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dTworoads diverged in a wood, and I,
| took the one less tralled by,
And that has made all the difference.

The road not takeyby Robert Frost
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GENERAL INTRODUCTION

What isRheumatoid arthritis?
1. Epidemiology and pathogenesis

Rheumatoid ArthritigRA) is an autoimmun@duced chronic,inflammatory joint
diseasewith a worldwide prevalence @pproximatelys per 1000 adultdn Western
countries, RA was shown to have a prevalence in the ran§eédf.0% in Caucasian
individuals Women are 2 to 8mes more affectedy RAthan menand the peak age
of RA onset is in the $kxdecade[1,2].

The exact cause of RA is still unknown, although several risk factoiawn to
contribute to the development of this diseasecludinggeneticsand environmental
factors besides female seXhe strong genetic component has been demonstrated
in twin studiesin which the heritability of RA was estimaltéo be around 60%s3].
Certain tass Il huran leukocyte antigen (HLA) lpavhich encodethe major
histocompatibility complex (MHC) molecules, are very stronggpeaiated with RA
TheseMHC molecules are expressed on the g€ of antigen presenting cells
which activate the Tcells of the immune sysiB. MHC molecules may contain the
G & Kl NBR S LJA dishdr@raino adidmotEomianly encoded by the HEA
antigen D related locuand most closely associated with ddepment of RA[4].
There are also many other gene loci linkedthie riskto developRA with wealer
associationg5]. However, also nowoding factors may play an important role in
susceptibility. Environmental risk factors include smoking, periodontitis and
characteristics of the microbioenof the gut, mouth and lurgy as well as viral
infections[6¢11]. Current tobacco smokers with a-pa@ckyear historywere shown

to haveadouble risk of RA compared with n@mokerq12]. Current smoking status
was also associated with increased digease activityl13].

Generally, the pathogenesis of RA begins years beigres and symptoms occur.
During this preRA stage typical autoantibodies develop.The most important
autoantibodies in RA detection andiagnosis are Antrullinated Peptide
Antibodies (ACPA) and rheumatoid factor (RF). AGRéets citrullinated progins
(autoantigeng, while RF is an antibody to I9gG. The immune complexes formed by
these autoantibodies may activatecomgdement, and thereafter enhance

7 DSYSNIt AyidNP



inflammaory responseq6]. The presence of ACPAs, but also REaditionally
associated with a moreevere disease course antherefore not only used by
cliniciansas a diagnostibut also as a prognostic mark&emarkably, not all patients
diagnosed with RA seem to be seropositive for thasmantibodies, with ae third
being seronegative for ACBAnd RH14,15] Althoughthis seronegative form is
associated with a bettdongterm prognosis, it should not be seas a mild form of
RA[16].

Further in the developmentT cells, B cells, and monocytes start to infiltréte
synovial membane in multiple joints. The lining of the synovium becomes
hypergastic due to &pansion of synovial fibroblatike and macrophagéke cells
Thisa LJ- y Yy dexpgandedl Bynovial membrane, invades the periarticular bone
resulting inbony erosionsand produces enzymekeadng to cartilage degradation
[17].

2. Clinical presentation

RA is characterized by inflammation of multiple, generally peripheral joints with a
symmetric distribution. Patients with Rgpically present with painful and swollen
joints of the hands and feet, often accompanied with nocturnal pain and morning
stiffnessin the joints RA is a systemic disease, and may also teaktra-articular
manifestationsin eyes, lungs, heart and ath organs[18]. Severe RA can induce
rheumatoid nodules andasculitis, although thesextra-articular manifestationare

less commonly observed nowadayatients diagnosed with RA may be affected by
multiple comorbidities andmay have an increased mortality rat¢19¢21]
Cardiovascular disease is highly prevalent in RAs comdbidity isinfluenced by
chronic inflammation and is the primary cause of death in patients with RA. Other
prevalent comorbidities includeespiratory diseasesjepressionand malignancies
[22]. However, with current treatment sategies, no excess mortality wabserved

in individuals with RA compared with the general popula{@3].

If insufficiently treated, this inflammaty process can lead to impaired physical
functioning,work productivity and quality of lifevhich is only reversible in the early
phase of the disease. However, at later stagesversible jointdamagecan occur
through degradation ofartilage andlestruction of articular and periarticular bone
RAused to beadiseasdeadingto joint deformationsin 80% of patients antb work

8 General introduction



incapacity in44% of patientswithin 15 years afterdiagnosis24,25] Such sever
evolution of the disease is nowadays rarely seen due to early diagnosis and improved
treatment.

3. Diagnosis and clinical assessment

There areno diagnostic criteria for RA, but classification critefiave been
developed which are being used in practice by rheumatologists as guidance to
diagnose RAZ26]. These consist of clinical manifestations and serological assays
including autoantibodies and levels of actgbase reactantsThe mostrecent
classificéion criteria of RA of 2010 requiresence of synovitis iat leastone joint,

and achievement ofat least 6 out ofLlO points from a scoring system with four
domains: number and site of involved joints (rangg)Ppresence of autoantduies

ACPA andor RF (rang@® > a @ YLJi2Y RdzNJ {-1)ay elzvateds SS 1 &
acutephase reactants (range-1). These criterichave a sensitivity of 82% and
specificityof 61% for RA27].

Clinical followup of patients with RA is focused on inflammation as the hallmark of
RA. Tender and swolleaifit counts and evaluation of acute phase reactasush as
erythrocyte sedimentation rate (ESR) owdactive protein (CRPare essential.
However, also patient reported outcomes are important, whioblude in daily
clinical practice often an assessmdoy patiens of their global health, pain and
fatigue on a visual analogue scale (VAS) of 0 to 100. Likewise, plg/sicidro
evaluate the disease activity of their patients based on an evaluation of their global
health on a VAS scal&dditionally physial function is an important outcomevhich

can be evaluated for instanceith the health assessment questionite (HAQ)
[28,29]

In order to evaluate disease control, the disease actikidg D be assessed and
guantified. Due to heterogermismanifestations of RA, it is difficult to base disease
activity on a single measure. Therefore, several disease aspects have been grouped
into composite scores to have a more reliable anchptete view on ésease activity

Each type of score is calculated with a formula includémgl in some cases also
weightingof severalclinical assessment&ne of the most commonly used scores is

the Diseasé\ctivity Score in 28 joints (DAS28)luding theESR or CR&vkl,and the
patient@ assessment of globhakalth More recently developed scores include the

9 DSYSNIt AyidNP



Simplified Disase Activity Index (SDAWhich additionally containskt S  LIK & & A OA |y
assessment of disease activétyd the Clinical Disease Activity Ind&BAl) with also

thepk @ a A OA I Yy Q &addédBudivBtiioat Geative protein. These scores are
associated with progression of joint damage and functidgmglairment[30,31] For

these indicesspecificcut-offs have been specified to define several disease activity

states in order to help guide treatmefiable 1;[18]).

Table 1:Disease activity measures used for RA&]

Scoring Formula Disease activity states

St R ion Lowdi Moderate High disease
activity disease activity activity

SDAI SIC28+T|C28+PCA+EGA +CRP <3. >33-11 >11-26 >26

CDAI SJC28+T)C28+PCA+EGA <2.8 >2.8-10 >10-22 >22

DAS Complex formula including the Ritchie <1.6 >1.6-2.4 >2.4-3.7 >3.7

index, S/C44, ESR and GH

DAS28  Complex formulaincluding the TJC28, <2.6 >2.6-3.2 >3.2-5.1 >5.1
SJC28, ESR (or CRP)and GH

CDAI, Clinical Disease Activity Index; CRF, C-reactive protein (in SDAIlin mg per dl); DAS, Disease Activity Score; DASZ8, DAS
using 28-joint counts; EGA, Evaluator Global Assessment (on a 0-10 cm scale); ESR, erythrocyte sedimentation rate; GH, global
health (that is, patient global assessment); PGA, patient global assessment (on a 0-10-cm scale); RA, rheumatoid arthritis;

SDAI, Simplified Disease Activity Index; SJC, swollen joint count (the number indicates the number of joints taken into account);
TIC, tender joint count (the number indicates the number of joints taken into account).

RA can be considered as a syndrome characterized by the tgpitgllex of signs

and symptomglescribed aboveAt the basis of RA lie several ditfat genetic and
environmental risk factors, leading to different cellularnda subcellular
pathophysiological pathwaysll converging to a comparable dysregulation of the
immune system. This hypothesis might explain why some patients with RA have a
different disease course or react differently dospecifiareatment than others.

How to manage rheumatoid arthritis?
1. The arsenal of @rmacological treatments for RA

Since RA is an incurable chronic disease whideft untreated,may leadto high
levels ofpain, discomfortand disabilityas well ago serious joint damageit is vital

to pursue a good disease contrdror this purposgtreatment with Disease
Modifying AnttRheumatic Drugs (DMARDSs)essential Suchimmune modulating
drugs caninhibit progression of joint damage and prevent irreversible disability.
DMARDs can be groupedartwo main categories of synthetimr biologic DMARDSs.

10 General introduction



Synthetic DMARs are small chemical molecul@slministered orallyconsistingof
conventional synthetic and targetesinthetic DMARDS he most commonly used
conventional syntheticDMARDsare methotrexate (MTX), Sulphasalazine (SSZ),
Leflunomide (LEF) and Hydroxychlanoge (HCQ). Thessompoundssuppress the
immune system, but their modes attion are still mostly umown. Some of hese
drugs have been used in clinical practice for more than 50 years and have proven
their effectiveness with an acceptable safety profile. The more recently developed
targeted synthett DMARDs are designed to targat specific moleculan the
intracellular inflammatory signal transmissiosuch as the Janus Kinase (§JAK
enzymes, whiclalsoshowgood potentiaffor patientswith RA.

Methotrexate is the most important among the csDMARDSs and has a key role in the
management of RA. It has beesad for more than 50 years in treatment of RA and
its attributes in terms of efficacy and safety are increasingly demonstri@23]

It has a good overall efficacy for signs and symptoms, while inhibiting joint damage
and improving functional ability. Its adverse effects are well known and many of
them, such as hair loss, hepatotoxicitgdastomatitis, can be prevented by using
folate as prophylaxis. Therefore, MTX has an acceptable and manageable safety
profile [34]. Additionally, this medicine has a large range oftitnatable doses,
options for oral or parenteral administration and a currently unrivalled cost
effectivenesq33]. However, it should be noted that MTX is a relatively slow acting
anti-rheumatic drug. Based on findings of several combination therapy studies with
MTX monotherapy arms, it takes gealy 6 months before MTX aehesits full
therapeutic potentia[35¢38]. Nevertheless, based on prescribing practices in the US
from 2009 to 2014, it seems that MTX is underutilized in the treatment ofvi®A
inadequate duration before evaluation of efficacy and suboptimal do&ay

Biologic DMARDs are biotechnologigaengineeed monoclonal antibodies or
receptor constructs, administed parenterdly. These drugs act on @olecular
target within one of the pathways of inflammation autoimmunity with a high
specificity. The largest group of biologics cors${TNF inhibitors, which target TNF
alpha, a key cytokine in the pathophylsigy of RA. These include etanercept,
infliximab, adalimumab, gatiumab, and certolizumablhe other groups consist of
biologics withdifferent modes of actiontargeting other parts of the inflammation
cascade including abataceptrituximab, tocilizumaband sarilumab. Abatacept
inhibits Fcell activation by interfering with the estimulation by antigen presenting
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cells Rtuximab lowers the amount ofCD20 positive Blymfocytes and
tocilizumab/sarilumab inhibit H6 signallingby targeting its receptorThesetypes of
drugs generally reach their therapeutic efficacy more rapidly than conventional
synthetic DMARDand are effective also in patients not sufficiently responding to
conventional synthetic DMARD#$lowever, biologic DMARDs are sy, which
shoud be takeninto account wherchoosing rationally a therapyith the right agent

at the right dose and at the lowest cost to the individual and society acogtdin
WHO reportd40]. Nowadays, with the advent of biosimilars for biologic originator
DMARDSs, costs for these dru@pmve considerably decreaske In some countries,
prices of bDMARDs have deased by more than 50% in comparison with the
originators[41].

Glucocorticoidsare also commonly used in the treatment of RA areh be
considered DMARDs as they possdssase modifying activitysince they can
prevent progression of joint damag¢l8,42c44]. Their prolonged use is not
recommended due to their association witieveraladverse effect$45]. In 2007, a
EULAR taskforce identified based on a literature review the following main adverse
effects of GCsrcardiovascular diseases, infections,sge- intestinal diseases,
psychological disorders, endocrine pathologies, dermatological issues,
musculoskeletadisorders (includingsteoporosis) and ophthalmolazal diseases
[45]. However, GCscan rapidlyattenuate the overactive immune sstem and
suppress inflammatiof6]. Therefore, GCs are useful to bridge the time needed by
csDMARDs to reach their maximum ainflammatory effec{33].

Symptomatic treatment of RA entails nasteroidal antiinflammatory drugs
(NSAIDs) andanalgesics These drugs do not interfere with the underlying
pathophysiologicalmechanisms of RA and can consequently not prevent joint
damage but capartly relieveswelling and remainingain. Theyare usedin the very

early phase of disease, before initiation of a DMARD or as additional symptomatic
therapy later on.

2. Treatment strategies for RA

The outcomes for patients with RA have dramatically improved over the past two
decadesThis is not only due to theevelopment ofadvanced therapyas described
above, but foremost also due to new therapeutic strategies basedraditional
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DMARDsIt became apparent that prompt initiation of intensive treatment with
optimized medication schedules, in a treat to targgiproach resulted in much
improved clinicabutcomes[47¢51].

Firstly, it is recommendedo treat everynewly diagnosed patienvith RA as soon as
possiblewith a DMARD since a longedelay between onset of sympms and
treatment initiation influences treatment outcome. If treatmentirstiated within
12 weeks after symptom onset, a better outcome can kpexted[52¢54].

Secondly, the treatment strategy should lmtensive MTX is considered the anchor
drug for treatment of RAIt has been intensively investigated whether combining
MTX with other csDMARDSs or with more rapidly acting-ermumatic drugsuch as
biologics or glucocorticoids, would be more effeetbthan plain MTX monotherapy.
The COBRA (Combinatietherapie Bij ReuntegoArtritis) trial was one of the
hallmark studies in early RA to shed light on this matféris study demonstrated
that a combination of MTX, SSZ and a tapering down scheme of regtipolone
started at 60mg/day was superior over SSZ monothefagy However, since SSZ
monotherapy was chosen as comparatdr remained unclear whether MTX
monotherapy was less effective than a combination of DMARDs with a tapering
down schemeof glucocorticoids. In theBeSt (Dutchacronym for Behandel
Strategieé®or Wi NB | ( Y Sy Jitriak idithl- DMARDAcSndbiRations including
either a prednisonschemeor infliximab resulted in earliaglinicalimprovement and
less mdiographic damage after 1 year than initial Mfgnotherapieg55,56] Also
other trials demonstratedhat early intensive treatment strategies with csDMARDs,
especially when combined with oral glucocorticoids or biologiese superior to
DMARD monotherapfs7,48,49,55,5761].

Thirdly, he treatment strategy should involve a tret-target approach, including
frequent measuring of disease activitychadapting treatments long ashe pre-set
goal of teatment has not been achievd®6,48,62] Application of the treatto-
target principled K2dzf R GF 1S LI GASyGaqQ Ot AyaOl f
patients should be involved in treatment decisions and plan{tdy Systematically
adaptingtherapy in case the treatment target was not reached, proved to lead to
better clinical outcomes compared to routine careirandomized ontrolled setting
within the TICORA and CAMERA {86|64] Thecurrenty recommendedreatment
goalis defined agemissionwhich is a state ofio or minimal disease activityr at
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least low disease activityAchievement of remission in patients with eaRAcan
lead to normalization ofphysical function and preveinn of occurrence or
progression of joint darge[65,66]

The window of opportunity theory states that intensive treatment should be
initiated as soon as possibkdter diagnosis of RA, to achieve remission rbpitb
prevent progression of joint damage and to increase chamfeustained remission
[67,68] This period in whiclpatients are more responsive to RiAerapy seems to
be limitedto the first 12 weeks after symptononset[69,70] Moreover, to benefit
maximally from the window of opportunity, any sign of disease actigifter
treatment initiation should be controlikas soon as possibiy adjusting treatment
regularly[48,71] In case patients are insufficiently responding to initial treatment, it
is possible to switch ordal another csDMARD like LEF or to initiate a biologic
targeted synthetiOMARD.

Rapid remission induction can be achieved by combining MTX with fast acting agents
like GCs or biologick the BeSt triala combination strategyf MTXwith infliximab
showed similar efficacy as initial combination of MTX, SSZaaLC remission
induction scheme[56]. The use of bDMARDs for initial remission inductien
however restricted in practiceby economic constraints incorporated in
reimbursement criteria and guidelines. Combinations of MTX with costly biologics
were superiorcompared to MTX monotherggn severaRCTs mostly without a treat

to target approach, with remission rates ranging between62%6 [37,72;79].
However, also @mbinationsof MTX wih the cheaper GCs showed remission rates
ranging between 300%][51,56,8,84].

Nevertheless, some questions remeghunanswered regarding the optimal initial
therapy forpatients withearly RA. The COBRA ar@8RBrial showed that MTX and
SSZ combined with a GC remission induction scheradirg at 60mg/day
prednisone was superior compared t®8SZor MTX monotherapy [51,55] The
efficacy safety and costeffectivenesof the COBRA therapy have been confirmed
in the short and long ternj43,51,85] However, the added benefif SSZ in this
schedule and of the initial high dosepednisolone remained unclear. Furthermore,
rheumatologiss indicated that they oftendid not intend to prescribeCOBRA
schemedue to theirconcernsregarding thecomplexity of the scheduleghe high
initial dose of prednisolone, inclusion of S&H thelow dosage of MTX of 7.5
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mg/week in the original scheme[86¢88]. Moreover, it was unknown which
maintenance therapy would lead to sustained effectiveness after achieving a
sufficient treatment response with a combination of csDMARDssuch case it is
recommended to step down tocsDMARD monotherapy89]. However, no
conclusivedata exist as to which drug to stop preferentially after reaching disease
control with a combination of csDMARDs.

In order to define an optimal, effective treatment regimen for patients with early RA,
the Care in early RA (CareRA) trial was performedhéytteumatology department

of University Hospitals Leuvethis trial served as the backbone of my Phibe
overall objectiveof CareRAvas to compare the effectiveness of different intensive
treatment regimensdo 8 SR 2y GKS WO2Yo0oAyRS ABNKBNI A
(COBRA) scheme in patients with RA during the first 2 years of their diBedigee
randomisation, patients were allocated to a highk or lowrisk group using a
stratification scheme based on presence of classical predictors foogweagtic
damage.The tested schemes consisted of a combination or a monotherapy of
csDMARDswith or without a tapering scheme @Cs The results after 4 months
and 1 year indicated that MTXonotherapy associated with a shomoderately
dosedtapering scheme foglucocorticoids, named the COBBKlmM scheme, was as
effective as other regimens with multiple csDMARDs and glucocorticopients

of the highrisk group Moreover, this COBR3lim regimen resulted in fewer
treatment-related side effects, thereby glding the best riskbenefit balance.
Additionally, this COBR3lim regimen seemed more effective than MTX
monotherapy without glucocorticoids patients of the lowrisk group with a similar
safety profile[90¢92]. However, the longerm effectiveness of these treatment
regimens, as well as thgiractical applicability remains to be further explored.

3. Adherene to treatto-target principle

The treatto-target approach iscurrently the most efficient strategy to control
disease activity, but its implementation in daily clinical practice remains challenging.
It depends on the commitment of both physicians and patients to the ttedarget
treatment recommendations. However, current treatment strategigith a treat
to-target approachcan be perceived as compléx both patients and physicians
with multiple drugs,simultaneous oral and parenteral intakéaily and weekly
administration times, adverse effects and dose adaptations. Additionally, their
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management can bkabour intensivewith frequent visits to the rheumatologist and
regular assessments of disease activity. Therefore, a-teetdrget approach may
be liable to suboptimal @herence in daily clinical practi¢@3].

In order to improve outcomes of treatment and achieve the -pe¢ goal, the
LIK@aAOAl yQa | Rd&&dgess 2T guidelnes lisN&iticalPhysician
adherence is défied as the extent to which the treating healthcare professional,
usually the rheumatologist, adheres to eviderdm&sed clinical guidelines or
treatment recommendations or to a treatment protocoBeveral studies have
reported on the rate ophysician® hkeréce which ranged from 42% to 7994¢

97]. Within the BeSt study with its 3gear followup data, the average protocol
adherence was 79%, and declined from 100% at baseline to around 60% of the visit
in the final 2 year®sf follow up[95]. The chances for neadherence were higher if
rheumatologiss thought the DAS underor overestimated the actual disease
activity, or ifthey disagreed with the required treatment ortifiey were dissatisfied

with the level of disease suppressiam. the COBRMAght trial, 67% of the study
population required a treatment adaptatiomvhichwas predefined per protocas
initiation of etanercept although only 62% of those patients were actually
LINSEONROSR Sl ySNOSLII &aAyOS NXKSdzyl a2t 213
protocol [98,99] However, it is difficult tocomparethese adherencerates across
studiessince there were differences in how adherence was assessed, in the type of
protocol or guideline used and the treatment approachOnly few studies reported

on the relation betwen physician adherence and treatment outcome with a
strategy in a T2T setting4,100,101] A study by Wabe et al. in an Australian early
arthritis cohort demonstrated that increased adherento T2T was associated with
improved disease activity and functionality on the long term. Another study by Wabe
et al. in a treatment naive early RA cohort treated initially with a combination of
MTX, SSZ and hydroxychloroquine showed that failure talagcthe dose when
indicated occurred more often in patients not achieving remission after 3 years
[100].

It is still untear how adherent physicians wete a T2T approach in patients with
early RA treated with intensiveemission induction schemeas the CareRA trialt
can be expected that gater physician adherence tihese intensive COBRHKke
strategies can improve clinical outcomes, but whether thidds true isnot yet
known.
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4. Comorbidities in early RA

Aspreviously indicatedRA is associated with a higlevalence of comorbidities. €h
COMORA study evaluated the prevalence of comorbiditiea large sample of
patients with RA from17 different countries on 5 different continents and
demonstrated a high prevalence of comorbidities and their risk fad&#s Evenat
disease onset, there is substantial comorbidity among patients with early RA, as
shown in largénceptioncohorts in Sweden and theKf102,103] In other cohorts

in UK and Francéhe prevalence of comorbiditiesas demonstrated to baigher in
patients with RA than in the general population, especialéyoccurrenceof arterial
hypeitension[103¢105].

Having comorbiditiesannegatively affectliseaseoutcomesof RA includng worse
physicalfunctioning,lower control of diseasectivity and decreasecdhealth related
quality of life [103,106;111] The ineraction betweencomorbidity and physical
function has been showip be independent ofdisease activityn established RA
[106]. In an observational cohort d?Apatients of the CORRONA registry, patients
with reported comorbidities had less improvement over time in CAlmodified
HAQwith also lowerCDAI remission ratefl12]. Presence of comorbidities in
patients with RAnay also lead t@n increased mortalitymore hospitalizations and
medical cost$113,114]

Responseto treatment can also be negatively affectedby the presence of
comorbidities.In a prospective cohort of patients witbstablished RAhe effect of
multimorbidity statuson treatment outcomes at year after initiation of any DMARD
was investigated. &ving multiple comorbiditiesled to significantly lower
percentages of patients achieving remission or low disease actiwitlyto worse
CDAI and modified HAQ scof&45]. In other cohort studies, combiditiesaffected
the retention rate and efficacy of biologic DMARID$6¢119]

The above evidence indicates the importance of comorbidities within the
management of RA due to their potentipfognostic valueand their potential
influence on treatment decisions because of fear of side effe€tserefore,
comorbidities should be recognized and taken into accourthéxmanagement of
RApatients, but alsovhen analyzing treatment responses in clinical studigben
investigating the impact of comorbidity,one can quantify thepresence of

17 DSYSNIt Ay NP



comorbidities bya simple count of all comorbidities. However, not every comorbid
condtion has the same impact on the outcome of interebhis has been solved by
using different @proaches, including selecting only specific, relevant conditions, and
providing weifpts for each condition according to their relative impact. Several
comorbidity index scorehave been developed this way, usually takirig account
the impact of comoriRA 1A Sa 2y WKINRQ 2dzid2YySa adx
hospitalized The CharlsoiDeyoindex (CD) among others has been based on this
methodology. Howeverfor RA there are also other outcomes of interest, such as
functional ability, quality of life, workigability,and medical costs. The Functional
Comorbidity Index (FCI) has been developed to predict physical furtakiorg into
account the sunof 18 comorbidities. More recently, a comorbidity index for use
specifically in RA has been created, by selgcandweighting11 comorbidities
based on their impact on mortality, hospitalization, work disability, functional
disability and medical costfl13]. This index is called thRheumatic Diseases
Comorbidity Indexand has been validatedo predict both death and physical
disability in RA, by comparing its predictive ability to several otléetiag indices
including tle CD and FC[120]. In a recent sidy, the explanatory value of these
three commonly used indices was compared for functionatjtyality of life, utility
and health resource utilization with all indices performing comparably [4&lL].
Thesecomorbidity indexescan be useful to investigate the impact of comorbidity
status on treatment responses since they are able tgredict important RA
outcomes.

Comorbidities are prevalent, even in early RA, and are assumed to have a negative
impact on treatment response. Howew it is not known whether thistill holds true

on the long termwhen patents are treated intensively according to the latest
recommendations for management of RA.
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OVERALL OBJECTIVEARESEARCH QUESTIONS

The overall objective of thithesisis to evaluate thelongterm effectivenessof
intensive treatment strategies in early R#ased on the pragmatic RCT CareRe.
hypothesis based on the previously published results from the CareRAitritiat
newly diagnosed atients with RA would benefit nab also on the longerm from a
treatment strategy consisting of MTiKonotherapy with a shortnoderately dosed
tapering scheme of glucocorticoidsalled COBR8Iim. Therefore, it will be
investigated whether this strategy is sufficiently efficacious,ehgsod safety profile,
leads to a stablelongterm responseand is wellapplicable within a pragmatic
research setting.

The following research questions (RQ) will be addressed and each will be described
as a separate (sub)chapter in this thesis:

o0 RQ1: Howeffective is COBR8Iim to treat early RA in the long term, in
comparison to combination treatments with csDMARDs and a tapering scheme
of glucocorticoids?

0 RQ2: Could these treatment strategiée further refined to increasetheir
applicabilityfor daily dinical practice?

A RQ2a: Which maintenance therapy is effective after achieving a
sufficient clinical response with an initial combination of MTX and LEF?

A RQ2b: To what extentio rheumatologistsadhere to the treat-to-
target approach in patients treated whitthese treatment strategies
and what isthe impact of treat-to-target adherenceon treatment
outcomes?

o RQ 3: What is the prevalence of comorbidities in early RA@wnthat extent do
they influencelongterm outcomes under intensive treatment?
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Overalimethodology: the CareRA study

This PhDesearch project ibased on data of the-ear CareRA RCT athe 3-year
observational CareRA pldsllow-up study. CareRA is a prospective, multicenter,
pragmaticRCT Investigators from 13 Flemish rheumatology aest (2 academic
centres, 7 general hospitals and 4 private practices) in Belgium conducted this trial.
Included patients were diagnosed with RA less than 1 year ago, were naive to and
had no contraindications for csDMARDsgbhucocorticoids Before randonsation,
patients were allocated to a higtisk or lowrisk group using a stratification scheme
based on presence of classical predictors for agchphicdamage.Subsequently,
highrisk patients were randomized to one of three possible intensive treatment
regimens including different DMARD combinatiomsth a high or moderate initial
dosed GC remission induction schefigure 1) On the other hand, lowisk patients

were randomized to an intensive approach including DMARD monotherapy and GC
remission indgtion scheme or to a conservative step up approach of DMARD
monotherapy without initial GCThe primary aim of CareRA was to compare the
effectiveness of the different intensive treatmerggimens

Prednisone was tapered over the fiskweeks to 7.5 mgn COBRAlassic andver

5 weekgo 5 mg in the otheregimens continued to week 28 and then tapered until
discontinuation at week 34n COBRALlassic and COBRA&antGarde thecombired
csDMARD therapy was tapered to monotherapyweek 40, in patient@chieving

low disease activityThe objective was to bring all patients as soon as possible to at
least a state of low disease activity using predefined treatment adaptation schemes
in case this target was not reachederssion was defined as a DAS2RPscore of

less than 2.6During the first year, from week 8 onwards, treatment had to be
adapted following predefined steps in case low disease activity (DAS28 Xo PH O & |
not achievedAs a first stepthe MTX dose was adjusted to &ty weekly in all arms.

As a second step, thdose of the other DMARD was adapted in the COBRAsic

and COBRAvantGarde arm. In COBRim and Tight Step Up the second step
consisted of initiating leflunomide 10mg dailjuring the second year of the triahd

in the 3year observational followp CareRA plus studyreatment was at the
discretion of the rheumatologist. Further application of the tréaittarget principle

was recommended.
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Highrisk patients (75% of total population) randomized inta@itment schemes:
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Lowrisk patients (25% of total population) randomized into 2 treatment schemes:
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Figurel: treatment regimens of the CareRA trial
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Previous rests of the CareRA study

The results after 4 months and 1 year indicated that methotrexate (MTX)
monotherapy associated with a shorhoderately dosedtapering scheme of
glucocorticoids, named the COBBAmM scheme, was as effective as other regimens
with multiple csDMARDs and glucocorticoids. Moreover, this CE&BiRAregimen
resulted in fewer treatmentelated side effects, thereby vyielding the best risk
benefit balance[90,91] Additionally, this COBR3;Im regimen seemed more
effective than MTX monotherapy without glucocorticoidsithwa similar safety
profile [92]. However, the longerm effectiveness of these treatment regimens, as
well as theimpractical applicability remains to be further explored.
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OUTLINE OF THE PHIE®BIS

This PhD thesis is a compilatiofresearch articles published or to be published in
international, peesreviewed journals.

GENERAL INTRODUCTION
What is rheumatoid arthritis?

How to manage rheumatoid arthritis?
OVERALL OBJECTIVE AND RESEARCH QUESTIONS
CHAPTER ZEffectiveness of differentreatment regimens for early RA in the

long term

CHAPTER 1dresents the Zyear outcomes of the treatment schemes of the CareRA
trial

CHAPTER 1 gresents the 5year outcomes of the observational follewp CareRA
plus study

CHAPTER Refinement ofthe practicalapplicability ofan optimal treatment
strategy for early RA

CHAPTER 2.1: presents the results of the comparison of maintenance therapy of MTX
or LEF after rerandomization in the COBRA Agande arm of the CareRA trial

CHAPTER 2.2: presertis findings of investigatioof the adherence to the treab-
target principle in the CareRA trial

CHAPTER Prevalence of comorbidities and their influence on outcomes of RA
treatment in CareRA

GENERAL DISCUSSION
includesper chapter a summary of theel findings and their importander early
RA management, a reflection about methodologimahsiderations, implicationfor

clinical practice and future researcind endswith an overall conclusion
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ABSTRACT

Objectives

To investigate whether methotrexatshould be combied with an additional
diseasemodifying antirheumatic drugDMARD) and bridgingglucocorticoidsas
initial treatment for patients with earlyheumatoid arthritis RA) to induce an
effective longterm response.

Methods

CareRA is a twgear investigatoinitiated pragmatic multicentreandomised trial.
Early RA atients naive toDMARDs and glucocorticoidgere stratifiedbased on
prognostic factors Highrisk patients were randomiged to COBRA&Ilassic (n=98)
methotrexate sulfasalazinggrednisonestep-down from60mg; COBRA&Ilim (n=98)
methotrexate, prednisone step-down from 30mg; COBRAvantGarde (n=93)
methotrexate leflunomide, prednisonestep-down from 30mg Low-risk patients
were randomied to COBRSIim (n=43) or Tight Step Up (TSUjn=47)

methotrexate without prednisone. Clinical/radiological outcomes at year
sustainability of response, safety and treatment adaptations were asseS$adtal
trials NCT01172639.

Results

In the highrisk group 7198 (72%) patients achieveal DAS2&RP<2.6 wittOBRA
Slim compared to 6898 (65%)with COBRACIlassic and 693 (74%)with COBRA
AvantGarde (p=1.00)Other clinical/radiologicabutcomes and sustainability of
responsewere similar. COBRA&IIm treatment resulted in less therapglated
adverse events compared t€COBRAClassic(p=0.02) or COBRAvantGarde
(p=0.005).In the lowrisk group, 283 (67%)patients onCOBRAIlimand 34/47
(72%)on TSlachieved a DAS2BRP<2.6 (p=1.p@n COBRAIIm, lowrisk patients
had lower longitudinal DASZBRP scores over 2 years, a lower need for
glucocorticoid injectionand a comprable safety profileompared to TSU.

Conclusion

All regimens combinin@MARDs with glucocorticoidsere effective for patients
with early RAup to 2 years. The COBISAmM regimenmethotrexatemonotherapy
with glucocorticoidbridging,provided the best blancebetween efficacy and safety
ANNBALISOGAGBGS 2F LI GASydGaQ LINRPIy2aAaD
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INTRODUCTION

Current guidelineso treat rheumatoid arthritis (RAecommendstartingas soon as
possible with an intensive therapeutic strategy including rapid treatment
adaptationsuntil remission or at least low disease activity is achie\@&eb) The
conventional synthetic diseasmodifying antirheumatic drug (csDMARD)
methotrexate (MTX) is considered the anchor drug for initial RA treatnieiding
glucocorticoidstemporarily canfacilitate rapidremissioninduction by bridging the
time needed for MTX to reach its full therapeutic potentlhether MTX should
initially be combined with an additional csDMARD giucocorticoidsto induce
remission in all patients with early RA is still under debael the effectiveness,
safety and feasibility of such treatment strategieseds further studyln theW/ | NB
Ay SINX @& w! Gfficacy bf NUb aifferént dsDNBARD combinations and
glucocoticoid bridging schemes in patients with recent onset RA was hftgr 1
year, without differences betweentreatment arms. Moreover,initial MTX
monotherapy with a short stepown course of moderateldosed glucocorticoids
showed a more favourable safepyofile, resulting in the best riskenefit balance.
(6-8) However, the longerm riskbenefit balance of these treatment regimens
remains unknown.In this manuscript we assessed they@ar effectiveness
outcomes sustainabilityof response safety and need fareatment adaptations of
eachCareRAreatment arm.
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METHODS

Study design

The CareRA study is a prospectivgear randomised opetabel pragmatic trial
evaluating different treatmentegimens based on the dginal COBRA (Combination
therapy for early Rheumatoid Arthritisgtrategy for patients with early RA(9)
Investigators from 13 Flemish rheumatology centres (2 academic centres, 7 general
hospitals and 4 privaterpctices) in Belgium conducted this trial. The medical ethics
committee of each centre approved the protocol (EudraCT number: -20G225

39) and all patients gave written informed consent. Included patients were
diagnosed with RA less than 1 year ago,enggiive to and had no contraindications

for csDMARDer glucocorticoidgsupplement 1)

Treatment protocol

Before randomisation, patients were allocated to a higtk or lowrisk group using

a stratification scheme based on presence of classical predidtorradiographic
damage g$upplementl). Randomisation was performed via a digitally generated
sequence in the electronic case report form. Patients in the -higlh group were
randomised into 1 of 3 treatment arms:

COBRAClassic15 mg MTX weekly, 2g fadalazine daily and a weekly stdpwn
scheme of oral prednisone (6M-25-20-15-10-7.5 mg QD).

COBRASIim:15 mg MTX weekly and a weekly stémwvn scheme of oral prednisone
(30-20-12.510-7.55 mg QD).

COBRAAvant-Garde: 15 mgMTX weekly, 10 mg leflunode daily and a weekly
step-down scheme of oral prednisone (20-12.510-7.55 mgQD.

Patients in the lowrisk group were randomised into 1 of 2 treatment arms:

COBR/#SIim.
Tight Step Up (TSU)5 mg MTX weekly, no oral glucocorticoids allowed.

Prednisonewas tapered over the first weeks to 7.5 mg in COBR&sic and to 5 mg
in the otherarms, continued to week 28nd then tapered until discontinuation at
week 34.In COBRL&Ilassic and COBR&antGardecombired csDMARD therapy
was tapered to monotherapgt week 40, in patients achieving low disease activity
(supplement 2) Prophylactic treatment with oral folic acid, calcium and vitamin D
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was prescribed. Participants received fdoegace educationprinted medication
schemes and standardised infioaterial (leaflet, DVD and website).

Response to therapy was evaluated at each visit by measuring the 2&js@sse
Activity ScoreusingGreactive protein (DAS28RP)During the first yearrdbm week

8 onwards treatment had to be adapted following predefineslepsin caselow
disease activity (DASZ8w t XXwab mai achievedAs a first step, MTX dose was
adjusted to 20mg weekly in all arms. As a second stepgose of the other DMARD
was adapted in the COBRAassic and COBRAantGarde arm.In COBR#&limand
Tight Step Up the second step consisted of initiating leflunomide 10mg daily
(supplement 2).

During the second year of the trial, treatment was at the discretion of the
rheumatologist. Further application of the treato-target principle was
recommencd.

Study end points and assessments

Participants were assessed at screening, baseline, week 4, 8, 16, 28, 40, 52, 65, 78,
91 and 104. Patientaunable to continue the allocated treatmentincluding
predefined adaptations due ttack of efficacy, safety orractical reasons, were
followed up every 6 months.

Themain end point of CareRA reported in this paper is the proportion of patients
achieving a DASZBRP <2.6 at yearRroportion of patients achieving this end point
at week 16 and year 1 was already oej@d previously(6-8)

Other clinicabutcomes at year 2 were proportion of good European League Against
Rheumatism (EULAR) responders and proportion of patients in remission or low
disease activity according tingplified Disease Activity Index (SDAI), Clinical Disease
Activity Index (CDAIxnd the American College of Rheumatology (AERLAR
Boolean criteria.(10) Additionally, physicafunction was assessely the Health
Assessment @estionnaire (HAQ{11) and radiographic evolution by the Sharp van
der Heijde (SvdH) score:r&ys of hands and feet were obtained at baseline, week
28, year 1 and year 2. Radiograpkere scored chronologically accordinghie SvdH
method(12). Each Xay was scorethdependentlyby 3 readers, retaining the mean
score.
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Sustainability of the initial response to therapy was analysed bg4ear evolution

of DAS28RP and HAGver time. Additionally, Kaplan Meier survival analyses were
performed © assess, in patients who achieved a DAS28CRP<2.6 at year 1, the
probability of maintaining this state a&very trimonthly visit during year 2.

Type of DMARD treatment taken by patients at every visit throughout the trial was
assessedUse of glucocorticdis outside of initial tapering schemes was quantified
as numbers of patients who had a glucocorticoid injection and who were taking oral
glucocorticoids chronicallg¢ntinuously for more than 3 months out of protogol

Patients were questioned about thecaurrence of any adverse events (AEs) at each
visit. AEs were registered and evaluated (relation to therapy, seriousness and
severity) by the treating rheumatologist.

Statistical analysis

CareRA sample size calculation was based upon the expected propofirpatients
with a DAS2&RP<2.6 at week 1@) We needed5 patientsper treatment armin
the highrisk group to ascertain 80% power to detect a difference of at leastfaf%
this endpoint to demonstrate supmrity. Analysis of the lowisk population was
exploratory.

We performedan intention-to-treat analysisincluding all randomid patients.
Screening variables were used to impute missing baseline variables and vice versa.
To impute missing data at subsent visits, the Expectation Maximization algorithm
was applied(13)Missing SvdH scores at year 2 were imputed via linear extrapolation
of scores at w28 and w5214) A ensitivity analysis on thpopulation completing

the 2-year studywasperformed

Clinicaloutcomes safely and treatment adaptations/ere examined by Clsiquare,
KruskalWallis or ManAWhitney U test, when appropriate. We correctetinical
outcomes at year 2or multiplicity by adjusting jvalues by Holm test(15)
Significance level wat set 8t05.DAS28CRP and HAQ were longitudinally analysed
over 2 years with linear mixed models (LMM), using treatment group, time and its
interaction termas ceterminants. A Poisson regression was performed to predict the
number of related AEs over 2 years based on the treatment amaly&es were
carried out using SP§35.0.
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RESULTS

Participants

After registration in EudraCT in November 2008, we scredf@datients with early
RAbetween January 2009 and May 20&a8d included 3790of whom 289 were
stratified in the highrisk and 90 in the lowisk group. Highisk patients were
randomised to COBR&Ilassic (n=98), COBRBKmM (n=98) or COBR¥antGarde
(n=93).Patients in the lowrisk group were randomised to COBBKm (n=43) or TSU
(n=47). All randomisegarticipantsreceived their allocated treatment at baseline.
Over 2 years, 249 of 289 patients in the higgk group (86%) and 73 of 90 patients
in the low iisk group (81%) completed the study. Frequencies and reasons for
discontinuation were similaamongtreatment arms (figure 1)in both risk groups,
baseline characteristics were wddalanced between treatment arm$able 1).

Effectiveness analysis

Clinial outcomes at year 2

In the highrisk group 204 (71%) patients reached a DASIBP<2.6 at year 2. This
statewas achieved in 64 (65%) COBRassic, 71 (72%) COBRimn and 69 (74%)
COBRMvantGarde patientgp=1.00) with a difference of-7.1% (95% cditdence
interval-19.7 to 5.8) between Slim and Classic and of 1.7% (95% confidence interval
-10.8 to 14.1) between Slim and AvaBarde. We also found no significant
differences in remission rates at yeaft@ble 2)or at any study visifdata not shown)
throughout the seconatudy year according to SDAI, CDAI or AATRAR Boolean
criteria. All otherclinical outcomes includingohysicalfunction and good EULAR
response rates were persistently high and comparable between3theatment
arms at year 2Andyses using datafrom participants who completed the trial
showed comparable outcomgsupplement J.

In the lowrisk population a DAS2BRP<2.6 was reached by 63 (70%) patintear
2, including29 (67%) COBR&im and 34 (72%) TSU patie(iis1.0Q. Numerically
more patients were in remission accordingdther criteria like CDAIn the COBRA
Slim arm(21; 49%) versushe TSU arm(13; 28%) (table 2). Of patients who

compleied the trial, 27/32 (84%) achieved a DAS2BP<2.6 on COBSAmM

compared to 3141 (76%) on TSU at years2ipplement 3.
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During the entire trial 14/314 patients (4%) had a radiographic progression above
the smallest detectable difference of >3.3 and the overall mean (xSD) change in SvdH
score was 0.6 (x1.4). Mean SvdH progressioores did not differ between
treatment arms(p=1.00in both risk groupsjftable 2) (supplement 4).

Sustainability of treatment response

The evolution of mean disease activity and HAQ scores over {@ar2 period
showed a similar rapid and stable responsalirhighrisk treatment arms (figure 2)
with minimal changes during the second yelr.the LMM analysis, all treatment
arms had comparable DASZRP (p=0.72) and HAQ scores over time (p=0.99).
Survival analysisemonstrated a probability of maintaining BAS28CRP<2.6 at
every trimonthly evaluation during the second year o#drCOBRACIassicversus
61%for COBRAIim and 6% forCOBRAvantGarde(logrank; p=0.19(figure 3)

In the lowrisk groupthere were minimal changes in meaisease actity or HAQ
scoregduringthe second year (figure 2n the LMM analysis, participants on COBRA
Slim had lower DASZBRP scores over 2 years with a mddference of 0.37 (95%
Confidence Interval 0.0 to 0.7; p=0.04) compared to TSU. HAQ scores over time were
numerically lower in COBR3im patients (p=0.07). The probability of maintaining a
DAS28CRP<2.6 at every trimonthly visit during the second year was 75% in COBRA
Slim and 63% in TSU shown by survival analysisd(tdg p=0.38) (figure 3).

Treatment adptations

At the 2year followup, 58/85 (68%)Classic, &87 (64%)Slim and 5277 (68%)
AvantGarde patients were taking a single csDMARD, in most casesrMhX high

risk population (figure 4). A combination of csDMARDs was taken at this visit by
10/85(12%) Classic, 18/87 (21%) Slim and 9/77 (12%) Aamnute patients (p=0.17),
most frequently MTX and leflunomidét year 2, 15/8518%) Classic, 187 (13%)

Slim and 4/77 (18%) AvardGarde patients weren biologicDMARDtreatment
(p=0.56), which wasitiated after amedianof 44, 60 or 5.weeksrespectively.

In the lowrisk population22/32 (6%6) Slim and 26/41 (63%) TSU patients were
treated with csDMARD monotherapyhereas 2 (6%) Slim and 8 (20%) TSU patients
(p=0.10) were taking a combination o§@MARDs at the year 2 visit (figure 4).
BiologicDMARD treatment wakaken at this visit by 5/3216%)Slim and 4/4X10%)

TSU patient$p=0.45); it was started after a median of 83 or 40 weeks respectively.
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The overall number of patients takingral glucocorticoids chronically outside
protocol was 64/379 (17%t a median (IQR) prednisone equivalent dose ofnsg6
(3.3) daily Almost falf of those patients (3®4) was treated simultagously with a
biological. Glucocorticoidinjections were given in the gii-risk population in 26
(27%) Classic, 35 (36%) Slim and 22 (248s)t&ardepatients(p=0.15) More low-
risk patients inTSUarm (22, 47%) received glucocorticoid injections compared to
patients inSlimarm (8; 19%) (p=0.005). Mean cumulative prednisdose during
the second yeawas 151 mg in COBFSAmM patients and 235 mg in TSU patients
(supplement 5.

Safety analysis

The total numbers otherapyrelated AEs in the highsk group, were 209 in 72
Classic patients, 164 in 69 Slim patients and 208 4nAvantGarde patients
(supplement §. Beingtreated with COBRAIim regimen resulted in less therapy
related AEs compared to COBRAassi¢p=0.02) or COBRAvant-Garde(p=0.005)
regimensn the highrisk population The total numbersf therapy-related As in the
low-risk group, were 63 in 28 Slipatients and 69 in 34 TSU patienfBhe most
common related AEs (>5% of all reported related AEs per treatment group) were
abdominal pain, disturbanadn liver function, nausedjarrhoeaand hair lossThere
were 23 (24%) Classic, 16 (16%) Slim and 27 (29%)-&eade patients who had to
discontinue their csDMARD treatmetegmporarily or completely due to a related
adverse event in the HigRisk grougp=0.11).
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Figure 1:Flow chart of participants during

the 2-year trial.
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Table 1:
Baseline demographic and clinical characteristics of patients per treataremt

High-risk Lowrisk
Variables COBRA COBRA COBRA COBRA
Classic Slim AvantGarde Slim TSU
n=98 n=98 n=93 n=43 n=47
Demographic variables
Age, years 53 (12) 52 (13) 51 (13) 51 (14) 51 (14)
Body mass index, kg/m?2 26 (4) 27 (4) 27 (4) 25@) 27 @)
Women, n (%) 64 (65) 63 (64) 64 (69) 33 (77) 38 (81)
Smokers, n smoked ever 56 (57) 58 (59) 56 (60) 21 (49) 18 (38)

(%)
Median (IQR) symptom 22 (1444) 24 (1539) 25 (1551) 21(1435) 19 (1333)
duration

Median (IQR) disease 1(2:3) 2 (1:3) 1(2:4) 1@-3) 1(04)
duration
RF positive, n (%) 78 (80) 82 (84) 70 (75) 11 (26) 11 (23)
Anti-CCP positive, n (%) 76 (78) 78 (80) 72 (77) 12 (28) 11 (23)
Erosive disease, n (%) 32 (33) 32 (33) 32 (34) 1(2) 0 (0)
Clinical variables
DAS28CRP 50(1.2) 4.8(11) 4.7 (1.2) 45(1.6)  4.6(1.6)
Tender Joint Count {68) 14 (9) 14 (8) 14 (9) 13 (11) 14 (9)
Swollen Joint Count{66) 12 (9) 11 (6) 11 (7) 11 (8) 10 (7)
PGA, mm (€.00) 60 (22) 56 (22) 55 (24) 49 @1) 50 @3)
Pain, mm (@.00) 59 (24) 57 (22) 57 (24) 48 (31) 52 (B)
Fatigue, mm (€L00) 51 (26) 49 (21) 49 (24) 39 (28) 46 (22)
PhGA, mm (€L00) 55 (19) 53 (18) 52 (18) 49 (21) 48 23)
ESRmm/h 33.5(25.2) 32.1(23.4) 25.0(17.6) | 30.0(29.4) 23.0(6.9)
CRPmg/L 19.7 (28.9) 21.5(33.2) 14.5(@9.2) 20.1 (®.3) 13.5(18.6)
HAQ score @) 1.2 (0.7) 1.0 (0.7) 1.0 (0.6) 0.9 0.9) 1.0 0.7)

Values reported are means (standard deviation) unless specified otherwise.
Symptom duration= weeks elapsed between onset of symptoms and starteafient;

Disease duration= weeks elapsed between diagnosis of RA and start of treatment; RF=
Rheumatoid factor; AMCCP= Anti cyclic citrullinated protein; DAS28= Disease activity score

based on 28 joints; CRP=NG | OG A @S LINRGSAY T sseBrent; PhGAFA Sy (i Q
t KeaAOAlyQa 3Jft20lf aasSaaySydT 9{wl 9NBGKNERO:
guestionnaire.
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Table 2:
Clinical and radiological outcompsr treatment arm in the highisk group at the 2/ear visit

Highrisk

Outcomes COBR COBRA COBRA p value Adjusted k COBRA Slimversu k COBRA Sl

Classic Slim Avant-Garde p value Classic (95% ClI) versus Avant

n=98 n=98 n=93 Garde (95% Cl)
DAS28CRP <2.6 64 (65) 71 (72) 69 (74) 0.36 1.00 -7.1 ¢19.7 t0 5.8) 1.7 €10.8 to 14.1)
DAS28wt Ko ®H 86 (88) 86 (88) 85 (91) 0.65 1.00 0.0 (9.41t09.4) 3.6 (5.410 12.6)
DAS28CRP change from BL 2.7£1.3 2.6£1.2 2.6x1.5 0.63 1.00 0.1 ¢€0.3t0 0.4) 0.0 €0.4t0 0.4)
DAS28CRP change fromyear 1  0.0+1.0 0.2+1.0 0.3t1.1 0.11 1.00 -0.2 (0.51t00.1) 0.0 €0.3t00.3)
Good EULAR response 81 (83) 81 (83) 73 (79) 0.70 1.00 0.0 ¢10.7 to 10.7) -4.2 ¢15.4t07.1)
Moderate EULAR response 91 (93) 93 (95) 86 (93) 0.77 1.00 -2.0 (9.5t05.2) -2.4 €10.2t0 4.9)
{5!1L NBYA&Z&AAZY 31(32 28 (29) 41 (44) 0.06 0.96 3.1 9.7 t0 15.7) 15.5 (1.9 to 28.4)
{5!'L [5! Xmwm 88 (90) 86 (88) 86 (93) 0.55 1.00 2.0 ¢7.1t0 11,2) 4.7 (4.1t0 13.5)
/5L NBYA&ZaAAZY 30(31) 29 (30) 44 (47) 0.02 0.34 1.0 ¢11.7 to 13.7) 17.7 (3.9 to 30.6)
/5L [5! Xmn 88 (90) 87 (89) 83 (89) 0.97 1.00 1.0 (8.0 to 10.0) 0.5 (8.8109.6)
ACREULAR Boolean remission 21 (21) 20 (20) 21 (23) 0.94 1.00 1.0 (10.4t0 12.4) 2.2 (9.410 13.8)
HAQ change from BL 0.7+0.7 0.5+0.7 0.6+0.7 0.18 1.00 0.2 (0.0t0 0.4) 0.1 ¢0.1t00.2)
HAQ change from year 1 0.0+0.3 0.0t0.4 0.0+0.3 0.97 1.00 0.0¢0.1t00.1) 0.0¢0.1t00.1)
Clinically meaningful HAQ chang 71 (72) 62 (63) 64 (69) 0.38 1.00 9.2 (3.910 21.8) 5.6 (7.8 t0 18.6)
HAQ =0 34 (35) 34 (35) 29 (31) 0.84 1.00 0.0 (13.1to0 13.1) -3.5(16.5t09.7)



No of Xray pairs BL and year 2 80 (82) 80 (82) 80 (86)
SvdH change from BL 0.5+1.3 0.9+1.7 0.6+1.2 0.23 1.00 -0.3€0.81t00.2) -0.3 ¢0.8100.2)

SvdH progression >SDD 3 (4) 6 (8) 3(4) 0.45 1.00 -3.8(-12.0t0 4.1) -3.8 ¢12.0t0 4.1)

Data are presented as absolute numbers (percentages) or as means+SD. P values are adjusted by the Holm test to coltiplititgr mu

DAS28CRP= Disease activity score based on 28 joints calculated-rétitiive potein; BL= baseline; LDA= low disease activity. Good EULAR response=

low disease activity with a DASZ&RP change from BL >1.2; moderate EULAR response=0ORB2fange from BL >1.2 or a DAS28t XXp ®m | y R |
DAS28CRP change from BL between 0.6 and 1DAIS Simplified disease activity index; CDAI= Clinical disease activity indextJIAIR Boolean
wSYAaarzyl GSYyRSNI 22Ayid O2dzyi Hy Xm yR ag2ftf Sy 220)yHAQ=(Healdyassessmentdkm | Y
questionnaire clinically meaningful HAQ change= HAQ change >0.22; Nmgfp&irs BL and year 2= number of availabtay$ pairs at baseline and

year 2 after imputation; SvdH= Sharp van der Heijde s&B&= Smallest detectable difference



Table 2(continued) Lowerisk
Clinical and rdiological Outcomes CORASIm T pvalue Adjusted & COBRA Slim versu:

outcomesper treatment n=43 n=47 p value TSU (95%Cl)
arm in the lowrisk group

at the 2year visit DAS28CRP remission <2.6 29 (67) 34 (72) 0.61 1.00 4.9 (13.7 to 23.3)
DAS28 wt [ 5! Ko ®H 36 (84) 41 (87) 0.64 1.00 3.5¢11.3t0 18.8)
DAS28CRP change from BL 2.4+1.7 2.2+1.9 0.58 1.00 -0.2 €0.9t0 0.6)
DAS28CRP cange from year 1 0.1+0.8 0.1+0.9 0.61 1.00 -0.1 ¢0.4t00.3)
Good EULAR response 27 (63) 28 (60) 0.76 1.00 -3.2 (22.4t0 16.4)
Moderate EULAR response 38 (88) 37 (79) 0.22 1.00 -9.6 (24.8t0 6.2)
{5!1'L NBYA&Z&AAZY X 20(47) 13 (28) 0.06 0.96 -18.9 €36.9t0 1.0)
{5!'L [5! Xmwm 37 (86) 42 (89) 0.63 1.00 3.3¢10.7 to 17.9)
/' 51'L wSYA&AAAZY XK 21(49) 13 (28) 0.04 0.68 -21.2 ¢39.1t0-1.2)
/' 5L [5! Xwmn 37 (86) 40 (85) 0.90 1.00 -0.9 ¢15.7 to 14.3)
ACREULAR Boolean Remission 16 (37) 9 (19) 0.06 0.9% -18.1 ¢35.4t0 0.5)
HAQ change from BL 0.6+0.8 0.5+0.7 0.81 1.00 -0.1 ¢€0.4t00.2)
HAQ change from year 1 0.0+0.3 0.0+0.3 0.86 1.00 0.0 €0.2t0 0.1)
Clinically meaningful HAQ change 25 (58) 26 (55) 0.79 1.00 -2.8 (22.31t017.1)
HAQ =0 17 (40) 15 (32) 0.45 1.00 -7.6 €26.4 to 11.8)
No of Xray pairs BL and year 2 33 (77) 41 (87)

SvdH change from BL 0.3+0.7 0.5+1.3 0.6 1.00 0.2 ¢0.3t00.7)

SvdH progression >SDD 0 (0) 2(5) 0.2 1.00 4.9 (6.1t0 16.1)
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Figure 2.Clinical efficacy outcomes during 2 years of follow up
Error bars indicate the 95% Cls; DAERP= Disease activity score based on 28 joints

cakulated with Greactive protein; SDAI= Simplified disease activity index; HAQ= Health
assessment questionnaire.
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w = week; csDMARD = conventional synthetic diseasdifying antirheumatic drug;

bDMARD = biological DMARD taken with or without a csDMARD. Percentages of patients
calculated on patients still in followp at each visit.
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DISCUSSION

Our study hasshown that patients with recerbnset RA, irrespective of their
prognostic profile can achieve a significant, rapid and stable clinical respons2 over
years by reinforcing csDMARD therapy with an initial stejpwn scheme of
prednisone. In treatment armsoenbining csDMARDs with glucocorticoids, disease
activity was well controlled (DASEZRP<2.6) in 65% to 74% of patients at year 2.
Additionally,physicalfunction improvedrapidly, radiographic progression was well
suppressedand the initial clinical resptse was well maintained in all COBRA arms.
Only few patients were taking glucocorticoids chronically, indicatirag patients
canvery likelystop taking glucocorticoidaithin 7 months(16, 17) These results
demonstrate the effectiveness of initiating a shdaerm glucocorticoid scheme early

in the disease course, a principleecently adopted in the European
recommendations to treat RER).

The COBRAIlimregimen,with only MTXand prednisone bridging, resultedsimilar
efficacy at year Zompared to csDMARD combinations with prednisone bridging in
patients with markers gboor prognosisWhile achievingimilarsustained response
comparable numbers of COBISAM patiets were on csDMARD monotherapy after

2 years, versus the other treatment arms. At thgear visit, slightly more COBRA
Slim patients were taking a combination of csDMARDSs, instead of a biologic DMARD
at year 2,compared tothe other arms.This trend towads a lower or delayed
initiation rate ofmore expensivéiologicalsespecially during year, tan potentially

lead to a better cost effectivenes§l8) Moreover, this treatment scheme
demonstrated a more favourable safety profile and seemed better tolerated over 2
years. In the COBR3Im arm only patients insufficiently responding to MTX
monotherapy were exposed to csDMARD combination therapy, resulting in less
adverse reactions. Additiofig, slightly fewerCOBRASIim patients discontinued
study treatment due to side effect$lence, this simplified strategy with fewer drugs
could avoid unnecessary overtreatment in patients sufficieraponding(19).

In patients assumed to have a better prognosis, both treatment strategsslted
in good disease control after 2 years, with only a numerically better efficacy in the
COBR#SIim group. However, for rapid remission induction, the COSIRA
treatment seemed more beneficial than the traditional TSU, as previously reported.
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This ¢rategy resulted in a trend towards higher probability of sustained control of

disease activity during the second year. Furthermore, patients in TSU arm needed

more glucocorticoid injections and seemingly more often initiation of a second
csDMARD. Based dhese results, in addition to a comparable safety profile, the
COBR#ASIim regimen should be considered instead of MTX monotherapy, also in
patients with an assumed better progno$&.

We included a heterogesous study population withvaried disease severity and
from different types of routine practice settings throughout Flanders. Moreover, we
had high retention rates of participants, probably reldte the speed and stability

of response, highly preferred by pants in our trial (20, 21)These features support
the external validity of our results and are indicative for a good applicability in daily
clinical practice.

This was an open label trial without blinding, leaviroom for bias in treatment
decisions, which could have influenced differences in outcomes between arms.
Additionally,LJ- G A Sy daQ | RKSNByOS G2 (NXSlinitheSy
second yeartreatment was at the discretion of theheumatologist However, this
pragmaticdesign is closer to daily practice, and enabled us to study the effectiveness
of COBRA regimens more realistically than in a blinded trial.

The primary endpoint was based on the DAEX which might not be stringent
enough sincéehis outcome measure is known to potentially overestimate remission
rates. (10) However, remission results based on more stringent criteria like CDAI,
SDAI and AGRULAR Boolean criteria yielded similar resultdevbdomparing the
treatment groups.

We aimed foremission but used the cdff of low disease activityDAS28CRPK0 )P H
to decide whether to adapt treatmenthis threshold was deliberately set nlatwer

to avoid changing therapy too rapidly two often which might increase risk of side
STFSOUla |yR 27F N&Sameltd thé pradcd inatee inyid v
treatment phase. An analysis of thBeST and IMPROVED trial showed that
NK S dzY | (i adhéréhdedaiadDAS steered treatment protocol in earlyriis
patients wasworseif the target was remissior{22)

Similarly b CareRA, the COBHRght trial demonstrated that a combination of 25 mg
MTX weekly and a stegpown scheme of prednisolone, starting at 8@/day, had
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major effects on diseaseontrol dter 1 year in early RA23,24)However, addition

of etanercept (a logicalDMARD)was prescribedn case DAS44.6, which was
often not implemented by treating rheumatologists or resulted in limited additional
benefit.

In contrast, the Treatment in the Rotterdam Early Arthrit@HGrt (tREACH) trial
concluded that triple DMARD therapy was more effective than MTX monotherapy
(25). One reason for this might be that CareRA we used a more solid and lengthier
prednisone bridging scheme in t&gipation of the effect of csDMARDwesulting in
similar effectiveness of initial monotherapyth adjustment depending on response,
compared to DMARD combination therapiowever, there are no properly
designed studies comparing COB&#n directly withtriple DMARD therapy until
today.

In conclusionpatients with recent onseRA,regardless of their risk profilayere

effectively treated with COBR#ASIim up to 2 years MTX monotherapy with
glucocorticoid bridgingprovided the besbalance between effecy and safetyn a

treat-to-target setting.

Key Messages

1. Compared to DMARD comthierapy, nethotrexate monotherpy with
glucocorticoid bridging (COBFSAM) resulted in simila-year effectiveness.

2. COBRAIlim is an effective induction regimen, avoidingertreatment and
adverse reactionwithin a treatto-target-strategy.

3. All patients with early RA might benefit from an initial moderatdbsed
glucocorticoid bridging scheme.
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SUPPLEMENTAL MATHRIA

Supplement & Exclusion criteria difie CareRA study

Bxclusion criteria included:

il

Previous treatment with methotrexate, leflunomide, cyclophosphamide,
azathioprine, cyclosporine, sulfasalazine for more than three weeks,
hydroxychloroquine for more than six weeks

Oral glucocorticoids at a dosage of more théd mg prednisone or dosage
equivalent within four weeks before baseline

Oral glucocorticoids at a dosage equal to or less than 10 mg prednisone or dosage
equivalent within two weeks before baseline, oral glucocorticoids for more than
four weeks, intraarticular glucocorticoids within four weeks before baseline or

an investigational drug for the treatment or prevention of RA

Contra indications for glucocorticoids

Contra indication for methotrexate, sulfasalazine or leflunomide at the discretion
of the inwestigator: chronic hepatic diseases, pulmonary interstitial disease or
fibrosis, chronic renal failure, history of malignant neoplasm within five years,
hematologic problems

Patients with psoriatic arthritis

Underlying cardiac, pulmonary, metabolic, réma gastrointestinal conditions,
chronic or latent infectious diseases or immune deficiency which in the opinion
of the investigator places the patient at an unacceptable risk for participation in

the study

Pregnancy; Breastfeeding; No use of a reliaéhod of contraception
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Supplement b: stratification scheme of the CareRA study

All patients
MNon-erosive Erosive
|
RF and ACPA RF and/or RF and ACPA RF and/or

negative ACPA positive negative ACPA positive

DAS28(CRP) DAS28(CRP) DAS28(CRP) DAS28(CRP)

=3.2 =3.2 =3.2 3.2
‘ I | | | '

Low-Risk Low-Risk High-Risk Low-Risk High-Risk High-Risk

Stratification scheme:Classificationof patients in high or lowisk according to
classical prognostic factors. RF= Rheumatoid Factor; ACPAGitAultinated Protein
Antibody; DAS28 (CRP) = 28 joint disease activity score calculated-meittttive
protein.

Supplement 2: fBatmentregimens and adaptation steps
Treatment regimens in the induction phase (Year 1)

COBRAl@ssic:

MTX 15 mg with SSZ 2g and a step down schefrageroids (6040-25-20-15-10-7,5

mg prednisone, each for 7 days except for the lowest dose, thidevithaintained
until w28 and the tapered over 6 weeks). At week 40, patients will continue MTX
(min. 15 mg/week) in mono therapy if disease activitgdseptable low (DAS 28 CRP
X 0ZHU

COBRA Slim:

MTX 15 mg with a step down scheme of steroids-Z642,510-7,55 mg
prednisone, each for 7 days except for the lowest dose, this withéatained until
w28 and the tapered over 6 weeks).
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COBRA AvanBarde

MTX 15 mg with Leflunomide 10 mg and a step down scheme of steroie2{(30
12,510-7,55 mg prednisone, each for 7 days except for the lowest dose, this will be
maintained until w28 and tbn tapered over 6 weeks). At week 40, patients will be
randomly a8 A 3y SR (2 YIAYy(dSylyOS GKSNI LR A

0K
f STt dzy2YARS o6nwn Y3 RIEAfE@0 AF RA&SI&S | Od

Tight Step Up:
MTX 15 mg and no additional oral steroids allowed

Predefined adaptation steps in the indioct phase (Year 1)

If patientsfail to respond (DAS28RP > 3.2), treatment adjustments will be made
from 8 weeks of treatment onwards, if desirable and feasible.

First step:methotrexate dose increase to 20 mg per week in all groups

Second step: COBRAlassic:sulfasalazinelose increase to 3 g
COBR#Alim and Tight Step Up: adeflunomide 10 mg
COBRAMvantGarde: éflunomide dose increase to 20 mg

An intramuscular depetorticoid injection is allowed together with these treatment
adjustments, but not witm 4 weeks preceding week 16, 28, 40 and week 52 visits.
As an alternative an oral bridging scheme could be considered, after discuggion
the principal investigator

Intra-articular corticosteroids are allowed maximally once every 8 weeks but not
within 4 weeks preceding week 16, 28, 40 and week 52 visits

Further DMARD treatment adjustments are only allowed from 8 weeks after prior
treatment adjustments onwards.

Treatment regimen in the maintenance phase (Year 2)

Treatment adjustments during the maintenee phase from week52 onwards will
be at the discretion of the local physician according to good clinical practice.
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Supplement 3:

Outcomes per treatment arm at theygar visit in participants who completed they2ar trial

High-risk Lowrisk
Outcomes COBRA COBRA COBRA p Adj. p| COBRA TSU p Adj. p
Classic  Slim AvantGarde value value | Slim value value
n=85 n=87 n=77 n=32 n=41
DAS28CRRK2.6 59 (69 66 (®) 63(8) 0.19 1.00 27(84) 31(®) 0.36 1.00
DAR8-CRPKo ®H 75(88) 7800) 72 (%) 051 1.00 2888 37(90) 0.71 1.00
Good EULAR respse 73(8®) 73(8) 66 (%) 092 1.00 23(2) 27(®) 058 1.00
Moderate EULAR response 80 (94) 82(94) 71(92) 0.84 1.00 30(94) 32(78) 0.06 0.60
SDAI remissiolo @ o 30@35) 28(32) 39(8) 0.04 048 19(59) 13(®) 0.02 0.22
SDAI LDM 1 75(88) 77 (®) 71(92) 0.66 1.00 28(®B) 38(®V) 046 1.00
CDAI remissiolKH @y 30 (35) 29(33) 41 (53) 0.02 0.26 20(®) 13(® 0.01 o0.13
CDAI LD 75(88) 78 @0) 69 Q0 095 1.00 2888 3683 097 1.00
ACREULAR Boolean remission 21 (%) 20 (23) 20 (26) 091 1.00 16 (50) 9(22) 0.01 0.13
Clinically meaningful HAQ chan¢ 64 (75) 54 (62) 55 (71) 0.15 1.00 21 (®) 23(56) 0.41 1.00
HAQ =0 34 (40) 34 (39) 29 (3}) 095 1.00 17(53) 15(3) 0.16 1.00
No ofX-ray pairs BL and year2 75(88) 78 (90) 74 (96) 29 (91) 38(93)
SvdH change from BL 0.6+1.4 0.9+1.8 0.6+1.2 0.18 1.00 0.4+0.6 0.4+1.2 0.24 1.00
SvdH progression >SDD 34 6 (8) 3(4) 0.50 1.00 0 (0) 1(3) 038 1.00




Supplement 4:

Cumulative probability plots of the radiographic progression
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Cumulative probability plots shown of the radiographic progression for the different
treatment arms in the higiisk group (A) and lowisk goup (B). SvdH= Sharp van der Heijde

score; Change in SvdH scores= change from baseline till year 2.
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Supplement 5:
Use of glucocorticoids by participants over thgear followup period

Highrisk Lowrisk
Outcomes COBRA COBRA COBRA COBRA TSU
Classic Slim AvantGarde Slim

Cumulative prednisone 25974667 1524379 1586+423 1554308 3650
dose during year 1 (mg)

Cumulative prednisone 4154891 3674970  423t1428 151+346 235t696
dose during year 2 (mg)

Patients taking oral GC 22 (22) 16 (16) 16 (17) 5(12) 5(11)
chronicdly, n(%)

Median (IQR) daily dose 5.8 (3.0) 5.3(6.0) 5.0(2.5) 54(29) 6.7(3.3)
in patients taking GC
chronically

Patients who had GC 26 (27) 35 (36) 22 (24) 8 (19) 22 (47)
injections, n (%)

GC injections, n 43 55 34 11 37

Data are presented as means+SD unless specified otherwise. GC= glucocorticoids; Cumulative
prednisone dose calculated of all systemic GC (oral, intramuscular, intra articular). Patients
taking oral GC chronically were defined as patientsigkiral GC consecutively for > 3 months
outside of initial prednisone schemes prescribed by protocol. Median daily dose= median daily
dose of prednisone equivalent in mg.
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Supplement 6:

Safety analysis overygar followup

Highrisk Lowrisk

Outcomes COBRA COBRA COBRA COBRA TSU

Classic  Slim AvantGarde | Slim

n=98 n=98 n=93 n=43 n=47
Total related AE 209 164 208 63 69
Patients with related AE 72(73) 69(70) 74(80) 28 (65) 34 (72)
Total SAE 29 29 25 10 11
Patientswith SAE 21(21) 22(22) 16 (17) 9(21) 7 (15)
Patients with serious infectior 2 (2) 4 (4) 3(3) 4 (9) 1(2)
Patients deceased 1(1) 1(1) 0 (0) 0 (0) 0 (0)
AE causing treatment 22 14 27 7 8
interruption
Patients interrupting 17 (17) 12 (12) 19 (20) 6 (14) 7 (15)
treatment due to related AE
AE causing treatment stop 12 6 13 0 0
Patients stopping treatment 9(9) 5 (5) 12 (13) 0 (0) 0 (0)
due to related AE

Data are presented as absolute numbers (percentages); (S)AE = (Serious) Adverse Event;
serious infection=rifection resulting in hospitalaion.
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COMMENT ON: WHATTSIE BEST TREATMENT
FOR EARLY RHEUMAT@RTHRITIS?

Dear Editor,

In a recent issue of Rheumatology, Professor Pope discusses our paper eyetire 2
results d the CareRA trigll) and reflects on early RA treatment strategi@s We
would like to respond to and clarify several points raised in the editorial: whether
potential differences between treatments have been minimized, how MTX should
be used (doseroute of administration and as single csDMARD or within a triple
therapy), and whether bridging glucocorticoids should be used in all patients.

The first issue raised was if differences in treatment efficacy could have been
minimized due to our use of [3R8 as opposed to CDAI remission as primary
outcome, or because of treatiAp-target. While indeed at week 104 CDAI results
were statistically better with COBRA Av#arde versus COBRA Slim, CDAI and SDAI
remission status at all other time points showed difference between treatment
groups in higkrisk patients (table 1). Additionally, when analyzing disease activity
longitudinally over 2 years, no differences were shown via a linear mixed model with
CDAI (p=0.723) or SDAI (p= 0.605). We do of course digat we succeeded in
achieving remission in a high number of patients across treatment arms by treating
to target, adding to the relevance of our data for daily practice. However, we want
to emphasize that proportions of patients who had to adapt DMARRtment
(switch or addon) outside of the predefined schedules, were comparable after 2
years between the 3 treatment arms in the highk group (34% in Classic, 39% in
Slim and 31% in Avas@arde). Therefore, we think applying treattarget could nd

have eliminated important differences between treatment arms.

Secondly, the dose and route of administration of MTX was questioned and whether

it should be combined with other csDMARDs. We started oral MTX at a dose of 15mg
weekly but the dose had to hiacreased per protocol from week 8 onwards when a

target of DAS28 wt o ®H ¢ a v -2isk gro0f 7, 42% andi3®% of K A 3 K
patients did so within the 2 years follow up in the COBRA Classic, Slim and Avant
Garde arm respectively. By consequencesrall 63% of highiisk patients were not

exposed to unneeded higher dosages, potentially leading to less side effects
population wise. Within a strict treab-target approach, 15mg/weekly seems
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sufficient as initial therapy for the majority of patients.eVdlso want to clarify that
within CareRA switching to IM or SC MTX was allowed and even advocated in case of
oral intolerance. In the ear results paper of CareR2) we extensively discussed

the difference in &icacy and effectiveness between treatments, the latter pointing

to less patients being able to tolerate the initial csDMARD combinations and partly
therefore switching earlier to biologicals. Although we agree that some patients
might benefit from initid combination of csDMARDSs, it remains difficult to
effectively identify such patients in practice without better predictive markers. We
would like to highlight that COBRA Slim therapy matches with the most recent EULAR
recommendationg4). Actually, recommendation n°4 (MTX monotherapy and not
csDMARD combination as preferred initial strategy) ultimately had a very high level
of agreement among participating experts (LoA 9.8), as extensively detailed in the
manuscrip. Nevertheless, current recommendations do not preclude choosing for
csDMARD combination.

The last and ever returning discussion raised was on glucocorticoids. First of all, we
FSSt GKFG FNFXYAYy3a (GKS dzaS 2F 3t dedah®2 NIi A O
the attention should be focused on proper guidance of patients in care programs
practicing shared decision making to avoid overuse. Moreover, we would like to
highlight our findings on early strategic glucocorticoid use in an observational study,
published in this journal early 20@8). Patients with a better prognosis who did not
receive initial glucocorticoids ended up in the long term with less disease control,
poorer functionality and more ongoing gluaoticoid use compared to highsk

patients having received initial bridging therapy with glucocorticoids. The authors
agree that unnecessary glucocorticoid use should be avoided, but in CareRA the use
after 2 years is low (and much lower than we see ia laseline characteristics of

LI NIAOALI yGa 2F w/ ¢Qa Ay a¢- NBFNI OG2NE
balance our perceptions on glucocorticoids based on all available additional evidence

(6, 7) Takingnto account our results and the high preference of patients for rapid
disease control and a return to normali{), the advantages of glucocorticoids

within a stepdown-bridge strategy should not be overlooked, lasg as prices of

other fast acting drugs like biologics and JAK inhibitors stay high and stopping data
with these drugs show no clear advantages compared to glucocorticoids.
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In summary, our study convincingly shows that rheumatologists can change ¢he fat
of patients with RA significantly by choosing their initial treatment strategy wisely

and without prejudices.

Table 1:CDAI or SDAI remission at every visit during second year of CareRA in high

risk group
Highrisk
Outcomes COBRA COBR COBRA p value Adjusted
Classic Slim Avant-Garde p value
n=98 n=98 n=93
CDAI renw52 35 (36) 25 (26) 34 (37) 0.19 0.94
CDAI renw65 31 (32) 26 (27) 37 (40) 0.14 0.92
CDAremw78 34 () 34 (35) 34 (37) 0.95 1.00
CDAremw91 26 (27) 30 (31) 32 (34) 0.50 1.00
CDAlremw104 30 (31) 29 (30) 44 (47) 0.02 0.17
SDAremw52 36 (37) 27 (28) 39 (42) 0.11 0.86
SDAremw65 27 (28) 20 (20) 31 (33) 0.13 0.92
SDAremw78 26 (27) 32 (33) 31 (33) 0.53 1.00
SDAremw91 24 (24) 29 (30) 28 (30) 0.63 1.00
SDAremw104 31(32) 28 (29) 41 (44) 0.06 0.53

Data are presented as absolute numbers (percentages). P values are adjusted by the Holm test
to correct for multiplicity. rem= remission;CDAI= Clinical disease activity index; CDAI
NEYA&aaAz2Yy Xaudyod {5!LT
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CHAPTERZA

Fiveyear outcomes of early intensive
treatment for rheumatoid arthritis with
csDMARDs and temporary glucocorticoids:
data from the CareRA trial

This chapter will be submitted as angirial article:
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Verschueren Ror the CareRA study groupive year outcomes of early intensive
treatment for rheumatoid arthritis with csDMARDs and temporary glucocorticoids
data from the CareRA trial






ABSTRACT

Objectives
To compardongterm outcomes ofarly intensive and tightly controlled treatment
combinations in the Care in early RA (CareRA) trial ovegreasfollowup.

Methods

In the 2-year CareRA trial, patientwith DMARD naive RA were stratified in a high
or low-risk group based on classical prognostic markers. -Héhpaients were
randomised to COBR®&assic (MTX+sulphasalazine with highly dghecbcorticoids
(GC)), COBRA Avdnarde (MTX+leflunomide viitmoderately dosed GC) or COBRA
Slim(MTXwith moderately dosed GCLowrisk paients were randomised to COBRA
Slim orMTX tight step up (TSLRatients completing CareRA were eligibleXgears
follow-up in the currentCareRAplustrial. Evolution in diease activity (DASZBRP),
functionality (HAQ) and -Kay damage over 5 yearwas compared between
treatments usindongitudinalmodels.Adverse events (AEs) and DMA&ptations
were registered.

Results

Of 322 eligible patients, 252 (78%) entered CarpRi&, of which 203 (81%)
completed the study. Highisk treatment arms shoed comparable DASZBRP
(p=0.539 and HAQ scores over 5 years (p=0.3Zd)vwrisk patients starting COBRA
Slimhadlower DAS2&RP (p<0.001) and HAQ scores (p=0.041Yiovethanthose
receiving TSUOf patients completing the study, 114/203 (56%) did not need to
intensify their original DMARD therapguring 5 years without differences
between treatment armsThe numbers of AEs throughotite observational
follow-up were comparabléetween armsn highriskpatients(p=0.182)in the low

risk group there were 18 AEs in 10 Slim and 36 in 17 TSU patients (p=0.048).

Conclusion

All intensive treatmerg with bridging GCesulted inexcellent lmgterm outcomes.
Initial COBRA&Iim showedcomparabé 5year effectiveness as COBRA Classic and
COBRAvantGarde in higkrisk earlyRA patients and better efficatlyan MTXstep-

up in lowrisk patients.
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INTRODUCTION

It is recommended to treat patients with early rheumatoid arthritis (RA)
immediatly, intensively and to a predefined target in order to rapidly control
disease activity and avoid joint damage and functional de¢liria.

CKS W/ I NB QAy/ ENBIvE 0 o thélEfledtiven&sg loft differéntS
csDMARD combinations amgilicocorticoidbridging schemes in patients wigarly

RA in areat-to-target setting close to daily clinical practick.wasdemonstrated
that remission induction with &MARD combinations and stelown
glucocorticoids (GCs) was not superior over MTX monotherapy with miatiera
dosed stepdown GCs (COBFSAM) in RA patients with a higisk profile The results
after 16 weeks, 1 and 2 years were previousfyorted[3¢5]. Moreover, COBRAIIM
showed benefit over a tight stepp with MTX in monotherapy (TSU) in RA patients
with a lowrisk profile [5,6]. The COBRA&IIm regimen, MTX monotherapy with
glucocorticoid bridging, provided the best balance between efficacy and safety after
1 and 2 yearswas coskffective,and wasfurther endorsedin the updatedEULAR
recommendations of 2019 to treat RA8].

As EULAR recommendations emphasize also the importance of sustained remission
or at least low diseasactivity, long term follow of treatment schemes is necessary.
The 11 year follow up of the original COBRA trial already showed reassuring long
term efficacy and safety of early intensive combination therapy, even without a strict
treat-to-target approachH9]. More recently the 10 year follow up of the BeSt trial,
incorporating tight treatment control, confirmed the importance of early intensive
combination therapy and demonstrated that even dfnge remission and
normalized mortality have bemne realistic outcome$10]. Despite all evidence
F62@SyY OdZNNBy(d 3IdzARStAySa |NB ad@amMt RSol
Therefore we aimed to study the lodgrm effectiveness of the initial treatments

used in CareRA within the 3 year observational CajglB#\ followup study. We
compared maintenance of disease control, use of difeerent DMARD classes and
safety over 5 years between groups according to the initial treatment allocation at
baseline in the original CareRA study.
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METHODS

Study design

The CareRA plus trial was g&ar observational followap study of theCareRA tria

a 2year investigatoiinitiated, multicentre, randomized controlled trial, set up to
evaluate the effectiveness diifferent treatment regimendor patients with early
RA In CareRA, we includgohtients with early RA (diagnosisl<yea)), who were
naiveto and had no contraindicationfor csDMARDsr glucocorticoidsDetailed
enrolment criteriawere published previouslj4]. Participants completing the-gear
visit of CareRA were eligible for inclusion in CareRA plus. This study was conducted
in 10 Belgianrheumatology centres (1 acadec centre, 6 general hospitals and 3
private practices)The medical ethics committee of each centre approved the study
protocol and all patients gave written informed consent before participation.

Initial and subsequentdatments

Before randomizatiomi CareRA, patients wesdratified intoa highrisk or lowrisk

group based onpresence of classical prognostic factoiacluding RF / ACPA
positivity, high baseline disease activity and having erosasents in the highiisk

group were randomized tone ofthree remission induction schemes following a
treat-to-target principle: ©OBRA [@ssic: initial combination of methotrexa(®1TX)

and sulfasalazine; COBRA Slim: MTX monotherapy; COBRAGAkdet initial
combination of MTX and leflunomide. All C@B&hemes included an initial step
down scheme of oral prednisone, started at a high or moderate dose, and tapered
weekly over 6 or 7 weeks to a low maintenance dose which was discontinued at week
28.The schemes combining tvesDMARB weretapered tocsDMARDmonotherapy

at week 40 incase patients achieved low disease activitatients inthe low-risk
groupwere randomized to one of two schemes: the same COBR¥®s&heduleor

Tight Stepup: MTX monotherapy without glucocorticoidé/hen a target of low
disease activity (DASZ8wt  Masdet teached,reatment was adjustedby two
predefined adaptation &ps, from week 8 onwards and during the first study year.
As a first step, MTX dose was adjusted to 20mg weekly in all arms. As a second step,
the dose @the othercDMARD was adapted the COBRA Classic and COBR#t

Garde arm.In COBRA Slim and Tight Step Up the second step consisted of initiating
leflunomide 10mg daily. During the second year, treatment was at the discretion of
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the rheumatologist. The protocol has been described into detail in previous
publications[4,5]. In CareRA plugurther application of the treato-target principle
was recommended, but adaptation of treatment was left to the decision of
rheumatologist and patients.

Assasments and outcomes

During CareRA plus, participants were assessed every 6 months for 3 years. Disease
activity (DAS2&RP and SDAI), clinical parameters and functionality measured by the
Health Assessment u@stionnaire (HAQ)vere registered. All (serioyisadverse

events ((S)AEs) considered to be relevant according to the investigators, were
recorded.Comorbidities were registered at baseline.

DMARD and glucocorticoid intake were registered at every thsitughout the
study. We assessed DMARD changemn foaseline CareRA over 5 years, resulting in

3 possible trajectories: Patients adding or switching a csDMARD, patients initiating a
biologic DMARD (bDMARD) and patients who never had an intensification. In the
latter, patients stayed on csDMARD monotherdmym week 40 in COBRA Classic
and COBRA Avaf®arde, or from baseline in COBRA Slinye#lr 5 or discontinued

all DMARD therapy.

Radiographs of hands and feet were performed at baseline, week 28, year 1 and
thereafter yearly to assess progression ohjadlamage. All radiographs were read
chronologically usinghe Sharp van der Heijde Y@H) score by one blinded reader
(TK) [12]. This reader was trained by an experienced reader DC who scored
previously all radiographs of they®ar CareRA trial in the sam@anner. Based on
scores of radiographs of the 2 years of CareRA, an-atdiss correlation coefficient

for agreement between the two readers was calculated as 0.83 (95% CI: 0.81 to
0.85). Radiographic progression was assessed by the clivatige total $¥dHscore

from baseline CareRA till year 5 and was visualized using a cumulative probability
plot in patients who completed the study.
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Statistical analysis

Each analysis compared the outcomes between the different treatments allocated
at baseline. Potemal differences in clinicalutcomes were examined by Clsiquare,
ANOVA orKruskalwallis independent ttest or MannWhitney U test, when
appropriate.

Percentages of patients in low disease activity or in remission according to DAS28
CRP or taSimplified Disease Activity Index (SDAWere calculated based on an
WA Yy (i So/UliNES2I Vi Q intlyding &l ¥andomisd patients Missing data of
components of the disease activity indices were imputed with multiple imputation
by chained equations (100 imputecitasets)[13]. The imputation model included
terms for observed disease activity, HAQ score, treatment randomization,
demographics, classical rqgnostic factors, comorbidity status, treatment
intensifications, and SvdH scores.

The changes in DASEZRP, SDAI and HAQ were analysed over 5 years using linear
mixed models (LMM). Remission and low disease activity rates over 5 years were
analysed by geeralized linear mixed models (GLMM). These mixaddels
incorporated a random intercept and a random slope for time with an unstructured
correlation structure. This accounts for the repeated observations wihpatient

and allows the estimation of a @#frent regression line for each patient with a
different baseline value and rate of change over tirBedH scores over time were
compared using a generalized estimating equations analysis wiyative binomial
working distributionto address skewness tiese data Foreach model, treatment

and time were used as determinants and it was tested whether there was an
interaction between treatment and time. The number of occurring AEs during
CareRA plus were compared using poisson regression. Significaekedesvset at
0.05.Analyses were carried out using SR8Sion 26 and R version 4.0.1.
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RESULTS

Participants

Of 322 patients who completed they@ar CareRA study, 252 (78%) were enrolled in
the CareRA plus study. We analysed patients according to thginally allocated
treatment in the highrisk group: COBRA Classic (n=69) versus COBRA Slim (n=75) or
COBRAvantGarde(n=59) and inhe lowrisk group COBRA Slim (n=23) ver3isiJ
(n=26. In both risk groupsdemographic and clinicatharacteristics ataseline
CareRA were well balanced beten treatment arms (tabldl). Patients entering
CareRAplushad similar demographics and clinichlaracteristicat the final 2-year
visit of the preceding CareRifial as patients not entering the followp study.
CareRA plus patients were enriched for ACPA, compared tepaditipants, but
ACPA positivity did not differ between treatment groufgsipplementl). In total,
203 (81%) participants completede 5-year follow up, with similar frequencies or
reasons fodiscontinuationbetween treatment arms (figure 1).

Disease activity over time

Disease activity improved rapidly during the first 16 weeks and remained stable over
the following 5 years among patients of the higék group (figure 2). There were no
differences in DAS28RP or SDAI scores over time between treatment arms (LMM:
respectively p=0.539 and p=0.431 for overall comparison; supplement 2A). In the
low-risk group, results indicated that disease activity measured by DE&FBover

5 years was lower ipatients who started COBRA Slim compared with TSU (LMM:
i =-0.46; CI {0.63 to -0.29]; p<0.001). Accordingly, SDAI scores over tyedb
follow-up were lower in the COBRA Slim strategy (LMi#¥2.46; C1{3.87 to-1.04];
p=0.001; supplement 2B).

Remission and low disease activity states

Based on available datd participants who competed the-ear study, overall 89%

of patients had low disease activity reflected by a DAGR®<3.2, and 74% were in
remission according to a DAS28CRP<2.6. Low disease activity measured by SDAI was
achieved by 89% of all patientsich SDAI remission by 40% of patients. DAS28
CRP<2.6 at year 5 in highkk patients was 72%, 77% and¥6tbr the Classic, Slim

and AvaniGarde group respectively (p=0.403). In the logk population, 83% of
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patients in the Slim and 82% in the TSU arm Ba®AS2&RP<2.6 at year 5
(p=0.945). Remission rates at year 5 based on an intemtigreat analysis with
missing data imputed by multiple imputation were comparable (supplement 3).
Remission and low disease activity rates are shown per time pointurefig and
supplement 4. Occurrence of remission over time assessed by B&fR2&r SDAI
was similar between treatments in the higisk group (GLMM: respectively p=0.798
and p=0.224 for overall comparison; supplement 2A). In therlskvgroup, patients

on COBRA Slim had over time higher odds of achieving remission, compared to
patients started on TSU (OR=2.62 CI [1.43 to 4.81]; p=0.002 for EpAF2Bmission,
OR=3.27 CI [1.35 to 7.91]; p=0.009 for SDAI remission)  (supplement 2B).

Functionality

In the high-risk group the mean HAQ scores over 5 years were comparable between
treatment arms (LMM: p= 0.374 for overall comparison; supplement 2A). Among
patients of the lowrisk group, those treated with initial COBRA Slim strategy had

lower HAQ scores anduk better functionality over 5 years (LMM= 0.21 CI-p.41

to -0.01]; p=0.041; supplement 2B).

Radiographic progression

After 5 years, radiographic progression, measured as increase in SvdH score, in
patients completing the study was limited and comgaeabetween treatment arms

in the highrisk population. More specifically, 3 patients in Classic, 3 in Slirrrisigh

and 1 in Avangarde had an increase in SvdH score >5. There were 11 patients in
Classic, 9 in Slim and 5 in Av@drde who had an increa in SvdH score >0.5 (p=
0.399). In the lowrisk group there were no patients with a change in SvdH > 5, and
there was 1 Slim patient with a change >0.5 (p=0.283). A cumulative probability plot
of radiographic progression is shown in supplement 5. Lodgial analyses
demonstrated that the mean change in SvdH score over 5 years was similar in the
high-risk group and in the lowisk group (GEE: p= 0.524 and p=0.928 for overall
comparison respectively; supplement 2).
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Treatment intensifications

At the year5 visit, 71%, 61%nd 50% of highisk patients were on csDMARD
monotherapy (mostly MTX) in Classic, Slim and AGartle respectively. Of the lew

risk group, 65% in COBRA Slim and 62% in TSU were taking a single csDMARD. At the
year 5 visit,9% of all peticipants received chronic oral GC therapy (>3 months).
Overall, of patients completing the study, 56% never had their DMARD therapy
intensified. More specificallyg4% of Classic, 58% of Slim hiigk, 48% of
AvantGarde, 50% of Slim levisk and 52% oTSU patients never had an
intensification in their DMARD therapy during 5 years of the study.
Treatment profiles at every visit are shown in figur®4ding the Syear study,
biologics weranitiated in 22% of all patients: 23% of Classic, 23% of Siihrikk,

25% of AvantGarde, 17% of Slim levisk, and 15% of TSU patients.

Safety

In highrisk patients, the total numbers &Es throughout CareR#lus, were 70 in
36 Classic, 95 in 48 Slim and 80 in 36 Aarde patients (p=0.182). In the legk

group, there were 18AEs in 10 Slim and 36 in T3U patient$p=0.048) (Table 2).
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High-risk group

Low-risk group

Completed 2 years of CareRA (n=322}

COBRA Classic GOBRA Slim GOBRA Avant- COBRA Slim TSU
{n=85) (n=87) Garde (n=77) (n=32) (n=41)
Included in CareRA plus follow-up study (n=252)
* Y Y Y
COBRA Classic GOBRA Slim GOBRA Avant- COBRA Slim TSU
{n=69) (n=75) Garde (n=59) (n=23) (n=26)

14 Discontinued:

* 11 Lost to follow up
» 2 Withdrew consent
» 1 Death

13 Discontinued:

e 13 Lost to follow up

11 Discontinued:

e 7 Lost to follow up
o 4 Withdrew consent

6 Discontinued:

* 5 Lost to follow up
* 1 Withdrew consent

5 Discontinued:

o 5 Lost to follow up

Completed 3 years of CareRA plus (n=203)

¥

A4

COBRA Classic

(n=55)

COBRA Slim

{n=62)

COBRA Avant-
Garde (n= 48)

r

COBRA Slim
(n=17)

TSU
(n=21)

Figure 1Flow chart of participants during they&ar observational CareRA plus study.



Table 1:Demographic and clinical characteristics of patiearisolled in CareRA plus per original treatment arm, as recorded
at baseline CareRA

Highrisk Lowrisk
Variables %:EESFTCA COBRA Slim CgaBE:nA:V:;t COBRA Slim TSU
n=69 n=75 n=23 n=26
Demographiovariables
Age, years 54 (12) 52 (13) 53 (13) 53 (14) 51 (13)
Body mass index, kg/m? 26 (4) 27 (4) 27 (4) 25 @) 28 @)
Women, n (%) 43 (62) 53 (71) 39 (66) 16 (70) 20 (77)
Smokers, n smoked ever (%) 41 (59) 43 (57) 38 (64) 13 (57) 11 (42)
Median (IQR) symptom duration 22 (1344) 23 (1438) 27 (1452) 23 (1636) 19 (1630)
RF positive, n (%) 52 (75) 62 (83) 46 (78) 8 (35) 6 (23)
ACPA positive, n (%) 53 (77) 60 (80) 52 (88) 10 (43) 6 (23)
Erosive disease, n (%) 25 (36) 24 (32) 18 (31) 0 (0) 0 (0)
Comorbidity present, n(%) 31 (45) 41 (59 30 (51) 10 (43) 8 (31)
RDCI 0.8 (1.0) 1.0(1.1) 0.9 (1.1) 1.0 (1.3) 0.6 (1.3)
Clinical variables
DAS28CRP 5.0 (1.1) 4.8 (1.1) 4.7 (1.2) 4.4 (1.9) 4.5(1.6)
Tender Joint Count {68) 14 (9) 14 (9) 14 (8) 13 (13) 13 (8)
Swollen Joint Count {66) 11 (7) 11 (7) 10 (6) 11 (8) 8 (7)
PGA, mm (@.00) 62 (20) 55 (22) 55 (24) 48 (32) 44 23)
Pain, mm (@L00) 60 (22) 57 (20) 58 (24) 45 (31) 48 (B)



Fatigue, mm (€L00)
PhGA, mm (@00)

ESRmm/h
CRPmMg/L
HAQ score @)

50 (24)
52 (17)
34.6 (24.8)
18.8 (25.5)
1.2 (0.7)

48 (22)
52 (18)
33.2 (24.0)
24.0 (35.9)
0.9 (0.7)

50 (24)
49 (17)

39 (28) 41 (21)
46(19) 43 4)

26.0(18.8) | 32.4(31.1) 25.3 (18.1)
13.8(18.3) | 27.3(50.9 13.6 (18.5)

1.0 (0.6)

1.0 (L.0) 0.9 0.7)

Values reported are means (sidard deviation) unless specified otherwise. Symptom duration= weeks elapsed between onset of symptoms and
start of treatment; IQR= Inter Quartile Range; RF= Rheumatoid factor; ACP&ydittiCitrullinated Protein; RDCl= Rheumatic Diseases Comorbidity
Index; Comorbidity present= presence of at least 1 comorbidity as selected by the RDCI; DAS28= Disease activity scok8hased; @RP=C
tFdASydQa 3If201f
assessment questionnaire. Comparisons of variables between treatment groups performed via ANOVA ciNlliskalst, unpaired-test or
MannWhithey U test, or Chi2 test when appropriate. There were no significant differenadsiacteristics between treatment arms in high or in

NEI OGA@S

low-risk groups.
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DAS28-CRP high-risk
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SDAIl high-risk
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1.517 Cobra Classic
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DAS28-CRP low-risk
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— Cobra Slim
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24
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0.0
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Figure 2: Disease activity and physical functioning during 5 years of follow up
Data are shown as observed. Error bars indicate the 95% confidence intdDVeb2&RP=
Disease activity score based on 28 joints calculated wittaCtive protein; SDAI= Simplified
Disease Activity Index; HAQ= Health assessment questionnaire.
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LDA SDAI
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Figure 3: Remission rateturing 5 years of follow up
Daa are shown as observeBAS28CRP= Disease activity score based on 28 joints calculated
with Greactive protein;SDAI= Simplified Disease Activity Index.
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% patients

% patients

COBRA Classic COBRA Avant-Garde
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Figure 4: Medication profiles taken by participants during 5 yearsfafow up in

each treatment arm No intensifications = participants who did not have to intensify their
DMARD treatment; Added or switched csDMARD = participants who added or switched a
csDMARD; Initiated biologic = participants who initiated biologic DIM&)RPercentages are
calculated on patients still in follow up at each time point.
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