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SUMMARY

Rheumatoid arthritis (RA) is a chronic, debilitgfiautoimmune disorder affecting 1-2% of
the population. Despite the advent of newer thegpn combination with a treat-to-target
approach, sustained remission remains elusive $agraficant proportion of patients.

This thesis explores measures to improve outcomesily RA, a time when therapies are
most likely to achieve sustained remission. Thet fgection evaluates commonly used
disease activity (DA) measures that omit assessofethie foot and ankle, a frequent site of
joint involvement. Our initial cross-sectional spudlemonstrates persistent foot synovitis in
>20% of patients meeting standard remission caite@ur subsequent longitudinal study
found that when DA measures using 28 joint coumts ased to define remission, a
substantial proportion of patients have ongoingd &ymovitis and this in turn predicts relapse
and radiographic progression. We also found an pieddent association between foot
synovitis and the short form-36 physical functignsubscale, underscoring the importance
of foot synovitis in activities of daily living.

We next addressed whether contemporary treat-g@ttatombination DMARD therapy in
early RA translates into personal and societal titsne terms of preserved work outcomes.
Our findings revealed that good EULAR respondersewaore likely to be working at 10
years compared to those with moderate/no EULARaes@. This difference was present
from 2 years following diagnosis and became mooa@unced over the next 8 years.

Dissociation between radiographic progression amgagent remission can lead to
unexpected treatment failures, particularly in setting of biologic DMARD (bDMARD)
therapy. We wished to identify these patients earlyheir disease. We explored whether
inclusion of bone biomarkers could improve assessroktreatment response. We found a
significant reduction of RANKL following treatmeng slight increase in osteoprotegerin
(OPG), and no significant changes in the other limomarkers assessed.

The RA synovium reflects the underlying cytokindieu in each individual and in the final
section of this thesis we detail our ongoing redeaexploring the clinical utility of
arthroscopic biopsy in early RA. We initially dissua proof-of-concept study followed by
the currently ongoing ARBITRATE (Arthroscopic Synalv Biopsy Directed Targeted
Therapy vs. Conventional Therapy in RA) study, aerolabel randomised parallel design
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treatment trial designed to address whether tadgierapy can improve disease outcome.
We conclude with a critical review of the finding®m this thesis and future research

directions.
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CHAPTER 1. INTRODUCTION

BACKGROUND AND PATHOGENESIS OF RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic autoimmundlammatory disorder affecting
approximately 1-2% of the population with profoundividual, societal and socio-economic
consequences> Given the considerable heterogentgftyn clinical presentation, serology,
genetics and disease course; the term RA can b&deved an umbrella term embracing
multiple disease subtyp&sDespite extensive research, its precise aetiology defied
elucidation; it is thought to be the result of natetion between genetic factors, sex hormones
and the immune system, possibly as a result of @ofmial agent triggering the immune-

inflammatory cascade.

Following an appropriate trigger in a geneticaliggisposed individual, T-cells are activated
by antigen-presenting dendritic cells (DC) and sgobently play a preeminent role in the
initiation of immunopathology?® T-cells incite autoantibody production by B-céllsnd
these autoantibodies form immune complexes thaurmackate in joints and activate
complement. Further recruitment of effector celihances production of pro-inflammatory
cytokines and chemokines and activates osteockasésgs, causing cartilage and bone

damagé

By the time the patient presents with symptoms taiscade is probably well underway, as
demonstrated by the presence of rheumatoid fad®bt) (@and anti-citrullinated protein
antibodies (ACPA) autoantibodies years before trsebof clinical diseast"’

Evidence of Autoimmunity: Autoantibodies in RA

Evidence of autoimmunity, characterised by AA andoaeactive T cells in blood and
synovial fluid, is one of the hallmarks of RA. Rineatoid factor (RF) was first identified in
blood and synovial tissue in 1922, yet its precigle in the pathogenesis of RA remains
unclear.™* RFs have a moderate sensitivity (60-80%) and Epiegi(~50%) for RA and are
part of the 1987 and 2010 American College of Rhaoingy (ACR) RA classification
criteria’®**They also have prognostic importarite.

More recently, autoantibodies to citrullinated pegs$, anti-citrullinated protein antibodies

(ACPA), have been recognised, with important diagieaand prognostic implicatior8 This
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discovery had its origins in reports from the 19Wdsen antibodies directed against keratin
were detected in rheumatoid serum, and the printarget antigen was the filament-
aggregating protein filaggrin. These antibodiesdbto citrulline-containing epitopes on
filaggrin. Citrulline is derived from post-transianal modification of arginine residues by a
process called as citrullination. Citrullinatiosetf is a physiological process, believed to be
important for degradation of intracellular proteidaring apoptosis, and happens in the
presence of high calcium concentrations by an eezyaled PAD (peptidyl arginine
deiminase}> ACPA assays (which have a sensitivity of 60-70%j}ognise several
citrullinated self-proteins including-enolase, keratin, fibrinogen, collagen and vimeatid
are found almost exclusively in RA. The high spetif of ACPA for RA indicates that an as
yet unknown mechanism specific for RA must existt feads to a breakdown of tolerance to
these citrullinated antigens. ACPA are usually lg@ith the next most prominent subclass
being 1gG4, and to a lesser extent IgG2 and I§G3f further interest is the fact that ACPA
develop preferentially in patients that harborshared-epitope (SE) allelés.

Carbamylation (in which lysines, under the influenof cyanate, are converted to
homocitrullines) is another process that engengess-translational protein modification in
the context of chronic inflammation, and anti-canlytated antibodies have been found in
patients with RA.*® In the context of chronic inflammation and tissiebris, elastase or
cathepsin G associated protein cleavage of IgGaditts can lead to neoepitope exposure at
the IgG hinge region and result in anti-hinge asdibs (AHAS). Indeed, IgG4-AHAS have
been identified at all stages of RA disease, amdamanplex with 1gG4-ACPAs to further

trigger inflammatiort?

Genetic Risk Factors

The most compelling evidence for a genetic compbreemes from studies on twins:
monozygotic twins have a concordance rate of 12-1&%RA, compared with 1% for the
general population. The immunogenetics of RA awmdnmpletely understood, but the best

known and probably most influential factor is theAdclass Il haplotype of an individual.

Several HLA-DRB1 molecules (*0101, *0401, *0404)ash a common amino acid sequence

at position 70-74 in the third hypervariable regiohthe DRR1 chain. This sequence,

consisting of glutamine-leucine-arginine-alaninaréthe (QKRAA), is situated in the antigen

binding cleft of class Il HLA and has been termkee shared epitope (SE). Initially, the SE
14



was thought to bind a putative athritogenic peptfcbut recent studies have shown that the
shared amino acids actually face away from thegantibinding cleft. Analyses using
genome-wide single nucleotide polymorphism data aodditional haplotype analyses
revealed that the MHC association to RA risk (ie DR-B1 region) is almost completely
explained by amino acids at positions 11, 71 and" Tdis now thought that the SE may
influence selection of a predisposing T-cell repeet antigen presentation or alteration in
peptide affinity and therefore promote autoreacéigiaptive immune respons@sd/ery recent
work has shown that HLA DR B1*04:01/04 prefereryiddinds RA associated citrulline, and
may lead to increased presentation to citrullinaelf-antigen specific CD4+ T cells, which

correlated with RA disease activity.

Several other risk alleles that influence immurgutation have been identified, particularly
in ACPA positive disease; these include allelesoived in nuclear factoxB (NF-«B)-
dependant signalling (e.g. TRAF1-C5 and c-REL), dndell stimulation, activation and
differentiation (e.g. PTPN-22 and CTLA%).

Female predominance and pregnancy are known ridorfafor RA suggesting that sex
hormones and reproductive factors influence RA kbgraent and severity. Women with a
lower age of menarche have a lower risk for develemt of RA while pregnancy and

multiparity increase risk*

Environmental Risk Factors

Smoking is strongly associated with RA, even inguas without a family history of RA, and
is a prominent example of gene-environment intevacin RA pathogenesis, with the risk
increasing with heavy smoking and particularly witiose having the shared epitope
alleles®*?® Indeed, citrullinated proteins have been deteatethe bronchoalveolar lavage
fluid of smokers, but not non-smokérfs.Smoking may contribute to qualitative and
guantitative alteration in citrullination (througRADI4) of mucosal proteins, epitope

spreading and post-translational modification.

Infections have been the subject of considerabbeitainconclusive research as candidates
for pathogen-derived peptides inducing autoimmuroty molecular mimicry. The most
convincing evidence is from the observed associatioRA with periodontal disease driven

by Porphyromonas gingivalis. P gingivalis is unique in its ability to citrullinate host pejes
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and may provide a mechanism for generating antigeas may further the autoimmune

cascadé®

Adverse life events are a well-recognised triggérR#; the central nervous system
influences immune homeostasis, there is evidenca thk between the hypothalamic-
pituitary-adrenal axis and cytokine production dimhlly, several neurotransmitters are

expressed in the synoviuth.

Immune dysregulation in RA

There are several candidate triggers which coutéhia the immune-inflammatory cascade
in RA. Initial events probably involve Toll-like ceptors (TLRs) which play a role in
pathogen recognition, leucocyte recruitment andietidn of co-stimulatory molecules on
professional antigen-presenting cells (APCs) swehiendritic cells (DCs).Further events
include several inflammatory cascades (perpetulayeshflammatory immune and synovial
lining cells, cytokines and chemokines) culminatidigally in persistent synovial
inflammation®

TLRs in RA

TLRs are germline-encoded pattern recognition recep(PRRs) expressed on APCs and
DCs (among others) and are considered to be thdlifre host defence against harmful
triggers. They are probably involved in initiatiagd maintaining inflammation in R
TLRs recognize exo- and endogenous ligands leadingactivation of inflammatory
signalling pathways, especially NB and mitogen-activated protein kinase (MAPK).
Multiple TLRs (TLR2, TLR3, TLR4, TLR7, TLR8) are pressed in inflamed synovial tissue
and inflammatory mediators expressed in inflamaat$dIL (interleukin)-12, IL-18] may up-
regulate their expression. Furthermore, TLR ligamds induce tumour necrosis factor
(TNF), IL-1, IL-6, IL-8 and matrix metalloproteinadMMP) production by synovial cells.
While the list of putative exo- and endogenousridgmrecognized by TLRs on APCs or DCs
and relevant to RA is growing, a definite candidagand awaits identificatiof>?

Dendritic Cells in Rheumatoid Arthritis

Following uptake of immunogenic antigen or stimwaiatby TLR ligand, DCs undergo
differentiation and maturation. They migrate to setary lymphoid organs under the
influence of chemokines (chemokine receptor CCR@hd then undergo apoptosis or active
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killing by cytotoxic T cells®® In the context of inflammation, DC stimulationataration and
activation may initiate T cell pro-inflammatory okine production, cytotoxic function and B

cell antibody productiof®

Increased expression of co-stimulatory and adhesnmhecules is characteristic of DC
maturation and leads to efficient antigen pres@mato T cells** The DC maturation
program itself is signalled by several pathways:k8F MAPK and the Janus kinase-Signal
Transducers and Activators of Transcription [(JAAF), especially Jak3 and STATH.
Finally, increased numbers of myeloid DCs that egprT-cell costimulatory molecules
(CD80, CD86 and CD40) have been found in synotigd fof patients with RA>

T cells

Following antigen presentation by DCs and APCsyatibn of T cells is thought to be the
next step orchestrating further events in the gghesis of RA. T cell activation following
antigen presentation in association with co-stinanjamolecules, results in avid binding of
long duration between the APC and T cell. One efithportant receptor-ligand interactions
involves CD40 ligand, which is a cell-surface maolecon activated T cells. CD40 ligand is
essential for T cell-induced antibody formation Bycells and for causing APCs to induce
cell mediated immune responses. CD40 on B cellsCHDsl interacts with CD40 ligand on T
cells and results in up-regulation of CD80 and Cb86DCs and B cells. When CD80 and
CD86 interact with CD28 on T cells, T cell activatiresults® Absence of the second co-
stimulatory signal results in either poor activatior apoptosis. CTLA-4 (cytotoxic T
lymphocyte associated antigen 4) expression ocoursthe T cell surface following
activation; this serves as an immunoregulatoryginathat downregulates T cell activatith.
Inhibition of co-stimulation by the monoclonal dudy, abatacept, has been successfully
applied in the treatment of RA. Intriguingly, ancess of co-stimulatory molecules is present
within rheumatoid tissue, and suggests the presehdecell activation without a specific
antigen. This might result in self-perpetuatingleg of T cell proliferation sufficient to

sustain autoimmunity’

Naive T cells develop into effector T cells uportigen recognition, while the cytokine
milieu they encounter during development influenibesage specificity. RA has been long
thought to be a Thl mediated autoimmune diseasaubecof the abundance of Thl
cytokines [especially interferon (IFN]; the relative lack of Th2 cytokines (IL-4, IL-8,-
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10), and the ability of Th1l cells to activate maatrages. This paradigm has been challenged

by recent insights into T cell differentiation ait&lrole in the pathogenesis of RA.

In 2005, the discovery of a lineage of T cells (Theells) distinct from Th1/Th2 ceff$*
and the subsequent recognition of IL-17’s rolerifllmmation and autoimmunityled to a
re-evaluation of the understanding of the role @klls in the pathogenesis of RA. Th17 cells
produce several distinctive cytokines includingllZA, IL-17F, IL-22 and IL-21 and express
chemokine receptors CCR4 and CCR6. IL-17A is aipflammatory cytokine that mediates
its activities through a heterodimeric receptor pten composed of IL-17RA and IL-17RC
subunits?®*® IL-17F is also pro-inflammatory but less so thanlFA; its mechanism of
action is similar to IL-17A% Patients with RA have increased numbers of Th1g gethe
peripheral circulation, synovial fluid and the sy membrane and higher IL-17A levels
have been associated with RA disease seV&rifjie key cytokines for the development of
human Th17 cells are transforming growth fagtoffGF{}) plus IL-6, IL-21 and IL-1
followed by IL-23. In the presence of IL-1B and #3; or IL-6 and TGF$ in the presence
of IL-21 or IL-23, Th1l7 cells undergo differentiati and express a unique transcription
factor, ROR-c, which induces transcription of the-17 gene and subsequent IL-17
production®® Most parenchymal cells have IL-17 receptors, aigsadling through these
receptors induces target cells to produce seveoainflammatory mediators including 1L81
TNF and IL-6 and induces chemokines (IL-8 that kakpcruit neutrophils and CCL20 that
recruits CCR& cells including DCs and Th17 celf§).

For example, on exposure to IL-17, macrophagesym®dL-1, TNF and IL-6 causing
inflammation; osteoblasts express the receptovatati of nuclear factokB (RANK) ligand
(RANKL) which can activate osteoclasts leading toné erosioff? Indeed, in RA,
production of TNF, IL-1 and IL-17 by synovial celispredictive of joint destructioff.IL-17
increases IL-6 production and IL-6 activates a fpasifeedback loop committing more naive
T cells to the Th17 lineage. Furthermore, Thl7scelluce chemokine production and attract
numerous T cells into the inflamed tissue, ampiidythe inflammatory cascade leading to
further tissue damad®.Cells (including non-T cells) other than Th17 seathn produce IL-
17. Anti-IL-17 therapy has been evaluated in chhitials in RA but has not been found to
be highly effective underscoring the complexity amdlundancy of feedback loops and
inflammatory pathways in the context of RA.
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In addition to promoting cytokine production an@ #vents described above, CD4+ effector
T cells provide crucial help to B cells for antilyogroduction and perpetuation of the

autoimmune inflammatory cascade.

B cells

The role of B cells in RA is multifaceted and inbés antigen presentation, cytokine
production (IL-6, TNFe, IL-10), modulation of T cell response and autdzody
production’ The presence of ACPA years before the onset ofceli disease implicates

autoantigen specific B cells and plasma cell déifeiation in the pathogenesis of RA.

B cells may function as APCs within the RA synovjumaddition to DCs and macrophages,
by taking up antigen via surface immunoglobulin a&fficiently processing and present it to
T cells loaded onto class Il MHC. In addition, Bleeontribute to ectopic lymphoneogenesis
(development of tertiary lymphoid tissue) with garat centre (GC) like structures within
the inflamed synovium in RA. Further maturationtiese structures leads to differentiated
memory B cells that can secrete cytokines includifiga (lymphotoxine) which further
promotes lymphoneogenesis, TNF that promotes imfation and plasma cells that secrete
RF and ACPA' Activated B cells in the RA synovium express aatiion-induced cytidine
deaminase (AID), an important enzyme for the ititiaof affinity maturation event.

In addition, evidence suggests that T cell actoratin the RA synovium is also B cell
dependant?’ B cells may also play a role in bone homeostasiBA as ectopic lymphoid
follicles not only occur at other sites of inflamtoa in RA (e.g. lungs) but also in the
subcortical bone marrow adjacent to the joint. &desynovial CXCL3 (a B cell
chemoattractant associated with extra-nodal lyngblremgregates), has been found to be
increased in severe, ACPA positive FCertain subsets of memory B cells can also express
RANKL and some express osteoprotegerin (OPG, aboldecoy receptor of RANKL and

an inhibitor of osteoclastogenesis), suggestingtteetio underappreciated role of B cells in
bone homeostasis in RA® Finally, B cell depletion, using anti-CD20 antifies, is an
effective therapy for RA®

Synovial lining fibroblasts, macrophages and mast cells

Both synovial fibroblasts (SF) and resident synbmacrophages play an important role in
sustaining and perpetuating the inflammatory pretes
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SF contribute to local inflammation and cartilagemdge by producing pro-inflammatory
cytokines, chemokines and matrix metalloproteingdés!Ps). In RA, SF undergo only

limited apoptosis possibly owing to increased p&®dur suppressor gene mutations in the
inflamed synovium and consequent loss of funciiothey assume a near-autonomous,

aggressive phenotype and promote lymphocyte org@misand survivai>>*

Activated synovial macrophages are multipotent adffie cells that integrate innate and
adaptive immune responses very efficiently. Th&y @ pivotal role in maintaining the
chronic inflammation of RA. They abound at the ikage pannus junction and exhibit strong
phagocytic activity, antigen processing and pregent, secretion of pro-inflammatory
cytokines, expression of Fc receptors that are-antibody and immune complex responsive,
and play an important role in TLR signalling, complent activation, tissue degradation and

remodelling and directly interact with fibroblastsd T cells>>°

Mast cells may be important and possibly key playerthe erosive and inflammatory events
leading to joint destruction. Once activated, thelease an exceptionally broad range of
potent effectors including histamine, heparin, @imdses, cytokines, prostaglandins and
growth factors, leading to changes in the micro@mrment and contributing to inflammation

and also playing a vital role in (neo)angiogenasfs.

The pathogenesis of RA in an individual patient: moving goal posts?

In summary, despite extensive research, the patlesgeof RA remains poorly understood.
Recent advances include elucidation of the moledaais of the association of the SE with
RA, further characterisation of the role of ACPAtle activation of autoreactive T cells and
identification and the role of Th17 cells and IL-b7RA. It is also now recognised that these
inflammatory triggers are likely to change with &rand many of the initiating processes are
likely to occur before the onset of clinical diseaghe variations in pathology in early versus
late disease are significant and likely to impgmbrutherapeutic targets and hence response
to therapies. Assessment of disease must recogimse differing phases; ideal clinical
measures of disease activity will need to encomphsse different periods in the
pathogenesis of disease and this may include bmoiclaé physical and histological markers.
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CLINICAL MEASURES OF RA DISEASE ACTIVITY AND REMISSION

RA can lead to rapid development of joint damagé significant long-term disabilit§}
Over the last two decades, there has been a parattidt from using only monotherapy with
conventional disease modifying anti rheumatic dryB81ARDs) to using combination
therapy with a treat-to-target approach and finallyw aiming for remission using a
combination of conventional and biologic DMARDs.v8rl biologic DMARDs (Table 2)
are now available with diverse mechanisms of acti@spite this, it is also now evident that
despite their promise and high costs, remissi@mislusive target for a significant proportion
of patients with RA. Regardless, intensive therapth DMARDs substantially improves
disease activity, radiographic progression and ishysfunctiof? and hence accurate
assessment of disease activity and defining reamsisi critical. Several attempts to define
remission in RA have been made since the origi@&Dldefinition by Short and Bauer, who
described it as a state where “the disease wasiieathe patients were asymptomatic, and

examination of the joints was negative except ésidual deformity.®*

Since no single measure can capture all asped®Adctivity, various composite measures
have been developed over the years (Table 1)jrgjansith the ACR remission criteria in
1981° followed by the Disease Activity Score involving fpbints (DAS44) and the DAS
involving a 28 joint count (DAS287°° More recently, two further composite disease
indices- the Simplified Disease Activity Index (SDAand the Clinical Disease Activity
Index (CDAI)- have been propos&df® The most recent have been the 2011 ACR (American
College of Rheumatology)/ EULAR (European LeagueaiAgt Rheumatism) proposed

criteria for remissiofi®

Table 1. Some of the commonly used disease activitgsponse and remission criteria

for RA. DA- disease activity. H- high, M- moderate, L- loRem- remission, PGA- patient global activity,
EGA- evaluator global activity. CRP in mg/dl for 80 PGA and EGA measured on a 10cm visual analogue
scale (VAS); GH- global health measured on a 100%#%%; ACR- American College of Rheumatology;
EULAR- European League Against Rheumatism

Criteria for measuring disease activity

Formula Cut-offs

DAS ESR’®  0.54 xV(Ritchie Articular Index) + 0.065 x SJC44 +DA <2.4
0.33 x loga(ESR) + 0.0072 x GH MDA <3.7

0.54 x V(Ritchie) + 0.065 x SJC44 + 0.17 YDA > 3.7

DASCRP | 0gna CRP+1) + 0.0072 x GH + 0.45
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DAS28ESR® 0.56 x V(TJC28) + 0.28 xV(SJC28) + 0.70 X LDA 2.6-3.2
logha{ ESR) + 0.014 x GH MDA >3.2-5 1

0.56 x V(TJC28) + 0.28 xV(SJC28) + 0.36 X

DASZ8CRP | G CRP+1) + 0.014 X GH + 0.96 HDA >5.1
SDAI SJC28 + TJC28 + PGA + EGA + CRP LDA < 11
MDA <26
HDA >26
CDAI SJC28 + TJC28 + PGA + EGA LDA < 10
MDA <22
HDA >22
Criteria for response and remission
DAS "° Remission < 1.6
DAS28"° Remission < 2.6
SDAI Remissiorg 3.3
CDAI ® Remissiorg< 2.8
ACR 20/50/70 At least a 20/ 50/ 70% improvement in
e 1. SJC
2. TJC
and three of the following five
1. PGA (e.g. by VAS)
2. EGA (e.g. by VAS)
3. Patient pain assessment (e.g. by VAS)
4. Functional disability (e.g. by HAQ)
5. Acute phase response (ESR or CRP)
ACR 1981% Remission: at leasts of the following for at least 2 consecutive manth

1. Early morning stiffness 15 minutes
No fatigue
No joint pain (by history)

No joint swelling or tenderness or pain on motion

a kb 0N

No soft tissue swelling in joints or tendon sheaths

6. ESR < 30 mm/ hour (females) or < 20 mm/ hour (males
ACR/ EULAR Remission:
2011°%° - SDAI<3.3,0R

22



EULAR "

All of the following

» Swollen and tender joint counts each
* PGA (0-10 scalex 1
e CRP (inmg/dix1
Good response
» Decline in DAS28 >1.2 and DAS28 score <3.2
Moderate response
* Decline in DAS28 >1.2 (without reaching DAS28 <3.©)R a
decline in DAS28 of 0.6-1.2, plus reaching at leasiderate
disease activity (DAS28 <5.1)

Table 2. Some of the currently used bDMARDs in RA*™ DMARD- disease modifying anti-
rheumatic drug; MAB- monoclonal antibody; IL- iniemkin; CTLA4- cytotoxic T-lymphocyte associated

protein 4
Biologic type Drug Mechanism of action
TNF inhibitor Infliximab Chimeric MAB: human IgG1 d region joined to
variable region of mouse anti-TNRntibody
Etanercept Soluble TNF-receptor fusion protein etimof 2
recombinant p75 TNk receptor proteins with each
molecule linked to the Fc portion of human IgG1
Adalimumab Recombinant human IgG1 MAB
Golimumab  Recombinant human IgG1 MAB specific TdtFa
Certolizumab Pegylated humanised anti- TiFab fragment
pegol
T-cell co- Abatacept Recombinant fusion protein consisting~ofdomain of
stimulation human IgG1l fused to extracellular domain of human
inhibitor CTLA-4

B-cell targeted
therapy
IL-6 inhibitor

Rituximab Chimeric MAB to CD20

Tocilizumab  Humanised anti-IL6 redep MAB
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ACR Criteria for Remission and Response to Therapy

These were first proposed by the ACR (then AmerRherumatism Association) in 198%.
Since it was not specified in these criteria akdw to measure the variables, Preebal.
suggested modifications which replaced the absefigeint pain on history by a visual
analogue scale (VAS), no joint tenderness or paimotion was fulfilled if no joint was
scored painful (out of 53 joints), no soft tissuweeBing in joints or tendon sheaths was
fulfilled if no joint scored swollen out of 44 jdmand fatigue was not measured. The criteria
for morning stiffness and ESR remained uncharfdthe ACR criteria have been criticised
because additional factors such as structural dantagjoints may cause pain without
necessarily reflecting disease activity and it wiogtill be possible to fulfil disease criteria for
remission despite having swollen joihfsDespite these limitations, the ACR criteria are

viewed as reliable outcome measures.

The ACR response criteria (Table 1) are differenomf the ACR remission criteria in that
remission is an assessment of disease activityspeafic point in time, whereas a response
is a measure as to how the disease activity changk<sime, and the ACR20%, 50% and
70% improvement criteria were developed to evalusgponse to theragy.’?

The Disease Activity Score (DAS), DAS involving 28 joints (DAS28), and EULAR response
criteria

The DAS (Table 1) was proposed by EULAR in they&f90s, and is a composite, single-
point, absolute measure of disease activity. Thgiral DAS involved 44 joints (and hence
called DAS44 or simply DAS), and included the RiécArticular Index (a graded measure of
joint tenderness¥’® It was unwieldy to use, even in the researchingeind subsequently,
the DAS28, a new and relatively more time efficisnbre was proposef®® While the
DAS28 is much easier to use in the clinical aneéaesh setting, it has attracted a number of
criticisms and concerns. By not requiring assessméthe ankle and feet, it may under-
represent disease activity in the early stagedhefdisease, a critical period for obtaining
disease controf®®? The DAS28 definition of remission (based on a saufr<2.6) has also
engendered controver§y and lower cut-off values have been propo$@dhe acute phase
reactants (CRP / ESR) heavily weigh in the final¥28 score which may erroneously lower

the DAS28 score in the face of objective eviderfoengoing joint activity 2 especially as a
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significant proportion of patients with RA can haw@mal ESR and CRP at presentation and

during the course of otherwise active disé4dse.

Notwithstanding its limitations, the DAS28 has beextensively validated not only for
routine clinical use, but also as an outcome measurclinical trials. Both the DAS and
DAS28 have been used in several clinical trial$ shawed the benefit of tight control in the

treatment of R&.2,65,85,86

The EULAR response criteria (Table 1) can be applieing either the DAS or the DAS28,
and incorporate not only the level of disease #ythut also the extent of changeThese

criteria have been well validatéiand have been shown to be comparable to ACRierfter

The Simplified Disease Activity Index (SDAI) and the Clinical Disease Activity Index
(CDAI)

The complexity and requirement of computationalddor calculating the DAS28 was the
driving force behind development of the SDAI (Tal)e a simple numerical summation of
the values of a derived set of variables of diseasigity. °® The CRP, as opposed to the ESR
was chosen as the acute-phase reactant as itsicdedounded by other factors and was
thought to more precisely reflect disease activitycontrast to the DAS28, the evaluator
global assessment (EGA) was introduced into theestmintegrate subjective and objective
measures as a part of the evaluation. The pajlebal assessment (PGA) remains because
the EGA is seldom used without the PGA and patiestsally view their disease as being

more active than their physiciaffs.

Subsequently the CDAI (Table 1) was developed asalaireviated form of the SDAI,
excluding CRP from the formula. The rationale bdhileveloping the CDAI was to enable
the physician to make immediate therapeutic degssregarding intensification of therapy if
laboratory data was not available, because thes gahdse reactants correlate with each of the

other variables and may not add importantly tomposite scoré®

Both the SDAI and CDAI have been validated for irselinical practice. SDAI remission
criteria may be more stringent than the DAS28 reiois criteria on the basis of a study
which demonstrated less inflammation by power Depph patients who were in SDAI

remission vs DAS28 remissi8f.Similarly CDAI remission in patients with RA hagdn
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shown to have quality of life scores closer to tealthy population as compared to those

who were in DAS28 remissidii.

FDA remission criteria

The FDA remission criteria are thought to be thesimstringent, as they require ACR
remission in addition to radiographic arrest asrdef by the Larsen or Sharp scores, for 6
months following cessation of all anti-rheumaticgs. To date, no therapy has been able to
fulfill these criteria’’ but their development reflects a change in thagigm of treatment of
RA. Low activity disease is no longer seen asbbst attainable outcome.

The new ACR/ EULAR remission criteria

These criteria, developed jointly by a committe¢haf ACR and EULAR define remission in
RA using either a Boolean definition or SDAl 3.3 (Table 1f° The committee
recommended but did not mandate a full joint colmtaddition, a clinic-based definition
suggested omitting the CRP as this may not be ahamgilable in the clinic settirg.

Problems with current disease activity and remission criteria

Several of the current disease activity and remissriteria use abbreviated joint counts
(particularly the DAS28, SDAI and CDAI) that omhie ankle and feet, a common site of
involvement in early RA (ERA), at a time when otf@nts may be relatively unaffected, and
inflammatory markers norm&{®> There is also relatively poor correlation between
individual criteria®? and perhaps tighter control should, in an indigidpatient, consist of
aiming for achieving remission defined by more tlwa@ criterion, in addition to imaging

evidence of remission (discussed below).

ADDITIONAL OUTCOME MEASURES IN RA

Apart from the clinical outcome measures descriladdve, other outcome measures
employed in RA include patient-reported outcome sness, radiographic outcomes and
outcomes at the synovial membrane level. Finaléydierall impact of RA as a disease has
an important bearing on work, an outcome measuat fifobably best reflects its societal

consequences.

Patient-reported outcome (PRO) measures in RA
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Several PRO measures are used in RA and includesumesa of function [the Health
Assessment Questionnaire (HAQ), modified HAQ (mHAQalth related quality of life
[Rheumatoid Arthritis Quality of Life (RAQoL), ShbForm 36 (SF-36)] and patient
response to illness (the Arthritis Helplessness Bheéumatology Attitude Index), among

others.

HAQ and mHAQ

The HAQ is probably the most commonly used and maistist PRO used in RA. It has
been instrumental in engendering a shift from chhand biochemical parameters of disease
assessments to outcomes that are more relevare atient®°? The original HAQ was one

of the first PROs to be published, and assessespheuimensions? These dimensions are
underpinned by patient-centred values that cortibw the HAQ's hierarchical structure and
include avoidance of long-term disability, freedfnam pain, avoidance of treatment related
adverse events (AEs), containment of medical casts postponement of death. While the
full version of the HAQ includes all these valug® version that is most commonly used is
an abbreviated version that includes the HAQ Dlgghdndex (HAQ-DI), the HAQ visual
analogue (VAS) pain scale and the VAS global hesdtie™

The HAQ-DI includes 20 questions and covers 8 fionell activities-of-daily-living
categories: dressing, rising, eating, walking, bygi reach, grip and usual activities. These
guestions encompass fine movements of the uppdrsjifocomotion and activities that
involve both upper and lower limbs and takes intcoaint use of aids of devices for
assistance, as well as help from another petson.

The HAQ correlates well with clinical (joint couptand laboratory (inflammatory marker)
measures, and with physical capacity measuresielcantext of RA, the main determinants
of the HAQ are disease activity, pain and psychiasofactors rather than structural
abnormality.®® It is one of the strongest predictors of mortaliterk disability and economic

loss. 6194

The mHAQ is an abbreviated form of the HAQ, andsusely 8 questions. Despite its
relative brevity and the absence of questions abioistor assistive devices, it has been found
to closely correlate with the HAQ. However, it lack normal distribution, and fails to detect
numerical improvement in scores (despite cliniaapriovement) in up to a quarter of
patients; this floor effect has been shown to impraith addition of item&>%°

27



A further two modifications of the HAQ were devedap the multi-dimensional HAQ (MD
HAQ), and the HAQ-II. The MDHAQ is another abbraeid version of the HAQ, includes
more items than the mHAQ, has questions pertaitondemanding physical activity, pain,
fatigue, anxiety and depression and avoids the #biect in patients with limited disability.
%97 The HAQ-Il is also a shorter version of the HAQgddike the MDHAQ, attempts to
correct the floor effect seen with the mHAQ); itlubes 5 items from the original HAQ and 5
additional items, with no subscaf®s” Of all the versions of the original HAQ, the HAQ-I
has been shown to have the greatest uniformity derwalues over a longer scale than the

HAQ, and skipped items impact least on the totafest®

RAQoL (Rheumatoid Arthritis Quality of Life) Questionnaire

The RAQoL was designed simultaneously in the Né&hds and the UK as a RA-specific
quality of life instrument, and the final questiame consists of 30 questions that assess
specific activities of daily living and quality dife.**'® The RAQoL is validated in Dutch,
British, Swedish and Australidff populations, among others. It has been shownwe high
internal consistency, test-retest reliability amscdminant sensitivity; it correlates well with
the HAQ, DAS, joint counts and modified Sharp sc8fé® In addition, physical contact, a
dimension not covered by other common instrumentsRA, is encompassed by this
guestionnaire. This is particularly relevant fortipats with RA who are likely to have
concerns relating to avoidance of shaking handdeing touched!®® As an index of
minimally important worsening, an increase of 2m0tiee RAQoL corresponds to an increase
of 0.25 on the HAQ?™*%*

SF-36

The SF-36 questionnaire originated from the MediGaltcomes Study!® It assesses
multiple health concepts: limitations in physicgdcial or usual activities because of physical
or emotional problems or pain, questions to assssygy, fatigue and general health

perceptions'® and has been cross-culturally adapted and traasfHt'%®

This questionnaire
has been extensively used as a QoL outcome mems®& °°**°and as an instrument in
assessing comprehensive disease cortfblt has shown to respond to treatments and to
distinguish therapies that translate to meaningfehlth benefitd®® The mental health
subscale may be less responsive to minimal clinesponsé?® and the physical function

component has been criticised for not assessingedgx which is commonly affected in
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RA.%" Similar to the HAQ, the SF-36 may overestimateea§® activity in the context of

concomitant fibromyalgia™®

Arthritis Helplessness Index (AHI) and the Rheumatology Attitudes Index (RAI)

The AHI and the conceptually very similar RAI a@sbd on the learned helplessness (LH; in
which participants believe their efforts will beeffective) theory and were designed to assess
patients’ perceptions of loss of control with BA.There are several variants of these
guestionnaires: an original 15 item AHI and RAIdan5 item helplessness subscale of the
AHI and RAI. 2123 Although the AHI and RAI have reasonable interoahsistency, and
the 5-item scale has a stronger correlation witiithevariables and is faster and easier to use,
these scales suffer from relatively low reliabilggd it is recommended that they not be used
as sole measures for clinical decision makiif{d?>LH has also been found to mediate the
relationship between socio economic status andaséseutcome, and to correlate with

depressed mood in RA®%’

Imaging outcomes

Plain radiographs of the hands and feet have bged in the evaluation of the course of RA
for over six decades. The efficacy of synthetic hitdogic DMARDSs has been evaluated by
their ability to slow or prevent radiographic dareag® More recently, ultrasound (US) and
MRI have been employed as more sensitive measureassess disease activity and

progression.

Conventional radiography

Several radiographic scoring methods have beenidedmver the past decades. They range
from methods that provide a global assessmentogetthat assess individual joints. Probably
the first established methods were the Steinbrocket Kellgren method$”!*° These
determined the extent of joint damage as a glolwalres that was a summation of
abnormalities of several joints and dominated kg Worst change in any particular joint
assessed in the hands. A consistent later trenbdesto assess individual joints and assign
a score to each joint; this commenced with theespooposed by Sharp et al in 1971, which
correlated with clinical disease activity and wagproducible. Sharp’s score assessed joint
space narrowing (JSN), erosions, ankylosis, defemstic changes, periosteal reaction,

cortical thinning, osteopenia, sclerosis and odigt®p change$:*? A subsequent
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modification of this score in 1985 saw the omissidrperiosteal reaction, cortical thinning,

osteopenia, sclerosis and osteophyte changes leechiezhnical and other issues.

There were several subsequent modificatidfis* but it continued to include only the hands,
until the van der Heijde modification (to includeetfeet) in 1989® van der Heijde further

modified this method by simplifying the scoring ngithe Simple Erosion Narrowing Score
(SENS).*" This score, which is probably superior to the karsnethod (see below) at the
individual patient level**® remains widespread in use and includes 15 areasthe hands

and wrists and 6 from the feet, with a maximum emscore of 160 for the hands, 120 for
the feet and maximum JSN 120 for the hands andd®é feet. The total score ranges from

0 to 448'3°

An alternative method is that of Larsen, which Jiiest proposed in 1974; the score was
developed after a patient with RA, and a maximumirBrocker damage score of 4, was
observed running for a bd# It provided an overall index of joint damage (thiethod

combined erosion and JSN as a single score; itriepmn hands as well as feet) and
differentiated stages of damage from normal ((.tdgain, this score has undergone several

modifications, the most recent in 1995 and 15§8%3

Although radiographs have been long considerecetthb most durable indicator of disease
progression, they are relatively insensitive to nge fail to detect early disease and
underestimate joint damage; another major limitatis their inability to assess disease

activity at a point in time or short term respotséreatment***4

Ultrasound (US)

Of increasing importance in RA disease assessriéhhas the unique advantage of being a
point-of-care modality. As compared to conventioraiography, in ERA, US detected 6.5
fold more erosions in ERA (as compared to 3.4 foldate disease)*® It is at least as
sensitive as MRI in detecting erosive disease andery ERA can detect tenosynovitis, a
precursor of more established RA***91*%n addition, it can detect joint effusions, syravi
hypertrophy and hyperemia; US can evaluate effgctiserapy and US detected erosions and
power Doppler positivity have been shown to coteelavith long term clinical and
radiographic outcomes®*** There have been attempts to evaluate and valskigng

systems that assess limited number of joints bydsS$epresentative of disease activity.
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MRI

This imaging modality has the advantages of:

lack of exposure to radiation,

three-dimensional viewing,

reproducibility,

ability to image periarticular structures and adijog soft tissues and

ok~ 0N PR

it is the only technique to reliably quantify bomarrow oedema.

Disadvantages include operator dependence, thefoeedntrast to reliably detect synovitis,
inability to use in patients with ferromagnetic ilapts, high cost and limited accessibifity.

In the context of ERA, MRI can be very useful inted#ing subclinical synovitis, early
erosions, tenosynovitis and bone marrow oedemae Buarrow oedema is probably the best
test for RA diagnosis® and an early and reliable predictor of long tenmt damagé>®
Flexor tenosynovitis as detected by MRI scan has Isaown to predict RA> MRI is more
sensitive than conventional radiographs and thidlustrated by the fact that erosions are
visible on MRI a median of 2 years prior to beiregjatted by radiography; indeed it is only
after 20-30% of the bone is eroded on MR, thatdisions are detected on radiograptiy.

Under the auspices of OMERACT, the first RA-MRI sedRAMRIS) was developed in
2002, and erosion, bone marrow oedema and syneviame were deemed to be the most
reproducible measuremeritS.While specific to the hand and wrist, it has begpanded to
include the feet, and it has been applied to measane volumé®*®* Simplified methods
for MRI reading have been develop&8and MRI is being increasingly used as an outcome

measure in clinical trials in RA3 Cost and availability remain factors limiting itse.

Work ability as an outcome measure of RA

RA has profound societal consequences, with thgesdrproportion of societal costs being
driven by inability to work. Historical data indieathat a significant proportion of patients
with RA cease work. Work loss tends to happen earlg worsen over time; a third of
patients are unable to work within the first 5 eafter diagnosi®* and more than half
cease work after a decade, with 90% stopping wadk o retirement agé&> Although there
seems to have been a general decline in the ratesrk disability from 50% at 10 years in
the 19808 to 35% at 10 years more recehtfi(in part, methodological differences between
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these studies may account for the difference),ethrases still remain unacceptably high.
Work disability in RA may be explained on the basiviomedical (i.e. disease activity and
structural damage leading to functional limitatiar)a biopsychosocial perspective (i.e. a
misfit between functional ability and work demantfé)It is now recognised that work
outcomes relate only in part to disease activity agsponse to therap$°® Systematic
reviews have identified a robust association witicreasing age, functional disability,
physically demanding occupations and lower edundgwels which are predictive of work
disability; association with disease activity, sttral damage and seropositivity remains

inconsistent®16°

Work disability in ERA
One of the first studies of work disability in ERdas that of Barrett al. ** Work disability

was measured by a structured postal questionmaitbe Norfolk Arthritis Register. This
included two primary care based inception cohoiith vecruitment between 1989-92 (mean
follow up 8.6 years) and 1994-97 (mean follow up yeears). The rates of work disability for
cohort 1 at 1, 2, 5 and 10 years were 14, 26, 9% Bespectively; despite more aggressive
treatment (no details of treatment given) in theverecohort, rates of work disability were
generally similar (23 and 33% respectively at yeand 2). The baseline HAQ was the most

important predictor of ability to work.

Work outcomes were also analysed in the FinnishGonbination Therapy (FIN-RACOo)
inception cohort that compared outcomes with coatimn (n=80; methotrexate,
sulfasalazine, hydroxychloroquine and low dose mpissdone) vs. monotherapy (n=82;
sulfasalazine only; prednisolone at clinician’scdetion). The median follow up was 5 years.
The duration of work disability per patient-obsdiwva year was significantly lower in the
combination therapy arm (12.4 days) than in the otteerapy arm (32.2 days). This was
mainly due to differences in median days per pataservation year of sick leave of 11.7
vs. 30 in combination vs. single therapy treatnggoups. Furthermore, fewer patients in the
combination treatment group (21%) were on disabipension at 5 years than in the

monotherapy group (34%)"°

Work outcomes have been assessed in relatively €2MARD naive RA (<2 years;
recruitment 1986-1998) in the ERA study (ERAS; raedollow up 10 years)’* Of the 647
in paid work at baseline, 245 ceased work becati®Adthese patients were found to have
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more severe RA). The probability of stopping wor&sahighest in those older (45-60 years)

at diagnosis.

In the ERA Network (ERAN) inception cohort (n=123&edian follow up 3 years; RA
managed according to local guidelines), 47% (478)ewemployed at baseline. During the
follow up period, there was loss of employment @¥46land of these, over half reported loss
of employment secondary to RA. Disease activityinjpamoking and poor mental health
were associated with earlier work disability whilebetter EULAR response was associated
with a lower probability of claiming new health lefits. Of those who lost their job, 84%
(41/49) retired and only 5 returned to wofk.

Biologic DMARDs and work disability in ERA

The advent of biologic agents and the greater gaispf remission as a therapeutic goal has

engendered interest in work as an outcome meas(®a clinical trials.*"™

A cross sectional study from Sweden included 30&epts (treated with conventional and
biologic DMARDSs) with ERA (<12 months; median folloup 3 years)'®® At baseline, the
mean number of sick leave days in each group w@rantl 44., 26% and 30% had full (O
work days lost the month before), partial (1-29 kvdays lost) and no>(30 work days lost)
work ability. At 3 years, 71% patients with fulldeine work ability were working compared
to 36% and 18% of those with partial and no workitghat baseline. The best predictor of
work ability was baseline ability to work. Otheregictors were HAQ, DAS28, age and
education level. Neither ESR nor CRP was prediativeork ability.

A study’*that included methotrexate inadequate respondesshad either placebo (n=282)
or the TNF inhibitor, infliximab, (n=722) add onettapy to methotrexate, found that patients
treated with methotrexate and infliximab in combioa had greater likelihood of
employability (defined as either working or ablework if work was available) and less
workdays lost. Similar outcomes were noted in oftadies that compared methotrexate to

methotrexate/TNF inhibitor combinatioH>’’

The seemingly beneficial effect of bDMARDs in terno$ work ability may reflect
inadequacy of treatment and higher disease aciivitge methotrexate only arm, rather than
a true effect of biologic DMARDs. This was eleggralddressed in a well-executed clinical
study, the SWEFOT study’® This study randomised patients who had not acHidow
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disease activity after 3-4 months of methotrexalg therapy to methotrexate in combination
with sulfasalazine plus hydroxychloroquine or ixifinab. Monthly sick leave and disability

pension days were retrieved 21 months after ransktion. Mean changes in work lost were
4.9 days/month in the biologic and 6.2 days/monthconventional treatment groups.
Although there was some radiographic superiorityhef biologic treated group, this did not

translate into better work outcomes.

Evidence for efficacy of a treat-to-target strategy and improved work outcomes

It is accepted that a treat-to-target approachsléacetter clinical outcomes in RA"°In
terms of influencing ability to work, there is anited body of evidence to support this, the
most prominent among them being the aforementiov@#t outcomes from the FIN-RACo
and SWEFOT studie$?!"®There is also limited evidence of maintenance ofkncapacity

in treated-to-target patients as compared to lbsgooking hours in the general population.
The ability to modify work-related factors may benited and hence treatment options that

optimise chances of remission may have a signifiztapact in reducing work disability.

Synovial biopsy and changes in the synovial membrane as outcome measures

Synovial biopsy is a low risk procedure that camvpie valuable macroscopic and
microscopic information about an individual's disé&”'® in addition to traditional
parametersindeed, biopsy proven synovitis precedes clinicadnifest arthritis in ERA%
and synovial biopsy may vyield histological and ncalar markers to identify patients with a
poor outcome, provide a sensitive means of asgpsssponse to treatment, or identify

patients who are likely to respond to a partictdeatment optior->>%°

Methods of synovial biopsy

The synovium is amenable to biopsy by arthroscaplgyousing blind needle or ultrasound
directed technique$® Blind needle techniques have been establisheddomdes and have a
good safety and feasibility recofdf. They can be undertaken in an office setting, are
relatively low-cost, and do not require specialiliéaes. The major concerns of blind biopsy
techniques lie in failure to obtain satisfactorynpdes, especially if the joint is clinically
quiescent because of failure to visualize invohadas; in addition the joints that are
amenable to biopsy by this technique are limittin one series with more than 800 Parker-
Pearson biopsy procedures, sufficient tissue wdairdad in about 85% of patients for
histological examination and no haemarthroses feciions occurred®® The authors found
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that the biopsy was most likely to fail in jointsat were not swollen and unfortunately, this
failure rate is unacceptable within the context‘mfoof of concept” phase IB or Il RCT

where arthroscopic synovial biopsy is acceptdfile.

Arthroscopic synovial biopsy has the advantage @cnmscopic examination, visually
directed biopsies with better sampling from arebgrest, its major disadvantages being
the need for a “learning curve” and the requiremiemtoperation theatre faciliti€d’ In
addition, arthroscopic biopsies may more accuragstymate the degree of inflammation as
sampling from sites adjacent to cartilage, whichually display a higher degree of
inflammatory changes, is possible. This area fficdlt to access by needle biop&y
Complication rates with arthroscopies performedrbgumatologists are similar to those
reported in the orthopaedic literature: in a stedwluating 16 532 arthroscopies in which
50.5% and 49.5% of the arthroscopies had a climca research indication respectively
revealed a complication rate of joint infection 1%, wound infection in 0.1%,
haemarthrosis in 0.9%, deep venous thrombosis B%0and neurological damage,
thrombophlebitis and other complications in 0.02%08% and 0.06% respectively. Irrigation
volume correlated with wound infection rate andtaenthat performed cartilage biopsy had
a higher rate of haemarthrosig

Macroscopic appearance of the synovium in RA

Macroscopically, the synovium in RA has a distimascularity pattern with straight vessels
(as opposed to tortuous vessels or a mixed pattespondyloarthritides, reactive arthritis
and psoriatic arthritis). The macroscopic appeaanay predict histological changes (albeit
with only moderate correlation) and clinical paraeng, with the straight pattern portending a
worse outcome. However, there is no widely acceeating system or well-validated
method of description of macroscopic changes, anctlnable method to predict microscopic
features, especially in an individual pati&fit'891%

Inter- and intra-articular variation in synovial membrane pathology and biopsy in
involved vs. uninvolved joints

The only study to address the issue of whetherdyiéqom an involved joint is representative
of the synovial infiltrate in other involved jointgas a study of 9 patients with established
RA. This study compared (by immunohistochemicaltdigmage analysis) the cell infiltrate
in paired synovial biopsy samples from inflamede&i@nts and paired inflamed small joint

(wrist or MCP), and found no significant differescen mean cell numbers of T cells,
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sublining macrophages, plasma cells and IL-6 esmas There was no significant
correlation between different joints for the numbéintimal macrophages or fibroblast like

synoviocytes:*

Several studies have addressed the issue of irticalar variation in synovial infiltrate from
different areas of the same joifke first study, comparing arthroscopically direlctes. blind
needle biopsy samples, found greater numbers ofaphages in biopsies of synovium
adjacent to cartilage, and a good correlation (betwarthroscopic vs. blind biopsy samples)
was found for macrophages in the lining and T cellshe sublining®? In another study,
arthroscopically obtained paired synovial biopsgcsmens from cartilage pannus junction
(CPJ) and suprapatellar pouch (SPP) from kneesj@hi7 patients with RA found generally
similar features with regards to T cells, macrog@saglasma cells and expression of MMP
(especially MMP3)-%2 A third study of 8 patients with RA analysed syiabwmembrane (SM)
specimens from the CPJ and an area remote to tldea@& found greater macrophage
infiltration and higher expression of myeloid reltproteins at the CPY. In general, there
does not appear to be a significant difference betwtissue from the CPJ vs non-CPJ in
terms of features of synovial inflammation and méahis of inflammation and

dEStI’UCtiOI‘ﬁSZlgSJ%

There have been several studies that have exarthieedariability of SM measures from a
single joint (both within the same biopsy and be&mwenultiple biopsy specimens from the
same joint). A study in which 145 synovial biopgesimens from 30 procedures performed
on knee joints of 29 patients with DMARD-naive waetiRA revealed considerable
homogeneity in a single joint for intensity of sym lining layer hyperplasia, vessel
proliferation, mononuclear cell infiltration andfbsis'® In another study of 8 patients with
RA, needle arthroscopic biopsies were taken fronitipkel sites around a knee joint and
guantification of immunohistochemical staining vaase by colour video image analysis. No
difference between intra-biopsy and inter-biopsyiamlity for cell adhesion molecule
staining and limited variation in cytokine expr@ssiin the sublining and vessels was
found!®® A third study which analysed between- patientween-biopsy and intra-biopsy
variation in RANKL and OPG staining (both important RA) by immunohistochemistry
(IHC) in synovial tissue from patients with acti®® found marked variability for RANKL
expression (probably secondary to variability incdll infiltration), with OPG expression
being more consistent inter and intra-biopsy thatwben patient8® In general, the
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variability found in SM biopsy analyses probablyfleets the biological variability of
expression. This suggests that while restricting thumber of samples examined
histologically may improve feasibility it would séfice reliability.**” In particular for T cell
infiltration and expression of activation antigansthe RA synovium, a small study found

that <10% variance can be reached when at ledsp8ybspecimens are examingg.

Analysis of synovial biopsy specimens in RA

Synovial histology provides the most direct windowo the inflammatory cascade driving
RA in the individual. In conjunction with IHC anadolecular analyses, it correlates with
207

disease activity>>***predicts response to treatmé%t>°’ and can prognosticate with regards

to disease outcomé&*2%®

Quantification of inflammation by histology and IHC
The histological assessment of synovium in RA ideliintimal thickness and density and
composition of the cellular infiltraté®® The normal synovium has a lining layer that is 1-2
cells thick, consisting of Type A synoviocytes (m@ahages) and Type B synoviocytes
(SF).209,210

Three methods of quantification of the cellulailtrdte, cell phenotype, cell surface receptor
expression and cellular adhesion molecule expredsiwe been used in published studies:
manual counting (MC), semiquantitative scoring (3@Ad digital image analysis (DIA}’

MC, the “time honoured gold standard” is done vilie help of a graticule and is a valid
measure when the variable measured is localizedctll; there is less certainty with regards
to the validity of this method when non cell asateil variables (such as cytokines) are
measured. It is subject to observer bias, thoudjabikty has been documented between
observers in the same research laboratory. Thesebban no published inter-laboratory

testing*®’

SQA, a grading of biopsy staining at low to medippwer magnification, eliminates field
selection bias and is the fastest of all the tepies. There remains some observer bias,

though intra- and inter-observer reliability haghelemonstratef’
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DIA is the newest technique that has been validafig regards to inter- and intra-observer
reliability for the widest range of biological vables including cytokines, MMPs, vascular
markers, adhesion molecules and chemokines. lisi3 e most expensive, and has a
significant learning curve. Results are expressethe area of staining (in pixels), density of
staining (in units) or as a combined measure (nateg optical density or IOD, in pixel
units). DIA has a potential for observer bias ilesgon of thresholds and field selection, but
is probably faster than MC and for this reason,eme more widely adopt&d%°

Gene expression profiling (GEP) and microarrays
For GEP on synovial biopsy samples, a validatetttie® quantitative polymerase chain
reaction (Q-PCR) can be used. It is recommenddd>tBasynovial tissue samples be used to
limit sampling error. This method, developed to pbement IHC uses a cell-based standard
curve generated with cDNA derived from activatedrigieeral blood monocyte's?
Expression microarrays offer the potential for gsil of all genes in synovial tisstfé.
These devices contain large numbers (tens of timois3af short DNA probes of specified
sequences arrayed in an orderly fashion and atfatche flat surface. Each spot on the array
corresponds to a particular probe which itself egponds to a gene, to which RNA derived
from that gene may bind! In RA, analysis of expression profiles with a fs@n immune-
related genes in synovial tissue has revealed derahle variability with identification of

molecularly distinct forms of the diseasg?

Another approach to GEP on whole tissue samplegamination of specific areas in tissue
sections isolated by microbeam laser microscopesabdequently subjected to nested RNA
arbitrarily primed-polymerase chain reaction (RAGH) for differential display
fingerprinting?* Although technically difficult, this has the beiteff targeting only the cell

type of interest.

The synovium in ERA

Vascular changes in early synovitis
Microvascular changes occur very early in the cewfsthe disease with vascular congestion
and obliteration being prominent findings. In RiAetsynovial blood vessels are relatively
straight in contrast to the tortuous and bushy amp®e seen in early psoriatic and

spondyloarthropathy (SpA}?
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Cellular changes
As early as four to six weeks following the onsesymptoms of RA, synovial lining layer
thickening of up to 10 cells is noted, along witkseular proliferation and diffuse subintimal
inflammatory infiltrate consisting of macrophaggsnphocytes, neutrophils, mast cells and
DCs.?* Synovial fibroblast proliferation and macrophageruitment are both thought to be
contributors to thickening of the synovial liniAf’ and are of particular importance as they
are both implicated in engendering joint damge®?!’ In keeping with this fact,
radiological erosions have been shown to occuryearthe disease, often within the first 2
years, usually initially in the feet and even befgmint space narrowing®??° Importantly,
cellular changes in joints are well-establishedotefthe clinical onset of disea&eand
asymptomatic joints also show cellular changes,nimain the form of lining layer
hyperplasia, though to a lesser degree than iricallg involved joints?** Also, in early
disease, the majority of cellular subtypes inclgdmonocytes, macrophages, lymphocytes
and plasma cells, usually thought typical of esshield RA, are presefit'?*’The degree of
lymphocytic, plasma cell and neutrophil infiltratics similar between ERA (when defined as
<12 months) and established R&,and at least in one study, was independent ofaskse
duration®® In contrast, lymphoid follicles appear to gengrdle a feature of late and not
ERA

A study by Kottineret al ?*2 evaluated patients with acute (<3 months, n=4)asute (well
established chronic RA with no clinical signs/ symps in the knee joint examined, n=4)
and chronic (n=5) RA. They found a predominancmohocytes/ macrophages and patchy T
cell infiltration in acute arthritis as opposed gerivascular T cells and sublining B and
plasma cells, in addition to monocytes. In chr@ynovitis, there was a shift to prominent T
cell and plasma cell infiltrates. Subsequent stiti@ve also been limited by small numbers
and it is unsurprising that in this setting théidings were replicated only in some serfés.

In another study® which looked at 15 patients with ERA (disease tiora<6 months), a
synovial membrane perivascular lymphocyte infigraincluding lymphoid follicles with
germinal centres with a close interdependence@sehesions of CD20cy (CD20 being the
intra-cytoplasmic epitope of CD20) and CD45R0O ceits found.

Overall, conclusive evidence for a distinct hisgptal pattern in ERA is lacking, and the

differences observed may relate not to diseasdidarbut how active the disease was at the
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time of sampling. This was illustrated nicelyanwell-designed stud$f that included 16
patients with ERA [and similar numbers with late Rarly SpA and osteoarthritis (OA)]. In
this study except for maximal synovial lining thigss, no difference was found between
early and late RA, though differences were founvben RA and SpA/ OA.

Also, given the established changes in “early” RAs worthwhile noting that “early” RA is
a clinical and not a histological definition andadlges at the synovial level precede clinical

symptoms by an indeterminate period of tiffie.

Cellular adhesion molecules
Inflammatory cells are recruited to the synoviumifigracting with cell adhesion molecules
(CAMSs) on leucocytes and synovial vascular endathef®®?*"?2CAM expression in ERA
and established RA and OA has been compared. In, BERéxcellular adhesion molecule 1
(ICAM1) was found throughout the synovium, E-salecP-selectin and very-late-antigenl
(VLAL) were mainly found on endothelial cells, vakr cell adhesion molecule (VCAM) 1
on lining layer cells (E-selectin, ICAM1 and vasaulkell adhesion molecule or VCAM
facilitate leucocyte adherence to the vessel walgtelet-endothelial cell adhesion molecule
(PECAM1; this facilitates subsequent migration itissues) predominantly on endothelial
cells, but also in the lining layer, sublining laysnd on infiltrating cells. Integrinevf3 and
avp5 were found on the lining layer and endothelidiscasublining cells expressed/5. It
was found that expression of these adhesion mascul ERA was similar to that of
established RA, but greater than in GA:?*°

Cadherin 11 is known to be increased in the presemndnflammation, is driven in part by
TNFa and to modulate MMP productiéh®®® in synergy with TNFe and IL-18 is
particularly relevant in inducing SF to secrete-fritammatory cytokines, including IL-83*
Studies on cadherin-11 in ERA are sparse, butdingvidence suggests downregulation with
prednisolone therapy; there was no significantedéhce in cadherin-11 expression in
inflammatory synovium of RA, SpA or inflammatory OA®* In summary, markers of
endothelial activation are prominent in both ERAdaestablished RA, and the subtle
differences in inflammatory cell infiltrate seemoat be explained on the basis of adhesion

molecules along**
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Cytokines and chemokines

A study of SM from 31 patients with ERA and 35 weitablished (>5years) RA, found
similar expression of interleukin-6 (IL-6) and TWNF®* Another study?** that included
patients with relatively ERA (<18 months) found widiariation in cytokine expression
between patients despite similar macroscopic astblogical features of inflammation. IL-
la and IL-13 had the most prominent expression albeit at d@iffeisites (IL-& mainly in
endothelial cells and ILfl on synovial lining cells); there was less TdNEXxpression
compared to IL-1 expressing cells; when TNkas present it tended to be greater in pannus

tissue rather than in synovial villi.

In a study®?® that compared chemokine expression in ERA (n=22atibn of disease <12
months) and established RA (n=22, duration of disea5years) there was CD68+
macrophage accumulation and as expected, expressMiP 1o and MCP1 were observed
in both ERA and established RA, but there was ¢héurincrease in CD68+ macrophage
infiltration and MIPL in the synovial lining layer in the established Rypoup. CD68
expression correlated with MIRxbut not MCP1 expression. In another study,CXCL 8
(IL-8) was also found in ERA and reduced followitrgatment with methylprednisolone.
Chemokines bind to chemokine receptors, of whiclR€@nd CCR5 (both receptors of the
CC family of chemokines) have been demonstrateslyaovial fluid cells in established RA,
209,234

as has increased expression of fractalkine 3(I4) which has been shown to

stimulate angiogenesi$®

A seminal paper by Raz al. >

evaluated synovial fluid aspirates from inflameth{s of
early inflammatory arthritis patients (disease tlora<3 months), whose outcomes were
determined subsequently. As comparators, synolua fvas aspirated from patients with
crystal arthritis, established RA and OA. Twentgeth cytokines and chemokines were
assessed in the synovial fluid. It was found ttzitgmts destined to develop RA had a distinct
but transient synovial fluid cytokine profile. lhdse patients who went on to develop RA,
the levels of a range of T cell, macrophage aratrsdi cell related cytokines [including IL-2,
IL-4, IL-13, IL-17, IL-15, basic fibroblast growtfactor (FGF) and epidermal growth factor
(EGF)] were significantly elevated within 3 monthissymptom onset as compared to those
who did not develop RA. This profile was not preasenpatients with established RA. The
Th2 cytokine pattern (IL-4, IL-13) was an unexpéctéinding in ERA, as the current
paradigm suggests RA is a TRT (or perhaps a Th17¥’ driven disease. The authors
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suggested that this distinct cytokine responsekedyl to influence the microenvironment
required for persistent RA® in any case these important findings lend pathsiohygical
credence to the observed so-called “window of ojppaty” with regards to treatment of
ERA 238-240

Another study”” that compared cytokines related to neutrophil @hii7 activation in very
ERA (VERA, disease duration <6 weeks, n=38 of wHiéhfulfilled the 1987 ACR criteria
for RA), healthy donors (n=27), established RA (BFand OA (n=10) found that patients
with VERA had increased serum levels of cytokinesymting Th17 polarization (IL{1and
IL-6) as well as IL-8 and Th17 derived cytokinels-UI7A and IL-22). Synovial fluid samples
were not available from the VERA group and the argmoted that this Th17 pattern was

more evident in the synovial fluid than in serunmestablished RA patients.

Neutral protease enzymes and their inhibitors
Serine proteases (elastase, cathepsins and grasizyayeable of degrading collagen and
proteoglycan molecules and MMPs are largely therdslfor cartilage and connective tissue
destruction in the RA synovium that finally leads loss of joint integrity®® Granzyme
expression by natural killer (NK) and T cells haseb demonstrated to be greater in ERA
than in established RA in keeping with the obseowvathat joint damage occurs early in the
diseasé”?** mRNA for cathepsin B and cathepsin L has beemdoin both ERA and

established RA, with cathepsin L possibly expresgeihigher level in ERA®

There are 4 classes of MMPs (collagenases, getasnatromelysins and membrane bound
or MT MMPs) that can be distinguished on the basisheir substrate specificiy? The
gelatinases (MMP2 and MMP9) have been associatéld tgsue invasion and metastatic
disease in the oncology context, and in patientdh wiaflammatory arthritis, these are
expressed in the SM and have been implicated imtrasion of synovial tissue into adjacent
cartilage and bone, apart from having a role in@genesis****In a stud$*? of 66 patients
with synovitis of <1 year duration (of which fingl45 fulfilled the 1987 ACR criteria for
RA), MMP2 was widely expressed in the synovial dgpilayer and in areas of stromal
proliferation in the sublining layer and stromatbé 12 patients who developed erosions.
MMP9 was expressed more sparsely and focally. MM@@i& activator for pro-MMP2) was

significantly higher in RA, in contrast to TIMP2 wh was lower?*?
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Of the MT-MMPs, MT1-MMP has been observed at sitesone resorption and MT3-MMP
in the SM in established RA** The TIMPs (tissue inhibitors of MMPs) are physigitm!
inhibitors of MMPs of which 4 (TIMP1-4) and both MP1 and TIMP2 have been
demonstrated in ERA; in a study that compared pti¢hat achieved ACR remission vs.
those who did not, those that achieved ACR remmissiocowed reduction in MMP-1 and
MMP-3 and corresponding increase in TIMP-1 and Ti®IRwvith reduction in the
MMP:TIMP ratio>*224%240

Toll-like receptors and small molecules
In concert with synovial macrophages, activated $bBstribute to cartilage and bone
destruction; one of the strong stimulators of RAGFs Toll-like receptors (TLRs§*’ TLR
signalling causes co-stimulatory molecule up retiphaby APCs which then facilitates
adaptive immune responses by providing a secomaisig T cell stimulation?*’

It has been shown that TLRs 2, 3 and 4 are expidasthe synovium of patients with long
standing RA and stimulation via the TLR2 pathwagdie to translocation of B, secretion
of pro-inflammatory cytokines and expression ofrab&ines. Similarly, stimulation of TLR3
and TLR 4 pathways by endogenous (or synthetientiig induces interfergh-IL-6 and the
chemokines CXCL10 and CCI8”%* A recent study in patients with ERA (disease darat
<12 months), revealed high expression of TLRs in &pecially TLR 3 and TLR 4 along
with reactivity of SFsn vitro, suggesting that TLR signalling pathways are atéig early in
the disease and eventually contribute to persistélammation and joint destructidii’ SF
expression of TLRs (especially TLR 3) is increabgdL-17, and TLRs in turn perpetuate
Thl and Th17 responses in RAZ?>3

Apoptosis in the synovial membrane in ERA

A failure of apoptotic pathways might be the expldmn for the SM hyperplasia,
angiogenesis and mononuclear infiltrates seen insRdovial tissué>* In a stud$”> that
compared apoptosis by TUNEL (terminal deoxynuctbgtiransferase mediated dUTP nick
end labelling) in SM biopsy specimens from 11 patievith established RA and 8 with ERA
(mean duration 5 months), there was limited apapiogshe ERA as compared to established
RA. They also found that the number of macrophages FLIP (FLICE like inhibitory
protein that inhibits death receptor mediated apgip} was higher in ERA, and postulated
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that there is defective apoptosis early in the afisethat is restored later as the disease

progresse&>>

Another regulator of apoptosis is the p53 tumoyspsessor gene. In the context of RA,
while p53 expression has not been found to berdiftein ERAvs. established RA, p53 gene
expression was detected in the lining layer, erglotin, lymphocytic aggregates (where
present), and diffuse leukocytic infiltrates oflamhed synoviunt>® as mentioned earlier,
these are probably loss-of-function mutant trapssrthat prevent apoptosisin addition,
endothelial cell apoptosis has also been foundetgreater in ERA, as compared to early
psoriatic arthritis (PsA) patients’

Gene expression profiling and molecular signatures
In a study of 20 patients (12 of whom had ERA) wiere subject to closed needle synovial
biopsy or needle arthroscopy, expression of MMPdthepsin B and cathepsin L were
examined by in situ hybridization. Of those who eleped erosions over the course of 1
year, MMP1, cathepsin B and cathepsin L mRNA ingyxovial lining, perivascularly and in

the endothelial cells of the sublining were higagrcompared to those who did ASt.

In a more recent study using microarray anafy®i;n which arthroscopically obtained

synovial biopsies of 15 patients (4 untreated ER&gated long standing RA and 7 controls)
were obtained and subject to large scale gene-gsipreprofiling, and found different gene-
expression combinations in ERA, long standing RA eontrols, suggesting the involvement

of different pathophysiological mechanisms during tourse of RA.

Individualising therapy based on synovial biopsy findings should improve outcomes in
ERA

In summary, although synovial findings are variadahel depend not only on the duration of
the disease but also disease activity at a poinime, the synovium provides a wealth of
information in an individual patient, not otherwissually obtainable, with considerable
reliability and relatively minimal trauma and we spalate that the differential synovial
responses to therapy make synovial biopsy an &tteaoption to use in the context of
personalised medicine. The particular time poihis might be most relevant are probably at
baseline, and at the times of both excellent anor plerapeutic response, as a loss of

response over time is well known and is not yelyfakplained, and biopsies at these time
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points have the potential to be hugely informativeterms of directing the next therapy,

including biologic DMARD therapy.

PREDICTORS OF RESPONSE TO TREATMENT IN RA

The approach to treatment of RA has changed sogmifiy over the past two decades and
achievement of minimal disease activity or prefgrakemission is the desired goal for all

patients. To minimise disability, early loss of wpmand also to bring the disease under
control during the treatment window period whentdretoutcomes are obtained, it is

important to maximise our chances of obtainingahitgood response to treatment. Despite
our advances in therapy, our ability to predictigras that will response to a particular
therapy, either conventional or biologic, remainsited. The next section reviews evidence

in this area.

Predictors of treatment response to conventional DMARDs

With few exceptions, most research in terms of jgteds of response to therapy has been in
established RA rather than ERA. The most common BAstudied in terms of prediction
of response has been methotrexate, with some @atarinbination therapy and sulfasalazine.

Data on predictors of response to other DMARDssaagse.

Demographic and other factors

In DMARD-naive ERA patients, factors associatechvétpoor prognosis to methotrexate in
the SWEFOT study were current smoking, female legger symptom duration and younger
age.”® Other factors known to be associated with a pespense are RF, high pain score,

patient global assessment and disability scties?

Genetic markers

The most abundant source of genetic variation imdms is the single nucleotide
polymorphisms (SNPs) which occur every few hundraskes in promoter regions and coding
and non-coding sequences. Most allelic variatiaeslacated in the intergenic regions and
hence thought to be of no consequence, howevetidmnENPs can alter promoter activity
(regulatory SNPs), DNA, pre-mRNA conformation, oatore RNA (alternate splicing) and
by doing so, can alter the function or expressibthe gene product (the protein). SNPs may

therefore play a direct or indirect role in the devstration of the therapeutic respofi¥e.
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For methotrexate (Mtx), genetic polymorphisms thiféct its uptake or efflux are of interest.
Indeed the disposition properties of Mtx may béuieficed by polymorphisms in the reduced
folate carrier (RFC) gene which is responsible @allular uptake and the P-gp (P-
glycoprotein, MDR1 gene) thought to facilitate aldr efflux. ?®® Mtx is taken up by cells
using the RFC followed by polyglutamation via f@apolyglutamate synthase. Mtx
polyglutamates (MTXPG) are thought to be primarégponsible for the therapeutic effects
of Mtx. Mtx inhibits enzymes of the folate pathwaycluding dihydrofolate reductase,
thymidilate synthetase (TS) and aminoimidazole @gaimide ribonucleotide transformylase
(ATIC). A lower pharmacogenetic index (which conged of polymorphisms in RFC, ATIC

and TS) was associated with a poor response t&¥tx.

Sulfasalazine (SSz) has been difficult to studyt@&xact mechanism of action is yet to be
elucidated which restricts selection of candidaeneg. Polymorphisms in the N-acetyl
transferase (NAT) 2 gene (which codes for the Brstyme in the metabolic pathway of SSz)

have been identified which may influence inter-patiresponse to S3%.

Genetic polymorphisms in the folate pathway wendesged in a relatively recefif clinic-
based study in 98 patients with RA (including ERMagnosis based on the 1987 ACR
criteria) who received combination therapy with Mkaown to exert its effects through the
folate pathway among other putative mechanismsz, @8own to inhibit enzymes of the
folate pathway) and hydroxychloroquine (HCQ; nownceffect on the folate pathway). The
authors found polymorphic variations in the MTR, (AI9A1 and TYMS genes were
associated with a better clinical response to caattmn DMARD regimens containing Mtx
and SSz.

The shared epitope (SE) allelles have been onéefrtost commonly looked at genetic
markers in relation to treatment response. O’Detl aolleagues reported the SE positive
patients treated with combination DMARD therapy didch better than with Mtx alone; SE
negative patients did equally well regardless ahbimation or monotheragy® An older
prospective study evaluated variables predictirgpaase to gold and found that HLA-A3
positivity and HLA-DR4 negativity were the best gietors of the response to gdftl.

It is known that leflunomide causes reduced pradoavf IL-18, IL-6 and TNF, however a

study that examined polymorphisms in IL1B, IL6 afRtNF genes found no statistically

significant relationship between genetic polymospfis involving these genes and response
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to leflunomide treatment®® A study that analysed circulating cytokines angutatory T
cells (Tregs) in RA of variable duration found thpatients who responded well to
corticosteroids had higher levels of TgHFoxp3 and Tregs and lower levels of TdN&nd
IL-17.2%°

Leflunomide works by inhibiting dihydroorotate delggenase (DHODH), and variants of
DHODH haplotype may influence efficacy’® on the other hand despite biological
plausibility, PTPN22 polymorphisms (known to leadditered T cell responses) were not

associated with leflunomide resporiée.

At this time, testing for genetic polymorphismsnist usually performed prior to therapy,
although with the advent of personalised pharmaeatby, this may eventually play a role in

therapeutic decision making in RA.

Serum markers

A recent prospective study’ in patients with active, but not necessarily ER#hvDMARD
treatment chosen according to the treating rhedowst’'s decision, evaluated P-gp and
several cytokines (ILf3, IL-6, IL-8, IL-10, IL-12, TNFx) and found serum TNF to be a
predictor of response to DMARDs. A small stutly (n=13) by Gerliet al. found that
patients with ERA who responded better to DMARDrdipy (as measured by a fall in CRP)
had higher basal serum CD30 (a member of the tumecnosis/ nerve growth factor receptor
superfamily) as compared to non-responders. Inhancttudy”’* of 50 patients (active but
again not necessarily ERA) good (ACR 50-70) or #&ne (ACR>70) responses to Mitx
treatment were seen in those with a lower ratidLefra/ IL-1 constitutively produced by
peripheral blood monocytes (PBMC) compared to p&iwvith a poor (ACR<20) response.

In the FIN-RACo trial (which looked at combinatiddMARD vs DMARD monotherapy
plus prednisolone in RA), a serum IL-2 level <44fits/ml at baseline was an independent
predictor of remission at 6 months regardless edttnent regimen, sex, RF status, ESR and
TJC/ SICP

Synovial markers

While there have been several studies that haveindested changes in the synovial
membrane with conventional DMARD treatment, litaraton synovial markers predictive of

DMARD response, is limited.
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Predictors of treatment response to bDMARDs

The bDMARDSs have involved some of the largest chhtrials of RA allowing assessment
of markers of response in a more homogenous papualaTheir prohibitive cost has also

driven research to identify those most likely toeit from early treatment.

Demographic and other factors

Duration of disease, age of onset, baseline DA$2&sence of rheumatoid nodules and
number of radiographic erosions did not correlatéh WNFa inhibitor response in RA™®
However high disease activity or smoking statusewearkers of poor response as well as

female sex; concurrent methotrexate therapy wasciged with improved respon$&:2"®

Genetic markers and proteomics

Inheritance of a double dose of the SE has beemdftupredict response to etanercept; these
patients were 3-4 times more likely to achieve aBRAO response after 12 months of
treatment with etanercept as compared with metkateé’® TNFa and LTA (lymphotoxin
alpha) loci are arranged in the class Il HLA reglzetween HLA-B and HLA-DR genes on
chromosome 6, an area known to be highly polymarphith several SNPs. Studies have
been conflicting in terms of whether there is asoagtion of the TNFA-308GG, TNFA-
138GG and TNFA-857GG genotype with a better respomanti-TNF agents®’® A recent
study analyzing genetic variants within the p38 MiRase signalling network found seven
SNPs in 5 genes associated with improvement ib#®828 at 6 months with infliximab and

adalimumab but not etanercépt.

A proteomic approach by Trocme et &' in which plasma profiles of 60 patients with RA
were analysed found higher apolipoprotein A-1 ispmnders and higher platelet factor 4
(PF4) in non-responders to infliximab. Another pahic approach found higher serum
MCP-1 and EGF as predictors of a good responseateeept?®? None of these approaches

have been validated in larger cohdrts.

Serum markers

Anti-TNFa agents
Most commonly used markers including RF, CCP an® @Rd no definite or a heterogenous
association with therapeutic response to anti-Tgents?® The value of serum RANKL

and OPG as predictive markers of therapeutic resptm anti-TNk agents (infliximab and
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adalimumab) was investigated by a Spanish group f@ood that serum RANKL and
RANKL/OPG ratio in patients who achieved remisswere significantly lower at baseline
and that lower serum RANKL levels were independeatisociated with a better response.
27> Although several serum biomarkers have been demaved to change with anti-TNF
agent treatment, including TNFIL-1B, IL-6, IL-10, IFN-+y, markers of bone remodeling,
synovial activity and cartilage breakdown, theirsélne levels have failed to predict a

response to anti-TNFagents®:283-286

Rituximab

The serum markers that predict a better responsgigimab include higher ACPA titre$®’
lower levels of IFN and B-cell activating factor (BAFF) and a favoleabeyRIIl genotype.
297 Interestingly in a study (double blind phase Haltof 161 patients randomized to Mtx,
rituximab, rituximab plus Mtx or rituximab plus dgphosphamide) B cell depletion was
shown to have no relationship with clinical respon# addition, the time taken by B cells to
recover was variable and did not predict rituxirnabponders®®® In another study’®® 60
established RA who had previously failed anti TNtRerapy received rituximab and the
reconstitution of their B cell population was catBf monitored. B cell numbers were
assessed by a highly sensitive flow cytometry poogach infusion and 3 monthly thereatfter.
The best outcomes were in those who had completellRiepletion, with poor outcomes in
those who had a complete lack of B cell depletiBatients who were depleted only after the

second infusion did not do better than those wiibeheomplete lack of depletion.

Nakou et al. ?*° studied the effect of rituximab in peripheral lo@PB) and bone marrow
(BM) B and T cell populations in active establish&, and found that rituximab
preferentially depletes activated CD19+HLADR+B setl the PB and BM and that clinical
response to rituximab was associated with depleifadD19+CD27+ memory B cells in PB
and BM in RA. Vitalet al.*** evaluated the level of pre-plasma cells, memoxy aive B

cells at baseline and post rituximab and found thiéal non-responders to rituximab had

higher circulating plasma cell counts and had inglete depletion of B cells.

Interestingly, rituximab also depletes CD20+ T g¢llsually constitute ~1.6-2.4% of T cells)
in the PB and while this may be an additional madma of action of rituximab, it is not

known if this is a marker predictive of resporfSé.
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Tocilizumab
There is some evidence that IL-6 receptor polymismpk may be associated with response to

tocilizumab?®®

Synovial markers

Anti-TNFa agents
There have been no synovial tissue studies in DMARIVe ERA patients. In a study by
Buchet al. ?** of 51 patients with established RA who had fa#¢deast 2 DMARDSs prior to
infliximab therapy, pre-treatment synovial TWHL-10 and IL-13 expression (by IHC) did
not differ between those who achieved an ACR respoand the non-responders.
Interestingly neither the baseline nor post- imfligb TNFx expression (TNé& expression
was reduced in both groups following infliximab amment) was different between ACR

responders and non-responders. A study by Wijlisastcal 2%°

included 143 patients with
active established RA (all had failed at least 2 ARDs). All patients had synovial biopsies
prior to infliximab treatment. Baseline synovial FéNexpression and the number of synovial
tissue resident and infiltrating macrophages wesm@ated with a clinical response after 16
weeks of infliximab therapy, in contrast to thedstioy Buchet al. None of the several other
synovial parameters studied (SF, T-cells, B celssma cells, IL-6, IL-10, ICAM-1, VCAM,

E-selectin, VEGF, basic fibroblast growth factogre predictive of a response to infliximab.

Another stud$™® of 97 patients with active established RA was utzdlen to address

whether the presence of lymphocyte aggregateseisythovium prior to infliximab treatment
could serve as a biomarker for response. Thesenpathad failed a mean of 2 DMARDs
prior to synovial biopsy. Lymphoid aggregates whrend in 57% of patients at baseline,
32% of which had large aggregates. Aggregates foered in 67% of clinical responders (by
DAS28 and EULAR) as compared with 38% of non-resigos. When factored into a
prediction model that included baseline DAS28, -@@P positivity and synovial tissue
TNFa expression, positivity for lymphoid aggregates waasignificant predictor of clinical

response.

Another stud$?® that included 18 patients with active establistiedl (failed at least 2

DMARDSs) had arthroscopic synovial biopsies pretkifhab followed by large scale gene
expression profiling using microarrays. The 12 gra8 who responded to infliximab had up-
regulation of several biological processes relateshflammation (including T cell mediated
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immunity, cell surface receptor mediated signahgchiction, MHC Il mediated immunity,
cell adhesion, cytokine and chemokine mediatedadiigm pathway, etc.) compared to those

who did not respond to treatment.

Badot et af®’ analysed the gene expression profile in pairedsghbiopsies from affected
knees of 25 DMARD resistant established RA patieatsbaseline and 12 weeks of
adalimumab therapy and identified 439 genes adsacigith a poor response to therapy. A
majority of these genes were upregulated in pogporders and classified into two specific
pathways of cell division and regulation of immuesponse by cytokines and chemokines
and their receptors.

Abatacept
In a study?®® of 16 patients with established RA who had presiptailed TNF therapy and
then went on to abatacept, synovial biopsies posta@ept therapy revealed a small
reduction in synovial B cells with quantitative PGRowing reduction in expression of
inflammatory genes. There have been no studieRih. E

Rituximab

Studies on the synovium in the context of rituxintlarapy have shown that synovial B cells
are depleted but not completely eliminated by b therapy, with greater depletion of B
cells and reduction of CD68+ synovial macrophagesrretating with clinical
responsg®2207:299.300 A 51,479 that analysed paired (at 0 and 3 months; n=27p\sgh
biopsy samples of TNF inhibitor non-responsive grat treated with rituximab, found no
baseline differences in terms of clinical or IHGacdcteristics that could predict remission at
6 months. However analysis of specific moleculamnature by gene expression studies
revealed upregulation of immunoglobulin genes aadeg involved in antigen processing
and presentation via class Il MHC as predictiveesponse. Further IHC revealed more Ig

light chains in responders.

Tocilizumab
A recent studi?* that analysed paired (at 0 and 3 months) syndviapsy samples of
DMARD naive ERA patients treated with tocilizumat={7) or methotrexate (n=13) found
no baseline differences in terms of clinical or lidi@racteristics that could predict remission

at 6 months. However analysis of specific molecsignature by gene expression studies
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revealed overexpression of genes involved in Ragepr signal transduction and cell cycle
pathways in the tocilizumab treatment group andexmession of transcripts in myeloid cell

function in methotrexate treatment group as prediaif SDAI remission at 6 months.

Another recent stud§? analysed synovial samples (histology, IHC, micrags) from RA
patients undergoing arthroplasty/synovectomy oé&#éd joints (2 cohorts, n=49 and n=20)
and serum samples from the ADACTA (tocilizumab a&dalimumab; n=198) study. Four
major synovial phenotypes (lymphoid, myeloid, lavlammatory, and fibroid) were found;
the gene signatures for each were different. Tmodemyeloid gene expression pattern and
elevated baseline serum soluble ICAM1 responde@iet anti-TNF therapy; IL-6 response

showed the opposite relationship to these biomarker

Predicting response to treatment on the basis of synovial biopsy findings in an
individual patient

These synovial studies are intriguing and provideresting insights into the factors that may
predict a response to specific DMARD therapies.weher further extrapolation to identify
predictors for RA patients at large is limited Hetfact that these studies focussed on
markers that would allow prediction of responsa &pecific bDMARD agent, often in those
who had failed multiple other therapies. Therefareeview of the synovium as a whole was
not undertaken. It is well recognised that mosiosyal biopsies from RA patients will show

a selection of lymphoid aggregates, synovial peddifion and varying cytokine production,
reflecting the complex inflammatory process. Insthsetting, perhaps the dominant
inflammatory process in a particular patient mayvjgle a more accurate target, and increase

response rates.

RANKL, OPG, OSCAR and DKkk-1 as predictors of treatment response and predictors of
bone damage in RA

Bone remodelling, the removal of old bone by odtesis and replacement by bone forming
osteoblasts, is a lifelong spatially coordinatedcess>°® The formation of an ‘osteon’ (the

fundamental functional unit of bone) commences wlasnyet unknown signals attract
osteoclast precursors (that are derived from tmeeshone marrow monocyte-macrophage
lineage that give risk to macrophages and DCs) fwrewiously quiescent bone surface
(activation phase), followed by fusion of osteotda® form multinucleated pro-osteoclasts
that attach to bone surface, differentiate and $it@r process of bone resorption (resorptive

phase). For osteoclast differentiation and aciwvatosteoblasts are obligatory by producing
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factors that promote osteoclastogenesis as a resgoroverall regulation by bone resorbing
hormones or cytokines. Apoptosis of osteoclasts teeurs, followed by a reversal phase in
which preosteoblasts move to bone surface, diffexeninto osteoblasts, and mediate new
bone formation and mineralization (formation pha3ék final phase of return of the bone to
its previous quiescent phase occurs when theregpaptasis of osteoblasts (which then

incorporate into bone as osteocytes or bone lingllg) 3% A delicate balance exists between
bone formation and resorption; this balance isicalitin maintaining bone health and in

engendering disease.

RANKL, RANK and OPG

Receptor activator of nuclear factaB ligand (RANKL) is one of two molecules (the other
being macrophage colony stimulating factor or M- $lfat is both mandatory and sufficient
for osteoclastogene&$ and resultant bone resorption. RANKL is a tumoecrosis factor
(TNF) family member that binds to its cognate recefRANK (itself a homotrimeric TNF
receptor family member) present on cells of theadast lineage. RANK mediates all the
known activities of RANKL. RANKL is essential forsteoclast formation, activity and
survival, thereby exerting a major influence on édmrnover and remodelling in health and
disease. RANKL acts by inducing the master regulatmsteoclast differentiation, NFATc1l
(nuclear factor of activated T cells, cytoplasmig Hy calcium calmodulin signalling
mediated by a specific phosphatase, calcineurlrospholipase €(PLCy) is critical for this
activation. PL@ activation by RANK, in turn, requires the prot&mosine kinase Syk, along
with ITAM (immunoreceptor tyrosine-based activatiorotif) bearing molecules, such as

DAP12 (DNAX- activating protein) and Fc receptonmmon gamma chain (FgR*%

Osteoprotogerin [OPG, previously called osteoclgetesis inhibitory factor (OCIF)] acts as
a decoy receptor of RANKL. As a secreted proteith wo transmembrane domain and no
direct signalling properties, it is an atypical nesn of the TNF family. OPG prevents the
interaction of RANKL with RANK and thus preventstesclast activatiofi">

The relative balance between RANKL and OPG is irtgaurin dictating the dominance of
bone formation or resorption; the RANKL/RANK/OPGisXs now recognized as a central
regulator of osteoclast differentiation and funeti®® A cartoon depicting RANKL/OPG and

the related Wnt pathway (described below) is preskimFigure 1.

The major biological sources of OPG that regulatmeb metabolism have not been

established definitively. It is known that ostedata cells of the osteoblastic lineage,
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macrophage type synovial lining cells and endatihelells among others (endothelial cells,
stromal cells, etc.) produce OPE:3"3®RANKL is produced by several cells including
osteoblasts, activated T cells and 8% RANKL is present as a functional membrane
bound trimeric molecule from which a soluble hormaric molecule can be produced by
activated T cells or generated from the membranswbcoform by the metalloproteinase
disintegrin TNF alpha convertase (TACE].

Figure 1. The RANKL/OPG/Wnt pathway in bone remodeling
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OSCAR

Molecular overlap between other cells of the immuwystem and bone resorption is
considerable. Indeed, of the several factors tegtilate osteoclastogenesis (including M-
CSF, RANKL, TGFB, IL-1, TNF, among others), many also influence rophages or DCs
that share bone marrow precursdfs.OSCAR (osteoclast-associated receptor), a co-

stimulatory receptor expressed on osteoblasts,hahyto explain why osteoclasts are bone-

54



specific®*! This receptor is a member of the newly identifiedkocyte receptor complex
and associates with ITAMs on the commeachain of the Fc receptor. OSCAR-Fc has been
shown to decrease osteoclast formation in pre-olststoosteoblast co-cultures, indicating a
putative osteoblast ligan®> RANKL-RANK induction of NFATc1 is crucial for OSCR
expression and ligand activated OSCAR interactl WitRy to increase intracellular calcium,
thus augmenting NFATc1 expression and engenderpusiive feedback loop that increases
osteoclast mediated bone resorptith OSCAR was also found to be expressed on
monocytes, neutrophils and DCs and is involvednitigan presentation as well as survival,
maturation and activation of DC¥ Indeed, ligation of OSCAR on monocytes and
neutrophils induces a pro-inflammatory cascadeckimay be of relevance in rheumatoid

arthritis and immune mediated bone 18¥s.

Dkk-1

Dickkopf-1 (Dkk-1), serves as a functional inhibifdut not the only one; the other being
proteins of the WISE/ Sclerostin family) of the oaital Wntp-catenin pathway+>>*'®In the
absence of Wnt, cytoplasmfecatenin is degraded by the Axin complex. This clexps
formed by the scaffolding protein Axin, the tumauppressor adenomatous polyposis coli
gene product, casein kinse 1 (CK1) and glycogenhsge kinase 3 (GSK3p-catenin is
degraded by CK1 and GSK3 mediated sequential ploogiation, subsequent ubiquitination
and proteasomal degradation. Wnt protein bindingcétl surface co-receptor complex
comprising of low-density lipoprotein (LRP)5/ LRR6d the Frizzled (Fz) family of proteins
leads to binding of the intra-cellular protein Desklled (Dsh) to Fz, LRP5/6
phosphorylation ensues and Axin is recruited thissugting Axin complex mediatef-
catenin degradatiorp-catenin accumulates, translocates to the nucleus)s complexes
with T-cell factor/ lymphocyte elongation factornidy of transcription factors, and
modulates gene expressigfi.The Wnt pathway is thought to contribute to booenation
by stimulating osteoblast differentiation and intifly osteoblast apoptosis, and by inhibiting
osteoclastogenests’ Dkk-1 binds to LRP5/6 and a co-receptor Kremen-P@motes
internalisation, followed by degradation of this ngdex, thus dampening the Wnt
pathway*'® The Wnt pathway and LRP5 have been found to bemragulators of bone
mass and Dkk-1 to be the ‘master regulator’ oftjoemodelling®>*'® Levels of Dkk-1 are
thought to be critical in determining whether athatic joint responds by erosion or bone

formation, regardless of the presence of inflamamett® This effect led to confirmation of
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cross-talk between the Dkk-1-RANKL-OPG systems anéxperimental models, the anti-
resorptive potential of anti-Dkk-1 monoclonal aotilies has been attributed to increased

OPG expression, at least in pdr®'®

RANKL, OPG, OSCAR and Dkk-1 in RA

In rheumatoid arthritis (RA), bone erosion has ¢stestly remained a robust marker
portending a worse outcori®:**°3*'Serine proteases (elastase, cathepsins and grasgym
capable of degrading collagen and proteoglycan cotde and matrix metalloproteinases
(MMPs) are the main mediators of cartilage and ectine tissue destruction in the RA
synovium, finally leading to loss of joint integrit’® Erosive disease characteristic of RA
occurs at the cartilage pannus junction and ostsbelctivation is thought to be an essential
step in bone destructidff Several inflammatory cytokines in RA synovial tisginterleukin
(IL)-1a, -1 and -6, TNl and macrophage colony stimulating factor)] caneptally
activate osteoclasts through up-regulation of RANl€kpressed by pre-osteoclasts, T cells
and dendritic cells) and RANK, alter the RANKL/OP@tio and cause bone

resorption08:322:323

RANKL and OPG have been the subject of severaliesud RA includingn vitro, synovial
and other clinical studig§>3%8324327|n 3 study of 20 healthy adults and 20 patients wi
ERA, T cells and monocytes isolated from periphblabd revealed surface RANKL, as did
synovial fluid cells. Subsequent T cell/monocytecadture in patients resulted in osteoclast
differentiation in patients but not in controls.ilosteoclast differentiation was significantly
inhibited by neutralizing monoclonal antibodiesFa, IL-15 and IL-17.3** In another
study of RANKL and OPG mRNA in peripheral blood manclear cells (PBMC) and
synovial tissue in chronic RA, OA and healthy colstrusing polymerase chain reaction,
elevated RANKL mRNA levels were found in patientshnRA. The RANKL was shown to
be mainly of CD4+T cell origif?® A study that evaluated the changes in RANK, RANKL
and OPG on PBMC and co-cultured SF in the presehearying doses of DMARDs found
inhibition of osteoclastogenesis by inhibition oARKL in SF by methotrexate, sulfasalazine

and infliximab®?®

Studie$®®3%®that measured RANKL expression in the synoviurBRA (<12 months) found
higher RANKL expression in active RA synovium comgzh with spondyloarthropathy.
Subsequent DMARD therapy led to successful redndhahe RANKL:OPG ratio. Another
study 3% examined OPG and soluble RANKL (sRANKL) in serumdasynovial fluid
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(measured with ELISA) in 44 patients with RA andwiith OA; these levels were compared
with clinical and radiologic scores. They found @sitive correlation between sRANKL and
synovial RANKL in the OA group, but only a trendgositivity in the RA group. Serum and
synovial OPG was lower in RA; synovial RANKL wagher in RA. A third study®® found
OPG expression on macrophage type synovial linialls dn RA patients with active
synovitis. At the synovial level, successful DMAR2atment resulted in increase in OPG
expression and reduction in RANKL level which ctated with reduction of erosion scores
in the hands and fe€f® Another study”® found high RANKL/OPG ratio in pannus tissue in
patients with RA as compared to OA. A study evahgathe effect of anti TNF therapy in
RA found increased expression of synovial OPG pustapy with a reduced RANKL/OPG

ratio. 3%

In a study of 92 (of 155) patients from the COBR#hert>**3? the RANKL/OPG ratio as
measured at baseline independently predicted thieab radiographic progression of joint
damage (as scored by the Sharp/ van der Heijdeoahgthlong with the time averaged ESR.
32" This cohort was subsequently followed up (witlo@ltof 155 patients) and over 11 years.
Unfavourable baseline levels of RANKL/OPG ratiopatients with early active untreated
RA (at baseline) were found to be strong predictdrsapid and persistent progression of
radiologic damag@”® Osteoclasts are known to be essential for dNfediated joint
destructior’™®® and another study that looked at OPG and RANKIbimstanding severe RA
treated with anti TNF agents at baseline and aitéirTNF agent therapy found lower levels
of SRANKL and RANKL/ OPG ratio as predictors of rission®* A study on fish oil
supplementation in RA found increased levels of Cdn@ reduced levels of SRANKL and
SRANKL/OPG ratio post therapy’°

In contrast to this, in a stud§® of patients treated with rituxima®®’ there was no significant
change in SRANKL and OPG after therapy, thoughetheas a significant decrease in the
bone degradation marker desoxypyridinoline croksfihcollagen I. This provides credence
to the fact that other mechanisms, not yet cleahlicidated, may exist that lead to bone
protection, not directly involving measurable RANKIbd OPG changes. Another study
looked at serial OPG, RANKL and osteopontin (OPNpratein that is thought to help
osteoclasts bind to borf&) in 25 patients with active RA who were randomisedeceive
either etanercept alone (n=13) or in combinatiothwnethotrexate (n=12). Levels of OPN,
OPG, RANKL were reported at baseline, 4, 8, 12 Bdveeks of treatment. Baseline levels

57



of OPN were significantly elevated compared to mawat SRANKL increased at 8 and 12
weeks in the monotherapy group. A significant reéiucin the OPN level was observed in

the etanercept group after 16 weeks of treatment.

There have been studies of OSCAR in RA. One offitlse was by Hermaret al. *** who
analysed OSCAR expression in the synovium and PBMC&7 TNF inhibitor treated
patients with established RA. They also comparednsdevels of OSCAR (sOSCAR) in
these patients with age and gender matched confiois study showed OSCAR expression
by osteoclasts at the site of erosion and by matieaucells around synovial blood vessels,
and higher levels of OSCAR on PBMCs of patienthvlA. Higher OSCAR expression was
correlated with higher disease activity. In contra®SCAR were lower in RA as compared
to healthy controls. Similar findings were reporteda Chinese study*® involving 40
patients and age and gender matched healthy centnothis study, SOSCAR was lower in

RA. Furthermore, it was lower in active disease amsive disease.

In contrast to these findings a recent cross seatistudy*’ that compared sOSCAR in
erosive (‘destructive’) vs. non-erosive RA and bieatontrols found higher SOSCAR in RA,
with higher levels in erosive RA vs. non-erosive . RAOSCAR levels correlated positively
with disease activity, inflammation and seropogyivFurther studies in another RA patient
cohort, including longitudinal correlation with ratbgical outcomes are required to address

the inconsistencies between these two studies.

A small (n=27) study of patients with establishedl fReated with methotrexate found lower
Dkk-1 and higher OPG/RANKL ratio in those respomgia therapy and higher than baseline
DKK levels and lower OPG/RANKL ratio in those whoeme non-respondefé’ Bone
marker analysis from the Torpedo study (n=163; #gtiedy was a study of clinical and
ultrasound parameters in patients treated witHizoonab in combination with methotrexate)
revealed reduction of Dkk-1 following treatmentaaek 12 and week 48; levels of OPG and
serum sclerostin showed no significant chatfgeAnother study which measured only
baseline Dkk-1 in 113 patients with RA (diseaseatlan <3 years) treated with etanercept or
methotrexate found an association of higher basdbkk-1 with risk of erosion progression

in the etanercept but not methotrexate treatedpgiu

Prediction of erosive disease in the individual patient

There is a well-known dissociation between treatnmesponse and progression of erosive

disease and as yet there are few established mattadr provide predictive information on
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whether an individual is likely to go on to devel@uliologic damage despite a response (of
lack of response) to therapy. It is possible theg kevels of RANKL, OPG, Dkk-1 and

OSCAR may provide valuable information to guideréipeutic decisions.

TARGETED THERAPY IN RA

Despite an explosion in understanding underlyingnimologic mechanisms and emergence
of biologic therapies against cellular, cytokinedasmall-molecule targets, achieving
sustained clinical remission in an individual patieising personalised therapy remains a
distant goal. A key to the development of a targeteerapeutic approach is identifying
therapeutic targets in an individual patient. A sueny of these principles follows.

Cytokines as therapeutic targets

Several cytokine-based therapies have been sualtgsapplied in RA: therapies against
TNFa and IL-6 are now well established, although thasgainst IL-1 have been

disappointing despite strong pre-clinical rationale

The first notable success was the identificatioTHfa as a therapeutic target by Feldman
and Maini. A pleiotropic cytokine, TNFwas identified in the synovium in the early 1980s
and a chimeric mouse antibody was developed inlatee 80s.3*°> The first step in TNF
production is ligand activation of a cell surfaceceptor on macrophages, DC and
lymphocytes (and other cells), inducing ® activation and transcription of genes that
induce TNFe (among other cytokines) production. This then ugsrinflammatory cells to
further release cytokines and augments the inflammaesponsé?® TNFo is present in a
precursor transmembrane form; this is processednbtalloproteinases including TNF
converting enzyme to a soluble form that media®eadtivities through Type 1 and Type 2
TNF receptors (TNF-R1 and TNF-R2); transmembran&d Bicts as a ligand by binding to
TNF-R as well as functioning as a receptor thatgnaits signals back into TNRoroducing
cells®*” TNFo blockade was found to also inhibit other inflamemgitcytokines including IL-
13 Subsequently, several other monoclonal antibodiese successfully developed

targeting the membrane or soluble form of TINF

Although TNFe inhibitor treatment represented a very successfjbr advance in targeted
therapy, it became apparent over time that thicess was relative and although better

responses were achieved in early disease, in sttadll disease, 20% or less achieved
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ACR70 responses?® with even lower rates following failure of a firf§NFo inhibitor or
failure of alternate biologic DMARDs. Nonethele3$y\Fa inhibitor therapies are now well

established in the treatment of RA.

A relatively recent cytokine that has been succdiysfargeted by biologic therapy has been
IL-6, a spectacular example of bench to bedsideares by Kishimoto and colleagu®s.
IL-6 is a pleiotropic cytokine produced by a vayiaif cells including T cells, B cells,
fibroblasts, endothelial cells, and monocytes, agnathers. Although originally described as
a T cell factor inducing B cell differentiation, was later found to affect several other cell
lines It induces synthesis of other cytokines, f@glandins, metalloproteinases, activation of
SFs and induces naive T cells to differentiate irtel7 cells. It is also central to the acute
phase respons&’**|L-6 acts through a transmembrane IL-6 receptdictvis also found
on multiple cells. The intracellular portion of the6 receptor lacks a tyrosine kinase domain
and IL-6 ligation on the cell surface causes thisacellular segment to associate with gp130.
This segment subsequently dimerizes to activate ,JKich in turn induces tyrosine
phosphorylation of STAT 3. STAT 3 translocateshe hucleus to induce gene expression.

31 Anti-IL-6 therapy with tocilizumab is now well egilished in the treatment of RA.

There are several additional cytokines emergingthesapeutic targets: these include
granulocyte-monocyte colony-stimulating-factor (G&F), IL-17, IL-20 and IL-21. GM-
CSF acts by binding its receptor (GM-CSFR). A hedéner composed of cytokine specific
a and a shared beta chain, this receptor also nesdiiatra-cellular signalling via the JAK2-
STAT3- STAT5 cascade. A recent successful trial Mévrilimumab, a competitive

antagonist of GM-CSF has been reporféd.

IL-17 is a pleiotropic cytokine that acts throudh receptor (IL-17R) which is present on
several cell types including immune cells, SFs gpithelial cells. There are several members
of the IL-17 family, of which IL-17A and IL-17F havbeen found to be up regulated in
activated T cells and in RA (a more detailed desiom is provided earlier in this review).
Trials of secukinumab and ixekizumab (monoclondibaadlies against IL-17A) have recently
been reported®*>** and phase Il trials are underway.

IL-20 belongs to the IL-10 family of cytokines; RO is expressed by monocyes and

receptors have also been found to present in $faehilevels of IL-20 are found in RA

synovial fluid as well. IL-20 induces expressionliofé and promotes neutrophil chemotaxis,
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SF migration and endothelial proliferatidfi:>*® Recently, a phase lla study showing benefit

of an anti-IL-20 antibody in RA was report&d.

IL-21 is crucial for Th17 T cell maturation, andshlaeen found to be increased in the serum
of patients with RA; it is also associated with Rellcactivation, promotion of
osteoclastogenesis and radiographic progre$&iGfi>®* Phase | studies of anti-IL-21 mAb

have been completed, and results are awaited.

Tyrosine kinases as therapeutic targets

Tyrosine kinases (TKs) are one of the two (the ob®ng serine/ threonine kinases) protein
kinases that are activated by extracellular sigrfalsich include cytokines and growth
factors). TKs transmit signals to the nucleus ezithy way of membrane receptors with
intrinsic TK activity or through cytoplasmic or neaceptor TKs.3*? Most of the current
therapeutic approaches have employed inhibitionnoh-receptor TKs; these include
inhibition of JAK, SYK (Spleen TK) and BTK (BrutomK). Previous approaches included
inhibition of the serine/threonine MAP kinase padlys with disappointing results, despite
biological plausibility®®®

JAKs act through activation of STATs which then dime, migrate into the cytoplasm and
translocate to the nucleus leading to transcriptibtarget genes. The JAK family includes
JAK1, JAK2, JAK3 and tyrosine kinase 2 (Tyk2); JAlstivation occurs following cytokine
binding to its unique cognate receptor (each JAK h& own cytokine receptor). Many
cytokines important in inflammation in RA interagith JAKSs, including IL-6 (described
above), IL-2, -7, -15, -21, -27, -31, and IFM.JAK inhibition with tofacitinib as mono- or

add on therapy is now established in RA.

There has been recent interest in SYK; this TK hasn found to have a role in I[31
production through the NOD-like receptor proteinirBlammasome. ITAM activation,
triggered on engagement of an APC, activates SYHKchvithen autophosphorylates and
mediates downstream pathways including MAP kina#sAT and NkB. Results of a
phase Il study of SYK inhibitors in RA have beepaored. SYK inhibition was found to be
effective, with neutropenia the major side effe&YK is known to have a role in

haematopoiesisf*
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Another cytoplasmic TK of interest is BTK, whichriscruited following antigen engagement
of the B cell receptor, leading to effects on B ocatdiated cell proliferation. BTK mutations
are the cause of Bruton’s agammaglobulinaemia, BM& inhibition as a therapeutic

approach is being investigated in R&.

Cell based therapeutic targets

T cells and Treg cells

T lymphocytes have long been a potential therapdatiget in RA. Initial attempts with T
cell depleting therapy using Campath-1H were meh wmited success and unacceptable
toxicity. More recently inhibition of T cell co-stiulation signals (described earlier in this

review) has been successfully deployed in RA.

Recent interest has focussed on regulatory cetlsitais now recognised that a number of
cells including Treg cells, Breg cells, regulat®Zs, suppressive macrophages and CD8+

suppressor T cells may all play a role in inhiljtactivated T cell&®®

Treg cells suppress T-cell proliferation, and ad@ptransfer of CD4aCD25" Treg cells
reduces arthritis severity in animal mod&fSUnfortunately, delineating Treg cell function
has proved challenging because T cell subsetseipénhipheral blood may differ from those
in the synovium and Tregs although present, magylséunctiona®® Studies have revealed
moderate reduction of Treg cells in untreated p&ievith ERA and TNF inhibition led to
improved numbers of Tred8’ Also, Treg identification is by the intracellulBOXP3 or the
zinc finger protein Helios, which is a major barrie the isolation of the Treg repertoire for
an ex vivo study®® A further problem stems from the fact that theting antigen for RA is
unknown and although the approach to manipulatgslne RA is attractive, isolation and
expansion of highly specific Treg subsets is cutyamt feasible®®®

B cells and Breg cells

B cell depleting approaches with rituximab (an lamdly against CD20) now have an
established role in RA, particularly for seropotiRA patients who have not had an
adequate response to TNF inhibition. Althoughais been long known that CD20 is present
on the cell surface of all pre-plasma cell stagel® cell differentiation, the exact function of

this protein remained unknownA relatively recent report suggests that CD20iived in

T cell independent antibody respond®s. CD20 antibodies are of two types (type 1-
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rituximab like and type 2- tositumomab like), amtagnise different domains of the surface
molecule; not surprisingly, antibody binding to sbalifferent domains can have differential

effector response§?

Additional approaches targeting CD19 (a cell swefaegulator on B cells that establishes
signalling thresholds) and CD22 (a lectin like lgpsrfamily member that modulates BCR
binding strength and CD19 mediated signal transolicand influences B cell adhesion and
survival) and those using indirect B cell targetimg inhibiting BLyS or APRIL are other
approaches under investigatioi.A further potential approach is by targeting Bresls;
data on this interesting population with contraidtion over other immune cells is limited.

A fine tuning to targeting and personalising targeted therapy

Despite an extensive body of literature attemptiogpredict a response in a particular
individual to a particular therapy, no definite addished biomarkers have emerged; indeed
one view is to focus on achieving remission antfaet personalised medicing® This is
probably a simplistic view point as is targetingiagle pathway or cytokine in isolation. The
intricacies and redundancies of the immune sysiunt@the complexity of identification of
a relevant target in real time. Even relatively tRulthanges in targeting can have very
different effects, as exemplified by monoclonalilamdy binding to different loops of the
CD20 protein (e.g. the differing effector profilesduced by rituximab and tositumomab,
both of which target CD20 but different domainstiué receptor) and the differential effects
of blocking TNF at the cell membrane or solubleemtor levels®® **” One approach may be
a combination of serum and synovial biomarkersréatient naive patients and repeating
these with both treatment success or failure; thés take into account that personalising
therapy may actually be a moving target with ad¢tbraof an alternative pathway leading to

an ‘escape’ of inflammatory inhibition.

Current gaps in knowledge and specific aims of this work

This review has highlighted several areas whereethee gaps in knowledge. These include
the relevance of using full joint counts (rathemarthabbreviated joint counts) in the

assessment of disease activity, in particular tiidea and feet and the long term effects of
omitting these. There is also limited evidence my aenefit of a treat-to-remission strategy

on improving work outcomes in RA. A robust prediabd outcomes is radiographic damage
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and as yet there are few established markers #iptdguide decisions on escalating therapy,
and it is probable that analysis of RANKL/ OPG and/OSCAR may have a role in this
regard. Finally, personalised medicine, in termgmgdroving the still inadequate therapeutic
responses to conventional and biologic DMARDs,ti¥ @& distant target for an individual
patient and synovial biopsy analyses at the timédiafnosis and therapeutic response and

relapse may fulfill this unmet need.
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CHAPTER 2. ACTIVE FOOT SYNOVITIS: CRITERIA FOR
REMISSION AND DISEASE ACTIVITY UNDERESTIMATE FOOT
INVOLVEMENT IN RHEUMATOID ARTHRITISS

ABSTRACT

Objectives

To determine whether remission criteria undereggnfaot involvement in RA in a clinic

setting.

Methods

123 RA patients were assessed at baseline and thsnafter commencing a response driven
combination DMARD protocol. Remission was assesgsihg criteria for the 28 joint
Disease Activity Score [DAS28(ESR)], Simplified Ba&se Activity Index (SDAI) and
Clinical Disease Activity Index (CDAI) as well ake Boolean based 1981 ACR and the
proposed 2011 ACR/EULAR criteria. The prevalencdowit synovitis, and mean foot joint
scores in patients meeting each remission critereae estimated by hurdle (mixed
distribution) regression.

Results

At 6 months, the 1981 ACR and 2011 ACR/EULAR whigtise full joint counts (including
feet) classified the least number of patients asgoan remission (12-14%), with minimal
evidence of foot synovitis in these patients. Imtcast, foot synovitis was present in a
substantial proportion of patients (>20%) meetirgS28, SDAI, CDAI and the 2011 ACR/
EULAR criteria (clinical or trial) calculated usin@8 joint counts. The new 2011
ACR/EULAR remission criteria (Boolean and SB®RL3) behaved differently in terms of
detecting residual foot synovitis.

8 This chapter has been published as a paper and hdmen re-formatted (and the
reference numbering updated) to conform to the formtting of the rest of the thesis. The
citation for this paper is:

Wechalekar MD, Lester S, Proudman SM, Cleland LG, Whittle SL.sdRimueller M, Hill
CL. Active foot synovitis in patients with rheumatt@rthritis: applying clinical criteria for
disease activity and remission may result in uretemation of foot joint involvement.
Arthritis Rheum 2012;64(5):1316-22.
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Conclusions

Although the DAS28, CDAI and SDAI have been valghfor assessment of remission in
RA, their performance in detecting foot synovitiich they fail to measure directly, is poor,
in contrast to ACR and 2011 ACR/EULAR remissiontamia using full joint counts. Thus
patients may be at risk of ongoing damage if treatnaecisions are made solely on the basis

of criteria which omit foot joint assessment.

INTRODUCTION

Rheumatoid arthritis (RA) can lead to rapid deveilept of joint damage and significant
long-term disabilit’ Intensive target driven treatment using diseasmlifying anti
rheumatic drugs (DMARDSs) can produce substantigdromements in disease activity, and
physical function, as well as amelioration of rapaphic disease progressioif:*’*37
Therefore, accurate assessment of disease acntylefining remission is critical. Since no
single measure can capture all aspects of RA agti@rious composite measures have been
introduced, starting with the ACR (American Colegf Rheumatology) Boolean remission
criteria in 1981%* followed by the Disease Activity Score based orjoidts (DAS44), later
modified to the DAS involving a 28 joint count (D&8)°>° More recently, two further
composite disease indices, the Simplified Diseastvidy Index (SDAI) and the Clinical
Disease Activity Index (CDAI) have been introduc8®® Despite multiple, potentially
additive treatment options, true remission caniffecadlt to achieve, and cannot be validated
by clinical assessment alone. Accordingly, defam$ for both remission and minimal disease
activity (defined as generally short of, but poiglht including complete remission), have
been proposed for the DAS28, SDAI and CDAI scorfé$.The most recently proposed
remission criteria are the 2011 combined ACR/ EULARuropean League against
Rheumatism) criteri€”*"> which propose two definitions; an index basedes¢8DAK3.3)

and a Boolean based definition. In addition, thdZ2(ACR/ EULAR criteria propose
definitions of remission which are suited to a ickh practice setting in which CRP may not

be available®®

Foot synovitis is a component of active RA not ssegily measured by other indices. For
example, up to 36% of RA patients have been regddehave involvement of foot joints
prior to involvement of the hand¥® Further, MRI scans have detected synovitis antebo

oedema in the forefeet of patients with early RAwhom MRI of the finger joints was
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normal®’® Since the DAS28, SDAI and CDAI omit the jointstbE feet, it is possible that
patients with ongoing foot synovitis may be classifas being in remission, yet be at risk for
long-term morbidity as a result of unsuppresselriéig in the feet. This is compounded by
the observation that the CRP and ESR (used in dissase activity indices) may be normal
in up to 45% of patients with early arthrifisthus potentially further underestimating disease

activity.

Previous studies using data from randomised cottrals have demonstrated that many
patients assessed as being in remission usingthe aneasures have ongoing foot synovitis.
8 This has not been investigated in RA patients iowine early arthritis clinic setting at
defined time points, with comparison of older d#fims of remission with the newly
proposed 2011 ACR/ EULAR definitions for clinicalals (using the CRP) or for routine
clinical practice (excluding the CRP), with or wotlt inclusion of foot joints. This is of
particular importance given the fact that achieviamission early in the course of RA has
previously been shown to minimise deformity andtri@anslate to maintenance of work
capacity. '*"® The aim of this study was to compare the DASZBAS CDAI, and the
2011 ACR/ EULAR criteria using 28 joints (which dhot assess foot synovitis) with the
1981 ACR and the 2011 ACR/ EULAR Boolean remissateria using a full joint count,

for resolution of foot synovitis in early RA in &rdc setting.

PATIENTS AND METHODS

Patients

One hundred and twenty three consecutive patiettftsracent-onset RA, recruited from the
Early Arthritis Clinic (EAC) at the Royal Adelaidelospital, Adelaide, Australia were
included in the study. Patients were included dythvere over 18 years of age, had given
written informed consent and met the 1987 revis€lRARA classification criteria i.e.
symptoms of polyarthritis of more than 6 weeks bss than 24 months, S¥3, a TIC=6,

an ESR >28 mm/h and/ or C-reactive protein >10 ing?&® Approval for the study was
obtained from the Human Ethics Committees of thgaRAdelaide Hospital and North West

Adelaide Health Service.
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Study Protocol

Details of the treatment strategy have been pudisisewhere® In brief, consecutive
patients were recruited for the study, and commetivce EAC response-driven combination
DMARD protocol. In this protocol, patients weratially commenced on methotrexate 10
mg orally weekly (progressive increase in the dosemethotrexate (if tolerated) to a
maximum of 25 mg/ weekyulfasalazine 500 mg daily orally, increasing o¥eveeks to 2 g
daily and hydroxychloroquine 400 mg daily. Predefiradjustments to treatment were made
depending on disease activity criteria, with then &eing clinical remission defined as
DASZ28 score <2.6.

Study evaluations and analyses

Swollen and tender joint counts (SJC, TJC) inclgdhose of the feet, visual analogue scores
(VAS) for patient and physician-assessed pain, QR§/dL), ESR (Westergren method) and
fatigue were recorded for each patient at basediné 6 months after commencing the

combination DMARD protocol.

Remission was assessed 6 months after commencefMeMARD therapy. For the disease
activity scores, remission was defined as DAS28-E3m, SDAI<3.3, CDAI<10. %°06:68.70
Remission was also assessed using the original 2R ®* remission criteria (fulfilment of

5 out of 6 variables: <15 minutes early morningfrstiss, no fatigue, no joint pain by history,
no joint tenderness, no swelling, and ESR <30 miovlvomen and <20mm/h for men) and
by the recently proposed ACR/ EULAR Boolean criéfi [remission defined as scores on
TJC, SJC, CRP (in mg/dl) and patient global assess(®@tGA, 0-10 scale) alll]. The latter
was calculated using the full joint count (incluglifoot and ankle joints) as is recommended
and the 28 joint count (excluding foot and ankiat®), which is permitted but not mandated.
Remission was also calculated using 28 [remisseimed as scores on TJC, SJC and PtGA
all <1] or full joint counts [remission defined as somn TJC, SJC, and PtGA 4dll] by the
proposed 2011 ACR/ EULAR remission criteria for urse clinic setting (in which the CRP

is excluded)®®

Statistical analyses

Agreement between various remission criteria wagsmed by the prevalence adjusted, bias
adjusted kappa (PABAK) statistic, estimated in WapiPv11.13%°
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The influence of the respective remission critemafoot synovitis (SJC+TJC) was analysed
by hurdle regressioif® This analysis utilises a mixture of two distrilouis, a binomial for
modelling the proportion of patients with foot syris and a left truncated Poisson for
modelling the mean joint counts in those patientth oot synovitis, and resulted in a
substantially better fit to the observed data thay single distribution model. All remission
criteria resulted in a statistically significantdtetion in foot synovitis, indicating some
specificity of the criteria for foot synovitis, h@wer, for simplicity, only the fitted values in
patients meeting the respective criteria have beported. Hurdle model were estimated
using R v2.12.1 and the pscl packatjg®*

RESULTS

Baseline patient characteristics

The baseline characteristics of patients are showirable 1 The presence of high disease

activity was evident using all disease activity sweas.

Table 1: Baseline characteristics of patients:

Parameter Baseline Value

Age at onset (median, range)58.5 (30-80)
Female 94/122 (77%)
Rheumatoid Factor positive  63/121 (52%)
Anti-CCP positive 68/122 (56%)
Erosive disease 40/116 (34%)
DAS28-ESR (Mean, Range) 5.8 (3.0,8.3)
CDAI (Median, Range) 30.9 (6.8, 69.8)

SDAI (Median, Range) 33.6 (9.4, 71.4)

* Anti-CCP, anti-cyclic citrullinated peptide; DAS2ESR, 28-joint count Disease Activity Score; CDAI,
Clinical Disease Activity Index; SDAI, SimplifiediBease Activity Index
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Disease activity at 6 months

At 6 months, there were improvements in the DASZIBAI and CDAI and the mean foot
TJC and SJC (p<0.004, data not shown).

Rates of remission and kappa agreements betweeliffigrent criteria are shown ifiable 2

Table 2. Agreement between the respective remissianteria at six months following

commencement of disease modifying antirheumatic dgitherapy. *

Prevalence-adjusted, bias-adjusted kappa

2011 ACR/ 2011 ACR/
EULAR criteria EULAR criteria
(28-joint count) (full joint count)

Proportion DAS28- CDAI SDAI Clinical Clinical Clinical Clinical 1981
meeting ESR <28 <33 practice trial practice trial ACR
Remission Criteria criteria <2.6 criteria
DAS28 <2.6 0.29 *
CDAI <2.8 (28-joint count)T 0.18 0.67 *
SDAI<3.3 (28-joint count)t 0.19 0.69 0.95 *
2011 ACR/ EULAR
(28-joint count)
Clinical practice 8§ 0.13 0.61 0.87 0.85 *
Clinical trial 1 0.13 0.61 0.84 0.82 0.97 *
2011 ACR/ EULAR *
(full joint count)
Clinical practice 8§ 0.11 0.58 0.84 0.82 0.93 0.90
Clinical trial 1 0.10 0.58 0.80 0.79 0.90 0.93 9N. *
ACR 1981 (full joint count) 0.08 0.53 0.76 0.71 ®.7 0.72 0.82 0.79 *

* DAS28-ESR, 28-joint count Disease Activity Sco@DAl, Clinical Disease Activity Index; SDAI, Simified

Disease Activity Index

t Defined as a composite score criterion in thel28inerican College of Rheumatology/ European League
Against Rheumatism (ACR/ EULAR) criteria for remgsin a clinical practice setting

T Defined as a composite score criterion in thel2ACR/ EULAR criteria for remission in rheumatoidtaitis
clinical trials [equivalent to the CDAI, with incdion of the C-reactive protein (CRP) level]

§ Defined as Boolean-based criteria for remissioa clinical practice setting

1 Defined as Boolean-based criteria for remissiorheumatoid arthritis clinical trials (equivaldntthe clinical
practice criteria, with inclusion of the CRP level)

The two Boolean based remission criteria utilizfath joint counts (the 1981 ACR and the

2011 ACR/EULAR criteria using full joint count) idéfied the least number of patients in

remission (8% vs 10% respectively) and there waderaiely good agreement between these
two criteria (kappa = 0.82).he 2011 ACR/EULAR Boolean criteria permit the o$¢he 28
joint count, which resulted in an increase in tihepprtion of patients classified as being in
remission (13% vs 10%). The 2011 ACR/EULAR remissioiteria® also include an index
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based definition of remission (SD#3.3) that identified a higher proportion of pater
remission (19%) than the Boolean criteria (kap@2)0.In general, the different index based
criteria identified similar proportions of patientseeting the criteria for both remission, but
with varying degrees of agreement. The CDAI and $Béore calculations are closely
related, differing by the inclusion of the CRP e tSDAI index and as expected, demonstrate
a very high level of agreement (kappa >0.95); tberpst agreements were consistently
observed with the DAS28.

The relationship between foot joint involvement and remission criteria

Foot synovitis in patients meeting the various s=iain criteria was assessed by the both the
prevalence of foot synovitis (defined as a combitedier and swollen joint courtl), and
the mean combined tender and swollen joint countkase patients with foot synovitis. The

results are shown ihable 3.

Table 3. Presence of foot synovitis and foot jointounts in patients meeting the

respective remission criteria at six months followng commencement of therapy*

Mean foot joint counts
% patients with ~ (SJC+TCJ) in patients with

Remission Criteria Met foot synovitis foot synovitis
DAS28 <2.6 43 2.3
CDAI <2.8 (clinical practice) 28 3.6
SDAI <3.3 (clinical trial) 27 3.6

2011 ACR/ EULAR criteria
(28-joint count)
Clinical practice 19 3.6
Clinical trial 22 3.6
2011 ACR/ EULAR criteria
(full joint count)

Clinical practice 0 0

Clinical trial 0 0
ACR/ EULAR trial 0 0
ACR 1981 20 0.9

" Fitted values were estimated from the hurdle (zeflated, Poisson mixture) model as described itieRts
and Methods. SJC, swollen joint count; TJC, terjdimt count; DAS28-ESR, 28-joint count Disease Rit}i
Score; CDAI, Clinical Disease Activity Index, SDASimplified Disease Activity Index; ACR/ EULAR,
American College of Rheumatology/ European Leaggaifst Rheumatism
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There was minimal evidence of foot synovitis inigats meeting the Boolean 2011
ACR/EULAR criteria which utilised full joint counténcluding the feet). Even though 20%
of patients had evidence of foot synovitis whemgshe 1981 ACR criteria, the average joint
count in these patients was very low (0.9). In astt there was evidence of substantial foot
synovitis in patients meeting the various remissidteria which utilized the 28 joint count
(which excludes the feet). However, there were mangunced differences between the
performances of these three index based scoreglation to foot synovitis. Therefore
approximately one third of patients classified agm in remission by criteria using the 28
joint count had evidence of foot synovitis with average of 2-3 tender/ swollen foot joints.
Furthermore, similar numbers of patients had ewidesf foot synovitis using the 2011 ACR/
EULAR clinical (i.e. excluding the CRP) and triake( including the CRP) criteria if only 28
joint counts were used (19% vs 22%), with an ercgltorrelation between these two criteria
(kappa >0.90).

These results confirm that measures utilising 28t jocounts do not adequately capture
persistence of foot synovitis (with 20-30% patiedksssified as being in remission having
active synovitis in an average of in 4 foot joiras)d that this is also true with respect to the
new 2011 ACR/EULAR criteria, with or without usitge CRP; these criteria -when full
joint counts are used- identify persistence of feyatovitis equally well, also regardless of
whether the CRP in the calculation. Clearly thém 2011 ACR/ EULAR Boolean criteria
using full joints counts are superior to the otbeteria with regards to identifying patients in

‘true’ remission (including feet).

DISCUSSION

The goal of medical treatment in RA has becomeattieevement of remission. Given that
remission itself is difficult to define and subdiate clinically, it is best regarded as a state at
the very end of a continuum of diminishing diseas#ivity. Various criteria have been
proposed and subsequently validated for measuengssion, including the ACR, DAS,
DAS28, SDAI and CDAI®*®® These criteria however, vary in their stringenegarding the
definition of remission with the DAS28 being thedé and the ACR criteria being the most
stringent. ""®%8° The stringency of the definition is of particuleglevance not only in
‘capturing’ synovitis of foot joints, but becausemost patients, tighter control leads to better
functional and radiographic outcont®&®* notwithstanding the fact that joint damage
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progresses in some patients despite good diseadmlicand never progresses to erosive
disease in others with continuing joint inflammatiorhe latter may be especially true in
patients receiving aggressive treatment, partigulaith a combination of TNF inhibitors
and methotrexat®> The variable progression probably also reflects thct that while
disease activity is a continuum, these criteriaséaéistical constructs designed to summarise
information on a patient cohort as a whole, and matynecessarily be predictive in a given

individual.

The DAS (or DAS44 which includes the feet) was isgal by EULAR in the early 1990s,
and is a composite, single-point, absolute measfidisease activity? Subsequently, the
DAS28, a new and less time costly score was prap$é The DAS28 has been criticized
for its omission of the ankles and f&tand defining remission (DAS28 <2.6) on the basis
of the DAS28 has engendered controversy with reggzdbounding value§, for which a
more recent criterion has been propoSefihe acute phase reactants (CRP / ESR) weigh
heavily in the DAS28 calculation, which may errounsly lower the DAS28 score in the face
of objective evidence of ongoing joint activityespecially as a significant proportion of
patients with RA can have normal ESR and CRP asemtatiort’ including some with
radiographic evidence of progressive erosive dis&4s

The complexity and requirement of computationalddor calculation of the DAS28 was the
driving process behind development of the SDAIljnapte numerical summation of values
for disease activity parameters (28 TJC, 28 SJCP @GRd both evaluator's (EGA) and
patient’s global disease activity scores (PGA) atDam VAS).®® Subsequently the CDAI
was developed as an abbreviated form of the SD&luding CRP from the formula in order

to enable the physician to make immediate therapeéetisions regarding intensification of
therapy when laboratory data were not availableabse the acute phase reactants correlate

with each of the other variables and may not adsbittantly to a composite scof&.

The DAS28, SDAI and CDAI all take into account o8 joints and are conspicuous in their
omission of joints of the ankle and foot joints.nSequently, it follows that arthritis in these
joints may be missed along with its potential fond term joint damage. It has previously
been shown that pain continues to be a problem snlkstantial proportion of patients in
DAS28 remissioff’ and a study using observations from a randomididcal trial*

compared DAS28 remission with DAS remission andckaied that the DAS remission is
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more stringent than DAS28 remission with the omoissof feet joints predominantly

responsible for the discrepancy between these memasAnother study which evaluated
forefoot disease activity in RA patients found arerage that 40% had at least one MTP
involved despite being in remission according t® EAS28%% A third study that looked at

the ankles and feet as a ‘block’ of 4 joints did fied substantial differences with regards to
disease activity indices whether or not ankleseet fvere included. This study differed from
ours in that it did not necessarily include pasewith early arthritis (mean disease duration
was 8 years); 34% of patients in this study, despéing in DAS28 remission had evidence

of foot synovitis®®®

Our study addressed this question in a routinepkderly, early arthritis clinic setting rather
than in a clinical trial or in patients with predorantly established RA as has been
undertaken previousf{*® and has confirmed that disease activity indicéising 28 joint
counts do not adequately capture resolution of éyabvitis. The new 2011 ACR/ EULAR
criteria recognise that residual disease actiaty loe present in the feet of patients deemed to
be in remission and recommend but do not requirelusion of ankles and forefeet in
assessment of remissidtt’> We observed that the Boolean 2011 ACR/EULAR reinis
criteria using the full joint count adequately capt the resolution of foot synovitis, whereas
the compositeindex based SDAK3.3 remission criteria, or the Boolean criteriathbo
utilising the 28 joint counts, did not. The 2011 RCEULAR remission criteria in their
candidate definitions of remission proposed othlefindions more useful in the clinic setting
in which inflammatory markers may not always beilakde, and we have assessed disease
activity using these indices with or without fooirjts. These included a Boolean measure
comprising TJC, SJC and PtGA that provided staa#iti similar results to those obtained
with the same measures that included CRP and thitkeCDAI. *° A very recent stud§™
examining the various proposed remission critdra excluded foot joints, found that when
applied to individual patients, these remissiornecia do not necessarily identify the same
patient. This has important implications for these in the individual patient in whom
alterations to DMARD therapy need to be made aosgp to the trial setting where the

results of the overall group are more relevant.

In summary, although the DAS28, CDAI and SDAI h&deen validated for assessment of

minimal disease activity and remission in RA, thmrformance in predicting foot synovitis,

which they fail to measure directly, is poor in laic setting. This failure to assess foot
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involvement may lead to less intensive treatmerantlwould otherwise be the case,
subjecting patients to the risk of unsuppressetj@ot inflammation and potentially leading
to pain, disability and structural failur&his has implications when treatment decisions are
being made solely on the basis of disease actpabyes which omit assessment of joints of
the feet.
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CHAPTER 3. ACTIVE FOOT SYNOVITIS IN PATIENTS IN
APPARENT REMISSION IS ASSOCIATED WITH UNSTABLE
REMISSION STATUS, RADIOGRAPHIC PROGRESSION AND WORSE
FUNCTIONAL OUTCOMES

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflammgtdisorder that can lead to progressive
and irreversible joint damage. Since intensivedadyiven treatment with disease modifying
anti-rheumatic drugs (DMARDSs) can produce subsshmtnprovements in disease activity
(DA), physical function and prevent radiographiogression, using the appropriate target
(usually a clinic-based composite DA measure) cduddcritical to long-term outcome,

regardless of the treatment strategy employed.

Various composite DA and remission measures haga balidated and in use over the last
few years. These include criteria that requirelbjdint count (e.g. the American College of
Rheumatology (ACR) Boolean-based criteffajpnd those that employ abbreviated joint
counts that omit assessment of the ankles and Teetlatter criteria include the DA score
involving a 28-joint count (DAS28Y the Simplified Disease Activity Index (SDAI) anlet
Clinical Disease Activity Index (CDAf}. Of these, remission by SDAI has been adopted as
an index based remission criteria in the recenthppsed 2011 ACR/ European League
Against Rheumatism (EULAR) definition of remissith.

We have previously shown in a cross-sectional §fudiiat agreement between various
remission criteria is variable, with the best agrest between the CDAI and SDAI (as
expected as these two indices differ only by theusion of the CRP in the SDAI), and the
poorest with the DAS28. In addition, our study aee that DA measures that omit foot
joints perform poorly in capturing foot synovitihjus placing patients at risk of ongoing
damage if treatment decisions are made solely erb#isis of these DA measuféghis is
particularly important as the feet were the inigdé of involvement in early RA in a third or
more of patients in a study by van der Leedeal. and ~90% reported painful ankles or feet
at some point during the course of their disédséndeed, pain and swelling of 1
metatarsophalangeal (MTP) joint was present in @&-5f patients after 2 yeats. Among
those in remission as calculated by the DAS28, 4@b at least one involved MTP joint

(pain and/or swelling}®® From the standpoint of clinical and long-term @mes,
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radiographic progression is a robust longitudinaitcome measur®? This may be
particularly relevant for radiographic foot damaggven that foot joints exhibit erosive
changes and joint space narrowing (JSN) more fretueat baseline and over time in
comparison to hand joints in early R®.With respect to function and health-related qyalit
of life, the multidimensional consequences of RRed foot synovitis are studied best using
patient-reported outcome measures (PROMSs). Of thibeehealth assessment questionnaire
(HAQ) and the Medical Outcome Study Short-Form S8B-36) are probably the PROMs that
are the best validated in RA. In addition, the $138dily pain and vitality subscales are the

most responsive to improvement:%

There are limited data regarding the radiographit fanctional outcomes of foot synovitis.
In the longitudinal study reported by van der Leedeal.*** 19% of patients had erosion
scores> 1 in the forefeet at baseline. This increasedo@ after 8 years and the mean score
increased from 1.3 to 7.9. This study evaluatedkivgl disability using the HAQ, and
reported 57% and 40% walking disability at baselamel one year respectively. Another
study®® found that the DAS28 underestimated DA in thoseowiad progression of
radiographic damage in the feet (25% of the stugpufation).

The objectives of this study were to investigate bng term radiographic and functional
outcomes of foot synovitis at three years in intezlg, predominantly conventional DMARD

treated patients, with the treatment strategy agniam remission. Our specific aims were (1)
to investigate dynamic correlations (DCs) betweeh measures and foot synovitis, (2)
analyse the radiographic progression in patientth i@ot synovitis, and (3), to assess

functional outcomes of foot synovitis over time.

METHODS

Participants

Our sample comprised consecutive adult (>18 ygaatignts with early (<12 months) RA
presenting to the Early Arthritis Clinic (EAC) &iet Royal Adelaide Hospital (RAH) between
2000-2014. . Patients were included in this stidyey were DMARD-naive (use of anti-
malarials for < 1 month prior to inclusion was péted) and had RA according to the 1987
revised ACR? and/or the 2010 ACR/EULAR criterfd! Exclusion criteria were antinuclear

antibody titre >1:320, evidence of hepatitis B, hepatitis C or HiMection, recent
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seroconversion to parvovirus, Ross River virus,nBdr Forest or rubella viruses, known
sensitivity to methotrexate (MTX), sulphasalazine hydroxychloroquine and systemic
disease likely to increase the risk of toxicityaime of these drugs. The study was approved
by the RAH Human Research Ethics Committee.

Study Protocol

Details of the EAC cohort, treatment strategy, arebults have been published
elsewheré’®*%Briefly, all patients were randomised to receivghhdose or low dose fish
oil in addition to treatment with initial triple DMRD therapy (methotrexate 10mg weekly,
sulfasalazine 500mg twice daily increased to 1gcewidaily over 3 weeks and
hydroxychloroquine 200mg twice daily). Treatmentswescalated to achieve DAS28(ESR)
remission by initially increasing methotrexate tanaximum of 25mg weekly followed by
addition of leflunomide, other DMARDs or a biolog@MARD. If clinically deemed
necessary, patients could have parenteral glugoom$ (typically 120 mg IM depot methyl
prednisolone). The use of oral glucocorticoids BI8AIDs was actively discouraged and if

used at study entry, they were tapered and cealseckwwossible.

Study evaluations and analyses

The primary outcome of the EAC study was failuretrgfle DMARD therapy to achieve
remission as defined by the DAS28(ESR) <2.6; failwas defined as requirement to
progress to addition of leflunomide. Patients wexdewed every 3-6 weeks. During each
visit, joint counts (JC) were assessed as tendejofhts and 28 joints; TJC) and swollen (44
joints and 28 joints; SJC) joint counts; a 100 misual analogue scale (VAS) was used to
assess patient and physician global activity, paid fatigue. Quality of life measures
assessed included the modified health assessmestianunaire (MHAQ); every visit) and SF-
36 (yearly).

Composite measures of DA assessed, in addition hee DAS28(ESR), were the
DAS28(CRP), CDAI and SDAI. For these measures, ssion was defined as a DAS28-
CRP score of <2.6, CDAI score s2.8 or SDAI score 0f3.3%"%83%patients had yearly
radiographic assessments, which were scored using§harp modified van der Heijde (SvH)
method**® by two independent observers (SP, MW). Serial hemdi feet radiographs were
blinded to identity of participants but not to chotogical order.
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Statistical analysis

Statistical analysis was done using the R progrnstatistics°? Dynamic (within patient)
correlations between DA scores and foot TIC andssdes over were estimated in patients
with at least three treatment observations ovezetlyears’ of follow up (n=217) using the R

library dynCorr?®

with 95% confidence intervals (Cl) estimated byotstrapping. The
average prevalence (over all treatment visits) 10f remission according to different DA
criteria and (2) foot synovitis (defined as anyden or swollen joints) in patients in
remission, was estimated using marginal binomiakgalised estimating equations models in
patients with at least one treatment visit (n =)288ansitions between disease remission and
non-remission states over time were analysed wsimglti-state Markov model, using the R
library msm*®* in patients with at least two treatment visitsZ63), and results are reported
as the average length of stay (“sojourn time”)ithex a remission or non-remission state for
the different DA remission criteria. A second ams&yincluded foot synovitis as a covariate
and results are reported as hazard ratios for fteeteof foot synovitis on the transition

intensity for each transition direction.

Radiographic scores (n=238) over time were analysadg a random intercept, marginal
exponential growth model to calculate the averagmial “growth” rate in scores. This was
estimated using a negative binomial mixed regressiodel (log-link), rather than a Poisson
regression model, because of overdispersion inrddegraphic scores. This analysis was

performed using the R library gimmADMB?

For SF-36 data (n=255), each SF-36 domain scal®@)-was transformed to a norm-based
scale (NBS), with a mean of 50 (SD 10), using age gender matched South Australian
population datd® to enable direct comparison between results oh edmmain. Mixed
effects linear regression model was applied toyaeaassociations between disease activity
and SF-36 scores, using the R library nfffeTo analyse the association of foot synovitis
and SF-36 scores with foot synovitis as an addiigredictor variable, foot joint scores
were transformed with a square root transformapioor to analysis, because of the variable

and skewed nature of foot joint counts.
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RESULTS

Baseline patient characteristics

The baseline characteristics of patients are ptedenTable 1. The mean age was 55, 71%
were women and 48% were current or past smokerghign cohort, the prevalence of
rheumatoid factor (RF), anti-CCP (cyclic citrullted peptide) and the shared epitope was
60%, 51% and 59% respectively. Mean baseline DAB2R(), SDAI and CDAI were
consistent with high disease activity; mean mHAQswa756 and mean duration of
symptoms prior to diagnosis was 23 weeks. Basétitad (median) SvH score was 4; 27% of

patients had erosive disease at baseline.

DCs between DA scores and foot joint scores

Dynamic correlations (DCs) were obtained a mininin3 observations per patient, during
treatment; observations were from six months tedhyears. The DC@able 2) are those
within individuals, over time. We found that all Décores showed a weak to moderate
positive correlation with foot swollen joint cour{fJC) and tender joint counts (TJC) and the
strength of these correlations improved when botlC Sand TJC were considered.
Correlations were comparable for DAS28(ESR)/DASHIE and SDAI/ CDAI. Despite the
statistical significance of these correlationsg DA scores ‘captured’ less than 50% of the
variation in foot SJC/TJC counts, indicating thasessment of disease activity using these
criteria is likely to be insufficient for detectirdisease flares in the feet.

SDAI and CDAI are more stringent remission criteria, yet a significant proportion of
patients in remission may still have foot synovitis

The percentage of patients achieving SDAI and CExfission in this cohort was less than
that achieved with DAS28 criteria. However, evethvwhese newer criteria, 24% in SDAI

remission and 25% of patients in CDAI remission bagdoing foot synovitigTable 3).
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Table 1. Baseline demographic and clinical data (r266)

n (%), mean (SD) or

median (IQR)
Age, years, mean (SD) 55 (24)
Females (%) 190 (71)
Ever smoked (%) 128 (48)
BMI, mean (SD) 279 (6.2
RF positive (%) 161 (60)
Anti-CCP positive (%) 136 (51)
Shared Epitope positive (%) 157 (59)
Symptoms prior to diagnosis, weeks, mean (SD) 23 (32)
ESR, median (IQR) 29 (31)
CRP, median (IQR) 10 (24)
SJC, median (IQR)
Total 10 (11)
SJC28 7 (8)
Ankles & feet (5)
TJC, median (IQR) 17 (18)
Total 17 (18)
TJC28 10 (11)
Ankles & feet 6 (9)
Proportion of patients with foot synovitis (TJC &ndSJC) (%) 219 (82)
DAS28(ESR), mean (SD) 543 (1.27)
DAS28(CRP), mean (SD) 499 (1.18)
SDAI, mean (SD) 31.70 (14.50)
CDAI, mean (SD) 29.70  (13.80)
MHAQ, mean (SD) 0.756 (0.549)
SvH radiographic score, median (IQR)
Total score 4 (8)
Proportion of patients with erosive dse&b) 64 (27%)
Erosion scores in patients with erosiigease (IQR) 1.0 (3.0)
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BMI, body mass indexRF, rheumatoid factor; CCP, cyclic citrullinatedopide; CRP, C-reactive protein; SJC,
swollen joint count; TJC, tender joint count; SJBZT28, SIC/TJC using 28 joint count; DAS28, disease
activity score calculated using 28 joint count; SPgimplified disease activity index; CDAI, clinicdisease
activity index; mHAQ, modified health assessment¢sfionnaire; SvH, van der Heijde modified Sharpreco
JSN, joint space narrowing; IQR, inter quartilegan

Table 2. Dynamic correlations between disease adty scores and foot tender (TJC)

and swollen joint counts (SJC)

DA Foot.SJC Foot.TJC Foot SJC + TJC

DAS28(CRP) 0.24 (0.10, 0.37) 0.30 (0.16, 0.40) 0.35 (0.21, 0.43)

DAS28(ESR) 0.22 (0.08, 0.35)0.30 (0.16, 0.42) 0.34 (0.20, 0.44)

SDAI 0.32 (0.12, 0.46) 0.40 (0.24, 0.51) 0.46 (0.28. 0.55)

CDAI 0.31 (0.11, 0.46) 0.40 (0.24, 0.51) 0.46 (0.28, 0.55)

" The numbers refer to the dynamic correlation withatients over time (r) (95% CI); DA, disease attiv
SJC, swollen joint count; TJC, tender joint coDwS28, disease activity score calculated usingok@ count;
SDAI, simplified disease activity index; CDAI, cigal disease activity index

Table 3. Foot synovitis in patients in remission

DAS28 (CRP)* DAS28 (ESR)*  SDAI CDAI*
0.47 0.43 0.28 0.27
Patients in remissidn
(0.11, 0.51) (0.10,0.47)  (0.05,0.32) (0.05, 0.31)
Patients in remission 0.35 0.36 0.24 0.25
with foot synovitis (0.29, 0.41) (0.30,0.42)  (0.18,0.30) (0.19, 0.32)

" The numbers refer to the proportion of patient$495I). T These include patients in remission regardless of
presence or absence of foot synoviig\, disease activity;SJC, swollen joint count; TJC, tender joint count;
DAS?28, disease activity score calculated usingad® jcount; SDAI, simplified disease activity indeRDAI,
clinical disease activity index.
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In early disease, SDAI/CDAI remission is less sustained than DAS28 based remission and
the presence of foot synovitis predicts relapse among those in DAS28, CDAI and SDAI
remission

As might be expected, we found that in the firgtedrs, RA disease activity fluctuates and
many patients transition between remission and reamssion, with the transitioning
occurring in both directions. When we estimatedalierage length of stay in any one state
(the “sojourn time”), we found that the sojourn é&nin remission for SDAI/CDAI is
substantially shorter than that for DAS28 basedssion(Table 4).

Table 4. Average sojourn time (years) for remissiostates by DA score

State DAS28 (CRP)* DAS28 (ESR)*  SDAI* CDAI*

Non Remission 1.6 (1.3, 2.0) 1.7 (1.4,2.1) 1.9 (1.4, 2.8.1 (1.6, 2.7)

Remission 2.0 (15,2.7) 20(15,27) 1.0(0.8) 1.0(0.7,1.5)

" The numbers refer to the sojourn time in years (¥%DAS28, disease activity score calculated using 28
joint count; SDAI, simplified disease activity indeCDAI, clinical disease activity index

When we included foot synovitis as a covariate étermnine if presence of foot synovitis
affected the probability of transitioning from ression to non-remission, we found that foot
synovitis significantly influences the transitiamtensities (as assessed by the likelihood ratio
p-value), and patients in DAS28(ESR), SDAI and CDéhission with foot synovitis were

approximately twice as likely to relapse comparedpatients in remission without foot
synovitis(Table 5).
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Table 5. Hazard ratios (95% CI) for the effect of bot synovitis on transition intensities

from remission to non-remission and vice versa

Transition DAS28(CRP)* DAS28(ESR)* SDAI* CDAI*

Non Remissionto 0.68 0.70 0.70 0.68
Remission (0.42, 1.10) (0.45,1.10)  (0.40, 1.24) (0.39, 1.17)
Remission to Non- 1.47 1.81 2.06 2.08
Remission (0.84, 2.57) (1.03,3.17)  (1.00, 4.26) (1.03, 4.18)
Likelihood Ratio 15 0.002 0.0004 0.0002
test p value

*The numbers refer to hazard ratios (95%Cl). DAsedise activitySJC, swollen joint count; TJC, tender joint
count; DAS28, disease activity score calculatea@ &8 joint count; SDAI, simplified disease actjvihdex;
CDAI, clinical disease activity index

Radiographic progression

We analysed progression of both JSN and erosioresaver time. Because of the log-link
employed in the regression model, the estimatedageeannual growth (i.e. increase) in
scores represents the ratio of scores between ssieeeyearly intervals, as opposed to the
arithmetic difference in scores. The score “growate” is therefore strongly influenced by
factors affecting the baseline score, and heneast important to model these appropriately

in all analyses.

Age was the most important predictor of baselin®,J8ith higher scores occurring among

older patients (p <0.001). There were no cleatticeiahips between JSN (either baseline or
change over time) and other potential predictoiabdes (anti-CCP, smoking, duration of

disease prior to treatment, body mass index (BMBnder and disease activity) after

adjusting for age.

Both baseline age and anti-CCP status were higghifieant predictors of baseline erosion
scores, but did not affect the progression (“grovete”) of erosion scores. There were no
significant associations with other baseline vdasbincluding gender, smoking status,
duration of symptoms prior to treatment, BMI andsddme disease activity scores. The

coefficients of the final regression model are swarsed inTable 6.

84



Table 6. Regression Coefficients for analysis of fett of baseline age and anti-CCP

status for progression of erosion scores

Coefficient Estimate SE°  p-value

(Intercept) -2.300 0.278 <0.001
Age.c* 0.042 0.013 0.0012
anti-CCP status 0551  0.194  0.0044
Time™" 0.343  0.034 <0.001

*SE, Standard Error. All regression coefficients ame(natural) log format and can be interpreted by
exponentiation. The Age.c predictor variable is the baseline agetred around the mean age of 55 years.
**Eor dichotomous anti-CCP status, contrast sumirapdi.e. (-1,1) instead of dummy (0,1) coding) wessd.

Therefore the intercept estimates the (log) basedtore at the mean of both age and anti-CCPThe Time
coefficient represents the log of the average drgraavth rate of erosion scores.

There was a significant confounding between age aridCCP status. Patients with anti-
CCP were, on average, younger, and the importaficantt-CCP status as a baseline
predictor of erosion scores only became apparéet afst adjusting for age (i.e. effectively
measuring the effect of anti-CCP in patients of "#smme age). From the regression
coefficients in Table 6, we can estimate that g rof erosion scores, at any given time
point, for a patient who was 65 years old, relativea patient who was 55 years old as
exp(10*0.042)= 1.53 (95% CI 1.18, 1.98), i.e. abdddo higher. Also, the estimated ratio of
erosion scores, at any given time point, for an-@QtP positive patient as compared to an
anti-CCP negative patient was 3.01 [95% CI 1.4&846calculated as exp(2*0.551)] i.e. a 3
fold difference. For patients with the same baselge and anti-CCP status, the ratio of
erosion scores at three years relative to theiellvessscore was estimated as 2.80 [95% ClI
2.30, 3.41; calculated as exp(3*0.343)] i.e. nearB/fold increase over three years.

Sustained DA remission markedly reduces the growth rate of erosion scores

This analysis was performed by calculating a véeigtDA remission.ave”;Table 7) for the
proportion of times a patient was in DA remissimeiothe 4 treatment time points (6 months,
1 year, 2 years and 3 years). A Time:DA remissimiateraction variable was added to the

previous model. This interaction term measured dreDA remission was associated with
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the average annual growth rate. The regressiomas for the 4 different DA scores are

presented iTable 7.

As for the previous analyses, age was centredeaindan of 55 years and the “contrast sum”
contrasts (as described in the foot note to Taplea® used to dichotomise anti-CCP status.
In this model, the “Time” coefficient reflects ti{#og) growth rate in erosion scores for
patients who were never in remission; the “Time:2Aission.ave” coefficient reflects the
difference in the (log) growth rate for patientshwvarying success in achieving remission
compared to those who never achieve remission. @eadf the coefficient here to be
negative, and highly significant for each DA scasaggesting that the more remission is
sustained, the more pronounced the benefit of mamsin ameliorating the increase in
erosion scores. This is particularly relevant, hesttansition state analysis of the sojourn time
presented earlier has shown that remission is omstable in the presence of foot synovitis.

We wished to identify if the duration of DA remissiwould predict those patients with an
increased ratio of three year to baseline erostones (among individuals of similar age and
anti-CCP status). Remission status was given a-gaaititative score (never in remission,
50% remission, always in remissiohable 8) and results suggest that erosion scores may
still progress (by nearly two-fold) over 3 yearspatients who have sustained DAS28(CRP)
or DAS28(ESR) remission, in contrast to no staaly significant progression over 3 years
in those in sustained SDAI and CDAI remission. Aligh some of the differences in p-
values between DAS28 and SDAI or CDAI remission medlect statistical power (i.e. since
SDAI/CDAI remission is more stringent, so it iddigs fewer patients in remission), we also
found that the estimated growth rate of erosiorrexavas lower for those in SDAI/CDAI

remission.
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Table 7. Regression estimates for DA measures ancbgth rate of erosion scores

DAS28(CRP) DAS2(ESR) SDAI CDAI
Estimate  SE p Estimate SE P Estimate SE p Estimate SE P

(Intercept) -2.205 0.267<0.001 -2.206 0.268 <0.001 -2.216 0.269 <0.001 -2.218 0.269 <0.001
Age.c 0.044 0.013 0.001 0.043 0.013 0.001 0.044 0.013 0.001 0.044 130.00.001
Anti-CCP

positive 0.538 0.192 0.005 0.543 0.191 0.005 0.545 0.193 0.005 0.548 930.1 0.004
Time 0.434 0.048<0.001 0.422 0.047 <0.001 0.413 0.041 <0.001 0.406 0.040 <0.001
Time: DA

remission.ave -0.231 0.085 0.006 -0.210 0.084 0.013 -0.320 0.107 0.003 -0.286.105 0.006

SE, Standard Error; DAS28, disease activity scateulated using 28 joint count; SDAI, simplifietselase activity index; CDAI, clinical disease aityivndex

Table 8. Three year to baseline erosion score rasqresults derived from the regression model in Tdb 7), for varying degrees of DA

remission
DAS28(CRP) DAS28(ESR) SDAI CDAI
Remission Average
Ratio (95% CI)  p-value Ratio (95% CI) p-value Rg856% CI) p-value Ratio (95% CI) p-value
Never Remission 3.76 (2.78,4.85) <0.001 3.54 (¢46%7) <0.001 3.45(2.72,4.38) <0.001 3.38(24628) <0.001
50 % Remission 2.60(1.78,3.77) <0.001 259 (137&®]) <0.001 2.14(1.41,3.23) <0.001 2.20 (134925) <0.001
Always Remission 1.84 (1.04,3.25) 0.037 1.89(1380) 0.034 1.32(0.66, 2.65) 0.43 1.43 (0.748R.  0.29

SDAI, simplified disease activity index; CDAI, cigal disease activity index



DA is strongly associated with scores in each SF-36 domain and foot synovitis is
independently associated with Physical Functioning (PF)

Analysis of SF-36 scores (based on the baselinenagah score for each patient during
treatment (years 1, 2 and 3)) revealed mean SFB6 &t baseline were lower than those
after treatment (Figure 1). Even after treatmeft386 scores in the EAC cohort were lower

than the general South Australian population scores

Figure 1. SF-36 scores are higher post-treatmentifall SF-36 subscales
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DA during treatment, as measured by the DAS28(CR)the composite marker used to
assess DA and remission in our cohort), was styoagtociated with scores in each SF-36
domain, using regression analy§lsable 9). Baseline age was centred around 55 years and
predictor variables for the SF-36 domain NBS respsnwere age and DAS28(CRP). The
DAS28(CRP) was centred around 2.6, and as a timgmep covariate, included both

between patient and within patient effects.

Although scores were normalised to age and gendé&hmd controls, baseline age was still a
significant covariate (in contrast to gender) forout of the 8 domains indicating some
differences between the RA patients and the pdpualatontrols in the age-score

relationships. Six of the 7 significant age coediints were positive, possibly indicating a
trend for over-correction when normalising RA patseto the population controls. This was
most pronounced for Physical Functioning (PF) aeddsal Health (GH). As noted rable

9, the coefficient for DAS28(CRP) was indicative afsubstantial effect. The coefficients



remained close to 4 units which means a one unitedse in the DAS28 score (i.e. from 2.6
to 1.6) is expected to result in an increase in§Re36 domain NBS of around 4 (and vice

versa).

Table 9. Associations of SF-36 domains with diseaaetivity.

Regression Coefficients

SF36 Domain Intercept Age.c DAS28.CRP.2.6

E SE p-value| E SE p-value E SE p-value

Physical Functioning 43.7 0.6 <0.001| 0.21 0.04 <0.001|-49 0.4 <0.001

Role Physical 45.70.5 <0.001| 0.08 0.03 0.005 | -3.8 0.2 <0.001
Bodily Pain 48.0 0.4 <0.001 0.08 0.03 0.002 | -4.4 0.3 <0.001
General Health 45.20.5 <0.001| 0.24 0.03 <0.001|-3.4 0.3 <0.001
Vitality 47.0 0.5 <0.001 0.07 0.03 0.023 | -3.5 0.3 <0.001

Social Functioning 46.30.6 <0.001|-0.10 0.04 0.007 | -3.0 0.3 <0.001
Role Emotional 47.00.5 <0.001] 0.0/ 0.03 0.023 | -3.5 0.3 <0.001

Mental Health 38.80.6 <0.001}-0.02 0.04 0.59 | -4.0 0.4 <0.001

E- Estimate, SE- Standard Error

We also analysed the relationship between foot\gt{inqfoot SJC+ foot TJC) scores and
each domain of the SF-36 during treatment, by tictusion of an additional covariate (the
square root of the total synovitis scores). As he previous analysis, baseline age was
centred around 55 years, and DAS28(CRP) was cerdrednd 2.6 and the additional

covariate for foot synovitis scores “sqrt.foot. SIIC.c” was centered aroun@.

We found that the foot joint score is quantitatyvedlated to the SF-36 Physical Functioning
(PF), NBS scale, even after adjustment for DAS28LCRIable 10) The regression
coefficient was negative, and highly significant foot joint score, indicating a lower SF-36

PF in the presence of foot synovitis. The other38Fdomain scores were associated with
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foot joint scores only if the DA score was omittedm the model, indicating that they are
likely to be secondary associations induced byctireelation between foot joint scores and

DA scores.

Table 10. Relationship of the foot joint count to 5-36 Physical Function (PF) (Norm
Based Scale- NBS)

Standard
Term Estimate gyor p-value
(Intercept) 43.4 0.6 < 0.001
Age.c 0.20 0.04 <0.001
DAS.CRP.2.6 -4.4 0.4 < 0.001
sqrt.Foot.SJC.TJC.¢ -0.7 0.3 0.025

*DAS28(CRP) centred around 2.6 as the time varyivgdate

" The predictor variable for combined foot (swollemaender) joint scores. As these scores werehlarand
highly skewed, they were transformed prior to asialyith a square root transformation. This tramstx
variable is “sqrt.Foot.SJC.TJC.c", also a time wagycovariate. The intercept is the mean PF NBS for
individuals at the mean of the covariates (age y&tis, DAS28CRP= 2.6 and SJC+TJC=2)

DISCUSSION

In this cohort of early RA, our study confirms aextends our previous findings concerning
the underestimation of disease activity using DAasuges that omit foot joints. When these
criteria are used to define remission, a substapt@portion of patients have ongoing foot
synovitis, which predicts relapse of standard DAaswges, radiographic progression and

worse functional outcomes.

The goal of treatment in RA is achievement of resmis, which is best regarded as a state at
the very end of a continuum of diminishing diseastvity. Given that no one single measure
is adequate to define remission, composite measumesduced over the years have
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attempted to define cut-point values, with varylagels of stringency. Pinals’ statement in
1981 that “substantial variation appears to exighe concept of remission within the group
of participating rheumatologis®&"®® still remains valid. In the current era of biologi
DMARDs when remission is a realistic goal, it igical not only to use stringent remission
criteria, but also recognise their limitations,teat we may achieve the best long-term results

in individuals. It is in this context that our sfudssumes particular relevance.

There are limited longitudinal data on the abilifiycomposite measures that use a limited
joint count, to “capture” foot synovitis althoughis recognised that the SD®&land the
original DAS® have greater stringency than the DAS28. For exempandeweet al.
compared DAS with DAS28 remission using paired ole@ns and found DAS remission
to be more stringent than DAS28 remission, with the&crepancy accounted for by the
omitted foot joint$ Kapralet al. **° compared remission using either a 28 joint courat 82
joint count (this included the ankles and feet ablack’ of 4 joints). They found that
classification of disease activity remained simildrether 28 or 32-joint counts were used,
but that DAS28 remission was frequently recordedhm presence of ankle/foot swelling
(34%) and tenderness (31%). When SDAI remission rgasrded, persistent ankle/ foot
swelling occurred in only 8% of such patient visits contrast to our cohort, this last study
had patients with longer disease duration at strdyy (8 years mean disease duration) and
lower baseline disease activity. Our patients éadier, more active disease and this may
account for the increase in persistent foot symowamong our patients in DA measure

remission.

A study from an early RA inception cohort that exsed MTP synovitis found that up to
40% of patients in DAS28 remission had at leastTPNhvolved®*® Another study®® from a
different early RA cohort evaluated the new ACR/LAR remission criterid® using either a
28- or a 38-joint count (the 38 JC included MTR3f)those who reached remission at 1 year
using 28-JC, 26% and 36% had foot synovitis ushg Boolean and SDAI definition of
remission, respectively. Use of the 38-JC loweredhission rate by only 2-3% by the
Boolean definition. There were several limitatidaghis study. Importantly, mid- and hind-
foot joints were not assessed (in contrast to twdysin which all foot joints were assessed),
the number of patients who were in remission ailldhstd foot synovitis was small and the

follow-up with was limited to 1 year. Despite theBedings, the authors of this study
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emphasised the value of assessing all relevantsjainan individual patient, including the

foot joints.

This study identifies that persistence of foot sy® in common in patients with early RA
who have otherwise achieved remission on the hefssgtandard DA measures. While the
newer measures (SDAI and CDAI) classified feweigoas with foot synovitis as being in
remission, they still missed up to 25% of thosehwittive foot synovitis. Furthermore, those
with more unstable disease (i.e. those who spssttlene in remission) were more likely to
have active foot synovitis at the time remissiorswecorded. This has direct consequences.
Shorter remission times are associated with arease& in erosion scores (i.e. damage). Foot
synovitis is also associated with reduced phydigattioning on the SF36, suggesting that it
increases morbidity.

We found that shorter remission times are assatiai¢gh an increase in erosion scores,
similar to others who have reported that activeasé’® and disease flaréd lead to greater
radiographic progression. Also, joint damage iseded by increased disease actifitand
therefore use of more stringent DA measures mayvadlarlier titration of targeted therapies
in order to reduce radiographic progression. Atreddy recent study also reported that 25%
of patients mainly have radiographic foot progressias opposed to 50% who progress to a
similar extent in the hands and feet and 25% wlagnass mainly in the hands. DAS28
underestimates disease activity mainly in those extubit radiographic progression in the
feef®® and therefore may underestimate disease activip¥ of patients. We show, for the
first time, the relevance of foot synovitis in tligntext because our transition state analysis

demonstrates that remission is more unstable iprbgence of foot synovitis.

Consistent with previous studies, baseline SF-86escin RA in our study, for all subscales,
were lower than population norms, correlate witedse activity and improve with treatment
394.395408409\\/e also found that foot synovitis in particulams related to SF-36 PF scale,
even after adjustment for DA, indicating the indegient contribution of foot synovitis to the
SF-36 PF score. This is particularly relevant asiynactivities of daily living such as
climbing stairs, walking and recreational activéiych as sports are captured in the SF-36

score, and may explain why foot synovitis impactgjaality of life.
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Our study is one of only a few studies to analyste@mes of foot synovitis longitudinally in
a closely followed treat-to-target inception cohdrd our knowledge, this is also the first
study to report the lack of stable remission andsedunctional outcomes in the presence of
foot synovitis, enhancing and adding to previouswedge regarding limitations of DA
criteria that omit foot joints. The limitations afur study include the lack of specific
measures of foot function and pain (such as thet@riFoot Score). Although this was an
open design study, joint examination was conduble@ single metrologist, who was not

involved in treatment decisions.

In summary, this study demonstrates that persigtefdot synovitis in common in patients
with early RA who have otherwise achieved remissmn the basis of standard. DA
measures. While the newer measures of DA cladsiéieer patients with foot synovitis as
being in remission, they still missed up to 25% tbbse with active foot synovitis.
Furthermore, those with more unstable diseasetficse who spent less time in remission)
were more likely to have active foot synovitis la¢ time remission was recorded. This has
direct consequences. Shorter remission times aceiated with an increase in erosion scores
(i.e.damage) and foot synovitis is also associatgk reduced physical functioning on the
SF36, suggesting that it increases morbidity. Oundifigs emphasise the importance of
examining the ankle and foot as a part of the neuthanagement of patients with RA. Given
the impact of foot synovitis on stability of remws, radiological progression and
independent impact on quality of life, decisionswdd not be made solely on the basis of DA
scores that omit foot joints. Presence of foot sytie despite apparent remission should
prompt escalation of therapy to prevent long-tenimtj damage and improve functional

outcomes.
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CHAPTER 4. A TREAT-TO-TARGET STRATEGY PRESERVES WORK
CAPACITY IN A RHEUMATOID ARTHRITIS INCEPTION COHORTS

ABSTRACT

Objectives

Quantification of work disability in patients witlearly rheumatoid arthritis receiving
conventional DMARDSs according to a treat-to-targjeategy.

Methods

Patients received combination conventional DMARBscalated to achieve DAS28(ESR)

remission and completed an annual work and ashgiiestionnaire. Random effect mixed

modelling was used to assess associations betweemvierage hours worked per week
(HWPW), and baseline prognostic factors. HWPW wamepared with matched population

averages. Cox proportional hazards modelling wapl®med to evaluate associations

between permanent loss of employment and treatmespionse, disease and demographic
factors.

Results

Work data from 299 patients (1562 observation#dpvieed for up to 14 years (range 1-14)
were available for analysis. Of those working, maga was 45 years, 70% were female, and
70% and 68% were seropositive for rheumatoid faatad anti-cyclic citrullinated peptide
(anti-CCP) respectively. Men worked more hours twamen; there was a highly significant
association between working hours lost and incnggage (0.41 hours, p=0.003) and female
gender (12.98 hours, p<0.001). HWPW were mainthgmnmpared to the general population
(loss of 0.63 vs. 0.24 HWPW). EULAR good respondgr§ months were more likely to be
working at 10 years compared to those with modérateesponse (p=0.024); permanent loss
of employment and baseline age were strongly aatsatifor anti-CCP positive participants
(p=0.004).

8 This chapter is under preparation for submission ¢ Journal of Rheumatology..



Conclusions

Treat-to-target combination conventional DMARD #ygy maintains work capacity,
particularly in good responders, comparable togeeeral population. Improving treatment

response in moderate/no responders early in diseagencrease work retention.

Significance and Innovations:

* A treat-to-target strategy using conventional camabon DMARD therapy in early
rheumatoid arthritis preserves work capacity aspamed to the general population
* Improving treatment responses in those who do aw¢ la good response to therapy early

in disease may be required to increase work retenti

INTRODUCTION

Rheumatoid arthritis (RA) has profound societal semuences, including the inability to
continue employment. Historical data indicate tijatto 30% become work disabled within
the first 3 years after diagnosfS: this loss increases over titf More than half cease work
by a decade after diagnosis, and 90% stop work poigetirement age®> Although work
retention has improved over the past two decdé&’this improvement does not extend to

those involved in manual occupations and work diggbemains unacceptably higft:

Work disability in RA can be assessed using bioceddindings (i.e. disease activity and
structural damage) and biopsychosocial factors &.enismatch between functional ability
and work demands§’ Systematic reviews have identified a robust assioci between work

disability and increasing age, functional disapjliphysically demanding occupations and
lower education levels. In contrast, associatieith disease activity, structural damage and

seropositivity have been inconsistéft'®® As disease status ultimately determines work

disability*** changes to treatment strategies that optimisesiseutcomes could translate to

improved work outcomes.

Treatment options for those with RA have changdsktsuntially over the past two decades
and remission is now an achievable goal. Whiledgil therapy is an appropriate option for

those with resistant disease, intensive targeedriveatment (the “treat-to-target” strategy)
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with disease modifying anti rheumatic drugs (DMARD®s been repeatedly shown to
supress disease activity, reduce radiographic pssgyn and to improve physical
function®?3"3"3 Clinical outcomes with intensive conventional DMBR are similar to

biologic therapy, particularly in early RE24

While clinical outcomes and economic consideraticupport the use of conventional
DMARDs and a treat-to-target strategy, data on waukcomes are limited. The Finnish
Rheumatoid Arthritis Combination (FIN-RACo0) studyuhd that those who received a treat-
to-remission approach with combination therapy éiusgle drug therapy) fared significantly
better’® The Swedish Pharmacotherapy (Swefot) study alsd astreat-to-target strategy
and found similar work outcomes between patiergatérd with conventional or biologic
DMARDs, with significant improvement in number ofork-days lost over the 21 month
follow up period in both arm¥® These studies suggest that intensive therapyropmoie
work outcomes, but neither included a treatment asing a combination of conventional
DMARDSs without oral corticosteroids or a biologidVIARD.

The objectives of this study were to investigatekvdisability in patients with early RA
treated with a combination of conventional DMARDsing a treat-to-target strategy without
initial oral corticosteroids or biologic DMARD. Ouspecific aims were to investigate
associations with loss of working hours over tinbe, compare work disability in this
population to the general population and to anatiigeeffects of response to treatment on

permanent loss of employment.

PATIENTS AND METHODS

Participants

Our sample comprised consecutive adult (>18 ygqaatignts with early (<12 months) RA
enrolled in inception cohorts at the Early ArtleitClinic at the Royal Adelaide Hospital
between 2000-2014 and the Early Synovitis Clinicttee Repatriation General Hospital
between 2011-2014, who reported that they were wgrbn at least one occasion.

Inclusion criteria required participants to be DMB#Raive and have RA according to the
1987 revised American College of Rheumatology (A€Rhd/ or the 2010 ACR/ European
League Against Rheumatism (EULAR) criteffaThe study was approved by the respective

Research Ethics Committees.
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Study Protocol

Details of the EAC cohort, treatment strategy aesuits have been published elsewhere
379398 Briefly, all patients commenced treatment withtiah triple DMARD therapy
(methotrexate 10mg weekly, sulfasalazine 1g twiagydand hydroxychloroquine 200mg
twice daily). Treatment was escalated to achieveSP&ESR) remission by increasing
methotrexate to a maximum of 25mg weekly followead duldition of leflunomide, other
DMARDs or a biologic DMARD according to a pre-defih algorithm>%. If clinically
deemed necessary, patients received parenteradasteroids (typically 120 mg IM depot
methylprednisolone); oral corticosteroids and NS#&liere actively discouraged and if used
at study entry, tapered and ceased where possible.

Outcome measures

Clinical

Patients were reviewed in clinic every 3-6 weeksntlcounts were assessed as tender (53
joints and 28 joints) and swollen (44 joints and@8ts) joint counts; the composite measure
of disease activity used was the DAS28(ESR); EULASponsé™* was used to differentiate
good responders from moderate/ no responders an A 100 mm visual analogue scale
was used to assess patient global activity. Theiffreddhealth assessment questionnaire
(MHAQ) and the helplessness index were completedaah visit:** Patients had yearly
radiographic assessments, scored using the Shatifiedovan der Heijde methad® by two
independent observers (MW, SP), blinded to idemtitparticipants but not to chronological
order.

Work disability

Work was assessed annually by a questionnaire,preewusly in a cross-sectional study of
work participation in established RA> Specifically, the work characteristics ascertained
were: paid employment (current or past), hours wdrger week (HWPW), level of formal

education, occupation, need to change nature ok wohours worked because of RA, and

the effect of RA on income. The time to permanebtlpss was also ascertained.

Hours worked were compared with age-, gender- eme-inatched data from the Australian
Bureau of Statistics (AB$Y for every month during the study period (April 260uly
2014). The primary source of ABS labour force syrgtata is from multi-stage area samples

of private dwellings (approximately 26 000 housasyering 0.32% of the population aged
97



15 and over), with selected households interviemedthly for eight months and one-eighth
of the sample replaced each month; information b&ioed by trained personnel using

computer-assisted interviewing or online self-costiph.

The current retirement age in Australia is 65. If Australian resident is unable to
temporarily perform their job, they are entitledsiokness allowance, payable between ages
22 and 64 years; employed, self-employed and teampprunemployed persons are eligible
to receive this allowance. If work incapacity pstsiand prevents gainful employment, they

are potentially eligible for a long-term Governmsopported disability pension.

Statistical analysis

To identify associations between baseline parameted loss of working hours, we included
patients who were working at least one point inetimver their follow up period and
compared these to age-, gender- and time-matchetiraan population data. To assess
factors associated with permanent loss of employmer included patients who were
working at baseline. We utilised data for all thoserking until they ceased work
(irrespective of age), if the reason for ceasingkwmgas RA. Associations between disease
and demographic factors and loss of working howste investigated using a random
coefficients mixed model, with clustering over papant and time to account for correlated
readings. Homoscedasticity and normality or redslabeach level were checked for model
violation. For those who were working at baselitime to permanent loss of employment
was assessed using Cox proportional hazards, ghgstever participant. The proportional
hazards assumption was checked for model violattmvariates in both models were age,
symptom duration prior to diagnosis, gender, presesf rheumatoid factor (RF) or anti-
cyclic citrullinated peptide (CCP), DAS28(ESR), nfedtli HAQ, helplessness index,
education status and baseline SvH score. A p-valu@5 (two-tailed) was considered
statistically significant and results are reporteith 95% confidence intervals (Cl) where
appropriate. Differences between working and nonkig population were calculated using
Chi-squared, t-tests or Wilcoxon tests as apprtgriAdll analyses were conducted using
STATA 13.1, StataCorp, Texas.
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RESULTS

Data were available for 299 patients. Work datamaosed 1562 observations. Follow-up was
up to 14 years after commencing therapy, with aiamedf 3.7 years. Among 299 patients,
135 were working at baseline and 137 were workingny point. Of those working, 70%
were female and 70% and 68% were seropositive foail anti-CCP respectively. Baseline
DAS28 indicated moderate disease activity; the Sedre was >0 units in 60% and the
baseline mHAQ was 0.65. At six months, 54% were EBBLgood responders. The mean
HWPW were 31.3 hours. Less than half had completedersity or other tertiary education.
Of those working, only 5 patients progressed taotogic DMARD after a mean follow-up

of 2.4 years.

Table 1. Baseline demographiésof those working.

For association of loss of For survival

working hours (n=137) analysis (n=135)

Age, years, mean (SD) 45 (11) 46 (11)
Females (%) 96 (70) 92 (68)
RF positive (%) 96 (70) 94 (70)
Anti-CCP positive (%) 92 (68) 91 (68)
Symptoms prior to diagnosis, weeks, 21 (15 20 (13)
mean (SD)

DAS28, mean (SD) 5.07 (1.22) 5.04 (1.25)
MHAQ, mean (SD) 0.65 (0.51) 0.65 (0.52)
Total SvH x-ray score >0 (%) 62 (60) 60 )(61
Follow up duration, years, median (IQR) 3.7 041.7) 3.5 (1.0-5.7)
Helplessness Index, mean (SD) 8.7 (4.7 ;L@s2)
Education

Primary/ secondary/ trade school (%) 71 (54) 71 (54)
University/ other tertiary (%) 60 (46) 60 (46)

* SD- standard deviation, RF- rheumatoid factor, C&lic citrullinated peptide, DAS28- disease aitjiv
score calculated using 28 joint count, mMHAQ- maudifhealth assessment questionnaire, SvH- van dgteHe
modified Sharp score, IQR- inter-quartile range
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Patients who were working at any point (n=137) wesed to assess associations with loss of

hours worked, while those who were working at hase{n=135) were used in the survival

analysis. Overall, 127 patients were common to lzothlysis sets. Demographic data are

presented iTable 1

Associations between loss of working hours and disease and demographic factors

Multivariable analysis Table 2) revealed highly significant differences betweearking

hours lost and baseline age with a loss of 0.4Xh(86% CI 0.14, 0.68) with each year of
increasing age. Men worked 13 (95% CI 9.97, 1918®)rs per week more than women.
Those with higher levels of education worked 5.88% CI 1.18, 10.50) fewer hours but

stayed in the work-force longer. There was no $igcgmt association between RF, anti-CCP,

baseline DAS28, mHAQ, SvH score or helplessnessxiaahd loss of working hours.

Table 2. Associations of potential confoundefswith loss of working hours.

Univariable analysis (n=136)

Multivariable anab/én=67)

B (95% CI) p value f (95% CI) p value

Age (years)
Female gender
Education

Time in study
Symptoms duration

prior to diagnosis

RF positive
Anti-CCP positive
DAS28, baseline
MmHAQ, baseline
Baseline SvH
score >0

Good EULAR
responders

Helplessness index

-0.02 (-0.25,0.22) 0.89

-12.20 (-17.49,-6.92%0.001
-4.85 (-9.16, -0.54) 0.027
-0.84 (-1.42,-0.27) 0.004
-0.13 (-0.31,0.04)  0.13

232 (-7.95,3.31) 0.42
-3.92 (-9.35,1.50) 0.16
-1.85 (-3.94,0.23) 0.08
-4.46 (-9.43,0.50) 0.08
401 (-10.17,2.14) 0.20

0.51 (-4.88,5.90) 0.85

-0.27 (-0.91, 0.36) 0.40

-0.41 (-0.68,-0.14) 0.003
-12.98 (-19.99, -9.97) <0.001
-5.84 (-10.50, -1.18) 0.014
-0.63 (-1.22,-0.05) 0.034
-0.15 (-0.33,0.01) 0.073

1.65-4.95,8.27)  0.49

-5.24-11.67,1.18)  0.11
-0.46 (-2.59,1.66)  0.67
230 (-7.98,3.37) 0.3

-0.39 (-6.04,5.26 0.89

1.38 (-3.59, 6.35) 0.59

047 (-1.10,0.17)  0.15
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* RF- rheumatoid factor, CCP- cyclic citrullinatedpoide, DAS28- disease activity score calculatedg 8
joint count, mMHAQ- modified health assessment qaesaire, SvH- van der Heijde modified Sharp sct@f-
inter-quartile range. 1 reference is primary/seeowdT AFE vs University/ other. 1 determined at 6niins

Neither baseline nor area-under-the curve for itisé year for DAS28 (ESR) and mHAQ was

associated with loss of working hours.

Relationship between treatment response, loss of employment and associated factors

The Kaplan-Meier survival estimate for loss of eayphent Figure 1) revealed a significant

difference between those who had a good EULAR mesp@ompared with those who did
not. Among those who had a good response at 6 mo#t% were working at 10 years
compared to 45% of moderate to low responders 24). The difference in the proportion
still working between these two groups was appassnearly as two years after starting
DMARD therapy and became more apparent over thé eigkt years. The 50% probability

of being unable to work was reached at 9 years iontile moderate/ no EULAR responder

group.

Figure 1. There was a significant difference betweetime to loss of employment in

treatment responders and non-responders.
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There was a trend towards an association betwagrehscores on the helplessness index
and permanent loss of work (p=0.06). Multivariallex regressionTable 3) revealed an
interaction between age and anti-CCP status. d&sorg age was not associated with
permanent loss of work for subjects who were a@PCnegative (p=0.68). In contrast,
permanent loss of employment and increasing baselge were strongly associated for
participants who were anti-CCP positive, with adrdzratio (HR) of 1.24 (95% CI 1.07,
1.44). The association between permanent loss ployment and anti-CCP status varied
with age at first presentation. For those who warer 54 years, the HR was 9.23 (1.04,
82.08) and increased with increasing baseline legethose below 54 years, anti-CCP status

was not associated with permanent loss of employmen

Work disability as compared to the general population

Over the study period, there was a loss of 0.636(9% 0.05, 1.22) hours worked per year
compared with 0.24 hours lost per year in an agmdegr and time-matched general

population during the same period.

The differences between those working and not working

A significant number of our patients were not warki(n=70, 33%) despite being in the
working age group. At baseline, those not workingrevolder (52vs. 45 years; p-value
<0.001), had higher disease activity as measureth®&yDAS28 (5.58vs. 5.07; p=0.006)
andmHAQ scores (0.90&. 0.655, p=0.002) and had a higher helplessness ifidei6vs.
13.70; p=0.004). Those not working also had lowarels of educational qualification
achieved: only 18% had received university or oteetiary education as compared to 46%
of those who were working (p<0.001). There was igaiicant difference between the two
groups with respect to disease-related factors ssclseropositivity for RF or anti-CCP,

symptom duration prior to diagnosis, duration dfde up or the baseline SvH score.
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Table 3. Cox regression analysis for associations potential confounders with loss of
employment.

Univariable analysis (n=133) Multivariable anab/én=72)

HR (95% ClI) p-value HR (95% CI) p-value

Age

Anti-CCP negative 0.98 (0.91, 1.06) 0.62 1.08.87, 1.23) 0.68

Anti- CCP positive 1.09 (1.00,1.21) 0.0551.24 (1.07,1.44) 0.004
Anti-CCP positive 10.19 (1.69,61.33) 0.011 9.23 (1.04, 82.08).046
(at age = 54)
University Education 192 (0.98,8.33) 0.054 2.14 (0.50,9.11) 0.30
Female gender 0.83 (0.33, 2.07) 0.69 1.5531((r.84) 0.59

Symptoms duration prior 1.01  (0.99, 1.03) 0.28 1.02 (0.94,1.11) 0.58
to diagnosis

RF positive 1.71 (0.61, 4.74) 0.30 0.74 902A.85) 0.66
DAS28, baseline 0.94 (0.65, 1.34) 0.73 0.83.49, 1.40) 0.49
MmHAQ, baseline 1.15 (0.62, 2.13) 0.64 1.08.2%1, 5.49) 0.91

EULAR good responder 0.45 (0.18, 1.15) 0.09 20.20.03, 1.91) 0.17
Baseline SvHS score >0 2.23 (0.75, 6.63) 0.15 55 1.(0.30, 7.84) 0.59
Helplessness index 1.06 (0.98, 1.15) 0.15 1.¢41.98, 1.49) 0.06

¥ RF- rheumatoid factor, CCP- cyclic citrullinateeptide, DAS28- disease activity score calculatdgi28
joint count, mHAQ- modified health assessment daestire, SvH- van der Heijde modified Sharp schrat

age >54 Anti-CCP is significantly associated wigtrpanent loss of employment. At age <54 the aaBoniis
non-significant.

DISCUSSION

Our study demonstrates that patients with earlyrRanaged with a treat-to-target strategy
maintain their work capacity, particularly if theayre good EULAR responders. We also
found a significant association between increasigg, female gender and lower levels of

education and loss of working hours. Permanent tfsemployment was significantly
associated with anti-CCP seropositivity.

Among the studies that have compared RA-associatedk disability with the general

population*%4*>4very few studies utilised a treat-to-target trezmmapproach. Notable
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examples include the FIN-RACo study that used coatibn (or single) conventional
DMARD treatment with prednisolone (for 9 monthslonger)’® and the SWEFOT study
that randomised methotrexate inadequate resportdersfliximab or sulfasalazine plus
hydroxychloroquiné’® The FIN-RACo study found significantly lower wordksability in
those randomised to combination therapy vs. sidglg therapy (32.2 days vs. 12.4 days per
patient-observation year), as well as preservaifomork capacity in those who were in ACR
remission at 6 monthg®3"® This was particularly true for those receivingntmnation treat-
to-target therapy and with good physician compléandth treat-to-target strated{#**° In
the SWEFOT study’®, mean work loss reduced from a median of 16 daysywnth to 4.9
days per month in the infliximab group and to 6&ysl per month in the combination
DMARD group (a strategy similar to our initial tlagry) over 21 months. Taken together,
these results suggest that intensifying treatmmaptaves work outcomes. However, the Fin-
RACo study used long-term prednisolone. The higlv@lence of comorbidities exacerbated

by corticosteroid use means that it is preferablavoid prednisolone in many individuals.

Our treatment strategy also entailed combinationventional DMARDs with a treat-to-
target strategy but in contrast, oral corticostsoiere actively avoided. Despite this, the
preservation of work ability at 5 years among g&ddl AR responders was similar if not
slightly better (88% vs. 80%) to that achieved he tombination therapy arm of the FIN-
RACo cohort and better than the single DMARD treattrarm (70%). The mean ages in the
two studies were similar as was RF stafd©ur patients had a shorter duration of symptoms
prior to recruitment and better functional statdsbaseline which may portend a better
prognosis. The SWEFOT stud¥ also demonstrated the benefits of intensive thefap
work ability, although differing outcome measuresl aluration of follow-up make direct
comparison with our cohort difficult. In additiothis population was slightly older, had more

females and higher mHAQ scores at baseline.

The FIN-RACo study found work retention at 5 yeasss significantly better in the more
intensively treated combination therapy group whaeemanent retirement from work was
approximately 20%. This was similar to those whd hayjood EULAR response in our study
(88%). The FIN-RACo study also identified signifntly better long-term preservation of
work ability among those who achieved remissioraleast an ACR20 (American College
of Rheumatology 20% response) respoti&®©ur findings, with follow-up extending to 10
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years are generally similar; good EULAR respondexging 84% probability of preserved

work capacity compared with 45% for moderate/ nd_BR responders.

Survival analyses from previous studies report that50% probability of being unable to

work varies from 4.5 to 22 years, with a mediari®fyears™

These older studies included
cohorts who received conventional DMARDs, but dat employ a treat-to-target strategy.
More recent data (from populations with early RA hot using a treat-to-target approach)
show higher work survival raté&"*"? with improvement in patients recruited in recent
years:’* Among our treat-to-target cohort, the 50% protigbif being unable to work at 9

years was only reached in the moderate/ no EULARaeder group.

Neither the FIN-RACo nor the SWEFOT study speciicaeported associations between
disease or demographic parameters and work digabllhis has been explored in other

mainly conventional DMARD treated early RA cohoffs /172420421

and systematic
reviews'®"**Our findings are broadly consistent with these emfirmed the association of
increasing age, longer duration of symptoms priodiagnosis and lower education status
with increased work disability. However, we did fiod an association between mHAQ and
work disability, nor did we observe the sharp alitfall in work-survival rates (in both
EULAR good and moderate/no responders) seen inr cifuglies. This may attest to the
efficacy of combination treatment in the contexfrefjuent (3-6 weekly) follow up visits and

a treat-to-target approach.

Consistent with a previous cross-sectional sfliflyve identified a possible association
between work disability and learned helplessnesarned helplessness is perhaps more
likely to occur among those slow to achieve goakase control and those less engaged in
treatment and emphasizes the importance of aclgeanly treatment response and working
in partnership with patients to achieve this.

There were similarities between those not workm@ur study and the unemployed (n=14)
included in the FIN-RACo study; these individualeres less well educated and had
previously had a more physically demanding job. Téféects of seropositivity or

radiographic damage were not reportéd.

It is difficult to directly compare studies thatsass work outcomes, not only due to the

different treatment strategies applied and disess® work outcomes reported, but also
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because of differences between labour markets a@idl security systemé? In general, the
US and UK based studies have utilised self-repodegbility, whereas the Northern
European studies have used social security sysaaohpublic databases. The results of these
studies have revealed consistent negative assmwsaietween worllisability and physically
demanding work type, higher HAQ scores, and petsiautors'’>*'* Perhaps surprisingly,
disease activity and radiographic correlations wiamensistently relatetf’ This suggests
that while EULAR and ACR responses may functios@sogate markers of work disability,

the driving factors behind loss of work are notited to disease activity alone.

Rates of work disability in RA vary across the wdoreven between developed countries,
probably because of societal factors and differsogial security systems. A study that
included data from 32 countries confirmed the higle of RA related work disability across
nations, but strikingly, found that people in lovB8 countries continue to work at levels of
clinical disease activity at which patients are kvdisabled in high-GDP countries, likely an

influence of macro-economic, non-disease relatetbfa.*44%°

Australia has relatively strong disability suppatschanges in work status among our cohort
may be a more sensitive indicator of the challenga$ents encounter. In 2008, a cross
sectional study of Australian patients with eswtidd RA (median disease duration 10.5
years) found that 82% had ceased work becausenfdisease, with those in semi-skilled or
unskilled jobs more likely to give up work. Youngeatients, and those with less dependants,
lower disease activity or HAQ scores were moreljike stay in the work forcd™ RA
treatment has changed substantially over the lasgehrs and the results from our study
suggest that targeted treatment can improve waitoowes compared with historical cohorts.
Our findings also suggest that a good EULAR respamsly be an appropriate treatment

target to aid in improving work outcome.

This is the first Australian study, and one of oalfew to analyse longitudinal work data
from a closely followed treat-to-target inceptioohort with age, gender and time-matched
general population comparators. Furthermore, thentfication of work loss in terms of

HWPW is potentially a more useful measure than dassper year. Many patients reduce
their working hours without reducing the total nwenlof days worked and the average
number of hours worked each day varies greatly,imgakhis measure more sensitive to

change.
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The limitations of our study include a reliance smif-reported data (collected as a part of a
wider study) and the lack of a control arm. Alsayr cstudy design limits results to
associations rather than causative factors, andhaliccapture days of sickness due to RA.
This was an open study design but the data wetected by a study metrologist and were
not available to treating clinicians until afterd¥2013. No treatment changes were made on

the basis of work status.

In summary, our data suggest that intensive tredttrise not only effective in achieving
higher remission ratd5> put also translates into maintenance of work dapawer the
longer term. This is particularly relevant for aldpatients or those who are anti-CCP
positive. We found that good EULAR responders Baghificantly less long-term work
disability than those with moderate or no EULAR passe. Our findings suggest that
increasing the proportion of those achieving a getH AR response within 6 months of

treatment is necessary if long-term work outcomed@improve.
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CHAPTER 7. SUMMARY AND CONCLUSIONS

Rheumatoid arthritis (RA) is a relatively commontaomnmune inflammatory disease
affecting approximately 1-2% of the population. Igevalence increases with age,
approaching 5% in women above the age of 55 yaadswith Australia’s ageing population,
it is likely that the prevalence will rise. The iagi of RA on the affected individual and on
society is profound. Although there have been suthsti improvements in treatments over
the last few decades sustained remission ratesicydarly drug-free, even after use of
combination disease-modifying anti-rheumatic drU@VIARDs) adjusted according to
disease activity or newer expensive biologic DMARBsNain suboptimadf* The inability

to reliably predict responses to a particular douglrug combination perhaps explains the
low rates of sustained remission despite a pletbbreewer agents. It remains unexplained as
to why some patients achieve remission whereasrotbentinue to have active disease,
despite current best-practice approaches. Furtlreiniecause treatments fail to achieve

durable and sustained remission, disease-relatedlciity remains substantial.

The aims of this thesis were to assess and deve&gsures to improve outcomes in early
RA, a time when therapies are most likely to achisustained remission. We approached
this question from several angles, beginning witheaaluation of the problems with the
composite remission criteria currently in commoe,ukat use abbreviated joint counts and
thus omit the ankle and foot joints, common siw@sifitial joint involvement in RA. We
explored whether ignoring ankle and foot diseaseatients in apparent remission has an

impact on long-term outcomes.

The second section of this thesis addresses whetiieent strategies used in treatment of
early RA translate into personal and societal benigf terms of preserved work outcomes. In
this section, we examined the effects of a conteargdreat-to-target combination DMARD
strategy on work disability, to tease out the relahip between response to treatment, and
function. Because function has been robustly rdladdbone damage, in the latter half of this
section, we explored whether the inclusion of bbr@nmarkers could explain radiographic

progression despite apparent remission.

In the final section of this thesis, we explorede&lavays of assessing and improving clinical

response. In RA, the synovium probably best redlébe underlying cytokine and cellular

mediators of inflammation and we were interestecexplore the clinical applications of
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arthroscopic synovial biopsy in early RA. We fisstdertook a pilot study and demonstrated
that the synovium can be reliably sampled befokaiter treatment. This is followed by an
ongoing study that involves rational drug selectiased on the results of synovial biopsy in
DMARD-naive poor-prognosis patients with RA, a rniasteategy that builds on current best-
practice, with the aim of improving remission rateghieving sustained remission and

improving outcomes.

THE FOOT SYNOVITIS STUDIES

The goal of treatment in RA is to achieve remissioieally, this would imply a complete
absence of disease activity: symptomatically, céfty, by imaging and by extension, lack of
disease progression. Not only is complete remissad to achieve, but it is also difficult to
identify in routine clinical practice, due to theopean manifestations of the disease. Since no
single measure can adequately capture RA dise&isgya(DA), various composite measures
have been developed over the years; these meaassess a variable number of joints
included in the DA score. Several of these, notéfyDAS28° SDAI and CDA® utilise 28
joint counts. The newer Boolean-based 2011 ACR/ER Lakiterid® also permit assessment
of 28 joints, thus omitting joints of the feet. E@ynovitis is a component of active RA that
is not necessarily measured well by other indid@dss is particularly relevant in early RA,
given that more than a third of patients have imgoient of the foot joints prior to the hands,
and ~90% of patients report painful ankles or fsesome point during the course of their

diseasé®?

Our initial cross-sectional study on foot synoVftimssessed whether currently accepted
criteria for disease activity and remission in RBRAS28, SDAI, CDAI, ACR1987,
ACR/EULAR 2011) that omit foot joint counts (or pat limited joint count assessment),
underestimate DA by their inability to detect famtnovitis. We found that ongoing foot
synovitis was present in >20% of patients meetiBgjdnt count remission criteria and
concluded that DA measures that omit foot jointsndoprovide an accurate reflection of an
individual patient’s disease activity. It followtsat treatment decisions made solely on the
basis of criteria that omit foot joint assessmeay/raubject patients to ongoing joint damage
(in contrast to the 1981 ACR or 2011 ACR/ EULAR resion criteria which use full joint

counts).
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The second foot synovitis study built upon our pras findings. We sought to confirm our
findings longitudinally by analysing dynamic coatbn between the ability of DA measures

to ‘capture’ foot synovitis over 3 years. Our outedomeasures included:

) Dynamic correlation between DA measures and foobeyis

(i) Radiographic progression, a robust longitudinaconte measur&? which has
been shown to occur more frequently at baselinecaed time in comparison to
hand joints in early RA*® and

(i)  The short-form SF-36 to capture the effects of &atovitis on quality of life and
activities of daily living such as climbing staimsalking and recreational activity

such as sports.

We found that all DA scores assessed (DAS28, SDAI@DAI) showed a weak to moderate
positive correlation with foot swollen joint counfSJC) and tender joint counts (TJC) but
despite the statistical significance of these dati@ns, the DA scores ‘captured’ less than
50% of the variation in foot SJC/TJC counts. Thslicates that assessment of disease
activity using these criteria is likely to be inBcient for detecting disease flares in the feet.
Consistent with our previous cross-sectional figdineven the more stringent SDAI and
CDAI remission criteria also failed to identify &ysificant proportion of patients (24% in
SDAI and 25% in CDAI vs. 36% in DAS28 remission gestively) with ongoing foot
synovitis. Not surprisingly, we found that remissiin the presence of foot synovitis
represented an unstable state, likely to relapseaictive disease. We also found that being in
sustained remission was strongly associated wihatisence of radiographic progression.
This, combined with the influence of foot synoviti; remission sustainability, further
underscores the importance of assessing foot joirtie morbidity of foot synovitis was
captured by SF-36 scores where we found foot syisaa be independently associated with
the physical functioning subscale of the SF-36,neatter adjustment for disease activity.
This second study confirmed and extended our puosvidindings concerning the
underestimation of disease activity using DA measuhat omit foot joints. When these
criteria are used to define remission, a substapt@portion of patients have ongoing foot
synovitis, which predicts relapse of standard DAasuges, radiographic progression and

worse functional outcomes over the longer-term.
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The major limitation of these two studies was tlhsemce of a specific measure of foot
function (e.g. the Bristol Foot Score). Also, tember of patients in apparent remission
with radiographic progression, was relatively snialthis intensively treated cohort and this
may have affected our results due to Type Il error.

Nonetheless, our findings suggest that clinicaldrshould routinely use DA measures that
include ankle/foot joints. From the perspectivetioé¢ individual patient, it also remains
important to adequately assess foot joints. Passbbropriate measures include the 1981
ACR criteria for remission or the 2011 ACR/EULARteria which utilise full joint counts.
The original DAS also used full joint counts butsM@und to be too unwieldy in routine
clinical practice. Abbreviated joint counts are aandtedly more convenient in routine
clinical practice and an alternative approach ia pinesence of time constraints may be to
score ankle/foot joints as ‘a block’ with regards presence or absence of synovitis.
Detecting synovitis in the feet can be challengangl a further option would be to utilise a
more sensitive measure such as ultrasound exaonnatiMRI, to assess foot synovitis when
clinically suspected. These alternative approacbesd be the subject of a future prospective

study.

ARTHRITIS AND WORK

a’%18gn the effects of a treat-to-

There are limited longitudinal data, particulamyAustrali
target strategy using combination conventional DNDSRwithout the use of corticosteroids
and biologic DMARDs.*** In this study, we investigated work disability fratients with
early RA treated with combination conventional DMBRherapy, using a treat-to-target
strategy without initial oral corticosteroids oolmgic DMARD. Our findings revealed that
good EULAR responders (as measured at 6 months) mere likely to be working at 10
years as compared to those with moderate/no EUL&gpanse. This difference became
apparent as early as 2 years and more pronounceditter next 8 years after commencing
DMARD therapy. We also found hours-worked-per-waekour cohort to be generally
preserved as compared to an age, gender and titokedageneral population. We did not
find a significant association between mHAQ and kvdisability, nor did we observe the
sharp initial fall in work-survival rates (in boEBULAR good and moderate/no responders)
seen in other studies. This may attest to theasffiof combination treatment in the context

of frequent (3-6 weekly) follow up visits and a dtéo-target approach. Our study has
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important economic and therapeutic consideratigiven the relatively low cost of DMARD
therapy as compared to biologic DMARD therapy. Waatients have comorbidities where
the use of corticosteroids is relatively contragaded and it is reassuring that the low levels

of corticosteroid use in our cohort did not tratesi® worse work outcomes.

Our study had significant limitations, in particukareliance on self-reported data and we did
not capture days of sickness due to RA. Anotheitdition was the lack of a control arm.
Although we incorporated the helplessness scaledidienot have a formal measure of the
psychological impact of disease, known to haveyaifsicant impact on ability to work in RA.

In addition, the numbers of patients still in thedy at 10 years was relatively small, and this

may have skewed the results.

Our study underscores the importance of early disignof RA, and early intensive therapy,
both of which have been shown to improve disedsget outcomes, and should potentially,
translate into better work outcomes. In particulaemphasises that those who do not have a
good EULAR response early in the course of treatnaza likely to have worse work-
outcomes. It is in this population that alternateatment strategies should probably be
pursued to achieve remission. We postulate thadmditggy even more stringent measures to

capture ongoing foot synovitis may also further ioye work outcomes.

MARKERS OF BONE DAMAGE

THE ARBITRATE STUDY
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This thesis has explored ways to improve outcome=aily RA. We assessed the limitations
of current DA measures and found that many of tmamonly used scores fail to adequately
capture ongoing disease activity in patients watht fsynovitis, a common cause of morbidity
in RA. We postulate that routine inclusion of DA asares that include foot joints may
improve assessment of DA and allow escalation efapy if indicated, in order to improve
disease outcomes. We also identified that workats are better in those achieving a good
EULAR response providing further evidence of thendfd#s of achieving remission,
particularly early in the disease. We explored boioenarkers to capture the uncoupling that
is recognised to occur between disease activitybame damage. Our findings are complex
and highlight the fact that these biomarkers mestdnsidered in conjunction with disease
activity and time course of the disease to allowanmegful interpretation. Finally we
demonstrated in a pilot study that serial synoadhroscopic biopsy can be successfully
employed in patients with early arthritis and wecdiss the ongoing ARBITRATE study,
initiated to address whether synovial biopsy amdei®d therapy may improve outcomes in

early disease.
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