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Abstract

Rheumatoid arthritis (RA) represents a disease continuum from the pre-clinical
period, through undifferentiated inflammatory arthritis (I1A) to early then established
RA. Improved patient outcomes in recent years reflect early diagnosis, prompt
disease-maodifying anti-rheumatic drug (DMARD) therapy, treat-to-target strategies
and use of biological therapies (bDMARDSs) patrticularly following failure of
conventional synthetic therapies (csDMARDSs). Optimal use of bDMARDSs in early
disease, however, has not been established. Early detection in the pre-clinical stage
is potentially achievable with modern diagnostics but understanding of how to use
these biomarkers is lacking.

A systematic literature review on the use of bDMARDs was performed and
confirmed the efficacy of bDMARDSs in patients with established RA. Few studies
were found addressing their use in early disease.

Two randomised controlled trials were performed to explore early bDMARD
intervention. The first, in early DMARD-naive RA, compared methotrexate and
infliximab to methotrexate and high-dose intravenous methylprednisolone as
induction therapy, followed by a treat-to-target strategy; both arms demonstrated
efficacy with no significant between-group differences. In the second, early DMARD
naive |A patients treated with combination etanercept and methotrexate had earlier
clinical improvement than methotrexate monotherapy; however both groups
achieved good 12 month outcomes.

In a longitudinal cohort study conducted in secondary care, 50% of patients with
musculoskeletal (MSK) symptoms and anti-cyclic citrullinated peptide (anti-CCP)
antibodies progressed to clinical IA. Use of additional biomarkers including
rheumatoid factor, shared epitope and ultrasound enabled further risk stratification
for progression. In a primary care cohort, the anti-CCP antibody was positive in
2.8% with new nonspecific MSK symptoms with almost half progressing to IA.

In summary, in early DMARD naive IA, use of bDMARD may not be superior to
csDMARDs with a treat-to-target approach. In patients with MSK symptoms, anti-
CCP testing identifies individuals at risk of developing IA; additional biomarkers
improve prediction and are feasible for clinical use.
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Chapter 1 Introduction

1.1 Background

Rheumatoid arthritis (RA) can be conceptualised as a continuum of disease - from
patients at risk, progressing to undifferentiated inflammatory arthritis (IA), through to
early and established RA (figure 1.1). It is the most common of all the inflammatory
arthritides, affecting about 1% of the population.®® Untreated, RA can have serious
consequences leading to joint destruction, functional impairment and increased
mortality.® ” However, over the past two decades, with the availability of effective
therapies and the use of early intervention strategies, disease outcomes have
improved considerably.?® The goal of treatment has changed from one of symptom
control to aiming for suppression of inflammation and remission.*°

In addressing the management of this condition, it is important to note that the
concept of early IA has evolved over time. First, classification of the phases along
the IA disease continuum has undergone change with revision of the classification
of RA and the introduction of the classification of patients ‘at risk’. Second, the
understanding of the term ‘early’ has also changed over time.

Until recently RA has been classified according to the 1987 American College of
Rheumatology (ACR) criteria.™* Whilst accepted classification criteria, it was felt to
be inadequate for patients with early disease. The 2010 ACR/EULAR classification
criteria were subsequently designed to identify patients requiring disease-modifying
antirheumatic drug (DMARD) therapy at an earlier stage.'” Patients with I1A who do
not fulfil criteria for RA are classified as having unclassified or undifferentiated
arthritis (UA). With research into the phases of the disease prior to detection of
clinical synovitis, terminologies for individuals ‘at risk’ have also been defined.®* A
schematic diagram of the IA disease continuum is illustrated in figure 1.1.

A wide range of definitions have been used in the literature to define early IA or
early RA. Previously, studies used a cut-off of less than five years to define early
disease. By the 1990s, symptom duration of less than 12 to 24 months was
considered early. This duration was chosen because at the end of this period, most
patients have incurred significant damage when treated conventionally. It is now
recognised that this period may be limited to weeks or months. There is also
increasing evidence that very early disease, within the first 12 weeks, may be an
immunopathologically distinct phase compared to later disease.™



Many IA treatment studies now also group patients in terms of previous DMARD
therapies i.e. those who have had not received previous DMARDs - DMARD-naive,
those that may have had DMARD therapy but no methotrexate (MTX) — MTX-naive,
methotrexate incomplete responders — MTX-IR and those with incomplete response
to a tumour necrosis factor inhibitor (TNFi) — TNFi-IR. Where appropriate, the
recently proposed nomenclature for DMARDs and abbreviations have also been
used in this thesis: biological- (bDMARD), biosimilar- (bsDMARD), conventional
synthetic- (csDMARD) and targeted synthetic- (tsDMARD) disease-modifying
antirheumatic drugs.®

Although it is widely agreed that patients should be seen and treated at the earliest
opportunity to achieve optimal disease control, a number of challenges remain.
These include the decision regarding choice of initial therapy and in particular the
use and timing of the newer biological therapies in patients with early disease.
Treating patients in the earlier stages of the disease with early UA has also not
been widely investigated.

The importance of early treatment has also placed increasing emphasis on the need
for early diagnosis. The diagnosis of RA in the earliest phases however can prove
challenging as patients often present with non-specific symptoms. Several
biomarkers e.g. rheumatoid factor (RF) have been used. In recent years newer
serological markers e.g. anti-cyclic citrullinated peptide antibodies (anti-CCP), and
the use of newer imaging techniques such as ultrasonography have come to the
fore, but their use in early diagnosis is not yet established.
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Figure 1.1 Schematic diagram of the inflammatory arthritis disease continuum

Adapted from Gerlag D. et. al 2012.** A, inflammatory arthritis; RA, rheumatoid arthritis; UA, undifferentiated arthritis




1.2 Structure of the thesis

The hypotheses underlying this thesis are that applying the most effective RA
therapy (bDMARDS) to early IA will improve patient outcomes, and applying modern
diagnostics will improve early detection (enabling subsequent earlier intervention).

The structure of the thesis and summary of content of each chapter are outlined
below. Figure 1.2 depicts the areas along the IA disease continuum that will be
addressed in each of the chapters.

Chapter Two: Literature review

A review of the literature was undertaken to address the current diagnostic and
treatment strategies for patients with IA. It aimed to address the current
management principles, providing context to this thesis.

Chapter Three: A systematic literature review of the efficacy of bDMARDSs across
the 1A disease continuum

A systematic review of the literature (SLR) was undertaken to evaluate the RCT
evidence for the efficacy of bDMARDSs and treatment strategies incorporating
bDMARDSs in patients with IA.

Chapter Four: A randomised controlled trial of infliximab with methotrexate vs.
intravenous methylprednisolone with methotrexate as induction therapy in DMARD-
naive early RA

This chapter aimed to compare the use of two induction strategies, (1) using
infliximab and methotrexate compared to (1) high dose intravenous glucocorticoid
and methotrexate, together with a treat-to-target approach in patients with early
DMARD-naive RA.

Chapter Five: A randomised controlled trial of etanercept with methotrexate vs.
methotrexate monotherapy in DMARD-naive early 1A

In this chapter the use of etanercept and methotrexate was compared to placebo
and methotrexate in patients with early DMARD-naive IA.

Chapter Six: The use of clinical, genetic, serological and imaging biomarkers in anti-
CCP positive patients with nonspecific musculoskeletal (MSK) symptoms to identify
early IA in secondary care



This longitudinal study sought to address the use of several biomarkers in clinical
practice in secondary care to identify patients with nonspecific MSK symptoms and
anti-CCP antibodies who are at risk of progression to IA.

Chapter Seven: The use of anti-CCP antibodies in patients with new nonspecific
MSK symptoms to identify patients at risk of early IA in primary care

In this section the use of anti-CCP antibodies was explored as a biomarker to
identify individuals at increased risk of developing IA by testing those with new,
nonspecific MSK symptoms presenting in primary care.

Chapter Eight: Discussion, conclusions and future directions

This final chapter reviewed the conclusions drawn from each chapter to provide a
final summary of the work from this thesis, some of which have been used to inform
the European League Against Rheumatism (EULAR) guidelines for the treatment of
RA. The discussion also addressed the limitations of the work that has been done,
placed it in the context of recent literature, and identified further areas of research in
the diagnosis and treatment of early IA.
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Figure 1.2 Outline of thesis results chapters - addressing the inflammatory arthritis disease continuum
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modifying antirheumatic drug; IA, inflammatory arthritis; IV, intravenous; RA, rheumatoid arthritis; RCT, randomised controlled trial; SLR,
systematic literature review; UA, undifferentiated arthritis



Chapter 2 Literature Review

This chapter aimed to review the current management principles of patients with
inflammatory arthritis, address diagnostic and treatment strategies across the
inflammatory arthritis disease continuum, and highlight some of the challenges and
unanswered questions in this area.

2.1 The inflammatory arthritis disease continuum

Inflammatory arthritis is a term used to describe a group of systemic autoimmune
diseases with predominant joint involvement. The disease affects not only the
individuals themselves but also has an impact on their families and places a major
burden on healthcare.?* ?* Data from the Arthritis Research UK showed that in 2000,
there were an estimated 1.9 million general practitioner (GP) consultations in the
United Kingdom (UK) for 1A with almost 46 000 hospital admissions between 1999
and 2000.?® Of the inflammatory arthritides, RA is the most common. Untreated it
can have serious consequences, causing irreversible joint damage, functional
impairment and increased mortality.® ** The focus of this thesis will therefore be on
the 1A pathway leading to the development of RA, which may be describe as a
continuum of disease - from patients at risk, developing undifferentiated arthritis

(UA), progressing to early and then established RA (figure 2.1).
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Figure 2.1 Inflammatory arthritis disease continuum

IA, inflammatory arthritis; RA, rheumatoid arthritis; UA, undifferentiated
arthritis




This thesis will focus, in particular, on the early stages of the disease continuum.
From clinical studies there is evidence confirming that joint damage and loss of
function occur early in the disease process. Radiographic outcome studies have
shown that 70% of patients with recent onset RA develop bony erosions within the
first 3 years® and erosions have been reported in 25% of patients within 3 months
of disease onset. * Newer and more sensitive imaging techniques such as
magnetic resonance imaging (MRI) and ultrasound have confirmed evidence of
damage within weeks of symptom onset.?’ *® Early radiographic erosions have also
been shown to predict the future development of further lesions and those seen on
ultrasound and MRI shown to correlate with later radiographic erosions.”

The concept of a ‘window of opportunity’ for the treatment of RA suggests that there
is a phase early in the disease during which there may be the potential to alter or
possibly even reverse the disease course with a complete return to normality.*
Treatment during this period is thought to have a much more profound effect in
terms of halting disease progression and achieving remission than treatment at a
later stage (figure 2.2).
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Figure 2.2 Altering the course of early inflammatory arthritis.
Adapted from Breedveld FC.*' DMARD, disease-modifying antirheumatic drug

Results from clinical trials confirm the importance of early treatment. ® A meta-
analysis of 12 trials examined the effect of early csDMARD therapy on the long-term
radiographic progression in patients with early RA (less than 2 years at



presentation). The average time interval between early and late therapy was 9
months. After a median of 3 years of observation, radiographic progression was
33% lower in those who received early treatment compared to those in which
treatment was delayed. ° Disease duration at the time of starting treatment is
therefore a significant predictor of response to therapy.

It has been suggested that the window for early treatment may be much shorter,
possibly within 12 weeks of symptom onset. * In a study by Green et al. in which a
single dose of glucocorticoid was administered to patients with mild early IA,
disease duration less than 12 weeks at time of therapy was noted to be the
strongest predictor of remission at six months. * In a SLR by van Nies et al. *, a
meta-analysis of three early arthritis datasets also showed symptom duration to be
independently associated with DMARD-free sustained remission (the outcome
chosen as deemed the closest proxy of cure in RA) with a hazard ratio (HR)(95%Cl)
0.989 (0.983 to 0.995) and a HR 0.88 using 12 weeks at treatment initiation.
Radiographic progression was also lower with shorter symptom duration. In a sub-
analysis of the COMET study, a RCT of 417 early RA patients, treatment with
etanercept and methotrexate in patients with disease duration less than 4 months
was associated with significantly higher proportions reaching remission and low
disease activity than when the same treatment was used with a longer disease
duration.®

With evidence that joint damage occurs early and that early treatment has a
significant impact on outcomes, increasing emphasis has been place on the early
phases of the IA disease continuum.

The first few weeks or months of symptoms, therefore, represent a potentially
important therapeutic window in patients with early IA. In practice, these patients
should be seen early and treated at the earliest opportunity. However, managing
patients within the early stages presents several challenges:

1. Identifying and assessing patients with IA early. Seeing patients at the earliest
opportunity requires early recognition and referral to rheumatology services for
assessment and decisions regarding therapy. In the earliest phases of the
disease, however, patients may present with nonspecific MSK symptoms.

2. Predicting which patients with early IA will develop RA and thus require DMARD
therapy. As rheumatologists continue to see patients earlier in the course of
disease, it has also become clear that a proportion of patients, who present with
an IA, may have UA — a form of arthritis that does not fulfil criteria for a more
definitive diagnosis. Whilst a proportion will progress to RA, * some may
undergo spontaneous remission whilst others may progress to other diseases
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(e.g. systemic lupus erythematosus (SLE) or a spondyloarthropathy) *' (figure
2.1).

3. Determining how such patients should be treated.

2.2 Classification

In moving towards earlier patient identification, there have been some changes in
the nomenclature within the IA continuum.

1. The classification criteria for RA have been revised with the 2010 ACR/
EULAR RA classification criteria*? replacing the 1987 ACR RA classification
criteria,** and

2. New terminology have been developed within the group of individuals at
risk.*®

2.2.1 Classification of rhreumatoid arthritis
2.2.1.1 1987 ACR RA classification criteria

As there is no single marker for patients with RA, a combination of clinical features
and laboratory tests are used for the classification of the disease. Until recently the
1987 ACR classification criteria have been used for patients with RA.** They were
based on seven criteria (table 2.1). A patient was classified with RA if he/she has
satisfied at least four of the seven criteria, with criteria 1 to 4 being present for at
least six weeks. However, as these criteria were developed in populations with long-
standing disease, studies have found that they did not perform as well for the
diagnosis of recent-onset RA. A SLR found that sensitivity and specificity of the
1987 ACR criteria in early RA was 77% (68% to 84%) and 77% (68% to 84%)
respectively using the list format.*® With the relatively poor sensitivity, patients with
early RA may not fulfil these criteria and may therefore be misclassified. The
relatively low specificity means that non-RA conditions such as post-viral
arthropathies, early spondyloarthropathies and other self-limiting arthritides may
satisfy the classification criteria.



Table 2.1 1987 ACR

11

RA classification criteria

Criterion

Definition

1. Early morning
stiffness

Early morning stiffness in and around the joints, lasting at least
1 hour before maximal improvement.

2. Arthritis of 3
or more joint
areas

At least 3 joint areas simultaneously have had soft tissue
swelling or fluid (not bony overgrowth alone) observed by a
physician. The 14 possible areas are right or left PIP, MCP,
wrist, elbow, knee, ankle, and MTP joints.

3. Arthritis of
hand joints

At least 1 area swollen (as defined above) in a wrist, MCP, or
PIP joint.

4. Symmetric
arthritis

Simultaneous involvement of the same joint areas (as defined
in 2) on both sides of the body (bilateral involvement of PIPs,
MCPs, or MTPs is acceptable without absolute symmetry).

5. Rheumatoid
nodules

Subcutaneous nodules, over bony prominences, or extensor
surfaces, or in juxta-articular regions, observed by a physician.

6. Rheumatoid
factor

Demonstration of abnormal amounts of serum rheumatoid
factor by any method for which the result has been positive in
<5% of normal control subjects.

7. Radiographic
changes

Radiographic changes typical of rheumatoid arthritis on antero-
posterior hand and wrist radiographs, which must include
erosions or unequivocal bony decalcification localized in or
most marked adjacent to the involved joints (osteoarthritis
changes alone do not qualify).

MCP, metacarpophalangeal; MTP, metatarsophalangeal; PIP, proximal

interphalangeal

2.2.1.2 2010 ACR-EULAR RA classification criteria

The 2010 ACR/EULAR RA classification criteria were later developed through a
collaborative initiative between the ACR and EULAR aiming to define RA at an

earlier stage. ** The aim of these classification criteria was to identify patients with

an 1A with relatively short symptom duration who would benefit from early diagnosis
and early institution of DMARD therapy (table 2.2).
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For the classification criteria to be applied, patients must meet two mandatory
requirements. First, there must be clinical evidence of synovitis (i.e. swelling) in at
least one joint. All joints of a full joint count may be assessed for this purpose with
the exception of the distal interphalangeal (DIP) joints, the first metatarsophalangeal
(MTP) joints, and the first carpometacarpal (CMC) joints as these joints are typically
involved in osteoarthritis. Second, the synovitis should not be better explained by
another diagnosis (e.g. SLE, psoriatic arthritis, and gout). Classification as definite
RA is then based on achieving a total score of 6 or more out of 10 from individual
scores in four domains. These are the:

e number and site of involved joints (score range 0-5);

e serological abnormality (score range 0-3);

¢ elevated acute phase response (score range 0-1); and
e symptom duration (score range 0-1).

As a caveat, patients with RA type erosions on X-ray with a typical history of RA
may also be classified as such and the scoring system need not be applied.
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Table 2.2 2010 American College of Rheumatology/ European League Against

Rheumatism classification criteria for rheumatoid arthritis

Joint involvement?!

1 large? joint 0
2-10 large joints 1
1-3 small® joints (with or without involvement of large joints) 2
4-10 small joints (with or without involvement of large joints) 3
>10 joints* (at least one small joint) 5
Serology® (at least one test result is needed for classification)

Negative RF AND negative ACPA 0
Low positive RF OR low positive ACPA 2
High positive RF OR high positive ACPA 3

Acute phase reactants® (at least one test result is needed for classification)

Normal CRP AND normal ESR 0
Abnormal CRP OR abnormal ESR 1
Duration of symptoms’

<6 weeks 0
=6 weeks 1
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(1) Joint involvement refers to any swollen or tender joint on examination,
which may be confirmed by imaging evidence of synovitis. Categories of joint
distribution are classified according to the location and number of the involved
joints, with placement into the highest category possible based on the pattern
of joint involvement.(2) Large joints refer to shoulders, elbows, hips, knees and
ankles.(3) Small joints refer to the wrists, metacarpophalangeal (MCP) joints,
proximal interphalangeal (PIP) joints, thumb interphalangeal (IP) joints, and
metatarsophalangeal (MTP) joints 2-5. (4) In this category, at least one of the
involved joints must be a small joint; the other joints can include any
combination of large and additional small joints, as well as other joints not
specifically listed elsewhere (eg, temporomandibular, acromioclavicular, and
sternoclavicular joints).(5) Negative refers to international unit (IU) values that
are <ULN for the lab and assay. Low titre refers to IU values that are >ULN but
<3X ULN for lab and assay. High titre positive is >3X ULN for lab and assay.
Where RF is only available as positive or negative, a positive results should be
scored as ‘low positive’ for RF. (6) Normal/abnormal is determined by local
laboratory standards. (Other causes for elevated acute phase reactants should
be excluded) (7) Duration of symptoms refers to patient self-report of the
duration of signs or symptoms of synovitis (e.g. pain, swelling, tenderness) of
joints that are clinically involved at the time of assessment, regardless of
treatment status. ACPA, anti-citrullinated protein/peptide antibodies; CRP, C-
reactive protein; ESR, erythrocyte sedimentation rate; RF, rheumatoid factor;
ULN, upper limit of normal. Reproduced with permission from Aletaha et al *2.

2.2.2 Classification of undifferentiated arthritis

There are currently no specific criteria for undifferentiated or unclassified arthritis.
This term is generally used to define cases in which there is clinical synovitis not
fulfilling RA classification criteria and not due to another disease e.g. crystal
arthropathy, reactive arthritis, a spondyloarthropathy or SLE.?* It is important to
note, particularly when reviewing the literature that patients not fulfilling the 1987
ACR RA classification criteria who were previously classified as UA may now fulfil
the 2010 ACR/EULAR classification criteria for RA.

2.2.3 Classification of individuals at risk

Increasingly work has also been done looking at the phases prior to the
development of clinical synovitis aiming to identify patients at the very earliest
stages. Research into these early stages had led to the formation of a ‘Study Group
for Risk Factors for Rheumatoid Arthritis’.** The group has published recommended
terminology to define the specific phases up to the development of RA in order to
phenotype/ characterise these and to standardise further research in the field (table
2.3).
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Table 2.3 Recommendation for terminology to be used to define specific phases up
to the development of RA *2

Phases up to the development of RA

In prospective studies individuals would be described as having:
a. Genetic risk factors for RA
b. Environmental risk factors for RA
c. Systemic autoimmunity associated with RA
d. Symptoms without clinical arthritis
e. Unclassified arthritis

f. RA

The term ’arthritis’ is used to denote clinically apparent soft tissue swelling or fluid
(not bony overgrowth alone).

(a) to (e) can be used in a combinatorial manner for example, an individual may
have (a)+(b), or (a)+(b)+(c) or (a)+(b)+(d) etc.

The prefix ‘pre-RA with:’ can be used before any/any combination of (a) to (e) but
only to describe retrospectively a phase an individual was in once it is known that
they have developed RA.

2.3 Epidemiology

2.3.1 Incidence and prevalence

Recognising the need to diagnose patients with IA early led to the development of
Early Arthritis Clinics. These enabled patients with suspected IA rapid access to
rheumatology services.* Data from these clinics together with that from the general
population have provided information on the incidence of early IA, UA and RA, and
the proportions and risk factors for the progression from UA to RA.*

Three population based studies have reported on the incidence of early 1A, including
RA and UA. In Finland the reported annual incidence of clinically observed early 1A
was 271/100 000 adult population, with that of RA of 36/100 000 and that of UA
149/100 000 adults.** Data from a study in South Sweden estimated an annual
incidence of new IA in adults of 115/100 000 - 24/100 000 for RA and 41/100 000
for UA.** In a Spanish study, early arthritis (defined as > 1 painful or swollen
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metacarpophalangeal (MCP) or MTP joint with early morning stiffness (EMS) > 30
minutes and the presence of symptoms > 1 month and < 1year)* was estimated to
occur in 25/100 000 population.** After 6 months follow up, 8/100 000 adults were
diagnosed with RA (1987 ACR criteria) and 3/100 000 were regarded to have UA. It
is likely that the difference in the definitions used for early 1A account in part for the
differences in incidence rates between these populations. It is also know that the
incidence of RA varies according to geographic location.*®

RA, the most common IA, has a worldwide prevalence of approximately 0.5-1%. *°
“® In Northern Europe and the USA, the reported prevalence according to the 1987
ACR RA classification criteria was between 500-100/100 000 population with an
annual incidence of approximately 40/100 000. It was estimated that about 387 000
adults in the UK have RA * with approximately 12 000 new cases per year. In
Southern Europe, China and South America, reported prevalence has been slightly
lower (<500/100 000).** Age of onset is commonly over 50 years, however it may
occur at any age. **’ From the Rochester Epidemiology Project, there was a rise
with age with a peak incidence in patients between 65-74 years of age (89/100
000).*® The female-to-male ratio is about 3:1.

With the change in the RA classification criteria, the incidence of RA in the UK was
reviewed using data from the Norfolk Arthritis Register (NOAR).*® This primary care
inception cohort comprised patients = 16 years with IA in two or more swollen joints,
notified between 1990 - 1995 with symptom onset in 1990. The incidence of RA was
40/100 000 applying the 2010 ACR/EULAR criteria and 32/100 000 using the 1987
ACR criteria at baseline. Applying the criteria cumulatively over 5 years, incidence
rates were similar for both criteria (48/100 000 for the 2010 ACR/EULAR criteria and
44/100 000 for the 1987 ACR criteria) suggesting that whilst both classified similar
patients with RA over this period, the new criteria identified patients with RA who
presented with an 1A earlier in the course of their disease.

2.3.2 Aetiology

The exact aetiology of 1A leading to RA is unknown. As with other autoimmune
diseases, the hypothesis is that it occurs in a genetically susceptible individual with

an environmental exposure or ‘trigger’.*

Twin studies have shown concordance rates of 5% among dizygotic twins and 15-
30% among monozygotic twins.”* The human leucocyte antigens (HLA-DRB1)
alleles is the main genetic risk factor for inflammatory polyarthritis with the HLA-
DRB1*0404 conferring the greatest risk.>” Other genetic factors have also been
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identified and will be discussed in more detail later in the chapter. The heritability of
RA has been estimated to be 60%, suggesting that 40% of the risk of developing

RA may be determined by environmental factors.”* >

Several environmental risk factors have been identified.> Of these, cigarette
smoking is the most significant and is associated with an increased risk of RA and
the development of RF.>>*® Smokers who possess the shared epitope genes in
particular are at increased risk of ACPA-positive RA.>" Smoking is estimated to be
responsible for 35% of ACPA-positive RA and in homozygous patients, 55% of
ACPA-positive RA was attributable to smoking.>® Use of the oral contraceptive pill
and pregnancy have been associated with a lower incidence or RA.>®

More recently studies have suggested that the initiating site of inflammation in 1A
may take place in areas outside the joint, with particular focus on mucosal sites.®
An association between periodontitis and RA has been described in several clinical
studies.®®® Porphymonas gingivalis, an oral pathogen and a common cause of
periodontitis, is one mucosal pathogen that has been implicated in the disease
pathogenesis. * It is capable of expressing the enzyme peptidyl arginine deiminase,
type IV (PADI4) which is needed to generate citrullinated peptides. Increases in
intestinal Prevotella copri have also been described in patients with new-onset
untreated RA.%

The trigger for the subsequent loss of systemic tolerance is still unclear. Local
biomechanical, micro-trauma, microvascular and neurologic-related mechanisms
have been suggested as possible factors. *° The subsequent immune dysregulation,
with release of pro-inflammatory cytokines and chemokines, neoangiogenesis,
activation of endothelial cells and fibroblasts and leucocyte infiltration into the
synovium, lead to the inflammation of synovial tissue. Perpetuation of this immune
response results in cartilage and bone destruction and the systemic consequences
seen in patients with RA.

2.3.3 Natural history

It has been suggested that in one third of patients with recent onset IA it may not be
possible to come to a definitive diagnosis at presentation.®® The outcome of these
patients may vary and the diagnosis may change over the period of follow-up. Some
patients will progress to RA, and some to other rheumatic diseases. Others will
remain undifferentiated or enter into remission. Data from several inception cohorts
have suggested that of the patients that present with UA, 40-50% will remit and 30%
will evolve into RA (based on the 1987 ACR criteria). *" °°°’ It is almost certain that
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proportions classified as UA will be lower and those with RA higher using the newer
classification criteria.

In patients with RA spontaneous remission is rare. In a cohort of 458 patient with
RA followed up for 1131 patient years, 14% achieved remission without treatment.®®
In another study of 183 RA patients with a follow-up of 5 years, a remission rate of
20% was described; 11% were spontaneous and 9% were drug-induced.®® In the
majority of patients therefore who progress to RA, the disease persists. In many,
untreated this results in joint damage, functional decline and may lead to premature
mortality.

2.4 Diagnosis

There is no single diagnostic test for patients with early 1A. Evaluation requires a
combination of clinical features and laboratory tests. The key issue when seeing
these patients is determining their prognosis - differentiating those with self-limiting
disease from those at risk of developing persistent inflammatory and erosive arthritis
to allow the initiation of appropriate DMARD therapy for those that will progress and
prevent unnecessary treatment for those that will resolve.

The following steps have been suggested as an approach to evaluate patients with
early arthritis:"

¢ Recognise the presence of 1A

e Exclude diseases other than RA or UA that present as an early IA (e.g. SLE,
psoriatic arthritis or other spondyloarthropathies).

o Estimate the risk of developing persistent or erosive irreversible arthritis in
patients with RA or UA using a combination of clinical features, laboratory
tests and imaging techniques.

The development of the 2010 ACR/EULAR RA classification criteria are based on
these principles and have helped to identify patients with RA at a early stage.

All new patients with symptoms of an IA should be referred to a rheumatologist as
early as possible, ideally within 6 weeks of symptom onset.”* As a proportion of
patients will have normal/ negative results at disease onset, they should be referred
regardless of blood test results or radiographic findings. If tests are done in primary
care referral should not be delayed while waiting for results.
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2.4.1 History

The clinical evaluation remains the cornerstone for evaluating early 1A - determining
whether arthritis is present or not, differentiating between inflammatory or non-
inflammatory disease and deciding aetiology of the arthropathy. Articular symptoms
may be the presenting manifestation of many infectious, inflammatory or malignant
conditions. The clinical feature may also provide clues to identify those at risk of
developing persistent erosive disease (table 2.3).

A thorough history includes the distribution of the symptomatic joints, duration of
symptoms and early morning stiffness, response to non-steroidal anti-inflammatory
drugs (NSAIDS), any prodromal illness and associated symptoms. Family history is
important for RA, psoriasis and other autoimmune diseases. Personal and past
medical histories including smoking history should also be noted.

2.4.2 Clinical features

The clinical finding of joint swelling not caused by trauma or bony swelling suggests
a diagnosis of early IA, especially if it includes involvement of at least two joints
and/or EMS lasting 30 minutes or more. Hand or foot involvement is common in
inflammatory arthropathies. A positive MCP or MTP ‘squeeze test’ has been used to
identify patients at risk of developing RA early (figure 2.4). ©

Figure 2.3 Metacarpophalangeal squeeze test
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While joint symptoms predominate early in disease, extra-articular manifestations of
RA (e.g. nodules, keratoconjunctivitis sicca) are seldom present early. In other
forms of polyarthritis, extra-articular manifestations may be present early and may
precede the onset of synovitis, providing clinical clues to the diagnosis. This is
particularly true with SLE (malar rash, serositis), reactive arthritis (urethritis,
conjunctivitis), psoriatic arthritis (psoriasis, nail pitting or other nail changes) and
sarcoidosis (lung involvement, fever) " (table 4).

2.4.3 Investigations

Laboratory investigations and imaging are ancillary measures for the diagnosis and
prognosis of patients presenting with early IA and should be tailored to the
individual. These have their limitations - in the early phases of the disease in
particular tests can be within normal limits. Imaging techniques are potentially
helpful in this setting.

Most cases of suspected IA will warrant a complete blood count, inflammatory
markers, basic serology including RF, ACPA and antinuclear antibodies, renal and
liver function tests and a urine analysis.

More specific tests may be directed by the clinical presentation including tests for
uric acid, cultures where infection may be suspected, serology for atypical infections
e.g. Lyme disease, virology e.g. hepatitis B, C or B19 parvovirus (immunoglobulin M
(IgM) antibodies), serum angiotensin-converting enzyme, specific autoantibodies
and genetic markers. In cases of suspected crystal arthropathy or infection, an
aspirate of a joint effusion will be of value in making a definitive diagnosis. Findings
on X-rays may further assist in making the diagnosis of a specific arthropathy e.g.
the presence of cartilage calcification in calcium pyrophosphate dihydrate deposition
disease (CPPD). Large asymmetric erosions with periosteal reaction and late
development of “pencil in cup” deformities may be seen in psoriatic arthritis, joint
space narrowing with sclerosis and hook like osteophytes of MCP 2 and 3 in
hereditary hemochromatosis, large asymmetric, erosions with sclerotic rims in gout
and joint space narrowing with subchondral sclerosis and osteophyte formation
sparing MCP joints in osteoarthritis.



Table 2.4 Differentiating diseases that present as an early inflammatory arthritis

Arthritis History Typical pattern of Joints commonly | Associated features | Laboratory tests
joint involvement affected
Undifferentiated F>M Insidious PIP,MCP, wrist, EMS TCRP/ESR
Arthritis Oligoarthritis MTP, knee, ankle
Rheumatoid Arthritis | F>M Insidious, progressive | PIP,MCP, wrist, EMS TCRP/ESR, RF+,
35-50 years Symmetrical MTP, knee, ankle ACPA+
Spondyloarthropathy | Psoriasis, urethritis Persistent DIP, PIP, knee, Psoriasis, nail pitting, | ESR/ CRP may be
or cervicitis, IBD Asymmetric feet, uveitis, normal
Family history of Oligoarticular spine Enthesitis, dactylitis More severe course
psoriasis or IBD in HLA B27 +
Systemic lupus F > M, young Polyarticular PIP, knee Rash, serositis Anaemia,
erythematosus Symmetric TESR/CRP,
Usually non-erosive proteinuria,
ANA+, dsDNA+
Rubella Rubella epidemic Acute PIP, MCP, wrist, Rash, Rubella serology
and no previous knee lymphadenopathy, (lgM)

Symmetric

T



vaccination Oligoarthritis or fever Virus isolation from
Recent (2-3 weeks) polyarthritis nasopharynx or joint
o tissue
rubella vaccination
Alpha viruses Mosquito-borne RNA | Acute PIP, wrist, MTP, Rash, fever, tendinitis | Serology for alpha
viruses in endemic Polyarthritis ankle, and peri-articular viruses
areas (Asia and involvement
Africa)
Viral (HBV, HCV) Hepatitis risk factors | Acute PIP, MCP, wrist, Jaundice TESR/CRP, 1 LFTs,
Polyarthritis knee, ankle Hepatitis B and C
serology
Septic Arthritis Peak incidence in Acute Knee — most Systemic symptoms Commonest cause
(non-gonococcal) elderly Mono-articular common common Staphylococcus
: aureus
Reduced host (may be polyarticular) Hip, shoulder,
immunity ankle, wrist Synovial fluid is gram
Often extremely painful . o 0
Joint prostheses stain positive in 50%
and culture positive
in 90%
Gonococcal F>M Acute Wrist, knee Fever, rash, skin TESR/CRP, TWBC

young, sexually

Oligo- or poly-arthritis

blisters/pustules,

Synovial fluid gram

ac



active tenosynovitis stain positive in 25%
and culture positive
in 50% of cases

Osteoarthritis F>M Progressive DIP, PIP, first Normal laboratory

Men with knee or hip | Asymmetric or CMCL, k.nee, hip, tests

involvement symmetric, MTP, spine

tage bony swelling

Oligo- or poly-articular
Gout Men Sudden onset MTP, ankle, knee Tophi Synovial fluid — urate

Postmenopausal Severe pain with crystals

women attacks turic acid level —

i 0

Diuretic use Oligoarticular early, normal levels in 40%

(especially in polyarticular later of acute attacks

elderly)

Pseudogout M=F Chronic Knee, wrist, MCP, Associated conditions | 1CRP, tWBC
tage Oligo- or polyarticular MTP include:

Acute monoarticular
(25%)

Hypomagnesaemia,
Hypophosphataemia,
Haemochromatosis,

€c



Wilson’s disease,

Hyperparathyroidism
Polymyalgia M=F Prolonged morning Hip and shoulder RS3PE Anaemia, TESR/CRP
rheumatica Older stiffness girdle, PIP, wrist,
knee occasionally
Caucasian
Sarcoidosis F>M Acute symmetrical Knee, ankle Fever, TESR/CRP
Chronic uncommon Erythema nodosum, Serum ACE
hilar
lymphadenopathy with
acute sarcoid
Scleroderma F>M Acute or occasionally MCP, PIP Tendon friction rubs TCRP/ESR
insidious (diffuse disease) ANA +, Scl-70+,
Symmetric or ACA+

asymmetric

ACA, anticentromere antibody; ACPA, anti-citrullinated protein antibody; ANA, antinuclear antibody; CMC1, first carpometacarpal joint; CRP,

C-reactive protein;

ESR, erythrocyte sedimentation rate; F, female; HBV, hepatitis B virus; HCV, hepatitis C virus;

IBD, inflammatory bowel

disease; LFT, liver function test; M, male; MCP, metacarpophalangeal joint; MTP, metatarsophalangeal joint; PIP, proximal interphalangeal

joint; RA, rheumatoid arthritis; RF, rheumatoid factor; UA, undifferentiated arthritis; WBC, white blood cells.

144
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2.5 Prognosis

After excluding other diseases and making a diagnosis of probable RA or UA, the
next step is to determine which patients are at risk of developing persistent and/ or
erosive arthritis. This prognostic assessment is important for guiding treatment
strategies. Predictors of persistence and disease progression include demographic,
genetic, clinical, serological and radiological factors. " Several of these have been
incorporated into the 2010 RA classification criteria.™

2.5.1 Disease persistence

The potential for spontaneous remission of synovitis in patients with early 1A
(particularly those with symptoms of less than 3 months duration) means that a
therapeutic approach which targets all patients with very early synovitis, will
needlessly expose some patients to potentially toxic therapies. The ability to
distinguish resolving disease from synovitis that persists and develops into RA is
thus essential. Female gender, cigarette smoking, duration of symptoms, the tender
and swollen joint count, hand involvement, the level of acute phase response,
presence of RF and ACPA, and the fulfilment of 1987 ACR diagnostic criteria for RA
are factors associated which have been associated with disease persistence (table
2.5).

On the other hand, seronegativity for rheumatoid factor (RF) and fewer active joints
at baseline in early RA have been cited as markers of a favourable outcome.
Other studies have shown a relationship with male gender and absence of erosions
with higher remission rates. ®®
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Table 2.5 Candidate predictors of disease persistence in early inflammatory arthritis

Predictors of disease persistence

¢ Female gender

e Duration of symptoms (more than 12 weeks)
¢ High tender and swollen joint count

e Hand involvement

e Cigarette smoking

e Elevated acute phase response

e Positive rheumatoid factor

e Positive anti-citrullinated protein antibodies

e Erosions on X-ray

¢ Fulfilment of 1987 ACR classification criteria for RA

ACR, American college of rheumatology

2.5.2 Disease severity

In clinical practice, treatment of early RA is often commenced and increased
according to the disease activity. An alternative approach would be to initiate the
most appropriate treatment based on prognostic stratification, differentiating
between those with a more benign disease from those at risk of developing severe
erosive disease who would benefit from more aggressive, and more expensive,
treatment early on to prevent severe outcomes.

Many of the factors predicting disease persistence are also markers of disease
severity. Joint damage and functional disability are the two most common outcome
measures of disease severity.

Prognostic factors of radiographic damage are a high acute phase response, the
presence and titre of RF and ACPA at baseline, the genetic marker HLA-
DRB1*0401 allele subtype, and early erosions or a high radiographic score at
disease onset. Factors that have been found to predict future disability include a
high baseline health assessment questionnaire disability index (HAQ-DI) score,
high Ritchie articular index, elevated erythrocyte sedimentation rate (ESR) and C-
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reactive protein (CRP), and the presence of erosions on X-rays. Female gender,
older age, the number of damaged joints, RF positivity and the presence of nodules
(although usually a later finding in RA) at baseline are other documented factors
(table 2.6).

Table 2.6 Candidate predictors of disease severity in early inflammatory arthritis

Predictors of disease severity

Female gender °
« High tender ®and swollen joint ? counts
« High HAQ-DI score ®

« Elevated acute phase reactants *°

+ Positive rheumatoid factor #
« Positive anti-citrullinated protein antibody *
Shared Epitope ?

Erosive disease "

# Predictors of joint damage

® Predictors of functional disability

HAQ-DI, health assessment questionnaire disability index

2.5.3 Individual factors predicting disease persistence and
severity

2.5.3.1 Disease duration

Several studies have shown symptom duration at first visit to be a good predictor of
disease persistence. ® ® In a study by Green et al, 63 patients with mild untreated
early 1A were given a single dose of glucocorticoid at presentation. At 6 months, 49
patients (78%) had persistent inflammatory joint disease and 14 (22%) were in
clinical remission. The strongest predictor of persistence was disease duration of 12
weeks.*® With disease duration less than 12 weeks, the chance of remission was
increased five-fold.
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A further study examined the use of a similar protocol of intra-articular
glucocorticoid injections in patients with early oligoarthritis (i.e. involvement of four
or less joints) followed by an early review to assess for the presence of persistent
synovitis.” At least 50% of patients with oligoarthritis had complete response at two
weeks. The best predictor of response at 12 and 26 weeks was the presence or
absence of synovitis on examination at 2 weeks follow-up. Failure to respond by
two weeks indicated a high likelihood of persistent disease and the need for
DMARD therapy.

Disease duration is also an important predictor of severity, with better clinical and

radiographic outcomes seen in patients with shorter disease duration. ’" "®

2.5.3.2 Early morning stiffness

EMS is an early symptom of IA. It is a complex symptom and may be difficult to
interpret and to discriminate from pain and functional limitation. It has been used in
some models as a clinical marker of disease persistence.”® ® Interestingly,
however, during the first phase development of the 2010 ACR/EULAR RA
classification criteria EMS, using the traditional cut-off of one hour, was not found to
be predictive of starting methotrexate in patients with early 1A and was therefore
subsequently not included in the final classification criteria.®

2.5.3.3 Joint involvement

The number of affected joints has also been associated with disease persistence. In
a cohort of 121 patients with early arthritis followed up for a median duration of 5
years, those with polyarticular disease and hand involvement were more likely to
have persistent disease. °> These findings have been confirmed by several other

studies. 88

Persistent joint inflammation leads to joint destruction. A high joint count is also a
marker of disease severity with the number of swollen joints correlating better with
radiographic progression than the number of tender joints.

2.5.3.4 Functional disability

Functional disability as measured by the Stanford HAQ-DI has also been found to
be a reliable predictor of disease outcomes in early arthritis. 3 A high baseline
HAQ-DI is an important risk factor for the development of future functional disability
and has been predictive of both all-cause and cardiovascular mortality in patients
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with early disease, as well as quality of life and work disability®®

in patients with
early RA. Analysis from a primary care-based inception cohort of patients with
recent —onset polyarthritis has found the one year HAQ-DI score to be a better

predictor of subsequent outcome than the baseline HAQ-DI score®’.

2.5.3.5 The acute phase response

Arise in the level of acute-phase reactants such as the ESR and CRP provide
surrogate measures of inflammation. Both elevated ESR and CRP levels, especially
if sustained, are predictive of long term radiographic progression. In a study of 130
patients with early RA (median disease duration 3 months), logistic regression
analysis of baseline variables revealed that a high CRP level (> 20mg/L) was an
independent predictor of severe progressive radiographic joint damage at 1 year
(odds ratio(OR) (95% CI) 3.59 (1.53, 8.39).%% CRP levels at presentation have also
been found to be an independent predictor of functional ability assessed by the
HAQ-DI.

High sensitivity CRP (hs-CRP) assays may be used to identify mild disease activity
that is not detectable by routine CRP testing. *

2.5.3.6 Serological markers

2.5.3.6.1 Rheumatoid Factor

Rheumatoid factor (RF) is a polyclonal antibody against the Fc portion of
immunoglobulin G (IgG). It is both a marker of persistence in patients with early 1A
679 and a predictor of radiographic progression. ** %2 Studies have shown
sensitivities ranging from 41%—-66% and specificities between 87%—-97% for the

diagnosis of early RA.

In a prospective cohort study of 9712 Danish individuals aged 20-100 years, an
elevated RF level was associated with a 26-fold greater long term risk of developing
RA. The absolute risk was highest at 32% in women between 50-69 years of age
who smoked and had RF levels > 100 IU/mL. A doubling in RF level was
associated with a 3.3 fold (95% CI 2.7 to 4.0) increased risk of RA.**

2.5.3.6.2 Anti-citrullinated protein antibodies

Research into autoantibodies other than RF in sera of RA patients led to the
discovery of antibodies to citrulline, a non-standard amino acid is generated by the
post-translational modification of arginine residues by the enzyme peptidylarginine
deiminase (PAD). The assay using the second generation cyclic citrullinated
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peptide (anti-CCP 2) as an artificial auto-antigen is currently the most commonly
used test in clinical practice to identify ACPA. A review of data has shown that anti-
CCP 2 has a similar sensitivity to RF in early RA cohorts, but a greater specificity.**
Anti-CCP positivity has also been shown to be an independent predictor of
radiographic damage and progression.®

A SLR evaluating the diagnostic value of anti-CCP and RF for the diagnosis of RA,
in which data from 24 studies were pooled, showed that positivity for both anti-CCP
and RF yielded a sensitivity (95% CI) of 57% (55% to 59%), specificity (95% CI)
96% (96% to 97%), positive likelihood ratio (LR) (95% CI) 13.84 (10.56 to 18.12),
negative LR (95% CI) 0.46 (0.40 to 0.52) and odds ratio (OR) (95% CI) 33.02
(23.89 to 45.64). When either anti-CCP antibody or RF were positive, results were
as follows: sensitivity (95% CI) 78% (76% to 80%), specificity (95% CI) 82% (81%
to 84%), positive LR (95% CI) 4.24 (3.61 to 4.97), negative LR (95% ClI) 0.27 (0.22
to 0.34), OR (95% CI) 16.95 (12.96 to 22.18).% The performance of RF and anti-
CCP 2 in early RA cohorts are summarized in table 2.7.

Table 2.7 Performance of immunoglobulin M-rheumatoid factor and anti-citrullinated
peptide antibodies (anti-CCP 2) assays in early rheumatoid arthritis cohorts.

Anti-CCP 2 | IgM-RF Anti-CCP 2 or | Anti-CCP 2
lgM-RF and IgM-RF
Sensitivity 41-63 41-66 52-67 33-58
range (%)
Specificity 91-100 81-97 72-82 98-100
range (%)

Adapted from Aggarwal et al. 2

Anti-CCP 2, second generation anti-cyclic citrullinated peptide antibody; IgM-

RF, Immunoglobulin M rheumatoid factor

2.5.3.6.3 Other serological and immune markers

Despite the diagnostic value of ACPA and RF, a proportion of patients with 1A will

still be classified as seronegative RA. Research has led to the finding of several

other autoantibodies including antibodies to carbamylated antigens (anti-CarP).*’

These autoantibodies recognise carbamylated but no citrullinated protein antigens.
IgG anti-CarP and IgA anti-CarP antibodies have been described in 16% and 30%
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of ACPA negative individuals with 1A and the presence of these antibodies have
been associated with greater radiographic progression.*®

In addition to autoantibodies, levels of cytokines and chemokines, including
interleukin (IL)-1a, IL-1B,IL-6, IL10 and tumour necrosis factor alpha (TNF-a), have
also been shown to be elevated in pre-clinical RA with increasing numbers present
in cases nearer to the time of RA diagnosis. *°

These findings add to the armamentarium of potential biomarkers for the diagnosis
of early arthritis. Further studies will determine their use in clinical practice.

2.5.3.7 Genetic markers

Genetic factors play an important role in the development of RA. Twin studies have
estimated heritability to account for about two-thirds of the risk for ACPA-positive as
well as ACPA-negative disease. *

A group of the major histocompatibility complex class Il, DR beta 1 (HLA-DRB1)
alleles provides the strongest genetic associated with RA. A number of these alleles
in particular DRB1*0401 and *0404 share a similar amino acid sequence which is
important in antigen presentation - the shared epitope. Several studies have shown
a correlation between shared epitope and disease persistence. **'% Others,
however, have found the presence of shared epitope of less value as an
independent predictor of disease persistence ' but rather an indicator of disease
severity in patients with RA. 1 1%

Among the different HLA-DRB1 alleles, HLA-DRB1*401 and DRB1*0404 have also
been associated with radiographic erosions in different ethnic groups. This
association appears to be dose dependent with patients with two RA-associated
alleles (DRB1*04 or DRB1*01) having had more radiographic erosions and more
joint replacements than those with non-disease associated-alleles. 1 Studies hav