

Sample size calculation

The primary objective of TOFA-PREDICT is to predict the treatment response (attaining
or not attaining MDA after 16 weeks of treatment in active PsA), using the multi-omics
analysis of pre-treatment omics data. To evaluate the sample size needed to detect
differentially expressed genes/proteins (DEGPs) between responders and non-
responders we simulated several scenarios. These scenarios used a range of number
of prognostic genes (50-500), dispersion (0.1 - 0.5), and False Discovery Rates (FDR;
0.01 - 0.1) with in each scenario assuming a minimum fold-change in DEGPs of 2, 80%
power, and testing of a total of 20,000 genes with a mean expression (read count) of
50. Separate analyses were performed for an equal distribution between responders



and non-responders (50:50) and for unequal distributions of responders and non-
responders (40:60 and 25:75). Results in the scenario assuming 400 differentially
expressed genes, an FDR of 0.05 and an unequal distribution between responders
and non-responders (40:60) assuming dispersion values as found in previous RNA-
seq data from our group (e.g. CD14+ monocytes, dispersion value 0.11) resulted in
a sample size of 20 patients per arm. Therefore, we assumed a sample size of 80 (20
patients per arm) to be sufficient to detect relevant expression signatures. Sample
size was calculated using the R package ‘RnaSeqSampleSize’ (version 3.6.1).(54) For
other omics platforms, required sample sizes are considered smaller based on the
smaller number of markers (e.g. proteins up to 180 and metabolites up to 800). To
enable external validation, a similar cohort will follow the first 80 patients up to a
total of 160 included patients.

Data analyses

Systems medicine approach

Different layers of baseline omics data will be analysed separately and will be
integrated with clinical (e.g. gender, disease duration, etc.), patient-reported
parameters, and imaging data for the discovery and validation of molecular and
cellular signatures that serve as biomarkers to predict treatment response after
16 weeks of treatment (primary endpoint). Furthermore, molecular signatures will
be computed using omics data collected at week 4 and 52 (or treatment failure) in
addition to baseline data. We will explore the molecular signatures using bioinformatic
approaches. The observations made during the exploration of the data will guide the
choice of tools and algorithms for the next step of the data analysis.(55) For each
analysis step, we will perform permutation analysis and k-fold cross validation to
test the reliability of the molecular signature. Moreover, we will integrate multi-omics
data to discover molecular signatures that are supported by different layers of data,
strengthening the reliability of the discovered signature. For prediction at baseline,
the expression (i.e., fold change) of the separate omics layers will be analysed.
Thereafter, using resulting relevant expression signatures in addition to established
clinical and imaging predictors as features, we will build integrated and internally
validated machine learning (ML) models to predict response to TOF and separately
response to MTX and ETN. A final statistical analysis plan (SAP) will be defined prior
to database lock using the optimal techniques for analysing expression profiles and
optimal ML models to use. Genes or gene modules from these signatures and models
will bring forth new hypotheses that can be verified experimentally, contributing



towards a better understanding of the disease mechanisms and a predictive model
for disease outcome and therapy response.

Two-step analysis

After inclusion of the first 80 patients (~20 patients per group), the first step of the
predictive multi-omics analysis will be performed. Of all the available multi-omics
data, predictive biomarkers are identified as either relevant (statistically significant),
irrelevant (statistically insignificant) or promising (based on clinical and scientific
reasons without formal statistical significance). For each -omics platform, an
optimal predictive assay for treatment response will be developed. Also, all relevant
biomarkers will be integrated in multi-omics approaches and added to clinical data
and structuralimaging data to develop an exploratory prediction model for treatment
response. To externally validate the identified biomarkers, we implement a second
step in the analysis. Both the relevant and promising biomarkers will be analysed in
the subsequent cohort of 80 patients, to replicate the results from the first phase.
The proposed -omics assays from the first cohort will be validated in the second
cohort. Finally, the combined relevant and promising biomarkers of all 160 patients
will be integrated in multi-omics approaches and added to structural imaging data
and clinical data to develop a final and clinically applicable prediction model using
pre-treatment markers. In this phase, the added predictive value of omics markers
over known, easily available (clinical) baseline predictors will also be assessed.

Clinical efficacy and structural response

Efficacy of treatment and imaging outcomes will be compared between different
treatment arms using logistic or linear regression analyses taking into account
established prognostic indicators (such as structural damage, elevated acute phase
reactants and polyarthritis, to be finalised in the SAP) and centre (as the stratification
factor used in randomisation). The significance level (a) will be set at 0.05, with
p-values less than or equal to a considered statistically significant.



Missing data and SAEs

Cases that are lost to follow-up and other missing data will be presented descriptively.
If the percentage of missing data exceeds 5%, multiple imputation will be performed,
based on data type and quantity of the missing data. For binary secondary drug
efficacy outcomes missing data will be defined as non-response, to prevent
overestimation of the effect. Serious adverse events (SAEs) and suspected unexpected
serious adverse reactions (SUSARs) will be reported descriptively.
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Abstract

Objectives:

To compare inflammatory and structural differences in active Psoriatic Arthritis (PsA)
between DMARD-naive and DMARD-failure patients using diverse imaging approaches
for future analyses. Additionally, to explore the influence of patient demographics
on imaging findings.

Methods

Of the 80 patients (mean age 51.3 years, and 58.8% female) included from the
discovery cohort of the ongoing multicentre TOFA-PREDICT trial, 40 were DMARD-
naive and 40 were DMARD-failure, all meeting classification criteria for PsA with a
minimum disease duration of eight weeks. Baseline conventional radiographs of
hands and feet, magnetic resonance imaging (MRI)-scans of both ankles, and whole-
body F-18-fluorodeoxyglucose positron emission tomography with computed
tomography ("®F-FDG PET/CT)-scans were evaluated for inflammatory and structural
imaging parameters, including Sharp-van der Heijde (SHS), Heel Enthesitis Magnetic
Resonance Imaging Scoring System (HEMRIS) and Deauville synovitis scoring.
Differences between groups and the influence of patient demographics were
examined with multiple linear regression.

Results

At baseline, patient demographics were similar between groups. Imaging parameters
showed limited inflammation and structural damage. Inflammatory imaging
parameters were not significantly different (p>0.200). Among structural parameters,
only HEMRIS Achilles tendon structural damage was significantly different
(p=0.024, R?=0.071) and, SHS Joint Space Narrowing was near significant (p=0.050,
R?=0.048) with higher values for both in DMARD-failures. After correction of patient
demographics, these differences in imaging disappeared (both p>0.600).

Conclusion

At baseline, PsA patient groups were comparable concerning structural and
inflammatory imaging parameters, especially after correcting for patient
demographics. Thus, combining DMARD-naive and DMARD-failure patient groups (and
correcting for patient demographics) may offer a more comprehensive understanding
of PsA progression for future analyses.



Key messages

. DMARD-naive and DMARD-failure PsA patients displayed comparable
inflammation, and structural damage on imaging.

. In our study, failing a DMARD was not associated with worsened imaging
findings.

. After correction of patient demographics, DMARD-naive and DMARD-failure

patients can be combined for future analyses.
Introduction

Psoriatic arthritis (PsA) is a complex, chronic inflammatory and heterogeneous
musculoskeletal disease which may arise in up to 30 % of Psoriasis (PsO) patients.
(1,2) The heterogeneity of PsA leads to challenges in identifying an effective disease-
modifying antirheumatic drug (DMARD) for an individual patient.(3) Comparing
different patient profiles would improve the understanding of underlying differences
that might be contributing to varying outcomes and optimizing the treatment
response. However, to this date, limited research is available comparing patients
who never used a DMARD versus patients who previously used DMARDs, using
diverse radiographic manifestation of PsA. Thus, more insight into the structural
and inflammatory manifestation of PsA using various imaging approaches in these
different patient profiles is needed.

Different medical imaging techniques can help us investigate the heterogeneous
manifestation of PsA by examining a range of inflammatory and structural outcomes.
Three imaging techniques that can be used for this examination are conventional
radiography, Magnetic Resonance Imaging (MRI) and ('8F -FDG) Positron Emission
Tomography/Computed Tomography (PET/CT). Conventional radiographs are
valuable for assessing structural damages, particularly in the frequently involved
joints of the hand and feet.(4) The Sharp-van der Heijde (SHS) score adapted for PsA
is a well-established method for conventional radiographs to score the erosion and
joint space narrowing in the hands and feet.(5)

MRI is a frequently used technique to assess both inflammatory and structural
damage (6). Applying the recently developed scores Heel Enthesitis Magnetic
Resonance Imaging Scoring System (HEMRIS) and Psoriatic Arthritis Magnetic
Resonance Imaging Scoring System (PsAMRIS) by Outcome Measures in Rheumatology
(OMERACT) group (7,8) on MRI scans provide ways to capture the different aspects



of the disease such as bone erosion and inflammation. '®F-FDG PET/CT is another
valuable technique to detect inflammatory manifestation of PsA.(9) It can be used to
evaluate synovitis using the most commonly affected large synovial joints such as the
shoulder, knee, and ankle.(4,10) In addition, this technique allows for the assessment
of systemic inflammation, by evaluation of aortic vascular inflammation.(11,12)

In the literature on PsA, various imaging techniques were used to analyze the
disease characteristics of PsA. However, no research combined the described imaging
techniques and scores to comprehensively capture the heterogenic manifestation of
PsA. Additionally, to the best of our knowledge, no previous studies compared two
distinctive patient groups: DMARD-naive (those who have never used conventional
synthetic DMARD [csDMARD) and DMARD-failure (non-responders to previous
csDMARD treatment) using both structural and inflammatory imaging assessment
methods. Therefore, this study aimed to characterize the impact of PsA in two
different patient groups with active PsA, namely DMARD-naive and DMARD-failure
patients as an explanatory research to identify potential underlying differences
for future analyses. Thus, the objective of these analyses were to detect potential
differences in inflammatory and structural imaging parameters between DMARD-
naive and DMARD-failure patients at baseline and, to evaluate the influence of patient
demographics on the observed differences in inflammatory and structural imaging
parameters for future PsA studies.

Methods

Study Design and Patients
Patients with PsA and active disease were included in the TOFA-PREDICT study, a
multicentre trial that studies prediction of therapy response in PsA (EudraCT 2017-
003900-28). This ongoing trial is conducted in The Netherlands and coordinated by
the University Medical Center Utrecht. Participants in this study fulfilled the following
criteria: meeting the classification criteria for Psoriatic Arthritis (CASPAR) (13), aged
18-75 years, a disease duration of a minimum of eight weeks, and evidence of active
peripheral arthritis (=2 swollen joints and =2 tender joints). Details about the inclusion
and exclusion criteria, and study design can be found in the previously published
study design paper.(14)

While in the TOFA-PREDICT trial patients receive treatment and are followed over
time, the current study is a cross-sectional evaluation of patients with active PsA at
baseline. In total, the TOFA-PREDICT trial will include two cohorts of 80 PsA patients



with active disease. For this study, the first cohort of 80 patients were used, since
the inclusion for this cohort was completed whereas in the second cohort, inclusion
is still ongoing. Among these 80 patients, 40 were DMARD-naive patients who had
previously not used any DMARDSs (conventional or targeted synthetic, or biologic) and
40 were DMARD-failure patients who did not respond sufficiently to previous csDMARD
treatment and still had active peripheral arthritis. Baseline patient demographics
and the following baseline imaging studies were analysed from these patients:
conventional radiographs of the hands and feet, MRI scans of both ankles, and whole-
body 18F-FDG PET/CT. All the patients included in this study provided written consent
and the study was approved by the Medical Research Ethics Committee in Utrecht,
Netherlands (MREC reference number: NL63439.041.17).

Clinical Assessments

Baseline clinical parameters for PsA patients included the following: age, gender, body
mass index (BMI), smoking status, time since diagnosis of Psoriatic Arthritis (years),
time since diagnosis of Psoriasis (years), tender joint count (78), swollen joint count
(76), psoriasis area and severity index (PASI), health assessment questionnaire (HAQ)
(15). Laboratory evaluation included C-reactive protein (CRP). Additionally, outcome
measures like the presence of dactylitis and enthesitis were included.

Conventional Radiography

Radiographs of both hands and feet were evaluated using the PsA-modified SHS score
to quantify erosion and joint space narrowing (JSN) (5). Erosion was scored on a scale
of 0-3 (none/ discrete erosion/ large erosion not passing midline/ large erosion passing
midline) and JSN on a scale of 0-4 (normal/ asymmetrical or minimal narrowing up
to 25%/ definite narrowing with loss of up to 50% of the normal space /definite
narrowing with loss of 50-99% of the normal space or subluxation/ absence of a joint
space, presumptive evidence of ankyloses, or complete subluxation). Scoring was
done by one observer (musculoskeletal radiologist) blinded for clinical information.
Scores of hands and feet were summed to achieve total erosion and JSN scores. Thus,
the maximum scores were 208 (160 hands, 48 feet) and 80 (44 hands, 36 feet) for JSN
and erosion, respectively.



MRI: HEMRIS and PsAMRIS Scores

MRI-scans of both ankles were performed with a field strength 1.5 or 3 T MR-

equipment and an extremity coil. The MRI-protocol adhered to the European

Society of Musculoskeletal Radiology recommendations and included the following

sequences: 3D proton density with fat suppression (FS), transversal T1 turbo spin

echo and 3D T1 FS before and after intravenous gadolinium injection.(16) Ankle MRIs
were visually assessed with the HEMRIS evaluation using inflammatory and structural

pathologies at the site of the entheses of the Achilles tendon and plantar fascia (7,8):

HEMRIS inflammatory pathologies (0-21):

. Achilles tendon (scale: 0-3 for each pathology): Achilles tendon intra-tendon
hypersignal, Achilles tendon peritendon hypersignal, Achilles tendon bone
marrow oedema and Achilles tendon retrocalcaneal bursitis.

. Plantar fascia (scale: 0-3 for each pathology): Plantar fascia bone marrow
oedema, plantar fascia peri-aponeurosis hypersignal, and plantar fascia
intra-aponeurosis hypersignal.

HEMRIS structural pathologies (scale: 0-18):

o Achilles tendon (scale: 0-3 for each pathology): Achilles tendon thickness,
Achilles tendon bone spur and Achilles tendon bone erosion.

. Plantar fascia (scale: 0-3 for each pathology): Plantar fascia bone spur, plantar
fascia bone erosion and plantar fascia tendon thickness.

Total inflammation and structure scores were achieved by adding plantar fascia
and Achilles tendon scores and used for analysis. Also, the separate scores for the
Achilles tendon and plantar fascia were analysed for a detailed assessment.
PsAMRIS (7,8), adapted for the heel, was used to evaluate synovial enhancement,
tenosynovitis, periarticular bone oedema and erosions:

. PsAMRIS synovial enhancement (scale: 0-3 for each pathology): Synovial
enhancement of anterior ankle, posterior ankle, tarsal sinus and midfoot.

. PsSAMRIS tenosynovitis (scale: 0-3 for each pathology): Tenosynovitis of
tibialis posterior, flexor digitorium longus, flexor halluxis longus tibialis and
peroneal tendons.

. PsAMRIS bone erosion (scale: 0-10 for each pathology): Periarticular bone
erosion of tibia, fibula, talus and calcaneus.

. PsAMRIS bone oedema (scale: 0-10 for each pathology): Periarticular bone
oedema of tibia, fibula, talus and calcaneus.

All the measures were scored by two independent musculoskeletal radiologists
blinded for clinical information. Subsequent consensus readings were performed in



cases of disagreement. The indicated pathologies were summated per ankle to be
averaged between the left and right ankle. Thus, final scores reflect both ankles, with
a maximum of 21 for HEMRIS inflammation (12 for Achilles tendon and 9 for plantar
fascia), 18 for HEMRIS structure (9 for Achilles tendon and 9 for plantar fascia), 12 for
PsAMRIS synovial enhancement and tenosynovitis, 40 for PsAMRIS bone erosion and
oedema.

PET/CT

Whole body "®F-FDG PET/CT was performed after overnight fasting and one hour
after intravenous administration of Fluorodeoxyglucose ('®F-FDG). For co-registration
and attenuation correction, a non-contrast-enhanced low-dose CT was obtained. To
ensure repeatability and reproducibility of quantitative PET/CT outcome measures,
PET/CT reconstructions were executed following the guideline of European
Association of Nuclear Medicine Research Ltd. (EARL).(17) Afterwards, the quality of
PET/CT scans was assessed, and synovitis was scored (based on the Deauville scale
(18)) at the shoulder, elbow, carpus, hip, knee and ankle. All the pathologies were
scored on a scale of 0-4 (no enhanced uptake / slight uptake, but < blood pool /
uptake > mediastinal, but < liver / uptake moderately > liver / uptake > 3 times liver
uptake). Scoring was completed by one observer (nuclear radiologist) blinded for
clinicalinformation. At the end, all joint scores were summated to obtain one synovitis
score with a maximum of 48.

Vascular inflammation of the aortic wall was calculated to evaluate systemic
inflammation. Target-to-background ratios (TBR) were used to assess aortic vascular
inflammation in a reliable and reproducible manner.(11,12,19) Two-dimensional
region of interests (ROIs) were manually drawn on PET/CT scans around the external
aortic contour in axial setting using IntelliSpace software. ROIs were placed along the
aortaon every slice that it was visible to acquire maximum standardized uptake value
(SUV). The SUVmax values per slice along the aorta were averaged to obtain SUVmax
for the entire aorta and per aortic segment (ascending aorta, aortic arch, descending
aorta, suprarenal abdominal aorta and infrarenal abdominal aorta (12)). Background
activity SUVmean was derived from averaging at least six ROls in the superior vena
cava (SVC), or, in one case, at the inferior vena cava due to visual spill of activity at
the myocardium. Subsequently, the maximum TBR of the aorta was calculated by
dividing SUVmax of the aorta by SUVmean of the SVC.(17,20) The same approach was
used for the calculation of maximum TBR per aortic segments.



Classification of Imaging Parameters
All the parameters that were derived from medical images were classified as
inflammatory or structural imaging parameters as shown below:

Inflammatory imaging parameters: Aortic vascular inflammation (TBR), PET/CT
Synovitis, HEMRIS inflammation, HEMRIS inflammation Achilles tendon, HEMRIS
inflammation plantar fascia, PSAMRIS synovial enhancement, PSAMRIS tenosynovitis
and PsAMRIS bone oedema.

Structural imaging parameters: HEMRIS structure, HEMRIS structure Achilles
tendon, HEMRIS structure plantar fascia, PSAMRIS bone erosion, SHS erosion and
SHS joint space narrowing.

Statistical Analysis

Descriptive statistics (median with interquartile range [IQR] for continuous and non-
normally distributed variables, mean with standard deviation [SD] for continuous
and normally distributed variables, frequencies with percentages for categorical
variables) were used to summarize baseline patient characteristics. Since most
imaging parameters were scored on an ordinal scale, they were assumed to be
non-normally distributed and logarithmically (log) transformed before statistical
evaluation to normalize the distribution. Furthermore, in cases where scans were
performed but part of the subscores were missing, these missing scores were imputed
using linear regression.

Patient demographics were compared between groups using the independent
t-test for normally distributed variables, Mann Whitney U for non-normally distributed
variables, and a chi-square test for categorical variables. Each imaging parameter
was compared between groups with a univariable analysis using linear regression
with the (log transformed) imaging parameters as dependent variable and grouping
as independent variable. For imaging parameters shown to be different between
groups (p<0.1), sub-scores were evaluated separately. Based on the p-value, imaging
parameters with a significant difference between groups were evaluated with a
multivariable analysis using multiple linear regression to inspect the influence of
patient characteristics on this difference. Grouping and clinical parameters were
included as independent variables and the imaging parameter (log transformed) as
the dependent variable.

Among all the clinical parameters, only six were chosen for the multivariable
analysis mentioned above: gender, age, BMI, smoking status, time since diagnosis of
PsA, and time since diagnosis of psoriasis. These were chosen based on significant



differences between the groups (Table 1), clinician input and the literature.(21-24)
Among these clinical parameters, smoking status was combined as ever smokers
(current and ex-smokers grouped) and never-smokers (patients who have never
smoked) for the analyses. Furthermore, clinical parameters were considered
confounding and left in the optimized multiple linear regression model if they changed
the effect estimate (unstandardized B) of the grouping variable by 10% or more.
Statistical analyses were performed using SPSS version 27 (IBM SPSS Statistics, IBM
Corporation, Armonk, NY) and the significance level was set at p<0.05.

Results

Patient Characteristics

All participants had at least one type of available imaging data and parameters.
Among all the imaging data, three MRI and one PET/CT datasets were missing for
DMARD-naive patients whereas five MRI and three PET/CT datasets were missing
for DMARD-failure patients. All conventional radiograph data were present for every
patient. The majority of the patient demographics were comparable between the
groups (Table 1). However, DMARD-naive patients were on average younger and had
a shorter disease duration (time since diagnosis of PsA and time since diagnosis of
psoriasis p<0.008).

Univariable Analysis: Differences in Imaging Parameters

Generally, observed values for inflammation (Figure 1) and structural damage (Figure
2) were low, considering the maximum of each imaging score. Most of the results did
not differ significantly between the patient groups (Table 2). Inflammatory parameters
seemed to be slightly higher in DMARD-naive patients, whereas for structural damage,
DMARD-failure patients showed somewhat higher values (Figure 1 and 2). The majority
of the patients had some sort of inflammation or structural damage (Supplementary
Table S1). Among all the imaging parameters, only HEMRIS structure Achilles tendon
was significantly different between groups (p=0.024, R*=0.071), while SHS JSN showed
near significance (p=0.050, R2=0.048), with higher values in DMARD-failure for both
parameters. These observed differences were not clearly explained by one specific
sub-score (Supplementary Figure S1 and S2).



Table 1. Baseline patient characteristics given in mean(SD), median(IQR) or frequencies(%)

and their p-values.

DMARD-naive DMARD-failure

Characteristics (n=40) (n=40) P-Values

Patient Demographics

Age, years (median (IQR)) 48.8 (45.1-58.0) 55.4 (49.5-60.8) 0.013

Female, n (%) 18.0 (45.0) 15.0 (37.5) 0.496

BMI (kg/m”2), mean (SD) 28.3(5.4) 28.2 (4.3) 0.963

Smoking status, n (%) - - 0.181
Smoker 7.0 (17.5) 2.0 (5.0) -
Ex-Smoker 16.0 (40.0) 16.0 (40.0) -
Never Smoked 17.0 (42.5) 22.0(55.0) -

Time since diagnosis of Psoriatic 0.1(0.1-0.8) 74(2.4-17.1) <0.001

Arthritis (years), median (IQR)

Time since diagnosis of Psoriasis 2.9(0.3-18.6) 11.5(5.6- 25.0) 0.007

(years), median (IQR)

Disease Related Variables

PASI (Psoriasis area severity index), 1.5(0.6-4.8) 1.1(0.0-2.4) 0.168

median (IQR)

CRP (mg/L), median (IQR) 3.5(1.0-11.5) 3.2(1.0-9.5) 0.835

HAQ (median (IQR)) 0.6(0.3-1.3) 0.7 (0.4-0.9) 0.820

Presence of dactylitis currently,n  10.0 (25.0) 10.0 (25.0) 1.000

(%)

Presence of enthesitis currently 0.0 (0.0-0.0) 0.0 (0.0-1.0) 0.513

(LEI), median (IQR) ?

Medication use

History use of DMARD n (%): - - -
None 40.0 (100.0) 0.0 (0.0) <0.001
csDMARD® 0.0 (0.0) 36.0 (90.0) <0.001
bDMARD® 0.0 (0.0) 4.0 (10.0) 0.040

History use of Prednisone, n (%) 7.0 (17.5)¢ 12.0(30.0) 0.189

Current use of medication



Table 1. Baseline patient characteristics given in mean(SD), median(IQR) or frequencies(%)
and their p-values. (continued)

DMARD-naive DMARD-failure
Characteristics (n=40) (n=40) P-Values
Methotrexate n (%) 0.0 (0.0) 32.0(80.0) <0.001
Methotrexate median (IQR) 0.0 (0.0-0.0) 20.0 (15.0-25.0)
dosage (mg/week)
Leflunomide n (%) 0.0 (0.0) 5.0 (12.5) 0.021
Leflunomide median (IQR) dosage 0.0 (0.0 - 0.0) 20.0 (20.0 - 20.0)
(mg/day)
Sulfasalazine n (%) 0.0 (0.0) 4.0 (10.0) 0.040
Sulfasalazine median (IQR) 0.0 (0.0-0.0) 2500.0 (2000.0 - 3000.0)
dosage (mg/day)
Daily use of NSAID n (%) 21.0(52.5) 18.0 (45.0) 0.502

Table Legend. BMI, Body Mass Index; CRP, C-reactive protein; HAQ, health assessment
questionnaire; LEI, Leeds enthesitis index; DMARD, Disease-Modifying Antirheumatic Drug;
¢sDMARD, conventional synthetic Disease-Modifying Antirheumatic Drug; bDMARD, biological
Disease-Modifying Antirheumatic Drug; NSAID, Non-Steroid Anti-Inflammatory Drug.

a Presence of dactylitis and enthesitis were determined by the physician

b csDMARD group consists of: sulfasalazine, leflunomide, hydroxychloroquine and methotrexate
¢ bDMARD groups consists of: golimumab, adalimumab, infliximab, certolizumab, secukinumab,
ixekizumab and ustekinumab

d In terms of the oral use of corticosteroid for DMARD-naive patients, a stable dose of <10mg/day
of prednisone (or equivalent) for =4 weeks prior to baseline visit was allowed



Table 2. The difference between the groups in terms of imaging parameters and their
p-values.

DMARD-naive DMARD-failure

(n=40) (n=40)
Imaging Parameters Median(IQR)>  Median(IQR)*  P-Values®
Inflammatory Imaging Parameters - - -
TBR Aorta 1.7 (1.6-1.7) 1.6(1.5-1.7) 0.534
PET/CT Synovitis Total (0-60) 4.0 (1.0-10.0) 4.0(2.0-6.5) 0.984
HEMRIS Inflammation (0-21) 3.5(2.5-4.5) 3.5(2.0-5.0) 0.854
HEMRIS Inflammation 2.0 (1.5-2.5) 2.0(1.5-3.5) 0.125
Achilles Tendon (0-12)
HEMRIS Inflammation 1.5(0.5-3.0) 1.0(0.5-1.5)  0.438
Plantar Fascia (0-9)
PsAMRIS Synovial Enhancement (0-12) 0.0 (0.0-1.0) 0.0(0.0-0.9) 0.770
PsAMRIS Tenosynovitis (0-12) 3.0(1.0-5.5) 2.0(1.0-5.0) 0.223
PsAMRIS Bone Oedema (0-40) 0.0 (0.0-0.5) 0.0 (0.0-0.0)  0.899
Structural Imaging Parameters - -
HEMRIS Structure (0-18) 1.5(0.8-3.3) 2.5(1.0-3.5)  0.090
HEMRIS Structure Achilles 0.5(0.0-1.0) 1.0 (0.5-1.5) 0.024
Tendon (0-9)
HEMRIS Structure Plantar 1.0(0.3-2.0) 1.5(0.5-3.0) 0.311
Fascia (0-9)
PSAMRIS Bone Erosion (0-40) 0.0 (0.0-0.0) 0.0 (0.0-0.0)  0.630
SHS Erosion (0-80) 3.5(0.3-10.8)  6.5(1.0-18.5) 0.128
SHS Joint Space Narrowing (0-208) 2.0(0.0-9.3) 5.0(0.3-14.0) 0.050

Table Legend. HEMRIS, Heel Enthesitis Magnetic Resonance Imaging Scoring System; SHS, Sharp-
van der Heijde; DMARD, disease-modifying antirheumatic drug; PsA, Psoriatic Arthritis.
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Figure 1.

llustration of between group differences for inflammatory imaging parameters. Each circle
represents an individual, and the line represents the median value of the group.
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Figure 2.

Illustration of between group differences for structural imaging parameters. Each circle represents
an individual, and the line represents the median value of the group. HEMRIS structure Achilles
tendon (p=0.024) is statistically significant whereas SHS JSN (p=0.050) has near significance.



Multivariable Analysis: Influence of Clinical Parameters

Multiple linear regression analyses showed several clinical parameters were
confounders and the differences between groups in HEMRIS structure Achilles tendon
and SHS JSN were influenced by these confounders (Table 3). For HEMRIS structure
Achilles tendon, confounders were time since diagnosis of PsA, and ever smoking,
while for SHS JSN these were time since diagnosis of PsA, ever smoking, age, BMIl and
gender in the optimized models. After correcting for these confounders, the imaging
parameters were no longer significantly different between groups (both p>0.600).
Older patients had significantly more JSN (p<0.001), and ever smoking patients
had significantly more structural damage at Achilles tendon (p=0.037). Remaining
confounders did not influence the imaging parameters significantly (Table 3).

Table 3. Multiple linear regression analysis results of the (near) significant imaging
parameters.

Before Clinical After Clinical Parameter
Parameter Correction Correction

P-Value P-Value Standardized
Coefficients Beta

HEMRIS Structure Achilles - - R

Tendon
Grouping (DMARD-naive or 0.024 0.711 0.050
DMARD-failure)
Time since diagnosis of - 0.177 0.183
PsA
Ever smoking - 0.037 0.247

SHS Joint Space Narrowing - - -

Grouping (DMARD-naive or 0.050 0.982 0.002
DMARD-failure)

Time since diagnosis - 0.071 0.223
of PsA

Ever smoking - 0.560 -0.057
Age - <0.001 0.414
BMI - 0.134 0.147
Gender - 0.174 -0.132

Table Legend. HEMRIS, Heel Enthesitis Magnetic Resonance Imaging Scoring System; SHS, Sharp-
van der Heijde; DMARD, disease-modifying antirheumatic drug; PsA, Psoriatic Arthritis.



Discussion

This study, to our knowledge, is the first study that combines various imaging
approaches to analyze the heterogeneous manifestations of PsA by comparing
two patient groups, namely DMARD-naive and DMARD-failure. These groups were
compared to evaluate whether they differ in inflammatory and structural imaging
parameters. The results showed that structural damage and inflammation scores were
similar between the groups, especially after adjusting for patient demographics. This
result implies that DMARD-failure was not associated with worsened inflammatory
and structural imaging findings in our study.

Only HEMRIS structure Achilles tendon was significantly different between groups,
while SHS JSN showed near significance, with higher values in DMARD-failure for
both parameters which indicates more structural damage. The clinical relevance
of these differences is doubtful, since between-group differences were very low
(approximately 0.5 on a scale 0-9 for HEMRIS structure Achilles tendon and 3.0 on
a scale 0-208 for SHS JSN). Furthermore, after correcting for confounding clinical
parameters, the differences between the groups disappeared. To ensure that the
lack of differences between groups was not the result of our averaging approach
between joints, sensitivity analyses for HEMRIS and PsAMRIS were performed,
where maximum scores of right and left were examined instead of averaging for
these imaging parameters. However, this did not change the results. Moreover,
the regression analysis revealed that older patients exhibit significantly more JSN
and patients who ever smoked had more structural damage at the Achilles tendon.
However, the case related to JSN may be due to other factors such as overuse of joints
or ageing rather than reflecting the severity of PsA.

We considered whether our lack of differences between DMARD-failure and naive
patients was due to our cohort having low disease activity compared to literature in
terms of inflammation and structural damage. Understanding the disease activity
profile of our cohort is crucial for the interpretation of our results and statistical
findings. We systematically searched the literature and found that our patient
demographics were similar compared to existing PsA cohorts. Also, inflammation
markers such as CRP were shown to be in a similar range (Supplementary Table
S2). Finally, although there were only a few publications, values for TBR (25) and
HEMRIS (26) were found to be very well-matched. Therefore, our cohort seems to be
a representative cohort for PsA and our re-assuring findings likely generalize to PsA
patients.



One of the primary strengths of this study is the involvement of multimodal
imaging modalities and scores, allowing us to capture the various inflammatory and
structural aspects of PsA. This provides a broader perspective on the heterogenic
manifestation of the disease. Most of the studies on PsA focuses on using one imaging
approach such as MRI or conventional radiograph for their analysis, whereas ours
uses several (conventional radiograph, MRl and PET/CT) to capture the different
characteristics. Moreover, the comparison of PsA patient groups based on their prior
DMARD use has not been investigated. Our study utilizes the categorization of the two
patient groups and provides information about PsA patients who never used a DMARD
compared to patients who failed on DMARD and still had active peripheral arthritis.
These findings can be useful in clinical practice by providing insights into disease
progression and disease characteristics for treatment decisions. The comparison of
these groups revealed that failing a DMARD may not lead to increased inflammation
or structural damage.

Nonetheless, our study has certain weaknesses that should be taken into
consideration. Firstly, the sample size of 80 patients might not be enough to capture
the diversity of PsA, although these results can be validated using the TOFA-PREDICT
validation cohort (another group of 80 patients). Another limitation could be raised
due to primarily focusing on hands and feet for assessment. Since the commonly
affected joints are the hands and feet, followed by knees, wrists, ankles, and shoulders
(4), we analyzed these joints using various imaging techniques. Other locations like
the spine and sacroiliac joints are not included in our analysis. Selectively analyzing
images from these commonly affected joints may not be enough to capture the full
spectrum of disease manifestation. To overcome this limitation to some extent,
TBR was used in our study as a more general measure of inflammation. In addition,
PsAMRIS, adapted for ankles, is an approach that was not validated. This lack of
validation constitutes a potential limitation, as the reliability and accuracy of this
modified method have not been established yet.

In conclusion, DMARD-naive and DMARD-failure PsA patients with active disease
showed similar inflammation and structural damage on imaging, especially after
the correction of patient demographics. Thus, combining DMARD-naive and DMARD-
failure patient groups (after correction of patient demographics) may offer a more
comprehensive understanding of PsA progression and treatment decisions for future
analyses.
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Supplemental material

Supplemental Table S1. Median (interquartile range) values of different imaging subscores.

DMARD-Naive (n=40) DMARD-Failure (n=40)

Median (IQR) - -

TBR Vascular Inflammation - -

Ascending Aorta 1.7 (1.6-1.8) 1.7 (1.5-1.8)
Aortic Arch 1.7 (1.5-1.8) 1.6 (1.5-1.8)
Descending Aorta 1.7 (1.5-1.8) 1.6 (1.5-1.8)
Suprarenal Abdominal Aorta 1.7(1.6-1.8) 1.6 (1.4-1.7)
Infrarenal Abdominal Aorta 1.6 (1.4-1.6) 1.6 (1.5-1.7)
PET/CT Synovitis - -
Shoulder 2.0(0.0-3.0) 2.0 (1.0-2.0)
Elbow 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Carpus 0.0 (0.0-2.0) 0.0 (0.0-1.0)
Hip 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Knee 2.0(0.0-4.0) 1.0 (0.0-3.0)
Ankle 0.0 (0.0-0.0) 0.0 (0.0-0.0)
SHS - -
Hand Erosion 3.5(0.0-8.0) 3.5(0.0-12.0)
Feet Erosion 0.0 (0.0-1.0) 1.0 (0.0-5.0)
Hand JSN 1.0 (0.0-7.0) 3.0(0.0-9.8)
Feet JSN 0.0 (0.0-2.0) 2.0 (0.0-5.0)
HEMRIS Structure - -
Achilles Tendon Thickness 0.0 (0.0-0.5) 0.0 (0.0-0.5)
Achilles Tendon Bone Spur 0.0 (0.0-0.5) 0.5 (0.0-1.0)
Achilles Tendon Bone Erosion 0.0 (0.0-0.0) 0.0 (0.0-1.0)
Plantar Fascia Tendon Thickness 0.5(0.5-1.3) 0.5 (0.0-1.0)
Plantar Fascia Bone Spur 0.5(0.0-1.0) 1.0(0.0-1.5)
Plantar Fascia Bone Erosion 0.0 (0.0-0.0) 0.0 (0.0-0.0)

HEMRIS Inflammation - -
Achilles Tendon Retrocalcaneal Bursitis 0.5 (0.0-0.8) 0.5 (0.0-1.0)



Supplemental Table S1. Median (interquartile range) values of different imaging subscores.
(continued)

DMARD-Naive (n=40) DMARD-Failure (n=40)

Achilles Tendon Peritendon Hypersignal 0.5 (0.0-1.0) 0.5(0.0-1.0)
Achilles Tendon Intratendon Hypersignal 1.0 (0.8-1.0) 1.0 (1.0-1.5)
Achilles Tendon Bone Marrow Edema 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Plantar Fascia Bone Marrow Edema 0.0 (0.0-0.5) 0.0 (0.0-1.0)
Plantar Fascia Periaponeurosis 0.5(0.0-1.0) 0.0 (0.0-0.5)
Hypersignal
Plantar Fascia Intraaponeurosis 0.5(0.0-1.0) 0.0 (0.0-1.0)
Hypersignal
PSAMRIS Synovial Enhancement - -
Anterior Ankle 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Posterior Ankle 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Tarsalsinus 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Midfoot 0.0 (0.0-0.0) 0.0 (0.0-0.0)
PSAMRIS Tenosynovitis - -
Tibialis Posterior 1.0 (1.0-2.0) 1.0 (1.0-2.0)
Peroneal Tendons 0.0 (0.0-1.0) 0.0 (0.0-1.0)
Flexor Digitorium Longus 0.0 (0.0-1.0) 0.0 (0.0-1.0)
Flexor Halluxis Longus Tibialis 1.0(0.0-3.0) 0.0 (0.0-2.0)
PSAMRIS Bone Erosion - -
Tibia 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Fibula 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Talus 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Calcaneus 0.0 (0.0-0.0) 0.0 (0.0-0.0)
PsSAMRIS Bone Edema - -
Tibia 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Fibula 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Talus 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Calcaneus 0.0 (0.0-0.0) 0.0 (0.0-0.0)

Table Legend. TBR, Target-to-background ratio; SHS, Sharp-van der Heijde; HEMRIS, Heel
Enthesitis Magnetic Resonance Imaging Scoring System; PSAMRIS, Psoriatic Arthritis Magnetic
Resonance Imaging Scoring System [ adapted for the ankle].



Supplemental Table S2.

Present study Araujo [27] Wells [28]

Patient profile Total 80 40 DMARD- 40 DMARD- PsA patients c¢sDMARD naive and

active PsA  naive failure who used biologic naive PsA
patients patients patients DMARDs patients
Number of 80 40 40 26 527
patients
Age (years) 51.3 48.5 54.1 55.2 49.4
(mean)
Female (%) 58.7 55.0 62.5 23.1 52.6
BMI (kg/m”"2) 28.3 28.3 28.2 26.5 29.1
(mean)
Time since 6.2 1.7 10.8 6.5 34
first diagnosis
of PsA (years)
(mean)
Time since 13.8 11.5 16.5 - 15.8
first diagnosis
of Psoriasis

(years) (mean)

PASI (mean) 3.2 3.5 2.9 0.2 7.2 (Scale[0-72])
CRP (mg/L) 8.6 10.3 6.8 1.8 9.0
(mean)

HAQ (mean) 0.8 0.8 0.7 0.2 1.1
Presence of 23.7 25.0 22.5 - 65.1
dactylitis

(percentages)

Presence of 20.0 15.0 25.0 - 490.9
enthesitis

(percentages)

ESR (mean) 15.5 194 11.6 8.6 -

Table Legend. PsA, Psoriatic Arthritis; DMARD, disease-modifying antirheumatic drug; BMI, Body
Mass Index; PASI, Psoriasis Area Severity Index; CRP, C-Reactive Protein; HAQ, Habitual Activity
Questionnaire; ESR, Erythrocyte Sedimentation Rate.
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Supplemental figure S1.

Subscores of HEMRIS Structure Achilles Tendon for both patient groups. In tendon thickening
(p=0.391), bone spur (p=0.128), and bone erosion (p=0.230) plots, each circle represents an
individual value and the line represents the median value
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Abstract

Purpose

This systematic review and meta-analyses evaluate if aortic vascular inflammation
is increased in moderate-severe psoriasis compared to a healthy control group and
if biologic treatment, compared to placebo, reduces aortic vascular inflammation in
moderate-severe psoriasis.

Methods

The systematic review and meta-analyses were reported following PRISMA guidelines.
PubMed and Embase databases were searched on June 16, 2021, for the terms
‘psoriasis’, ‘psoriatic arthritis’, and ‘PET/CT’ or ‘vascular inflammation’. Pooled effect
sizes were estimated for vascular inflammation outcome measures using a random-
effects model with inverse variance weighting.

Results

Four studies, with a total of 224 subjects, were included in the quantitative analysis
that studied vascular inflammation in psoriasis compared to healthy controls.
Pooled results showed significantly increased vascular inflammation in patients
with moderate-severe psoriasis at the entire aorta (composite score) and all aortic
segments, except for the infrarenal aorta (p =0.06). Results of studies assessing
treatment effects of different biological agents on vascular inflammation were
inconsistent.

Conclusion

Overall, the evidence reviewed indicates that there is an association between
psoriasis and aortic vascular inflammation, but there is insufficient evidence for a
beneficial effect of biologic treatment.



Introduction

Psoriasis is a chronicimmune-mediated skin disease, with an estimated prevalence of
2-4% in Western countries.(1, 2) Psoriasis is frequently accompanied by comorbidities,
of which psoriatic arthritis is the most common.(3) Patients with psoriasis have an
increased risk of developing cardio-vascular events, independent of traditional
risk factors for cardiovascular disease (CVD).(4-6) A potential explanation for the
increased risk of CVD is that inflammation in psoriasis is not strictly limited to the
skin. It has been suggested that cutaneous inflammation in psoriasis could exert
systemic effects by releasing inflammatory products and altered leukocytes into
the circulation.(7, 8) This chronic systemic inflammatory state could accelerate
atherosclerosis and eventually lead to cardiovascular events. Given the proposed
association of cutaneous psoriasis with atherosclerosis, it has been hypothesized
that the processes leading to cardiovascular diseases in psoriasis could be halted by
systemic anti-psoriatic therapy, such as biologic agents.(9) Biologics can be highly
effective in treating psoriatic skin disease, yet their effect on reducing atherosclerosis
is uncertain.

F-18-fluorodeoxyglucose positron emission tomography with computed
tomography (FDG PET/CT) can be used to quantify the inflammatory activity at
the arterial wall. FDG-uptake at the arterial wall is a non-invasive biomarker for
atherosclerosis and is strongly predictive of future cardiovascular events.(10,
11) In psoriasis patients, FDG-uptake of the aortic wall is associated with aortic
atherosclerosis measured with MRI (quantified as aortic wall thickness).(12) Currently,
a comprehensive review that evaluates vascular inflammation detected by PET/CT in
psoriasis patients in comparison with healthy controls is lacking.

The primary objective of this systematic literature review and meta-analysis is to
determine if vascular inflammation is increased in moderate-severe psoriasis patients
compared to healthy controls. The secondary objective is to study if biologic psoriasis
treatment reduces aortic vascular inflammation in moderate to severe psoriasis.
We focused on moderate to severe psoriasis, since biological treatment is mainly
reserved for this category.(1) Furthermore, the increased cardiovascular risk observed
in psoriasis may be restricted to severe psoriasis.(13)



Methods

This study was reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement, (14) and registered in
the PROSPERO-database (registration number: CRD42021232715).

Search strategy

PubMed and Embase databases were searched on June 16,2021, for combinations of
synonyms, MeSH and Emtree terms for (i) ‘psoriasis’, ‘psoriatic arthritis’ and ‘PET/CT’
and (ii) ‘psoriasis’, ‘psoriatic arthritis’ and ‘vascular inflammation’ (Supplementary
Table S1 and S2). After removing duplicates, two independent researchers (JNP and
NJK) screened all articles on title and abstract and subsequently selected articles on
full text, using predefined eligibility criteria (Fig. 1). Similar citations in PubMed and
reference citations of the selected articles were screened for relevant articles not
identified in the original search.

Study selection primary outcome measure: vascular inflammation in
psoriasis compared to healthy controls

All original studies that compared vascular inflammation in psoriasis patients with
healthy controls were included in the qualitative analysis. Studies/patients with
mild psoriasis and studies with missing data that were relevant to the analysis were
excluded from the quantitative analysis.

Study selection secondary outcome measure: therapeutic effect of
biologic treatment on vascular inflammation in psoriatic disease

All original studies assessing the therapeutic effect of systemic psoriasis treatment on
vascular inflammation in psoriatic disease were included in the qualitative analysis
addressing the second research question. Observational studies, studies in patients
with mild psoriasis and studies with missing data that was relevant to the analysis
were excluded from the quantitative analysis.



Data extraction

Data were extracted from individual studies by one researcher (JNP or NJK) and
verified by the other. Data items that were sought were (if applicable): number of
participants, characteristics of study population, type of treatment received, a
description of subjects included as healthy controls, use of placebo group, vascular
inflammation out-comes, and PET/CT-protocol. The authors were contacted when
data relevant to the quantitative analysis were not available. All studies were assessed
for relevance, validity, and risk of bias using predefined criteria (Tables 1 and 2).

c PubMed and Embase search I: PubMed and Embase search II:
-_g ‘psoriasis’, ‘psoriatic arthritis’and ‘psoriasis, ‘psoriatic arthritis’, and
o ‘PET/CT’ ‘vascular
= (n=220) inflammation’
5 (n=668)
5 | |
Records after duplicates removed
(n=830)
(o))
£
(=
g Records excluded (n=814). Exclusion
o N criteria:
v Records screened on title/abstract - Study does not answer research questions
(n=830) - Meta-analysis
- Review
- Case-report
- Expert opinion
- Authors reply
- Commentaries
- Conference abstract
Full-text articles assessed for - Article not in English
> eligibility
E (n=16) Full-text articles excluded, with reasons:
D - Overlapping domain, patients also
E included in other study (n=1)
- Domain and outcome not relevant (n=1)
Studies included in qualitative
analysis
(n=14)
Studies on VI in psoriasis vs. Studies on treatment response
healthy controls (n=11)
5 (n=6)
el
E | !
%}
=
Included in quantitative analysis Included in quantitative analysis
(n=5) (n=3)

Figure 1. Flowchart.
Abbreviations: PET/CT = positron emission tomography/computed tomography, Pso = psoriasis,
VI =vascular inflammation
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PET/CT outcome measures for vascular inflammation

The measures of interest of the meta-analyses were defined as:

. primary outcome measure: the difference in vascular inflammation between
patients with moderate to severe psoriatic disease and healthy controls.

. secondary outcome measure: the difference in change in vascular
inflammation between patients with moderate-severe psoriatic disease
after treatment with a biologic or placebo.

Vascular inflammation can be quantified on PET/CT with different parameters:

, mean SUV (SUV

. are calculated in a ‘region of interest’ (ROI)

maximal standardized uptake value (SUV
ground ratio (TBR). SUV__ and SUV__
that comprises the arterial wall and lumen. The SUV__ represents the most intense

, and target-to-back-

max) mean)

al

voxel activity withinthe ROland SUV__represents the mean voxel activity. The TBR
corrects for venous blood-pool uptake and is calculated by taking the ratio of SUV__
in the arterial wall and SUV___ of the venous blood pool.(15) Vascular inflammation

SuUvV TBR) in studies
comparing patients with psoriasis and healthy controls (research question I). To

was measured with different outcome measures (SUV

max’ mean’

compare the results of these studies, we standardized these outcome measures to
a uniform scale using the standardized mean difference (SMD = difference in mean
outcome between patient groups/ standard deviation of outcome among subjects),
which allows for comparison of the different measures for vascular inflammation
used in the included studies.(16) Vascular inflammation was measured with ‘TBR’
by all studies assessing treatment response (research question Il). The difference in
change in TBR between different treatment groups (biologic treatment or placebo)
was assessed using the mean difference. Vascular inflammation is typically measured
over standardized regions of the aorta: the ascending, descending, suprarenal and
infrarenal aorta. To evaluate the effects of systemic treatment, we preferred the use
of a ‘composite score’ for the entire aorta (Table 2).

Statistical analysis

We performed two quantitative meta-analyses for the two separate research
questions. Missing standard deviations were obtained from reported confidence
intervals or p-values related to the difference between means of two groups (16).
Pooled effect sizes were estimated using a random-effects model with inverse
variance weighting. For quantitative analyses, heterogeneity was evaluated using
the I>statistic. Statistical analyses were conducted with Review Manager version 5.4.1.
P values <0.05 were considered statistically significant.



Results

Search

After the removal of duplicates, 830 articles remained for screening on title and
abstract. No relevant articles were identified by assessing reference citations of the
selected articles and similar citations in PubMed. 16 Full-text articles were screened
for eligibility (Fig. 1. Flowchart).

Study selection and quality assessment primary outcome measure:
vascular inflammation in psoriasis compared to healthy controls

The definition of healthy subjects varied greatly between studies and in five out
of six studies, it remained unclear whether concomitant inflammatory conditions
were sufficiently ruled out (Supplementary Table S3). Six studies were included in
the qualitative analysis (17-22), of which four studies were included in quantitative
analysis (Fig. 1. Flowchart).(17-20) Since the domain concerned patients with
‘moderate-severe’-psoriasis, respectively 134 and 10 patients with mild psoriasis from
the studies by Goyal et al. (20) and Kim et al. (19) were excluded from the quantitative
analysis. The total number of subjects (psoriasis + healthy controls) included in
the meta-analysis was 112 in studies assessing the whole aortic vessel and 112 in
studies assessing aortic segments. Quality assessments are reported in Table 1.
PET/CT protocols, including slice thickness, PET-scanner, reconstruction methods
and normalization for body weight, differed between studies (Supplementary Table
S5). Most researchers utilized TBR to quantify vascular inflammation. Three studies
reported SUVs instead.(17, 19, 22) Three studies had small sample sizes with < 15
psoriasis patientsincluded (17, 18, 22). In most studies, healthy controls were matched
based on cardiovascular risk profile but not in the study by Goyal et al. (20), possibly
introducing selection bias. In the study by Youn et al. (22), only significant vascular
inflammation outcomes were reported in absolute numbers. Therefore, and since
the domain was not relevant (mild psoriasis only), this study was not included in
the quantitative analysis. Overall quality of the studies included in the quantitative
analysis was considered moderate.



Study selection and quality assessment secondary outcome measure:
therapeutic effects of systemic treatment on vascular inflammation in
psoriatic disease

Eleven studies were included in the systematic review on treatment response
of biologics on aortic vascular inflammation in psoriasis.(19-21, 23-30) Three
randomized-controlled trials (RCTs), with a total of 106 patients, were included in the
quantitative analysis assessing treatment effects of anti-TNF inhibitor adalimumab.
(23, 24, 31) Quality assessments of studies assessing the therapeutic effects of
systemic treatment on vascular inflammation in psoriasis are reported in Table 2. Of
studies included in the quantitative analysis, available details regarding PET protocols
varied between studies (Supplementary Table S5). Two RCTs assessing treatment
effects of adalimumab on vascular inflammation only included patients with a
baseline TBR= 1.6 (Supplementary Table S4), thereby limiting the generalizability of
results.(23, 24) It has been suggested that a TBR= 1.6 should be considered as ‘active’
vascularinflammation.(32) One study required patients to have a history of coronary
atherosclerosis or a minimum of 3 risk factors for cardiovascular disease.(23) Two
studies reported a loss to follow-up higher than 10%.(24, 25) Overall quality of the
RCTs included in the quantitative analysis was considered moderate.

Vascular inflammation in psoriasis in comparison with healthy controls
Summaries of studies included in the systematic review are described in
Supplementary Table S3. All studies reported higher vascular inflammation in at least
one aortic segment in psoriasis patients compared with healthy controls.(17-22) None
of the studies reported higher aortic inflammation in healthy controls compared to
moderate/severe psoriasis patients. Most studies performed additional analyses to
correct for cardiovascular risk factors (Supplementary Table S3) and reported that
aortic vascular inflammation remained significantly elevated in psoriasis.(17-19, 22)
In one study, vascular inflammation remained elevated in all aortic regions, except
the aortic arch, after adjusting for cardiovascular risk factors.(17) Pooled results show
significantly increased vascular inflammation at all aortic segments, except for the
infrarenal aorta (p =0.06), in patients with moderate-severe psoriasis in comparison
with healthy controls (Fig. 2).

We performed sensitivity analyses to evaluate the effect of inclusion of patients
with mild psoriasis, instead of only moderate-severe psoriasis. After the inclusion of
134 patients with mild psoriasis from the study by Goyal et al. (20), pooled results
measured at the aorta showed that vascular inflammation remains higher in the



psoriasis group (standardized mean difference = 0.62; 95% Cl - 0.03 to 1.28), but this
finding was no longer significant (p = 0.06). However, these results must be interpreted
with caution since a high variation in vascular inflammation outcomes (I> = 64%) was
observed after inclusion of the population with mild psoriasis. After inclusion of a
small group of 15 patients with mild psoriasis, included in the study by Kim et al. (19),
vascular inflammation remained significantly increased in psoriasis compared to
healthy controls at the ascending aorta, aortic arch, descending aorta and infrarenal
aorta.

Aorta (composite score)

Psoriasis Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl _Year 1V, Random, 95% CI

Hjuler 2017 2.46 031 12 2.09 0.36 23 28.4% 1.05[0.31, 1.80] 2017 ——
Goyal 2020 (moderate-severe Pso only) ~ 1.78 0.32 30 162 02 47 71.6% 0.63 [0.16, 1.09] 2020 —
Total (95% CI) 42 70 100.0% 0.75 [0.35, 1.14] ~aE

Heterogeneity: Tau? = 0.00; Chi® = 0.89, df = 1 (P = 0.34); I = 0%
Test for overall effect: Z = 3.68 (P = 0.0002)

- -1 1
Higher in control group Higher in psoriasis

Ascending aorta

Heterogeneity: Tau? = 0.00; Chi? = 0.25, df = 2 (P = 0.88); I> = 0%

Psoriasis Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI _Year 1V, Random, 95% Cl
Rose 2013 149 0241 10 137 016 10 23.5%  0.56(-0.34, 1.46] 2013 —_1—
Hjuler 2017 263 091 12 226 056 23 37.6%  0.52[-0.19, 1.23] 2017 -T—
Kim 2019 (moderate-severe Psoonly) ~ 1.95 0.46 10 17 029 47 38.9% 0.76 [0.06, 1.46] 2019 ——
Total (95% CI) 32 80 100.0% 0.62 [0.19, 1.06] R

Test for overall effect: Z = 2.81 (P = 0.005)

1
Higher in control group

Higher in psoriasis

Heterogeneity: Tau® = 0.00; Chi? = 1.05, df = 2 (P = 0.59); I = 0%

Aortic arch

Psoriasis Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Rose 2013 1.42 0.218 10 1.27 0.16 10 23.8% 0.75 [-0.16, 1.67] 2013 -1 -
Hjuler 2017 232 045 12 1.87 0.33 23 34.8% 1.17[0.42, 1.93] 2017
Kim 2019 (moderate-severe Pso only) 1.89 0.52 10 167 0.28 47 41.4% 0.65 [-0.04, 1.35] 2019
Total (95% CI) 32 80 100.0% 0.86 [0.41, 1.30]

Test for overall effect: Z = 3.77 (P = 0.0002)

-1
Higher in control group

Higher in psoriasis

Descending aorta

Heterogeneity: Tau® = 0.05; Chi® = 2.65, df = 2 (P = 0.27); I> = 25%

Psoriasis Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Rose 2013 142 0207 10 128 021 10 23.4%  0.64[-0.26, 1.55] 2013 —F—
Hjuler 2017 242 038 12 216 036 23 37.0%  0.69[-0.03, 1.41] 2017 —
Kim 2019 (moderate-severe Psoonly) ~ 1.92 0.31 10 173 0.28 47 39.7%  0.66[-0.04, 1.35] 2019 ——
Total (95% CI) 32 80 100.0% 0.67 [0.23, 1.10] R
Heterogeneity: Tau? = 0.00; Chi? = 0.01, df = 2 (P = 1.00); I* = 0% —+ 7'1 i +
Test for overall effect: Z = 2.99 (P = 0.003) Higher in control group Higher in psoriasis
Suprarenal aorta

Psoriasis Control group Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% Cl
Rose 2013 139 0194 10 137 015 10 26.8%  0.11(-0.77,0.99] 2013 f——
Hjuler 2017 236 037 12 193 042 23 34.5% 1.04[0.30, 1.78] 2017 —_——
Kim 2019 (moderate-severe psoriasis only) ~ 1.85 0.41 10 172 023 47 387%  0.48(-0.21,1.17] 2019 -
Total (95% CI) 32 80 100.0% 0.57 [0.07, 1.08] R

Heterogeneity: Tau? = 0.96; Chi? = 12.63, df = 2 (P = 0.002); I’ = 84%
Test for overall effect: Z = 1.91 (P = 0.06)

. 1 2
Test for overall effect: Z = 2.22 (P = 0.03) Higher in control group Higher in psoriasis
Infrarenal aorta
Psoriasis Control group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Rose 2013 1.35 0.222 10 1.28 0.14 10 32.8% 0.36 [-0.52, 1.25] 2013 —_—
Hjuler 2017 2.54 0.38 12 192 0.12 23 32.1% 2.52[1.58, 3.46] 2017 —_—
Kim 2019 (moderate-severe psoriasis only) ~ 1.89 0.43 10 167 027 47 35.1% 0.72[0.02, 1.41] 2019 ——
Total (95% CI) 32 80 100.0% 1.18 [-0.03, 2.39] | —eerEEm—

- -1
Higher in control group Higher in psoriasis

Figure 2. Increased aortic inflammation in moderate-severe psoriasis patients, in compar-

ison to healthy controls.
Abbreviations: Pso=psoriasis, SD = standard deviation




The therapeutic effect of systemic treatment on vascular inflammation
In psoriasis

Summaries of studies included in the systematic review are described in
Supplementary Table S4. All cohort studies included in the systematic review reported
a decrease in vascular inflammation at the entire aorta or several aortic segments in
patients with psoriasis after treatment with different regimens, including biologics
(Supplementary Table S4).(19-21, 28-30) Five RCTs have evaluated the treatment
effects of different biological agents, adalimumab, secukinumab and ustekinumab,
on vascular inflammation in psoriasis (Supplementary Table S4) (23-27). Treatment
duration of the RCTs varied from 12 to 16 weeks. Three RCTs assessing treatment
effects of adalimumab reported inconsistent results (Fig. 2).(23-25) In a small RCT with
30 psoriasis patients, a decrease in vascular inflammation was seen after treatment
with TNF-inhibitor adalimumab, in comparison with a control group receiving topical
treatment, therapeutic ultraviolet light or no treatment.(23) This positive treatment
effect of adalimumab was not replicated in two larger RCTs comparing adalimumab
with placebo.(24, 25) Due to high heterogeneity in vascular inflammation outcomes
(I2=95%), pooling of results of the individual studies assessing adalimumab treatment
was unreliable (Fig. 3). One RCT reported improved vascular inflammation after 12
weeks of treatment with ustekinumab in comparison with placebo (Fig. 3), however
no difference in vascular inflammation was observed after 52 weeks (open-label
extension period) in comparison to baseline (Supplementary Table S4) (26). Another
RCT performed by the same group, showed that treatment with secukinumab had
no significant impact on aortic vascular inflammation.(27)

DMARD Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Adalimumab
Bissonnette 2013 -0.17 0.06 20 0.1 0.09 10 21.7% -0.27[-0.33,-0.21] 2013 —
Bissonnette 2017 0.002 0.1832 54 -0.002 0.185 53  21.5% 0.00 [-0.07, 0.07] 2017
Mehta 2018 -0.067 0.2981 32 -0.052 0.1738 30 19.3% -0.02[-0.14,0.11] 2018
Subtotal (95% CI) 106 93 62.4% -0.10[-0.29, 0.10]
Heterogeneity: Tau? = 0.03; Chi? = 37.45, df = 2 (P < 0.00001); I* = 95%
Test for overall effect: Z = 0.95 (P = 0.34)
Secukinumab
Gelfand 2020 -0.006 0.223 37 0.025 0.198 35 20.3% -0.03[-0.13,0.07] 2020
Ustekinumab
Gelfand 2020 -0.102 0.2917 22 0.144 0.2306 19 17.2% -0.25[-0.41, -0.09] 2020 ————im——

-02-0.1 0 01 02
Favours DMARD  Favours control

Figure 3. Treatment effect of biologic treatment on aortic inflammation in psoriasis.
Pooled results of adalimumab are unreliable due to high heterogeneity (?=95%). In the two
studies performed by Bissonnette (2013 and 2017), aortic inflammation was measured at
ascending aorta only. In all other studies, vascular inflammation was measured at the entire
aorta (composite score). Abbreviation: SD = standard deviation.



Discussion

The current systematic review and meta-analysis show consistent evidence of
increased aortic vascular inflammation in patients with moderate-severe psoriasis
compared to healthy controls. This finding was significant for the entire aorta
(composite score) and separate aortic segments (ascending aorta, aortic arch,
descending aorta, suprarenal aorta), except for the infrarenal aorta. Most studies
included in the meta-analysis comparing vascular inflammation in psoriasis
with healthy controls performed additional analyses to correct for traditional
cardiovascular risk factors (17-19, 22), and demonstrated that vascular inflammation
remained significantly elevated, except for at the aortic arch region in one study.(17)
This finding is important since traditional cardiovascular risk factors such as age
(33), male gender (34), diabetes(35), and Framingham risk score(36) are associated
with vascular inflammation assessed with PET/CT. Studies evaluating the effects of
biologic treatment on vascular inflammation in moderate-severe psoriasis reported
inconsistent results. Overall, the evidence reviewed here suggests that there is an
association between psoriasis and vascular inflammation, but there is insufficient
evidence to indicate a beneficial effect of biologic agents on the vascular inflammation
measured on PET/CT.

The finding that vascular inflammation is increased in moderate to severe
psoriasis is consistent with previous literature, as multiple studies have observed
an association between psoriasis and cardiovascular disease, although it may only
be an independent risk factor in patients with severe psoriasis.(4, 6, 37-39) The
observed effect might even be an underestimation, as we were unable to conclude
that concomitant inflammatory conditions were sufficiently ruled out in the healthy
control groups. A large volume of published studies describes plausible mechanistic
links between psoriasis and cardiovascular disease. Genome-wide association studies
concluded that a shared genetic profile of psoriasis and coronary heart disease can
only partially explain their association (39). One theory, described as the ‘psoriatic
march’, suggests that psoriasis can attribute to cardiovascular disease in a cascade
of events.(9) According to this hypothesis, the circulating pro-inflammatory cytokines
and adipokines released by psoriatic skin will increase insulin resistance, which
leads to endothelial dysfunction, atherosclerosis and eventually thromboembolic
complications, such as myocardial infarction or stroke. Another viewpoint is that
the link between psoriasis and cardiovascular disease should be considered as an
ongoing, two-way process.(38) Psoriasis and atherosclerosis share several pathogenic



features, including Thl-cell-mediated inflammation, extravasation of T-cells and
macrophages, and release of pro-inflammatory cytokines and endothelins.(1,
7, 38, 40-42) On one hand, inflammatory modulators and hormones produced in
atherosclerotic lesions could promote a pro-inflammatory state that increases the
risk of psoriasis development.(7) On the other hand, the inflammatory processes that
characterize psoriasis could instigate the development of comorbidities, including
hypertension, diabetes and ischemic heart disease.(38, 40)

With regard to the secondary research question of this review, if biologic therapy
reduces vascular inflammation in psoriasis, an unexpected finding was that vascular
inflammation did not always improve when psoriasis lesions and the inflammatory
marker CRP did. Since systemic inflammation is considered to play a crucial role in
the increased risk of cardiovascular disease in psoriasis, it was hypothesized that
the anti-inflammatory effects of biologic therapies would improve atherosclerotic
lesions as measured by PET/CT. However, two studies observed no reduction in aortic
vascularinflammation, despite the substantial improvement in psoriasis severity after
treatment with adalimumab and secukinumab.(25, 27) Moreover, one RCT observed
a reduction in high-sensitivity C-reactive protein after adalimumab treatment, but
no change in vascular inflammation from baseline.(24) A potential explanation could
be the relatively short-term evaluation period of 12-16 weeks used in the different
RCTs. A recent systematic review and meta-analysis by Gonzalez-Cantero et al.
(43) describes the effects of biologic agents on blood-based cardiometabolic risk
biomarkers in psoriasis, in studies also assessing imaging biomarkers, in more detail.

Another unexpected finding is that the effects of biologic agents on vascular
inflammation are not consistent. Our conclusion is in line with the previously
mentioned meta-analysis by Gonzalez-Cantero et al., who did not find a significant
reduction in aortic vascular inflammation in patients treated with adalimumab.
(43) One small RCT reported a positive effect of TNF-inhibitor adalimumab on
vascular inflammation (23), this finding was not repeated in two larger RCTs.(24,
25) This inconsistency may be due to the difference in inclusion criteria between
studies: patients included in the trial that reported a positive effect of adalimumab,
were required to have an history of coronary atherosclerosis, or = 3 risk factors for
cardiovascular disease.(23) The difference in history of cardiovascular disease could
influence vascular inflammation outcomes, since vascular inflammation is associated
with cardiovascular events.(11)

The inconsistent effects of secukinumab and ustekinumab on vascular
inflammation could potentially be explained by their modes of action. One RCT



reported a decrease in vascular inflammation after treatment with inhibitor anti-1L-12/
IL-23 inhibitor ustekinumab (26), while anti-IL-17 inhibitor secukinumab did not reduce
vascular inflammation (27). Gelfand and colleagues (27), who studied the effects of
secukinumab on vascular inflammation, argue that reduction of bio-available IL-17A
may have a limited effect on cells associated with early aortic inflammation measured
by FDG-uptake on PET/CT. Another study assessing the early vascular effects of
secukinumab in psoriasis, by measuring flow-mediated dilation—a parameter of
vascular endothelial function—, showed consistent results: no difference in flow-
mediated dilation was observed between patients treated with secukinumab or
placebo.(44)

While the effects of biologics on vascular inflammation vary between studies,
statins are known to reduce vascular inflammation in patients with a history of
cardiovascular disease (45). A recent observational study in psoriasis patients
showed that patients receiving statin treatment, have lower vascular inflammation
(TBR
Furthermore, 3-month statin therapy gave a reduction in carotid arterial inflammation

) atthe ascending aorta and aortic arch (after adjustment for sex and age).(46)
in a study in subjects with ankylosing spondylitis.(47) Ankylosing spondylitis is a
chronic inflammatory autoimmune disease related to psoriasis, with shared genetic
and immunologic mechanisms.(48)

There are some limitations to the two meta-analyses. The first limitation is that
the overall sample sizes were small. Another limitation is that results of both meta-
analyses are only representative for the psoriasis population with moderate-severe
disease, not for patients with mild disease. We considered the patient category with
moderate-severe psoriasis to be the most relevant, since these patients are usually
eligible for systemic treatment, and the increased risk of cardiovascular disease
beyond traditional risk factors may apply to severe psoriasis only.(13) We performed
sensitivity analyses to determine the effect of inclusion of patients with mild psoriasis
in the quantitative analysis that compared vascular inflammation in psoriasis and
healthy controls. Results indicated that vascular inflammation results of patients
with mild and moderate-severe psoriasis could not be pooled. There was substantial
heterogeneity (12=64%) between vascular inflammation outcomes (measured at
the entire aorta) of the studies by Hjuler et al. (18) (moderate-severe psoriasis only)
and Goyal et al. (20) (all psoriasis). The high heterogeneity could be explained by
the difference between study populations in the sensitivity analysis since previous
research has shown that skin disease severity in psoriasis is associated with vascular
inflammation.(28)



The quality and risk of bias of all studies included were assessed using predefined
criteria. The studies included in the systematic review assessing the primary research
question utilized different quantitative measures for FDG-uptake of the arterial wall
(vascular inflammation): TBR and SUV. The benefit of using TBR (the ratio of average
arterial SUV to blood-pool SUV) is that it allows for correction of the error from the
blood glucose and insulin level that may influence the SUV.(49) When using SUVs to
quantify vascular inflammation, lean body mass as a mass estimate in the calculation
of SUV (SUV, _
FDG-uptake in obese patients (50). For reproducibility of results and comparison of

) is preferred over bodyweight (SUV, ), to avoid overestimation of

measurements, it is recommended that PET scans are reconstructed according to
EARL recommendations.(51) For future studies on vascular inflammation in psoriasis,
we recommend using TBR or SUV, _to quantify vascularinflammation and performing
PET reconstructions according to EARL recommendations.

This review and meta-analysis demonstrate an association between moderate-
severe psoriasis and aortic inflammation on PET/CT. This finding is in line with the
theory that inflammation in psoriasis is not limited to the skin but also affects the
cardiovascular system. Vascular inflammation can progress to atherosclerosis and
ultimately to cardiovascular events. Physicians should be aware of the increased risk
of cardiovascular disease in severe psoriasis and ensure adequate monitoring and
treatment of modifiable cardiovascular risk factors.
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Supplemental material

Supplemental Table S1. Search | PubMed & Embase 16-06-2021: combination of psoriasis/
psoriatic arthritis and PET/CT.

Source Search syntax Results

(1) PubMed (psoriasis[MeSH Terms] OR psoria*[Title/Abstract]) AND 104
(positron emission tomography[MeSH Terms] OR positron
emission tomograph* [Title/Abstract] OR PET[Title/

Abstract])

(2) Embase (‘psoriasis’/exp OR psoria*:ab,ti,kw) AND (‘positron 172
emission tomography’/exp OR ‘positron emission
tomgraphy’:ab,ti,kw OR pet:ab,ti,kw)

Filters:
Sources: Embase and MEDLINE
Publication types: Article, Article in Press

(1) and (2) combined 220
(duplicates removed)

Table Legend. Abbreviations: Emtree: Embase subject headings; MeSH: medical subject headings.
PET: positron emission tomography.

Supplemental Table S2. Search Il PubMed & Embase 16-06-2021: combination of psoriasis/
psoriatic arthritis and vascular inflammation.

Source Search syntax Results

(1) PubMed (psoriasis[MeSH Terms] OR psoria*[Title/Abstract]) 498
AND ((((((vasculitis[Title/Abstract])) OR (vascular
inflammat*[Title/Abstract])) OR (arterial inflammat*[Title/
Abstract])) OR (aortitis[Title/Abstract])) OR
((“Vasculitis”[Mesh:NoExp]) OR “Aortitis”[Mesh]))

(2) Embase (‘psoriasis’/exp OR psoria*:ab,ti,kw) AND (vasculitis:ti,ab,kw 395
OR ‘vascular inflammat*’:ti,ab,kw OR ‘arterial
inflammat*’:ti,ab,kw OR aortitis:ti,ab,kw OR vasculitis/mj
OR aortitis/exp)

Filters:
Sources: Embase and MEDLINE
Publication types: Article, Article in Press

(1) and (2) combined 668
(duplicates removed)

Table Legend. Abbreviations: Emtree: Embase subject headings; MeSH: medical subject headings.
PET: positron emission tomography.
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Supplemental Table S3. Higher aortic VI in patients with psoriasis compared to healthy
controls.

Study Subjects, Psoriasis FDG Uptake time VI TBR Vi location
no.® severity (activity) and protocol outcome calculation
Rose Pson=10; Moderate- 5.18 MBg/kg ~60 minutes. SUV__ NA Aortic
(2013) RA=5,HC severe Pso Eight hour (formula SUV segments
AmJ n=10 (BSA>10 fast. 6 mm not reported)
Cardiovasc Dis axialsslices.
Hjuler Pson=12; Moderate- 5MBq/kg 60 minutes.  TBR__ & Arterial Entire aortic
(2017) HC n=23 severe Overnight TBR wopets SUVa vessel
Br J Dermatol (PASI=10) fast.3mm &SUV & divided by & aortic
axialslices.  SUV_ bloodpool  segments
(formula (sve)suv,_
SUV =SUVbw)
Kim Pson=25; Allpsoriasis, 5.18 MBg/kg 60 minutes.  SUV__ NA Aortic
(2018) HC n=47 subgroup 5 mm axial (formula SUV segments
JAm Acad moderate- slices. not reported)
Dermatol severe
psoriasis
(PASI>10 or

BSA>10%)°



Result
PsOvs HC

Adjustment results
for cardiovascular risk
factors

Summary of findings

- Ascending: 1.49 £ 0.241 vs 1.37 + 0.160; p=0.0001*
-Arch: 1.42+0.218 vs 1.27 + 0.160; p=0.0001 *

- Descending: 1.42 +0.207 vs 1.28 + 0.210; p<0.0001 *?

- Suprarenal: 1.39 £0.194 vs 1.37 £ 0.150; p=0.1067
- Infrarenal (1.35+0.222 vs 1.28 + 0.140; p=0.0002

TBR__,
- Entire: 2.46 £ 0.31 vs 2.09 + 0.36; p=0.005 *

- Ascending: 2.63£0.91vs 2.26 + 0.56; p=0.13

- Aorticarch: 2.32 +£0.45vs 1.87 £ 0.33; p=0.002 *
- Descending: 2.42 +0.38 vs 2.16 + 0.36; p=0.05 *
- Suprarenal: 2.36 £ 0.37 vs 1.93 £ 0.42; p=0.005 *
- Infrarenal: 2.54 £ 0.38 vs 1.92 + 0.12; p <0.001 *
TBRmax 10 pixels

- Entire: 2.13+0.21vs 1.92 + 0.30; p=0.03*

- Ascending: 2.24 + 0.61 vs. 2.05 + 0.44; p=0.29

- Aorticarch:2.01+0.24 vs 1.72 +0.25; p=0.003*
- Descending: 2.14 +0.24 vs 2.00 + 0.33; p=0.21*
- Suprarenal: 2.04 £ 0.25vs 1.73 £ 0.33; p=0.009*
- Infrarenal: 2.13+0.21 vs. 1.75 + 0.34; p=0.001*
Suv__

- Entire: 4.01 £ 0.83 vs 3.31 £ 0.56; p=0.005*

- Ascending: 4.30 £ 1.64 vs 3.55 + 0.71; p =0.07
- Aortic arch: 3.77 £ 0.95 vs 2.96 + 0.48; p=0.002*
- Descending: 3.93+0.77 vs 3.44 + 0.6; p=0.05

- Suprarenal: 3.90 + 1.16 vs 3.08 + 0.80; p=0.02*

- Infrarenal: 4.17 + 1.12 vs 3.06 + 0.76; p=0.002

All psoriasis:

- Ascending: 1.88+0.37 vs 1.70 + 0.29; p=0.028 *
-Arch: 1.85+0.38vs 1.67 +0.28; p=0.025 *

- Descending: 1.90 + 0.31vs 1.73 +0.28; p=0.028 *
- Suprarenal: 1.83 £0.38 vs 1.72 £ 0.23; p=0.185
- Infrarenal: 1.87 +0.38 vs 1.67 + 0.27; p=0.012 *¢
Moderate-severe psoriasis (n=10):

- Ascending: 1.89 £0.52 vs 1.70 £ 0.29; p=NR
-Arch:1.95+0.46 vs 1.67 £ 0.28; p=NR

- Descending: 1.92+0.31vs 1.73+0.28; p=0.NR
- Suprarenal: 1.85+0.41vs 1.72 + 0.23; p=0.185
- Infrarenal: 1.89 +0.43 vs 1.67 +0.27; p=0.012 *¢

In multivariate

analysis adjusting for
cardiovascular risk
factors (age, gender,
hypertension, LDL, and
BMI), Pso was associated
with increased VI, except
in the aortic arch region.

Associations remain

significant after adjusting
(ANCOVA) for BMI and age.

Same results after
multivariate analysis
adjusting for age, sexand
BMI (p<0.05).

In moderate-severe
Pso, significantly more
Vlin the aortic arch,
ascending, descending
and infrarenal aorta.

In moderate-severe Pso,
significantly more VI
(measured with TBR__)
at the entire aorta,
aortic arch, suprarenal
and infrarenal aortic
segments.

In psoriasis, significantly
more Vlin aortic arch,
ascending, descending
and infrarenal aorta.



Supplemental Table S3. Higher aortic VI in patients with psoriasis compared to healthy
controls. (continued)

Study Subjects, Psoriasis FDG Uptake time VI TBR Vi location
no.® severity (activity) and protocol outcome calculation
Goyal 370 MBq Mean 62 TBR_ . Dividing Entire aortic
(2020) minutes + 1. SUV__ of vessel
JACC Cardiovasc Imaging 8 hour fast, each aortic
Pso n=164 subgroup severe Pso n=30; HC 1,5 mm axial slice by
n=47 slices. average of
All psoriasis, subgroup severe psoriasis SUV__in
(PASI>10) NYe
Kaur Pso Moderate- 370 MBq 60 minutes SUV__ (formula NA Aortic
(2018) n=16, severe SUV__ not segments
Indian J control (PASI=5) reported)
Dermatol n=NR
Venereol
Leprol
Youn Pson=10; Mild (BSA 5.18 MBg/kg 50 minutes.  TBR__ Dividing Aortic
(2015) HC n=10 <5%, PASI<10) Overnight average segments
J Dermatol fast. 3.27 mm SUVmax by
axial slices. mean SUV
from three
slices of the
SvC

Table Legend: reported outcome variables are displayed as mean + SD. * Statistically significant;
a) In original study, p-value was presented as ‘p=>0.0001’, but we assume this should have been
presented as indicated in our table ‘p=<0.0001; b) TBR 10 pixels 1S @ method that reduces the
risk of measurements based on single high pixel values; c) Exclusion criteria include, amongst
others, tobacco use, hypertension, dyslipidemia, diabetes mellitus, history of cerebrovascular
disease; d) Discrepancy between study results in Supplementary Table S3 and Figure 2 in original
study. We assume that in the table, outcomes of psoriasis patients and healthy controls were
reversed. Authors were contacted on 23-12-2020. e) Definition of healthy controls varied per
study: Rose - “... participants without any diagnosis of illness by review of medical records,
including LDL >190, fasting glucose >126 and BMI>30.”; Hjuler - “... either patients with localized
melanoma or patients with localized stage 1 penile cancer. Only patients who had not received
any systemic chemotherapy and patients without metastatic disease on both initial and
subsequent follow-up imaging were included.”; Kim - (healthy controls not defined); Goyal - “...



Result Adjustment results Summary of findings
PsOvsHC for cardiovascular risk
factors
-AllPs0:1.71+0.26 vs 1.62 +0.20; p NR No In severe Pso,
- Severe Pso: 1.78 +0.32 vs 1.62 + 0.20; p=0.02 significantly higher
FDG uptake compared
to healthy controls
(p=0.02)
-Ascending: 2.0 +0.5vs 1.5+ 0.4; p=0.03 * No In moderate-severe Pso,
- Aorticarch:2.0+0.5vs 2.0+ 0.7; p=0.78 significantly more VI in
- Descending: 1.9+ 0.8 vs 1.6 £ 0.5; p=0.66 ascending aorta.
- Suprarenal: 2.0+ 0.7 vs 1.7 £ 0.6; p=0.71
- Infrarenal: 2.0 £ 0.5 vs 1.6 £ 0.5; p=0.35
- Ascending: 1.95+0.21vs 1.71 + 0.14; p=0.0063 * After adjusting for In mild Pso, significantly
- Arch: no significant difference (TBR NR) cardiovascular risk more Vlin ascending,
- Descending: no significant difference (TBR NR) factors (age, sex, BMI, suprarenal and infrarenal
- Suprarenal: 1.72 +0.23 vs 1.52 £ 0.13; p=0.0271 * hypertension, cholesterol aorta
- Infrarenal: 1.60 + 0.17 vs 1.44 + 0.11; p=0.0499 * level and fasting glucose
level): significant
association remains
a healthy comparator group without psoriasis”; Kaur - “... patients who underwent positron

emission tomography/computed tomography imaging for suspected malignancy but were found
to have no pathological anomaly.”; Youn - “The control subjects underwent FDG-PET/CT for
health screening purposes, ....”. Abbreviations: FDG: F-18-fluorodeoxyglucose; BMI : body mass
index; BSA: body surface area; HC: healthy control; LDL : low-density lipoprotein, n = number of
subjects included in the study; NR: not reported; PASI: psoriasis area and severity index; PET/CT:
positron emission tomography-computed tomography; PsA: psoriatic arthritis; Pso: psoriasis;
RA =rheumatoid arthritis, SUVbw = the standardized uptake value based on body weight, SUV__
maximal standardized uptake value; SVC: superior vena cava; TBR: target to background ratio;
TBR _:maximum target to background ratio; TBR :maximum target to background ratio

max’ max-10 pixels”

using a maximum SUV with a threshold of > 10 pixels for each slice.



Supplemental Table S4. The effects of systemic treatment on aortic vascular inflammation
in patients with psoriatic disease.

Study Subjects Psoriasis Design Dosage Uptake time and Treatment Duration of
severity BF-FDG protocol treatment

Bissonnette Pson=30* Moderate- RCT 370 MBq 2 hours. Overnight ADA n=20, 15 weeks

(2013) severe Pso fast. control non-systemic

Circ (BSA>5%) Slice thickness treatment (topical,

Cardiovasc 4.25 mm. UVT, no treatment)

Imaging n=10

Bissonnette Pson=107° Moderate- RCT 370 MBq 2 hours. Overnight ADA n=54 52 weeks

(2017) severe Pso fast. Placebo followed by (ADA)/

JInvest (BSA>5%) Slice thickness 3.2 ADA n=53 16+52 weeks

Dermatol mm. (placebo+ADA)



Vi TBR calculation VI Results Summary of

outcome location findings
TBR,..TBR .~ TBR and Carotid Vessel with highest baseline TBR__ : Vascular
TBR .. =resp. arteries, - Significant reduction TBR__ after ADA inflammation
arterial SUV__ or ascending (-0.23+0.07; p=0.004)* improved after 15
SUv__. divided by aorta -No significant decrease TBR__ in control ~ weeks adalimumab
SuUv_..SvC group (-0.10 £ 0.11; p=0.35) treatmentin
(ascending aorta - No significant difference between study =~ comparison
TBR) or jugular arms (least square means estimates + SEM:  with the control
veins (carotid -0.13+£0.13; p=0.32) arm, both at the
arteries TBR) Carotid arteries: ascending aorta
-Nosignificant reduction TBR__ after ADA  and at carotid
(-0.08 £ 0.08; p=0.33) arteries.

- Significantincrease TBR__ in control group
(0.24 +0.12; p=0.050)

- Significant difference between study arms
(least square means estimates + SEM: -0.32
+0.15; p=0.037)*

Ascending aorta:

- Significant reduction TBR__ after ADA
(-0.17 £ 0.06; p=0.011)*

- No significant reduction TBR__ in control
group (0.10 + 0.09; p=0.28)

- Significant difference (least square means
estimates + SEM: -0.26 + 0.11; p=0.021)*

TBR__, TBR__ =arterial Carotid Results after 16 weeks (RCT): No significant
SUv__ divided by arteries, - Ascending aorta: no difference in change  differencein
SUV_... ascending from baselinein TBR__ between study arms change in vascular
SVC (ascending aorta (adalimumab: 0.002 (95%CI =-0.048 - 0.053, inflammation
aorta TBR) or calculated SD-value=0.18; placebo: -0.002  (measured at the
jugular veins (95%CI =-0.053 - 0.049, calculated SD- carotid arteries
(carotid arteries value=0.19; p=0.916) and ascending
TBR) - Carotid arteries: no differencein change  aorta), between
from baselinein TBR _ between study arms treated with

arms (adalimumab: 0.031 (95%CI=-0.005- adalimumab or
0.066; placebo: 0.018 (95%Cl -0.019 - 0.055); placebo for 16
p=0.629) weeks.

Results after 52 weeks adalimumab:

- Ascending aorta: no significant change

from baselinein TBR__ (-0.006, 95%

Cl=-0.049 to 0.038; p=0.796)

- Carotid arteries: increase in TBR __ (0.027,

95% C1=0.000 to 0.054; p=0.046)*



Supplemental Table S4. The effects of systemic treatment on aortic vascular
inflammation in patients with psoriatic disease. (continued)

Study Subjects Psoriasis Design Dosage Uptake timeand Treatment Duration of

severity BF-FDG protocol treatment
Mehta Pson=97 Moderate- RCT 555 MBq Uptaketime NR.  Completed 12 weeks: 52 weeks
(2018) severe Overnight fast. ADA n=32 (ADA) / 12452
Circ (BSA=10% Slice thickness UVT n=30 weeks (UVT/
Cardiovasc and PASI>12) NR. Placebo n=30 placebo+ADA)
Imaging Completed 52

weeks: n=61

Gelfand Pson=43 Moderate- RCT 555 MBq 60 minutes. UST n=22 52 weeks
VIP-U severe Overnight fast. Placebo followed by (UST)/
(2020) (PASI=12 and 1.5-4 mm axial UST n=19 12+52 weeks
JInvest BSA =10%) slices. (placebo+UST)
Dermatol
Gelfand Pson=91 Moderate- RCT 2.52MBg/ 60 minutes. SEC n=37 52 weeks (SEC)
VIP-S severe kg body Overnight fast. Placebo followed by /12+40 weeks
(2020) (PASI=12, weight Slice thickness SECn=358§ (placebo+SEC)
JInvest BSA=10, IGA NR.
Dermatol mod 2011

score=3)



Vi TBR calculation VI Results Summary of

outcome location findings

TBR,_ ., TBR =SUV__ Aorta Results after 12 weeks (RCT): No significant
values from - No significant reductionin TBR__ in ADA-  difference in
each aorticslice arm (-0.067, calculated SD-value = 0.298, change in vascular
divided by the p=0.213) inflammation,
average SUV - No significant reductioninin TBR__ in between arms
svC placebo arm (-0.052, calculated SD- treated with ADA

value =0.174, p=0.112) and placebo for 12
- Significant reduction in phototherapy weeks.

group (-0.079, p=0.02)*

- No significant change of 0.64% (95% CI

-5.84% - 7.12%, p=0.844) between ADA and

placebo

Results after 52 weeks ADA:

- Significant reduction in VI after 52 weeks

ADA compared to baseline (-0.08 + 0.002;

p=0.005)*

TBR__, TBR ,=SUV__ Whole Results after 12 weeks (RCT): Vascular
values fromeach  aortic - Significant reductionin TBR _ after inflammation
aorticslice divided vessel 12 weeks UST (mean difference =-0.102; improved after 12
by the average p=0.041; SD calculated = 0.220). weeks ustekinumab
Suv__ . SVC - Significantincreasein TBR _ after 12 treatmentin

weeks placebo (mean difference = 0.144; comparison with
p=0.014; SD calculated = 0.231) the controlarm.
Results after 52 weeks UST:

No significant reductionin TBR__ compared

to baseline (-0.015; p=0.672)

TBR, ., TBR ,=SUV __ Whole Results after 12 weeks (RCT): No significant
values fromeach aortic - No significant reduction in TBR after 12 differencein
aortic slicewere  vessel weeks SEC (-0.006 (95% Cl, -0.081, 0.068) changeinvascular
divided by the - No significant change after 12 weeks inflammation,
average venous placebo (0.025 (-0.043 - 0.093) between arms
Suv - No significant difference between study  treated with

mean

arms (SEC - placebo =-0.053; p=0.37)
Results after 52 weeks SEC:

No significant reduction in TBR for those
initially assigned to SEC (n=37, -2.6%, 95%
Cl=-11.9% to 6.8%) and those initially
assigned to placebo (n=35, 3.4%, 95%
Cl=-6.1% to 2.8%).

secukinumab or
placebo for 12
weeks.



Supplemental Table S4. The effects of systemic treatment on aortic vascular
inflammation in patients with psoriatic disease. (continued)

Study Subjects Psoriasis Design Dosage Uptake timeand Treatment Duration of
severity BF-FDG protocol treatment

Dey Plaque Psoriasis, Cohort 370MBq 60 minutes. Topical n=77 52 weeks
(2017) psoriasis  subgroup Overnight fast. 1.5 UVT n=21
JAMA Cardiol n=115¢ severe mm axial slices.  Systemic or biologic

Severe psoriasis n=45

psoriasis  (PASIrange TNFin=17

subgroup 6-15)

TNFi, n=17
Eder PsAn=34 Psoriatic Case 370 MBq ~60 minutes. TNFin=21 52 weeks
(2018) arthritis control Overnight fast. 1.5 Control (no
Arthritis mm axial slices.  treatment) n=13
Rheumatol
Goyal Severe Pso All psoriasis, Cohort 370MBq Approximately 60 ‘Intensive treatment’ 52 weeks
(2020) n=30°¢ subgroup minutes (mean including:
JACC severe 62minutes £ 1). Topical n=20
Cardiovasc psoriasis Overnight fast. 1,5 UVT n=7
Imaging (PASI>10) mm slices. Systemic n=4

Biologic n=9 (TNFi
n=3, IL-12/23in=3,
IL-17i n=3)



Vi TBR calculation VI Results Summary of

outcome location findings
TBR_ . TBR_, =aortic Whole - Significant reductionin TBR__ pooled In this cohort of
Suv__ aortic treatment regimens compared to baseline  psoriasis patients,
divided by vessel (1.79£0.22 vs 1.91 +£0.29; p=<0.001)* a significant
SUVmean SVC - Subgroup TNFi: significant reduction in reduction
TBR_, compared to baseline (1.78 £0.22vs  invascular
1.90 +0.35; p=0.04)* inflammation was

observed after 52
weeks follow-up.

TBR__ =aortic dividedbySUV__  Whole - TNFi: significant reductionin TBR In this case-
Suv__ svce aortic compared to baseline (1.76 £ 0.24vs 1.90+  control study
vessel 0.28; p=0.03)* in patients with
- Control group: no significant reduction psoriatic arthritis,
inTBR . in control group compared to a significant
baseline (1.86 +0.21vs 1.89 +0.26; p=0.32)  reduction
invascular

inflammation was
observed after
treatment with a
TNF-inhibitor, In
the control arm,
no significant

reduction
invascular
inflammation was
observed.

TBR__, TBR ,=SUV__of Aorta Significant reductionin TBR _ comparedto In this cohort of
each aorticslice baseline (1.67 £ 0.26 vs 1.78 + 0.32; p=0.01)*  psoriasis patients,
divided by average a significant
of SUV__. inSVC reduction

invascular
inflammation was
observed after 52
weeks follow-up.



Supplemental Table S4. The effects of systemic treatment on aortic vascular
inflammation in patients with psoriatic disease. (continued)

Study Subjects Psoriasis Design Dosage Uptake timeand Treatment Duration of
severity BF-FDG protocol treatment

Kaur Pson=16 Moderate- RCT 370 MBq 60 minutes. 6 MTX+pioglitazone 12 weeks
(2018) severe hour fast. Slice n=4
IndianJ (PASI=5) thickness not MTX+placebo n=4
Dermatol reported. Placebo+pioglitazone
Venereol n=4
Leprol Placebo+placebo

n=4
Kim Pson=10"¢ Moderate- Cohort 5.18 MBg/ 60 minutes.5mm Ustekinumab Until PASI75
(2018) to-severe kg axial slices. achieved
JAm Acad (PASI>10 or
Dermatol BSA>10%)
Rivers Severe Pso PASI>10 Cohort 370 Mbq Approximately Treatment varied, 52 weeks
(2018) n=138 60 minutes. 6 (38%) systemic or
JACC Overnight fast. 1.5 biologic treatment
Cardiovasc mm axial slices.
Imaging

Table Legend: reported outcome variables are displayed as mean + SD, unless stated otherwise.
*= Statistically significant; a) To be eligible, patients were required to have an history of coronary
atherosclerosis, or a minimum of 3 risk factors for cardiovascular disease. TBR was required
to be 1.6 or higher; b) TBR was required to be 1.6 or higher; c) relevant outcomes for meta-
analysis were only reported in patients that finished the trial (52 weeks); d) patients with known
cardiovascular disease and hypertension excluded; e) as described in methods by Nair et al (1);
f) exclusion criteria include, amongst others, tobacco use, hypertension, dyslipidemia, diabetes
mellitus, history of cerebrovascular disease; g) subgroup of patients from original trial. Reference:
1. Naik HB., Natarajan B., Stansky E., et al. Severity of Psoriasis Associates With Aortic Vascular
Inflammation Detected by FDG PET/CT and Neutrophil Activation in a Prospective Observational



Vi TBR calculation VI Results Summary of
outcome location findings
SUV__ (formula NA Five aortic No significant change in any of treatment ~ No significant
SUV__ not segments  armsstudy armsin any aortic segment. No difference in
reported) composite score for aorta available. composite SUV_
score (all aorta
segments combined
with liver, skin
and joints) after 12
weeks of treatment
in patients
randomized to
methotrexate or
placebo.
Suv NA Five aortic Results after achievement of PASI75, In this cohort of
(formula SUV segments  compared to baseline: psoriasis patients,
not reported) - Aortic arch: 1.50+£0.29 vs. 1.89 + 0.52; SUV__ values
p=0.0201* were reduced at
- Ascending aorta: 1.46 + 0.36 vs. 1.95 + 0.46; the aortic arch,
p=0.0071* ascending aorta,
- Descending aorta: 1.57 +0.25vs. 1.92 + descending aorta
0.31; p=0.0121* and infrarenal
- Suprarenal aorta: 1.53+0.23vs. 1.85 + abdominal aorta
0.41; p=0.0710 after PASI75 was
- Infrarenal abdominal aorta: 1.49 +0.33 vs. achieved with
1.89+0.43; p=0.0040* ustekinumab
treatment.
TBR_ . TBR_, =aortic Aorta Significant reduction of 9.6%in TBR__ after In this cohort of
SUV__ divided by 52 weeks (1.79 £ 0.31vs 1.98 + 0.38; p=0.02)* psoriasis patients,
SVCSuv,_ e a significant
reduction
invascular

inflammation was
observed after 52
weeks follow-up.

Study. Arterioscler Thromb Vasc Biol 2015;35(12):2667-76. Doi: 10.1161/ATVBAHA.115.306460.
Abbreviations: ADA: adalimumab (TNFa inhibitor); FDG: F-18-fluorodeoxyglucose; MTX:
methotrexate; n: number of subjects included in the study; NA: not applicable, NR: not reported;
PASI75: 75% reduction in Psoriasis Area and Severity Index compared to baseline; PET/CT:
positron emission tomography-computed tomography; PsA: psoriatic arthritis; Pso: psoriasis;
RCT: randomized clinical trial; SEM: standard error of the mean, SEC: secukinumab (IL-17 inhibitor);
Suv_ . maximal standardized uptake value; SVC = superior vena cava; TBR: target to background
ratio; TBR__: maximum target to background ratio; TBR___ - mean target to background ratio;
TNFi: tumor necrosis factor alpha inhibitor (adalimumab, certolizumab pegol, etanercept,
golimumab, infliximab); UST: ustekinumab (IL-12/23 inhibitor); UVT: ultraviolet light therapy; VI:
vascular inflammation.
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Abstract

Background
Patients with psoriatic arthritis (PsA) have an increased risk of cardiovascular disease,
possibly due to a chronic inflammatory state.

Objectives

The main objective of this study was to investigate the difference in vascular
inflammation, measured with 18-fluorodeoxyglucose positron emission tomography/
computed tomography (PET/CT), in PsA patients and controls. We conducted a
secondary analysis to assess the association between clinical parameters of disease
activity with vascular inflammation in PsA.

Methods

We included a total of 75 PsA patients with active peripheral arthritis (defined as =2
tender and swollen joints) from an ongoing clinical trial (EudraCT 2017-003900-28)
and a retrospective group of 40 controls diagnosed with melanoma, without distant
metastases and not receiving immunotherapy. The main outcome measure was
aortic vascular inflammation which was measured on PET/CT-scans using target-to-
background-ratios. Clinical disease activity in PsA was assessed with joint counts,
body surface area and the Disease Activity index for PsA. Laboratory assessments
included C-reactive protein and Erythrocyte Sedimentation Rate.

Results

Vascular inflammation was increased in patient with PsA in comparison with controls
(mean TBR for entire aorta respectively 1.63+0.17 versus 1.49+0.16; p=<0.001). This
association remained significant after correction for gender, age, body mass index,
mean arterial pressure and aortic calcification (p=0.002). Vascular inflammation was
not associated with disease-related parameters.

Conclusions

Aortic vascular inflammation was significantly increased in patients with active PsA
compared with controls. This evidence supports the theory that inflammation in PsA
is not limited to the skin and joints, but also involves the vascular system.



Introduction

Psoriatic arthritis (PsA) is a chronic inflammatory musculoskeletal disease, occurring
in up to 30% of patients with psoriasis (Pso) and in 0.2% of the adult population.(1,2)
PsAis an heterogeneous disease which can involve peripheral arthritis, spondylitis,
and extra-articular features such as enthesitis and dactylitis.(3) PsA is associated
with an increased risk of cardiovascular disease (CVD) compared with the general
population.(4) Traditional cardiovascular risk factors can be increased in PsA,
however, this does not fully explain the higher incidence of CVD in PsA.(5) It has been
hypothesised that systemic inflammation could lead to endothelial dysfunction and
accelerated atherosclerosis in psoriatic disease.(6)

With the use of 18-fluorodeoxyglucose (FDG) positron emission tomography (PET/
CT), inflammatory activity at the arterial wall can be measured noninvasively. Vascular
inflammation measured by FDG PET/CT is strongly correlated with atherosclerotic
plaque inflammation and future cardiovascular events, but also a diagnostic marker
of vasculitis.(7,8) In recent years there has been broad interest in studying the link
between chronicinflammation and CVD with PET/CT. So far, investigations on vascular
inflammation in psoriatic disease focused on Pso, rather than on PsA. Vascular
inflammation measured with PET/CT is elevated in Pso compared with healthy
controls, and skin severity is associated with aortic vascular inflammation.(9-14)

The aim of this study is to investigate whether vascular inflammation measured
by FDG PET/CT is elevated in PsA in comparison with patients without PsA. As a
secondary outcome measure, we assessed whether the extent of clinical disease
activity in PsA was associated with vascular inflammation. This study may further
advance our understanding of the pathophysiology of CVD in PsA.

Methods

Patients with PsA were included from the TOFA-PREDICT study, a multicenter trial
predicting therapy response in PsA (EudraCT 2017-003900-28 ). This ongoing trial is
conducted in the Netherlands and coordinated from the University Medical Center
Utrecht. Participants met the ClASsification criteria for Psoriatic ARthritis (CASPAR)
(15), were aged 18-75 years, had a disease duration of at least eight weeks, and
showed evidence of active peripheral arthritis (=2 swollen joints and =2 tender joins).
Detailed in- and exclusion criteria have been reported in our previously published



design paper.(16) For the current analyses, we used the PET/CT-scans acquired at
baseline in the first cohort of 80 patients included in the clinical trial.

Control patients

We included patients diagnosed with melanoma, aged 18-65 years, in whom whole
body FDG PET/CT-scans were acquired for screening of distant metastases, as a
retrospective control group. We excluded melanoma patients with distant metastases,
patients receivingimmunotherapy, and patients with a history of autoinflammatory
or autoimmune disease.

PET/CT protocol

FDG was administered intravenously after an overnight fast. After administration
of FDG, the FDG PET/CT was performed one hour later. A non-contrast-enhanced
low-dose CT was performed for co-registration and attenuation correction. Due
to the multicenter study design, kilovoltage peak (kvP), slice thickness and dosing
of 18F-FDG varied, depending on local protocols and devices (Supplemental Table
S1). PET/CT-reconstructions were compliant to European Association of Nuclear
Medicine Research Ltd. (EARL) guidelines to achieve repeatability and reproducibility
of quantitative PET/CT outcome measures.(17) PET/CT-scans were assessed for quality
by local nuclear medicine technicians, under supervision of local radiologists or
nuclear medicine physicians. Final judgement on scan quality was determined by
the radiology team within the UMC Utrecht under supervision of professor de Jong.
PET/CT-scans without an EARL reconstruction and acquired with a pre-scan serum
glucose of 10 mmol/l or higher were excluded from the analysis.

Measurements of vascular inflammation and calcification on PET/CT

The primary outcome measure was vascular inflammation, which was assessed using
a target-to-background ratio (TBR). Two dimensional regions of interests (ROls) were
manually placed on PET/CTs around the external aortic contour in axial setting, to
provide a maximum standardized uptake value (SUV; Figure 1). ROIs were placed
every 3, 4 or 5 mm, depending on slice thickness. This process was repeated along
the whole length of the aorta. The SUVmax in the aorta was measured per slice and
then averaged to produce the SUVmax for the entire aorta and per aortic segment
(ascending aorta, aortic arch, descending aorta, suprarenal abdominal aorta and
infrarenal abdominal aorta). The SUVmean for background measurement was derived
by calculating the mean of six to eight ROIs in the superior vena cava (SVC; Figure



1), or, in one case at the inferior vena cava because of visual spill of activity of the
myocardium. Subsequently, the maximum TBR was calculated by taking the ratio of
SUVmax and SUVmean of the venous blood pool.(7,17) With the use of TBR, aortic
vascular inflammation can be measured in a reliable and reproducible manner.(18)
In addition, for assessment of the intraclass correlation coefficient (ICC), 12 aortic
segments of randomly selected scans were scored by two observers, showing an
excellent ICC (0.985, 95%-CI 0.949-0.996).

We quantified arterial calcifications of the aorta on consecutive axial slices of the
computed tomography (CT)-scans. Arterial calcifications were defined as hyperdense
lesions of 2130 Hounsfield Units (HU). Calcification scores (Agatston scores) were
calculated as the product of the area of calcification lesions and the weighted
attenuation score, which is dependent on the maximal HU of the calcified region.
(19) Measurement of aortic calcifications on CT has an excellent ICC.(20)

Clinical assessments

The following clinical parameters were assessed in PsA patients: disease duration,
body mass index (BMI), blood pressure, tender joint count (68), swollen joint count
(66), the Leeds Enthesitis Index (LEl), dactylitis count, and the body surface area
(BSA) for assessment of psoriasis severity. Laboratory evaluation included serum
lipid levels, glucose, C-reactive protein (CRP) and the erythrocyte sedimentation rate
(ESR). From the retrospective cohort of control patients, we collected the following
clinical variables from patient files: age, gender, history of cardiovascular diseases,
BMI, glucose level and blood pressure.

Ethical committee approval

All PsA patients included in the study provided written consent and the study
was approved by the Medical Research Ethics Committee in Utrecht, Netherlands
(reference number NL63439.041.17). Given the retrospective use of PET/CTs in the
control group and limited clinical data used, no formal approval of this study was
required, and a waiver of informed consent was in place as stated by the Medical
Ethics Committee of the UMC Utrecht.



Figure 1.

Figure showing fused PET/CT images in axial setting. A) Placement of region of interest around the
external aortic contour for measurement of the maximum standardized uptake value (SUVmax).
This measurement is repeated along the entire vessel. B) Placement of region of interest inside
the superior vena cava for calculation of the mean standardized uptake value, as a measure for
background activity. PET/CT=positron emission tomography / computed tomography



Statistical analysis

Summary statistics are reported as mean * standard deviation (SD) for normally
distributed variables, median and interquartile range (IQR) for non-normally
distributed variables and absolute or relative frequencies for categorical variables.
Between-group differences were assessed using the unpaired t-test with equal
variances for normally distributed variables and the Mann Whitney U test for non-
normally distributed continuous variables. Differences in categorical variables were
assessed using Fisher’s exact test.

The primary outcome measure was the difference in vascular inflammation
(assessed using the TBR) between PsA patients and controls and was assessed using
the unpaired t-test with equal variances. Subsequently, to correct for traditional
cardiovascular risk factors, a multiple linear regression analysis was performed
with vascular inflammation as the dependent variable and disease category (PsA
in comparison with controls), age, gender, body mass index, mean arterial pressure
(MAP) and aortic calcification as independent variables. To test the assumption of
normal distribution of the residuals, we used normal probability plots. Homogeneity
of variances was evaluated with error plots. We assessed the association of vascular
inflammation with clinical parameters of disease activity in PsA visually with scatter
plots, and with Spearman’s rank correlation coefficient. Differences in vascular
inflammation between PsA patients with and without DMARD use, and between
PsA patients included in the UMC Utrecht in comparison with other hospitals,
were assessed using the unpaired t-test with equal variances. The predetermined
significance level was set at p < 0.05. Statistical analysis was performed using SPSS
version 26 (IBM SPSS Statistics, IBM Corporation, Armonk, NY).

Results

Patients’ characteristics

A total of 80 PsA patients, and 41 controls were included in the study. In four PsA
participants, no PET/CT-scan was available. One PsA patient was excluded because
the PET/CT was of insufficient quality, and one PET/CT of the control group because
the patient had a serum glucose level of > 10 mmol/l. The final study population
consisted of 75 PsA patients and 40 controls. Although local PET/CT-protocols in
different hospitals varied (Supplementary Table 1), no differences were observed in
vascular inflammation on PET/CT-scans performed in PsA patients in the UMC Utrecht
(n=50), in comparison with patients included in other sites (n=25); (p>0.05).



Overall, study participants were middle-aged, with a slight male preponderance
in both patients and controls. There were no significant differences between PsA
patients and controls regarding age, mean arterial pressure (MAP) and history of CVD.
PsA patients had a higher BMI in comparison with controls (Table 1).

The median time from PsA diagnosis was 10 months. DMARD-treatment had been
prescribed in 49% of PsA patients. Of PsA patients with available DAPSA scores (n=73),
90.3% had moderate to high disease activity. Skin disease was limited in 88% of
patients, with less than three percent body surface area involvement. A full overview
of patients’ characteristics is presented in Table 1. Adverse events related to PET/CT
imaging are reported in Supplemental Table S2.

Vascular inflammation
Vascular inflammation in the whole aorta and all aortic segments, assessed with TBR,
was significantly greater in patients with PsAin comparison to controls, in unadjusted
analyses (Figure 2; Table 2). 13.3% of PsA patients had a TBR of the whole aorta >90th
percentile, in comparison with 5.0% of controls (p=0.21).

In multivariable regression analyses, PsA remained significantly associated with
vascular inflammation after correction for age, gender, BMI, MAP and overall aortic
calcification (Table 2).

Association between clinical characteristics and vascular inflammation
in PsA

We assessed whether disease activity in PsA was associated with vascular
inflammation on PET/CT in the entire aorta, but found no significant associations
for the tender or swollen joint count (of 68 and 66 joints respectively), the BSA, the
LEI, disease duration, or CRP and ESR (p>0.05). There were no differences in vascular
inflammation outcomes in the entire aorta and separate aortic segments, in PsA
patients with and without current DMARD treatment (p>0.05).



Table 1. Patients’ characteristics.

Characteristic? PsA (N=75) Controls (N=40) p-value
Age, years, median (IQR) 53 (46-59) 52 (42-59) 0.353°
Male sex, n 43 (57.3) 23 (57.5) 1.000¢
BMI, kg/m?, mean+SD 28.4+4.9 25.944.0 0.008¢
MAP, mean+SD 102.8+11.6 98.5+13.9 0.090¢
Missing, n 0 5(12.5)

Current smoking, n 10 (13.3) NA

History of cardiovascular disease:

Hypertension, n 12 (16.0) 6(15.0) 1.000¢
Hyperlipidemia, n 1(1.3) 2(5.0) 0.277°
Diabetes, n 2(2.7) 0 0.542¢
Myocardial infarction, n 2(2.7) 0 0.542¢
Cerebrovascular event, n 0 1(2.5) 0.348¢

PsA disease duration,months, median (IQR) 10.0 (1.0-123) NA

Current csDMARD use, n 37 (49.3) NA
Prior bDMARD use, n 3(4.0) NA
Nail psoriasis, n 49 (65.3) NA
Dactylitis, n 19 (25.3) NA
TJC (of 68 joints), median (IQR) 4.0 (6.5-10.0) NA
SJC (of 66 joints), median (IQR) 3.0 (5.0-9.0) NA
LEI count (1-6), median (IQR) 0(0.0-1.0) NA
BSA, median (IQR) 1.0 (1.0-3.0) NA
BSA=3,n 9(12.0) NA
CRP, median (IQR) 1.0 (4.0-10.3) NA
ESR, median (IQR) 9.0 (5.0-22.3) NA
LDL-cholesterol, mean+SD 3.0+0.9 NA

Aortic calcification (Agatston), median (IQR) 11.4(0.0-252.3) 0.0(0.0-595.1) 0.086¢

Table Legend

“Values are expressed as n (%) unless stated otherwise.

bMann-Whitney test

‘Fisher’s exact test

dIndependent Samples t-test

Abbreviations. BMI = body mass index, CRP = C-reactive protein, ESR = erythrocyte sedimentation
rate, DMARD = Disease Modifying Anti-Rheumatic Drugs, LEI = Leeds Enthesitis Index, NA= not
available, MAP = Mean Arterial Pressure, PASI = Psoriasis Area Activity Index, SD = standard
deviation, SJC = swollen joint count, TJC = tender joint count
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Figure 2.

Increased vascular inflammation in the entire aorta and all separate aortic segments, assessed
with the TBR, in psoriatic arthritis in comparison with controls. PsA, n=75 (total aortic segments
measured = 366), controls, n=40 (total aortic segments measured =198). Lower and upper fences
are the 25th and 75th percentile, the middle line represents the median value. Statistical analysis
by multiple linear regression analysis (independent variable: TBR; dependent variables: disease
category, age, gender, body mass index, mean arterial pressure, aortic calcification).

***=P < 0.001, **=P < 0.01. Abbreviations: PsA = psoriatic arthritis, TBR = target-to-background
ratio.
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Table 2. Vascular inflammation (TBR) in PsA and controls.

Aortic segment PsA Controls Unadjusted Beta coefficient for effect PsAon
(N=75) (N=40) analysis TBR (p-value) in model adjusted
(p-value)? for age, sex, BMI, MAP and aortic

calcification (Agatston score)

Entire aorta 1.63+0.17 1.49+0.16 <0.001 30.297 (0.002)
Ascending aorta 1.69+0.19 1.55+0.18 <0.001 (30.289 (0.002)
Aortic arch 1.67+0.19 1.55+0.17 0.002 R 0.259 (0.009)
Descending aorta 1.66+0.20 1.52+0.17 <0.001 f30.257(0.009)
Suprarenal aorta 1.65+0.22 1.50+0.19 <0.001 30.271 (0.005)
Infrarenal aorta 1.54+0.16 1.40+0.18 <0.001 f30.351 (<0.001)

Table legend: Values are expressed as mean+SD unless stated otherwise.
9= jndependent samples T-test

Discussion

This study confirmed our hypothesis that vascular inflammation quantified with PET/
CT is increased in PsA compared to controls. The results remained significant after
adjusting for age, gender, BMI, blood pressure and aortic calcifications. Our second
hypothesis was that vascular inflammation was associated with disease activity in
PsA, but this was not observed.

To our knowledge, this is the first study that describes vascular inflammation,
measured with PET/CT, in PsA in comparison with controls. Our observations are in
line with previous work that has consistently showed increased vascular inflammation
in Pso in comparison with the general population. (9-14) Whilst currently limited
data is available on vascular inflammation in PsA, increased atherosclerosis and
cardiovascular disease have been reported in this population. Specifically, previous
imaging studies have demonstrated increased coronary calcifications on CT,
significantly higher common carotid artery intima-media thickness, and a higher
prevalence of carotid atherosclerosis, assessed on ultrasound.(21-23) In contrast to
studies in Pso, we did not identify an association between skin severity and vascular
inflammation.(13,24) Furthermore, no associations between factors relating to PsA
severity (joint count, enthesitis count, disease duration, inflammatory markers CRP
and ESR and the composite score DAPSA), and vascular inflammation emerged from
our analysis. The limited variability in disease activity, and low disease activity of



the skin, in PsA patients in the present study may explain why we did not observe
any correlations between vascular inflammation and the above mentioned factors
relating to PsA severity.

Different hypotheses could account for the finding that vascular inflammation is
elevated in PsA. First, PsA patients exhibit an increased frequency of classical CVD
risk factors, which could lead to increased vascular inflammation and (subclinical)
atherosclerosis.(25) However, after correction for some classical risk factors,
the association between psoriatic disease and vascular inflammation remained
significant in the current study in PsA, and in past studies in Pso0.(9-11,26) Since
classical risk factors do not entirely explain the process of atherosclerosis in PsA,
it has been proposed that PsA-related inflammatory mechanisms could contribute
to the risk of CVD in PsA .(27)(28) This theory is supported by our findings. Further
research is needed to understand the relational interplay between PsA and vascular
inflammation in more detail. Additional imaging techniques, such as ultrasound of the
carotid arteries or contrast angiography (combined with CT, or magnetic resonance
imaging (MRI)), to assess the presence of subclinical atherosclerosis (22), could be of
added value, since CT does not capture non-calcified plaques.(22,29)

Study limitations

There are certain limitations to the current study. Since the data for controls was
collected retrospectively, it was not possible to retrieve information on all relevant
confounders, such as smoking and lipid spectrum. While our observation was that
vascular inflammation in the PsA group remained higher after correction for aortic
calcifications, we cannot exclude soft plaques as a reason for increased PET/CT tracer
uptake. Secondly, due to the multi-center study setting and the use of retrospective
controls, PET/CT acquisition protocols varied across sites, and between PsA patients
and controls (Supplemental Table 1). We, however, performed measurements on EARL
reconstructions to harmonize quantitative PET/CT outcomes.(30) Furthermore, there
were no differences observed in vascular inflammation on PET/CT in PsA patients
included in the UMCU or other hospitals. Another limitation is that there is no ‘true’
cut-off value for increased vascular inflammation. Several authors have proposed
that vessels or segments with a (mean) TBR of 21.6 should be considered as ‘active’.
(31,32) The mean TBR value in PsA patients in the current study was higher than 1.6
in all aortic segments which could be considered as active inflammation according
to previously proposed criteria, except the infrarenal aorta, where mean aortic TBR
values of the control group were all below 1.55 (Table 2).



Lastly, the current cross-sectional study only provides indirect evidence for the
hypothesis that due to vascular inflammation there is an increased risk of CVD in
PsA. Large longitudinal studies with hard cardiovascular outcomes are required to
accurately determine the pathophysiological processes leading to CVD in PsA, but also
the impact of PET/CT findings as an independent risk factor for major cardiovascular
events in PsA patients.

Clinical perspectives

Our work indicates that vascular inflammation measured with PET/CT is increased
in PsA, in comparison with controls. PET/CT-quantified vascular inflammation is
an imaging biomarker strongly associated with future cardiovascular events.(8) It
is currently unclear whether treatment with disease-modifying drugs will temper
vascularinflammation in PsA, and this will be further evaluated by longitudinal follow-
up with PET/CT. Currently, there is no indication for clinical follow-up with PET/CT.

Conclusion

This is the first study to demonstrate increased vascular inflammation in PsA patients.
This finding could contribute to insights to the pathophysiology of cardiovascular
disease in PsA, and confirms that PsA should be regarded as a systemic inflammatory
disease.

Acknowledgments

The authors would like to thank all patients participating in the study. We thank
Anneloes van Loo, Karin Schrijvers and Ria Boot for their valuable contributions in
study logistics. We acknowledge Juliétte Pouw, Nanette Vincken, Frank Perton and
Sina Fadaei for the clinical assessments of study patients. We thank Anne Karien
Marijnissen for coordination of ethical affairs. We are also grateful to Sarita Hartgring
for project control. Part of this work was previously presented in an oral presentation
at the EULAL 2023.(33)

Author Contributions

All authors listed have made substantial contributions to the study design, or the
acquisition, analysis or interpretation of data, and approved the final version for
publication.



Ethical approval

The TOFA-PREDICT study was conducted according to the guidelines of the Declaration
of Helsinki, and approved by the Ethics Committee of the University Medical Center
Utrecht (protocol code 15-429, 17-11-2015). Given the retrospective use of PET/CTs
in the control group, no formal approval of this study was required as stated by the
Medical Ethics Committee of the UMC Utrecht.

Informed Consent Statement

All PsA study subjects included in the TOFA-PREDICT study provided written informed
consent. Given the retrospective use of PET/CTs in the control group a waiver of
informed consent was in place as stated by the Medical Ethics Committee of the
UMC Utrecht.

Data Availability Statement

All data relevant to the study are included in the article or uploaded as supplemental
information. Data are available upon reasonable request. Please contact
corresponding author

Conflicts of Interest

Financial support for the PsA patients included in the TOFA-PREDICT study was
provided by Pfizer. The collaboration project is co-funded by the PPP Allowance
made available by Health Holland, Top Sector Life Sciences & Health, to stimulate
public-private partnerships. The sponsors had no role in the design, execution,
interpretation, or writing of the study.

Karijn Suijkerbuijk: Consulting/advisory relationship: Bristol-Myers Squibb,
Merck Sharp and Dome, Abbvie, Pierre Fabre, Novartis, Sairopa. Honoraria received:
Novartis, Roche, Merck Sharp and Dome. Research funding: TigaTx, Bristol Myers
Squibb, Philips. All paid to the institution and outside the submitted work. Pim de
Jong has a research collaboration with Vifor Pharma and Philips Healthcare. Wouter
Foppen received research grants unrelated to the topic of the present study from
Novo Nordisk and Pfizer, which were paid to the institution. Prof. H. Vonkeman reports
having received grants, consulting fees or honorarium from AbbVie, Boehringer
Ingelheim, Novartis, Pfizer, UCB, Janssen and Galapagos; all outside the submitted
work.



References

10.

11.

12.

13.

Haroon M, Kirby B, FitzGerald O. High prevalence of psoriatic arthritis in patients with
severe psoriasis with suboptimal performance of screening questionnaires. Ann Rheum
Dis. 2013;72(5):736-40.

Eder L, Widdifield J, Rosen CF, Cook R, Lee KA, Alhusayen R, et al. Trends in the Prevalence
and Incidence of Psoriasis and Psoriatic Arthritis in Ontario, Canada: A Population-Based
Study. Arthritis Care Res (Hoboken). 2019;71(8):1084-91.

Ritchlin CT, Colbert RA, Gladman DD. Psoriatic Arthritis. Longo DL, editor. New England
Journal of Medicine. 2017 Mar 9;376(10):957-70.

Verhoeven F, Prati C, Demougeot C, Wendling D. Cardiovascular risk in psoriatic arthritis,
a narrative review. Joint Bone Spine. 2020 Oct;87(5):413-8.

Ogdie A, YuY, Haynes K, Love TJ, Maliha S, Jiang V, et al. Risk of major cardiovascular events
in patients with psoriatic arthritis, psoriasis and rheumatoid arthritis: a population-based
cohort study. Ann Rheum Dis. 2015 Feb 1;74(2):326 LP - 332.

Teklu M, Parel PM, Mehta NN. Psoriasis and Cardiometabolic Diseases: The Impact of
Inflammation on Vascular Health. Psoriasis: Targets and Therapy. 2021;Volume 11(July):99-
108.

Tawakol A, Migrino RQ, Bashian GG, Bedri S, Vermylen D, Cury RC, et al. In Vivol8F-
Fluorodeoxyglucose Positron Emission Tomography Imaging Provides a Noninvasive
Measure of Carotid Plaque Inflammation in Patients. J Am Coll Cardiol [Internet]. 2006
Nov 7 [cited 2018 Dec 5];48(9):1818-24. Available from: http://linkinghub.elsevier.com/
retrieve/pii/S0735109706019802

Figueroa AL, Abdelbaky A, Truong QA, Corsini E, MacNabb MH, Lavender ZR, et al.
Measurement of arterial activity on routine FDG PET/CT images improves prediction of
risk of future CV events. JACC Cardiovasc Imaging [Internet]. 2013;6(12):1250-9. Available
from: http://dx.doi.org/10.1016/j.jcmg.2013.08.006

Rose S, Mehta NN, Sheth NH, Baker JF, Ogdie A, Raper A, et al. a Comparison of Vascular
Inflammation in Rheumatoid Arthritis, Psoriasis and Healthy Controls By Fdg-Pet/Ct: a
Pilot Study. J Am Coll Cardiol. 2013;61(10):E1056.

Hjuler KFF, Gormsen LCC, Vendelbo MHH, Egeberg A, Nielsen J, Iversen L. Increased global
arterial and subcutaneous adipose tissue inflammation in patients with moderate-to-
severe psoriasis. British Journal of Dermatology. 2017 Mar 1;176(3):732-40.

Goyal A, Dey AK, Chaturvedi A, Elnabawi YA, Aberra TM, Chung JH, et al. Chronic Stress-
Related Neural Activity Associates With Subclinical Cardiovascular Disease in Psoriasis: A
Prospective Cohort Study. JACC Cardiovasc Imaging. 2020 Feb;13(2 Pt 1):465-77.

Kim BS, Lee WK, Pak K, Han J, Kim GW, Kim HS, et al. Ustekinumab treatment is associated
with decreased systemic and vascular inflammation in patients with moderate-to-severe
psoriasis: Feasibility study using (18)F-fluorodeoxyglucose PET/CT. J Am Acad Dermatol.
2019 May;80(5):1322-31.

Naik HB, Natarajan B, Stansky E, Ahlman MA, Teague H, Salahuddin T, et al. Severity of
Psoriasis Associates With Aortic Vascular Inflammation Detected by FDG PET/CT and
Neutrophil Activation in a Prospective Observational Study. Arterioscler Thromb Vasc
Biol [Internet]. 2015 Dec;35(12):2667-76. Available from: http://www.embase.com/search/
results?subaction=viewrecord&from=export&id=L606468798



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kleinrensink NJ, Pouw JN, Leijten EFA, Takx RAP, Welsing PMJ, de Keizer B, et al. Increased
vascular inflammation on PET/CT in psoriasis and the effects of biologic treatment:
systematic review and meta-analyses. Clin Transl Imaging [Internet]. 2022;(0123456789).
Available from: https://doi.org/10.1007/s40336-021-00476-3

Taylor W, Gladman D, Helliwell P, Marchesoni A, Mease P, Mielants H. Classification criteria
for psoriatic arthritis: development of new criteria from a large international study. Arthritis
Rheum. 2006 Aug;54(8):2665-73.

Kleinrensink NJ, Perton FT, Pouw JN, Vincken NLA, Hartgring SAY, Jansen MP, et al. TOFA-
PREDICT study protocol: a stratification trial to determine key immunological factors
predicting tofacitinib efficacy and drug-free remission in psoriatic arthritis (PsA). BMJ
Open. 2022;12(10):e064338.

Bucerius J, Hyafil F, Verberne HJ, Slart RHJA, Lindner O, Sciagra R, et al. Position paper of
the Cardiovascular Committee of the European Association of Nuclear Medicine (EANM)
on PET imaging of atherosclerosis. Eur J Nucl Med Mol Imaging. 2016;43(4):780-92.

Rudd JHF, Myers KS, Bansilal S, Machac J, Rafique A, Farkouh M, et al. 18Fluorodeoxyglucose
Positron Emission Tomography Imaging of Atherosclerotic Plaque Inflammation Is
Highly Reproducible. Implications for Atherosclerosis Therapy Trials. J Am Coll Cardiol.
2007;50(9):892-6.

Hoffmann U, Kwait DC, Handwerker J, Chan R, Lamuraglia G, Brady TJ. Vascular Calcification
in ex Vivo Carotid Specimens: Precision and Accuracy of Measurements with Multi-Detector
Row CT. Radiology. 2003 Nov;229(2):375-81.

Bartstra JW, de Jong PA, Kranenburg G, Wolterink JM, Isgum I, Wijsman A, et al. Etidronate
halts systemic arterial calcification in pseudoxanthoma elasticum. Atherosclerosis. 2020
Jan 1;292:37-41.

Di Minno MND, Ambrosino P, Lupoli R, Di Minno A, Tasso M, Peluso R, et al. Cardiovascular
risk markers in patients with psoriatic arthritis: A meta-analysis of literature studies. Ann
Med. 2015 May 19;47(4):346-53.

Ibafiez-Bosch R, Restrepo-Velez J, Medina-Malone M, Garrido-Courel L, Paniagua-Zudairel,
Loza-Cortina E. High prevalence of subclinical atherosclerosis in psoriatic arthritis patients:
a study based on carotid ultrasound. Rheumatol Int [Internet]. 2017 Jan 24;37(1):107-12.
Available from: http://link.springer.com/10.1007/s00296-016-3617-x

Shen J, Wong KT, Cheng IT, Shang Q, Li EK, Wong P, et al. Increased prevalence of coronary
plaque in patients with psoriatic arthritis without prior diagnosis of coronary artery
disease. Ann Rheum Dis. 2017 Jul;76(7):1237-44.

Dey AK, Joshi AA, Chaturvedi A, Lerman JB, Aberra TM, Rodante JA, et al. Association
Between Skin and Aortic Vascular Inflammation in Patients With Psoriasis: A Case-
Cohort Study Using Positron Emission Tomography/Computed Tomography. JAMA
Cardiol [Internet]. 2017 Sep;2(9):1013-8. Available from: http://www.embase.com/search/
results?subaction=viewrecord&from=export&id=L619054113

Jamnitski A, Symmons D, Peters MJL, Sattar N, McInnes I, Nurmohamed MT. Cardiovascular
comorbidities in patients with psoriatic arthritis: a systematic review. Ann Rheum Dis. 2013
Feb;72(2):211-6.

Kim BS, Lee WK, Pak K, Han J, Kim GW, Kim HS, et al. Ustekinumab treatment is associated
with decreased systemic and vascular inflammation in patients with moderate to severe
psoriasis: Feasibility study using 18F-fluorodeoxyglucose positron emission tomography-
computed tomography. J Am Acad Dermatol. 2018 Mar;



27.

28.

29.

30.

31.

32.

33.

Boehncke WH, Boehncke S, Tobin AM, Kirby B. The “psoriatic march”: A concept of how
severe psoriasis may drive cardiovascular comorbidity. Exp Dermatol. 2011;20(4):303-7.

Reich K. The concept of psoriasis as a systemic inflammation: Implications for disease
management. Journal of the European Academy of Dermatology and Venereology.
2012;26(SUPPL. 2):3-11.

Syed MB, Fletcher AJ, Forsythe RO, Kaczynski J, Newby DE, Dweck MR, et al. Emerging
techniques in atherosclerosis imaging. Br J Radiol. 2019 Nov;92(1103):20180309.

Aide N, Lasnon C, Veit-Haibach P, Sera T, Sattler B, Boellaard R. EANM/EARL harmonization
strategies in PET quantification: from daily practice to multicentre oncological studies.
Eur J Nucl Med Mol Imaging. 2017;44:17-31.

Elkhawad M, Rudd JHF, Sarov-Blat L, Cai G, Wells R, Davies LC, et al. Effects of p38 mitogen-
activated protein kinase inhibition on vascular and systemic inflammation in patients
with atherosclerosis. JACC Cardiovasc Imaging [Internet]. 2012;5(9):911-22. Available from:
http://dx.doi.org/10.1016/j.jcmg.2012.02.016

Bissonnette R, Harel F, Krueger JG, Guertin MC, Chabot-Blanchet M, Gonzalez J, et al. TNF-a
Antagonist and Vascular Inflammation in Patients with Psoriasis Vulgaris: A Randomized
Placebo-Controlled Study. J Invest Dermatol. 2017 Aug;137(8):1638-45.

Kleinrensink NJ, Foppen W, Seddiqgi N, Vonkeman H, Suijkerbuijk K, Jansen M, et al.
OP0026 INCREASED VASCULAR INFLAMMATION ON PET-CT IN PSORIATIC ARTHRITIS
PATIENTS IN COMPARISON WITH HEALTHY CONTROLS. Ann Rheum Dis [Internet]. 2023
Jun 1;82(Suppl 1):16. Available from: http://ard.bmj.com/content/82/Suppl_1/16.1.abstract



SILIYIID 2IDLIOSd = /S ‘PIT Y2ID3SY SUIDIPIW JDIJINN
JO uonpossy upadoing ayl = Tyy3 Jasonbiaqobai = bgw Ypad abpIjoA0) = dAY Ds02njBAx0ap0IoN)H[48T] = DAH-48T SUOIIDIASIQQY ‘puaba) 3)qpy

0t Low
T-14Y3  S9I|S |eixe wwi 0'g 3/bawoe 00T 5Q4-481 ydesdoig suswals 1INJ3IA
T-1dV3  S9dIs |eixe ww G°¢ 3/bam o' ()48 9Q4-48T K1an02s1@ 39 +JNN Ydli3seey
3%/bg G 8% 06 <Iy31oM
bamws.
J0 Jwi) Jaddn ue yypm 3y oy 1Ow QUaM |
T-1dv3 sodnsjexeww o€ /bgw 0781 06>3ySiom 0zt 904-48T ydeigoigsuswials  wni3dads yasipa
0t Low
T-1dV3  s9dl|s jelxe WW Q'€ S/banw 8'1 0¢T 9Qa4-48T ydeigoig suswais sinyuaxaiz alje9
uoisip ydea3oig
$92I|S (s1043u02) 3%/bgi SUSWIAIS 40 O 1DW
T-1dV3  Jelxeww 0'€-S'T 0740 (vsd) $/ban 0'¢ 0¢T-00T 90a4-481 ydesSoig suswais 1Y23431n NN
poyiaw SERI-T) Jden
uol13dNa3su0dY SSaWyd1y} IS dnIde-0l1pe. 38esoq dny dAI)de-0IpeY 9dA) suueds ayis Apnis

*9)s Apnis uad paiydads sj0d030.4d 15/13d yua4941qd 1S 91qel jeuswajddng

Jerialew jejusawalddns



Supplemental Table S2. (Serious) Adverse Events related to PET/CT in the PsA population.
PET/CT-scans acquired in the control group were part of standard clinical care.

Description of (Serious) Adverse Event Outcome

Renal Cell Carcinoma detected with PET/CT Resection required. DMARD-treatment was
terminated.

Abdominal pseudocyst detected with PET/ Pathology showed no signs of malignancy. The

CT, requiring resection surgery was complicated by a post-operative
pneumonia, requiring admission to the Intensive
Care Unit and non-invasive ventilation. Patient
has recovered.

Pulmonary sarcoidosis detected with PET/ Referral to pulmonologist. Since patient had no

CcT pulmonary complaints, no further treatment was
initiated.
Thyroid nodus detected with PET/CT Referral to internal medicine specialist.

Table legend. Abbreviations: DMARD = Disease Modifying Anti-Rheumatic Drug, PET/
CT = 18-fluorodeoxyglucose positron emission tomography/computed tomography,
PsA = psoriatic arthritis






Chapter 8

Summary and general discussion



Key findings in this thesis

Heel Enthesitis Magnetic Resonance Imaging Scoring System (HEMRIS)

. In clinically unaffected plantar fascia and Achilles tendon entheses of
psoriasis and spondyloarthropathy patients, HEMRIS abnormalities are
highly prevalent.

o In Achilles tendons of spondyloarthropathy patients with clinical
enthesitis, the HEMRIS structural damage score was significantly
increased.

o There was a weak association between total and structural damage

HEMRIS scores and local metabolic activity on PET/CT at the Achilles
tendon, in psoriasis and spondyloarthropathy patients.

o During 1-year follow up, only minimal changes in the HEMRIS were
observed in psoriasis and spondyloarthropathy patients. Changes
in the HEMRIS were not associated with changes in clinical disease
activity.

Vascular inflammation in psoriatic disease

o Both psoriasis and psoriatic arthritis are associated with increased
vascular inflammation on PET/CT.

o There is insufficient evidence for a beneficial effect of biologic treatment
on vascular inflammation in psoriasis.

Summary

Part1l

The Heel Enthesitis Magnetic Resonance Imaging Scoring System (HEMRIS) was
previously developed by the Outcome Measures in Rheumatology (OMERACT) group to
evaluate disease activity at the Achilles tendon and plantar fascia enthesis. In chapter
two the results of a prospective study, evaluating the HEMRIS in a total of 38 patients
diagnosed with psoriasis (Pso), psoriatic arthritis (PsA), and ankylosing spondylitis
(AS), are described. Patients were included regardless of presence or absence of
clinical heel enthesitis. The HEMRIS structural damage score was significantly higher
in Achilles tendons with clinical enthesitis, in comparison to Achilles tendons without
clinical enthesitis (respective median scores 1.0 and 0.5; p=0.04). Also in clinically



unaffected entheses, HEMRIS abnormalities were highly prevalent, occurring in 63%
of Achilles tendons and 33% of plantar fascia. There was a weak association between
localinflammation at the Achilles tendon enthesis measured with positron emission
tomography/computed tomography (PET/CT), and the total and structural damage
HEMRIS. Overall, this study revealed a disagreement between clinical, MRI, and PET/
CT findings in regards to assessment of enthesitis.

In chapter three the changes in HEMRIS over time in the same population of Pso,
PsA, and AS patients in an observational setting were assessed. An increase in the
inflammatory and structural HEMRIS was observed in respectively 17.9% and 6.0%
of patients in one-year intervals. Changes in HEMRIS over time were infrequent and
the change was non-significant, and not associated with clinical disease activity.

Part 2

In chapter four we describe the study protocol of the TOFA-PREDICT study. Because
early treatment essential to prevent clinical and radiographic irreversible joint
damage in PsA(1), there is an urgent clinical need to predict treatment response. In
this clinical trial we aim to predict treatment response to tofacitinib, a Janus kinase
(JAK) inhibitor, in patients with active PsA (defined as =2 swollen and =2 tender joints).
Secondary outcome measures include treatment efficacy of different DMARDs and
structural response to treatment using different imaging techniques and molecular
mechanisms associated with clinical response to tofacitinib, in comparison with
methotrexate and etanercept.

PsA patients who are treatment naive are randomized to tofacitinib or
methotrexate. PsA patients who are resistant to treatment with disease-modifying
antirheumatic drugs (DMARDs) are randomized to tofacitinib or etanercept. The
study has a multi-omics systems medicine approach, integrating clinical, molecular,
and imaging data to define pretreatment profiles (imaging parameters included)
associated with treatment response. Imaging techniques applied in the TOFA-PREDICT
study are MRI-scans of both ankles, whole body FDG PET/CT and conventional
radiographs of the hands and feet. We use a two-step data analysis approach to both
discover and validate pretreatment models.

Chapter five addresses differences in ankle MRI outcomes (HEMRIS(2)), PET/CT
outcomes (vascular inflammation and synovitis), and radiographies of hands and
feet (assessed using the Sharp van der Heijde score, adjusted for PsA(3)) in active
PsA patients included in the TOFA-PREDICT study who are either DMARD-naive of
DMARD-resistant. There was a minimal difference (approximately 0.5 on a scale of



0-9, p=0.04) in HEMRIS structural damage at the Achilles tendon in DMARD-resistant
PsA patients, in comparison with the DMARD-naive group. The minimal clinically
important difference in HEMRIS is currently unknown. After correction for clinical
parameters (age, BMI, current smoking status, gender, times since first diagnosis of
PsA, times since first diagnosis of psoriasis), this difference was no longer observed.
PET/CT and radiography imaging outcomes were equal between DMARD-naive and
DMARD-resistant patients.

Part3

In chapter six a systematic review and two meta-analyses were performed to assess
whether patients with psoriasis had increased vascular inflammation in comparison
with the general population, and if treatment with systemic medication reduced
vascularinflammation. Studies were included with patients with moderate to severe
psoriasis, since systemic treatment is mainly indicated for this patient category. Pooled
results demonstrated significantly increased vascular inflammation in psoriasis
patient at the entire aorta, and thoracic and suprarenal aortic segments, but not for
the infrarenal aorta (p=0.06). We found insufficient evidence for a beneficial effect of
adalimumab (a tumor necrosis factor alpha (TNF-a) inhibitor), and secukinumab (an
interleukin(IL)-17A inhibitor) on PET/CT measured aortic inflammation. One study, by
Gelfand and colleagues, reported a reduction in vascular inflammation in psoriasis
patient after treatment with ustekinumab (an IL-12 and IL-23 inhibitor).(4)

Thus far, research on vascular inflammation was focused on psoriasis, rather
than PsA specifically. In chapter seven we demonstrated that aortic inflammation
on PET/CT was elevated in a population with active PsA, in comparison with a control
group. This finding remained significant after correction for gender, age, body
mass index, mean arterial pressure, and aortic calcification. We did not find any
association between aortic inflammation, and clinical measures for activity (tender
and swollen joint counts, psoriasis body surface area, Leeds Enthesitis Index (LEI),
disease duration), or laboratory parameters (erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP)).



General discussion

Pathophysiology of enthesitis in spondylarthritis

Inflammation at the enthesis (enthesitis) is common in spondylarthritis (SpA), leads
to functioning impairment and can be difficult to control.(5,6) Unfortunately, it is not
yet fully understood why SpA patients are more likely to develop enthesitis.

The concept of an enthesis organ isimportant to understand the pathophysiology
and imaging features of enthesopathies.(5-8) The enthesis is the anatomical location
were tendons and ligaments insert the bone surface, linking connective tissue
with the skeleton. Entheses provide stability (in case of ligaments) or transduce
mechanical forces (in case of tendons). It has been proposed that the enthesis is
part of a larger anatomical group referred to as the ‘enthesis organ’, consisting of
the enthesis and its adjacent structures (fibrocartilages, bone, bursa, fat pad). The
rationale of the enthesis organ is that both the enthesis and its adjacent structures aid
in the transduction of mechanical stress at the interface of soft- and hard-tissue. (5-8)

Inflammation at the enthesis, or enthesitis, can occur in healthy individuals as
a result of mechanical overload. Enthesitis is also a key clinical feature in PsA and
AS.(5,6). Itis thought that individuals with SpA have a lower threshold for mechanical
stress at the enthesis, which triggers an inflammatory cascade. A similar process,
also known as the Koebner phenomenon, is observed in psoriasis, where mechanical
irritation causes local skin disease.(9,10) Potential explanations for the apparent
low threshold for enthesitis development in SpA include genetic, immunological,
and microbial factors. The relative contribution of each component (genetic,
immunological, or microbial) may differ per individual patient. In some patients,
genetic factors may be the dominant trigger, and in other patients environmental
factors.(11) Genetic susceptibility in SpA is predominantly MHC-region-based
(specifically HLA-B27 for AS), but there is also an association with genes involved in the
generation of cytokines.(12) The critical role of the microbiome for onset of enthesitis
in SpA is suggested in murine models, that demonstrated that enthesopathy does
not develop in germfree mice(13,14).

It has been proposed that enthesitis could trigger synovitis, in which enthesitis is
considered an important factor in overall disease pathogenesis in PsAand AS.(15) This
hypothesis is supported by several murine studies, where either TNFa- in combination
with mechanical stress - or IL-23/17 dysregulation, lead to entheseal inflammation,
followed by synovitis.(16,17) Research on imaging the enthesis will be helpful to
understand preclinical phases of PsA and other forms of SpA in humans. Therefore,



in this thesis imaging methods were used aiming to get more grip on early enthesitis
and its pathophysiology in (patients at risk for) spondylarthritis.

In chapter two, we identified that changes at the enthesis, detected by magnetic
resonance imaging (MRI), occurred already frequently in psoriasis patients: the Heel
Enthesitis MRI Scoring System (HEMRIS) structural or inflammatory abnormalities
(cut-off value =1) were observed in 65% of Achilles tendons and 35% of plantar fascia.
An important limitation of this study is that we did not have data on the occurrence
of MRIfindings at the enthesis in healthy subjects. Thus far, there are no publications
about the occurrence of HEMRIS findings in asymptomatic, healthy subjects. This
remains to be evaluated in future studies in order to evaluate the specificity of
findings. In support of our finding is that an ultrasound study reported higher power
doppler signal grades at the entheses located at the hands, knees, and ankles in
psoriasis patients suggesting more disease activity at the entheses in comparison
with healthy controls aged <60 years.(18) The main hypothesis for the study was that
subclinical enthesopathy - detected by MRI - could predict PsA in psoriasis patients,
or predict disease activity in SpA patients. In chapter three, we found no differences
in HEMRIS results at time of inclusion in the 2 psoriasis patient that developed PsA
during two years longitudinal follow-up, in comparison with the 9 psoriasis patients
that did not develop PsA. A possible explanation for our negative study is obviously
the low number of patients included and the relatively short follow-up duration. In
a larger ultrasound study in 118 patients with psoriasis, it was demonstrated that
subclinical ultrasound-defined active enthesitis was associated with clinical PsA
development during longitudinal follow-up.(19) The role of HEMRIS in possible
detection of subclinical enthesitis remains to be determined, for example using data
from the prospective TOFA-PREDICT study (see chapter four).

In chapter three we observed that changes in the HEMRIS were not associated
with changes in general disease activity in PsA (assessed using Minimal Disease
Activity), or AS (assessed using the Bath Ankylosing Spondylitis Disease Activity
Index). This finding could potentially be explained by the relatively low clinical disease
activity and mild HEMRIS abnormalities at baseline and during longitudinal follow-up.
Furthermore, we imaged only the Achilles tendon and plantar fascia insertions, while
throughout the body over 100 entheses can be identified. In future studies whole-body
MRI may provide an overview of global entheseal inflammation, provided sufficient
resolution can be obtained. An important limitation of whole-body MRl is the limited
details on the small entheses within a feasible scanning time.(20) Therefore, choices
on sites of interest need to be made in order to perform the optimal imaging strategy



to diagnose (subclinical) enthesitis. In addition to whole-body MRI, PET/CT may be
a promising alternative for detection of whole-body enthesitis in patients with SpA.
However, the clinical relevance of PET/CT-detected enthesitis remains unclear. In
chapter two, we found no differences between Achilles tendon and plantar fascia
entheses with and without clinical enthesitis with regard to local 2deoxy218Ffluoro-
dglucose (18F-FDG)-uptake. Other studies on PET/CT-assessment of enthesitis in SpA
are scarce. A study, using PET/CT with the radiotracer 18F-sodium fluoride (18F-NaF),
found that 70.5% of the PET-positive entheses in a population of 16 PsA patients were
clinically negative.(21) In future research, it would be interesting to further evaluate
the clinical relevance of (subclinical) enthesitis on PET/CT, by determining if it is
predictive of onset of clinical enthesitis and/or general SpA disease activity.

Imaging the enthesis in patient care and clinical studies
Identification of enthesitis is important for diagnosing PsA and monitoring of
treatment response. (22-25) Clinical assessment of enthesitis is performed by
evaluation of local tenderness after applying pressure. Clinical assessment of
enthesitis has both limited sensitivity and specificity.(23,26) In chapter two we
compared the MRI scoring model HEMRIS with clinical assessment of enthesitis and
local inflammation detected by PET/CT. We found a large discrepancy between MRI
compared to clinical examination and PET/CT. Plantar fascia with and without clinical
enthesitis did not differ in HEMRIS scores. Achilles tendons with clinical enthesitis had
higher HEMRIS structural damage scores, in comparison with Achilles tendons without
clinical enthesitis, but no difference was observed in HEMRIS inflammation and total
scores. Although we found that subclinical HEMRIS findings are frequently observed,
we noted in chapter three that HEMRIS abnormalities were not associated with the
occurrence of future clinical enthesitis or bone erosions at one-year intervals. At the
moment, there is insufficient evidence to recommend the HEMRIS for diagnosis of
enthesitis in psoriasis or SpA patients. In the future, a threshold value of the HEMRIS
for clinical relevance would be of added value. When we compared the HEMRIS with
PET/CT in chapter two, we found weak correlations between the structural and total
HEMRIS at the Achilles tendon and local metabolic uptake (resp. rs=0.25, p=0.03,
and rs=0.26, p=0.03). Possible explanations are that PET/CT is not sensitive enough
to detect (small) metabolic changes at the enthesis, or that HEMRIS findings are not
metabolically active.

In chapter five we evaluated whether failure of previous treatment with a
DMARD influenced HEMRIS outcomes, at baseline in PsA patients included in the



TOFA-PREDICT study. We hypothesized that patients that had previously failed a
DMARD would have higher HEMRIS outcomes, in comparison with patients that had
not. However, we did not identify baseline differences in the HEMRIS in PsA patient
with or without previous DMARD treatment, after correction for clinical patients’
characteristics (age, BMI, current smoking status, gender, times since first diagnosis
of PsA, times since first diagnosis of psoriasis). This finding may indicate that failure of
a DMARD is not independently associated with increased inflammation or structural
damage observed with HEMRIS. It also learned us that combining DMARD-naive and
DMARD-resistant patients (after correction of demographics) is a valid approach in
further analyses.

Sensitivity to change is an important aspect of outcome measures. The sensitivity
of HEMRIS to change was partly evaluated only for its inflammatory features.(27) In
chapter three we reported only little HEMRIS inflammatory and structural changes
after one-year-intervals in an observational cohort of psoriasis and SpA patients. One
previous clinical trial in PsA and axial SpA patients with MRl abnormalities at baseline
found a higher reduction in the HEMRIS total entheseal inflammation score in patients
treated secukinumab compared to placebo, but this finding was not significant.
Noteworthy, the mean changes in structural damage score were minimal in both
groups.(28) In the TOFA-PREDICT clinical trial, as described in chapter four, changes
in the HEMRIS in active PsA patients, that are either DMARD-naive or cs-DMARD
resistant, will be evaluated. DMARD-naive patients will be randomized to treatment
with tofacitinib or methotrexate. Cs-DMARD resistant patients will be randomized
to treatment with tofacitinib or etanercept. Ankle MRIs will be acquired at baseline,
after 16 weeks and after one year of longitudinal follow-up. At this moment, the role
of ankle MRl and PET/CT in assessment of enthesitis clinical trials in PsA is unresolved.

Pathophysiology of cardiovascular disease and imaging of vascular
inflammation in psoriatic disease

Psoriasis and PsA are associated with an increased risk of cardiovascular disease
(CVD) in comparison with the general population.(29,30) This increased risk is
attributed to the presence of chronic systemic inflammation in psoriatic disease.
(31) The idea that inflammation in psoriatic disease is not ‘skin-deep’ or ‘joint-deep’
but systemic, represents a paradigm shift, and is supported by increased levels of
inflammatory cytokines, such as interferon (IFN)-a, IL-22, the 1L-23/IL-17 axis, and
TNF-a. Furthermore, in psoriatic disease patients elevated levels of acute phase
reactants such as C-reactive protein (CRP) may be observed. Excessive inflammatory



stimuli, like the systemic inflammation observed in psoriatic disease, can affect the
vascular endothelium and promote endothelial dysfunction.(32,33) Endothelial
dysfunction is considered the first step in the initiation of atherosclerosis, resulting in
impaired vascular relaxation, increased endothelial permeability, increased leukocyte
adhesion, and the development of a prothrombotic state.(34) Elevated endothelial
dysfunction has been observed in ultrasound studies performed in psoriasis and
PsA patients.(35,36) Finally, it is possible that systemic inflammation and traditional
risk factors, that are elevated in the psoriasis and PsA population (28,29), act
synergistically in accelerating atherosclerosis. To investigate the occurrence of
vascular inflammation in psoriatic disease we performed a meta-analysis of PET/CT
studies performed in psoriasis patients in comparison with controls (chapter six),
and an original study comparing vascular inflammation in PsA patients specifically
in comparison with controls (chapter seven).

In chapter six we performed a meta-analysis, and demonstrated increased aortic
inflammation on PET/CT in patients with moderate-severe psoriasis, in comparison
with controls. In chapter seven we demonstrate that aortic inflammation is increased
in patients with active PsA (defined as =2 swollen and tender joints), in comparison
with controls. This finding remained significant after correction or traditional CVD
risk factors (age, gender, body mass index, and mean arterial pressure), and aortic
calcification as a measure of atherosclerosis burden. In contrast to the clinical
aortitis that is observed in SpA, vascular inflammation in psoriatic disease is low-
grade, but apparently also not the mild inflammation that is seen in atherosclerotic
lesions, although we did not correct for non-calcified lesions. A limitation of the
study conducted in chapter seven was that data on the control group were collected
retrospectively, and not all possible confounders, such as smoking and lipid
spectrum, could be identified. However, our observation was that the inflammation
remained higher after correction for calcifications. Overall, these findings further
supportthe concept of involvement of the arterial wall in psoriatic disease. In addition
to aggressive cardiovascular risk factor management, anti-inflammatory therapy
may be needed. In atherosclerosis there is currently great interest in colchicine, but
whether this would resolve the excessive inflammation in psoriatic disease remains
to be determined.

When reviewing the literature on the effects of biologic treatment on vascular
inflammation in psoriasis patients in chapter six, we found conflicting results. A small
randomized controlled trial (RCT; n=30) reported a greater reduction in ascending
aorticinflammation in psoriasis patients treated with the TNF-inhibitor adalimumab



compared to patients receiving non-systemic treatment, in whom no reduction in
aortic inflammation was observed.(38) This finding was not repeated in two larger
RCTs examining vascular inflammation of the ascending aorta and the entire aorta,
respectively.(39,40) However, patients included in the study that reported a positive
effect of adalimumab were required to have a positive history CVD, or at least three
risk factors for CVD.(41) This could have confounded results since PET/CT detected
vascular inflammation is associated with cardiovascular events.(42) Two other studies
have assessed the impact of biologic treatment, intervening at the IL-23/IL-17 axis,
on vascular inflammation in psoriasis. One reported a greater reduction in aortic
inflammation after 12 weeks of treatment with ustekinumab, an IL-12 and IL-23-
inhibitor, in comparison with patients treated with placebo, in whom an increase
in vascular inflammation was observed. Nevertheless, after 52 weeks the effect
of ustekinumab on aortic inflammation was diminished.(4) Another study found
no beneficial effect of secukinumab, an IL-17A-inhibitor, on aortic inflammation in
psoriasis patients.(43)

The finding that various targeted biologic therapies, with proven efficacy in
treatment of psoriasis, do not reduce vascular inflammation is unexpected. Treatment
with adalimumab does reduce blood-based biomarkers CRP and IL-6, that may be
elevated in psoriasis, but are also markers of cardiovascular risk.(44) Furthermore,
prior observational research indicates that TNF-inhibitors may reduce the risk of
cardiovascular disease in psoriasis patients. However, these studies have limitations,
such as selection bias and information bias, inherent to the observational study
design.(45,46) Vascular inflammation detected by PET/CT can improve rapidly, within
3 months after initiation of treatment with statins.(47,48) Based on the currently
available evidence it is not recommended to initiate biologic treatment for psoriasis
to reduce cardiovascular risk.

Taken together, aortic vascular inflammation detected by PET/CT is elevated in
psoriatic disease. This finding is supportive of the hypothesis that inflammation in
psoriatic disease is not limited to skin and joints, but also affects the cardiovascular
system. This could eventually lead to accelerated atherosclerosis. Systemic treatment
has not been proven effective in reducing vascular inflammation in psoriasis and
precise molecular mechanisms causing vascular inflammation in psoriatic disease
remain unknown. Larger randomized-controlled trials with longer follow-up duration
would be required to accurately determine the effect of different systemic treatments
on cardiovascular risk in psoriatic disease. The TOFA-PREDICT study (study protocol
described in chapter four) is, to our knowledge, the first study to assess the effect



of systemic treatment (with methotrexate, the TNF-a-inhibitor etanercept, and the
Janus kinase (JAK) inhibitor tofacitinib) on vascular inflammation PsA.

Conclusion

In conclusion, although many further steps are needed, the works presented in this
thesis show that subclinical disease is common at enthesis of Pso and SpA patients
and that the inflammatory reaction may also involve non-musculoskeletal organs
such as the arterial wall. With the TOFA predict study we aim to deliver evidence-
based imaging predictors of treatment response and learn more on the relevance of
subclinical findings on MRl and PET/CT.
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Nederlandse samenvatting

Artritis psoriatica is een heterogeen ziektebeeld, dat gekenmerkt wordt door psoriasis
van huid en/of nagels, in combinatie met gewrichtsontstekingen (van perifere
gewrichten, bekken, of wervelkolom), dactylitis (zwelling van een hele teen of teen)
en/of enthesitis (ontsteking op de plaats waar pezen/ligamenten aanhechten aan het
botoppervlak). Artritis psoriatica behoort tot de groep reumatische aandoeningen
die we aanduiden als ‘spondylartritis’, waartoe ook onder andere ankyloserende
spondylitis, reactieve artritis en artritis in het kader van inflammatoire darmziekten
behoren. De ‘spondylartritiden’ hebben een gedeeltelijk overeenkomende genetische
achtergrond en een overlap in klinische symptomen.

De hiel is vanwege de hoge mechanische druk een veelvoorkomende lokalisatie
van enthesitis bij mensen met artritis psoriatica of andere vormen van spondylartritis.
Om enthesitis van de hiel beter in beeld te brengen ontwikkelde de Outcome Measures
in Rheumatology (OMERACT) groep het Heel Enthesitis Magnetic Resonance Imaging
Scoring System (HEMRIS). In hoofdstuk twee beschrijven we de resultaten van een
prospectieve studie, uitgevoerd bij in totaal 38 patiénten met de diagnose psoriasis
(Pso), psoriatische artritis (PsA) en ankyloserende spondylitis (AS). De patiénten
werden geincludeerd ongeacht de aan- of afwezigheid van klinische enthesitis van de
plantaire fascie (‘hielspoor’) of de Achillespees. De HEMRIS structurele schade score
was significant hoger in Achillespezen met klinische enthesitis, in vergelijking met
Achillespezen zonder klinische enthesitis (respectievelijke mediaan scores 1,0 en 0,5;
p=0,04). Maar ook in klinisch niet-aangedane entheses kwamen HEMRIS-afwijkingen
veel voor, namelijk in 63% van de Achillespezen en 33% van de fascia plantaris. Er was
een zwakke associatie tussen lokale ontsteking aan de Achillespees enthese, gemeten
met positron emissie tomografie/computed tomografie (PET/CT), en de totale en
structurele schade HEMRIS scores. Over het geheel genomen toonde dit onderzoek
een discrepantie aan tussen de MRI bevindingen ter plaatse van de entheses van de
hiel, en bevindingen bij lichamelijk onderzoek en met PET/CT.

In hoofdstuk drie evalueerden we de veranderingen in de HEMRIS na verloop van
tijd in dezelfde populatie van Pso-, PsA- en AS-patiénten als geincludeerd in hoofdstuk
twee, in een observationele setting. Een toename in de inflammatoire en structurele
HEMRIS werd waargenomen in respectievelijk 17,9% en 6,0% van de patiénten,
gemeten in intervallen van één jaar. Veranderingen in HEMRIS in de loop van de tijd
kwamen niet vaak voor, de veranderingen in scores waren daarnaast niet statistisch
significant, noch geassocieerd met klinische ziekteactiviteit van Pso, PsA of AS. De



klinische betekenis van de frequente HEMRIS afwijkingen die waargenomen worden
is daarom nog onduidelijk, en zal verder bepaald moeten worden met prospectieve
studies, bijvoorbeeld in de TOFA-PREDICT studie.

In hoofdstuk vier beschrijven we het studieprotocol van de TOFA-PREDICT studie.
Omdat tijdige effectieve behandeling essentieel is om onomkeerbare gewrichtsschade
bij patiénten met PsA te voorkomen, zou het nuttig zijn om de individuele respons
op verschillende behandelingen te kunnen voorspellen. In deze klinische studie
willen we onder andere de respons op behandeling met de Janus kinase (JAK)-
remmer tofacitinib voorspellen bij patiénten met actieve PsA (gedefinieerd als
tenminste 2 gezwollen en tenminste 2 gevoelige gewrichten). Daarnaast kijken we
naar de effectiviteit van verschillende behandelingen voor PsA, zowel wat betreft
klinische symptomen als met geavanceerde beeldvormende technieken, en proberen
we moleculaire mechanismen die ten grondslag liggen aan behandeleffecten te
ontrafelen.

De TOFA-PREDICT studie kent vier verschillende behandelarmen. PsA-patiénten
die nooit eerder behandeld zijn met zogenaamde ‘disease-modifying antirheumatic
drugs’ (DMARDs) worden gerandomiseerd naar behandeling met de medicijnen
tofacitinib of methotrexaat. PsA-patiénten die actieve ziekte hebben ondanks
eerdere behandeling met een DMARD worden gerandomiseerd naar behandeling
met tofacitinib of etanercept. Daarnaast continueren zij hun behandeling met een
conventionele DMARD (methotrexaat, sulfasalazine of leflunomide).

Het TOFA-PREDICT onderzoek maakt gebruik van een ‘systems medicine’ aanpak,
waarbij klinische, moleculaire en beeldvormingsgegevens worden geintegreerd
om profielen te definiéren die verband houden met de respons op behandeling.
Beeldvormende technieken die worden toegepast in de TOFA-PREDICT-studie zijn
MRI-scans van beide enkels, PET/CT van het hele lichaam en réntgenfoto’s van de
handen en voeten. We analyseren de data van de studie in twee delen, waarbij we
bij het eerste cohort modellen ontwikkelen om behandeleffecten te voorspellen, en
bij het tweede gedeelte van het cohort deze modellen valideren.

Hoofdstuk vijf behandelt verschillen in MRI-scores (0.a. de HEMRIS), PET/CT-
uitkomsten (vasculaire ontsteking en gewrichtsontstekingen) en réntgenfoto’s van
handen en voeten tussen patiénten met actieve PsA die ofwel DMARD-naief ofwel
DMARD-resistent zijn. Alle patiénten zijn geincludeerd in de TOFA-PREDICT studie,
deze analyse betreft de baseline-gegevens.

Er werd een minimaal verschil (ongeveer 0,5 op een schaal van 0-9, p=0,04) in
structurele schade waargenomen met HEMRIS, tussen DMARD-resistente PsA-



patiénten, in vergelijking met de DMARD-naieve groep. Het minimaal klinisch relevante
verschil in HEMRIS is momenteel onbekend. Na correctie voor klinische parameters
(leeftijd, BMI, huidige rookstatus, geslacht, tijd sinds eerste diagnose van PsA, en tijd
sinds eerste diagnose van psoriasis) werd dit verschil niet langer gezien. De uitkomsten
van PET/CT en radiografie waren gelijk tussen DMARD-naieve en DMARD-resistente
patiénten. De data van deze studie suggereert dat het falen van behandeling met één
DMARD geen verhoogde kans geeft op structurele of inflammatoire veranderingen,
beoordeeld met verschillende beeldvormingstechnieken.

Patiénten met psoriasis en artritis psoriatica hebben een verhoogd cardiovasculair
risico. Mogelijk is dit het gevolg van systemische inflammatie. In hoofdstuk zes
hebben we een systematische review en twee meta-analyses uitgevoerd om na te
gaan of patiénten met psoriasis meer vasculaire inflammatie hadden in vergelijking
met de algemene bevolking, en of behandeling met systemische medicatie de
vasculaire inflammatie verminderde. We includeerden studies verricht in patiénten
met matige tot ernstige psoriasis, omdat systemische behandeling voornamelijk is
geindiceerd voor deze patiéntencategorie. Gepoolde resultaten toonden significant
verhoogde vasculaire inflammatie aan bij psoriasispatiénten ter plaatse van de
gehele aorta, en thoracale en suprarenale aortasegmenten, maar niet van de
infrarenale aorta (p=0,06). We vonden onvoldoende bewijs voor een gunstig effect
van adalimumab (een tumornecrosefactor alfa (TNF-a) remmer) en secukinumab op
vasculaire inflammatie. Eén onderzoek, door Gelfand en collega’s, rapporteerde een
vermindering van vasculaire ontsteking bij psoriasispatiénten na behandeling met
ustekinumab.(4)

Tot nu toe was het onderzoek naar vasculaire inflammatie gericht op psoriasis
en niet specifiek op PsA. In hoofdstuk zeven toonden we aan dat inflammatie van de
aorta op PET/CT verhoogd is in een populatie met actieve PsA, in vergelijking met een
controlegroep. Deze bevinding bleef significant na correctie voor geslacht, leeftijd,
body mass index, bloeddruk en aortaverkalking. We vonden geen verband tussen
vasculaire inflammatie en klinische uitingen van ziekte-activiteit van PsA (aantal
pijnlijke en gezwollen gewrichten, psoriasis lichaamsoppervlak, Leeds Enthesitis
Index, ziekteduur), of laboratoriumparameters (bezinkingssnelheid en C-reactief
proteine).

Concluderend kunnen we stellen dat, hoewel er nog veel stappen nodig zijn, het
in dit proefschrift gepresenteerde werk heeft aangetoond dat subklinische ziekte veel
voorkomt bij de enthesis van Pso- en SpA-patiénten en dat de ontstekingsreactie ook
niet-musculoskeletale organen zoals de vaatwand van de slagaders kan betreffen. Met



de TOFA-PREDICT studie willen we de behandelrespons op medicatie voorspellen,
0.a. met beeldvormende technieken, en meer te weten komen over de relevantie van
subklinische bevindingen op MRI en PET/CT.



Dankwoord

In de eerste plaats wil ik alle patiénten bedanken die deelnamen aan de verschillende
studies die deel uitmaken van dit proefschrift. Dankzij hun bijdrage, die behoorlijk
tijdsintensief was, konden wij onze data verzamelen. Hopelijk leidt dit in de toekomst
tot betere zorg voor patiénten met psoriasis en artritis psoriatica.

Prof. dr. de Jong, beste Pim, dank voor de prettige begeleiding de afgelopen jaren.
Je bent laagdrempelig benaderbaar, en gaf snel inhoudelijke feedback waar ik mee
verder kon. Jij vindt het als leidinggevende belangrijk dat mensen met plezier naar
hun werk gaan en draagt hier zorg voor, dit heb ik zeer gewaardeerd.

Prof. dr. Lafeber, beste Floris, dank dat ik bij jou terechtkon na het vertrek van
professor Radstake. Je hebt een groot gevoel voor verantwoordelijkheid en die nam
je zeker toen je de leiding over de TOFA-PREDICT studie overnam. Ik voelde me altijd
gesteund door jou en vind het een eer dat ik als één van de laatste promovendi jouw
begeleiding heb genoten. Geniet van je welverdiende pensioen na alles wat je hebt
bereikt tijdens jouw indrukwekkende carriére.

Dr. Foppen, beste Wouter, vanaf het begin van mijn promotietraject was je actief
betrokken en nam je mij - als, toen nog, radiologie ‘noob’ - bij de hand bij mijn eerste
stappen in dit onderzoeksgebied. Je wist collega radiologen te motiveren om ons te
helpen met het scoren van de honderden scans, al was jij zelf ook niet te beroerd om
een avond MRI-scans te beoordelen. Dank voor de vele overleggen, met of zonder
koffie, en dat je altijd voor me klaar stond!

Dr. Spierings, beste Julia, jij wist me dankzij jouw pragmatische blik te begeleiden
naar de afronding van mijn proefschrift, veel dank hiervoor. Jouw enthousiasme voor
onderzoek en patiéntenzorg is inspirerend, en je weet dit geweldig over te brengen
op anderen door de organisatie van 0.a. congressen en patiéntendagen.

Dr. Leijten, beste Emmerik, eigenlijk ben jij ook onderdeel van mijn promotieteam,
hetzij niet meer officieel. Tijdens je tijd in het UMC Utrecht heb jij de verschillende
studies die onderdeel uitmaken van mijn proefschrift opgezet, een indrukwekkende
prestatie als (toen nog) PhD-student. Je bent een prettige collega, gelukkig komen
we elkaar nog genoeg tegen bij congressen binnen ons mooie vakgebied.

Prof. Radstake, beste Tim, dank dat je mij de kans hebt gegeven om als PhD-student
te starten binnen jouw onderzoeksgroep. Dr. Heijstek, beste Marloes, dank voor jouw
rol als Pl binnen de TOFA-PREDICT studie en voor het fungeren als mentor tijdens
mijn promotie-onderzoek. Dr. Tekstra, beste Janneke, dank voor je laagdrempelige
supervisie van de patiéntenzorg die ik leverde tijdens mijn onderzoekstijd.



Hooggeleerde beoordelingscommissie: prof. de Bruin-Weller, prof. Lam, prof,
Nurmohamed, prof. Vonkeman, en prof. Weinans, veel dank voor het beoordelen
van het manuscript van dit proefschrift.

De TOFA-PREDICT studie kan niet plaatsvinden zonder intensieve samenwerking
met centra binnen en buiten de regio. Veel dank aan de reumatologen en
reumaverpleegkundigen voor hun inzet en medewerking.

Dank aan mijn collega-onderzoekers van de TOFA-PREDICT studie voor de prettige
samenwerking. Nanette dank voor jouw bijdrage aan de logistiek van dit megaproject,
waarmee je het fundament legde voor de studie. Juliétte, je bent een hardwerkende
collega en een getalenteerd onderzoeker, maar daarnaast houd je gelukkig ook
van een feestje! Ik zal niet snel vergeten dat ik jou en je hele familie tegenkwam bij
een concert in TivoliVredenburg. Frank, Sina en Lien, fijn dat jullie het stokje van
ons overnamen, veel succes met jullie carrieres in de Reumatologie en daarbuiten!
Myléne en Nagme, dank voor jullie inzet voor de imaging binnen de TOFA-PREDICT,
and special thanks to Nagme for your hard work on chapter five. Saeed, thank you for
your impressive work on the quantitative analyses of the MRI-scans in the TOFA study.

Researchverpleegkundigen, eerder Annelies en Karin, nu Ria en Tamar, dank
voor jullie inzet voor de logistiek van o.a. de EXTEND-UP en TOFA-PREDICT studie.
Het was daarnaast altijd gezellig om te bij te kletsen op jullie kantoor. Research
analisten, Arno, Cornelis, Rina, en Michel, wat een uren werk hebben jullie zitten in
het opwerken van de vele samples van de TOFA-PREDICT studie; ik ben benieuwd naar
de resultaten. Anne Karien en Sarita dank voor jullie rol in de codrdinatie van o.a. de
METC-aanvragen en de financién van de TOFA-PREDICT studie.

Radiologen, Frank Nap, Marjolein Hol, Erika van der Veen, Iris ten Katen, veel dank
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Klerk, reumatoloog, dank voor jouw hulp bij het scoren van de enthesis op PET/CT.
Negina, dank voor het uitvoeren van de metingen van vasculaire inflammatie op PET/
CT als onderdeel van jouw wetenschappelijke stage.

Collega’s van de (Wal)vissenkom, Jonas, Floor, Niels, Wouter, Tim, Maarten,
Philip en Natascha, jullie gezelligheid maakte de onderzoeksdagen uit te houden,
en gelukkig was er daarnaast ook nog tijd voor borrels en ‘sportieve’ activiteiten.
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aanvragen, maar zeker ook successen vieren.

Evelien Ton en Martijn Custers, dank dat jullie me als opleiders Reumatologie de
ruimte hebben gegeven om mijn proefschrift af te ronden. Ook veel dank aan het team



Reumatologie van het Sint Antoniusziekenhuis, in het bijzonder Simone Vreugdenhil
en Amin Herman als opleiders, voor jullie flexibiliteit en de prettige samenwerking.
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Amsterdammer, als je op de Dom navigeert kom je dit keer wél in de buurt! Eike,
van de oceaan overvaren tot zelf een zeilboot timmeren, je doet het allemaal. Ik ben
superbenieuwd naar jullie huis in Scheveningen, op - hoe toepasselijk - de Zeilstraat.

Lieve mama, wat hebben we veel meegemaakt de afgelopen jaren. Je bent sterk,
liefdevol en zorgzaam. Met z'n allen aan tafel bij jou voel ik me thuis, waar dat huis ook
staat. Lieve papa, lieve GJK, wat mis ik jou op momenten als deze, niet in de laatste
plaats omdat je elk feestje beter maakte. Jouw doorzettingsvermogen en positiviteit
zullen mij voor altijd blijven inspireren.



Lieve Michiel en Samuel, jullie zijn de mooiste thuisbasis die ik me had kunnen
wensen. Michiel, dank voor al je steun in wat ik doe, maar vooral voor alle dierbare
momenten samen. Ik kijk uit naar onze toekomst, met nog een zusje voor Samuel
op komst.
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