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From diagnosis to treatment in clinical practice in early axSpA

INTRODUCTION

Spondyloarthritis: from a concept to a disease

The word spondyloarthritis (SpA) derives from the Greek spondylo- (vertebrae) arthr-
(joint) and —itis (inflammation). It encompasses inflammatory rheumatic diseases
affecting mainly the axial skeleton. However, other extra-axial manifestations can be
seen, namely enthesitic and peripheral articular and extra-articular symptoms, such as
psoriasis, uveitis, or inflammatory bowel disease.(1)

Moll and colleagues(2)were, in 1974, the first authors to coin the spondyloarthritis
“concept”, highlighting a number of signs and symptoms that clustered in diseases that
were at that time separated entities: psoriatic arthritis, arthritis related to
inflammatory bowel disease, reactive arthritis, undifferentiated spondyloarthritis, and
ankylosing spondylitis (AS) —the prototype of SpA. Indeed, the shared characteristics
are that they can appear in the same individual (simultaneously or at different time-
points) and also in a family member (e.g. a patient can be diagnosed both from
psoriasis and his father from Crohn’s disease); also, the different clinical
manifestations (e.g. psoriasis, eye involvement) are identical regardless the
diagnosis.(3)

The same group of authors suggested later that all these diseases shared a common
genetic background, by confirming the significantly higher prevalence of Human
Leukocyte Antigen (HLA)-B27 in patients suffering from these diseases, especially in
those with axial involvement, where the allele is present in 75-90% patients with

AS(4,5)(Table 1)
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Table 1: Prevalence of HLAB27 in Ankylosing Spondylitis and related diseases

Controls 7-10
Ankylosing Spondylitis 75 96 Brewerton and others (1973)
40 83 Schlosstein and others (1973)
Reactive arthritis
. i 23 65
. E;{;ZTeral 10 100 Brewerton and others (1973)
* Peripheral 19 95
. S;irrI]ZI era 6 100 Morris and others (1974)
* Peripheral 19 53
McClusky and others (1974
«  Spinal 11 82 Y (1974)
Inflammatory bowel disease
* Peripheral 8 12.5
. S;irrI]ZI era 20 65 Brewerton and others (1974)
* Peripheral 14 0
e.rlp era Bluestone and others (1974)
¢ Spinal 12 67

Adapted from Lambert JR, et al. Ann Rheum Dis. 1976. (4)

This hypothesis was further confirmed by Hammer et al(6)who demonstrated thatHLA-
B27 transgenic rats spontaneously developed inflammatory disease involving the
gastrointestinal tract, peripheral and vertebral joints, male genital tract, skin, nails, and
heart, strikingly resembling to the clinical manifestations seen in humans suffering
from SpA. The exact role of HLAB27 in the SpA pathogenesis has not been clearly
established yet, but one of the hypothesis is that, in a predisposing genetic
environment (i.e. the presence of HLAB27), an infectious agent might trigger the
disease; this hypothesis was supported by findings of the same team(7)on the absence
of gut and joint manifestations occurring in transgenic HLAB27 rats when placed in a
germfree environment. Recently, other genes have been identified as potential
additional risk factors for SpA development (e.g. Interleukin (IL)-23 receptor gene, and

the endoplasmic reticulum aminopeptidase 1).(8)

10/117



Early axSpA: from diagnosis to treatment in clinical practice

Epidemiology of spondyloarthritis

The prevalence of SpA has been estimated in 0.5-2% in Europe, which is higher than
that of rheumatoid arthritis(9); a systematic literature review(10)estimated the
prevalence of AS, psoriatic arthritis and SpA related to inflammatory bowel disease
(IBD) to be of 0.23%, 0.25% and 0.08%(11-13), respectively. All these figures
correspond to estimates in the general population, but some studies have reported
SpA prevalence to be as high as 40% in a young (<45 years) population with chronic

back pain.(14)

Diagnosis and Classification of spondyloarthritis

No validated diagnostic criteria are available for SpA, but several classification criteria
have been proposed. Classification of SpA historically relied on the combination of
clinical symptoms plus unequivocal radiographic sacroiliitis according to the modified
New York (mNY) criteria presented in 1984 (Tables 2 and 3).(15)However, to fulfil
these criteria, patients have to present structural damage (e.g. radiographic sacroiliitis
of the sacroiliac joints (SIJ), which can appear several years after disease onset, adding
to a mean diagnostic delay of 9 years(16)in patients with clinical symptoms but
without such structural damage. Furthermore, these criteria included only axial
symptoms, and patients presenting with peripheral symptoms could not be classified

as suffering from AS in absence of structural damage.
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Table 2: Grading of radiographic sacroiliitis

Grade O Normal

Grade 1 Suspicious changes

Minimal abnormality — small localized areas with erosions or sclerosis,

Grade 2 without alteration of the joint width
Unequivocal abnormality-moderate or advanced sacroiliitis with one or
Grade 3 more of: erosions, evidence of sclerosis, widening, narrowing or partial
ankylosis
Grade 4 Severe abnormality-total ankylosis

Adapted from Bennett PH, et al(17)

Table 3: The modified New York Criteria for Ankylosing Spondylitis

Low back pain and stiffness for more than 3 months which
improves with exercise, but is not relieved by rest

o o Limitation of motion of the lumbar spine bot in the sagittal
Clinical criteria and frontal planes

Limitation of chest expansion relative to normal values
correlated for age and sex

Radiological criteria Sacroiliitis grade > 2 bilaterally or grade 3 or 4 unilaterally

Definite Ankylosing Spondylitis: if the radiological criterion is associated with at
least 1 clinical criterion.

Adapted from van der Linden S, et al. (15)

In order to prevent this diagnostic delay, as well as to incorporate the different clinical
presentations of SpA (e.g. peripheral arthritis, uveitis, enthesitis, etc...), others sets of
classification criteria were proposed. In the early 1990’s Amor and colleagues
presented the Amor criteria(18) that included for the first time peripheral features,
good response to non-steroidal anti-inflammatory drugs (NSAID), and excluded from
mandatory radiological sacroiliitis for the first time, although kept it weighted to a

great extent (Table 4).
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However, Amor criteria were not broadly accepted in the European SpA community,
and a year later, Dougados et al. proposed the European Spondyloarthropathies Study
Group (ESSG) set of criteria(19), that also allowed the fulfilment of the criteria without
structural damage of the sacroiliac joints and in the absence of axial symptoms (Table
5).

Table 4: The Amor set of criteria for Spondyloarthritis

Clinical Symptoms/History  pgin, at night (spine) or morning stiffness 1

Asymmetric oligoarthritis 2

Gluteal (buttock) pain:

any 1
or
alternating gluteal pain 2
Sausage-like digit or toe (dactylitis) 2
Enthesitis (heel) 2
Uveitis 2
Urethritis/Cervicitis within 1 month before 1
onset of arthritis
Diarrhoea within 1 month before onset of 1
arthritis
Psoriasis, balanitis or inflammatory bowel 2
disease

X-rays Sacroiliitis grade 2 bilaterally or 3-4 3
unilaterally

Genetic background HLAB27 positive or positive family history of 2
ankylosing spondylitis, reactive arthritis,
uveitis, psoriasis or inflammatory bowel
disease

Good response to NSAIDs NSAIDs show a good response within 48 2

hours, or relapse within 48 hours after
NSAID are stopped

At least 6 points are necessary to fulfil the Amor criteria

Adapted from Amor B, et al(18).

13/117



Early axSpA: from diagnosis to treatment in clinical practice

Table 5: The European Spondyloarthropathies Study Group set of criteria
Inflammatory back pain
or
Synovitis (asymmetric or predominantly in the lower limbs)

plus one of the following:

* Enthesitis (heel)

* Positive family history

* Psoriasis

* Crohn’s disease or ulcerative colitis

e Urethritis/cervicitis or acute diarrhoea within one month before arthritis
* Buttock pain (alternating between right and left gluteal areas)

* Sacroiliitis

Adapted from Dougados et al. (19)

In the late 90’s a new imaging modality, magnetic resonance imaging (MRI), allowed
for the first time to assess the presence of inflammation in the SIJ and spine. This
inflammation could be seen in patients with structural damage (i.e. radiographic
sacroiliitis and syndesmophytes), but also in patients without such damage. These
findings lead to the idea that inflammation could be the first step in the sequence that

would eventually lead to radiographic progression and definitive AS (Figurel).
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Figure 1: Proposed sequence of structural damage in ankylosing spondylitis vs.
rheumatoid arthritis.

Step 1 Step 2a Step 2b Step 3
INFLAMMATION EROSIVE INFLAMMATION OSTEO-
AS: (fluctuating) | % BONE [ La l """ *» PROLIFERATION
DESTRUCTION REPLACEMENT by (SYNDESMOPHYTES)
REPAIR TISSUE
A
RA: INFLAMMATION | o Eggz‘; E
" eesit) DESTRUCTION
RA structural AS structural
damage score damage score
(MSASSS)
S N NG, . SR EYSALR R 2 Time AGAG

Adapted from Sieper et al. (20)

In 2004, an international group of experts, the Assessment of SpondyloArthritis
international Society (ASAS), decided to revise the classification criteria for SpA, to
permit an earlier diagnosis, by including MRI findings and an abnormal C-reactive
protein (CRP)(i.e. in the presence of CBP absence of other causes that might explain
such abnormality) in a set of criteria for the first time (Figure 2). This approach led to
the publication in 2009 of the ASAS classification for SpA(20-22) both for axial and
peripheral presentations.

If we focus on the axial forms (left side of Figure 2) one patient can fulfil the criteria
either by the presence of imaging abnormalities of the SlJ, e.g. radiographic or MRI
sacroiliitis (defined in Table 6) and the presence of at least another SpA feature (i.e.
one would this patient would fulfil the “imaging” arm of the ASAS criteria), or by the
presence of HLAB27 along with at least other two SpA features (i.e. one would this

patient would fulfil the “clinical” arm of the ASAS).
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In parallel to these new criteria, and reflecting the widespread use of MRI, the
concepts of radiographic and non-radiographic SpA forms appeared: former AS were
now referred to as radiographic axial SpA (e.g. patients fulfilling the imaging arm due
to radiographic sacroiliitis), whereas all other patients fulfilling the ASAS criteria (MRI-
imaging arm and clinical arm) encompassed the non-radiographic axial SpA. This
nomenclature appeared when non-radiographic forms were believed to correspond to
early forms that would all eventually evolve to radiographic forms (Figure 3), leading
therefore to the idea that non-radiographic forms were less severe and supposed a
lower burden of disease to the patients. However, several studies are starting to
report that not all patients with non-radiographic SpA progressed to radiographic SpA
after several years(23), suggesting that maybe the non-radiographic and radiographic
states are not part of a continuum but only different manifestations of a single disease,
as it is the case in rheumatoid arthritis (RA), where that patients may present erosive

or non-erosive forms.
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Figure 2: The ASAS classification criteria for SpA (axial and peripheral)

In patients with 23 months back pain In patients with peripheral symptoms
and age at onset <45 years ONLY
Sacroiliitis on HLA-B27 plus Arthritis or enthesitis or dactylitis
imaging plus QR 22 other SpA
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«  arthritis »  Crohn's/colitis
enthesitis (heel) «  preceding infection
+ uveitis «  HLA-B27
« dactylitis » sacroiliitis on imaging
. soriasis
grohn‘s/colitis g
22 other SpA features
+ good response to NSAIDs e arthritis
»  family history for SpA « enthesitis
LR « dactylitis
+ elevated CRP «  IBPever

+  family history for SpA ASAS

Rudwaleit M et al. Ann Rheum Dis 2011,70:25-31 (with permission)

Figures 1 and 2 have been reprinted from the ASAS website(24)

Table 6: Definition of MRI sacroiliitis

A. Types of findings required for definition of sacroiliitis by MRI

Active inflammatory lesions of the Sl joints (reflecting active sacroiliitis) are required
for the definition of ““sacroiliitis on MRI”” as one of the two imaging items in the ASAS
classification criteria for axial SpA

BME (STIR) or osteitis (T1 post-gadolinium) highly suggestive of SpA must be clearly
present and located in the typical anatomical areas (subchondral or periarticular bone
marrow).

The sole presence of other active inflammatory lesions such as synovitis, enthesitis or
capsulitis without concomitant BME/osteitis is not sufficient for the definition of
sacroiliitis on MRI

Structural lesions such as fat deposition, sclerosis, erosions or bony ankylosis are
likely to reflect previous inflammation. At this time, however, the consensus group
felt that the sole presence of structural lesions without concomitant BME/osteitis
does not suffice for the fulfilment of sacroiliitis on MRI in the ASAS classification
criteria for axial SpA.

B. Amount of signal required

If there is only one signal (lesion) per MRI slice suggesting active inflammation, the
lesion should be present on at least two consecutive slices. If there is more than one
signal (lesion) on a single slice, one slice may be sufficient

Adapted from Rudwaleit et al. (25)
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Figure 3: Non-radiographic and radiographic stages in axial SpA(26)

Non-radiographic stage . Radiographic stage
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Time (years)

Rudwaleit M et al. Arthritis Rheum 2005;52:1000-8 (with permission) A%

The ASAS criteria are now the most commonly used criteria, and are widely accepted.
However, their performance has been scarcely tested in populations different to the
original one.(27) Moreover, as previously exposed, the ASAS criteria for axial SpA can

I”

be fulfilled either by the “imaging” arm or by the “clinical” arm and yet the

performance of both ASAS criteria’s arms has not been compared.

Treatment of Spondyloarthritis

By reducing the diagnostic delay in SpA, rheumatologists aim to lessen the burden of
the disease, for the patient, but potentially also at the society level. Since the disease
onset usually occurs at a young age, in the patient’s most productive years, SpA can
have an important socioeconomic impact. Lower employment rates in SpA patients

compared to the general population have been reported along with increased SpA-
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related work disability.(28)High disease activity and loss of physical function are the
most important factors associated with the total costs of SpA.(29)

In this sense, an early recognition and diagnosis of SpA should allow starting an
effective treatment promptly, and this may positively alter the course of the disease in
these patients.

Non-steroidal anti-inflammatory drugs (NSAID) remain the cornerstone in the
treatment of SpA (mainly axial), allowing a symptomatic effect but also by reducing
structural damage.(30)Nevertheless, the major advances in the past decades in SpA
treatment have been the TNFa blockers.(1,31)

TNFa, an inflammatory cytokine, has been reported to play a major role in the
pathophysiology of Spondyloarthritis: several genetic associations of SpA with TNF
signalling pathways have been identified (e.g. TNFR1)(32); murine models
overexpressing a particular TNF (e.g. TNFdeltaARE mice) present with a destructive
polyarthritis , gut inflammation and enthesitis(33) whereas other murine models
expressing only the transmembrane TNF (e.g. tmTNF tg mice) do not develop systemic
inflammation but both axial and peripheral ankylosis through bone formation.(34)
However, the strongest evidence for a key role of TNFa in SpA pathophysiology comes
from the in vivo inhibition of TNFa in SpA patients(9) where TNFa blockade leads to a
quick reduction of axial inflammatory symptoms and signs(35—45)

According to the 2010 ASAS recommendations for initiation of TNFa blocker in Spa,
this treatment should be initiated in patients with definite diagnosis of SpA according
to the ASAS criteria for axial SpA (axSpA), with an active disease (i.e. Bath Disease

activity Index(46) (BASDAI)> 4/10)despite at least 2 NSAID over a 4 weeks period in
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total.(47)Notwithstanding these two criteria a positive expert opinion based on
parameters, such as a positive MRI, elevated CRP, radiological progression or clinical
examination is also needed.

However, we do know that a gap exists between recommendations and their
implementation in clinical practice: potentially neither all patients with an indication
will be prescribed a TNFa blocker nor all patients in whom a TNFa blocker is prescribed
will fully observe these recommendations.

TNFa blocker response has been well evaluated and established for patients meeting
NY criteria in many randomized controlled trials (RCT)(38—41,43), but only scarce
data(37,42,43) is available for patients without radiological sacroiliitis. Furthermore,
inclusion criteria in RCT are very strict, and patients included in these trials may
potentially differ from the patients that actually receive the treatment in real practice,
with time-changing co-medications, and comorbidities. In this sense, data from
observational studies are necessary to evaluate the treatment effect of TNFa blocker
in conditions of daily-practice.

The following have been identified in RCT as factors associated to a response to TNFa
blocker: age, disease duration and baseline disease characteristics, such as an elevated
CRP, BASDAI, Bath Ankylosing Spondylitis Functional Index (BASFI), and human
leukocyte antigen (HLA)-B27 positivity.(35,48—-50)However, no study has yet identified
the phenotype of the patients that would benefit most likely from a TNFa blocker
treatment in real practice. This information seems important, especially in view of
both the impact on patients’ lives and the potential side effects and financial burden

these agents bring along.
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HYPOTHESIS

This thesis is thus justified in the view of the problems arising and gaps identified in
two aspect of the axSpA: 1) the validation of the early diagnosis and classification, and

2) treatment effectiveness in real life conditions.

Diagnosis and Classification of Spondyloarthritis

First, and as previously exposed, the ASAS criteria and in particular its arms (i.e.

I”

“clinical” and “imaging”) have been validated in few populations besides the one used
for its conception, and no data was available concerning their performance (sensitivity,
specificity and positive likelihood ratio) in comparison to other sets of criteria.
Furthermore, these set of classification criteria are often used in clinical practice as
diagnostic criteria by the rheumatologists, and it seemed important to evaluate
whether the performances of these criteria for diagnostic purposes were acceptable.
Our hypothesis was that the metric performance of the ASAS criteria both for
classification and diagnosis in real life would be adequate, but that the ASAS criteria’s
arms might present different values. We also anticipated that the ASAS criteria would
perform, in terms of likelihood ratio, at least as well as other sets of criteria. We also
anticipated a differential weight of individual items of the ASAS criteria in the diagnosis
and classification of the patients

Secondly, only sparse data is available concerning the validity of the “clinical” arm.
The clinical arm (i.e. the arm of the criteria where a patient can be classified in the

absence of imaging abnormalities and even in the absence of raised acute phase

reactants) is not well recognised by neither our health authorities (e.g. in some
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countries only patients with objective signs of structural damage of the SlJ can receive
a TNFa blocker treatment) nor by some physicians (e.g. many are concerned by the
possibility to classify HLAB27+ fibromyalgia patients when applying this arm of the
ASAS criteria). However, no data has been published comparing the phenotype and
disease activity or severity features of patients fulfilling each arm of the ASAS criteria.
Our study hypothesis was that the clinical characteristics of the disease in early SpA

might be different depending on the arm of the ASAS criteria the patient is fulfilling.

Treatment of early Spondyloarthritis

Regarding treatment in real life, we hypothesised that not all early axSpA patients
receiving TNFa blockers would fulfil the ASAS recommendations for initiating such
treatment. However, and based on our clinical experience, we anticipated that the
treatment effect of such therapy would be comparable to the effect reported in RCT.
Furthermore, as suggested also in RCT, we anticipated that some clinical features in
early SpA might predict the response to TNFa blockers (e.g. the presence of imaging

abnormalities of the SlJ, or the fulfilment of the “imaging” arm of the ASAS criteria).
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OBJECTIVES

Primary objectives:

- To analyse the performance of the ASAS criteria in terms of sensitivity (Se),
specificity (Spe), and positive likelihood ratio (LR+) to diagnose and to classify SpA
in a clinical setting; the performance will be evaluated in total and by arms—
namely imaging and clinical arms.

- To compare the phenotype of the patients fulfilling the “imaging” and “clinical”
arms of the ASAS criteria for axSpA in an early axSpA population.

- To evaluate the use of TNFa blockers in early axSpA, by:

o Estimating the frequency of use of TNFa blockers in an early axSpA
population in real life,

o Evaluating the effectiveness (e.g. efficacy in real life) of TNFa blockers in
early axSpA, and

o ldentifying the factors associated with response to TNFa blockers in early

axSpA.

Secondary objectives

- To identify the item of the ASAS criteria that contribute the most to the diagnosis
of SpA
- To evaluate and compare the performance of the ASAS diagnostic and classification

criteria to that of other SpA criteria
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To evaluate the performance of the ASAS criteria for SpA in all SpA sub-groups (AS,
psoriatic arthritis, reactive arthritis, inflammatory bowel disease related arthritis,
undifferentiated spondyloarthritis)

To evaluate the presence of imaging abnormalities different than those described
in the ASAS classification criteria for axSpA in the different subgroups of axSpA

patients (e.g. imaging+MRI+Xray- or clinical+CRP-, etc....)
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METHODS

Although the methods of each study included in this thesis are explained in detail in
each of the manuscripts that conform this thesis, general aspects of the methods

employed and definitions are presented here.

General aspects

The first manuscript included in this thesis aimed to evaluate the performance of the
ASAS criteria compared to the other sets of criteria in a chronic back pain setting, while
the second part aims to validate the ASAS criteria in an early SpA setting, and compare
the phenotype of the patients fulfilling the different arms of the ASAS criteria. For this
first part, we used the DECLIC study data, and for the second part, the data from the
DESIR cohort.

Finally the third part of the thesis evaluates the treatment effect of TNFa blockers in a

daily-practice setting, and for this the data from the DESIR cohort was used.

Patients

The DECLIC study

For the first part of this thesis (ARTICLE 1, page 31), we analysed the patients included
in this cross-sectional observational study, performed in 2010. To be included, patients
had to present with chronic back pain (CBP) (> 3 months) initiating before the age of
45, in a daily-practice outpatient rheumatology setting. In order to be able to evaluate
the ASAS criteria optimally, only patients who initiated their CBP after 1995 were

included, since MRI was only broadly used in the CBP diagnosis after that date.
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Furthermore, patients were consecutively included, regardless of the reason for the
consult and regardless the CBP diagnosis, as soon as they fulfilled the inclusion criteria.
One thousand rheumatologists were randomly selected from the national database, of
which 700 agreed to participate and 384 actively participated in the study. It was
anticipated that each rheumatologist would include 4 patients during the 4 months of
the study, and in the end, 1379 patients were included. Data on the patients’
characteristics as well as all the items permitting the calculation of all the SpA criteria

were collected.

The DESIR cohort

For the second and third part of the thesis (ARTICLES 2 and 3, pages 52 and 70) we
used the data from the DESIR cohort. DESIR is the acronym for DEvenir des
Spondyloarthrites Indifférenciées Récentes which is the French wording for outcome of
early undifferentiated Spondyloarthritis. This French multicentre cohort was initiated
in 2008, and inclusions ended in 2010.

To be included, patients had to aged > 18 but <50 years, present with chronic
inflammatory back pain (IBP) according to the Calin or Berlin criteria (Table 7) for > 3
months but less than 3 years, and with a confidence in the SpA diagnosis according to
the rheumatologist >5 in a 0 to 10 scale. Seven hundred and eight patients were
included. Patients were seen every 6 months for the first 2 years and yearly follow-up
is planned for 10 years (follow-up is still ongoing). Data on demographics, disease
characteristics, activity, severity, comorbidities and medico-economics, is collected at
each study visit. Imaging (Xrays and MRI for the spine and SlJ) and blood testing are

performed every 2 and 5 years.
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Table 7: Inflammatory back pain according to the Calin and Berlin criteria
‘ Calin et al ‘ Berlin

* Morning stiffness > 30 min

* Age at onset <40yrs

* Improvement with exercise, not
* Duration of back pain >3
with rest
months
» Awakening at 2" half of the
* Insidious onset
night because of pain
* Morning stiffness
* Pain at night (with improvement
* Improvement with exercise
upon getting up)

Fulfilled if 4/5 items are present Fulfilled if 2/4 items are present

Adapted from Calin et al. (51)and Rudwaleit et al. (52)

Evaluating the metric performance of a set of criteria

In our first study, we evaluated the diagnostic and classification performance of the
ASAS criteria. For this, we used the positive likelihood ratio (LR+) and its 95%

confidence interval (95%Cl). The LR+ is calculated as:

Gold Standard

Test

Sensitivity/1-Specificity, where Sensitivity = a/a+c and Specificity = d/b+d.

The LR+ is the probability of testing positive in patients with the disease/probability of
testing positive in patients without the disease. An LR+ greater than 1 indicates that
the test result is associated with the disease; however, an LR+ close to 1 have little

practical implications, as the post-test probability and pre-test probability will not
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differ much. It has been classically proposed to consider a good diagnostic test if its

LR+ reaches 10 or more.(53)

Evaluating treatment effect

Dealing with non-randomized longitudinal data

In a longitudinal observational studies, patients receive the treatment according to
their treating physicians; therefore it is likely that patients with different
characteristics will receive different treatments: e.g. if a treatment “A” is considered to
be more aggressive or leading to more side effects than a treatment “B”, it is more
likely that physicians would rather prescribe “B” in older patients, leading to
differences in age in the “A” and “B” treatment groups. This phenomenon is called the
prescription bias, reflecting that in observational studies subjects are not randomly
assigned in the “treatment” and “non-treatment” groups. For this, it is difficult to
estimate an unbiased treatment effect due to these many variables unequally
distributed among “treated” and “untreated” groups of patients. Some methodological
solutions have been proposed to address this bias, e.g. the propensity score technique
(i.e. the probability of a patient of being treated given his covariates). These propensity
scores can be used as an adjustment variable in the final model assessing treatment
response, but also to match treated and untreated patients according to their
propensity score in order to obtain “comparable” groups, creating some sort of

“pseudo-randomization”.(54,55)

28/117



Early axSpA: from diagnosis to treatment in clinical practice

There are at least 2 different techniques to develop a propensity score: either by
including all available variables or only those associated to the outcome. These
techniques have not been compared so far.

For our third study, we constructed a propensity score for being treated by TNFa
blockers and we matched patients who received and not received a TNFa blocker
according to the quartiles of this score. Furthermore, in the supplementary (not
published) analyses, we compared the two techniques to construct the propensity

score.

Evaluating treatment response

For our third analysis, we aimed to evaluate treatment response in early axSpA.
Several endpoints could have been used, but the most broadly used is the ASAS40
response,(56,57) which is a binary state (i.e. a patient either is ASAS40 responder or
not) and is defined by an improvement of 240% and >2 units (in a 0-10 scale) in at least
3 out of these 4 domains: patient global, patient pain, function (e.g. Bath Ankylosing
Spondylitis Function Index (BASFI)(58)) and inflammation (e.g. mean of BASDAI
guestions 5 and 6), without worsening in the remaining domains. Since all RCT are
currently using this outcome, and since a 40% improvement seems clinically relevant,

we decided to use this outcome to evaluate treatment response.
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Statistical procedures:

Throughout the dissertation, statistical significance was established for p-values < 0.05,
except for the interaction subgroup analysis in ARTICLE 3 (page 70), where the
threshold was established at<0.10, in order to increase the power of this analysis. All
statistical analysis were performed with the SAS software v.9, except for the
propensity score variable selection comparison in the supplementary analysis of

ARTICLE 3 (page 92), that was performed with the free software R-CRAN v3.1.1.

Descriptive analysis:

Throughout the dissertation, descriptive analysis of the variables were presented as
mean+ Standard deviation (SD) or median and interquartile range (IQR) or absolute

number and percentage, for continuous and categorical variables, as appropriate.

Univariable analysis:

Continuous variables were tested by T-test in case of normal distribution of the
variable or by Wilcoxon test, as appropriate. Identically, categorical variables were

tested by Chi2 or Fisher test, as appropriate.

Multivariable analysis:

Only variables with p<0.10 were in the univariable analysis were selected in the
multivariable analysis. The quality of the models was assessed by the Area Under the

Curve (AUC), and for the nested propensity score models by the Likelihood Ratio test.
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ARTICLE 1: PERFORMANCES OF THE ASAS AXIAL
SPONDYLOARTHRITIS CRITERIA FOR DIAGNOSIS AND
CLASSIFICATION PURPOSES IN PATIENTS VISITING A
RHEUMATOLOGIST BECAUSE OF CHRONIC BACK PAIN: THE
DECLIC STUDY.

A. Molté, S. Paternotte, D. Comet, C. Hacquard-Bouder, M. Rudwaleit, P.
Claudepierre, D. Van der Hejide, M. Dougados.
Arthritis Care Res (Hoboken). 2013;65:1472-81.

ABSTRACT

Objectives
To evaluate the performances at diagnosis (sensitivity [Se], specificity [Spe], positive

and negative predictive values) and study visit (classification purpose) of the ASAS
criteria in axial spondyloarthritis (SpA) in patients visiting their rheumatologist for
chronic back pain (CBP). Secondary objectives: identifying the most contributive item
of to diagnosis/classification of SpA, evaluating the performances of each arm of the
ASAS criteria and the other SpA criteria’s performances.

Methods

Multi-centric, cross-sectional. Patients: history of CBP before the age of 40 visiting a
rheumatologist in France. Data: a) items of the different sets of criteria, checking if
present at diagnosis or at study visit; b) diagnosis of the rheumatologist at study visit.
Statistical analysis: description of the population. Rheumatologist’s diagnosis was
considered as the “gold standard” for the estimation of all psychometric properties.
Results

1210 patients were included for our analysis. At diagnosis, Se 0.76 and Spe 0.94 for
ASAS axial criteria and Se 0.87 and Spe 0.92 for classification. LR+ of the ASAS axial
criteria was 13.6 for diagnosis and 10.30 for classification. The most contributive item
to diagnosis and classification was X-ray sacroiliitis, followed by MRI sacroiliitis for
diagnosis and history of uveitis for classification. MRI+ imaging ASAS criteria were
more sensitive for diagnosis and classification, but as specific as ASAS clinical criteria.
Conclusion

We confirm the validity of the ASAS criteria in diagnosis and classification, in a clinical
rheumatological setting of patients with CBP, with good performances compared to
the other axial SpA criteria, and for any of their arms.
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BACKGROUND:

Spondyloarthritis (SpA) is a frequent disease in patients under 40 year-old presenting
with chronic (more than 3 months), back pain but its real prevalence remains
unknown.(59)

Classically, axial involvement in SpA was diagnosed upon the modified New York (mNY)
criteria(15), by assessing radiological sacroiliitis, resulting in a diagnostic delay in the
patients without structural damage of the sacroiliac joint. In order to both prevent this
diagnostic delay and also encompass the different clinical presentations of SpA (e.g.
peripheral arthritis), other sets of criteria combining both clinical, biological and
radiological features, like the Amor criteria(18) and ESSG (European
Spondylarthropathy Study Group) criteria(19) were defined, are fairly used and have
been validated.

However, these sets of criteria’s performances in early diagnosis are rather poor.(60)
In 2004, an international group of experts (ASAS for Assessment of SpondyloArthritis
international Society) decided to improve the classification criteria of SpA, to permit an
earlier diagnosis, including for the first time the magnetic resonance imaging (MRI).
This approach led to the publication in 2009 of the ASAS classification in SpA,(21)
especially for axial forms, and the proposition of modification of the Amor and ESSG
criteria, by including the potential abnormalities in MRI.(61)

However, ASAS criteria’s performance (sensitivity, specificity, positive and negative
predictive values) have been only scarcely tested in other populations(27) than the

one used to define them(22), and only a systematic study of all consecutive patients
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presenting with present or past history of chronic back pain occurring before the age
of 45 might permit to estimate the axial ASAS criteria’s performance in a daily practice.
The primary objective of our study was to evaluate the psychometric properties at
diagnosis (sensitivity, specificity, positive and negative predictive values) and at time of
the study visit of the ASAS criteria for axial SpA in patients visiting their rheumatologist
for any reason but with a history of chronic back pain. Secondary objectives were: a) to
identify the most contributive item of these criteria to the diagnosis of SpA, b) to
evaluate and compare ASAS criteria’s performances to mNY, Amor, ESSG, modified
Amor (mAmor) and modified ESSG (mESSG) criteria’s performances, c) to evaluate the
ASAS criteria’s performances in all SpA sub-groups (ankylosing spondylitis, psoriatic
arthritis, reactive arthritis, inflammatory bowel disease related arthritis,
undifferenciated spondyloarthritis), d) and finally, as ASAS’s criteria can be fulfilled
either with only clinical features or with the presence of radiological sacroiliitis (either
X-ray or MRI) plus only one clinical feature, we aimed to evaluate the performances of

each arm of the ASAS criteria (Clinical, MRI radiological and X-ray radiological).

PATIENTS AND METHODS:

Study design:

Multi-centric and cross-sectional observational study. From a national comprehensive
file of all 1834 rheumatologists working in private and mixed (half public half private)
practice in France(62), 1000 rheumatologists were randomly selected (cluster sampling

method). Finally 384 rheumatologists agreed to participate. The study was conducted
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in agreement with the good clinical practice: all participating rheumatologists signed a

participation agreement, and all patients gave their written consent to participate.

Patients:

Patients had to be over 18 years old, with past or current history of chronic back pain
(= 3 months) occurring before the age of 45, but after 1995, visiting a rheumatologist
in France, and not participating in a clinical trial. Patients presenting with chronic back
pain before 1995 were excluded, as only after that date MRI was widely used in the
chronic back pain diagnosis in rheumatology daily practice in France. Each
rheumatologist had to include 4 consecutive patients responding to the inclusion
criteria, but regardless the reason of visit or the definite diagnosis of chronic back pain.
Data collection:

Patient’s questionnaires were completed by the rheumatologist from the available
data at the time of visit, between 01/2010 and 05/2010 in three chapters that
included: a) Checking the inclusion and exclusion criteria, socio-demographical data
(age, gender, height, weight), and date and reason for visit, b) Defining the date of
onset of chronic back pain, and whether aetiological diagnosis of chronic back pain was
definitively established before the visit, and if yes, to choose one between: vertebral
fracture, spondylodiscitis, neoplastic disease, mechanical back disorders,
spondyloarthritis or other diagnosis, c) Checking, for the presence of the items of
ASAS, ESSG, Amor and mNY criteria, and if yes, at when was this item present: before
or at diagnosis or after diagnosis. The rheumatologist was not asked to answer

whether the patient fulfilled the criteria or not. The items collected were: family
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history (SpA, psoriasis, reactive arthritis, inflammatory bowel disease, uveitis),
characteristics of chronic back pain (description of chronic back pain [age at first
episode, continuous or chronic back pain], inflammatory back pain [yes/no: if “yes”:
insidious onset, morning stiffness, not improved with rest, awakening at night because
of pain with improvement upon getting up], good response to NSAID within 24-48 h),
other axial manifestations (cervical and thoracic manifestations, gluteal pain [any or
bilateral, alternating gluteal pain]), peripheral clinical characteristics (arthritis,
dactylitis, enthesitis), description of extra-articular involvement (uveitis, psoriasis, non-
gonococcal urethritis/cervicitis one month prior to arthritis onset, diarrhoea one
month prior to arthritis onset, inflammatory bowel disease), HLA B27 status
(positive/negative), C-reactive protein (CRP) status (raised:yes/no), and imaging (plain
pelvic X-ray [sacroiliitis yes/no] and sacroiliac MRI [sacroiliitis yes/no]).

Statistical analysis:

Description of population at baseline:

All patients without a definite diagnosis were excluded. Population was divided in SpA
and Non-SpA groups according to the physician’s definite diagnosis. For all measures,
physician’s diagnosis was considered the “Gold standard”. The Non-SpA group was
considered the control group. A descriptive analysis of the population was performed
at baseline, comparing the demographical data in both groups by Chi square tests and
non-parametric Wilcoxon’s test as appropriate. Prevalence of SpA in this population

was calculated.

35/117



Early axSpA: from diagnosis to treatment in clinical practice

Diagnostic versus classification definition:

For any of the items (e.g. psoriasis), in case of positive answer, the rheumatologist was
asked whether this information was available at diagnosis (e.g. the psoriasis had
appeared 5 years before the diagnosis of chronic back pain) or only after diagnosis but
before the study visit (e.g. psoriasis appearing 5 years after the diagnosis of chronic
back pain. As explained above, we did not ask the rheumatologists to confirm whether
the patient was fulfilling any of the SpA sets of criteria, but by collecting the
presence/absence of all the items composing the criteria, we were able to calculate
the percentage of patients fulfilling them. If one criteria was fulfilled (e.g. Amor)
because of the presence of the items at diagnosis (e.g. presence at diagnosis of
inflammatory back pain, alternate buttock pain, family history of SpA, and good NSAID
response) the criteria were considered as diagnostic criteria, for diagnosis purposes.
When the fulfillment of one criteria (e.g. Amor) was possible because of the presence
of the items both at diagnosis or after diagnosis but prior to study visit (e.g. presence
at diagnosis of inflammatory back pain, alternate buttock pain, and good NSAID
response at diagnosis, with assymetrical oligoarthritis only 4 years after diagnosis, two
years before study visit), the criteria were considered as classification criteria, as the
diagnosis was already made, and the fulfillment of this criteria would only help to
classify the patient.

Evaluation of the performances of the items of the ASAS criteria

For this purpose, frequencies of every item was calculated both at diagnosis and at

visit in SpA and Non-SpA groups, and compared by Chi square tests as appropriate.
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We also calculated the positive likelihood ratio (LR+ = Sensitivity/1-Specificity) and its
95% confidence interval (Cl) for every item, using the rheumatologist’s diagnosis as the
“gold-standard”. LR+ captures both sensitivity and specificity of a given test parameter
in a single figure and it is an indicator of the diagnostic value of the respective test: the
higher the LR, the better the diagnostic value of the test.(26)

Evaluation of performances of ASAS criteria:

Psychometric performances for the axial ASAS criteria were calculated using the
physician’s diagnosis as the “Gold standard” as follows: Sensitivity = number of true
positive diagnosis/(number of true positives + number false negatives); Specificity =
number of true negatives/(number of true negatives + number of false positives);
positive predictive value = number of true positive/ (number of true positives +
number of false positives); negative predictive value = number of true
negatives/(number of true negatives + number of false negatives); LR+ = Sensitivity/1-
Specificity. All performances were calculated at diagnosis (diagnostic criteria) and at
time of visit (classification criteria).

Comparing performances of all criteria both for diagnosis and classification.

For this purpose we calculated all performances (as defined above) for all set of
criteria: mNY criteria, Amor, mAmor, ESSG and mESSG. For the mAmor and mEESG
criteria, sacroiliitis was defined either by X-rays or MRI.

Comparing performances of all criteria in each group of SpA.

For this purpose, prevalence of every type of SpA form was calculated. SpA forms

were: ankylosing spondylitis, psoriatic arthritis, reactive arthritis, inflammatory bowel
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disease related arthritis and undifferenciated spondyloarthritis. Performances of each

subgroup were calculated both at diagnosis and at time of study visit.

Comparison of ASAS criteria depending on the availability of imaging

For this purpose we considered 4 different arms in ASAS’s criteria: a) clinical ASAS
criteria (HLAB27 + other 2 clinical SpA features), b) Imaging ASAS criteria (X-ray or MRI
sacroiliitis + 1 other SpA clinical feature) c) MRI+ ASAS criteria (MRI sacroiliitis + 1 other
SpA clinical feature) and d) X-ray+ ASAS criteria (mNY sacroiliitis + criteria 1 other SpA
clinical feature). We first described the population of each of the ASAS subgroups,
comparing the demographical data in both groups by Chi square tests and non-
parametric Wilcoxon’s test as appropriate. We estimated all performances and LR+
(95%Cl) of each of the arms of ASAS criteria.

Statistical analysis were performed with SAS v.9. p values <0,05 were considered

significant.

RESULTS:

Baseline characteristics:
Among the 1379 patients recruited by the rheumatologists, 1364 fulfilled the inclusion

criteria, but only 1210 patients had a definite diagnosis (SpA or Non-SpA) at the time of
visit, and were therefore included in our analysis. Prevalence of SpA was 35.1% (425
patients), and among non SpA patients (785 patients), diagnosis were: mechanical
back disorders in 760 patients (62.8%), vertebral fractures in 13 patients (1.1%),
infectious spondylodiscitis in 1 patient (0.1%), neoplastic disease in 1 patient (0.1%)

and other diagnosis for 10 patients (0.8%). SpA patients were younger (median age 38
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years [y] [Q1-Q3 32-45] vs 44 y [36-51], p<0,001), and thinner (median BMI 23.7 [21.7-
26.3] vs 24.2 [22-27], p=0,015) with male predominance in both groups (56% men in
SpA group vs 52.2% non SpA group, non significant [NS]).

Concerning the missing data, as expected, the most frequent were: HLAB27 typing and
imaging of the sacroiliac joints. HLA-B27 typing was available in 393 patients (92.50%)
in the SpA group and in 219 patients (28.90%) in the Non-SpA group, plain pelvic
radiography was available for 327 patients (76.9%) in the SpA group and in 381
patients (48.53%) in the Non-SPA group; MRI of the sacroiliac joints was available for
131 patients (30.82%) in the SpA and 62 patients (7.90%) in the Non-SpA group. All
missing data was considered as negative for the analysis (e.g. in case of no MRI of the

sacroiliac joint, the MRI was considered as negative in the analysis).

Performance of the items of the ASAS criteria for diagnosis and classification
purposes.

Table 7 represents the frequencies for every item of the composite ASAS criteria, both
at diagnosis and study visit (classification purpose). All items were significantly more
frequent in the SpA group, except balanitis and family history of reactive arthritis.
Table 7 and Figure 4 resume the LR+ of every item of the ASAS criteria both at
diagnosis and time of study visit (classification purpose); Figure 4 resumes as well as
the LR+ of every set of criteria.

The most contributive item to diagnosis was X-ray sacroiliitis, followed by MRI
sacroiliitis, HLAB27 positivity and raised CRP. Interestingly enough X-ray sacroiliitis was
also the most contributive item to the classification, but was followed by history of

anterior uveitis, MRI sacraoiliitis, and raised CRP.

39/117



Early axSpA: from diagnosis to treatment in clinical practice

ASAS criteria’s performances at diagnosis and time of study visit.
At diagnosis, 324 patients (76.2%) among the SpA group fulfilled the ASAS criteria

versus, 368 patients (88.6%) at study visit. LR+ of ASAS criteria both for diagnosis and
classification are resumed in Figure 4. Performances of the ASAS criteria for diagnosis
and classification are resumed in Figure 5: the ASAS criteria presented high specificity

for both purposes, and acceptable sensitivity also for both purposes.
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Table 8: Comparison of the frequencies of the different items in SpA vs. Control

groups and its Likelihood ratios.

Diagnosis Classification
SpA Controls Chi2 p LR+ SpA Controls Chi2 p LR+
IBP occurring before a 1.39 1.39
10y 373(88.6)° 492(63.8) 84.0 00 a0 1age O73(886) 492(638) 840 <0001 . 7
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ysicion 413(98.1) 203(262) 5640 00 ga>g,y  413(9B1) 203(262) 5640 <0.001 [ga54 o0
Limited mobility of 1.20 477 113
B 251(655) 374(s48) 116 0001 20 202(689) L 78 o005 ol
Diminished thoracic 7.35 6.11
sl onio 100@7.7) 2038 1425 <0001 T3 o 139(28) 42(64%) 1622 <0001 |, STE 0
NSAID good 2.05 1.82
spones 339 (867) 206(423) 2034 <0001 2O s70877) s74as) 1822 <0001 %R
Gluteal pain 32(869) 307(441) 1872 <0001 |, a0 g 69(B81) 301(s0.1) 160 <0.001 s o0)
Alternating gluteal 4.05 3.38
ot 258(672) 123(166) 2890 <0001 . U 207(702) 162(208) 284 <0001 o7
Peripheral arthritis 79 (20.0)  17(22)  109.1  <0.001 9.05 109(25.7)  32(41) 1244  <0.001 S
[5.43 ~15.06] [4.31 - 9.15]
9.50 7.69
Dactylitis 3585  7(09) 460 <0001 o0 ping  50(118)  12(15) 593 <0.001 [4.14 -
' : 14.27)
" 6.03 4.47
Heel enthesitis 10(206) 37(49) 1335 <0001 800 169(382) 67(86) 1576 <0001 5,04l o
. 7.66 3.88
Otherenthesits  42(10.9) ~ 11(15) 513 <0001 . 188 75(179)  36(46) 574 <0001 |, 388
Psoriasis 62(15)  30(39) 460  <0.001 3.84 74 (17.4)  47(60) 399  <0.001 2.90
[2.52 - 5.84] [2.06 —4.11]
Balanitis 4(1.0) 1(01) 446  0.054 7.41 4(1.0) 1(0.1) 45  0.054 7.41
[0.83 - 66.09] 0.83-66.09]
432 5.20
IBD 2355  10(13) 183 <0001 00T 31(73) 104 285 <0001 00
Anterior uveitis 36(89)  5(0.6) 545  <0.001 13.92 56 (13.2) 7(0.9) 843  <0.001 bgid
: : : : (5.51 - 35.20] : ' : : 6.80-32.13]
Urethritisicervicitis® 6 (1.4) 1001) 80  <0.001 a7 11 (2.6) 4(0.5) 97  <0.001 5.08
, [1.35 - 92.48] [1.63-15.86]
B 3.04 3.36
Acute diarrea 13(3.1)  8(1.0) 69 <0001 (4,7 7,5  20(47) 1M(14) 121 <0001 (4630 0y
Family hi f A 22(2 112.7 1 7 27 1 1 792
amily history of AS  gg (51 g) (2.8) 7 <0001 1490-12.12) 116 (27.4) (3.5) 50 <0.001  (530-11.84)
Family history of 3.29 2.65
B 61(15.1)  35(46) 387 <0001 ,,7ho0  80(180)  56(72) 381  <0.001 o0
Family history of 9.41 9.31
Anterior uveitis 0@y 203 127 0001, o7 42z 1566 3604 188 <0.001 15 71731.08)
Family history of 2.23 2.23
e 6 (1.4) 5(0.6) 19 o027 2% o 604 5(0.8) 19 0207 2B
Family history of 6.14 7.38
o 1332 405 183 00003 M0 24(67) 6(0.8) 274 <0001 0300
Family history of 4.63 4.09
o o show  138(326)  55(7.0) 1334 <0001 o288 182(428) 82(105) 1688 <0.001 400
17.03 112
HLAB27 positve 220 (60.1) 27 (3.5)  464.3  <0.001 [1165-  289(68.0) 48(61) 5255 <0.001 .ot %
24.90] (8.39-14.74)
Raised CRP 161(413) 22(28) 290.0  <0.001 14.56 196 (46.1)  31(40) 3217  <0.001 11.68
[9.49-22.35) [8.15-16.74]
_ 21.15
Radiological 25.60 ~
P 190(492) 15(19) 3987 <0001 90 20(639) 20(26) 4446 <0001 [; g.gg]
MRI sacroiliitis 96(25.2) 9(12) 1787  <0.001 21.70 140 (32.9)  19(24) 2250  <0.001 13.61
: : : : [11.08-42.49] : : : : [8.55-21.66]

Abreviations: IBP: inflammatory back pain, NSAID: non-steroidal anti-inflammatory
drugs, IBD: inflammatory bowel disease, AS: Ankylosing spondylitis, ReA: reactive
arthritis, CRP: C-reactive protein. a: N(%) .b: one month prior to diagnosis; c:[Cl]; d:%
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Figure 4: Positive likelihood ratio for every item of the ASAS criteria and for all
set of criteria (ASAS, Amor, mAmor, ESSG, mESSG and mNY) for diagnosis and
classification purposes.
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Abreviations: IBP: inflammatory back pain, IBD: inflammatory bowel disease, CRP:
C-reactive protein; ASAS: Assessment of SpondyloArthritis international Society;
mNY: modified New York criteria; ESSG: European Spondyloarthritis Society Group;
mAmor: modified Amor criteria; mESSG: modified ESSG criteria, SpA:
spondyloarthritis.
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Figure 5: Comparison of the performances of the different set of criteria both for
diagnosis and classification.
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Abbreviations: Se: Sensitivity, Spe: Specificity, PPV: positive predictive value, NPV:
negative predictive value, mNY: modified New York criteria, ESSG: European
Spondyloarthritis Society Group, mAmor: modified Amor criteria, mESSG: modified
ESSG criteria, SpA: spondyloarthritis
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Comparison of criteria performances

At diagnosis, 365 patients (83.8%) fulfilled the mAmor criteria, 345 (81.2%) the mESSG,
342 (80.5%) the Amor, 327 (76.9%) the ESSG and 190 patients (44.7%) the mNY
criteria. At study visit 395 (92.9%) fulfilled the mAmor and mESSG criteria, 388 (91.3%)
the Amor criteria, 381 (90.0%) the ESSG and 229 patients (53.9%) the mNY criteria.

The performances of the different set of criteria are represented in Figure 5. The
mAmor criteria showed the highest sensitivity in both diagnostic and classification
purposes, followed by mESSG, ESSG and ASAS. The mNY criteria presented the higher
specificity, both in diagnosis and classification, followed by ASAS criteria.

Figure 4 resumes also the LR+ of all sets of criteria: mNY criteria had the highest LR+
both for diagnosis and classification purposes, followed by ASAS also for both
purposes. Interestingly enough, only those two sets of criteria showed LR+ above 10

for any of the purposes.

Comparison of the performances of the arms of the ASAS criteria:

For the diagnosis purposes, 107 patients (25.2%) fulfilled the clinical ASAS criteria, 56
patients (13.2%) fulfilled the ASAS MRI+ criteria, and 156 patients (36.7%) with X-ray+
ASAS criteria. Patients fulfilling ASAS clinical criteria at diagnosis were older (median
41y [36-51]) compared to any of the imaging arms (patients from the ASAS MRI+
criteria had a median age of 35y [28-40] and ASAS X-ray+ criteria had a median age of
38y [32-46]), but younger than control patients (median age of 43y [36-51]), and no

differences were assessed for gender or BMI.

44/117



Early axSpA: from diagnosis to treatment in clinical practice

For classification purposes, 111 patients (26.1%) fulfilled the ASAS clinical criteria, 74
patients (17.4%) fulfilled the ASAS MRI+ criteria, and 164 patients (38.6%) the X-ray+
ASAS criteria. ldentically, patients fulfilling ASAS clinical criteria were also older
(median 41y [33-49]) compared to any of the imaging arms (patients fulfilling the ASAS
MRI+ criteria had a median age of 37y [29-42] and those fulfilling the ASAS X-Ray+
criteria had a median age of 38y [32-46]), but younger than control patients (median
age of 43y [36-51]), and no differences were assessed for gender or BMI.

Performances of clinical and imaging arms of the ASAS criteria are represented in
Figure 6. Imaging ASAS criteria were more sensitive both for diagnosis and
classification purposes, but were nearly as specific as ASAS clinical criteria also in both

purposes.
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Figure 6: Performance of the clinical and radiological arms of the ASAS criteria for
diagnosis and classification.
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ASAS clinical arm: HLAB27 + 2 SpA features. ASAS imaging arm: X-ray sacroiliitis or MRI
sacroiliitis + 1 SpA feature. ASAS-MRI: MRI sacroiliitis + 1 SpA feature. ASAS X-ray: X-ray
sacroiliitis + 1 SpA feature

Abbreviations: ASAS: Assessment of SpondyloArthritis international Society; Se:
Sensitivity; Spe: Specificity; PPV: positive predictive value; NPV: negative predictive
value.

Figure 7 resumes also the likelihood ratios of every arm of the ASAS criteria: for
diagnosis, ASAS MRI+ criteria had the highest likelihood ratio, followed by the ASAS X-
ray+ criteria; interestingly, for classification, ASAS X-ray+ criteria had the highest

likelihood ratio followed by ASAS MRI+ criteria. However, likelihood ratio was above 10

for any of the ASAS criteria arms.
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Figure 7: Positive likelihood ratio (and its confidence interval) for every arm of the
ASAS criteria for diagnosis and classification purposes.
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Abbreviations: ASAS: Assessment of SpondyloArthritis international Society; MRI:
Magnetic Resonance Imaging.

Criteria’s performances in all SpA sub-groups:

SpA sub-groups were distributed as follows: ankylosing spondylitis in 304 patients
(71.5%), psoriatic arthritis in 48 patients (11.3%), reactive arthritis 4 patients (0.9%),
inflammatory bowel disease related arthritis in 17 patients (4.0%), and
undifferentiated spondyloarthritis in 52 patients (12.2%).

Performances of all criteria in all SpA forms are described in Figure 8. ASAS’s criteria
had the highest sensitivity in ankylosing spondylitis both for diagnosis and
classification, but a rather low sensitivity for the other forms of SpA. As expected, the

mNY criteria were the most specific for ankylosing spondylitis diagnosis and
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classification, but also in all other subgroups of SpA, followed by the ASAS criteria also
in all forms.

ESSG and mESSG’s criteria had the highest sensitivity for psoriatic arthritis in both
diagnostic and classification purposes, and Amor and mAmor’s criteria were the most
sensitive for both diagnosis and classification of reactive arthritis and inflammatory

bowel disease related arthritis.

Figure 8: Performances of the different sets of criteria (ASAS, Amor, mAmor, ESSG,
mESSG and mNY) both for diagnosis and classification in the subgroups of SpA.
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Abbreviations: AS: ankylosing spondylitis; PsA: psoriatic arthritis; IBDRA: inflammatory
bowel disease related arthritis; ReA: reactive arthritis; US: undifferentiated
spondyloarthritis; ASAS: Assessment of SpondyloArthritis international Society; mNY:
modified New York criteria; ESSG: European Spondyloarthritis Society Group; mAmor:
modified Amor criteria; mESSG: modified ESSG criteria; Se: Sensitivity; Spe: Specificity;
PPV: positive predictive value; NPV: negative predictive value.
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DISCUSSION:

This study confirms that ASAS criteria are highly specific and have acceptable
sensitivity both for diagnosing or classifying SpA patients, with similar performances as
described in the original validation study. Tests with very high LR+ (over 10) are
considered diagnostic(53) and in this study, the LR+ of the ASAS criteria were higher
than 10 for any purpose. Moreover, this study suggests that when analyzed separately,
both ASAS criteria arms have high specificity, and good sensitivity, (slightly higher for
the imaging arm, and especially for classification); regardless the arm of the ASAS
criteria, LR+ was always above 10.

When testing the other SpA criteria’s performances, lower sensitivities and higher
specificities in the diagnostic purpose for all criteria, and higher sensitivities with
similar specificities in the classification purpose compared to the original cohorts that
tested those criteria.(15,18,19) mNY were the set of criteria with higher LR+ for any
purpose, followed by ASAS, and those two set were the only with LR+ values above 10.
This study has some weaknesses but also some strengths. The main weakness is the
retrospective design of the study for the diagnostic purpose, but in the other hand in
one same study we were able to collect the necessary data to assess the performances
of the criteria both for diagnosis and classification purposes in a single visit. Other
weaknesses of this study are the potential bias in the selection of patients, due to the
study: participating rheumatologists being aware that our center was participating
were more prone to recruit SpA patients, despite well specified in the protocol that
patients had to be included consecutively regardless the diagnosis of CBP. This might

explain the high prevalence of SpA in this study compared to classical SpA
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prevalence.(60,63)Another possible bias might be due to the patient selection, with
less established disease than in other studies as by including patients diagnosed only
after 1995 we limited the disease duration at 15 years. This might explain the
differences in the performances of the different set of criteria, especially the low
sensitivity rates, especially in the diagnosis purpose, compared to other trials.
However, this reflects the clinical practice regarding MRI prescription in France for the
diagnosis of CBP. Finally, regarding imaging modality, no central reading was
performed, but here again, this reflects the clinical daily practice.

The study has also some strengths, as the sample size or the patient’s recruitment
technique that, by recruiting consecutive patient, ensures representativity of the
population.

Furthermore, this study provides some information: some items of the ASAS criteria
presented with LR+ above 10, suggesting they might be diagnostic or classificatory by
themselves (in a CBP under 40years-old population); some of them were expected, like
MRI and X-ray sacroiliitis or HLAB27 positive, but others were not, like raised CRP for
diagnosis, and raised CRP and anterior uveitis for classification. This confirms the
rationale of having added the raised CRP in the ASAS criteria, and the clinical
impression that uveitis allows the classification of the disease even after diagnosis of
SpA.

In conclusion, we confirm the validity of the ASAS criteria both in diagnosis and
classification, in a clinical rheumatological setting of young patients with CBP, for any
of its arms, suggesting that those criteria might help not only classifying but also

guiding the rheumatologist in diagnosing these patients.
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ARTICLE 2: EVALUATION OF THE VALIDITY OF THE DIFFERENT
ARMS OF THE ASAS SET OF CRITERIA FOR AXIAL
SPONDYLOARTHRITISAND DESCRIPTION OF THE DIFFERENT
IMAGING ABNORMALITIES SUGGESTIVE OF
SPONDYLOARTHRITIS. DATA FROM THE DESIR COHORT.

A. Molté, S. Paternotte, D. van der Heijde, P. Claudepierre, M.Rudwaleit, M.
Dougados.
Ann Rheum Dis. 2014 Jan 3. doi: 10.1136/annrheumdis-2013-204262.
[Epub ahead of print]

ABSTRACT

Background
The ASAS criteria for axial Spondyloarthritis (SpA) permit to classify a patient with

III

(“imaging” arm) and without (“clinical” arm) imaging abnormalities of the sacroiliac
joints.

Objective

To compare the phenotype of early axial SpA with regard to the two arms of the ASAS
axial SpA criteria.

Methods

Demographics, SpA clinical and biological features, disease activity and severity
parameters, and imaging abnormalities at the sacroiliac and spine levels were
compared, in the two arms of the ASAS axial SpA criteria, in the patients of the French
cohort of early SpA.

Results

Of the 615 analysed patients, 435 (70.7%) fulfilled the ASAS criteria (262 (60.2%) and
173 (39.8%) in the imaging and clinical arms, respectively. There were no major
differences in the characteristics between both groups except for younger patients,
more males and higher CRP values in the “imaging” arm. Other imaging abnormalities
than the ones permitting the fulfilment if the “imaging” arm of the ASAS criteria (e.g.
X-rays structural damage or MRI inflammatory changes of the SlJ) were observed (MRI-
SIJ structural damage (55.0% vs. 3.5%), MRI-Spine inflammatory changes (35.1% vs.
12.9%), MRI-spine structural damage (10.3% vs. 5.3%) and X-ray-syndesmophytes
(11.8% vs. 5.3%) in the imaging versus clinical arm, respectively.

Conclusion

Our study confirms the external validity of the clinical arm of the ASAS set of criteria. It
is remarkable that many patients in the clinical arm showed other imaging changes in
Sl joints and spine.
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BACKGROUND

The Assessment of SpondyloArthritis international Society (ASAS) has recently
proposed a set of criteria (21) aiming to recognize patients suffering from early axial
spondyloarthritis (SpA). These sets of criteria can be summarized in two main arms,
which are both applied to patients with chronic back pain starting before the age of 45
years:

- The “imaging” arm in which a patient can fulfill the set of criteria if there is
demonstration of an objective sign of inflammation (MRI)(64)or of structural
damage (conventional pelvic X-ray) in the sacroiliac joints (SlJs) together with
past history or current symptoms of at least one feature suggestive of SpA (e.g.
inflammatory back pain, psoriasis, enthesitis...)

- The “clinical” arm in which a patient can fulfill the set of criteria despite the
lack of demonstration of an objective sign of inflammation at MRI or of
structural damage in the SlJs. In this case, the patient has to be HLAB27 positive
and has to present with past history or current symptoms of at least two
features suggestive of SpA (e.g. inflammatory back pain, psoriasis, enthesitis...)

Currently, there is still a debate concerning the validity of these criteria both in terms
of validity of the clinical arm and also regarding the imaging abnormalities permitting
to classify a patient as fulfilling the imaging arm.

The ASAS criteria for axial SpA (ax-SpA) and especially the clinical arm have been
validated in different SpA populations as well as in different clinical trials in terms of
external validity (36,37,61,65)(e.g. by evaluating the clinical presentation, the level of

activity and/or severity of the disease, the treatment effect of drugs usually effective
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in radiographic spondyloarthritis...) but also in terms of face validity (e.g. by evaluating
the percentage of patients with histological features suggestive of sacroiliitis despite
the lack of imaging [both by X-rays and MRI] evidence of such sacroiliitis).(66)
Nevertheless, the clinical arm is not well recognized by the different national and
international health care systems; for example, in many countries patients with active,
severe and refractory to NSAIDs ax-SpA are not eligible to TNFa blocker treatment if
the imaging investigations do not show any sign of sacroiliitis. Moreover, sometimes
an elevated CRP is required.

Another aspect of the ASAS criteria for ax-SpA that is currently debated is the
definition of the imaging abnormalities. According to the published ASAS criteria, and
in order to fulfil the ASAS “imaging” arm, patients have to present with either obvious
structural damage of the SlJs observed at pelvic X-rays (e.g. bilateral grade 2-4 or
unilateral grade 3-4 according to the modified New York criteria)(15) or active (acute)
inflammatory lesions of the SlJs observed at pelvic MRI according to the
ASAS/OMERACT definition.(25)

However, there is an increasing body of evidence suggesting that other imaging
abnormalities might also be of clinical relevance to classify a patient as suffering from
SpA. For example, structural damage of the SlJs might be more easily detected by
either Computed Tomography Scan (67) or MRI (68,69), but because of the potential
long term risk of radiation exposure(70)MRI is the preferred technique. Another
example is related to the fact that when these changes (e.g. acute inflammation or

structural damage) are observed at the spine level, they might be also of relevance in
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the classification of a patient suffering from symptoms suggestive of SpA, in particular
when using the MRI technology.(71,72)

These preliminary remarks prompted us to conduct an analysis of the data collected in
patients suffering from early inflammatory back pain suggestive of spondyloarthritis
and participating at the on-going French multi-centric cohort DESIR (acronym which
stands in French for outcome of early undifferentiated spondyloarthritis) with the
following two main objectives: a) to compare the patient characteristics with regard to
the arm (“imaging” versus “clinical” arm) of the ASAS criteria they are fulfilling and b)
to describe the prevalence of the different imaging abnormalities in the two arms of

the ASAS criteria.

PATIENTS AND METHODS

Study design

DESIR is a French prospective, multi-center, longitudinal cohort aiming to study
patients with early inflammatory back pain suggestive of SpA (clinicaltrials.gov
NCT01648907).(73)

This study fulfilled the current Good Clinical Practices and has obtained the approval of
the appropriate ethical committee. Participants at the study gave their written
informed consent. The website contains the detailed description of the centers, the
organization of the cohort but also the full detailed protocol and case-report form.(74)
A total of 708 patients with early inflammatory back pain (IBP) have been included
(inclusion period October 2007 to April 2010). Consecutive patients aged >18 years
and <50 years with IBP involving the thoracic, lumbar spine or buttock area for more

than 3 months but less than 3 years and symptoms suggestive of diagnosis for SpA
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score 25 (on a Numerical Rating Scale of 0—10 where O=not suggestive and 10=very
suggestive of SpA) were included in the DESIR cohort. Patients had to fulfil the
inflammatory back pain criteria of Calin et al. or Berlin et al.(51,52) Patients with a
definite diagnosis of non-SpA back pain, conditions that might interfere with the
validity of the informed consent and/or prevent an optimal compliance (e.g.
alcoholism, psychiatric disorders) or a history of TNFa blocker treatment were
excluded. For this study, analysis included the whole population of the DESIR cohort,
and used the data set locked on December 12th 2011.

Collected data

The collected data comprised both patient demographics and clinical presentation of
the disease. Demographics included age, gender, and body mass index (BMI).
Moreover, all the items permitting to adequately classify a patient according to the
ASAS criteria were collected. The activity of the disease was evaluated using the
following: BASDAI (Bath Ankylosing Spondylitis Disease Activity Index) (46), and ASDAS-
CRP (Ankylosing Spondylitis Disease Activity Score — C Reactive Protein).(75) The
severity of the disease was assessed using the following: BASFI (Bath Ankylosing
Spondylitis Functional Index),(58) and BASMI (Back Ankylosing Spondylitis Metrology
Index).(76)Finally, the quality of life was evaluated according to the short-form 36 (SF
36). (77)

Concerning the imaging modalities, to ensure the quality and standardization of
collected images, a written specific procedure was provided to each participating
centre. Conventional X-rays of the cervical spine, lumbar spine and pelvis were

performed. Radiologists or rheumatologists at each study centre scored each Sl as
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follows: O=normal; 1=doubtful, 2=obviously abnormal or 3=fused. For this present
analysis, SlJs were considered abnormal if at least one SlJ was scored 2 or 3. This
scoring method used for the local reading in DESIR is derived from the modified New
York criteria for radiographic sacroiliitis changes(15) with one modification: grade 2
and 3 of New York criteria were pooled together in one combined grade.

The modified Stoke Ankylosing Spondylitis Spine Score (mSASSS)(78) was calculated
from the conventional X-rays of the cervical and lumbar spine. Definite radiographic
damage was defined as an mSASSS score of 22 in at least one vertebral edge of each
individual patient, representing the appearance of at least one syndesmophyte in that
patient.

MRI scans of the Slls, upper spine (C2 to T10) and lower spine (T8 to S1) were
performed using the short-tau inversion recovery (STIR) and T1 fast spin echo (FSE)
acquisitions. A contrast product was not used.

Presence of inflammatory and structural damage at the SlJs and spine were assessed
by radiologists or rheumatologists at each study centre. Inflammatory changes of the
SlJs were defined by the presence of bone oedema the SlJ. Structural damage of the SlJ
was defined by the presence of clear characteristic lesions such as sclerosis, erosions,
bone bridges or ankylosis in the Sls. The spine was evaluated at 3 different levels
(cervical/thoracic/lumbar), and the presence of either inflammatory (defined by the
presence of bone oedema/with contrast enhancement at the entheseal site at
vertebral corners or the whole vertebrae, with/without disc involvement) or structural
damage (defined by the presence of sclerosis, erosions or vertebral syndesmophytes)

was separately assessed at each of these 3 levels. For each of these MRI evaluations,
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radiologists or rheumatologists at each study centre scored as follows: O=normal,
1=doubtful, 2=abnormal. For this present analysis, MRl was considered abnormal only
if scored as “abnormal” by the rheumatologist or radiologist.

DESIR definitions for MRI involvement are similar but not identical to the
ASAS/OMERACT definitions for MRI sacroiliitis /MRI spinal involvement in SpA because
the DESIR study was designed prior to the publication of the ASAS/OMERACT
definitions.(25,79)

Statistical analysis:

The first step of the statistical analysis consisted in the classification of each patient
according to the ASAS criteria for axial spondyloarthritis resulting in the following 3
categories: patients fulfilling or not the ASAS criteria, and for those fulfilling the ASAS
criteria, whether abnormal imaging findings permitted to classify the patient in the
“imaging” arm. If not, patients were classified in the “clinical” arm, if HLAB27 was
positive and 2 features suggestive of SpA were present.(21) For this purpose, we
excluded the patients for whom missing data did not permit to adequately categorize
them into a specific arm of the ASAS criteria for axial SpA.

The second step consisted in the comparison of the patient characteristics according to
the arm of the criteria they were fulfilling (e.g.“imaging” versus “clinical”’arm). The
categorical variables were compared using Chi-square test (or Fisher exact test as
applicable), while continuous variables were compared using non-parametric Wilcoxon
test.

Because different scenarios can be observed according to the imaging modalities in the

imaging arm and according to the CRP status in the clinical arm, we performed a
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descriptive analysis in 5 different subgroups (e.g. a) X-ray definite SIJ damage and MRI
inflammatory changes of the SlJ, b) X-ray definite SIJ damage and MRI SlJ normal, c) X-
ray SlJ normal and MRI inflammatory changes of the SlJ, d) X-ray SlJ normal and MRI SlJ
normal and CRP abnormal, e) X-ray SIJ normal and MRI SlJ normal and CRP normal
[where CRP abnormal was defined as > 6mg/L]).

The third step consisted in the evaluation of other (not included in the ASAS criteria for
axial SpA) imaging findings suggestive of SpA (e.g. MRI structural damage of the SlJ,
MRI inflammatory and structural damage at the spine level, and the presence of at
least 1 syndesmophyte at the cervical or lumbar level) observed in the different arms
of the ASAS axial SpA criteria. Thereafter, we estimated the concordance in the
abnormal imaging findings observed in the X-rays and MRI modalities using a kappa
coefficient of concordance (e.g. at the SlJ level between the pelvic X-ray grades 0-1
[normal or doubtful]/2-3 [abnormal or partially fused] vs. MRI grades 0-1 [normal or
doubtful]/2 [abnormal] of structural damage; at the spine level between spine X-ray
[MSASSS > 2 in at least one vertebral edge yes/no (cervical or lumbar)] vs. spine MRI
grades 0-1 [normal or doubtful]/2 [abnormal] of structural damage in at least one of

the 3 levels [cervical/thoracic/lumbar]).

RESULTS

Classification of patients according to the ASAS criteria, and regarding the two
arms of the ASAS criteria

Figure 10 summarizes the flowchart of the recruited patients. Because of missing data,
the fulfilment (or not) of the ASAS criteria was assessed in 615 patients of the 708

patients included in the DESIR cohort. Of those, 435 patients fulfilled the ASAS criteria
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(and 180 did not fulfil the ASAS criteria): 262 and 173 fulfilled the “imaging” and

“clinica

I”

arms, respectively. Within the “imaging” arm 126, 47 and 89 patients,

belonged to the “X-ray definite SIJ damage and MRI inflammatory changes of the SIJ”,

“X-ray definite SIJ damage and MRI SlJ normal” and “X-ray SlJ normal and MRI

Figure 9: Distribution of the 708 patients recruited in the DESIR cohort according to

the axial ASAS criteria.

Recruited patients
N =708

—» 1) Missing data :

- MRI not available (n=12)
- X-ray not available (n = 9)
- MR| & X-ray not available (n = 4)
- SpA feature nct available (n=1)

2) Age of first symptoms 2 45 years (n =72)

Y

ASAS criteria evaluated

N=615
fulfilled not fuffilled
N = 435 N =180
Imaging arm Clinical arm
N =262 N=173
! ' ' v v }
X-Ray+ X-Ray+  X-Ray- CRP abnormal CRP normal CRP missing
MRI+ MRI- MRI+ N=32 N=138 N=3
N=128 N=47 N=89

inflammatory changes of the SIJ” sub-groups, respectively. Thus, of the patients

fulfilling the imaging arm 66.0% could be classified as radiographic ax-SpA and 34.0%

as non-radiographic ax-SpA. Within the “clinical” arm (e.g. “X-ray SlJ normal and MRI

SlJ normal”) 32 (18.5%) and 138 (79.8%) belonged to the “X-ray SIJ normal and MRI SlJ

normal and CRP abnormal” and “X-ray SIJ normal, MRI SlIJ normal and CRP normal”
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sub-groups, respectively. For 3 patients the available data permitted to classify the
patient in the clinical arm despite the absence of CRP data; because of this missing
data, they were excluded from this subgroup analysis.

The “imaging” versus “clinical” arm

Table 7summarizes the comparison in the patient (age, gender, B27 positivity) and
disease (clinical presentation, activity and severity) characteristics fulfilling the two
arms of the ASAS criteria for axial SpA. No differences were found between groups

except for younger patients, more males and higher CRP values in the “imaging” arm.
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Table 7: Comparison of the patients and disease characteristics of early axial
spondyloarthritis according to the axial ASAS criteria arm (imaging versus clinical)

they are fulfilling.

Axial ASAS criteria p***
Imaging™ Clinical arm
arm

Number N=262 N=173
Age (years; mean, +5D) 30.6 (£7.2) 32.6 (£7.3) 0.005
Female gender, n, (%) 107 (40.8) 101 (58.4) 0.0003
Disease duration in months; mean (+¥SD) 18.6 (+10.5) 19.2 (+11.2) 0.683
Past history or current symptoms of [n, (%)]

- Enthesitis, 112 (42.8) 86 (49.7) 0.154

- Peripheral arthritis 56 (41.2) 34 (35.1) 0.344

- Dactylitis 36 (13.7) 20 (11.6) 0.506

- Uveitis 27 (10.3) 12 (6.9) 0.229

- Psoriasis 42 (16.0) 28 (16.2) 0.966

- Inflammatory bowel disease 14 (5.3) 5(2.9%) 0.221
HLAB27 positivity (n, %) 192 (73.6) 173 (100.0) <0.0001
Family history of SpA, n (%) 110(44.4) 84 (50.0) 0.257
BASDAI mean (+SD) 41.3 (¥20.4) 44.0(+20.2) 0.169
CRP, mg/L, mean (+SD) 11.6(+15.7) 5.2(+9.3) <0.0001
Raised CRP** (N=459) (n, %) 111 (44.4) 32 (18.8) <0.0001
ASDAS-CRP, mean (+SD) 2.6(+1.1) 2.3(+1.0) 0.006
BASFI, mean (+SD) N=473 28.7 (+22.2) 29.3(+22.5) 0.840
BASMI, mean (xSD) N=463 2.4 (+1.0) 2.1(+0.9) 0.020
Mental SF36, mean (+SD) 41.3 (¥11.5)  40.5(+10.8) 0.420
Physical SF36, mean (+SD) 40.9 (+9.0) 39.8 (#9.6) 0.191
Radiological sacraoiliitis, n (%) 173 (66.3) 0(0.0) <0.0001
MRI acute inflammation of the sacroiliac joint, n 215 (83.7) 0(0.0) <0.0001

(%)

* imaging = either definite damage of the sacroiliac joints at pelvic X-rays according to the modified New York
criteria (see ref. 8) or inflammatory lesion of the sacroiliac joints at MRI as defined in the “methods “ section.
** Raised CRP defined as CRP > 6mg/L. *** Statistical significance defined by p<0,05. The categorical
variables were compared using Chi-square test (or Fisher exact test when Chi-square test was non applicable),
while continuous variables were compared using the Student T-test (or the non-parametric Wilcoxon test
when Student test was non applicable).Abbreviations: BASDAI: Bath Ankylosing Spondylitis Disease Activity
Index; BASFI: Bath Ankylosing Spondylitis Function Index; BASMI: Bath Ankylosing Spondylitis Metrology

Index; SF36: Short Form 36. SpA: Spondyloarthritis.

The comparison between the 5 sub-groups according to the imaging and/or

CRP abnormalities

A descriptive analysis was performed (summarized in Table 8) in the 5 different sub-

groups according to the imaging and/or CRP abnormality. Patients from the “X-ray
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definite SIJ damage and MRI inflammatory changes of the SIJ” sub-group were younger
(29.3years [+6.7]) than the other subgroups. Interestingly, BASDAI was strikingly higher

III

in the “CRP abnormal” subgroup of the “clinical” arm (57.3 [+17.2]), compared to any
of the other sub-groups. CRP levels were higher in the “CRP abnormal” sub-group
compared to any of the sub-groups of the “imaging” arm.

Concerning the structural damage (presence of structural damage yes/no) of the
sacroiliac joints and spine, the concordance between MRI and X-ray findings was very
low at both the SlJ (Kappa 0.55 [0.49-0.61]) and spine level (0.18 [0.06-0.31]). (Table 9)
Other imaging abnormalities

Table 10 summarizes the other imaging findings observed in the 5 subgroups as
previously described. MRI structural damage of the SIJ were, as expected, more
frequently observed in the subgroup of patients with X-ray damage of the SIJ (65.3%),
but more interestingly, also in 3.5% patients of the clinical arm. MRI inflammatory
changes of the spine were more frequently observed in presence of other markers of
inflammation (e.g. local MRI inflammatory changes of the SIJ [38.6%] or CRP
abnormality [21.9%]). Furthermore, within the subgroups without X-ray damage of the
SlJ, there was evidence of X-ray damage of the spine in as much as 6.7% of the

subgroup “X-ray SlJ normal and MRI inflammatory changes of the SIJ” and 9.4% of the

subgroup “X-ray Sl normal and MRI SlJ normal and CRP abnormal”.
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Table 8: Comparison of the patients and disease characteristics of early axial
spondyloarthritis according to the axial ASAS criteria arms (“imaging” versus
“clinical”) and sub-arms (X-rays versus CRP) they are fulfilling.

Axial ASAS criteria

Imaging* arm

Clinical arm**

X-ray+/ X-ray+"/ X-ray-/ X-ray-/MRI- X-ray-/MRI-
MRI+ MRI- MRI+ Abnormal CRP® Normal CRP
Number 126 47 89 32 138
+SD 1.1
Age, years, mean (+SD) 29.3 (¢6.7) (is 2 32.3 (+6.8) 31.4 (+6.1) 32.8 (+7.6)
Female gender, n(%) 46 (36.5) 22 (46.8) 39 (43.8) 21 (65.6) 78 (56.5)
Disease duration, months 19.3 17.1
! ! 19.1 (9. 17.7 (x11. 19.2 (+10.
mean (xSD) 9-1(£9.9) (x11.2) 771 0) (+10.0) 9.2 (+10.4)
Past history or current
symptoms of :
n (%)
- Enthesitis 45 (35.7) 25(53.2) 42 (47.2) 21 (65.6) 63 (45.7)
- Peripheral arthritis 22 (36.7) 14(46.7) 20 (43.5) 13 (61.9) 20 (27.0)
- Dactylitis 15 (11.9) 8(17.0) 13 (14.6) 6 (18.8) 14 (10.1)
- Uveitis 15 (11.9) 3(6.4) 9(10.1) 5(15.6) 6 (4.4)
- Psoriasis 16 (12.7) 9(19.2) 17 (19.1) 5(15.6) 23 (16.7)
- Bowel disease 9(7.1) 3(6.4) 2(2.3) 1(3.1) 3(2.2)
Family history of SpA n (%) 56 (45.9) 18(40.0) 36 (44.4) 16 (50.0) 66 (49.6)
HLAB27 positivity, n (%) 101 (80.2) 29(61.7) 62 (70.5) 32 (100.0) 138 (100.0)
BASDAI mean (xSD) 40.2 40.7
2 (+19.1 3 (£17.2 1.5 (+19.
(£19.9) (£24.0) 43.2 (+19.1) 57.3(¥17.2) 41.5 (+19.5)
CRP mg/L mean (SD) 10.9 15.9 2.7
10.5 (+15. 15.9 (x17.
(+13.4) (x20.8) 0.5 (+15.7) 5.9 (17.6) (+1.7)
ASDAS-CRP mean (+SD) 2.6 (¥1.0) 2.6 (+1.3) 2.6 (¥1.1) 3.5 (+0.9) 2.0 (x0.8)
BASFI mean (+SD) 27.4 31.5
+ + +
(£22.5) (£23.2) 29.0 (+21.3) 45.0 (£22.8) 26.1(+21.0)
BASMI mean (xSD) 2.5 (+1.0) 2.5 (+1.0) 2.2 (x0.8) 2.4 (£1.2) 2.1 (+0.8)
41.2 42.5
+ + + +
Mental SF36, mean (+SD) (£11.5) (£12.3) 40.7 (¥11.0) 39.8 (+11.3) 40.5 (+10.7)
Physical SF36, mean (£SD) 41.9 (+8.4) (+410604) 39.9 (+8.9) 33.5 (+8.3) 41.1 (9.3)

*imaging = either definite damage of the sacroiliac joints at pelvic X-rays according to the
modified New York criteria (see ref. 8) or inflammatory lesion at MRI as defined in the
“methods “ section. ** clinical= presence of HLA-B27 plus presence of two clinical features of
SpA. a: X-ray+MRI+: presence of both structural damage of the sacroiliac joints on pelvic X-rays
and MRI inflammatory changes of the sacroiliac joints. b:X-ray+MRI-: presence of structural
damage of the sacroiliac joints on pelvic X-rays without MRI inflammatory changes of the
sacroiliac joints. c: X-ray-MRI+: presence of MRI inflammatory changes of the sacroiliac joints
without structural damage of the sacroiliac joints on pelvic X-rays. d: Abnormal CRP defined as
> 6mg/L. Abbreviations: BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI:
Bath Ankylosing Spondylitis Function Index; BASMI: Bath Ankylosing Spondylitis Metrology
Index; SF36: Short Form 36. SpA: Spondyloarthritis.
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Table 9: Concordance between a) MRI and X-rays findings concerning the
structural/structural damage of the sacroiliac joints and b) between MRI and X-rays
findings concerning the structural/structural damage of the spine.

a)
Structural damage of the sacroiliac
joints on conventional pelvic X-
rays*
YES NO
Structural damage of the YES 179 75
sacroiliac joints on pelvic
MRI**
NO 89 515

* Structural damage of the sacroiliac joints on conventional pelvic X-rays defined as grades 2-3
(grades of sacroiliitis in the DESIR cohort are defined as O=normal; 1= doubtful, 2 = obviously
abnormal or 3 = fused): this scoring method used for the local reading in DESIR is derived from
the modified New York criteria for radiographic sacroiliitis changes with one modification:
grade 2 and 3 of New York criteria were pooled together in one sole grade.

** Structural damage of the sacroiliac joints on pelvic MRI: Structural damage of the sacroiliac
joints were defined by the definite presence of characteristic lesions such as sclerosis, erosions,
bone bridges or ankylosis on the sacroiliac joints. Changes were scored as 0=normal,
1=Doubtful, 2= Abnormal. For this analysis, Structural damage of the sacroiliac joints
yes=grade 2. Abbreviations: MRI: Magnetic Resonance Imaging

b)
Structural damage of the
spine on conventional X-rays*
YES NO
Structural damage of the spine YES 1 33
on MRI**
NO 35 532

* Structural damage of the spine on conventional X-rays defined as an mSASSS score of >2
(appearance of at least one syndesmophyte) in at least one vertebral edge of each individual
patient.

** Structural damage of the spine defined as presence of sclerosis, erosions or syndesmophytes
on the vertebrae changes by scoring of the MRI scans as normal (grade 0), doubtful (grade 1)
and abnormal (grade 2). For this analysis, structural damage of the spine on MRl yes= grade 2.
Abbreviations: MRI: Magnetic Resonance Imaging
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Table 10: Spine and sacroiliac joints MRI and X-rays findings (a part from the ones
included in the items of the ASAS criteria) in patients suffering from early axial
spondyloarthritis.

Axial ASAS criteria

Imaging* Clinical**
X-ray+°/ X-ray+ X-ray- X-ray-/MRI-
MRI+ ®/MRI- ‘/MRI+ Abnormal X-ray-/MRI-
d Normal CRP
CRP
Number 126 47 89 32 138
MRI Sacroiliac
joints structural 92 (73.0%) 21 (50.0%) 31 (34.8%) 3 (9.4%) 3(2.2%)
damage +
MRI Spine
inflammatory 53 (42.7%) 9 (21.4%) 30 (34.1%) 7 (21.9%) 15 (10.9%)
lesions++
MRI Spine
structural 18 (14.5%) 3(7.1%) 6 (6.9%) 2 (6.3%) 7 (5.1%)
damage
lesions+++
X-ray spine++++ 14 (11.1%) 11 (23.4%) 6 (6.7%) 3(9.4%) 6 (4.4%)

+ Structural damage of the sacroiliac joints at MRI defined as clear characteristic lesions such
as sclerosis, erosions, bone bridges or ankylosis on the sacroiliac joints.

++ Inflammatory changes of the spine defined as bone oedema in or adjacent to the enthesis
at the margin of the vertebrae or whole vertebra [with or without disc involvement],
compatible with lesions observed in cases of ankylosing spondylitis.

+++ Structural damage of the spine defined as clear characteristic lesions such as sclerosis,
erosions or syndesmophytes on the vertebrae.

++++X-ray spine abnormalities defined by an mSASSS with at least one syndesmophyte (Score
=2) in at least on vertebral edge (ref 25)

*imaging = either definite damage of the sacroiliac joints at pelvic X-rays according to the
modified New York criteria (see ref. 8) or inflammatory lesion of the sacroiliac joints at MRI as
defined in the “methods “ section.

** clinical= presence of HLA-B27 plus presence of two clinical features of SpA.

a: X-ray+MRI+: presence of both structural damage of the sacroiliac joints on pelvic X-rays and
MRI inflammatory changes of the sacroiliac joints.

b:X-ray+MRI-: presence of structural damage of the sacroiliac joints on pelvic X-rays without
MRI inflammatory changes of the sacroiliac joints.

c: X-ray-MRI+: presence of MRI inflammatory changes of the sacroiliac joints without structural
damage of the sacroiliac joints on pelvic X-rays.

d: Abnormal CRP defined as > 6mg/L.
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DISCUSSION

This analysis of the DESIR cohort permitted to adequately evaluate the potential
differences in the clinical presentation of the disease with regard to the different arms
of the ASAS criteria they are fulfilling, in a population of IBP patients suggestive of SpA.
We would like to stress that patients included in the DESIR cohort did not have to fulfil
any particular set of criteria, but to present with IBP for more than 3 months and less
than 3 years, initiating before the age of 50 and to have a physician’s confidence for
SpA diagnosis above 50% (e.g. >5 in a 0 to 10 scale, where 0= no SpA and 10= definite
diagnosis of SpA). Only after inclusion the different sets of criteria applied based on
the data collected during the first visit.

The comparison of the patients between the “imaging” and the “clinical” arms showed
that the different clinical features (e.g. peripheral arthritis, dactylitis, uveitis,
psoriasis,...) as well as most parameters evaluating the activity (e.g. BASDAI), the
severity (e.g. BASFI, BASMI) and the impact of the disease in terms of quality of life
(e.g. SF36) were identical between the two groups of patients.

Furthermore, this study confirms the presence of structural damage both at the spine
and SlJ level and inflammatory lesions of the spine in a small proportion of patients of
the “clinical” arm of the axial ASAS criteria.

This study has some weaknesses but also some strengths. First, because of missing
data we were unable to evaluate whether the patients from the DESIR cohort were
fulfilling the axial ASAS set of criteria in 26 patients (e.g. 3.7%). This raises the question
of handling the missing items of the ASAS criteria, in particular concerning the B27

antigen and the imaging modalities. In some epidemiological studies, such missing
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items have been considered as negatives in the evaluation of the ASAS criteria.(80)
Because of the main objective of our study, we excluded the patients with missing
items that would therefore not permit us to classify the patient according to the
different arms of the axial ASAS criteria.

Second, the technique of evaluation of the imaging modalities (e.g. by each local
participating investigator and not by a central reader) might be seen as a weakness,
but this methodology could also be seen as a strength since it reflects daily practice.
Anyway, in the DESIR cohort imaging modalities were standardized both in terms of
collection of the imaging (e.g. standardized written protocols) and in terms of the
evaluation of the imaging (specific CRF with a reminder of the definition of the
abnormalities suggestive of SpA were provided), since the readers (either the
rheumatologist and/or the radiologist) had to complete a case-report form as
described in the methods section of this manuscript.

Another limitation of the study is that specificity of the ASAS axial criteria of any of its
arms can not be evaluated because of the lack of control group: despite a group of
patients within the DESIR cohort did not fulfill the ASAS criteria, those patients could
not be considered as a control population, as all patients included in the DESIR cohort
had to have a physician’s confidence for SpA diagnosis above 5 (where 0= no SpA and
10= definite diagnosis of SpA). Another limitation is the cross sectional design of our
study, with no gold standard for the diagnosis of SpA.

However, our multicentre study also has some strengths. First, our analyses were
performed in a large number of patients (N=682) with IBP suggestive of SpA, ensuring

a good representation of an early SpA population from a western European country.
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As previously reported, the similarity of the clinical disease manifestations between
the patients with regard to the arm of the ASAS criteria they are fulfilling is a strong
argument in favour of the validity of such criteria. Yet, there are also differences
between the two arms with respect to age, gender, and elevated CRP which may be
have relevance for disease progression, for example.

Our findings regarding the prevalence of other imaging abnormalities in the “clinical”
arm of the axial ASAS criteria, raises the question of the potential need of revisiting the
axial ASAS criteria when conducting clinical epidemiological studies/trials but also the
qguestion of the MRI and radiographic investigation of the patients presenting with
symptoms suggestive of SpA in daily practice. However, these results have to be
carefully interpreted, and will need further validation, as the prevalence of these
abnormalities in patients without SpA or in a normal population has not been

described so far. Long-term longitudinal evaluation of the patients enrolled in the

DESIR cohort and/or other on-going cohorts will permit to confirm or not our findings.
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ARTICLE 3: EFFECTIVENESS OF TNF-ALPHA BLOCKERS IN EARLY
AXIAL SPONDYLOARTHRITIS: DATA FROM THE DESIR COHORT.

A. Molté, S. Paternotte, P. Claudepierre, M. Breban, M. Dougados.

Arthritis Rheumatol. 2014 Jul;66(7):1734-44.

ABSTRACT

Objective

To estimate the frequency of use and effectiveness of TNFa blockers in an
inflammatory back pain population suggestive of early axial spondyloarthritis (axSpA)
in daily practice.

Methods

DESIR is a prospective, multicentre, observational cohort including 708 patients with
early (<three years duration) inflammatory back pain suggestive of axSpA. Statistical
analysis: The percentage of patients receiving TNFa blockers over the first two years of
follow-up was estimated by survival analysis. For the effectiveness evaluation, the
outcome (ASAS40 response) was compared in patients with and without TNFa blockers
(after a matching procedure based on a propensity score).

Results

Of the 708 patients,30.2% [26.7—33.7] patients received at least one TNFa blocker
during the 24 months of follow-up. The percentage of ASAS 40 responders was 62
(31.8%) vs. 26 (13.5%) in the TNFa blocker group vs. usual care groups, respectively
(OR=2.99 [1.80-4.99], p=0.0002). This effectiveness was more pronounced in the
subgroup of patients with MRI sacroiliitis, with 46% vs. 15%of ASAS40 responders in
the TNFa blocker group vs. usual care groups, respectively (OR=4.99 [2.17-11.51]).

Our study shows that TNFa blockers are frequently used in early axSpA in daily practice
and confirms the effectiveness of TNFa blockers compared to any other treatment,
especially in the subgroup of patients with MRI sacroiliitis.
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BACKGROUND

The concept of spondyloarthritis (SpA) as a group of inter-related diseases has been
recognized since the early 1970s. The classification and recognition of axial
spondyloarthritis (axSpA) relied on the combination of consistent axial skeleton
symptoms and unequivocal bilateral grade two or unilateral grade three radiographic
sacroiliitis according to the modified New York (mNY) criteria.(15) More recently, the
different criteria sets for SpA (e.g. Amor(18), European Spondyloarthropathy Study
Group (ESSG)(19) and the ASsessment of SpondyloArthritis International Society
(ASAS)(21) criteria) have made it possible to recognize axSpA without chronic X-ray
changes to the SIJ.

Tumour necrosis factor alpha (TNFa) blockers have proven to be an effective
treatment of SpA, with high levels of research evidence. (81)Many randomized clinical
trials (RCTs)(39,40,82)have provided data confirming TNFa blockers’ efficacy in axSpA
patients meeting the modified NY criteria (e.g. radiographic axial SpA or ankylosing
spondylitis (AS) patients), but only limited data are yet available for patients lacking
definite radiographic sacroiliitis.(36,37,42)In these and other RCTs, age(48), disease
duration(48)and baseline disease characteristics such as elevated C-reactive protein
(CRP)(39,48,49), elevated erythrocyte sedimentation rate (ESR)(39,48), presence of
enthesitis(50), Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)(46), Bath
Ankylosing Spondylitis Functional Index (BASFI)(58), human leukocyte antigen (HLA)-
B27 positivity(39) and lack of previous exposure to TNFoa blockers(35)have been

identified as factors associated with a better response to TNFa blockers.
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Furthermore, only very limited data have been published regarding the therapeutic
effect of TNFa blockers in axSpA patients in clinical practice.(83)Although RCTs are
extremely useful in generating therapeutic response data, the inclusion criteria are
very strict, which is not always applicable in daily clinical practice.

Therefore, studies aiming to evaluate the therapeutic response of TNFa blockers in
daily practice conditions are required.

Devenir des Spondylarthropathies Indifférenciées Récentes (DESIR) is a prospective
longitudinal cohort involving 25 rheumatology centres and 708 patients; its aim is the
comprehensive study of the nature and outcome of axSpA from early symptom
onset.(74)Evaluating the natural history of the disease in a cohort of patients
presenting with recent onset (<three years) of inflammatory back pain suggestive of
axSpA is not an unconventional study. However, the hallmark of this cohort is that
patients can receive any treatment at their rheumatologist's discretion(73) and
therefore it presents a unique opportunity to evaluate current practice and the

effectiveness of TNFa blockers in daily practice.

OBJECTIVES:

Our main objective was to evaluate TNFa blockers in clinical practice in an early axSpA
population, by a) estimating the frequency of use of TNFa blockers, b) evaluating their
effectiveness and c) exploring the interaction of baseline variables with this

effectiveness.
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METHODS:

Patients:
A total of 708 patients with early inflammatory back pain were included in the DESIR

cohort with scheduled visits every six months. Ten-year follow-up is currently ongoing;
our analyses included the first two years of follow-up.

Patients aged between 18 and 50 with IBP involving the thoracic, lumbar spine or
buttock area for >three months but <three years and symptoms suggestive of SpA
according to the rheumatologists' assessment (score =5 on a Numerical Rating Scale of
0-10 where 0O=not suggestive and 10=very suggestive of axSpA) were included.
Patients were required to fulfil the Calin et al or the Berlin IBP criteria.(51,52) Patients
with a definitive diagnosis of non-axSpA back pain, any condition that could affect the
validity of the informed consent and/or prevent them achieving optimal compliance
(e.g. alcoholism, psychiatric disorders) or a history of previous TNFa blocker use were
excluded. All patients (e.g. fulfilling ESSG, Amor or ASAS classification criteria for axial
SpA, but also not fulfilling any criteria set) were included in our analysis, except those
receiving a biological agent other than TNFa blockers as the first biologic treatment.
The data set used for this analysis was locked on December 3, 2012.

Definition of visits:

Patients could be started on TNFa blocker treatment at any time during the follow-up,
at their rheumatologist's discretion (e.g. in the interval between the six-monthly
scheduled DESIR visits). To evaluate the changes occurring between pre- and post-
initiation of TNFa blockers, a definition of "baseline" (before initiation) and "follow-up"

(after at least eight weeks of TNFa blocker treatment) visits was required.
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"Baseline" visit was defined as the last DESIR cohort visit before the initiation of TNFa
blockers or the visit taking place within seven days of initiating such treatment.
"Follow-up" visit was defined as the first DESIR cohort visit taking place after at least
eight weeks of treatment.

Variables

The variables collected at each DESIR cohort visit have been described in previous
studies.(73) Briefly, information on patients' characteristics (age, gender, socio-
demographic characteristics, comorbidities, smoking status, alcohol intake and family
comorbidities), disease characteristics (axial disease, peripheral disease, criteria
fulfilment [Amor(18), ESSG(19) or ASAS(21)], HLAB27 status, mNY sacroiliitis, MRI
inflammatory lesions, enthesis ultrasound abnormalities, and bone densitometry
status), disease activity (BASDAI(46) and Ankylosing Spondylitis Disease Activity Score
(ASDAS)(84)) and disease severity (Bath Ankylosing Spondylitis Metrology Index
(BASMI)(85), BASFI(58), Health Assessment Questionnaire for Ankylosing Spondylitis
(HAQ-AS)(86) and variables for the calculation of the ASAS-NSAID score (e.g. name,
mean dose and % days intake per week during the last 6 months(87)) were collected
at each DESIR cohort visit or annually, according to the study protocol (available in
English athttp://www.lacohortedesir.fr/desir-in-english/).

Effectiveness endpoints:

Effectiveness is the equivalent of efficacy when the treatment effect is observed in

routine clinical practice, e.g. in pragmatic trials.(88,89)
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Primary effectiveness endpoint

The primary effectiveness endpoint was the proportion of patients achieving an ASAS
40 response(57) after at least eight weeks of TNFa blocker therapy. An ASAS 40
response was defined as an improvement of at least 40% and an absolute
improvement of at least two units (on a scale of 0 to 10) in three or more of the four
areas: BASFI, pain, patient's global disease activity and mean from BASDAI questions
five and six, with no worsening in the remaining areas.

Secondary effectiveness endpoints

Secondary effectiveness variables were evaluated at every DESIR cohort visit: BASDAI,
BASFI and ASAS-NSAID score for the last week preceding the visit. Moreover, response
criteria were evaluated with regard to the changes between the "baseline" and
"follow-up" visits: ASDAS-CRP, ASAS 20 response criteria (defined as at least 20%
improvement and absolute improvement of at least one unit [on a scale of 0 to 10]
compared with baseline in three or more of the four areas: BASFI, pain, patient's global
disease activity and mean from BASDAI questions five and six, with no worsening of
more than 20% in the remaining area), BASDAI 50 response (defined as reduction of at
least 50% or two units compared with baseline), ASDAS-CRP inactive disease (ASDAS-
CRP ID) defined as an ASDAS-CRP <1.3, and ASDAS-CRP Clinically Important
Improvement (ASDAS-CRP Cll) and Major Improvement (ASDAS-CRP MI) defined as a
decrease from baseline of 21.1 and 2.0, respectively.(90)

Study groups:

Effectiveness was compared in two groups of patients: the "active group” (e.g. the

group of patients in DESIR receiving a TNFa blocker during the first two years of follow-
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up) and the "control group" (e.g. a selected group of patients within the cohort
receiving any other usual treatment and not given TNFa blockers). For this purpose,
each patient from the "active group" was matched with a patient from the "control
group". This matching process took into account that the baseline characteristics of
these two groups were essentially different. To overcome these differences, the
matching process was based on a score evaluating the probability of receiving a TNFa
blocker. This methodology is called the propensity score method.(91,92) The
propensity score is the probability of receiving a particular treatment conditioned on
the individual baseline characteristics, here the probability of being treated with TNFa
blockers. All baseline data (except for bone mineral density status and ultrasound
enthesitis abnormalities, which were not available for all patients) were used to
construct the multivariate logistic regression model predicting the probability of being
treated with TNFa blockers (data not shown). The model performed adequately,
AUC=0.880.

Missing data handling:

If a patient discontinued the treatment between two DESIR cohort visits, the
information collected at the last DESIR cohort visit during treatment was collected and
carried forward (e.g. using the last observation carried forward technique). If no visit
was available between the baseline visit and time of discontinuation, the baseline

observation was carried forward.
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Statistical analysis:

Estimating the frequency of use of TNFa blockers:

The percentage of patients initiating TNFa blockers during the first two years of follow-
up and its 95% confidence interval (95% Cl) was estimated using the life table analysis
technique according to the Kaplan—Meier method, at each intermediate DESIR cohort
visit (e.g. 6, 12, 18 and 24 months).

Evaluating the effectiveness of TNFa blockers:

The primary effectiveness endpoint was estimated by assessing the percentage of
patients achieving an ASAS40 response after at least eight weeks of treatment in the
group of patients who received TNFa blockers for at least eight weeks and the group of
patients who did not receive TNFa blockers but were given any other treatment (e.g.
"control" patients). The control patients were matched with the group of patients
receiving TNFa blockers not only in terms of baseline characteristics, but also time of
evaluation. Therefore, the intervals between the follow-up visit and baseline visit were
exactly the same as for the TNFa blockers group. The prediction of the ASAS40
response was computed by a logistic regression model and adjusted by BASDAI, BASFI
and ASDAS-CRP values. A two-tailed p-value<0.05 was considered statistically
significant.

Secondary effectiveness endpoints were assessed in the same way (e.g. ASAS 20,
changes in BASDAI, ASAS-NSAID score, BASFI, etc., as described above).

These outcome measures were also evaluated for the TNFa blocker (e.g. etanercept,

adalimumab or infliximab).
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Exploring the interaction between baseline variables and the effectiveness of TNFa

blockers:

To explore the impact of baseline characteristics on the primary effectiveness
endpoint, we first reported the percentage of ASAS40 responders in each subgroup of
patients according to the presence of the baseline characteristics: definite X-ray
sacroiliitis (e.g. structural damage) (yes/no), MRI sacroiliitis (e.g. SlIJ inflammatory
lesions) (yes/no), CRP abnormality (yes/no), HLA-B27 positivity (yes/no), history of
psoriasis (yes/no), history of peripheral arthritis (yes/no), smoking (yes/no), presence
of objective signs of structural damage to the SIJ (X-ray sacroiliitis) or inflammation
(MRI or CRP abnormality) (yes/no), and fulfilment of each arm of the ASAS criteria
(Imaging/Clinical). For these analyses we considered only the patients for whom all the
informations to appropriately classify them according to the ASAS criteria were
available (e.g. among the 197 patients who received at least 1 TNFa blocker, data for
evaluating the fulfilment of such criteria was available for 194 patients (e.g. for 3
patients data were missing for such evaluation), and among those, 146 fulfilled the
ASAS criteria and 48 did not (197 = 146+48+3); among the 146 patients who fulfilled
the ASAS criteria 96 patients presented with either structural (X-ray; n=64) and/or
inflammatory abnormalities of the SIJ (MRI; n=79), and 50 had no imaging
abnormalities of SlJ (e.g. were imaging “negatives”) but had B27+ and 2 SpA features.)

Thereafter, we evaluated the possibility of interaction between the presence of these
baseline characteristics and the treatment effect. For this purpose we performed a
univariate analysis by logistic regression, with a significant interaction defined as

p<0.10. Finally, we performed a multivariate analysis (including in the model all
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variables with p<0.30 on univariate analysis, but also the interaction model) to explore

the most relevant variable.

RESULTS:

Estimating the frequency of use of TNFa blockers:

Of the 708 patients included in our analysis, data for Kaplan—Meier estimates were
available for 685. Kaplan—Meier estimates of the proportion of patients initiating a
TNFa blocker were 20.0% [17.1-22.9], 24.4% [21.1-27.7], 27.9% [24.6-31.2] and

30.2% [26.7-33.7] at 6, 12, 18 and 24 months after inclusion, respectively (Figure 10).

Figure 10:Estimate of the probability that treatment with a TNF alpha blocker will be
initiated within the first 2years of follow-up in a cohort of patients with early axial
spondyloarthritis.
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Overall, a total of 203 patients (28.7% of the initial cohort) received at least one TNFa
blocker during follow-up. Figure 11 summarizes the population analysis flowchart.
Among the 203 patients initiating their first TNFa blocker treatment, 103 (51.0%),
79 (39.1%) and 20 (9.9%) patients received Etanercept, Adalimumab and
Infliximab, respectively.

Figure 11: Flow chart showing the distribution of study patients included in the
analysis of the DESIR data.

I 708 patients included in DESIR |
506 patients NOT receiving any TNF « 202 patients receiving at least 1 TNF «
blocker during 2 years of follow-up blocker during 2 years of follow-up

197 patients with available data for
efficacy assessment

hd ‘

Matching with a 1:1 ratio of patients receiving and not receiving TNF « blocker according
to the quartiles of their propensity score

{ {

197 patients NOT receiving any TNF « blocker 197 patients receiving at least one TNF «
during 2 years of follow-up (usual care) blocker during 2 years of follow-up
I — — !
132 patients fulfilling the 58 patients NOT 146 patients fulfilling the 48 patients NOT
ASAS criteria fulfilling the ASAS criteria fulfilling the
f ASAS criteria I ASAS criteria

I Imaging arm (79 patients) ” Clinical arm (53 patients) II Imaging arm (96 patients) I Clinical arm (50

patients)
35 15 27 10 42 49 15 30
MRI+ MRI- MRI+ crRp+ || cre- MRI+ MRI- MRI+ 18 32

Xray+ Xray+ Xray- Xray+ Xray+ Xray- CRP + CRP -

For the imaging arm, the presence or absence of sacroiliitis on magnetic resonance imaging (MRI) and
radiography was determined. For the clinical arm, the presence or absence of an elevated C-reactive
protein (CRP) level was determined.

Table 11 summarizes the baseline characteristics of the patients included in our
effectiveness analysis after being matched by propensity score. Interestingly, in the
group of patients receiving TNFa blockers, 72 patients (35.5%) presented without any

objective sign of inflammation or structural damage at baseline, while the other 127
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patients (62.6%) presented with either X-ray sacroiliitis (67, 33.1%) or MRI sacroiliitis
(82, 40.4%) or CRP abnormality (83, 40.9%).In the group of 197 patients who received
a TNFa blocker, 75.3%, 86.3% and 88.3% fulfilled the ASAS, Amor and ESSG criteria,
respectively, resulting in 95.9% patients fulfilling at least one criteria set. No significant
differences between the groups were found except for BASDAI, BASFI and ASDAS-CRP,
with higher values in the TNFa blockers group.

Evaluating the effectiveness of TNFa blockers:

The follow-up visit took place on average after 21.6 +/- 7.3 weeks (Min—Max: 8.4—
45.1). A significantly greater percentage of patients achieved the primary endpoint,
ASAS40, after at least eight weeks of treatment with TNFa blockers compared to
patients receiving any other treatment (62/197 (31.8%) vs. 26/197 (13.5%), OR 2.99
[1.80-4.99], intergroup p-value=0.0002; Figure 12A).Similar results were observed for
the secondary effectiveness endpoints, e.g. significantly higher percentages of patients
receiving TNFa blockers achieving any other clinical response criteria compared to
patients receiving any other usual care (Table 13). It should be emphasized that results
on symptomatic outcome variables (e.g. ASAS response criteria) were observed
concomitantly to a reduction in NSAID intake during the study (e.g. changes in the
ASAS-NSAID score of -35.5+66.3 and -22.5+52.3 in the "active" and "control" groups,
respectively, p-value=0.019).No significant differences were observed in the primary
effectiveness endpoint (ASAS40) with regard to the TNFa blockers: 25/78 (32.1%),
33/101 (33.0%) and 4/18 (23.5%) for Adalimumab, Etanercept and Infliximab,
respectively (interaction p-value=0.529). Similar percentages of response were

observed for the secondary endpoints, irrespective of the type of drug (Table 13).
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Table 11: Baseline characteristics of the study population

Matched patients of the DESIR cohort

N =404

Patients receiving

Patients receiving

TNFa blockers usual care p**
N =202 N = 202

Age (years) (n=202)* 33.8 [27.1-41.44] 33.7[27.2-39.7] 0.893
Gender (male) (n=202) 88 (43.6) 80 (39.6) 0.419
Disease duration (months) 17.2 [10.0-27.6] 16.3 [8.6-24.2] 0.254
(n=202)
HLA-B27 positive (n=202) 115 (56.9) 114 (56.4) 0.920
mNY sacroiliitis(n=199 vs. 196) 67 (33.5) 59 (30.1) 0.187
MRI sacroiliitis(n=198 vs. 194) 82 (41.4) 64 (33.0) 0.085
BASDAI (0-100)(n=201 vs. 201) 57.0 [45.0-67.0] 53.0 [39.0-65.0] 0.012
BASFI (0—100)(n=202 vs. 199) 42.0 [25.0-59.0] 35.0 [18.0-55.0] 0.005
CRP (mg/L)(n=196 vs. 198) 5.0 [3.0-13.6] 4.4 [2.9-8.0] 0.070
ASDAS-CRP 3.1[2.4-3.7] 2.8 [2.2-3.3] 0.006
NSAID intake (yes)(n=192 vs. 174 (88.3) 168 (85.3) 0.372
187)
ASAS-NSAID score (previous
week) 55.0 [0.0-100.0] 50.0 [0.0-100.0] 0.447

(n=197 vs. 197)

*Data in the table are either number and (%) or median and [interquartile range: Q1-Q3].

**Statistical differences determined by chi-squared test or T-student tests as appropriate. Statistical
significance was established for p<0.05.

Abbreviations: mNY: Modified New York; MRI: Magnetic Resonance Imaging; BASDAI: Bath Ankylosing
Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional Index; CRP: C-reactive
protein; ASDAS: Ankylosing Spondylitis Disease Activity Score; TNF: Tumour Necrosis Factor;,NSAID: Non-
Steroidal Anti-Inflammatory Drugs.
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Table 12: Effectiveness endpoints

Variable Patients .
. . Patients
All patients receiving receiving usual p-
9 +
N =394 TNFQ care OR [95% CI] value**
blockers N = 197
N =197
ASAS20* 130(33.5) 90 (46.2) 40 (20.7) 3.23[2.10-5.13] <0.0001
ASAS40 90 (23.1) 62 (31.8) 28 (13.5) 2.99 [1.80-4.99] 0.0003
A BASFI -8.6 £19.5 -12.9 +£20.3 -4.3+17.3 - 0.014
A BASDAI -11.6 £20.4 -18.2 +21.7 -5.0+17.5 - <.0001
BASDAI50 248 (63.3) 151 (77.0) 97 (49.5) 2.58 [1.62—4.11] <.0001
ASDAS-CRP -0.7 £1.2 -1.0+1.3 -0.3 1.0 - 0.0002
ASDAS-ID 90 (23.7) 58 (29.4) 35(17.9) 3.20[1.79-5.72] <.0001
ASDAS-MI 51 (13.3) 39(20.3) 12 (6.3) 3.52 [1.57-7.90] 0.017
ASDAS-CII 125 (32.6) 89 (46.4) 36 (18.9) 3.72 [2.23-6.21] <.0001
NSAID intake 278(70.6) 141(71.6) 137 (69.5) - 0.658
A ASAS-NSAID score -29.0 +60.0 -35.5 -22.5 (+52.3) - 0.019
(last week) (+66.3)

*Data in the table are either number and (%) or mean and (* standard deviation) **Statistical
significance was established for p<0.05 t Adjusted OR (for BASDAI, BASFI and ASDAS-CRP)

Abbreviations: ASDAS: Ankylosing Spondylitis Disease Activity Score; ASDAS-ID: ASDAS Inactive Disease;
ASDAS MI: ASDAS Major Improvement; ASDAS Cli: ASDAS Clinically Important Improvement; NSAID: Non-

Steroidal Anti-Inflammatory Drugs; D: Change From Baseline.
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Table 13: Effectiveness endpoints by TNFa blocker

e __ADALIMUMAB ] ETANERCEPT L INFLIXIMAB _ ..
Patients Patients Patients
without TNF without TNF without TNF
Patients blockers ORY Patients blockers OR Patients blockers
receiving matched with receiving matched with receiving matched with OR [95% CI]
. . [95% Cl] p** . [95% Cl] p - . p
Adalimumab the patients Etanercept the patients Infliximab the patients
N=78 receiving N =101 receiving N=18 receiving
Adalimumab Etanercept Infliximab
N =78 N =101 N =18
4.47 3.22 0.64
ASAS20* . . . . . . . . 0.649
34 (43.6) 12 (15.6) [1.90 - 10.52] 0.001 50 (50.0) 22 (22.2) (1.66 - 6.23] 0.001 6 (35.3) 6 (35.3) [0.09-4.40]
3.07 3.42 1.80
ASAS40 . . . . . . . . 0.619
25 (32.1) 10 (13.0) [1.22-7.73] 0.017 33 (33.0) 14 (14.1) [1.58 - 7.38] 0.002 4(23.5) 2(11.8) [0.18-18.08]
A BASFI -14.1 (+23.2) -2.6 (+16.8) - 0.027 -13.0 (£19.0) -5.0 (+18.0) - 0.027 -7.3 (12.9) -7.8 (+15.5) - 0.864
A BASDAI -16.7 (+22.4) -3.6 (¥17.7) - 0.001 -19.4 (£21.2) -5.5(+18.1) - 0.002 -18.2 (£22.3) -8.4 (+13.2) - 0.838
3.46 3.02 0.64
BASDAI50 . . . . .59 . . . 0.700
59 (75.6) 36 (46.8) [1.63-7.36] 0.001 78 (78.0) 50 (49.5%) [1.58-5.79] 0.001 14 (77.8) 11 (61.1) 0.11-3.91]
ASDAS CRP 31(39.7) 16 (20.5) - 0.0002 40 (39.6) 35 (34.7%) - 0.012 7 (38.9) 8 (44.4) - 0.893
ASDAS ID -0.95 (+1.41) -0.23 (+0.96) -0.6 (x0.2) 0.001 -1.06 (+1.28) -0.36 (£1.07) -0.6 (x0.2) 0.0002 -1.27 (£1.29) -0.4 (x0.7) -0.3 (20.3) 0.185
5.32 2.69 5.15
ASDAS MI . . . . . . . . 0.912
22 (28.2) 12 (15.4) [1.93-14.69] 0.001 31(30.7) 20 (20.0) [1.24-5.82] 0.012 5(27.8) 3(16.7) [0.25-105.0]
3.37 2.46 >999
ASDAS ClI . . . . . . . . 0.959
16 (21.3) 6(7.9) [1.08-10.47] 0.036 18 (18.0) 6(6.2) (0.82-7.42] 0.109 5(29.4) 0(0.0) [<.001->999]

*Data in the table are either number and (%) or mean and (* standard deviation); **Statistical significance was established for p<0.05; *:Adjusted OR (for BASDAI, BASFI
and ASDAS-CRP)Abbreviations: ASDAS: Ankylosing Spondylitis Disease Activity Score; ASDAS-ID: ASDAS Inactive Disease; ASDAS MI: ASDAS Major Improvement; ASDAS ClI:
ASDAS Clinically Important Improvement
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Exploring the interaction between baseline variables and the effectiveness of
the TNFa blockers:

No interactions were found between the ASAS40 response and the presence of X-ray
sacroiliitis, CRP abnormality, HLA-B27 positivity, peripheral arthritis, psoriasis or
smoking status at baseline (Figure 12).

The only statistically significant interaction found was the presence of MRI sacroiliitis
(OR=4.99 [2.17-11.51] vs. OR=1.75 [0.88-3.46] for the presence vs. absence of MRI
sacroiliitis, respectively, interaction p-value=0.057) (Figure 12C).

However a trend to a greater treatment effect was observed in the subgroup of
patients fulfilling the imaging arm and/or in the subgroup of patients with any
objective sign of inflammation (e.g. MRI sacraoiliitis or raised CRP) or structural damage
of the SlJ (e.g. X-ray sacraoiliitis). (Figure 121 and 12J)

The multivariate analysis confirmed the presence of MRI sacroiliitis at baseline as a
predisposing factor for the TNFa blockers' treatment effect (OR=3.45 [1.81-6.60],

p=0.0002)
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Figure 12: Subgroup interaction analysis of ASAS 40 response after at least eight weeks of

treatment
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DISCUSSION:

Our study confirms that TNFo. blockers are widely used in clinical practice in early
axSpA patients. As much as 30% of patients initiated this treatment during the first two
years of follow-up. Secondly, we confirm the effectiveness of TNFa. blockers in "real-
life" conditions (with 32% of patients achieving an ASAS40 response after 22 weeks of
TNFa blocker treatment on average). Finally, the exploratory subgroup interaction
analyses suggest that early axSpA patients presenting with MRI sacroiliitis are more
likely to present with an ASAS40 response.

The percentage of patients initiating TNFa blockers was high in our study and a
majority received this treatment after only six months of follow-up. This high rate may
be explained by the study design (e.g. patients attending their DESIR cohort visits in a
tertiary care centre would have the opportunity to meet rheumatology research
nurses and other patients, and would obtain information about their disease and the
potential therapeutic options (e.g. TNFa. blocker treatment) more easily). However,
patient recruitment in DESIR was performed in close connection with local community
rheumatologists to ensure that the cohort was as representative as possible of
patients with inflammatory back pain suggestive of axSpA. Although the percentage of
patients initiating TNFa. blockers might seem high, similar rates have been reported in
previous studies.(43,93)

The results observed in this study in terms of changes to the symptomatic outcome
variables should be compared to those reported in RCTs on non-radiographic axSpA. In
these trials, the reported magnitude of treatment effect (e.g. the difference in ASAS40

response rates between the active and control groups) was around 22% (21%, 16% and
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28%for adalimumab, etanercept and certolizumab, respectively(37,42,43)). In our
study this magnitude was 18.3% and therefore comparable to the results observed in
such trials.

Moreover, a huge difference between our study and conventional RCTs lies in NSAID
intake during the study. In conventional RCTs, it is recommended that NSAID intake
remains stable throughout the study.(94) In our study, however, NSAID intake was at
the discretion of the patient and his/her rheumatologist. Here the TNFa blocker
treatment resulted in a statistically significant reduction in NSAID intake. Therefore,
the symptomatic treatment effect of TNFa blockers observed in our study (compared
to other RCTs), in a context of reduced NSAID intake, might be considered clinically
relevant.

Our study suggests a similar treatment effect in all three evaluated TNFa blockers.
Many factors have been suggested to predict a greater therapeutic response to TNFa
blockers in axSpA (e.g. age, disease duration, elevated CRP, BASDAI, BASFI and HLA-
B27 positivity)(42,48-50); more recently, RCTs(37) have reported that signs of
inflammation (MRI sacroiliitis and/or elevated CRP) are predictors of better response
in non-radiographic axSpA. In order to address this question in our study, we
considered that the appropriate statistical test was the interaction test and not the
inter-treatment group test (e.g. TNF- blocker vs. usual care) in each subgroup of
patients (e.g. subgroup of patients fulfilling the imaging arm (one test) and thereafter
subgroup of patients NOT fulfilling the imaging arm (another test)).

The single baseline characteristic with a significant interaction towards the treatment

effect was the presence of an MRI sacroiliitis (the threshold p-value we used in our
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subgroup analysis, which is commonly used in subgroup analysis, was 0.10, in order to
increase the statistical test power).

However, a greater treatment effect was observed in the subgroups of patients
fulfilling the imaging arm (25%) compared to the subgroup of patients fulfilling the
clinical arm (9%), suggesting the existence of a difference even in the absence of a
statistically significant interaction test (p=0.194). Such conclusion might be reinforced
by the fact that the 95% confidence interval (95%Cl) of the Odds Ratio to predict an
ASAS40 response in the subgroup of patients fulfilling the imaging arm was above 1
((OR=3.77 [1.80-7.90], resulting in a significant inter-treatment group difference
(p<0.05) in the imaging arm, while the 95%CI of the Odds Ratio to predict an ASAS40
response in the clinical arm contained 1 (OR=1.72 [0.68-4.34]) resulting in a non-
significant inter-treatment group difference (p>0.05) in the clinical arm.

Identically, a greater treatment effect was observed in the subgroup of patients
presenting with objective signs of either inflammation (MRI sacroiliitis or raised CRP)
or structural damage of the SlJ (X-ray sacroiliitis) (16%) compared to the subgroup of
patients without any objective sign (10%), here again suggesting a difference, even in
the absence of a statistically significant interaction test (p=0.489); identically, the
95%Cl of the Odds Ratio to predict an ASAS40 response in the subgroup of patients
with objective signs was above 1 (OR=3.46 [1.81-6.60]) (statistically significant
difference between treatment groups), while the 95%Cl of the Odds Ratio to predict an
ASAS40 response in the subgroup of patients without any objective signs contained 1
(OR=2.31 [0.90-5.93]) (non-significant statistical difference between the treatment

groups).
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However we would like to emphasize that the interpretation of such p values is very
hazardous since such analyses are post-hoc analyses performed in sub-groups of
patients

CRP abnormality has been reported as a predisposing factor of better response: in our
study no statistically significant differences were observed with regard to abnormal
CRP (interaction test was non significant; 95%Cl of OR to predict an ASAS40 response
were above 1 in the subgroup of patients with raised CRP, but also in the subgroup of
patients with normal CRP; Figure 12D) . The latter might be explained by the design of
our study: the "baseline" parameters in our analysis are those recorded at the DESIR
cohort visits, and these parameters might be different to those observed the day
before initiating the TNFa blockers as the patient could be stable at the DESIR visit (e.g.
M®6), present with a flare-up two months later and be started on TNFa blockers (e.g. at
M10) between two DESIR visits. Moreover, because of multiple testing, the observed
statistically different treatment effect with regard to patients' characteristics might
have been obtained by random chance alone. Therefore, our results should be
considered with caution (e.g. interaction with the presence of MRI sacroiliitis or
absence of interaction with elevated CRP). To avoid these biases, well-powered
explanatory trials of TNFa blockers in early axSpA patients should be conducted,
particularly in the subgroup of patients with no objective signs of structural damage or
inflammation (e.g. patients fulfilling the "clinical arm" of the ASAS axSpA criteria with
normal CRP).

This study has some limitations that are worth considering. Firstly, DESIR included

patients initiating with chronic IBP, with a likelihood of axSpA diagnosis of more than
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50% according to the rheumatologist. Although rheumatologists were asked at the end
of each visit whether another diagnosis was more likely in order to exclude the patient
from the study, it is not impossible that the cohort included patients with conditions
other than axSpA (e.g. IBP linked to degenerative discopathies). However, the majority
of patients included in the study (95.9%) fulfilled at least one criteria set for SpA.
Secondly, DESIR is an observational study with potential biases and confounding,
mainly due to the lack of randomization. As recommended in this
situation(54,55,91,95), we have addressed this potential bias on estimation of
treatment effect by matching the "active" and "control" patients based on a
propensity score, bringing our study close to a pragmatic trial and providing valuable
data on real-life prescription rates and therapeutic effects in clinical practice.

This study also has some additional strengths. Firstly, it is the largest prospective
observational cohort of IBP patients suggestive of early axSpA patients to describe and
analyse the use of TNFa blockers in a "real-life" clinical setting in detail. Secondly,
because of the quality of data collection both at inclusion and every six months, data
to assess the primary outcome was complete with regard to clinical, physical,
laboratory and imaging in the large majority of patients.

Our study confirms the effectiveness of TNFo blockers in an early axSpA "real-life"
clinical setting in terms of clinical response, particularly in the subgroup of patients
with MRI inflammatory signs at SlJ level. Further explanatory RCTs focusing on
different subgroups of patients, and especially the subgroup of patients fulfilling the
“clinical" arm of the ASAS criteria with normal CRP, are required to explore the role of

TNFa blockers in this context.
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SUPPLEMENTARY ANALYSIS OF ARTICLE 3

Due to the limited words allowed for the manuscript in the journal, we could not
include the analysis we performed regarding the best propensity score to use in the
matching process, or the treatment effect at long term, its retention rate nor the
analysis of the TNF alpha switch. These results have been presented at several

international meetings, but have not been published yet.

Objectives of the supplementary analysis:

* To evaluate the 2-years effectiveness of TNFa blockers in a cohort of patients
with early ax-SpA

* To estimate its retention rate after 2 years of follow-up and the baseline
predictors of such continuation and

* To evaluate the percentage of patients switching from fist TNFa blocker to at

least another TNFa blocker and the baseline factors predicting such switch

Patients and methods:

Study design: identical to ARTICLE 3 (page 70).

Statistical analysis:

Propensity score modelling:

In order to deal with the lack of randomization in the treatment effect evaluation, and
in order to balance the covariates in both groups, we estimated a propensity score for
TNFa blockers, e.g. the probability to receive the treatment according to the observed

covariates. Despite they are broadly use, there is no consensus regarding the selection
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of the covariates to include in the score, and for this we estimated two different
propensity score.

First, we estimated by logistic regression a propensity score predicting to receive a
TNFa blocker, including in the model all the covariates available at baseline (except for
comorbidities), with no variable selection (no univariate testing or correlation testing).
This model was called “PScomplete”, and was the one used for effectiveness analysis.
Secondly, we estimated by logistic regression another propensity score (“PSselect”):
for this estimation, first, the association of each covariate with the outcome was
tested by univariate analysis, and only variables with a significant (p<0,10) association
with the outcome were selected. Among the selected variables, co-linearity of
variables was tested, and among the variables with high correlation, only the most
clinically informative were selected. Finally variables with high clinical significance
could be added manually to the model.

Model comparison: the two nested models (PSselect as a nested model of PScomplete)
were compared by the Likelihood Ratio Test. The area under the curve (AUC) and the
Akaike information Criterion (AIC) were also assessed for both models.

Outcome comparison: patients were matched (nearest neighbour technique)
according to both PS models, and the outcome was estimated by logistic regression.
Two-years effectiveness:

Patients receiving TNFa blocker were matched with patients not receiving TNFa
blocker (but receiving usual care according to their rheumatologist) at a 1:1 ratio
according to the “PScomplete” propensity score. The primary endpoint was ASAS40,

assessed at the last available visit still on treatment (mean 74+30.9 weeks), was
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predicted by conditional logistic regression, including in the model the variables the
matching failed to balance. Exploratory subgroup analysis for interactions towards this
treatment effect was performed (for this analysis, we established an alpha error of
10%, in order to increase the subgroup analysis power).

Retention rate:

Adherence to treatment was estimated for all TNFa blocker using a survival analysis
(Kaplan-Meier). Multivariate Cox regression was performed to identify potential
predictors of such treatment adherence.

Switching:

The percentage of patients switching TNFa blocker was described, and both groups
(switchers vs. non-switchers were) compared with regard to their baseline
characteristics by T-test or Chi-square tests as appropriate (or Wilcoxon or Fisher tests
as appropriate in the absence of normal distribution). Finally, predictors of switch were

estimated by multivariate logistic regression.

Results:

Propensity modelling:

“PScomplete” included 52 variables (Table 15)whereas “PSselect” included only 9
variables. The variables selected in PSselect with a significant association with
outcome were: gender (p=0,0024), presence of synovitis (p=0.0297), history of uveitis
(p=0.0138), highest education level (p=0.0859), BASGweek (p=0.0174), VAS disease
activity (physician) (p=0.0034), HLA-B27 status (p=0.0087), ESR abnormality (p

<0.0001), CRP abnormality (p=0.0002), Xray sacroiliitis (p=0.0072) and MRI sacraoiliitis
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(p=0.0001); among these, a correlation was found between VAS disease activity and
BASGweek (r=0.54), MRI and X-ray sacroiliitis (0.49), X-ray and CRP (0.29), ESR and VAS
disease activity (0.21). We decided to keep both MRI and Xray sacroiliitis and CRP
abnormality in the final model based on a clinical decision. The final PSselect model
included 9 covariates: gender, synovitis, global VAS for disease activity, highest level of
education, history of uveitis, MRI sacroiliitis, X-ray sacroiliitis, CRP abnormality and
HLAB27 status.

Model comparison: The likelihood ratio test showed a statistically significant
difference: PScomplete fitted the data significantly better. Moreover, AUC and AIC
were also in favour of PScomplete. (Table 16)

Two-years effectiveness:

Of the 708 enrolled patients, 202 patients received at least one TNFa blocker during
follow-up, but data for the assessment of the primary endpoint was available in 197
patients receiving TNFa blockers, that were matched according to a the PScomplete
propensity score to 197 patients receiving any other usual care (identical matching
technique as in ARTICLE 3, page 70).An ASAS40 response at the last available visit
(mean 74+30.9 weeks) was found in 62 (31.8%) patients receiving TNFa blocker vs. 31
(16.0%) patients receiving usual care (OR = 2.45 [1.50 — 3.99], p=0,004).

Exploratory subgroup analysis found that males, patients with X-ray sacroiliitis, MRI
sacroiliitis, fulfilling the imaging arm, or without psoriasis at baseline were more likely
to achieve an ASAS40 response at long-term with TNFa blockers, compared to any

other usual care (Table 17). No interaction towards the treatment effect was found for
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CRP abnormality, history of peripheral arthritis, history of enthesitis, nor smoking

status.

Retention rate:

Of the 202 patients included in our analysis, Kaplan-Meier estimates of the proportion
of patients still on TNFa blockers over time were 75.2% [69.0 — 81.3], 56.1% [48.8 —
63.3], 50.8% [43.3 — 58.3], 41.2% [33.2 — 49.1], at 6, 12, 18 and 24 months after
initiation, respectively. HLA B27 presence (HR =1.52 [1.01 —2.27], p=0.044) and X-ray
sacroiliitis at baseline (HR = 2.08 [1.28 — 3.33], p=0.003) were associated with
continuation of the TNFa blockers over time.

Switching:

Seventy of the 197 patients (35.5%) switched after the first TNFa blocker over the first
2 years of follow-up: 16 and 5 patients switched from Adalimumab to Etanercept and
Infliximab, respectively; 42 and 4 patients switched from Etanercept to Adalimumab
and Infliximab, respectively; 2 and 1 patients switched from Infliximab to Adalimumab
and Etanercept, respectively.

In univariate analysis, switchers were more frequently females (70% vs. 49.6%,
p=0.006), more frequently HLAB27 negative (57.1%vs. 36.2%, p=0.005), had less
frequently imaging abnormalities of the sacroiliac joints (18.6% vs. 41.9% for
radiographic sacroiliitis, p=0.001; 25.7% vs. 50.4%, p=0.001 for MRI sacroiliitis), higher
mean BASDAI (59.3 (+13.9) vs. 53.1 (+16.1), p=0.021) and BASFI (49.4 (+21.8) vs. 37.7
(£19.5), p=0.0003) scores, and lower mean CRP values (10.9mg/L (¥21.7) vs. 14.3mg/L

(+18.4), p=0.005).
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The multivariate analysis (including all the significant variables in univariate analysis
and the center) confirmed the presence of HLAB27 (OR=0.44 [0.23 — 0.84], p=0.013)
and radiographic sacroiliitis (OR=0.34 [0.16 — 0.72], p=0.005) as protective factors
towards switch of the first TNFa blocker, but interestingly also the BASFI score as a

predictive factor for switch (OR=1.03 [1.01 — 1.05], p=0.01).

Discussion:

These analyses suggest that the effectiveness of TNFa blockers in "real-life" conditions
is maintained at long-term (with 32% of patients achieving an ASAS40 response after
near 75 weeks of TNFa blocker treatment on average). However, there were more
baseline characteristics that interacted with TNFa blockers treatment towards an
ASAS40 response, and fulfilling the imaging arm (e.g. having either MRI or radiographic
sacroiliitis) was a predisposing factor to achieve an ASAS40 response at long-term.
Furthermore, being a male and not having psoriasis were also found to be
predisposing factors for an ASAS40 response.

When exploring the retention rate of TNFa blockers, only 50.8% [43.3 — 58.3] patients
were still on the first TNFa blocker after 18 months of treatment. These results are
significantly lower than those previously reported in ankylosing spondylitis
populations(96—-98)where retention rates were estimated near 75% after 2 years of
treatment. These differences might be explained by the differences in the disease
duration, since patients in DESIR present with IBP evolving for less than 3 years, and
the other reports, evaluated retention rate in AS, patients, with longer disease

evolutions.
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Table 14: Variable included in the propensity score "PS COMPLETE"

Centre

Age

Gender (Female vs. Male)
Ethnicity (Caucasian vs. Other)
NSAID sensitivity (Yes/No)
Symptoms delay

Past history of peripheral arthritis (Yes/No)
Past history of enthesitis(Yes/No)
Dactylitis(Yes/No)

Anterior chest pain (Yes/No)
Extra-articular signs(Yes/No)
Infection preceding (3 months) the symptoms(Yes/No)
NSAID score

DMARDs(Yes/No)

Corticoid treatment(Yes/No)
Menopause(Yes/No)
Smoking(Yes/No)

Alcohol (Yes/No)

Family history of SpA(Yes/No)
Family history of psoriasis (Yes/No)
Family history of uveitis (Yes/No)
Family history of de MICI (Yes/No)
College education

Marital status (Married vs. Single)
Parental status (at least one child vs. no child)
Work (Invalidity vs. other)

BASG

PASS

Nocturnal awakening(Yes/No)
BASDAI

BASFI

HAQ-AS

SF36-MCS

SF36-PCS

ASQOL

Pain (spine, night, peripheral)

BMI

Tender joint count

Swollen joint count

Enthesitis score

BASMI

Global evaluation by physician
HLAB27 (Yes/No)

ESR

CRP

Radiographic sacroiliitis (Yes/No)
MRI sacroiliitis (Yes/No)

At least 1 syndesmophyte (Yes/No)

Table 15: Propensity score model comparison

Likelihood ratio

AUC

AIC
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test

PS complete(52 variables) 0.8759 698.64
p<0.0001
PS select (9variables) 0.7614 724.52

Finally, while age (98)and CRP(97) have been reported as predictive factors for
continuations, our analyses found that patients with radiographic sacroiliitis and
HLAB27 positive were more likely to continue the first TNFa blocker; identically our
study did not confirm enthesitis and peripheral involvement as predictors for switch of
the first TNFa blocker, as it was previously reported(96), but we found that BASFI score
was a predictor for switch, and HLAB27 and Radiographic sacroiliitis were protective
factors for such switch. Again these differences might be explain by the early disease
of the patients included in DESIR, compared to the other studies. These analysis have
some limitations, mainly that the reason for switch or discontinuation was not
collected in the DESIR cohort, and we therefore cannot differentiate discontinuation or
switch secondary to inefficacy or adverse events. However, this study represents the
largest cohort of early SpA and confirms the effectiveness of TNFa blockers at long-
term, furthermore, this study confirms that features from the imaging but also the
clinical arm (radiographic sacroiliitis and HLAB27, independently) are predictive factors
for continuation, suggesting that not only patients fulfilling the imaging arm are likely
to continue treatment, but also those fulfilling the clinical arm. Further exploratory

analysis should try to investigate the role of BASFI as a predictive factor to switch.
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Table 16: Exploratory subgroup analysis of predisposing factors to TNF alpha effectiveness at long term

Percentage of patients achieving an
ASAS40 response

Odds Ratio of achieving an ASAS40

Patients characteristics Patients Patients receiving response at the last available visit still Interaction test
receiving TNFa usual care on treatment
blockers
Y
Yeray sacrollits n=i;0 31/65 (47.7%) 5/55 5(0.9%) OR =9.12 [3.22 - 25.80]
N=384 No p=0.002
n=264 30/129 (23.2%) 23/135 (17.0%) OR=1.32[0.73 -2.41],
Y
MRl sacrailits n=i4517 38/80 (47.5%) 10/67 (14.9%) OR=5.10[2.28 — 11.41]
N=383 p=0.011
N
n-2%6 23/113 (20.4%) 20/123 (16.3%) OR=1.32[0.68 —2.56]
| .
Tffégg 39/96 (40.6%) 13/84 (15.5%) OR =5.34 [2.51 — 11.33]
ASAS criteria p=0.001
N=281 linical
il—Tgi 14/50 (28.0%) 10/51 (20.0%) OR = 0.78 [0.32 - 1.89]
Male 0 0
Gender n=169 36/85 (42.4%) 11/84 (13.1%) OR =4.84[2.25-10.44]
N=394 p=0.016
Female 0 0
n=225 26/112 (23.2%) 20/113 (17.7%) OR=1.41[0.73-2.70]
Yes o o _
Skin psoriasis n=78 9/43 (21.0%) 8/35 (22.9%) OR=0.92[0.31-2.71]
N=394 p=0.048
N
n-3016 53/154 (34.4%) 23/162 (14.2%) OR=3.13[1.80-5.45]
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GLOBAL RESULTS AND GENERAL DISCUSSION

Validation of the ASAS axSpA criteria and its arms in a real-life clinical

setting

The findings in our first study (ARTICLE 1, page 31) confirm the validity of the ASAS
classification criteria as a whole, but also the high specificity of each arm of the ASAS
criteria for axSpA in a daily-practice setting. Thus, our hypothesis of adequate
properties for this set of criteria both for diagnosis and classification in this setting has
been verified.

In addition, we also hypothesised that the metric properties of these set of criteria
would be comparable to the other sets of criteria, but interestingly, they were (along
with the mNY criteria) the only sets of criteria with an LR+ higher than 10, suggesting
these set might be the best tool to classify early forms of SpA (as definite sacroiliac
damage is not mandatory), with the better balance between sensitivity and specificity.
We also anticipated that some symptoms or clinical features would contribute in larger
extent to the diagnosis and classification of the patients than others, and we could
assess in our study that sacroiliitis (MRI or radiographic)and an elevated CRP were the
items with higher LR+, confirming the rationale of including these items in the ASAS
axSpA criteria. Furthermore, the performance of these criteria were also adequate for
all subgroups of SpA, although maybe to a less extent in the peripheral subgroups,
such as psoriatic arthritis and reactive arthritis, but this can be explained by the fact
that in our study we aimed to validate only the criteria for axSpA, and we did not test

the performance of the peripheral ASAS criteria for SpA. Finally, this study allowed us
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also to compare, albeit superficially, the patients fulfilling each arm of the ASAS criteria

III

(i.e. “imaging” and “clinical”) in terms of age, gender, and BMI. The single difference
we could find between groups was age, with older patients in the “clinical” group.

These latter results, prompted us to investigate the potential differences in terms of
phenotype between the patients fulfilling the different arms of the ASAS criteria for
axSpA in an early IBP population (ARTICLE 2, page 52).0ur results confirmed that no
striking differences in disease characteristics, activity, function or quality of life, except
for age and gender, existed between these two groups of patients in our sample. This
further supports the validity of the clinical arm of the ASAS criteria, since patients
fulfilling either arm seem to be comparable in terms of presentation and disease
burden to those fulfilling the “imaging” arm of the ASAS criteria for axSpA. However, as
the clinical arm is still very much debated by our health authorities (e.g. in several
countries only patients fulfilling the “imaging” arm AND with X-ray abnormalities of the
SlJ can receive a TNF), we aimed to explore whether other imaging features besides
those included in the “imaging” definition were found in these patients. Our results
showed that as much as 22% and 11% of patients presented with MRI inflammatory
lesions of the spine in the subgroup switch and without raised CRP, within the clinical
arms, respectively. This seems to suggest that potentially the definition of “imaging” of
the ASAS might need further discussion. However, these analyses were performed
with the imaging reading by the local investigators (not central imaging reading, and

an analysis of the concordance between our findings and those from the DESIR central

reading is needed before driving any conclusion or revising the “imaging” definition.
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Confirmation of the effectiveness of TNF alpha blockers in early axSpA

Our last study (ARTICLE 3, page 70) confirmed our hypothesis, i.e. that TNFa blockers
are effective in real life conditions, with a magnitude of effect comparable to what has
been reported in RCT. The subgroup of patients presenting with MRI sacroiliitis at
baseline were more likely to present a treatment response, but no differences were
found with regard to the fulfilment of the imaging and clinical arms of the ASAS criteria
after at least 8 weeks of treatment. ASAS 40 response rates of patients fulfilling the
clinical arm were greater in the group receiving TNFa blockers than in the group
receiving usual care, although not statistically. Furthermore, in the long-term, the
fulfilment of the imaging arm (compared to the clinical arm) was a predisposing factor
towards an ASAS 40 response, and when looking at the subgroup of patients fulfilling
the clinical arm, no treatment effect was observed.

All these findings seem to suggest that whereas the burden of disease seems to be
similar regardless the arm of the ASAS criteria for axSpA the patient is fulfilling, the
benefits of a TNFa blockers in the patients fulfilling the “clinical” arm seem limited,

and need to be further confirmed by trials targeting this population.
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CONCLUSIONS AND PERSPECTIVES

ASAS criteria arms: new imaging definitions?
Our findings confirm the validity of the ASAS criteria for axSpA, both in a clinical

practice setting and in an early axSpA population, and for both arms.

Nevertheless, the presence of other imaging abnormalities in patients of the clinical
arm of the ASAS criteria in DESIR, has prompted us to try to evaluate this time the
performance of the lesions so-called “typical of SpA”, both in radiographies and MRI
(e.g. hyperintense corners in the spine, radiographic sacroiliitis, etc....). For this, we are
now conducting the ILOS project: Imaging in LOw back pain & Spondyloarthritis. This
project aims to evaluate the specificity of these so-called “typical SpA” lesions other

III

than radiographic and MRI sacraoiliitis by enrolling a “control” group of patients for the
DESIR cohort: a group of 100 patients with mechanical back pain initiating before 45
years, with > 3 months but < 3 years of duration. These ILOS patients will undergo the
same identical imaging protocol as the DESIR patients, and their images will be
randomly mixed with the images of 100 randomly selected patients that will be
representative of the global cohort in terms of abnormalities. These 200 images will be
read blindly in order to assess the sensitivity and specificity of these lesions and/or
their combinations. This project is currently on-going and has the support of the ASAS
society.

Further evaluation of the treatment effect in longitudinal observational
studies:

Our third study allowed us to evaluate the effectiveness of TNFa blockers, and to
identify the baseline factors associated with a favourable outcome after 8 weeks and

up to 2 years of treatment. However, these analyses did not take into account the

104/117



Early axSpA: from diagnosis to treatment in clinical practice

potential changes in the co-medications taken by the patients in real-life; in this sense,
it is difficult to call such analysis as “longitudinal”, since only baseline information is
used to predict the outcome.

An alternative methodology that would allow us to evaluate the treatment effect in
such setting adjusted by the time-changing prescriptions would be to apply extended
Cox models for time-varying covariates. There, for example, information on NSAID
consumption or any other co-medication could be included at each study visit. Our on-
going analysis, exploring the time-varying effect of NSAID consumption in patients
being treated by TNFa blockers should allow us to determine if indeed such variations
are relevant, and if including this information in the evaluation of TNFa blockers

treatment response might allow us to evaluate this effect more accurately.
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