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Introduction 9

infLaMMatory rheuMatiC Diseases

Chronic inflammatory rheumatic diseases are of crucial interest because of 
their major impact on public health, as they combine a high prevalence in the 
general population and a potentially severe impact on functional abilities and 
global health [1]. Rheumatoid arthritis (RA) and spondyloarthritis (SpA) are 
the most frequent chronic inflammatory diseases, with an estimated worldwide 
prevalence of 0.5 to 1% respectively [2] and of around 0.5% in European and 
North-American populations [3].

rheuMatoiD arthritis

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disorder that 
can affect tissues and organs, but most frequently involves peripheral joints 
of patients. A considerable part of the world’s population is affected by the 
disease, women approximately three times more often than men. Age at onset 
is most frequently between 40 and 50, but people of any age can develop 
the disease. RA is a disabling and painful condition, as it usually starts with 
a period of swelling and pain in the peripheral joints, which can thereafter 
lead to substantial loss of function and mobility of affected joints, especially 
if no adequate therapy is started [4]. Treatment of RA has recently changed 
to a more intensive approach, with most recent recommendations aiming at 
an early introduction of disease-modifying anti rheumatic drug (DMARD), 
preferentially methotrexate, as soon as the diagnosis is made [5, 6]. Initial 
management of a patient suffering from RA should also comprise periodic and 
close clinical and laboratory evaluations. The predefined goal is disease remis-
sion or low disease activity state, as assessed by appropriate instruments like 
the DAS28 (disease activity score-28 joints) [6-8]. Regular tailoring of therapy 
based on the disease activity status of the patient is recommended, aiming at 
achieving remission in patients with recent RA, and at least a low disease activ-
ity state in patients with established disease and already irreversible functional 
impairment. In the last two decades, the insight into the physiopathology of 
the disease has led to the development of so called targeted therapies, also 
called biologics or biotherapies [9]. Thanks to these new treatments, ambitious 
short term and long term outcomes have become possible in most patients, 
because of the high potential of these treatments to improve symptoms and 
halt radiographic progression of involved joints [10]. This specific feature of 
damage to bone and cartilage structures of the joint still remains the most 
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10 Introduction

disabling consequence of RA, as it causes functional loss. Structural damage 
affects both the bony parts and the cartilage surfaces of the target joint, causing 
erosive defects in the cortical bone and narrowing of the joint space, respec-
tively, when measured on plain radiography. Different scoring systems have 
successively been designed to assess the level of damage in a patient, with the 
two types of abnormalities (erosions and joint space narrowing) either scored 
as global damage or as two independent features, measured according to two 
independent scales. The number and sites of joints to be scored are also dif-
ferent across the various systems, but usually radiographs of hands, wrists and 
feet are taken into account in the scoring methods. Because the scales used to 
assess the erosions and the joint space are of different range and precisions, the 
performances and difficulties to apply the respective methods are also variable, 
and the time required to apply one method is usually inversely proportional 
with its accuracy and performances to differentiate radiographic damage or 
change [11, 12]. A challenging task would therefore be the development of a 
scoring system which combines feasibility and optimal metrological perfor-
mance, i.e. an acceptable time required to apply the score with a fair reliability 
and discriminatory ability. Indeed, the main aim of a radiographic scoring 
system is to capture change in radiographic damage over time and, especially 
in the context of a clinical trial, to compare observed levels of change in lesions 
across the treatment arms. Consequently, these radiographic lesions can be 
measured in a patient either as an evaluation at a certain point of time, or two 
time points can be used and compared to define a change in radiographic dam-
age (radiographic change). This observed change in radiographs of RA patients 
was -until recently- regarded an irreversible consequence of the disease. With 
the advent of new treatments, especially the biologicals, so called ”negative 
change scores” have been introduced in the radiographic assessment suggesting 
that radiographs can improve over time [13]. The fact that radiographs of a 
given patient are scored by a reader who is unaware of the real chronological 
order (“concealed time order”) makes it possible to differentiate a negative 
change score as a surrogate for a repair of lesions from a negative change score 
caused by measurement error. Further insight into radiographic data is needed 
to make this differentiation and this will be presented in this thesis.

ankyLosing sPonDyLitis anD other sPonDyLoarthritiDes

Ankylosing spondylitis (AS), also known as Pierre Marie Strumpel’s disease 
[14, 15] or Morbus Bechterew [16], is a chronic inflammatory rheumatic disor-
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Introduction 11

der primarily affecting the axial skeleton and causing a painful and potentially 
disabling condition, with a significant proportion of affected patients having a 
major impairment of spinal mobility. The prevalence of AS varies between 0.2 
and 2.1% of the population, with a probable underestimation due to frequently 
benign forms of the disease as well as potential misdiagnosis due to the high 
prevalence of a-specific low back pain in the population [17]. Disease onset 
usually occurs in late adolescence or in early adulthood, and is rare after 45 
years of age [18]. Major symptoms of AS are chronic back pain and stiffness, 
often of insidious onset, tending to worsen after periods of physical inactivity 
especially during the night, while it usually improves by exercise, which is 
also called inflammatory back pain [19]. Pathophysiology of the disease relies 
on inflammatory processes involving entheses located on vertebrae and ver-
tebral ligaments, facet joints as well as peripheral interfaces between tendons 
or ligaments with thoracic or limb bones, as well as in the pelvis. Moreover, 
approximately 25% of patients affected by AS will develop peripheral disease 
and suffer from painful and potentially destructive arthritis of limb joints, 
especially shoulders and hips. Besides these rheumatic manifestations, other 
extra-articular features including acute anterior uveitis, inflammatory bowel 
disease and psoriasis occur in about 40% of the patients [20]. AS is part of a 
group of diseases named spondyloarthritis (SpA) which also comprises psori-
atic arthritis, arthritis/spondylitis with inflammatory bowel disease (IBD), and 
reactive arthritis. In addition, patients who do not fulfill classification criteria 
for one of the aforementioned disorders but nevertheless show characteristics 
of SpA are usually considered as having undifferentiated SpA. Because the 
clinical presentation is often predominantly characterized by either axial symp-
toms, such as inflammatory back pain, or peripheral manifestations (arthritis 
or enthesitis), the Ankylosing Spondylitis (ASAS) working group has recently 
developed classification criteria separately for axial and peripheral SpA [24, 
25]. With regard to axial disease, radiographic sacroiliitis is an essential part 
of existing criteria sets for AS, especially the modified New York cirteria, the 
reference in clinical studies conducted in the disease [23]. A major limitation 
of the modified New York criteria was the fact that radiographic abnormalities 
usually develop several years after symptom onset, which often precludes an 
early diagnosis of the disease. Recognition of the inflammatory processes in the 
sacroiliac joints is however possible early in the disease course when magnetic 
resonance imaging (MRI) is applied, and this alternative has been included in 
the recent ASAS classification criteria for axial SpA as an important feature. 
Another major feature of SpA is the presence of the HLA-B27 gene, and in 
the new criteria set for axial SpA HLA-B27 positivity also serves as a starting 
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12 Introduction

point for a classifying diagnosis. In summary, axial SpA is diagnosed when, 
in a patient suffering from chronic low back pain below the age of 45 years at 
symptom onset, sacroiliitis (recognized on plain X-Rays or MRI) is associated 
with at least 1 other SpA feature, or when HLA-B27 is present together with 
at least 2 other SpA features [25]. Peripheral SpA is diagnosed when arthritis, 
enthesitis or dactylitis as a starting feature is recognized in a patient with at 
least 1 or 2 other SpA features (depending on the weight of individual SpA 
features) [24].

Similarly as in RA, treatment of AS patients has recently changed into a more 
intensive anti-inflammatory approach by TNF blocking drugs [4, 10]. Patients 
with an insufficient clinical response or intolerance to non-steroidal anti-
inflammatory drugs (NSAIDs), which remain the first-line treatment of AS, 
should be considered for a TNF-blocking drug. This treatment is very effective 
in mitigating the symptom of sacroiliitis associated with AS and SpA. In this 
context, because TNF-blockers can be discussed only once the diagnosis of 
AS is ascertained, a confirmation of SpA/AS at an early stage makes a timely 
treatment start in severe or refractory cases possible, even though specific 
radiographic abnormalities are (still) lacking.

CLiniCaL researCh anD outCoMe Measures

Clinical research in the field of rheumatology has recently evolved from a 
pragmatic and global approach to a more systematic and scientific evaluation 
of patients, especially in the context of inflammatory rheumatic diseases like 
RA and AS.

These major changes were first summarized, then promoted and enhanced 
under the auspices of an informal international global network of clinicians 
and researchers in the field of rheumatology named OMERACT (for Outcome 
Measures in Rheumatology Clinical Trials) and which first took place in 1992 
in Maastricht, the Netherlands [26]. The major goals of the recommended 
process aiming at developing efficient outcome measures were summarized 
under the global term of “OMERACT filter”, which encompasses every char-
acteristic an assessment tool should ideally fulfill to be regarded as effective 
and applicable. The OMERACT filter proposes an evaluation of performances 
of an outcome tool based on three concepts: truth, discrimination, and feasi-
bility. Truth encompasses face, content, construct, and criterion validity, and 
addresses the question whether the measure assesses what it was meant to in an 



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Introduction 13

unbiased and relevant way. Discrimination addresses the issue of reliability and 
sensitivity to change by answering the question whether the measure discrimi-
nates between situations of interest. Feasibility relates to whether a measure 
can be applied pragmatically, given financial and interpretation constraints 
in longitudinal observational studies and randomized controlled trials. It is 
expected that measures used to assess rheumatological conditions will ‘‘pass’’ 
the OMERACT filter [27].

In the specific field of AS, an international working group on ASsessment in 
Ankylosing Spondylitis (ASAS, later named as Assessment of SpondyloArthri-
tis international Society) was formed in 1995. In 1997, the domains for the core 
sets aiming at assessing all aspects of the disease in an individual patient and 
their change over time were defined [28, 29]. The minimum core set for each 
setting comprised physical function, pain, spinal mobility, spinal stiffness and 
patient global assessments. The core set was updated to include fatigue in the 
core domain. The following domains were added for clinical record keeping: 
acute phase reactants, peripheral joints, entheses, and finally to asses the disease 
modifying effect of drugs on spine and hip radiographs [30]. Further choice of 
most relevant instruments to assess disease outcomes for both clinical practice 
and study purposes was performed to create uniformity and comparability in 
AS management [31]. Physical function, which is both related to disease activ-
ity and damage in AS, is usually measured by self-administered questionnaires, 
with the BASFI (Bath Ankylosing Spondylitis Functional Index) being the 
most frequently used by rheumatologists, both in daily care and clinical trials. 
The BASFI consists of 10 questions on a visual analogue scale, all questions 
dealing with activities of daily living. The score is the average of the ratings 
of the 10 questions, ranging from 0 to 10. In order to assess disease activity of 
AS, several instruments have been developed, but the BASDAI (Bath Ankylos-
ing Spondylitis Disease Activity Index) remains a recognized standard to date 
both for clinical management of AS patients and clinical studies. It consists 
of a self-administered questionnaire with 6 questions rated from 0 to 10 on a 
visual analogue scale. The questions pertain to fatigue, spinal pain, joint pain/
swelling, areas of localized tenderness and morning stiffness. Although the 
metrological performances of the instrument have been demonstrated, several 
weaknesses are acknowledged by the rheumatologic community, especially 
the fact that only patient-reported outcomes are taken into account, whereas 
objective measurements of disease activity like the acute phase reactants are 
not included in the calculation of the index.
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14 Introduction

aiMs of the thesis

The main aims of this thesis were to further develop outcome measurement in 
RA and AS. With regard to RA, the focus is on optimizing, re-designing and 
testing the assessment of change in radiographic damage.

With regard to AS, the focus is on designing and validating instruments for 
measuring disease activity, using clinical tools and magnetic resonance imag-
ing.

Chapters 1, 2, 3 and 4 focus on radiographic evaluation of RA. Firstly, the 
performance of a new scoring method of radiographic damage, the SENS (for 
Simple Erosion and Narrowing Score) is evaluated [32]. This scoring method was 
derived from the Sharp method, with a simplification of the scoring process 
aiming at a wider use by any rheumatologist, while the original Sharp method 
and derived scores require specific training and certification of the reader [12, 
33]. Confirmation of the metrological values of the new score according to the 
predefined “OMERACT filter” was required before its dissemination could be 
approved. Chapter 2 compares different computer-based methods that were 
developed to assess joint space narrowing progression as is usually observed 
in hands and feet joints of patients with RA. The feasibility, discriminatory 
ability and reproducibility of five methods are assessed and compared with the 
current gold standard, the “manual” scoring of joint space according to Sharp 
van der Heijde score [34] .

Chapter 3 and 4 further investigate the value of radiographic results observed 
in recent clinical trials of RA, where negative change scores have been reported 
in patients treated with biologics, which at first sight might be regarded as a 
potential improvement of radiographic lesions due to RA, a surrogate for a 
potential “repair” of erosions in most actively treated patients [13]. Data from a 
clinical trial (TEMPO) that has compared clinical and radiographic efficacy of 
etanercept (a recombinant soluble receptor of TNF) alone or in combination 
with methotrexate were used, and analyzed at the single-joint level [13]. In 
chapter 3, reproducibility of negative change scores is assessed, thanks to four 
repeated readings of baseline- and 1 year radiographs of included patients. 
Chapter 4 evaluates the plausibility of this potential “repair” phenomenon in 
comparing its chance to occur as a function of the treatment that was used, 
the radiographic status of the joint at study inclusion and the clinical response 
that was observed in that individual joint.

Chapters 5 and 6 evaluate the current therapeutic strategies in early inflam-
matory arthritis. The ESPOIR cohort study, a French multicenter collabora-
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Introduction 15

tive observational initiative was used as a working support [35, 36]. Chapter 5 
investigates which of the baseline characteristics of the patient and physician 
are predictive of a treatment start with a DMARD over the first year of follow-
up, similarly as what was done more recently to develop the ACR/EULAR 
2010 criteria for RA, where the initiation of methotrexate was regarded as the 
external standard to define the diagnosis of RA in a patient [37, 38]. Chapter 
6 aims at confirming that a very early DMARD initiation can be beneficial on 
short-term radiographic outcome in a study in daily clinical practice,. In this 
work, a propensity analysis of ESPOIR therapeutic behavior and 1-year radio-
graphic data compares the efficacy of starting a DMARD of known structural 
efficacy within the first 3 months of disease versus later.

In chapters 7 and 8, the development of outcome measures in AS is extend-
ed. Firstly, disease activity as evaluated by magnetic resonance imaging (MRI) 
of the spine is evaluated by comparing three different scoring methods from 
the previously described “OMERACT filter” point of view. The Ankylosing 
Spondylitis spine Magnetic Resonance Imaging-activity (ASspiMRI-a); the 
Berlin modification of the ASspiMRI-a; and the Spondyloarthritis Research 
Consortium of Canada (SPARCC) scoring systems are compared [39-41]. 
Finally, in chapter 8, the development of a score aiming at assessing disease 
activity in a patient with AS including the most relevant aspects is presented. 
Indeed, measuring disease activity in AS is quite challenging, because the 
varying clinical presentation of the disease, its spontaneous course and the 
inconsistent presence of biological abnormalities, especially for the acute 
phase reactants. The process that was previously applied to derive the disease 
activity score (DAS) in RA is described and used in chapter 8 to obtain a 
similar disease activity score in AS, named ASDAS for Ankylosing Spondylitis-
Disease Activity Score [42]. Data were collected in ISSAS (International Study 
on Starting tumour necrosis factor-blocking agents in Ankylosing Spondylitis), a 
large cohort of consecutively included patients from 10 countries referred to 
a rheumatologist who decided, based on all available clinical, biological and 
reported assessments whether the patient was in a state of active disease, i.e. 
required a treatment with TNF blocking drug [43].

Finally, this thesis ends with a global summary and general discussion of 
reported results.
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