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Abstract

Psoriatic arthritis (PsA) is recognised to have ignicant impact on
functional impairment, joint damage and qualitylitd. The aim of this thesis was
to investigate tools for early identification, tewlop a clinical target for treatment
and to utilise these tools within a clinical trial.

The CIlASssification of Psoriatic ARthritis (CASPARYiteria, previously
developed in established PsA, were tested in gatigith recent onset inflammatory
arthritis (PsA and controls) to test their discnative ability in early arthritis. The
phenotype of early PSA was investigated furthehwiinical and ultrasound (US)
assessment. Clinical criteria for minimal diseasgvily (MDA) were developed
using a questionnaire. These were subsequentlydt@s an observational cohort
and interventional trial dataset. Finally, theg &#eing utilised prospectively in an
RCT addressing the benefits of tight control in PSA

The CASPAR criteria were found to have good sensjitand specificity for
the diagnosis of recent onset PsA. No individdaliGal parameters accurately
distinguished PsA from other types of inflammatarthritis, but there was evidence
of more oligoarticular disease and enthesitis i Bempared with rheumatoid
arthritis. US imaging showed a small burden ofcéinixal arthritis and enthesitis
but found good correlation between clinical and ging assessment of disease
activity.  Criteria for MDA were developed fronxpert consensus, covering all
aspects of psoriatic disease. They were evalwgathst the OMERACT filter and
have supporting evidence for their validation imtge of truth, discrimination and
feasibility. Early unblinded results from the dtial trial indicated that 53%
achieved MDA at 12 months.

In summary, the CASPAR criteria can be used folyedassification of PsA.
In addition, a new composite outcome measure has Heveloped and validated
and is now being utilised in a clinical trial.
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1 Introduction

The aim of this thesis is to improve our understagdof early psoriatic
arthritis (PsA) and to investigate tools that can used to optimise the care of
patients with PsA.

PsA is now recognised as a separate disease éwotityother inflammatory
arthritides, although it is considered as parthef family of spondyloarthropathies.
For many years, PsA was dismissed as a mild disgakeno long term sequelae
and treatment was therefore considered unnecesddany observational cohort
studies have confirmed a poor long-term outcomies# in terms of poor quality of
life, functional impairment and radiographic joidamage (Gladman et al. 1987,
Sokoll and Helliwell 2001; Bond et al. 2007). Rasdh from the Toronto PsA
Clinic has shown that active arthritis (indicateg rumber of tender and swollen
joints) predicts future joint damage suggesting thbammation in the joints is the
key to later damage and resultant disability (Behdl. 2007). With this recognition
of PsA as a potentially damaging and destructiseale came an emphasis on
improving management of this disease to optimiseayue.

The first limiting factor in improving care in PS8 an accurate diagnosis early
in the course of the disease. PsA is a highlyrbgenous disease with variable
clinical manifestations, and particularly in therlgastages of disease it may be
difficult to identify. Typically patients developkin disease prior to their joint
disease, but in up to 20% of early PsA cases, gsisrmay not be present (Kane and
Pathare 2005). Typical patterns of radiographioalge that are seen in PSA may be
absent at first presentation removing another pialeidentifying feature. Clearly it
would be beneficial if patients can be identifieadareated before they develop
radiographic joint damage. Some newer, more seasihaging techniques such as
ultrasound (US) and magnetic resonance imaging MRl be more useful in such
early patients. Unfortunately little is currentmown about the extent of disease
seen on imaging in patients with early PsSA.

For three decades, the gold standard classificatitaria for PSA were the
Moll and Wright criteria (Moll and Wright 1973). &hy modifications to these
were proposed to try to improve the specificitytloé criteria but none have been
widely adopted. In 2006, new classification crdecalled the ClASsification of
Psoriatic ARthritis (CASPAR) criteria were develdpasing patient derived data.
These include characteristic dermatological, céhiand radiological features and
have both high sensitivity and specificity for ddished PsA (Taylor et al. 2006).
However less than 10% of the patients had diseassidn of less than 2 years, so
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validation in early disease was not explored. &dvgroups have attempted to
assess the sensitivity of the criteria in identifypatients with recent onset PsA but
using only patients with a secure clinical diagaaand no controls (Chandran et al.
2007b; D'Angelo et al. 2008; Lindgvist et al. 20@BAngelo et al. 2009). One
group highlighted the low prevalence of radiologjimateria in early disease leading
to a lower sensitivity to identify PsA (D'Angelo &t 2009). However, as yet, there
have been no properly powered studied addressengehsitivity and specificity of
the CASPAR criteria in early disease and thereftiney cannot currently be
recommended for use in studies of early PsSA.

Once a diagnosis is made, the next issue is thajpwifal treatment. The
majority of treatment is “borrowed” from rheumataadthritis (RA) using similar
disease-modifying agents, often without convincewgdence of efficacy in PsA.
Although methotrexate is widely used in clinicalagtice, there is very little
evidence to support the use of this treatment & Asewer treatments, such as the
Tumour Necrosis Factor (TNF) blocking therapiesyeharoven efficacy in PsA
from large clinical trials but are not availablen@ny patients in the UK (Kay and
Griffiths 2006), and are very rarely used as fiirs¢-therapy.

The strategy for treatment of RA has been revahiged in recent years with
emphasis on early treatment to effectively coninlaemmation and prevent joint
damage. Empirically, this strategy seems idealP®A also given the evidence of
the link between inflammation and damage in pernghgint disease in PsA.
However, there are no controlled studies of eadgttnent in PSA or investigating
the concept of “tight control” of inflammation. e studies in RA, the Disease
Activity Score (DAS) definition of low disease aadty or remission is routinely
used as a target for therapy to allow tight contrfoinflammation in clinical trials.
This is a clinical assessment of disease activaged principally on tender and
swollen joint counts. However in PsSA there are midega defining low disease
activity or remission that can be utilised as apontant clinical endpoint in such
studies.

The Outcome Measures in Rheumatology Clinical $S{&IMERACT) group
have agreed a conceptual definition of minimal @seactivity which encompasses
remission and low disease activity. Criteria fok Rave been developed based on
this concept but the same approach has not beshitriPsA. Due to the variable
phenotype of PsA, any proposed criteria would h@avencompass all of the key
manifestations of the disease and would have tolwevmultiple outcome measures.
To maximise feasibility of use, it would be advaygaus if any potential criteria
were based on clinical outcome measures with noiagst imaging or assessment
tools required. Investigating the prevalence di-slinical disease seen on imaging
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will allow an evaluation of the accuracy of clinicautcome measures in this
population. Any criteria developed will then needlidation in both research-
orientated interventional settings and real-lifanichl observational cohorts. The
availability of such validated criteria in PsA wdudllow future research into tight
control of inflammation and would potentially prdei an objective target for
treatment that could be used in interventionaldr@nd routine clinical practice.

The focus of this thesis is to address the issussussed above providing
insight into early diagnosis, better understandmhglisease involvement in early
PsA, development of a target for treatment foricéihtrials and finally investigating
the possible impact on tight control in early PsPhe structure of this thesis can be
summarised as follows:

Chapter 2 Review of the literature

This chapter provides an overview of PsA discussipigemiology, diagnosis,
outcome measurement and treatment options. Theidayes in the optimal
management of PsA, particularly difficulties in lgadiagnosis and limitations in
evidence-based treatment are highlighted.

Chapter 3 The validity of the CASPAR criteria in early PsA

This chapter evaluates the sensitivity and spetiff the CASPAR criteria
for PsSA in an early inflammatory arthritis clinietiing.

Chapter 4 Imaging in early PsA — the extent of subclinical disease

This chapter investigates whether sub-clinicalamfinatory disease (arthritis
and enthesitis) exists in patients presenting wittew diagnosis of PSA using grey
scale (GS) and power Doppler (PD) US techniques pemed with clinical
examination.

Chapter 5 Defining Minimal Disease Activity in PSA

This chapter covers the development of new minidis¢ase activity (MDA)
criteria for PsA derived from expert opinion ushegl-life patient cases.

Chapter 6 Validation of the MDA criteria for PSA

This chapter assesses the validity of the new MD#&réa for PSA according
to the OMERACT filter using data from both an obsional cohort and from two
large randomised interventional trials.

Chapter 7 Tight Control of PsA — preliminary analysis of a large Randomised
Controlled Trial (RCT)
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This chapter presents a preliminary analysis offits¢ 40 patients enrolled
into the Tight COntrol of Psoriatic Arthritis (TIGEA) study, a randomised
controlled single-blind study comparing intensivamagement of disease with usual
clinical care. The analysis addresses the achiememwf MDA in this unblinded
cohort 48 weeks after starting treatment.

Chapter 8 Conclusions and Future Directions

This chapter examines the conclusions drawn wighich chapter and provides
a final summary of the work contained within thimesis. Recommendations for
improving the outcome of patients with PsA are giand future directions for
research are discussed.



2 Literature Review

2.1 Epidemiology of PsA

2.1.1 Introduction

Although inflammatory arthritis associated with pasis has been recognised
for many years, there was controversy about wheitheepresented a separate
disease entity, or simply the co-existence of RA psoriasis. PsA was recognised
as a separate disease by the American RheumatisotiAgon (now the American
College of Rheumatology) in 1964 (O'Neill and SitmE994), and it is recognised
as one of the forms of seronegative inflammatorgnsyloarthritis. PSA was
initially defined by Moll and Wright as “an inflamaory arthritis in the presence of
psoriasis with a usual absence of rheumatoid fa@uoll and Wright 1973).

2.1.2 Incidence and Prevalence

A number of studies have attempted to estimatenttidence and prevalence
of PsA with significant variation in results. Astgmatic review of papers published
between 1987 and 2006 revealed a median incideate aof 6 per 100,000
population (range 0.1-23) and a median prevalefc80 per 100,000 population
(range 1-420) (Alamanos et al. 2008). The majarftthese studies were published
after 2000, and therefore relate to similar periolBme. However there are a few
studies published some decades before this (Alasnah@l. 2008), and a recent
study has directly compared the trends in epidesgiolof PsSA over the last 3
decades (Wilson et al. 2009b). This paper andstesyatic review of previous
epidemiological studies have both shown an incressethe incidence and
prevalence of PsA (Alamanos et al. 2008; Wilsoale2009b). It is unclear what is
causing this increase, but several factors ardylitee be at work: Firstly there is
likely to be an increased diagnosis of PsA as rtaalogists and dermatologists
recognise the condition; secondly there also sderbe an increasing prevalence of
psoriasis (Wilson et al. 2009a) which may accouwmt dn increase in PsA; and
finally there may be other reasons causing an as&ren cases. Other causes of
increased incidence are likely to relate to envimental causes, as the increasing
prevalence over three decades cannot be explayepbietic modification. One
study has attempted to address this question byiekay incident cases of PsA in a
cohort of patients newly diagnosed with psoriasi3hey had confirmed the
increasing prevalence of psoriasis and PsA, butvetorisk of PSA was similar
throughout the 30 year study period and was noocested with the year of
diagnosis (Wilson et al. 2009a).
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Some of the variability between different studie=eras to relate to the
population studied. Most of the studies were ofdpean or Northern American
populations, but marked differences have been gmmticularly in Japanese
populations. There is only one study of epidengglmf PsSA in the Japanese
population, and this showed a very low rate of Rgh an annual incidence of 0.1
and a prevalence of 1 per 100,000 population.astddso been noted that Japan has
a very low incidence of ankylosing spondylitis (A&)d other spondyloarthritides
(SpA). There is a lower prevalence of human leytecantigen (HLA)-B27
positivity which may explain the reduction in ocamce of SpA given the strong
association between the two (Hukuda et al. 208Igwever the association between
PsA and HLA-B27 is less clear and there may berotimeliscovered genetic or
environmental factors that explain the low occucesaf PSA in Japan.

Prior to the publication of the CASPAR criteria yl@ et al. 2006), there was
no consensus on suitable classification criterrad enost of these studies relied
either on the European Spondyloarthropathy Studyur (ESSG) criteria
(Dougados et al. 1991) or on the coexistence ofigse and arthritis. This
variation in case definition also increases theakdlity expected in the results.
The ESSG criteria have been shown to have a poaitsgty in PsA (Taylor et al.
2006) and may underestimate the burden of diseaseidh studies. The use of
psoriasis + arthritis as a case definition has nyaotential pitfalls, particularly the
misdiagnosis of patients with true RA and psoriaaisd the omission of patients
with PsSA sine psoriasis. A more recent large apidegical study used the
CASPAR criteria to define cases to avoid such maisl with misclassification
(Wilson et al. 2009b). Reassuringly, the incidenod prevalence reported is not
too dissimilar to the median rates reported in theiew of previous studies
(Alamanos et al. 2008).

2.1.3 Clinical Features

PsA is considered part of the umbrella group ofdemnegative SpA. This
concept of a group of related disorders was fisoduced by Moll and Wright in
the 1970s (Helliwell 2004), who documented the camrulinical presentations of
such disorders. The seronegative SpA include PAS, reactive arthritis,
inflammatory bowel disease related arthritis andlifferentiated SpA. Typical
features of SpA include absence of rheumatoid fa@é), asymmetric peripheral
oligoarthritis, dactylitis, sacroliliitis, enthesti anterior uveitis, psoriasis,
inflammatory bowel disease (Crohn’s or ulcerativelitis) and keratoderma
blenorrhagica. The identification of this groupdi$orders was strengthened by the
discovery of HLA-B27 (Helliwell 2004), which is lked with SpA, particularly AS.
AS is considered as the “prototype” SpA with typifsatures such as sacroailiitis, a
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high prevalence of HLA-B27, and only minimal clialcvariation. However PsA
shows significant clinical heterogeneity and canhbeder to classify (see section
2.2.1). The existence of a separate diagnostityeitPsA, rather than RA with co-
existent psoriasis, was a matter for debate ustiémtly.

Although there is a relative paucity of researchthis area, it has been
suggested by multiple studies that the prevalenfcarthritis in patients with
psoriasis, particularly those with peripheral inflmatory arthritis is higher than
population controls (Fitzgerald and Dougados 2008 the Norfolk Arthritis
Register (NOAR) cohort, the prevalence of psoriass 9.5% in patients with new
onset arthritis, higher than in the general poputat(Harrison et al. 1997).
Controversy remains concerning how to differentssenegative RA with psoriasis
and polyarticular PsA. The NOAR cohort showed mgnificant difference in
outcome of polyarthritis between patients with psgis and those without at one
(Harrison et al. 1997) and five years (Morgan e2807). However analysis of the
CASPAR cohort, found that polyarticular PSA had enan common with
oligoarticular PsA than with RA. Polyarticular Pspatients had a similar
prevalence of RF and anti-cyclic citrillinated pept (CCP) positivity as well as
enthesitis, spinal pain and stiffness. Dactyliss also seen in a similar proportion
of both PsA groups (45-57%) and was uncommon irRRAegroup (Helliwell et al.
2007).

2.1.4 Natural History

The diagnosis of PsA, particularly in the earlygsts of disease, is difficult,
particularly due to the lack of validated classition criteria for early disease.
However a number of studies have attempted to addres initial presentation of
such a disease. The majority of patients devekgrigsis prior to the onset of
arthritis, even though it may not have been diagddsy a physician previously.
However up to 20% of patients develop arthritistfiand are often labelled as
undifferentiated SpA until the psoriasis becomgzagnt (Kane and Pathare 2005).

Epidemiological studies of cohorts with psoriasea/én attempted to identify
which patients are more likely to develop PsA. a@hart of 1,633 patients with
psoriasis were analysed and approximately 10% béma were diagnosed with
PsA over a 30 year time period. Given the reliaoneretrospective review of
medical records, the incidence of PsA is likelyb® an underestimate. Clinical
features associated with the development of PsAe weoriatic nail changes, scalp
psoriasis and intergluteal/perianal psoriasis (@¥ilst al. 2009a).

There are four main cohorts of early PsA with psliodid data. The NOAR
cohort data split their patients according to pneseof absence of psoriasis without
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considering RF status. Although psoriasis patiemtse less likely to be RF
positive, they still had a relatively high prevatenof 13% when compared to the
CASPAR cohort (6% of polyarticular PSA were RF pigsi (Helliwell et al. 2007)).
Therefore, there is likely to be some misclassiitca of patients with RA and
coexistent psoriasis. Their clinical presentaticas similar across the two groups,
although the psoriasis patients were more likelybto male and RF negative.
Outcome at one and five years found no obviousadirdifferentiators, but the level
of radiographic joint damage in those with erostisease was lower in those
patients with psoriasis (Harrison et al. 1997; Mor@t al. 2007)

A small Italian cohort of 66 patients, with PsAless than one year duration,
was followed prospectively for two years. Patiewere defined as elderly onset
(>60 years) or younger onset PsA, and this studyved a poorer outcome, with
more joint destruction in the elderly onset grouphis was associated with higher
inflammatory markers and higher levels of key inftaatory cytokines. However it
must be noted that only 16 patients with elderlgeirPsA were included and further
studies on this are warranted (Punzi et al. 1999).

A larger cohort of patients with PsSA of less thavo tyears duration were
followed prospectively in Dublin. Of 1018 patientsferred to the early arthritis
clinic between 1994 and 2000, 129 (12.7%) wererdiagd with PsA and followed
for two years. The mean age at presentation wasatid the mean age at psoriasis
onset was 29.8 years. At presentation, 60% ofethesl polyarticular disease and
40% had oligoarticular PsA. All patients had pkeamal synovitis as this was a
criterion for referral to the clinic, but in additi to this, nearly 40% had
enthesopathy, 30% had dactylitis and 10% had inflatory back pain. At
baseline, 27% of patients had evidence of erosiseade on radiographs, this had
increased to 47% of patients at two years (Karad. @003Db).

A further study using the Swedish PsA register (Bs¥® studied 183 patients
diagnosed with early PsA (<2 years duration) betw2600 and 2007. They
showed a similar proportion presented with oligal golyarticular disease and
confirmed the evidence from a previous retrospecswdy (Jones et al. 1994)
which showed that the pattern of disease often ggmmver time (Lindgvist et al.
2008). The prevalence of radiographic damage selime (20%) and two year
follow up (32%) was lower than that seen in the Dubohort, possibly reflecting
more aggressive treatment in later years.

The long term prognosis for patients with PSA hasrbaddressed in the most
detail by the Toronto PsA cohort. This cohort irtlds nearly 800 patients followed
prospectively for up to 30 years. An analysis leditt first 220 patients identified
that polyarthritis was a more common presentatiam oligoarthritis and was one of
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the earliest papers to confirm the high rate oftj@amage with 40% of patients
suffering with a deforming, erosive arthropathy g@han et al. 1987). Detailed
analyses of this cohort have identified key prog¢jsosndicators that can be

identified at baseline and follow up. Poor progimofactors for progressive joint

damage included high number of active joints, mgmber of previous medications
and high erythrocyte sedimentation rate (ESR) asqmtation (Gladman et al.

1995). Analysis of subsequent visits and the msgjon of joint damage between
visits, identified that active joints, poor funata class and current joint damage
also predict ongoing damage at future visits (Gladrand Farewell 1999). When
looking at predictors for remission (defined asactive joints for >12 months) male

sex, fewer active joints and better functional €lagere independent predictors
(Gladman et al. 2001).

2.1.5 Pathogenesis
2.1.5.1 Immunology

Typically, PsA is thought of a seronegative disess@the majority of patients
do not have the RF or antibodies to CCP. Howeggmificant minority of patients
are positive for one or both of these and this dussexclude a diagnosis of PsA.
Some studies have suggested a modification in giyeacseen in sero-positive
individuals.

Rheumatoid factor (RF)

Although PsA is typically considered to be seroatag for RF, RF positivity
does occur in PsA. In the 588 patients with Ps#uited to develop the CASPAR
criteria, approximately 5% of patients had a pesifRF compared to 76% in the RA
control group. Interestingly, patients with polyeular PsA were no more likely to
be RF positive than those with oligoarthritis.

Antibodies to Cyclic Citrullinated Peptides (anti-CCP Ab)

The estimates for prevalence of anti-CCP Ab in Rafy from 6 to 16% in
different cross-sectional studies (Bogliolo et 2005; Korendowych et al. 2005;
Alenius et al. 2006; Shibata et al. 2009). Alklo¢ studies with comparative groups
have found a trend towards a higher prevalence@® @b in patients with PsA
when compared to healthy controls or patients wpHoriasis, however the
prevalence is significantly lower than that seerRild (Korendowych et al. 2005;
Alenius et al. 2006; Shibata et al. 2009). CCPcAh also be detected in synovial
fluid of affected joints in PsA, but levels are migcantly lower than those in RA
patients and similar to the levels found in ostdwdis (OA) patients (Caspi et al.
2006; Spadaro et al. 2007). However the signiieanf CCP Ab in PsA is
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uncertain. Nearly all of the studies have showsigaificant association between
polyarthritis and CCP Ab (Bogliolo et al. 2005; kadowych et al. 2005; Alenius et
al. 2006), but interestingly an analysis of a largehort from the CASPAR study
(n=588) showed CCP positivity in 7% of polyartiaul®sA and 10% of

oligoarticular PsA or psoriatic spondylitis (Helel et al. 2007). Some have
identified an association with erosive disease (Btmet al. 2005; Korendowych et
al. 2005) but others did not replicate the findi(@tnius et al. 2006).

2.1.5.2 Genetics

A genetic basis for disease has been investigatesainy of the arthritides as
the heritability of RA and other autoimmune corah8 has been recognised. PsA is
known to be a highly heritable disease from famtlydies with a greater heritability
than RA, Sjogrens and other autoimmune disorddngerestingly the recurrence
risk (or AS) of PsA is estimated at 27 (Gladman et al. 2008 to siblings/risk in
general population) which is also significantly g than psoriasisAS between 4
and 11) (Bhalerao and Bowcock 1998). A study @&ldnd confirmed increased risk
ratios for development of PsA in first to fifth-deg relatives of those with PsA.
They showed risk ratios of 39, 12, 3.6, 2.3 and réspectively in first to fifth-
degree relatives. There was a significant diffeechetween relatives and controls
in the first to fourth degree relatives (p<0.000Wjth no significant difference
(p=0.236) seen in fifth-degree relatives (Karasoal.e2009).

The largest proportion of the genetic susceptiptlit psoriasis is found in the
major histocompatability complex (MHC) class | mgiwith strong associations
between the psoriasis susceptibility 1 (PSORS1¢ gexd HLA-Cw*0602 (Nograles
et al. 2009). The frequency of HLA-Cw*0602 is alswmreased in PsSA patients
when compared to controls (Gladman et al. 1999nhwéver further analysis has
suggested that it is only significantly associateith PsA patients with type |
psoriasis and not those with type Il psoriasis @dal. 2008). This suggests that its
major influence is on the age of onset of psoriastswith susceptibility to PsA.

HLA-B27, typically associated with AS, is also falto be associated with
psoriatic spondylitis although the frequency of Bi&itivity is much lower in PsA
patients (Queiro-Silva et al. 2004). HLA-B38 anbA4B39 have been shown to be
associated with peripheral PsA, but this may bdarorded by the correlation with
HLA-Cw*1203 (Nograles et al. 2009). The sharedigpe (HLA-DRB1) seen in
RA, is also seen in patients with PsA and has deand to be associated with
erosive polyarticular disease (Korendowych et @03).

There is a significant association seen with aleéthe interleukin (IL)12B
and IL23 receptor gene and susceptibility to batbriasis (Nograles et al. 2009)
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and PsA (Liu et al. 2008; Huffmeier et al. 20093 ahis has been confirmed in
multiple studies (Nograles et al. 2009). Interggy the same IL23R genes have
been found to be associated with inflammatory baisase and AS confirming a
further genetic link within the seronegative SpAo@g¥ales et al. 2009).

2.1.5.3 Environmental factors

Whilst the strong heritability seen in PSA suggestderlying genetic causes
of the disease, the other risk factors for develgtsA are less clear. The majority
of patients have psoriasis prior to developingdhtéritis and the average duration
of psoriasis is 10 years at the time of diagnos$i®#®A (Gladman et al. 2005).
Epidemiological studies have sought to answer whx Bevelops in genetically
susceptible people at certain times, i.e. the ¢éng@f disease.

The most reported trigger of PsA is trauma whicbnse particularly relevant
as psoriasis is also triggered by trauma in thenfof the Koebner phenomenon.
Two studies suggested that acute physical traumg Imeaassociated with PsA
(Scarpa et al. 1992; Punzi et al. 1997), and didshow the same association with
RA (Scarpa et al. 1992). A large case-controlystadked at multiple potential risk
factors and again confirmed the strongest assoniatith trauma, either physical
(injury, fracture) or psychological (moving hougBnttison et al. 2008).

Infection may also be a significant trigger for PsAn a Zambian clinic
population, PsA was seen almost exclusively in goési who were human
immunodeficiency virus (HIV) positive (Njobvu andd@ill 2000). An association
has also been suggested with hepatitis C virakiidie where one group found a
statistically significant increase in the prevakemnd hepatitis C infection in patients
with PsA when compared to psoriasis, RA and gernpallation controls (Taglione
et al. 1999), but subsequent reports have not slaosignificant association (Palazzi
et al. 2005). There is a strong link between s$btegrcal infections of the
respiratory tract and skin psoriasis, particulanlyts guttate form, probably caused
by cross-reactivity between streptococcal antigem &eratinocyte antigens.
However there is no evidence of a relationship betwsuch infections and the
development of PsA.

Immunomodulatory effects have also been implicatetthe triggering of PsA.
Thumboo et al showed that patients who develop@dvikere more likely to have
been prescribed steroids prior to developing drshand were less likely to have
experienced a recent pregnancy when compared tootowith psoriasis (Thumboo
et al. 2002). There is a well documented risksdriasis flare on withdrawal of oral
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corticosteroids (Griffiths 1997), and the authoostplated that a similar mechanism
may trigger PsA.

2.1.5.4 Imaging

Much work has been done in the past to determiaendture of PSA using
imaging studies. In contrast to the articular dése imaging of the skin has been
relatively neglected, possibly because of the readylability of the skin for biopsy
and histopathological studies. This section wilviegv this literature on what
imaging the skin and joints can tell us about ththplogy of PSA.

Conventional Radiography

Radiographic changes in PsSA are seen more comnioragivancing disease.
Damage seen on radiographs is not as severe atpatvith RA matched for
disease duration (Sokoll and Helliwell 2001) buemwearly on in the course of
disease, it can be significant. At presentatiomuad 27% have evidence of
erosions on x-ray and this increases to 47% at yea&rs despite conventional
treatment with disease modifying anti-rheumaticgdr{DMARDSs) (Kane et al.
2003Db).

In the past literature the key radiographic fealwokPsA have been defined as
joint erosions, joint space narrowing (JSN), bomyliferation, osteolysis (including
pencil-in-cup deformity), ankylosis, and new borwnfation at entheses, both
central and peripheral (Wassenberg et al. 20(josive changes are marginal
(similar to RA) but become irregular with diseasegression because of new bone
formation adjacent to the erosions (Ory et al. 200Severe erosions lead to the
pencil-in-cup deformity or osteolysis (Gold et H9.88).

However the CASPAR study, comparing RA with PsA ¢venradiographs
were read blind to diagnosis) found a limited numbé unique features. For
example, osteolysis at a peripheral joint was nahél to discriminate between RA
and PsA. Osteolysis was only characteristic of BsAoccurred at the DIP joint —
osteolysis at proximal inter-phalangeal joints ametacarpo-phalangeal joints was
seen equally in RA (Taylor et al. 2006). Furthdre tonly distinguishing plain
radiographic features of PsA were irregular newebfmrmation adjacent to small
joints of the hand and foot and irregular new bonthe pelvis, particularly at sites
of attachment of inguinal ligament, sartorius aactus femoris muscles to the ilium
(Helliwell and Porter 2007).

Axial disease in PsA was first reported by Wrightaé who recognised the
frequent sacroiliac (SI) changes in patients widA Rcompared to rheumatoid
controls (Wright 1961). This study of 99 patiemtsh PsA and 90 RA controls
showed a significant increased incidence of ergsolerosis and ankylosis at the Sl
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joints. Spondylitis is seen in approximately 25% BsA patients and
radiographically looks similar to AS with some immfant differences. Spinal
disease is more often unilateral or asymmetrical @he morphology of
syndesmophytes seen also differs from those inM&E(ven et al. 1971).

Radioisotope Imaging

The majority of studies using bone scintigraphyewveublished prior to 2000,
since when the emphasis has shifted to MRI andddBniques. Most studies have
used bone seeking radioisotopes such as bisphasjgisowhich are ‘taken up’ at
sites of increased bone turnover. Scintigraphy thoks specificity but it has been
used as a surrogate marker of inflammation. Spimphy has been used to identify
abnormalities before the appearance of plain radpmgc features. A study
comparing radiographs with standard bone scintlyyaghowed that bone scans
mirror radiological changes with increased uptake areas of bony damage
(O'Sullivan et al. 1988). It was also apparentt ttiee bone scans were more
sensitive than x-ray in detecting clinically actiisease.

Scintigraphic studies of patients with skin psasdsut no clinical arthritis
have been particularly interesting in raising tmespect of sub-clinical disease in
those with psoriasis. Namey and Rosenthall scaiedsoriatic patients and 12
controls showing that all psoriasis patients hadkedly abnormal scans with
symmetrically increased peri-articular uptake.cémtrast, none of the controls had
similar findings (Namey and Rosenthall 1976). Tikisot evidence that all of these
patients will go on to develop clinical PsA butses questions as to the pathological
correlate of these changes. Scintigraphic stunhieBsA have also shown extra-
synovial abnormalities. Increased uptake has lsbenvn in areas adjacent to or
even some distance from the synovial joint (Nameg Rosenthall 1976; Hahn et
al. 1980; Helliwell et al. 1991).

Scintigraphy has also been used to evaluate si#@oil This allows
guantification of inflammation at the Sl joints amdn demonstrate differential
uptake in each side (Szanto and Ruden 1976), laun #gs not specific to PSA and
therefore cannot aid diagnosis or understandirgatfogenesis.

MRI

The introduction of MRI scanning in the mid 1990e\pded better anatomical
images of soft-tissue and started to give cluegsathogenesis, particularly in PsA.
Although synovitis in PsA and RA is indistinguistalon static or dynamic MRI
scanning (Cimmino et al. 2005), features of entleggactylitis and spondylitis are
in accordance with the appearances of the SpA gnbdisorders and can be used to
differentiate the two conditions (McQueen et al0@0 Bone erosions do not have
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disease specific appearances but probably progtegsslower rate in PSA than in
RA (Savnik et al. 2002). Interestingly, no praodists to link bone oedema with
subsequent development of erosions as in RA (Satrak 2001).

When considering extra-capsular anatomy, the featwf PsSA on MRI
imaging are significantly different to RA and malesely resemble changes seen in
other SpAs. Jevtic and co-workers (Jevtic et 885) first described the extensive
extra-capsular inflammation seen in PsA. Half béit cases of PsA showed
changes similar to those seen in RA with predontlgasynovial inflammation.
However, the other half of the patients showedamfihation also involving
neighbouring structures including thickened colatdigaments and periarticular
soft tissue.

Bone oedema is commonly described as an MRI feaififesA. This has
never been correlated with histopathological charegeept in the Sl joints of SpA
patients (Bollow et al. 2000), where bone oedema ¥eaind to correlate with
cellular inflammation. Bone oedema is by analogylely accepted to represent
inflammation at other sites. Godfrin et al showhkdt bone marrow oedema at
entheses on MRI correlated with hot spots on radibtle scanning (Godfrin et al.
2004). Bone oedema has been shown to respondtitd N¥a therapy (Marzo-
Ortega et al. 2001; Bongartz et al. 2005) also ssiygg that bone oedema
represents tissue inflammation and that TNF is @portant factor in this.
Giovagnoni and colleagues noted bone oedema as=wevith periarticular oedema
of soft tissues in 43% of their patients and désctithis as a possible “psoriatic
pattern” on MRI (Giovagnoni et al. 1995).

Inflammation in tendons and ligaments is viewed lwel MRI showing
swelling and increased signal. In addition entles# represented by increased
signal on STIR images at the tendon/ligament irmednd associated signal change
in the underlying bone. McGonagle et al studiedhesitis in knee arthritis
associated with new onset SpA (including PsA) a#d(RcGonagle et al. 1998).
They found increased signal in the patellar tend@tibial band and the posterior
capsule of the knee at their insertion into boany of the SpA patients (6/10)
also showed bone marrow oedema which was maxim#heatsite of entheseal
insertions (McGonagle et al. 1998). The same mralso imaged calcaneal
enthesopathy showing a similar increased peri-setilesignal and bone marrow
oedema (McGonagle et al. 2002b).

MRI has also improved our ability to detect axialsedse in PsA.
Traditionally, the diagnosis of sacroailiitis in @f the SpAs including PsA has relied
on radiological evidence of disease. However it tzke between one and nine
years from the onset of inflammatory back pain development of radiological
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sacroiliitis (Braun et al. 2000). In the early 089MRI was investigated as a tool to
detect sacroiliitis (Murphey et al. 1991; Dochegtyal. 1992; Hanly et al. 1994). It
has been shown to demonstrate bone oedema antisasten in the Si joints and in
the rest of the spine. Bone oedema adjacent t8lth@nts has also been proven to
correlate with histopathological evidence of inflaatory disease (Bollow et al.
2000). MRI is now accepted as a diagnostic toobfoal disease in SpA including
PsA and has been used as an outcome measure tmtevakatment with TNF
blockers (Marzo-Ortega et al. 2001).

The use of MRI in PsA has expanded rapidly witteaplosion of publications
over the last 10 years. It's ability to image sefsue and bone accurately, and it's
sensitivity for detecting inflammation in synovibsue, entheses and bone has
meant that it has become the “gold standard” whensidering imaging of
rheumatic conditions.

Further work is also underway exploring the us&8fl in assessing synovitis
and the vascularity seen in PsA. As noted abdweretis the need to correlate
synovial immunohistochemical changes with MRI appeees to validate this
approach. The use of software to accurately giyasyinovitis, and vascularity in
the form of dynamic contrast enhancement has ajrbadn explored (Rhodes et al.
2004) and is being further developed. This wotlehtallow further research into
the pathology of PsA and the response to treatsweit as TNF blockers.

The use of low-field or extremity MRl machines iheumatology is now
expanding as they are practical for use in the aiigpt department and are more
comfortable for patients. All of the validatiorudtes investigating their use against
a gold standard of high field MRI have been in gt with RA. They have been
shown in these patients to be equivalent to higid fiMRI in sensitivity and
specificity of detecting bone erosions and syns\(Ejbjerg et al. 2005). However
they are significantly less sensitive when ideimidgybone marrow oedema (Ejbjerg
et al. 2005) and this is of concern when considetheir use in the imaging of
seronegative conditions.

The only study of low-field MRI scans in PSA wasddiy Scarpa et al. They
scanned 26 PsA patients to look at nail and DIRt jdisease (Scarpa et al. 2007)
and found similar results to their previous studing high-field MRI (Scarpa et al.
2006). However there have been no studies directhgparing high field and low
field MR images to formally validate these machines

New techniques using high field MRI scanners am dbeing developed.
Ultrashort echo time (UTE) imaging is a novel MRHheique which allows the
detection of signal from tendons, fibrocartilagel aortical bone. These tissues can
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be imaged directly, allowing them to be differetdgch from each other. Structure
within the tendons and fibrocartilage can be appted with UTE. Changes which
lead to the high signal on conventional images khbe seen at an earlier stage
using this technique. Using UTE sequences withau@nous (IV) contrast will
image tissue vascularity. Abnormalities in enhanseimreflecting increased
vascularity due to inflammation are likely to prdeestructural changes. Thus, UTE
imaging may allow the detection of early changeshat enthesis, localisation of
changes to the fibrocartilage or tendon and visa@bn of vascular, oedematous
and structural changes. Vascularity may be sepsitivchanges in treatment, as it is
in the inflamed synovium of RA.

Dynamic contrast enhanced (DCE) MRI of areas dafibsthas the potential to
measure inflammatory activity better than convemloMRI of bone marrow
oedema. Not only is it more sensitive, it is inmehe quantitative and provides
information about the vascularity of the inflameohb. It shows more widespread
involvement and increased sensitivity to treatmeompared to conventional
measures of bone marrow oedema in RA. DCE-MRI ofbmarrow may therefore
allow early detection of osteitis and quantificatiof inflammatory activity at the
enthesis site.

Computed Tomography

Micro-computed tomographyuCT) has been used to further visualise the
bony changes in PsA and has provided additionatimétion regarding the different
radiological features when compared to RA. Firetehl scanned 30 patients with
PsA and 58 patients with RA looking in detail attberosive disease and new bone
formation at the MCP joints. Although the numbéremsions was similar in both
diseases, the extent of erosions was much greatA]j particularly at the second
MCP joint. There was also a significant differenicethe shape of erosions
identified. ‘U’-shaped lesions with a wide corlidareak were typical for RA,
whereas Q'-shaped lesions with a small cortical break andaege erosion
underneath were typical for PsA. Osteophytes Vi@ued in all PsA patients, but
only 16% of RA patients and large osteophytes (>lmrdiameter) were almost
exclusively found in PsA patients. The authors ohatled that different
pathophysiology may account for these differenegt) an increased potential for
new bone formation, ie repair, in PSA explaining thfferent morphology and size
of erosions and osteophytes (Finzel et al. 2011).

Ultrasound

Musculoskeletal US has been used in PsA to invastigynovial disease,
enthesitis and sacroiliitis. US has helped to ati@rise the changes seen in PsA
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and RA particularly in the finger joints. Fourrsegroup showed that while the
synovial membrane of joints and tendon sheathsdcdad involved in both
conditions, extrasynovial abnormalities were onéers in PSA patients. These
included abnormalities denoting enthesitis, thickgnof soft tissues and Doppler
signal from the base of the nail indicating peruagpsoriatic involvement (Fournie
et al. 2006).

US is used also to investigate enthesitis. Oedmmdaincreased vascularity at
the tendon are the characteristic findings (Lemineal. 1994), but more recently,
PD has also been used to help distinguish betwaféaamimatory and mechanical
enthesitis (D'Agostino et al. 2003).

Dactylitic digits have also been imaged using UScWinas shown conflicting
findings. Kane et al found subcutaneous soft @ssenlargement
(pseudotenosynovitis) in all affected digits. Afteat, flexor tenosynovitis (FT)
was the commonest finding (96% of cases) with sosfeted synovitis in around
half of the digits (Kane et al. 1999). Howevervi@ri et al found that all dactylitic
digits showed fluid collections surrounding thedens in keeping with FT but no
involvement of the peritendinous soft tissues @ s$lynovial joints (Olivieri et al.
1996).

Enthesitis

Enthesitis has been most commonly imaged using O&ema and increased
vascularity at the tendon is the characteristiclifig. Sonographic evaluation of
entheseal insertions has shown a high prevaleneatbgsitis in patients with PsA
despite many being asymptomatic (Lehtinen et €419

Another study using PD techniques has shown thiieseal involvement on
US imaging affects 98% of patients with SpA inchgliPsA but is far less common
in controls with mechanical back pain (44%) or F6@%). The commonest sites of
involvement in PsA were Achilles tendon, patelEmdon, plantar fascia and greater
trochanter (D'Agostino et al. 2003). Falsettildbaked specifically at the calcaneal
enthesis using US and plain radiography and condpaatients with PsA, RA and
OA. There was no significant difference found bedw the PsA and RA groups but
there was a trend towards more Achilles entheaii plantar fasciitis in PsA and
more erosive disease in patients with RA (Falsttl. 2003).

Enthesitis as the Primary Pathology

McGonagle et al have hypothesised the primary @blenthesitis in PSA and a
secondary spread of inflammation to the synoviunMost studies involving
radionuclide scanning in PsA identified increaspthke adjacent to synovial joints



-18 -

and in some cases, some distance away. No anafam&son was given for this at
the time but it provides confirmation of inflamnatidistant from the synovium.

Jevtic and co-workers (Jevtic et al. 1995) firssatded the extensive extra-
capsular inflammation seen on MRI scans in PsA.If Hatheir cases of PsA
showed changes similar to those seen in RA withdgrenantly synovial
inflammation. However the other half of the patsgeshowed inflammation also
involving neighbouring structures including thicken collateral ligaments and
periarticular soft tissue. This extra-capsulatamimation was much greater in the
soft tissue seen around dactylitic joints and thvesis no associated tenosynovitis to
explain the uniform swelling of the digit. In of@nt, predominant extracapsular
inflammation was seen without significant associagynovitis thus raising the
possibility that the joint capsule and synoviunnd always the primary target in
PsA (Jevtic et al. 1995). However not all of thpatients showed evidence of
extracapsular inflammation. This research sugdestieat there may be
heterogeneity in PSA where some patients havedopmmantly synovial disease as
in RA and some show a predominantly entheseal wriisease as in SpA. In the
latter respect it may be that the somewhat ambigjedteria suggested by Moll and
Wright enabled the authors to include cases ofsegative RA within their series.

McGonagle et al studied knee synovitis in patievith a recent onset of knee
effusions (McGonagle et al. 1998). Ten patienth WA and ten patients with SpA
(including three with PsA) were included. The afmmaging early disease was to
try and establish a causal link between the ertthesnd synovitis seen in SpA
joints. Focal soft tissue oedema and bone marexdema adjacent to the entheseal
insertions was common in SpA, despite little clatievidence of enthesitis. This
pattern of inflammation is similar to that seerparipheral enthesitis and spondylitis
suggesting the possibility of a common pathogenesis

However, as yet, the primary entheseal hypothessits conclusive proof.
Enthesitis in PsA is not found universally in invagistudies but this does not
detract from the hypothesis — several other explamsmight explain this including
stage and activity of disease and heterogeneitysefise phenotype.

Distal Interphalangeal Joint Disease

Distal interphalangeal (DIP) joint involvement,hedtigh not exclusive to PsA,
is certainly one of the characteristic featureghi$ disorder. Nail involvement is
more common in PsA than uncomplicated psoriasis @i joint involvement is
almost never seen in the absence of nail diseaseclie as to the pathogenesis of
this is likely to help us gain a better understagdf the disease. Imaging may have
helped in this respect. The changes seen on @dingraphy include erosions of the
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terminal tuft, periarticular new bone formation gwiom the joint margin, and
osteolysis leading to the so-called ‘pencil-in “cdgformity.

MRI studies have confirmed the intimate relatiopstetween the nail bed, the
distal phalanx, the DIP joint and the insertiontlué extensor tendon (Scarpa et al.
2004; Scarpa et al. 2006; Tan et al. 2006; Tarn. &087). Histological work has
shown that the extensor tendon attaches to thedfdke terminal phalanx and then
extends distally to connect with the nail root.isTéan now been visualised on MRI
using high-resolution techniques.

Scarpa showed that nail thickening on MRI was exéllg common in patients
with PsA, even when clinical evidence of onychogatlas lacking, and that all of
these patients also showed MRI involvement at te@ldphalanx. In the majority
of patients without clinical onychopathy, the chesgvere confined to the nail and
distal phalanx with little evidence of DIP jointsdiase. However involvement of the
DIP joint was much more common in those with clhionychopathy (58% of
cases) (Scarpa et al. 2006).

Both Scarpa and McGonagle’s work has raised thsilpiisy of inflammation
being transmitted via the enthesis seen aroun®tRgoint and nail bed. The Leeds
group compared OA and PsA patients with DIP jamwbivement. This showed that
PsA patients have significantly more entheseal digdment enhancement,
extracapsular changes and diffuse bone oedema €faml. 2006). This
inflammatory response seemed to be focused ardwntigament origins/insertions
with almost normality of the ligaments up to thehasis. Bone oedema was seen
diffusely throughout the distal phalanx in 80% s®Rligits but was seen maximally
at the insertion of the collateral ligament enthe¢fan et al. 2006). The
inflammation seen was extensive enough in mostsdasivolve the nail bed, distal
phalanx and DIP joint (Tan et al. 2007) providing eéxplanation for the common
association of nail and DIP joint involvement.sétems likely that the inflammation
in this region is transmitted via the entheses thagtend up to the nail bed and
envelop the DIP joint but there has been no wagleatify where the primary site of
pathology lies.

Another study by Scarpa using radiographs showadDHP joint involvement
was related to duration of onychopathy. He suggkstat the involvement of the
DIP joint was secondary to that of the distal phalavhich was secondary to the
nail changes. However, there is no definite ewigeio prove this due to the lack of
longitudinal studies. Given the usual scenarithia disease, where skin (and nails)
precedes joints then it seems more likely thatdnebed disease is primary. On the
other hand the same disease process may be rddpofwsi both manifestations.
Longitudinal studies with high resolution MRI magip in this respect.
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Dactylitis

Dactylitis, one of the hallmark clinical featureSRsA, occurs in 16% to 48%
of reported cases. It is often painful, but a dirpnon-tender dactylitic swelling
can occur. Further, diffuse swelling of the uplsab has been described and may
be a similar manifestation. The pathogenesis dftyiiis is still not fully
understood and although FT is a key feature on imgagther abnormalities are also
seen.

Jevtic and co-workers (Jevtic et al. 1995) firssaied the extensive extra-
capsular inflammation seen in dactylitic PSA on MRany of the patients showed
inflammation also involving neighbouring structuiesluding thickened collateral
ligaments and periarticular soft tissue. This a&dapsular inflammation was much
greater in the soft tissue seen around dactylitict$ and there was no associated
tenosynovitis to otherwise explain the uniform dimglof the digit.

In contrast, around the same time, Olivieri et pédfically imaged 12
dactylitic fingers using MRI and US and found cassting results. This first study
by Olivieri showed that all dactylitic fingers hadmoderate to severe FT but did not
see any peritendinous oedema. They initially aosedl that dactylitis was due to
FT and that the peritendinous soft tissue was neblved (Olivieri et al. 1996).
However subsequent work by the same group showed feritendinous
inflammation and oedema was present in a propodiatactylitic digits (Olivieri et
al. 1997; Olivieri et al. 2002; Olivieri et al. 280 Following this, they suggested
that the peritendinous oedema was probably causedinbreased capillary
permeability secondary to FT.

McGonagle et al proposed the theory that enthesiis the primary
abnormality in PsA but Olivieri’s group using MRI eleven dactylitic fingers found
no evidence of bone oedema at the insertions oextensor or flexor digitorum
tendons or in other sites in the phalanges (Oliekal. 2002). However, they again
found FT in all digits and subcutaneous peritendénoedema in around half of the
cases.

A more recent study by Healy et al., imaging 19tga digits found soft-
tissue oedema and synovitis to be the most frecalembrmalities in 69% of digits.
A wide range of other abnormalities were frequeftiynd including FT and bone
oedema, the latter in several patterns from discr@teas in a periarticular
distribution to abnormalities in the metaphysish@ phalanx (Healy et al. 2008).

Dactylitis has also been imaged using US with simiesults seen in MRI
studies. US of dactylitic digits has shown subeatas soft tissue enlargement, FT
and some related synovitis. However studies haffered significantly in the
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involvement of peritendinous soft tissues (alsdechlpseudotenosynovitis) and
synovitis (Olivieri et al. 1996; Kane et al. 1999urnie et al. 2006). Fournie
suggested that pseudotenosynovitis may play a alerdle in it's pathogenesis
(Fournie et al. 2006), explaining why dactylitisedonot occur in RA where
inflammation is confined to the synovial membrardh® joint and tendon. The
early work of Olivieri showed that at least somethéir patients with clinical

dactylitis did not have any evidence of soft tissusmlvement but the authors have
conceded that this may have been due to limitatiorte technology at that time
(Olivieri et al. and Olivieri personal communicatjo

Despite the controversy about the site of tissdlanmmation in dactylitis it
seems clear that virtually all the tissues are lwve@ in an affected digit. Thus MRI
scanning has shown us that in acute dactylitisethersynovitis and widespread
extra-synovial disease, including soft-tissue ineatent (Healy et al. 2008). If
dactylitis is considered a paradigm for PsA whadi tell us about the pathology
of the disease? In contrast to RA there is inflatmnaoutside the synovial cavity
but seemingly localised to certain affected digits.

It has been suggested that dactylitis is a fornthef Koebner phenomenon,
occurring deep within the tissue of the digit. Givimat the commonest affected
digits in dactylitis are, in the hand th& and in the foot the'4 there may be some
evidence to support this (Brockbank et al. 2005is hlso clear that repeated minor
physical insults to our digital joints and enthesee commonplace providing
adequate mechanical stimuli. The tissue resporese therefore depend on other
factors such as immunogenetic profile and mechaepter response in the target
tissues

Axial Disease

Wright et al initially noticed the asymmetry of spl disease in PSA when they
found unilateral changes seen in 21% of those R#&A related sacroiliitis (Wright
1961).

Syndesmophytes are seen less commonly in PsA andisarally single or
asymmetrical (Jajic 1968). They are more freqyepdramarginal and may not
appear in consecutive vertebrae (Ory et al. 200bhe most striking difference
between the SpA conditions in the study by McEweéralewas the significant
number of non-marginal syndesmophytes in the Psé\ raactive arthritis group.
They also looked at progression of lesions reldiivéisease duration to suggest that
progression of spondylitis in PsA developed in adan fashion throughout the
spine rather than a gradual symmetrical extensialisease (McEwen et al. 1971).
A study attempting to replicate this work in 199@l donfirm the differences in
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severity of involvement, symmetry and morphologysghdesmophytes (Helliwell
et al. 1998) although due to the study design theye unable to comment on
progression.

As more research has investigated the involvemémhe spine in PsSA, the
prevalence of asymptomatic spinal involvement heesnbidentified. Around one-
third of patients have asymptomatic sacroiliitislg@nan 1994; Gladman 1998;
Queiro et al. 2002) and it is more common in wor{@oeiro et al. 2002). HLA
B27 status does not appear to be an independetitiareof spinal involvement and
is certainly not a prerequisite for the developmathis pathology (Queiro et al.
2002).

The asymmetrical nature of spinal disease in PsA haver been fully
explained. It is unclear whether this may represenimportant difference in the
underlying pathology between axial disease in Psé AS. Helliwell et al have
also raised the possibility that the spinal asymyn&und may be due to other
factors rather than a true difference in pathogenesThey pointed out that
symmetry is a function of frequency of joint invelment in peripheral PsA joint
disease. Thus the asymmetry may be a functioneopaucity of syndesmophytes in
the spine, rather than a true difference in patholdielliwell et al. 1998).

Suggestions have been made regarding the diffenemphology of spinal
syndesmophytes in PsA whilst compared with AS. Bl&ier shape, first depicted
by Bywaters (Bywaters and Dixon 1965) and descrimg®unim as “tear drop” or
“‘comma shaped”, show significant thickening of gaetion (upper or lower) of the
syndesmophyte (McEwen et al. 1971). It is knowat tiperipheral PsA is
characterised pathologically by intense osteoldesttivity and it may be that this
powerful activity produces bulkier syndesmophytesspite a similar initiating
pathogenesis (Helliwell et al. 1998). It is alsosgible that the cytokine profile
released in response to inflammation and/or sireEsA differs from that found in
classical AS. Thus a predominance of transformirgyvth factor (TGF) beta and
bone morphogenic proteins may lead to a differetepn of bone deposition. An
alternative explanation is that PsA patients do sudfer from the same degree of
reduced spinal mobility caused by involvement of @pophyseal joints in AS.
Therefore greater mechanical stresses are feltriamye resulting in increased
inflammation/repair mechanism activation and addiai bone formation (de Vlam
et al. 1996). Other characteristics of spondyliRsA include atlantoaxial
subluxation, apophyseal joint ankylosis and ligatoes calcification (Salvarani et
al. 1992; Wassenberg et al. 2001; Laiho and KaRp@PR).

Various studies have also investigated radiologatenges in the cervical
spine and have estimated it to occur in up to 7 05 patients with PsA (Blau and
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Kaufman 1987; Salvarani et al. 1992) making it mutiore common than
sacroiliitis. Disease seen in the cervical spsearticularly interesting as it seems
that two distinct pathological types seem to occbr.1964, Kaplan et al observed
that radiological changes in the cervical spinPs#A and skin psoriasis bore a closer
resemblance to AS than to RA (Kaplan et al. 19@lau and Kaufman went on to
describe two separate patterns of cervical spiseadie: primarily ankylosing in
nature or a rheumatoid-like form of inflammatory\aeal involvement (Blau and
Kaufman 1987).

This was confirmed in an Italian study some yeaterl where further
investigation of these two groups was performed.nfodunately, despite the
strikingly different radiological features, therasvno difference found between the
two groups in terms of clinical symptoms. Multide analysis found that
rheumatoid-like disease was associated with B39 BRd antigens and with
evidence of radiocarpal erosions (Salvarani et292). Although, it is possible that
a small percentage of those patients may havedradegative RA with co-existing
psoriasis, case reports have identified patientis severe erosive peripheral disease
inkeeping with arthritis mutilans with coexistantkglosing-type cervical disease
(Ly et al. 2009). A further explanation may be eefed by the contrasting peripheral
pattern of disease in PsA with both new bone foionatind erosive disease.
Synovitis in zygoapophyseal joints and within thiarsto-axial joint could be
associated with extensive extra-articular inflamorat causing erosion and
instability in this region.

Skin and Nail Disease

US has been used to investigate skin psoriasipical)y 20MHz scanners are
used because they offer visualisation of the laydérthe skin with a reasonable
compromise between resolution and viewing depthis as allowed assessment of
skin thickness within the different layers of thens Laser Doppler (LD) imaging
(or scanning LD) uses the same principle as Dopgterbut uses low-level laser
light of a few milliwatts. This is directed ontbe skin and penetrates a short
distance into the dermis, epidermis and beyonde @édnetration depth is dependent
upon the tissue imaged and the wavelength of ligetd. Two methods of imaging
can be used — laser Doppler flowmetry (LDF) whiakasures flow at a single point,
or a newer technique of LD imaging which measutesdflow over an area of skin
(Murray et al. 2004b).

Imaging of the skin with US and LD imaging has ioyed our understanding
of skin psoriasis. US studies have been ableuestigate the changes in psoriatic
plaques compared to normal skin. Initial studiesntl that the average skin
thickness is increased within the psoriatic plaqlibese changes are due to a dense
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layer of scaling, a subepidermal low-echogenic band diffuse enlargement of
dermis itself. The thickened echopoor band seeR0sd0MHz US is not present in
normal skin. Some have suggested that this mayelete with the sum of
acanthosis and the upper dermis with inflammatofytiate (Murakami and Miki
1989; Fornage et al. 1993; Hoffmann et al. 1995pt&et al. 1996), while others
think it represents the papillary dermis (Di Naretoal. 1992; Stiller et al. 1994;
Vaillant et al. 1994). US scanning with 100MHz Ipes has allowed improved
resolution. This meant that a similar thinner epleor band could be identified in
normal skin which seemed to represent the viabldeemis together with the
papillary dermis. This band then thickened attthasition from normal to psoriatic
skin to around 500 micrometres. This band was aistl correlated with
histometric thickness of this layer of the skirréhated histological specimens. This
lends support to the theory that the change inigs$orskin is that of increased
inflammatory infiltrate (El Gammal et al. 1999).

LDF and LD imaging have allowed quantification bétmicrovascular blood
flow in psoriatic plaques using a non-invasive teghe and have confirmed the
increased blood flow in psoriatic plagques (Hulbkt1989; Speight et al. 1993; Auer
et al. 1994; Hern et al. 1999; Davison et al. 200D imaging has identified an
increase in blood flow in psoriatic plagues of amuour times that of normal
(Speight et al. 1993; Murray et al. 2005) and caffer@ntiate between the
advancing and non-advancing edges of the plaqué @tal. 1989; Speight et al.
1993; Davison et al. 2001; Murray et al. 2005).tefastingly there is also an
increased blood flow observed in clinically nonahxed but adjacent skin. This is
again maximal near the advancing edge of the plagdeextends for around 4mm
beyond the clinically obvious plaque (Hull et 888; Speight et al. 1993; Davison
et al. 2001). Auer et al used a 3D reconstruabionD images to further investigate
the increased vascularity. They found that theina of papillary vessels was twice
as large in psoriatic skin and suggested thatrtfaig be due to dilation of the blood
vessels and increased blood flow (Auer et al. 19%43rn et al further investigated
the perfusion of psoriatic plagues and their respdp altered vascular resistance to
try and identify the pathological cause of increabéod flow. This showed that
vasoconstriction of blood vessels within plaguess wiatact meaning that the
increased blood flow could only be due to moreraies or a chronic structural
widening of the existing arterioles (Hern et al93p

LDF and LD imaging have been used to identify legdedges of plaques to
allow directed biopsies to further investigate péalgy (Hull et al. 1989; Speight et
al. 1993; Davison et al. 2001). Hull et al biogsithis hypervascular area just
beyond the advancing edge of the plaque, but fowme@pidermal changes of T-
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lymphocyte infiltration when compared with the natdwvancing edge (Hull et al.
1989). He therefore concluded that the LD had kade to identify the earliest
identifier of evolving plaques in the form of ineseed blood flow (Hull et al. 1989).
This fits with the observation that vascular abnalities appear before a clinical
relapse.

More recently, technological advancements have tn#aat simultaneous
scanning with different wavelengths is possible (Muy et al. 2004b). In psoriasis,
this is done with red and green light which cariedéntiate between superficial and
deeper microvascular blood flow. It is believedttgreen wavelength LD images
small capillaries in the superficial dermis and rgdvelength LD images larger
thermoregulatory vessels of the cutaneous plexuarr@y et al. 2004a), thus
allowing better understanding of precisely wherme @bnormal vascularity is found.
Using this dual wavelength LD imaging in psoridsés shown that although blood
flow in both layers of the skin is increased, therease is far more prominent in
deeper larger vessels than superficial capillfiasray et al. 2005).

As well as a recognising angiogenesis, BravermanYam showed on US that
lymphatic capillaries extended high into the papyldermis (Braverman and Yen
1974). Unfortunately these are difficult to idéypton skin biopsies and rely on
imaging for further investigation. Cliff et al wb@& novel method of fluorescence
microlymphography to further investigate dermal mokigmphatics (Cliff et al.
1999). He found that the lymphatic density and imaxn spread of fluorescin
tracer was decreased in plaque skin compared tlegenal skin.

After the recognition of possible increased lymphatpillaries in the dermis
on US (Braverman and Yen 1974), it was postulabed abnormal proliferation of
lymph vessels occurred alongside blood vessel @sanglnvestigations with
microlymphography however found contrary resultegveing fewer lymphatics in
the psoriatic skin and a poorer spread of the @scin tracer (Cliff et al. 1999). The
authors suggested three possibilities for this:

1. A reduction in number of dermal lymphatics with almal extension
into the dermal papillae

2. Lymphangiogenesis does occur but the vessels anetidnally
abnormal and cannot conduct the tracer used

3. Lymphatics are compressed by angiogenesis as icecanodels and
are collapsed and not seen.

The authors felt that there was most likely a stmat or functional lymphatic
abnormality and this would be in keeping with Ryahypothesis that the oedema
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seen in the dermis of psoriatic plaques resultpart from a failure of adequate
lymphatic drainage (Ryan 1980).

We are still unclear as to how psoriatic nail dssedevelops. In seems likely
from the work in DIP joint disease that there iscammon link between
inflammation in the DIP joint, distal phalanx andilnbed and we have an
anatomical explanation for that. Nail diseasesarsis has also been studied using
US. Wortsman et al observed a hyperechoic plagtieeaventral plate in psoriatic
nails (Wortsman et al. 2004). In severe diseds¥etwas also the appearance of a
wavy dorsal plate with loss of definition of themial plate. They found no
significant differences between normal and psariatail thickness overall but
showed an enlarged nail-bone distance in those \#briatic onychopathy,
suggesting that the pathology is deeper than thelage itself. This was not seen
in patients with skin psoriasis but no clinicallnavolvement. This contrasts with
MRI work by Scarpa et al which found a significgnithcreased nail thickness in
95.7% of all PsA patients (100% of those with dalionychopathy) (Scarpa et al.
2006). However all of Scarpa’s patients had PoA just skin psoriasis and the vast
majority had MRI abnormalities in the distal phadan

Novel methods of imaging skin are also currentlydevelopment. Optical
coherence tomography (OCT) was initially developadimaging the human eye
but is now being evaluated in skin disease. Isusf&ared light instead of US to
produce two-dimensional images representing thecapinhomogeneities of the
tissue scanned (Welzel et al. 2003). This teclaigilows the visualisation of the
epidermis and dermis and provides much better ugeal in comparison with US.
In psoriasis this has shown a pronounced entraigg®lscorresponding to the
scaling in psoriatic plagues and has visualisedthiekening of the epidermis and
the ill-defined border between the enlarged papilldermis and the epidermis
(Welzel et al. 2003). OCT is a promising technidju&t should become of greater
interest in dermatology as the resolution of th&ssns improves. This would allow
longitudinal, non-invasive, in-vivo assessmentlahdesions and may improve our
understanding of the pathology of skin psoriasis.

Another new method being developed is multi-photfinorescence
microscopy. This allows visualisation of individuzells in the skin. Reflection of
light photons and autofluorescence due to naturalcurring fluorescent
biomolecules is used in this technique to perfoqptical imaging of the tissues
(Konig and Riemann 2003). It uses high intensigar-infrared laser pulses that do
not damage tissues, but can penetrate the skinmathtenance of image resolution
beyond 20Qum (Masters et al. 1997). This allows clear vissation of individual
cells with much better resolution than OCT. Furthwrk may allow functional
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imaging by autofluorescence detection of nicotirdeniadenine dinucleotide
phosphate (NADPH) which may allow further investiga of the pathogenesis of
psoriasis.

Another novel technique is the use of photoacoust@oscopy which allows
visualisation of the microvasculature. This udesrispulses of laser but then detects
acoustic waves created by rapid thermoelastic esipan These are detected and
reconstructed to create an image (Zemp et al. 2088) blood has a significantly
larger absorption coefficient, blood vessels cailbarly imaged and this technique
has been used in an animal model (Zemp et al. 20@73llows visualisation to a
larger depth than optical microscopy as it doeshase the same problems with
multiply scattered light. Also, by using multipbptical wavelengths, it will enable
the assessment of microvascular oxygenation andg@enesis (Maslov et al. 2006).
At present, there are no reports of its use inigs@r but its ability to visualise
microvascular function and pathology means thahituld be a promising future
area.

2.2 Diagnosis and Classification

2.2.1 Diagnosis/classification

Diagnosis or classification of PsA has always bedémiting factor in research
in this field. It is now recognised that we arsaarching a unique disease rather
than studying a condition where otherwise typicAliR modified by the presence of
psoriasis. However, there is no clear cut laboyato imaging test that can make a
certain diagnosis, instead it relies on a combamatdf clinical, laboratory and
imaging features. Unlike RA and AS, which are isglg associated with different
antibodies to help clinch the diagnosis, no suclstare available for PsA. Most
rheumatologists now recognise typical cases of &y, but there are a number of
grey areas which cause problems for diagnosisvémyday rheumatology practice,
physicians without a specialty interest in PsAl dtidve difficulty making the
diagnosis (Gorter et al. 2002) and there is ev@mmesdoubt about the ability of
‘experts’ to agree on the diagnosis in these ‘gmgses (Symmons et al. 2006).
Common issues regarding the diagnosis of PsA ieclud

* The diagnosis of psoriasis is sometimes uncleaatiefts are often
unaware of their psoriasis, particularly if it ordffects a small amount
of body surface area or is only visible in the failThe diagnosis of
scalp psoriasis is also often confused by sebardieimatitis.
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* The patient may not have psoriasis. Up to 30% ades of PsA
develop the arthritis prior to psoriasis and therefthere may be a
significant delay in diagnosis.

» Patients may present with polyarticular small joiatthritis and
psoriasis which may represent PsA or coexistentgse and RA.

2.2.1.1 The importance of classification criteria in PSA

Classification criteria are vital in this diseagmrticularly for research, as
homogeneous populations are needed for clinicdietuand therapeutic trials. The
ideal characteristics for classification criterige aisually defined according to the
planned use of the criteria. The use of the phtaksssification” rather than
“diagnostic” implies a certain use and related ahgaristics required. If criteria are
required for diagnosis the aim is to identify asnghaases as possible, such as in
screening for a particular disease. In this casgla sensitivity (given a population
similar to that in which the criteria will be apgdi) is appropriate. If, however, cases
are required for observational research studiegherapeutic trials, then it is
necessary to derive criteria with a high specifitd ensure a homogeneous study
population. Therefore it is necessary to maniguthe sensitivity and specificity
according to the use to which the criteria arelyike be put.

2.2.1.2 Historic classification criteria

Virtually all published studies of PsA to date tise criteria suggested by Moll
and Wright in their classic paper published in 19¥®Il and Wright 1973). The
criteria are simple to use and specify three combt the presence of psoriasis, an
inflammatory arthritis and the usual absence obsitjwe serological test for RF. In
addition to the Moll and Wright criteria severalhet criteria sets have been
proposed including Gladman et al (Gladman et a87)9McGonagle (McGonagle
et al. 1999), Bennett (Bennett 1979), Vasey & Espin(Vasey and Espinoza 1987),
ESSG (Dougados et al. 1991) and Fournie et al (fewet al. 1999). These other
criteria sets represent some modifications to tlo#l ®hd Wright criteria, and some
entirely new criteria. Until recently, none of sisewere validated and none of these
were founded on patient derived data.

The Moll and Wright criteria focused on sensitivitydetect PSA as diagnostic
criteria rather than classification criteria. Altigh the combination of psoriasis and
inflammatory arthritis has been shown subsequentlige relatively sensitive and
specific in the CASPAR cohort, they did not includay of the characteristic
clinical features of PsA, such as dactylitis anthesitis, to aid diagnosis. There
still remains a difficulty in differentiating seregative RA with coincidental
psoriasis from PsA.
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It is likely that Moll and Wright were using somé the characteristic other
features of the disease to make their diagnosigerahan rigidly interpreting the
criteria. However since their publication, theywédeen used routinely in research
work with a strict interpretation of the criteriaAs a result of this, the people
classified with PsA by subsequent authors diffgnigicantly from those included
by Moll and Wright, particularly with reference tbe number of involved joints.
The proportion of people with polyarthritis in tMoll and Wright series was 15%,
whereas in later series up to 65% had polyarth(@gdman et al. 1987; Biondi
Oriente et al. 1989; Helliwell et al. 1991; TorrdoAso et al. 1991; Jones et al.
1994).

Due to the interpretation of the third criteria gual absence of RF”) later
series also included patients who were RF posiitveyp to 13% in some cases
(Gladman et al. 1987). This interpretation of thieria raised the spectre of cases
of RA, even those sero-positive for RF but with nolental psoriasis, being
classified as PsA. It seems from these studies,fieom opinions of the authors
themselves, that Moll and Wright may have omittee dther defining features of
PsA from the published criteria in an effort to plify them, while still using these
additional features in clinical practice.

All of the subsequent modifications to the Moll awftight criteria and new
criteria developed for PsA were designed to adthéurspecificity to the original
criteria, usually a feature which is enhanced atdbst of reduced sensitivity. They
aimed to produce classification criteria to allodentification of homogeneous
cohorts for research purposes. Recently, theserierisets have been compared,
firstly in a retrospective cross-sectional studytwo centres and secondly in a
prospective multi-centre design (Taylor et al. 2004ylor et al. 2006). The
specificity of all the criteria sets was found t® lhigh (over 0.9) but the sensitivity
varied from 0.42 to 0.98. Further, not all casegldde classified due to missing
data. This was particularly true for the Fourn@ssification which included HLA
status among its criteria (Fournie et al. 1999).

2.2.1.3 The CASPAR criteria

The CASPAR study group was established to derivev miata driven
classification criteria for PsA. Data were collettsen 32 centres worldwide by
people with acknowledged expertise in this conditi©®n average each centre
contributed 20 cases and 20 controls, the conalsg cases of other inflammatory
arthritis, with at least half of these having RAat® was collected to a standard
format on consecutive clinic attendees with PsAa(toncluded 588) and the next
case of inflammatory arthritis (total 536). Altoget over 100 clinical, radiological
and laboratory variables were collected. The naterca were derived by logistic



-30 -

regression and classification and regression €&dR(T) analysis (as a cross check)
and the performance of the new criteria compardbeamther existing criteria.

The new CASPAR criteria (figure 1) include charastec dermatological,
clinical and radiological features and have botghhsensitivity and very high
specificity. It is also interesting to note thatflwthese criteria, it is possible to be
RF positive and still have a diagnosis of PsA, miog other characteristic features
are present. People with the features describedviblf and Wright are still
classifiable as PsA. Dermatological features cbate more to the criteria than the
other features: the simple combination of psoriasid an inflammatory arthritis
gave the very respectable figures of 0.96 and @®%&ensitivity and specificity
respectively (Taylor et al. 2006).
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The CASPAR criteria

Inflammatory articular disease (joint, spine, otheseal)
With 3 or more points from the following:

@) Psoriatic skin or scalp disease present today
Current asjudged by a rheumatologist or dermatologist
psoriasis *
1 (b) A history of psoriasis that may be obtained
Evidence c;f Personal from patient, family doctor, dermatologist,
e history of rheumatologist or other qualified health-care
psoriasis (one e .
of a, b, ) psoriasis provider _ o _
T (c) A history of psoriasis in a first or second
Family degreerelative according to patient report
history of
psoriasis
2. Psoriatic nall Typical psoriatic nail dystrophy including

dystrophy onycholysis, pitting and hyperkeratosis observed on
current physical examination

3. A negative test for By any method except latex but preferably by
rheumatoid factor ELISA or nephelometry, according to the local

laboratory reference range
4, €)) Swelling of an entire digit
Dactylitis Current
(one of a, b) (b) A history of dactylitis recorded by a
History rheumatologist
5. Radiological I11-defined ossification near joint margins (but

evidence of juxta-articularexcluding osteophyte formation) on plain xrays of
new bone formation hand or foot

Specificity 0.987, sensitivity 0.914
* Current psoriasis scores 2 whereas all otherstscore 1

Figure 1 — The CASPAR criteria
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The main limitation highlighted in the CASPAR papepbncerns the
applicability of the criteria to early disease he tmean duration of disease of the
cases was 12.5 years. Recent research done byotioatd group attempted to
address this issue and evaluated the use of thePBRriteria in early disease
within their clinic population (Chandran et al. Z0). They performed a
retrospective analysis of patients enrolling irite specialist PsA clinic and found a
sensitivity of 99.1% in those patients with disedseation of less than 2.5 years,
and a sensitivity of 100% for those with diseaseation of less than 12 months
(Chandran et al. 2007b). Although important, teiady only included patients
referred to a specialist tertiary referral clinindadid not evaluate any control
population. It seems likely that only patients hwgecure clinical diagnoses are
referred and enrolled into this clinic, possibladeng to an overestimate of the
sensitivity of the criteria. As yet, the only evations of the CASPAR criteria in
new rheumatology referrals at a secondary card lease been studies in Sweden
and ltaly. In the Swedish early PsA register, 184183 patients fulfilled the
CASPAR criteria when compared to consultant diagn@sndqvist et al. 2008). A
single centre study in ltaly of 44 patients (D'&tgyet al. 2009), found that 34 of
the patients met the criteria on their first v{§i7.3%) and the majority fulfilled the
criteria by having skin psoriasis and being RF tigga Only two patients satisfied
the radiological criteria as their disease duratiees less than one year. They
concluded that the CASPAR criteria are less sefmsiti early PsA, mainly because
patients are unlikely to have radiological evidenteew bone formation (D'Angelo
et al. 2009). There were no controls analysedtheeof these studies, so only the
sensitivity could be calculated. There is earlfadaom an Italian multicentre PSA
study which found a high sensitivity and specifiaf 91% and 97.1% respectively
(D'Angelo et al. 2008). However, as yet, thereenéeen no properly powered
studies addressing the sensitivity and specifioitfthe CASPAR criteria in early
disease and therefore they cannot currently bemremnded for use in studies of
early PsA.

Perhaps the weakest aspect of the CASPAR criterilael initial qualification
criterion: inflammatory arthritis including spingderipheral and entheseal disease.
As cases were physician diagnosed and without attypulation in the selection
process, it was impossible to be more precise Witk description. In fact the
majority of cases had a peripheral arthritis paftedthough 72 had a combined
axial/peripheral pattern and 21 did not have amjpperal joint involvement at all.
Of these 21, two had pure axial disease, eightyliést 12 enthesitis, and 10
inflammatory spinal pain (in combinations) (Tay&dral. 2006).
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A third concern with these criteria is locatedhe tomposition of the controls.
About 70% of the controls had RA but 13% had AShsostatistical analyses were
influenced against selecting spinal features asackexistic of PsA (Taylor et al.
2006). Although it has been suggested that thedypitis of PsA is qualitatively
and quantitatively different from that seen in slaal AS, these differences did not
appear as discriminating features. Of course, hadcontrols only consisted of RA
cases, it is possible that the spinal features avbalve appeared in the final criteria
set. The criteria derived, and the figures forsgenty and specificity (and those for
post hoc calculations like the likelihood ratiosg séherefore very dependent on the
control population (non- or alternative diseas&du® derive them.

2.2.1.4 Investigations used in diagnosis of PsA
2.2.2 Subtypes of PsA

PsA is a heterogenous disease and there have bekiplenattempts to
subgroup patients according to their clinical préggon. Wright originally
proposed three subgroups for PsA (Wright 1959). s€havere "DIP joint
predominant disease", "severely deforming arthriighich included patients with
axial disease), and "rheumatoid like disease".r.&t®ll and Wright described the
five classic sub-groups (monoarthritis, oligoatieriDIP-predominant disease, RA-
like polyarticular disease and arthritis mutilafdpll and Wright 1973). Since then,
there have been problems highlighted with thesgrawips and minor modifications
have been made to the Moll and Wright subgroupsabwumber of authors
(Gladman et al. 1987; Biondi Oriente et al. 1988llidell et al. 1991; Torre Alonso
et al. 1991). Rather more drastic modificationsenbeen proposed by Helliwell et
al, (with Wright as a senior co-author) and VealalgHelliwell et al. 1991; Veale
et al. 1994).

Gladman expanded the five subgroups to sevenl disiease (DIP joints only
affected), oligoarthritis (less than four jointpplyarthritis, spondylitis only, distal
plus spondylitis, oligoarthritis plus spondylitigolyarthritis plus spondylitis
(Gladman et al. 1987). Arthritis mutilans was neers sufficiently frequently to
require its own subgroup and was believed to bmdigator of severity, rather than
a distinct group. Torre Alonso removed the categdrpIP joint arthritis as it can
occur in any subgroup, but retained the other fdall and Wright categories (Torre
Alonso et al. 1991).

Later, Wright used scintigraphy to identify the tdlsution of both clinically
apparent disease and subclinical disease and treated an alternative three
subgroup  classification: peripheral  polyarthritis, spondarthritis,  and
synovitis/acne/pustulosis/hyperostosis/osteomgeli(SEAPHO) (Helliwell et al.
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1991). However, Veale et al felt that the peripharéritis group was too broad,
combining patients with a symmetrical polyarthritend an asymmetrical
oligoarthritis who may differ significantly. Theyncluded with the following three
group classification: asymmetrical oligoarthritisymmetrical polyarthritis and
predominant spondylitis (Veale et al. 1994).

2.2.2.1 Dividing axial and peripheral disease

The main difficulty in dividing axial and periphérdisease is in accurately
diagnosing and defining the axial subgroup. Axialalvement in PsA is particularly
hard to study as there is very little research this subgroup. The majority of
evidence is “borrowed” from AS, but this may notddaically valid. In particular,
the definitions used for AS — such as the modifislv York criteria — may not be
applicable to PsA as spinal changes may develtipeimbsence of Sl disease (Khan
et al. 2003; Taylor et al. 2004). Therefore, thexeno clear definition of axial
involvement in PsA. The diagnosis of proven axralolvement still relies on
conventional radiography to detect typical changethe Sl joints and spine. This
can take a variable length of time to become appaned at least partially accounts
for the increase in prevalence with longer disehsation.

Like many rheumatological conditions, research $ié increasingly focusing
on the detection of early disease and lessons ttosnmay help our ability to
diagnose axial PsA. MRI has been proposed as eal ol to demonstrate
inflammation in the spine and Sl joints, but hadlititations. Research has shown
that MRI proven sacroiliitis is not always predveti of future AS. A study by
Bennett et al, followed a cohort of patients withnew presentation of early
inflammatory back pain and confirmed inflammatienthe form of bone oedema
confirmed on MRI scan. Eight years after theirtighi presentation, only 33%
(n=13) had progressed to meet a radiographic degmd AS. The key predictor of
progression to AS, as diagnosed by the modified Néwk criteria, was a
combination of HLA-B27 positivity and severe satitis on MRI (Bennett et al.
2008). This study highlights the need for cautidmen using MRI as a diagnostic
tool, particularly if the level of inflammation i®w. Finally, axial involvement
may be apparent on conventional radiography or MREN clinically absent
(Williamson et al. 2004b). It remains unclear weych changes occur in the
absence of symptoms and whether this represemisatly significant disease that
should be treated.

Data from genetics studies can also help us totifgesixial disease in PsA.
Although PsA is classified as one of the spondytoapathies, the frequency of
HLA antigens varies within the different subgroufgee Table 1). A consistent
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association between HLA-B27 and spinal involvembats been demonstrated,
especially with pure axial disease (Gladman €t286; McHugh et al. 1987).
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HLA Type Spondylitis Symmetrical DIP Oligoarthritis
polyarthritis predominant
resembling RA disease
B27 (%) 62 15 41 9
B38 (%) 0 12 0 5
CW6 (%) 50 15 18 23
DR4 (%) 25 - 40 61 53 18

Table 1 — Proportion of patients with HLA associatbns in subgroups of PsA
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2.2.2.2 Subgrouping peripheral disease

To be useful from a clinical and prognostic point \wew, subgroup
classification ought to be stable over time. [eaférly when considering patterns of
peripheral joint involvement, this does not seembt® the case. Jones et al
retrospectively studied a cohort of patients diagaowith PSA and recorded their
sub-group longitudinally. They found frequent chasdgn sub-group, particularly
progression from an oligoarticular pattern at orteeq polyarticular pattern at the
final assessment (Jones et al. 1994) and this uvdeef corroborated by Marsal et al
(Marsal et al. 1999). Kane’s key paper investigathe features of early PSA also
found significant movement between sub-groups luthis study, they found
polyarthritis common at presentation but not aofetup. This seemed to be related
to the proportion of patients treated with diseasmdifying therapy (Kane et al.
2003a). It seems that the change between groypslisbly particularly marked at
the beginning of a disease course as the diseagstitide evolving and treatment
is changed more frequently.

Subgroup definition may also be a function of thaywoint involvement is
assessed. Clinical examination is a relativelynsge/e way of identifying articular
involvement. The use of imaging, in particular czol Doppler US and MR,
suggest that patterns of articular involvementaurantitative rather than qualitative
(Backhaus et al. 2002). US in patients with olijmdtis has shown that many
patients would actually be re-classified as potyatis once subclinical disease is
identified on imaging (Wakefield et al. 2004). tms way, different methods of
evaluation will produce different patterns of joartd entheseal involvement.

One of the main reasons to form subgroups is thay tmight behave
differently over time either in terms of naturastory or response to treatment. With
respect to the first of these points, data fromTtbeonto group originally found that
the number of inflamed joints at presentation wagwortant predictor variable for
long term damage (Gladman et al. 1995). Givenréoent availability of highly
effective therapies for PsA, but the potential tation due to the high cost of these
drugs, clinicians must target these therapies atelyr Those with polyarticular
disease should be targeted for early and intertbigsmpy to prevent a poor long
term outcome. Further work is required to test effecacy of this practice given
that the polyarticular sub-group incorporates aewidnge of severity. Since those
patients destined to develop arthritis mutiland alilnost certainly be in this group,
it will be of interest to see if an aggressive tmeent strategy will eliminate this
devastating condition.
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In this respect, therefore, it is of importancelistinguish between oligo- and
polyarthritis at onset, even though people chandpgroup with time and treatment.
With respect to treatment it may be possible tecedubgroups by their response to
different drugs. It is clear that sulphasalazind arethotrexate work differently for
peripheral manifestations compared to axial matafess in spondyloarthropathies
(Clegg et al. 1996), so it is reasonable to attleammine this possibility by
separately analysing people with axial diseasepamigbheral disease. However, the
recently introduced anti-TNF drugs seem to be beiaéffor all aspects of the
disease, including SAPHO, suggesting that, at knel, there is no worth in
distinguishing between sub-groups (Mease et al0280toni et al. 2005a).

Genetics studies have also helped to identify sobygs of peripheral joint
involvement with a recent interest in class Il Ha8sociations and the more severe
forms of polyarthritis. Gladman originally demorsgegd an association between
DR4 and symmetrical polyarthritis resembling RAdamore recently the Bath
group have shown that this is probably a severiyker associated with the shared
epitope of DRB1, as in RA (Korendowych et al. 2008)further studies, it has been
confirmed that the frequency of shared epitopeoisimcreased in PSA compared to
controls (Ho et al. 2007). Interestingly, the prese of anti-CCP antibodies in PsA
is associated with the presence of the sharedpspitisease severity and activity
scores (Korendowych et al. 2005). The HLA datadfwee support the concept of
different types of peripheral disease with the stapitope acting as a marker for
severe, polyarticular disease.

2.2.2.3 Are subgroups clinically relevent?

There is a strong clinical argument for abandorthg concept of subgroups
all together in view of the difficulties in defirgnthe groups and the high number of
patients who alter sub-group of peripheral disé¢asglor et al. 2005) This would
also be consistent with the ‘unifying’ hypothedmatt the pathological basis of the
disease is enthesitis (McGonagle et al. 1999). Wewereatment and HLA data
would support the distinction between at least swbgroups — axial and peripheral.
If the concept of subgroups is abandoned, as stepybyg Taylor et al, classification
criteria become simplified but therapeutic triadgsnain problematic because of the
possibility of different treatment responses segffiar example, axial and peripheral
groups.
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2.3 Outcome measurement in PsSA

2.3.1 Clinical Outcome Measures

Measuring outcomes in research is a key part ofstngly design. Clinical
outcome measures provide an assessment of disetastyain a particular area of
disease, using only simple clinical intervention€linical outcome measures are
required for both research and clinical use to mesthe impact of therapies and the
response of patients; both at a group and indiVidwal.

Research in PsA has always lagged behind that imftiAit suffers significant
setbacks due to a lack of validated clinical outeomeasures. PsA is a multi-
faceted disease with involvement in many areasidiet peripheral joints, skin and
nail disease, entheseal involvement, dactylitis axidl disease. There are many
different outcome measures available for each ebkdhseparate aspects of the
disease but most are borrowed from related disemsg@only some of these have
been validated in PsA. At present, there are moposite outcome measures for
PsA that take all of these disease aspects intwuatc

2.3.1.1 Peripheral Joint Disease

The simplest assessments of peripheral joint a@gtasie joint counts. Joint
counts used in PsA studies have included tendet gmiunts, swollen joint counts,
active joint counts and damaged joint counts. Wassessing peripheral joints,
there are 78 recognised joints for assessment, yesweduced joint counts are
usually used. It is widely accepted that 68 jaounts are acceptable, as it is
difficult clinically to distinguish the DIP jointsf the toes. As it is not possible to
clinically evaluate the hip for swelling accuratetie hip is excluded from any
swollen joint counts, creating the 66/68 joint coun

Peripheral joint disease activity has been mosbtighly researched in RA as
patients with RA commonly only have disease in tomain. In addition to simple
joint counts, multiple peripheral joint diseaseiatt measures have been proposed.
Most of these include results of a joint countpolabory measures of disease activity
and a patient’s perspective of disease activitiie o most widely used measures
are the American College of Rheumatology (ACR) oese criteria and the DAS
and its modifications. Some of these developetrungents are response criteria,
such as ACR response criteria, where improvemerd oértain proportion from
baseline is calculated. Some are measures of sitath as the DAS and DAS28,
where a cross-sectional disease activity measuobtaned (van der Heijde et al.
1990; Prevoo et al. 1995). Subsequently, responseria called the European
League Against Rheumatism (EULAR) response critereae developed using the
DAS and DAS28 scores (van Gestel et al. 1996; vestébet al. 1998).
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The ACR response criteria require measurementeoséven core domains in
RA which are tender joint count (TJC), swollen jooount (SJC), physician global
assessment visual analogue scale (VAS), patieftablassessment VAS, patient
pain VAS, physical function measured by health sssent questionnaire disability
index (HAQ-DI) and laboratory acute phase responfke ACR response criteria
include the ACR20, 50 and 70. These require a B or 70% improvement in
both of the joint counts as well as the same peéagenimprovement in three of the
other five variables (Felson et al. 1995).

The DAS is calculated using the Ritchie articuladex (RAI) based on 53
joints, an assessment of 44 joints for swellingE&R value and a patient reported
VAS (0-100mm) for general health (VAS GH); as fel® (van der Heijde et al.
1990):

DAS= (0.54 x VRAI) + (0.065 x SIC) + (0.33 x IN[ESR]) + (0.007 x VAS GH)

DAS28 scores are based on the reduced 28 jointt douloth tender and swollen
joints as follows (Prevoo et al. 1995):

DAS28= (0.56 x VTJC) + (0.28 x VSIC) + (0.7 X INNESR]) + (0.014 x VAS GH)

The EULAR response criteria define good responssjerate response and non-
response. A good response is defined as achievibd\S <2.4 or DAS28<3.2
together with an improvement in DAS of >1.2. Matterresponse is defined as a
reduction of >0.6 with an end DAS of 2.4-3.7 or 28%f 3.2-5.1. Non-response is
defined as a reduction 0.6 or a reduction of1.2 with an end DAS of >3.7 or
DAS28 of >5.1 (van Gestel et al. 1996; van Gedtal.€1998).

The ACR response criteria, DAS/DAS28 and EULAR oeses have
undergone significant reliability testing in RA amde now reported widely in
clinical trials. Following the development of teesomposite measures, they were
then “borrowed” for use in therapeutic trials inAPdespite the fact that they were
not developed for such use, as there was littlearet into specific measures
developed for PsA.

The only specific outcome measure that was desifpredse in PSA was the
PsA response criteria (PSARC) which is a respongasore. The measures
included in the PSARC are the TJC, SJC, patiefitassiessment of disease activity
and physician assessment of disease activity (usifd_ikert scales). Treatment
response according to the PSARC requires improvemest least two of the four
measures, one of which must be a joint count, amdvorsening in the other
domains. Improvement/worsening are defined ascaedse/increase of 30% for
joint counts and a decrease/increase of one catefgorglobal assessments of
disease activity (Clegg et al. 1996). However ithegor drawback of the PSARC
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criteria is that they were not developed based atiepts’ data, but were simply
stated by a single researcher.

The majority of recent efficacy studies of new agdmave used ACR or DAS
outcome measures despite a lack of validation.réfbee, subsequent to these trials,
retrospective analysis was undertaken using datavede from two phase Il
randomised controlled clinical trials of TNF inhinis (Fransen et al. 2006). The
aim of this was to analyse the responsiveness @i samposite measures in PSA
trials and to compare this to the responsivenessndividual variables. The
combined data included measurements from 164 patissated with active drug or
placebo. Analysis was reported using the stanseddiesponse mean (SRM=mean
change/standard deviation (SD) change), effect(smaan change/SD baseline) and
t-tests for difference in change between activegdand placebo. In both of the
trials, ACR20, EULAR response criteria and PsSARC silowed a significant
difference between active drug and placebo (p<Q.00mmportantly, all of the
disease activity composite measures demonstrafegtisu responsiveness to single
variables in terms of SRM and effect size (Frarnsteal. 2006). This highlights the
importance of composite measures for use in clinicds.

When comparing the different composite measuresyais noted that the
EULAR criteria performed slightly better than theCR criteria, which in turn
performed better than the PSARC (Fransen et al6)200Most RCTs of TNF
blockers have used the ACR20 as a primary outcoreasure because of its
reasonable responsiveness in early studies. dtsidews a lower placebo response
rate than the PSARC making it a more stringent nrea@Mease et al. 2005a). The
good performance of the EULAR criteria in the reprective analysis was partially
due to the relatively high numbers of patientste@avith active drug who achieved
the low disease activity criterion (Fransen e2806). It is likely that in studies of
standard DMARDSs, the EULAR and ACR criteria wouftpbaar more comparable.

Surprisingly the EULAR response based on DAS28 thedmean change in
DAS28 scores performed slightly better than the garable responses based on full
DAS scores. The authors identified that the loperformance of the traditional
DAS score is due to the lower discriminitive alyildf the RAI. They speculate that
this may be related to the relative inaccuracy rading tenderness scores and the
scoring of multiple joints as one unit in the RArénsen et al. 2006). There has
been a long-held concern that the DAS28 shouldbreaised in PSA because of the
relatively high proportion of patients who haveoixement in other joints, such as
the feet and DIP joints of the hands, which are imotuded in this measure.
Therefore, DAS28 potentially under represents curdisease activity as these
joints are not included. Although the DAS28 outeomeasures were shown to be
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responsive in clinical trials there are some imgatrtcaveats given the problems
introduced by the reduced joint count. Firstlyhaligh the measures are responsive
at the group level, there is no validation of th@sandividual patients and the
potential underestimation of disease activity sopkeclude this. Secondly,
although the change in DAS28 or EULAR responses bwysed, the numerical
scores of the DAS are not validated in PsA, theestut points such as low disease
activity or remission may be inappropriate. Thsekrof the underestimation of
disease is highlighted by the OMERACT PsA group walzulated that 25% of the
patients included in these clinical trials of TNFodkers would not have been
eligible if the DAS28 was used as an inclusionecrdt (Gladman et al. 2007d)
despite the fact that 95% of these patients hac tian five active joints at the time
of recruitment (Fransen et al. 2006).

The other concern is the accuracy of determinisgale activity or response
in patients with other subtypes of PsA. Althoula inclusion criteria for the major
TNF blocking studies all required a minimum of #areender and three swollen
joints, the mean joint count was far higher and patients included almost
exclusively had a polyarticular joint pattern. $hecomposite measures ‘borrowed’
from RA, have not been accurately evaluated inoalitjcular disease.

One further composite measure of arthritis hasequently been investigated
for use in PsA. The disease activity in reactivéhrdis (DAREA) score was
developed using patient data from 45 patients ma#ctive arthritis and is calculated
as a simple sum of the TJC, SJC, patient’s paingéwtahl assessment VAS and a C-
reactive protein (CRP) (Eberl et al. 2000). Nellxdeuner and colleagues collected
data on key PsA outcomes in 105 patients and therionpmed a principle
component analysis (PCA) to identify which outcommeasures best reflected
disease activity. They identified three principgdmponents which reached
significance: patient's pain and global diseasaviggtassessment, tender and
swollen joint counts and CRP. A fourth componemntained skin assessment but
this did not reach significance. After a reviewexisting measures, the DAREA
was thought to be the most relevant composite owtcthat encompassed all of
these principal components. This group have navamed the DAREA as the
disease activity in psoriatic arthritis (DAPSA) se¢Nell-Duxneuner et al. 2010).

The advantage of this analysis in comparison tovedalation of DAS and
ACR outcomes is that the analysis was based on BICA cross-section of PsA
patients, rather than being a retrospective arelysRCTs. The same group have
also analysed its sensitivity to change using deden RCTs, providing some
support for its use (Schoels et al. 2010). Howesgne similar limitations also
apply with this analysis, as for that with the A@GRd EULAR outcome measures
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developed for RA. The analyses are based prirgipal certain subsets of PsA and
may not be generalisable to the whole populatitmparticular, skin activity was
identified as the fourth domain in the PCA but wlaspped as it did not quite meet
significance. This is likely to be related to taet that the average psoriasis area
and severity index (PASI) in PsA patients identifleom rheumatology clinics is
low (Helliwell 2009) and it therefore had a loweeighting. However for PsA
patients seen in dermatology or combined clinis®riasis may have a much more
significant impact on their overall disease acyvit Although the DAPSA is a
composite measure, it is only truly a compositatjalisease activity measure and
does not reflect changes in other aspects of seade.

2.3.1.2 Skin and Nail Disease

Many measures have been used to assess diseasty actskin psoriasis.
The earliest measure to assess extent of skinvenwnt was the body surface area
(BSA) based on the ‘rule of nines’ used to asdes®xtent of burns (Wallace 1951).
This allows estimation of the extent of skin saganvolved assuming that the head
represents approximately 10% of the surface amgaerdimbs 20%, trunk 30% and
lower limbs 40% (Wallace 1951). This estimatiorskin surface has been validated
in dermatology using volume of ointment requirectcéwer an area as an estimation
of area. The areas were similar to those quoteavegbwith just the head
representing a slightly lower percentage of BSA tutghe use of ointment only on
the face, neck and ears and not on the scalp (&ndd-inlay 1991).

In practical assessment of the BSA, an estimatibrarea is commonly
performed using a handprint to represent 1% of BSPis handprint or palm
includes the dorsal aspect of the palm, thumb dhtbar fingers and has been
shown to equate to between 0.51 and 0.91% of the (BSng et al. 1992; Rossiter
et al. 1996). In the majority of patients, the wsea handprint or palm to assess
BSA should therefore result in an overestimatiothefextent of psoriasis. This has
been confirmed in studies where trained observeesestimate BSA compared to
image analysis of whole body photographs and schematlines (Ramsay and
Lawrence 1991; Tiling-Grosse and Rees 1993). ®heyestimation is particularly
marked when assessing mild psoriasis (Ramsay amndebae 1991). Assessing
skin psoriasis using BSA has a reasonable intrargbs reliability, but the inter-
observer reliability has been reported to showalality (Ramsay and Lawrence
1991; Tiling-Grosse and Rees 1993). In multi-cerdgtudies, this has raised a
possible source of bias. However, this can edslyninimised by ensuring that the
same assessor measures BSA at each study site witttial.

The PASI was developed in the 1970s within a dihtdal and is by far the
most commonly used outcome measure for psoriasdgdinical trials and studies.
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This outcome measure combines assessment of BIA asgessment of disease
severity. Disease severity is based on assessnoéntise plaque’s erythema,
induration and desquamation. The head, upper litnbek and legs are assessed
separately and then combined into the final scaiaguweightings based on the
BSA (head=0.1, upper limbs=0.2, trunk=0.3, lowenls=0.4). The degree of
erythema, induration and desquamation seen withenlésions in each area are
graded on a semi-quantitative scale from O (no hremment) to 4 (very marked
change) and these scores are summed to measutsdhse severity. The area of
involvement of psoriasis in each body area is giddem 0-6 based on percentage
coverage of skin disease (0%=0, <10%=1, 10-29%624®06=3, 50-69%=4, 70-
89%=5, 90-100%=6) and these body area scores al@plied by the disease
severity score and the weighting for each body.ar€his gives a total score of
between 0-72 (Fredriksson and Pettersson 1978).

The target lesion score uses the same semi-quavditecoring system for
erythema, induration and desquamation but justepfthese to a ‘typical’ plaque of
psoriasis and does not account for BSA. Therefloeescore for this target lesion
can vary between 0-12 (Feldman and Krueger 200B)is is ideal to measure
change in psoriasis at one site following localifeglapy or can be combined with
other outcome measures such as a physicians gisbaksment and quality of life
measure to get a measure of the global impactsetde.

The PASI relies heavily on the BSA for componentsthe score and is
therefore subject to the same limitations introdudsy the BSA, particularly
overestimation with small area plaque psoriasitie Tise of subjective scores for
erythema, induration and desquamation has beerdatedl comparing single
observer subjective scores to objective outcomesuarea (nitric oxide production,
reflectance erythema, US thickness and US entryo)edhowing significant
correlations individually. When combined as altetare for severity as used in the
PASI, this has a higher power to detect change lwhvas comparable to the
objective measurements (Ormerod et al. 1997). HWeweas there was only one
observer, the potential for inter-observer varmtiovas not assessed and the
subjective scores were found to overestimate trertvent effect compared with the
objective measures (Ormerod et al. 1997).

In addition to considering the reliability of assieg BSA and psoriasis
severity scores, the validity and sensitivity tawepe of the PASI also have some
recognised shortcomings which must be considef&dterion validity assesses the
ability of the PASI to match up to a “gold standar@ihe comparison between
subjective and objective measures of the composftdse PASI goes some way to
address this, but the lack of a clear gold stanbardpers further assessment of this.



-45 -

To provide face and content validity, the PASI massess the main aspects of
psoriasis and discriminate severity of diseas@afB} the PASI performs better than
the BSA in this aspect, as it also includes a suivje score for disease severity as
well as area. However it does not include assesisaiehe most important features
of severity as nominated by both dermatologiststésyic symptoms and pustular
change) and patients (embarrassment and qualitfifedf (Baughman and Sobel
1970).

The other major problem is the responsivenesseottiale. There is evidence
of general poor responsiveness and of problemishatrend of the scale. Anecdotal
evidence and retrospective analysis of study dais suggested that the PASI
underestimates the degree of clinical improvemsséssed by physicians (Carlin et
al. 2004) and patients (Jacobson and Kimball 20@4dhough the theoretical range
of PASI score is 0-72, in practice it is rare todfia PASI score over 40, meaning
that nearly half of the score is unused. At theepoend of the scale, the PASI has
poor sensitivity to change and responsiveness vdkem psoriasis is mild. A
patient’'s mild psoriasis may improve but still seathe lowest score of 1 for
erythema and induration because it is still presemd when there is less than 10%
involvement in any body area, the area cannot eeduther from a score of 1 if
there is any psoriasis still present.

Several modifications to the PASI have been proghdeetry to improve its
performance. These attempts have focused on tigration of BSA into the PASI.
The Psoriasis Log-based Area and Severity IndeXA@?L still scores area in six
categories, but the boundaries for each categerpased on a log scale (0%, 1-2%,
3-5%, 6-10%, 11-21%, 22-46%, 47-100%). To alloeager weighting of BSA, the
area score is the upper limit of that categorydaon and Kimball 2004). These
alternative categories allow greater separatiopatients with mild psoriasis. This
increases the weighting of the BSA within the PLASIcompared to the PASI and
improves sensitivity to change particularly amongtignts with mild disease.
However, conversely it reduces the sensitivityharge at the other end of the scale
as areas between 47 and 100% will score the saitne {@acobson and Kimball
2004). This is likely to be a less significant lplem as only a minority of psoriasis
patients have such high BSA values.

The Psoriasis Exact Area and Severity Index (PEA®I3 developed by the
same team, but uses actual BSA instead of an aoea.sThis is then multiplied by
the severity score as in the PASI (Jacobson and&lin2004). Again this increases
the weighting of the BSA within the total score angproves sensitivity across the
scale. In addition, this use of true percentaggler than groups, avoids the
problem that a 1% change in BSA at the bordere®froups can significantly alter
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the score (10% BSA weighted two times higher th&a B original PASI)
(Jacobson and Kimball 2004)

Both the PLASI and the PEASI were analysed usiiad data of 40 psoriasis
patients during their development. This analysisficmed an increased percentage
improvement in patients using the PLASI and PEASew compared to the PASI.
Both of the new scales also show a greater coiwalavith the patients’ self-
assessment of percentage improvement.

The self-administered PASI (SAPASI) has also bemrelbped for patients to
assess their disease severity. This uses an apatmsketch of a person which the
patient is asked to shade in to mark their ps@iashe investigator then scores area
on a 0-6 scale as in the PASI. The patient is as&@d to score the colour, thickness
and scaling of one typical lesion using three VARhe severity score is calculated
by adding the three VAS scores, divided that by rieximum VAS score and
multiplying by four. The SAPASI is calculated ugithe product of the weighted
area scores and the severity score (Feldman &086). Investigations using the
SAPASI have shown that it has good intra and irdégr reliability and correlates
well with the PASI (Feldman et al. 1996). The SARAvas then administered in a
multi-centre drug trial involving 182 subjects andrrelated with a physician-
equivalent PASI scoring erythema, induration, sealé BSA. This showed modest
but significant correlations between the two scoaesl their component parts
(Fleischer et al. 1999). The SAPASI was also destrated to identify changes in
disease severity within a clinical trial (Fleiscle¢ral. 1999).

Comparison of the PASI derived scoring systemsshasvn good correlation
with each other (Henseler and Schmitt-Rau 2008he BAPASI has very good
correlation with PASI and other PASI derived scgrmethods, suggesting that it
would be valid for use in studies where an invedgtigis not available (Henseler and
Schmitt-Rau 2008). Overall, the analysis conclutted the PLASI is the optimal
tool to use in trials. This is due to the factttihdas high sensitivity to change and
differentiation, particularly at a lower BSA andwis shown to correlate best with
both patient and dermatologist’s clinical opinion mnprovement (Henseler and
Schmitt-Rau 2008).

Due to an ongoing dissatisfaction with the PASaautcome measure, other
scoring systems have also been developed thatesigngd differently. However
these also use measurements of similar parametelsding BSA, erythema,
induration and desquamation. The Lattice SystewsiPian’s Global Assessment
(LS-PGA) requires an assessment of BSA to decida ocategory of area involved
(0%, 1-3%, 4-9%, 10-20%, 21-29%, 30-50%, 51-100%¢ then a factoring in of
thickness, erythema and scale from an average eladthis results in a global
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assessment from “clear” to “very severe” psorigsengley and Ellis 2004). The
LS-PGA has shown good correlation with PASI and B&#ch is not surprising as
they are based on similar observations. The emerintra-rater reliability has been
shown to be reasonable. In the original study,t8ePGA had higher intra and
inter-rater reliability than PASI and BSA (Langleand Ellis 2004), but in a
subsequent study, PASI showed higher reliabiligntthe LS-PGA (Berth-Jones et
al. 2006). This scale is clearly much simpler tdqen than the PASI, but does still
categorise BSA with the resultant limitations. h&ltigh the categories are designed
to be more responsive in milder disease, there cmlg three categories for
BSA<10% compared to four in the PLASI.

One of the latest instruments developed for ugesoriasis is the Copenhagen
Psoriasis Severity Index (CoPSI) developed by tbpe@hagen Psoriasis Working
Group. This instrument does not involve estimadBSA, but scores erythema,
thickness and scaling each on a scale of 0-3 asité@ of the body creating a
possible score of 0-90 (Berth-Jones et al. 2008)sting using 16 patients and 14
raters found a substantial intra and inter-ratbabgity (>80%) for the CoPSI and
the PASI, as well as good correlation between e (Berth-Jones et al. 2008).
The exclusion of BSA removes the inherent inacaasaavith this evaluation.
However the number of sites involved provides sasemation of the extent of
disease. The arithmetic required to calculate shre is significantly easier than
the PASI and therefore should be less prone ta.efftie investigators also noted
that the range of CoPSI scores extended througti@utheoretical range unlike
PASI in which the upper half of the range was largedundant. The CoPSI also
should provide better differentiation at the mildard of psoriasis cases (Berth-
Jones et al. 2008).

The National Psoriasis Foundation (NPF) developedrdirely new responder
index called the NPF Psoriasis Score (NPF-PS).s Thmbines induration at two
target sites, ratio of current BSA to baseline,gatign and patient global assessment
and patient assessment of itch all scored 0-5.sd8hemponents are then summed to
create a scale from 0-30 (Krueger 1999). Thisdraadvantage as it places more
weight on induration which is thought to be morkevant in psoriasis and is less
variable depending on temperature and emollient usealso includes a patient
global assessment and assessment of itch whiclcapliure some elements of the
impact of psoriasis on quality of life. An initigtudy of 17 patients compared the
NPF-PS to the PASI. The NPF-PS identified a sigaiift change in psoriasis after
treatment indicating responsiveness. It also ifledtthis significant improvement
at an earlier time point than the PASI, perhapsgesting that it is more
discriminative (Carlin et al. 2003).
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Finally, it must be noted that all of the measutssussed above to evaluate
psoriasis were designed for use and validatedagyd psoriasis and have not been
assessed in other forms of psoriasis.

Nail involvement is a common feature of both sksogasis and PsA. It has
been estimated to occur in up to 50% of patienth wncomplicated skin psoriasis
(Farber and Nall 1992) and is even more prevalemdrgst patients with PSA. The
frequency of nail involvement in patients with PBAs been reported as between
63% and 83% (Cohen et al. 1999; Elkayam et al. 2@#omon et al. 2003;
Williamson et al. 2004a).

Psoriatic nail disease can be broadly divided proriasis affecting the nail
matrix and the nail bed. Involvement in the nadtrix most commonly results in
changes to the nail plate which can be seen asategrows out. The different
areas of the nail matrix are responsible for praédacof different layers of the nail,
with the proximal or dorsal portion of the matrixoducing the most superficial
layer of the nail plate, and the distal or venpraition producing the deepest layer of
the nail plate adjacent to the nail bed. The comssbchange in nail psoriasis is
pitting (Tham et al. 1988; Zaias 1990), depressianthe surface of the nail plate
resulting from sloughing of abnormal cells laid dowhen there is involvement in
the proximal matrix. If the involvement is in tllestal matrix, the abnormality is
seen deeper in the nail causing leukonychia. Mottensive involvement of the
matrix can result in crumbling of the nail platesoriasis affecting the matrix can be
viewed directly in the lunula which is a distal exsion of the nail matrix.
Involvement here results in red spots in the lunula

Involvement in the nail bed results in distinct tpats of nail disease.
Onycholysis and subungual hyperkeratosis are cabgefsoriasis affecting the
hyponychium, the transitional area between nail dredl normal epidermis at the tip
of the digit. Involvement more proximal in the nladd can be visualised through the
nail plate and can result in ‘oil drop change’nsaih spots or splinter haemorrhages.

Clearly assessment of nail disease in PsA mustdlikaf these features into
account. Many studies of therapies for nail disda@ve used subjective measures
of nail involvement graded by the investigator asdfmoderate/severe or on a
VAS. Prior to the development of any systematiorieg system, therapeutic
studies used different grading measures of diftdieatures either for the fingernails
as a whole or for one target nail.

One of the earliest published nail assessmentsdeasloped by the Bath
group for use in their 1994 assessment of the awtcof PSA. Jones et al used a
predefined scoring system where each fingernail sesed for the presence of
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pitting, onycholysis, hyperkeratosis and dystroptyach of these features scored
one point with a maximum score of 40 for the 1@&mails (Jones et al. 1994).
This scoring system was then used and adaptedeb@xiford group who used the

same scoring system for finger and toenails withhaximum score of 80. This

scoring system was labelled as the psoriasis aeadrggy score (PNSS) (Williamson

et al. 2004a).

In 2003, the Nail Psoriasis Severity Index (NAPS§s devised and published
by dermatologists (Rich and Scher 2003). Thisestorails by dividing each nalil
into four quadrants and scoring one point for eqeadrant which has any of the
features of nail bed psoriasis (onycholysis, odlrsplinter haemorrhages, nail bed
hyperkeratosis) and one point for each quadranthwihas any features of nail
matrix psoriasis (pitting, leukonychia, red spatslunula, nail plate crumbling)
(Rich and Scher 2003). This results in a scot@®&fper nail, 0-80 for all fingernails
or 0-160 if toenails are included. The advantaghie scoring system is that it does
not require scoring for each feature separatelyciwhivould be more time-
consuming. However, it maintains differentiatiogteen nail matrix and nail bed
involvement so that sub-analysis could reveal wéretfreatments affected psoriasis
equally in both areas of the nail. A small assesgrof the NAPSI using pictures of
eight nails shown to 37 dermatologists revealedaeable reproducibility but no
advanced statistical methods were used in thenadigiaper (Rich and Scher 2003).
A subsequent study provided evidence of moderatpoal interobserver reliability
between three dermatologists using the NAPSI sgaystem with better reliability
in scoring for nail bed features (Aktan et al. 200Following on from this, the
NAPSI has been used as an outcome measure foopetitlabel and double-blind
trials of biological agents (Reich et al. 2005; ¥ar et al. 2006; Rigopoulos et al.
2008).

Subsequent to this, the modified NAPSI (mMNAPSI) wa®posed by
rheumatologists working in PsA. They began a stiodyalidate the NAPSI score,
but with the aim of modifying the scoring system ragjuired to “enhance its
performance characteristics” and create an idedlftw clinical trials (Cassell et al.
2007). They collected digital photographs of albgernails of 29 patients with PsA
and these were scored by six physicians usingrigaal NAPSI instrument. There
was found to be a significant variability in scayiso two focus sessions were held
with all of the rating physicians to discuss proidewith the scoring instrument.
The biggest obstacle found to scoring accurately the use of quadrants of the
nail, which were difficult to quantify preciselyit was also felt that to improve the
sensitivity of the score, the individual featurdsnail matrix and nail bed disease
should be considered separately. The only exempt® this was oil drop
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dyschromia which was considered with onycholysisttesy represent the same
pathology (Omura 1985). To avoid the use of quatdraa more quantitative scale
for different features of nail disease was intragtljcscoring pitting, onycholysis and
crumbling as 0-3 depending on the area of theimadlved. The remaining features
(splinter haemorrhages, leukonychia, red spots ha tunula and nail bed

hyperkeratosis) were scored as either presentsanabin each nail. Therefore the
possible range of scores is 0-14 per nail, or Ofb4@ll fingernails (Cassell et al.

2007).

Regrading of the original photographs by five olsees was then performed
using the new mNAPSI. Comparison of these mNARS®Ies showed excellent
inter-rater reliability and internal consistency wasll as strong correlation with
physician VAS for nail severity (Cassell et al. ZD0 This was confirmed by an
independent study of 20 patients with PsA who wergsessed by ten
rheumatologists and nine dermatologists showingexeellent agreement for the
MNAPSI score regardless of speciality (Chandraal.2009).

2.3.1.3 Enthesitis

An enthesis is the site of attachment to bone nflde, ligament or joint
capsule (Ball 1971). Enthesitis can cause pandamess and swelling at entheseal
sites sometimes with resultant bony damage sudboas spurs at the calcaneum.
Enthesitis is recognised as a manifestation ovadhflammatory disease in all of
the seronegative SpA including PsA, but the majoat outcome measures for
enthesitis have been developed and validated iarggatwith AS.

The first enthesitis index was developed by Maredexd. A list of all entheses
easily accessible to clinical examination was @e@aand this was tested on six
outpatients with AS on two occasions, once on NSAHDd once off all treatment.
Sites which scored zero in this pilot study weimglated leaving 66 entheseal sites
to be examined for tenderness and graded on acemiitative score from O to 3
(Mander et al. 1987). A further study with 19 A&ipnts showed correlation of the
Mander Enthesitis Index (MEI) with pain and stiffiseVAS scales and a reduction
in the score with non-steroidal anti-inflammatomug (NSAID) treatment. There
was some variability between different examinerdgoming the MEI, but intra-
observer variability was not formally tested (Mandeal. 1987).

Further validation was attempted using the longitad outcome in the
Outcome in Ankylosing Spondylitis International &uOASIS) cohort designed to
investigate the long term outcome of AS. The awgtharovided evidence of a
correlation between the MEI and other disease iactiveasures in AS including the
Bath ankylosing spondylitis disease activity ind®ASDAI). They also tried to
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simplify the MEI and create a more feasible tooldse in both research and clinical
practice. The first step was to remove the tereksiscoring from 0-3 and replace it
with a dichotomous 0/1 score for tenderness. Thsimilar to the modifications
made to the RAI in the measurement of peripheraltgo The modified Mander
showed similar correlation with other disease d#gtimeasures. Then a process of
data reduction was performed using the data frotema who had an MEI>0 to try
and reduce the number of sites to be assessed. mbse commonly involved
enthesis was identified and noted, then all patieviio reported tenderness at this
site were excluded and the process was repeatdus step-wise reduction was
performed until 80% of all patients with a positivieEl score were identified. Data
was analysed from three timepoints and then alemgal sites were combined.
After exclusion of entheses difficult to localisereear to other sites, there were 13
sites left for assessment in the Maastricht AnkygsSpondylitis Enthesitis Score
(MASES) (Heuft-Dorenbosch et al. 2003). Correlatizetween all of the enthesitis
scoring scales and disease activity measures (BASpHWysician VAS of disease
activity and patient VAS of disease activity) wearmilar with no marked reduction
in correlation seen with the shortened MASES (H&dtenbosch et al. 2003).
Other new modifications of the MEI (Gorman et ab02) and distinct scoring
systems (Braun et al. 2002) have been proposedthsstis indices but few have
been validated.

In particular, establishing criterion validity furese clinical outcome measures
has been difficult because of a lack of gold stashdddeally a gold standard would
have associated evidence of tissue abnormality frestopathological studies.
However biopsy of tendons is neither safe nor easg, there are limited research
data available. Histopathological studies in pasewith SpA (mostly AS) have
shown inflammation in the subchondral bone withéamarrow oedema underlying
entheses (Ball 1971; Laloux et al. 2001). A furtseidy identified changes in the
fiborous part of the enthesis with increased vasitylaand cellular infiltrate
(McGonagle et al. 2002a). MRI has been showneatifly bone marrow oedema at
tendon insertions and abnormal signal around thbesis (Marzo-Ortega et al.
2001). US scanning using GS and PD to identifyaased vascularisation in and
around the enthesis can identify abnormal findinigs symptomatic and
asymptomatic entheses (D'Agostino et al. 2003).veithat US identified PD
signal, and MRI bone marrow oedema have been ebteceWwith tissue evidence of
inflammation in other rheumatic manifestations (Appt al. 2006; Jimenez-Boj et
al. 2007; McQueen et al. 2007), it seems likelyt timaging is the best “gold
standard” available at present.
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More recently, the Spondyloarthritis Research Cdnsn of Canada
(SPARCC) created a new outcome measure for enthesiAS (Maksymowych et
al. 2009) using information from US and MRI studiesdecide which entheseal
sites should be included. They picked 16 sitesciwhhad been identified as
commonly involved in imaging studies of SpA patgeriD'Agostino et al. 2003;
Lambert et al. 2004) and could be clinically idéat. Inter-observer reliability was
good following a brief specific training session the scoring system and a
substantial correlation was seen between enthesiticee and other disease activity
measures. However the reduction in enthesitisesaora sub-group of patients
treated in a randomised controlled trial of antiH tderapy was not significant after
12 weeks of therapy (Maksymowych et al. 2009). Wwed versions of the
SPARCC enthesitis index using more commonly invdlsites (SPARCC 8/16
score) and only sites which discriminated betweeatinent and placebo (SPARCC
6/16 score) showed larger effect sizes and SRM&gitaowych et al. 2009).

All of the entheseal outcome measures discussedopsty were developed
and validated principally for patients with AS. €lkites included in the SPARCC
score were chosen from studies using a full spectai SpA patients, but the
validation was only in patients with AS (Maksymowayet al. 2009). The Leeds
Enthesitis Index (LEI) is the only measure devetbgeecifically for PSA. The
methodology for this study was identical to thatloé development of the MASES
using dichotomous scoring for pain and then stegewliata reduction to identify and
retain only those sites with most common involvetmenhis resulted in an index
with six entheseal sites (bilateral lateral epicgadbilateral medial femoral condyle
and bilateral Achilles tendon insertion) (Healy dhelliwell 2008). This index was
then compared to other entheseal indices incluttiegMEl, MASES and others, in
an open-label longitudinal study. The LEI showdaokest correlation with other
disease activity measures, a large effect sizethadsmallest floor effect when
compared with the MEI. Although the LEI was deysd using data from just 28
patients, it is the first tool developed using @ats with PsA rather than AS. It has
a low floor effect, meaning that it can identifyetmajority of patients with
enthesitis using just six sites, making it far mfwasible as an outcome tool (Healy
and Helliwell 2008). The reliability of the LEI, ASES, SPARCC and other
enthesitis scoring systems was investigated ifiabrity study using both AS and
PsA patients. Nineteen patients with AS and Ps® (@nd n=10 respectively) were
examined by ten experienced rheumatologists. Tivae excellent agreement for
all patients in all of the indices listed aboven patients with AS, the MASES and
SPARCC indices performed better, but in patienth WisA, the LEI and SPARCC
showed excellent agreement (Gladman et al. 2007a).
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The use of clinical assessment tools for enthdsassnow become widespread
in clinical trials despite some of the debate abwhich particular scoring system is
optimal in each disease subtype. However, as edlud above, there are some
crucial problems with the criterion validity of & clinical techniques. Imaging
studies have shown changes within tendons and drmmndon sheaths at entheses
but the correlation with clinically appreciable demness or swelling is less
convincing (Ibrahim et al. 2009b). In most studid$ has identified more changes
at entheses than clinical examination alone (D'#igoset al. 2003), but the question
of the clinical relevance of these subclinical des has not been answered. In
addition to the soft tissue changes visualised watlaging, MRI scanning has
identified the involvement of bone with bone marr@edema adjacent to the
enthesis. No studies have addressed whether ¢leis bony involvement can be
clinically identified and whether there is evidermfeany correlation with clinical
enthesitis counts in these circumstances.

The other limitation of clinical enthesitis counts the specificity of the
findings of tenderness in these areas. Obviolmetis an issue regarding training
of assessors to ensure inter-observer reliability #here is some difficulty in the
anatomical location of some of these sites. Howéegond that, there are doubts
about the specificity related to enthesitis and tivbe other pathologies seen in
arthritis could cause a false positive result. Wari the entheseal points are
relatively near to joints and it is well recognigbdt inflammation within joints can
cause pain in and around the joint. Also manyhef éntheseal points are located
near to accepted fibromyalgia points (Wolfe etl&90), raising the possibility that
misclassification of enthesitis could occur in pats without active inflammatory
lesions. The recognised clinical enthesitis outeameasures try to minimise the
possibilities of misclassification by advocatingesi that are easily anatomically
identified and are distinct from sites of tendemedated to joint inflammation or
fiboromyalgia. The key to the reliability of theseols in clinical practice is the
training provided to assessors in localising theem points.

2.3.1.4 Dactylitis

Dactylitis describes a uniform swelling of a digiith inflammation causing a
“sausage digit” and is one of the key identifyimgtures of PSA. Dactylitis is one
of the features used to make a diagnosis of PsAgutie recently developed
CASPAR classification criteria for PsA (Taylor et 2006). Dactylitis can be
further characterised as acute/tender dactylitisrevithe digit is tender to touch and
often erythematous and warm to touch, or as chisurieacute/non-tender dactylitis
where the digit is swollen but non-tender. It bagn hypothesised that the chronic
form occurs following an episode of acute dactyliti some patients but this has not
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been confirmed in studies. Acute or tender ddddyhas been shown to be a
presenting feature of 33.5% of patients at thest fisit to the clinic and to occur in
48% of patients at some point in their disease ¢Bvank et al. 2005).

Our understanding of dactylitis, its pathogenesisl &dow to define it is
limited. Studies using imaging have confirmed tlpatysical examination can
identify pathology in tender dactylitis. Olivieet al scanned 12 tender dactylitic
fingers and their matching contralateral normaitdigiith both MRI and US. Both
scans identified distension of the flexor tendoaaths and thickening of the flexor
tendons, with no involvement in the extensor teisdoRhysical examination by one
physician identified flexor tendonitis in all ofghinvolved digits with clinically
normal extensor tendons (Olivieri et al. 1996). u3hit seems that clinical
instruments for assessing dactylitis do have somterion validity. However this
study only assessed 12 obviously swollen digits thedcontralateral normal digits.
Therefore it seems likely that in normal clinicalagtice, there will be some
variation between observers resulting in lower agrent particularly in “grey”
cases, where digits may be slightly swollen or whaatching digits on both sides
are involved when it is harder to classify as digdy This idea was later confirmed
by a reliability study performed in Canada. Thimwed a moderate agreement
(kappa 0.57, 95%CI1=0.34, 0.82) between 10 expesrtrabservers for number of
digits with dactylitis (Gladman et al. 2004).

Clinical measures of dactylitis have been usecasregdary outcome measures
in clinical trials but the majority have used naaligtated measures. The simplest
measure used is a simple count of dactylitic digitdhough some have counted only
acute/tender dactylitis (Salvarani et al. 2003) anthe have included both tender
and non-tender digits (Clegg et al. 1996). Othege RCTs of new therapies have
attempted to grade dactylitis by physician-ratedesty in addition to counting
affected digits (Kaltwasser et al. 2004; Antoniadt 2005b) but none of these
measures were validated prior to their inclusiostudies.

The Leeds Dactylitis Instrument (LDI) was developedesponse to this need
for a clinical, objective, validated outcome measudor dactylitis. This also
provided the first numerical definition of dactiditas an increase in circumference
of the digit of more than 10% compared to the cdateral non-affected digit
(Helliwell et al. 2005). This was based on theleaton of the median difference in
digital circumference between dactylitic digits asahtrol digits.

The aim of the LDI is to provide a quantificatiof looth the size of the
swollen digit and the tenderness so that the scanedifferentiate between tender
and non-tender dactylitis. The LDI tool is a cirderometer which is used to
measure the circumference of the affected digitess to the web space as possible.
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This is compared to the contralateral unaffectegt @is a ratio. If the contralateral
digit is also dactylitic, then normative values éson population averages are
provided. The tenderness scoring can be basetleoRAl with tenderness scored
from 0-3 (LDI scoring) or can be simplified to acdotomous score of O for non-
tender and 1 for tender (LDI basic) (Helliwell €t2005).

The first study of this instrument tested its reilligy, investigating inter- and
intraobserver agreement. A cross-sectional exaromaf seven patients by five
examiners using the tool was performed. This sklovee relatively poor
interobserver reliability for identifying tender aglitis and a poor agreement on
non-tender dactylitis. This was improved signifitg by using the LDI scoring
system. Inter and intraobserver reliability foethDI score was good, but was
increased further using the LDI basic, suggestivaj some of the variability was
due to the inaccuracy of grading tenderness (Helliet al. 2005).

A longitudinal study was then performed to furtherestigate the use of this
clinical tool and to compare it to other methodedigpreviously. This study
recruited 28 patients with dactylitis who were mgva change in treatment for their
PsA. All five available measures for dactylitisr{tler dactylitis count (Salvarani et
al. 2003), all dactylitis count (Clegg et al. 199BIPACT1 (Antoni et al. 2005b),
LDI (Helliwell et al. 2005), LDI basic (Helliwell teal. 2005)) were performed at
baseline and then regularly following the changéarapy. All measures showed a
change with treatment after three and six monthis a&reasonable effect size for the
variety of treatments used. The majority of theserelated with other clinical
disease activity measures such as joint countsv&&l for disease activity (Healy
and Helliwell 2007). Only the count of all dactidi digits performed badly
probably due to the inclusion of non-tender dat$ylivhich may not be thought to
represent disease activity in patients’ and phgsgiopinions.

A subgroup of patients in the above study also M&l scans performed at
baseline and six months to assess the inflammatitime dactylitic digits. Similar
to the Olivieri study (Olivieri et al. 1996), thishowed that clinically tender
dactylitic digits had significant MRI abnormalitieempared to non-involved digits
or non-tender dactylitis. However the correlatimiween the level of inflammation
on MRI and clinical evaluation was moderate at l§@27 for LDI local score and
MRI score) (Healy et al. 2008). The identificatiohmore inflammation on MRI
when compared to a clinical score is unsurprisingerg the poor sensitivity of
clinical examination compared to MRI as seen ineptaspects of inflammatory
arthritis (Szkudlarek et al. 2004; Szkudlarek e28D6).

Although the LDI and LDI basic measures do takeg&nto perform,
particularly if multiple digits are involved, theseeasures perform better in terms of
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both truth and discrimination when considering toel in the context of the
OMERACT filter (Healy and Helliwell 2007). Thug,is the most validated clinical
outcome measure available for dactylitis.

2.3.1.5 Axial Disease

Just as peripheral joint assessment tools have beemmwed from RA,
measures of axial disease activity have been usPdA that were initially designed
for use in AS. The most commonly used outcomeASnare the Bath measures
including the BASDAI, the Bath Ankylosing Spondigit-unctional Index (BASFI)
and the Bath Ankylosing Spondylitis Metrology Ind@®ASMI). The BASDAI is a
patient completed questionnaire with a series »f1€l0 mm VAS scales asking
about fatigue, pain and early morning stiffnessr{@tet al. 1994). This is well
validated in AS and has been used as the primagome in the vast majority of
clinical trials in AS. The BASDAI provides a st@atneasure of disease activity and
cut points have been devised to define active desedt is also routinely used as a
response measure. Responses can require a redoiciiaertain number of units or
a reduction of a certain percentage such as a BASIDAvhich describes a
reduction in BASDAI of at least 50%.

The BASDAI has been evaluated in a cohort of Psifepts to assess its use in
this condition. This showed a high correlationwen BASDAI scores and a self-
reported VAS of current overall arthritis activitguggesting that it is a good
representation of patient's perception of diseasdvity in PsA (Taylor and
Harrison 2004). However this correlation was vemnilar in those with axial
disease and those with peripheral disease suggestat the BASDAI does not
differentiate between axial and peripheral diseasgvity (Taylor and Harrison
2004). No other assessment tools of axial diseaseity have been evaluated in
PsA.

Related to the BASDAI is the BASFI, a measure oicfional ability validated

and used in AS (Calin et al. 1994). Like the BASDHis is based on a series of O-
100 mm VAS scales where patients rate their atuditgerform everyday tasks from
easy to impossible. There are limited data conegrtine use of the BASFI in PsA.
One study of the BASFI showed a correlation witheotfunctional indices in PsA
patients but again it shows no difference in resperbetween patients with axial or
peripheral disease (Leung et al. 2008). Therefbeee is no obvious benefit to
using the BASFI in preference over more establishetivalidated tools such as the
HAQ-DI and SF-36.
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The BASMI is a combination of five clinical measorents of axial mobility
developed from an assessment of twenty differergtsomes in AS (Jenkinson et al.
1994). This shortened metrology index providesassessment of spinal mobility
including the cervical and lumbar spine. Thesesuess have been assessed in PsA
patients with axial disease using multiple obsexver The International
Spondyloarthritis Interobserver Reliability ExeeifiNSPIRE) study showed that
the intraclass correlation coefficients for patentith AS and axial PsA were
similar and were excellent (ICC 0.89) (Gladman let2@07b). A further study
tested the correlation between spinal mobility meas and radiographic evidence
of spinal damage in both AS and PsA. This onlydus@ patients (taken from the
INSPIRE study) but did show a high correlation e#w the modified Stoke
Ankylosing Spondylitis Spinal Score (MSASSS) andasuees of spinal mobility
(Chandran et al. 2007a). This provides some long&dence of truth in the form of
criterion validity.

Increasingly, composite measures including somthe@Bath scales are being
used to assess axial response in clinical trialsAy The Assessment of
SpondyloArthritis Society (ASAS) response measwere developed in 2001 using
data from RCTs comparing NSAIDs versus placebo éksoh et al. 2001). The
authors initially included the five core outcomesablished by the ASAS group
(physical function, pain, spinal mobility, spinatifness/inflammation and the
patient’s global assessment), but spinal mobiligswexcluded as there was no
evidence of responsiveness to treatment. Multipdndidate definitions of
improvement were tested looking for a low placel®sponse (<25%) and a
significant difference between groups. The besta were the ASAS20 response
criteria (see table 2) (Anderson et al. 2001).

These were then revised in 2004, following the atleé new therapies. TNF-
inhibitors had proven efficacy in improving spinadobility and acute phase
reactants, which had been excluded from the previesponse measures. When the
original methodology was repeated using data fieenRCTs of TNF inhibitors, the
new ASAS20 (5 of 6 criteria) and a modificationtbe original ASAS response
criteria using a 40% improvement were shown to hee lest discriminators (see
table 2) (Brandt et al. 2004).
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ASAS criteria for response 2001 (Anderson et ab130

Improvement of>20% and absolute improvement 80 units in>3 of the
following 4 domains:

 Patient global assessment (VAS global assessmalied sc
 Pain (pain VAS)
* Function (BASFI)

* Inflammation (mean of questions 5&6 from the BASDAI

with no deterioration, defined as a deterioratiom20% and net worsening efL0O
units in the remaining domain.

ASAS response criteria 2004 (Brandt et al. 2004)

ASAS 20 (5 of 6 criteria) ASAS 40

Improvement of>20% in five of the Improvement of >40% and absolute
following six domains improvement of>20 units in>3 of the
following 4 domains:

» Patient global assessment (VAS e Patient global assessment (VAS

global assessment scale) global assessment scale)

» Pain (pain VAS) Pain (pain VAS)

* Function (BASFI)

Function (BASFI)

* Inflammation (mean of questions e« Inflammation (mean of questions

5&6 from the BASDAI) 5&6 from the BASDAI)
» Spinal mobility (BASMI)

» Acute phase reactant (CRP)

Table 2 - The ASAS response criteria 2001 and 2004
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More recently, a new composite disease activityest@s been developed by
the ASAS group to provide a composite measuredbald reflect disease activity
in AS (Lukas et al. 2009). The Ankylosing SpontlyliDisease Activity Score
(ASDAS) was developed from 12 candidate variabkdscsed by ASAS experts.
Data from 708 patients were used to develop the ASD First, principal
component analysis was used to identify sets ofetaied variables to remove
redundant outcome measures, then discriminant ibmanalysis was used to
investigate the contribution of the different fastn the separation of high and low
disease activity. Finally, linear regression as@lywas performed to provide a
weighting for each of the discriminant variabléhis analysis was used to produce
four draft ASDAS formulae (see table 3) for futaealysis. Cross validation was
performed in a second cohort confirming similarcdmminatory ability. The
discriminatory ability, as measured by the standadi mean difference, was
considerably higher for all four ASDAS when comphngith any of the single
variables (Lukas et al. 2009).
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0.122 x 0.061x + 0.119x + 0.210x 0.383 x
back duration patient V(ESR) Ln(CRP+1)
pain morning global

stiffness
0.079 x 0.069x + 0.113x + 0.086 x 0.293 x
back duration patient peripheral V(ESR)
pain morning global pain/swelling

stiffness
0.121 x 0.058x + 0.110x + 0.073x 0.579 x
back duration patient peripheral Ln(CRP+1)
pain morning global pain/swelling

stiffness
0.152 x 0.069x + 0.078x + 0.224 x 0.400 x
back duration fatigue V(ESR) Ln(CRP+1)
pain morning

stiffness

Table 3 - The ASDAS draft formulae
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Further validation work has continued following shinitial publication.
Analyses in two further independent cohorts agdiowsed that all four draft
ASDAS were highly discriminatory (van der Heijdea¢ 2009). Discussion within
the ASAS group was used to decide on the final ASDfermula to be
recommended. It was decided that the ASDAS wittPGRSDAS C in table 3)
should be the preferred ASDAS score with an altere@dASDAS including ESR
(ASDAS B in table 3) to be used if CRP is not aaflié (van der Heijde et al. 2009).
A further external validation study showed respoeasess to change and concurrent
validity in patients with axial SpA treated with F\blockers (Pedersen et al. 2010).
Preliminary cut-points have also been proposed different levels of disease
activity and responses, although these need furthearstigation and validation
before they are proven.

Unfortunately these composite measures (both AS¥spanse measures and
the ASDAS) have not been assessed in PsA. Givelhintiitations of the BASDAI
in PsA, there are justifiable concerns about the&; however the inclusion of other
outcome measures may mean that these compositesndan be helpful in axial
PsA. Ideally, studies with newer effective theespare required in axial PsA to
address this issue and to compare these diffetdodbme measures.

2.3.1.6 Composite Outcome Measures

As discussed in previous sections, the majoritputtome measures used in
PsSA research have been “borrowed” from other deseaand have only been
validated in subsets of disease. Recently, thave been increasing efforts in the
development of a validated composite outcome measthich reflects disease
activity in all of the domains in PsA and can bedisn a variety of subsets of
disease.

In recent years, work has been underway on two d@yposite measure
initiatives, both led by members of Group for Reskand Assessment of Psoriasis
and Psoriatic Arthritis (GRAPPA). Professor Fitajd and colleagues proposed a
composite outcome measure based on the GRAPPAn&aatgrid published by
Ritchlin and Kavanaugh (Ritchlin et al. 2009). T®emposite PSA Disease Activity
Index (CPDAI) assigns a score of 0-3 to each offithee domains of PsA based on
disease activity and impact of disease for this @om These scores can then be
added together to give a total score of 0-15 withogerall assessment of disease
severity based on this total score (Mumtaz et @L02. One concern raised during
the development of this measure was that patieitts severe disease activity in
only one domain may be disadvantaged by a relgtil@h total score. Two
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solutions have been proposed for this. The firshat anyone with a single domain
scored as severe would also be classified as severall. The second solution was
the proposal of a modified CPDAI, with the totabse being divided by the number
of domains involved to give a mean CPDAI score.

Both of these CPDAI scores have undergone preliminalidation using data
from observational cohorts and datasets from RMa&ta from patients followed in
rheumatology clinics in both Dublin and Leeds wesed to relate CPDAI scores to
patient and physician global disease activity VAfS ¢ treatment decisions. The
CPDAI score showed an excellent correlation witthiqmatient and physician VAS
and in multiple analyses, higher scores were faionde associated with treatment
changes (Mumtaz et al. 2010).

A second initiative was started by GRAPPA followithgir annual meeting in
2008. In an attempt to develop an inclusive contpasutcome measure based on
real patient data, the GRAPPA Composite Exercis®RAGE) project was
developed (Coates et al. 2010c). Based on thelaf@went of other composite
outcome measures for both RA and AS (the DAS an®AS, observational
longitudinal data are being collected on a larghocbof PsA patients across the
world. Individual outcomes assessing disease ictiv all of the domains of PsA,
as well as patient reported outcome measures (PR@Mbeing collected. Patients
are classified by their treating physician in twoups: those requiring a treatment
change (i.e. active disease) and those not (asstoneave a low disease activity).
In this way, the two groups can be compared toveleere significant differences
exist between the two groups and which individusicome measures account for
this difference. To date, cross-sectional databegs collected on over 400 patients
and these patients continue in follow up.

At the OMERACT10 meeting in 2010, the PsA workingup (composed of
key members of the GRAPPA group) presented a suynmérthe existing
composite scores for PsA and preliminary work frohe GRACE initiative.
Professor FitzGerald presented data from the pgenmandomised study in subjects
with psoriatic arthritis (Psoriasis Randomised Etaept STudy in subjects with
Psoriatic Arthritis or PRESTA study) investigatitigp responsiveness of the CPDAI
and other proposed indices including the DAREA ohH3A. This study is
particularly interesting as it is the only large R® include only patients with both
significant joint disease activity and skin diseasstivity. The study compared
standard dose etanercept (50 mg once weekly) whigleer dose of 50mg twice
weekly to evaluate if higher doses were more dffectn PsA. There was a
significant difference seen between the treatmeotigs in terms of skin disease,
but similar improvements were seen in joint diseastvity (Sterry et al. 2010).
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This differential response makes this databasel id@a analysing proposed
composite measures. The analysis showed that edlsanes performed well at
discriminating between baseline and the primarypemd, but none found a
significant difference between the treatment grouekted to the differential
response in skin disease. Interestingly, the n@aBAIl score did show a trend
between the two groups, possibly influenced bysttia disease activity but this did
not reach significance.

Finally at OMERACT10, preliminary data were presehtrom the GRACE
analysis. When considering individual domains «fAP there was a clear
differentiation between the two groups identifiedthe GRACE data collection for
all outcome measures except those measuring nailaps (MNAPSI), enthesitis
(MASES), ESR and BASMI. The lack of a significadifference for these
parameters is likely to be related to differentdas. In some cases, particularly the
nail disease, there is a relatively low prevaleoicthese features in the patient data.
This lack of difference may also suggest that tHes¢ures are less important to
physicians when considering disease activity anémi@l changes in therapy. A
PCA was performed for all variables included inedise activity measures with log
transformation for PASI, LEI, dactylitis, joint cots and CRP, to identify which
outcome measures best identified the variabilitthendata. The PCA identified five
significant factors that were best represented by

1. Global disease activity VAS

2. Skin disease activity (BSA and PASI)
3. TJC and enthesitis count

4. SJC and dactylitis count

5. CRP

Regression analysis was then applied showing tleatrlyn 80% of the
variability (adjusted B was contributed by the global disease activifSy and
over 90% of the variance can be summarised withtjuge VAS scores (patient
global, patient skin, and physician global). There the PSA disease activity score
(PASDAS) was proposed as a composite of three \Wates (Coates et al. 2010c).

A preliminary analysis of a modular approach toedse assessment rating
each domain (peripheral arthritis, skin, dactyliéathesitis and spine) in terms of an
intention to treat was also presented at the OMERAQ conference. Each domain
would be rated from A to E on a five point scaleewehE represents no involvement
of that domain and A severe involvement requirifdARD therapy.
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This method of using PCA and regression analysis waed in the
development of both the RA DAS and the ASDAS. Hasveprecisely because of
the nature of PsA, this methodology has some d@aadges. The most significant
issue is that any potential formula is based omréiqular sample of patients’ data,
and their disease pattern influences the resultinmgula. For example, the majority
of the GRACE participants were recruited from rhatwogy clinics where skin
disease is usually mild. Therefore skin diseasg haae less of an impact in these
patients on their total disease activity. Howegvatients seen in dermatology clinics
are likely to have greater skin disease activity] the disease activity score may not
accurately reflect their pattern of disease. mae homogenous condition, this is
less of an issue as the sample is likely to beesgmtative of most of the patients it
will be utilised in. However in PsA, basing diseaactivity scores on “average”
rheumatology patients may severely disadvantagsethweith other patterns of
disease.

2.3.1.7 Defining “state” in PSA

There are no definitions of high or low diseasevégtstates available in PsA.
In RA, there are continuous composite outcome nreassuch as the DAS, for
which cutpoints for different disease severitieagiag from remission to high
disease activity have been defined. The avaitgioli these definitions in RA has
provided a different outcome measure for clinicells. They allow identification
of patients who achieve a desired state, rather ahsignificant reduction in disease
activity that may still represent a considerableden of disease. Despite validation
of the DAS scoring system in PsA which showed thatould discriminate well
between active treatment and placebo, there aralated cutpoints for different
disease severities of peripheral joint activityPpA.

The availability of these cutpoints for disease ag® meant that they can be
used in clinical trials to guide therapy. In peutar, the Tight COntrol of
Rheumatoid Arthritis (TICORA) study demonstrateatthight control of disease
utilising pre-defined activity levels to guide thpeutic changes (escalation of
treatment if DAS >2.4), resulted in significantletter clinical and radiographic
outcomes compared to routine care with no formalapeutic protocol (Grigor et al.
2004). Many recent RA studies have used similgeatlye measures (usually the
DAS) to guide therapy (Goekoop-Ruiterman et al.5)Qfhd this is now beginning
to be translated into routine clinical practice.

Remission is clearly the ultimate goal of therapy PSA as in other
inflammatory arthritides, and a definition propodsd Kavanaugh et al suggested



-65 -

that remission in PsA should be characterised bgdiamplete absence of disease
activity, with no signs or symptoms of active dsea(Kavanaugh and Fransen
2006). However, this paper also recognised thatsgon was not only difficult to
achieve and maintain, but that, in some patienilsl disease activity in one domain
can be acceptable. Given this, they concludedttestr remission” or “low disease
activity” could be an appropriate goal for indivawpatient’s treatment (Kavanaugh
and Fransen 2006).

The need for a definition of MDA was first recogeuisin the RA research
community and was developed within OMERACT. It wasognised that the most
important target was achieving a desired stateeratiian simply a reduction in
disease activity that may leave patients with gigant ongoing disease. Remission
or an absence of disease activity was felt to barmealistic goal in many patients,
therefore MDA aimed to encompass both remission“aedr remission” or “low
disease activity” as acceptable targets for theraflye development of a concept of
MDA was done through an OMERACT working group withvolvement of
rheumatologists, methodologists and patients (\Watlid. 2003).

It was discussed that for physicians, low diseas®ity state was linked to
treatment decisions and to prognosis. For patidois disease activity state was
linked to satisfaction with current symptoms angbaio adaptation since a ‘cure’ is
not currently possible. The concept of a usualdanof treatment was developed
based on the example set by the group who develiygeRA DAS. They reasoned
that a disease activity score should reflect néaldlinical practice and related low
and high disease activity to the decision of a migs to initiate or escalate
treatment. It was also noted that any definitittoudd be limited in time as
treatment options and expectations of both patiant$ physicians are likely to
evolve over time (Boers et al. 2003a).

The conceptual definition of MDA was agreed at@ERACT 6 conference
as “that state of disease activity deemed a udafget of treatment by both the
patient and physician, given current treatmentipdgges and limitations” (Boers et
al. 2003b). This definition is designed to reflatinical practice and for the
rheumatologist is linked to treatment decisionsor Ehe patient, this should be
linked to a satisfactory symptomatic state. Foltgwon from the agreement of this
conceptual definition, the OMERACT working group nweon to create a set of
MDA criteria for RA (Wells et al. 2005) based oretACR core set and the DAS
scoring system. Researchers in other rheumataskes are now starting to develop
disease specific criteria for MDA (Magni-Manzoniatt 2008).

Discussion regarding remission in PSA has also roeduand this has been
investigated in a number of cohort studies. Howelk of these definitions are
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different and were not based on patient-derived @@atadman et al. 2001; Cantini et
al. 2008; Lindqvist et al. 2008). Interesting, thajority only assess peripheral joint
activity and do not take other aspects of the diseato account (Gladman et al.
2001; Lindgvist et al. 2008).

Any criteria for disease activity in PSA must assesany aspects of this
complex disease and a core set of measures faefl®A research was agreed at
OMERACT 8 in 2006. The six core measures agreae yweripheral joint activity,
skin activity, pain, patient global assessment,spta} function and health-related
quality of life (HRQOL) (Gladman et al. 2007d). @t important domains included
spinal disease, dactylitis, enthesitis, fatiguell deésease, radiography, physician
global assessment and acute-phase reactants (Glaeined. 2007d). If states of
disease activity are to be defined, these coreirapdrtant measures must be taken
into account to ensure that a holistic view of plagient is considered.

2.3.2 Imaging
2.3.2.1 Conventional radiography

Conventional radiography is considered the “goldndard” in measuring
progression of joint damage. The importance oéssag radiographic evidence of
joint damage in clinical trials is becoming apparenth the advent of newer
biological treatments that can impact on the napn@gression of disease.

Initially, research into scoring systems for plaadiographs concentrated on
RA, and many of the scoring systems developed $#t &e adaptations of these.
The majority of radiographic scoring systems for Résess JSN and erosions.
While these features are seen in PsA, additiomatdy features must be considered.
In PsA, particularly in the mutilans subtype, esigr erosions may be seen
extending to osteolysis of both joints and phalang@ne of the typical features of
PsA, the “pencil-in-cup” deformity, results from rkad erosive changes on the
proximal side of a joint with new bone formatioroand the distal side of the joint.
This demonstrates the co-existence of bone er@idmew bone formation in PSA.
This bone formation can occur adjacent to the goand the shafts of the bones and
may even extend to ankylosis of a joint. Most aaégns of radiographic scoring
methods attempt to identify both bone destructiodh laone formation in key joints.

At the Toronto PsA Clinic, a modification of theeBtbrocker technique has
been used to evaluate the radiographic outcome ¢wee. The original
Steinbrocker technique was developed for use inilRA949 and scored a patient
according to their worst joint on a scale of O-db(e 4) (Steinbrocker et al. 1949).
There was a concern that just scoring one jointlvaot be sensitive to change and
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therefore a modified Steinbrocker is used for nmwmyg in the clinic. The
modification scores 42 joints according to thateaacluding all joints on the hands
(wrist = 1 joint), all metatarsophalangeal (MTP)njs and the interphalangeal (IP)
joint of the big toes (Rahman et al. 1998b). Thisdification has been validated
within the Toronto cohort and has shown good iated intra-observer reliability as
well as confirming sensitivity to change over tiRahman et al. 1998b).

The Toronto validation study also analysed theaidbe Larsen score in PsA.
This is a similar method where each joint is giweglobal semi-quantitative score
and was also originally developed for use in RArgea et al. 1977). The Toronto
group used Larsen’s method as modified by Rau asttbbrn (table 5) (Rau and
Herborn 1995) and adapted the score to includesdéinee joints as their modified
Steinbroker scoring system (Rahman et al. 1998[)is study confirmed similar
validity of the Larsen scoring system in PSA witmigar inter and intra-observer
variability and similar sensitivity to change teetmodified Steinbrocker score used
routinely in the clinic (Rahman et al. 1998b).

Although both the Larsen and Steinbrocker techricheeve been validated in
PsA, they both simply assess each joint with a allokcore. There is no
differentiation between different pathologies, ama identification of typical PSA
features such as the pencil-in-cup deformity. &hreore detailed scoring systems
have also been outlined for use in PsA, two ofdle® based on the Sharp method
for scoring RA radiographs and the final method iscore specifically developed
for PsA.

The most widely used detailed scoring system fdiographic damage in RA
is the Sharp method (Sharp et al. 1971). A madalifon to this was made in 1989 by
van der Heijde to include joints in the feet in @idah to those in the hands (van der
Heijde et al. 1989). Although more time consumiingn the scores which utilise a
global score for each joint, such as the Steinl@oekd Larsen scores, the Sharp
scores do provide a higher reliability and sengitito change due to the detail
included in the assessment.



- 068 -

Score Definition

A WO N R

Normal

Juxta-articular osteopenia or soft tissue swgllin
Erosion

Erosion and JSN

Total joint destruction, either lysis or ankyksi

Table 4 — Steinbrocker scores for joint radiographs

Score Definition

g A W N B O

Normal

Soft tissue swelling, osteoporosis, slight JSN
Erosion with destruction of joint surface (DJS)5%
Erosion with DJS 26-50%

Erosion with DJS 51-75%

Erosion with DJS >75%

Table 5 — Larsen’s scoring method as modified by Reand Hehborn
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The first modification of the Sharp scoring metheds developed for use in
trials of anti-TNF therapies. A similar range aints were assessed as in the
standard Sharp RA method (Sharp et al. 1985), éxiteyp the DIP joints were
assessed in addition for both erosions and JSNsid&rs and JSN are scored using a
similar scoring system to that in RA (Sharp et1&I85), but with additional scores
for specific PsA features (table 6). The preseaceabsence of pencil-in-cup
deformity is scored for all lesions of grade 6 ocar®l these additional specific PSA
features (grade 6 erosion, grade 7 erosion, pencilyp deformity, grade 5
widening) are not added in the final score but lkept separate to it. Other
radiographic features of PsA (including periostitidit resorption) were also scored
separately, when this system was first trialled.owdver once this data was
analysed, the system showed sensitivity to charaged on the erosion and JSN
scores (Mease et al. 2004) and scoring of addititeaures did not provide any
additional improvement in differentiation betweesatment groups (van der Heijde
et al. 2005a).

A second modification based on the Sharp-van dejdélemethod, was
developed later for further RCTs of biologic theesp Again, a similar range of
joints is scored with addition of the DIPs (varr éeijde et al. 2005b). Joints are
scored for erosions, JSN, subluxation and ankylosisg the table below (table 7).
The maximum score for erosions is 5 in the joiritdhe hand and 10 in the joints of
the feet. Gross osteolysis and pencil-in-cup amesl separately; and any joints
found to have these abnormalities are given theitmam score for both erosions
and JSN.
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Erosion scores

Score Definition
0 No erosion
1 One discrete erosion of involvement of <21% a jbint area by

~N O o WODN

erosion

Two discrete erosions or involvement of 21-40%hefjoint
Three discrete erosions or involvement of 41-60%he joint
Four discrete erosions or involvement of 61-80G%e joint
Extensive destruction involving more than 80%hef joint
More extensive osteolysis

Gross osteolysis

Pencil-in-cup Present or absent

Joint space narrowing scores

Score Definition

g A W N B O

Normal joint

Asymmetrical and or minimal narrowing

Definite narrowing with loss of up to 50% of thermal space
Definite narrowing with loss of 51-99% of the n@l space
Absence of a joint space, presumptive eviden@nkylosis

Widening

Table 6 — modified Sharp scoring system for PsA whitinclusion of typical features
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Erosion scores

Score Definition

0 No erosion

1 Discrete erosion

2 Large erosion not passing the mid-line
3 Large erosion passing the mid-line

Joint space narrowing scores

Score Definiton

0 Normal joint

1 Asymmetrical and or minimal narrowing up to a maxm of 25%

2 Definite narrowing with loss of up to 50% of thermal space

3 Definite narrowing with loss of 51-99% of the m@l space or
subluxation

4 Absence of a joint space, presumptive evidencendylosis, or

complete luxation

Table 7 — modified Sharp-van der Heijde scoring métod for PsA
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This scoring system was utilised in the IMPACT dMPACT?2 studies of
infliximab therapy in PsA. These analyses founthtieely high kappa scores
showing good agreement between readers. It alatificed a reduction in joint
damage progression with infliximab therapy, using total modified Sharp/van der
Heijde (mS-vdH) score, the erosion score and the 9&®re. The additional PsA
specific features of pencil-in-cup and gross ost@sloccurred infrequently and did
not show any change over time (Kavanaugh et al62@&n der Heijde et al. 2007).
Therefore, it was suggested that these may noebded, and that the RA scoring
system can be utilised with the addition of the iiats only.

The Ratingen score is the only radiographic scorsygtem developed
specifically for PsA. The authors recognised theexistence of bone destruction
and bone proliferation in PsA and devised a scare éach of these aspects
individually (table 8) (Wassenberg et al. 2001). sinilar number of joints are
scored to that of the modified Steinbrocker, excéytt the I MTP joints are
excluded leaving a joint count of 40. The validfythis method was assessed using
20 pairs of radiographs from patients with PsSA takeree years apart. Inter and
intra-reader reliability and sensitivity to changere found to be comparable to
results in RA studies using the Larsen, Ratinged @ar$-vdH scoring methods
(Wassenberg et al. 2001). Interestingly, althobgth bone destruction and bone
proliferation progressed over the study periodregheas little correlation between
the amount of progression in bone proliferation dmwhe destruction scores
(Wassenberg et al. 2001). This confirms the inddpace of these two pathological
processes and highlights the importance of sudoi@ang system where each feature
is assessed independently.
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Bone Destruction Score (DS)

Score Definition

0
1

ga b~ W N

Normal

One or more definite erosions with an interruptad the cortical plate of
>1mm but destruction of less than 10% of the totiakt surface

Destruction of 11-25%

Destruction of 26-50%

Destruction of 51-75%

Destruction of >75% of joint surface

Bone Proliferation Score (PS)

Score Definition

0
1

Normal

Bony proliferation measured from the original ba@urface of 1-2mm, or, if
the margins of the proliferation cannot be distisgad from the original
bone surface, clearly identifiable bone growth eateeding 25% of the
original diameter of the bone

Bony proliferation of 2-3mm or bone growth betw&5-50%

Bone proliferation of >3mm or bone growth >50%

Bony ankylosis

Table 8 — Ratingen scoring system for PsA
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2.3.2.2 Ultrasound

US is an expanding area of interest in rheumatotigycal trials. The use of
US as an objective quantitative outcome measuré&@as expanding, particularly in
RA clinical trials. US allows real time image agtion of multiple joints to assess
both bony changes (erosion) and inflammation. rdins of pathologies (bone
erosion, synovial fluid, synovial hypertrophy, tegnovitis and enthesopathy) seen
on US have been agreed by the US special interesp SIG) at OMERACT 7 for
use in future studies. The majority of studiesngsiUS have utilised these
definitions and a semi-quantitative 0-3 scoringtesys where O=normal, 1=mild,
2=moderate and 3=severe pathology. Erosions carscbeed using a binary
present/absent system or a 0-3 semi-quantitatme gSzkudlarek et al. 2003).

One of the key questions raised by the use of UShasitcome measure is the
guestion of how many joints should be scanned. i®@isly scanning many joints
provides additional information, but US is stilllagvely time-consuming when
multiple joints must be assessed, and feasibisitya ikey issue. Early work has
begun in RA to identify reduced joint combinatidhat can still accurately identify
pathology and both seven and 12 joint scores haen Iproposed (Naredo et al.
2008; Backhaus et al. 2009). Similar work in Ps#s lyet to be done, and this is
likely to be more challenging given the heteroggnei clinical presentation in PsA.

2.3.2.3 MRI

While MRI has been used since its development agsaarch tool to
investigate pathogenesis in arthritis, it has EBa®amonly been used as an outcome
measure for disease activity and joint damage. é¥mwincreasingly, studies are
looking for objective methods of measuring diseasBvity and MRI is able to
visualise all of the structures in and around tbatj] MRI also has major
advantages over conventional radiography in terhits sensitivity to change when
investigating progression of joint damage.

The OMERACT MRI in inflammatory arthritis group dded to develop a
scoring system for PsA, following on from the deghent of the RA MRI score
(RAMRIS). The first step was a literature revieWWRsA MRI studies to identify
typical pathologies that would need inclusion iatecoring system (McQueen et al.
2006).

Synovitis, bone oedema and bone erosions haveibteptified using MRI in
both RA and PsA. Despite the fact that synovedue samples have suggested a
difference in the histopathology of PsA and RAu&s¢Reece et al. 1999), and MRI
studies have shown more extensive synovitis in RMngared to PsA (Marzo-
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Ortega et al. 2009), the synovitis is indistingaisle, when matched for disease
activity (Cimmino et al. 2005). Similarly, althdugoone erosions are seen at
different sites in the two diseases, the appearahtiee erosions is non-specific. In
both diseases, a break in the bone surface camsbalised on MRI (Ostergaard et
al. 2003). This may be filled with inflammatorysdue which will enhance with
gadolinium or with fibrous tissue which is non-enbimg. Similarly, the
appearance of bone oedema across the arthritidesiiigr on MRI. Images show
an increased signal within the bone on short-taarsion recovery (STIR) imaging,
T2 weighted films with fat saturation and post cast T1 weighted images
(Ostergaard et al. 2003). Similar to the situatregarding bone erosion, the
differences seen between RA and PsA relate toitee ef bone oedema and the
severity of disease.

The possibility of a different pattern of involvemen PsA was first raised in
1995 in two papers investigating MRI in PsA (Giomagi et al. 1995; Jevtic et al.
1995). Both of these papers showed extensivarmfiation in the periarticular
tissue extending beyond the joint capsule and th& surrounding subcutaneous
tissue in patients with PsSA whereas in patienth viRA, the inflammation was
confined to the joint capsule in most cases. Wherarticular oedema was seen in
RA patients, it did not extend to the subcutandmssie. These papers highlight the
additional features seen on MR imaging in PsSA dandas recognised that these
must be included in a potential scoring system.

The PsA MRI score (PSAMRIS) system has been deedldpr scoring hand
MRIs in PsA. The RAMRIS scores the wrist jointsdahe metocarpophalangeal
(MCP) joints of fingers 2-5. There was a concebowt excluding the proximal
interphalangeal (PIP) and DIP joints in a poten®alA scoring system given the
increased involvement typically in the DIP joint$.was also felt that there was less
involvement seen in the wrists in patients with PSFherefore the joints scored in
the PSAMRIS are MCP, PIP and DIP of fingers 2-5hede joint regions were
divided by the midpoints of the phalangeal boned &ere then subdivided at the
joint space line to give three joint regions ana sub-regions (see figure 2)
(Ostergaard et al. 2009).
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Figure 2 —Scoring regions for the PSAMRIS scoring syste
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Given that synovitis, bone erosions and bone oedspaar similar to that of
RA, the semi-quantitative scoring system used ia BRAMRIS was adopted
(Ostergaard et al. 2009). Following this systeymositis is scored in each joint
region from 0-3, bone erosions are scored at edichular surface on a scale of 0-10
dependent on the percentage of bone loss and lewlema is scored from 0-3 for
each sub-region. In addition to this, other kegtdees were defined and added to
the scoring system. Tenosynovitis is assesseddn @int region in each of the four
flexor tendons on a scale of 0-3 depending on ltlekihess of enhancing or bright
signal within the tendon. Periarticular inflamnoatiis scored as present or absent
adjacent to each joint region on the dorsal anchaalaspect of the finger. Bone
proliferation, defined as “abnormal bone formatiorthe periarticular region, such
as at the entheses (enthesophytes) and acrossrthéankylosis)” (Ostergaard et al.
2009), is also scored as present or absent injeaxthegion.

Following on from the development of the scoringteyn, it has been tested in
multiple validation exercises. The first exercigas cross-sectional and involved
four experienced RAMRIS readers scoring 10 MRI saafrpatients with PSA using
the proposed PSAMRIS. This showed good to modenéde-reader reliability for
bone erosion and bone oedema, but low inter-reatiability for the other features
(McQueen et al. 2009). Difficulty assessing Pl 8P joints was reported by the
readers as the image resolution was poor at thhreregs of the field of view. Also
at this stage, readers were asked to record psttefn bone oedema as
“subchondral”, “entheseal” or “diaphyseal’. Thisasvfelt to be too difficult to
distinguish and was removed from later versionghef scoring system. Also,
following on from this exercise, further definiti®rwere created to improve inter-
reader reliability in scoring (Ostergaard et al020

A second cross-sectional validation exercise etlia further 10 MRI scans of
patients with PsSA and 2 healthy controls. Theseeveeored by eight readers and
found an improved intra-class coefficient (ICC)vee¢n readers of 0.84-0.91 except
for the scoring of periarticular inflammation whialas low (McQueen et al. 2009).
This provides evidence for an increased reliabifaljfowing clear definitions of
pathologies and a removal of some features.

A longitudinal validation exercise was then perfetby eight readers. They
scored paired scans taken prior to treatment arsixateeks following treatment
with anti-TNF therapy (adalimumab). This confirmegbod reliability and
sensitivity to change in synovitis, tenosynovitisdaperiarticular inflammation
(McQueen et al. 2009). However given that the scaare only six weeks apart,
there was not enough change in the bony featui@se(brosion, bone oedema) to
accurately assess the validity of scoring theséufea in a longitudinal study.
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Further longitudinal validation exercises are reegiiwith a longer time interval
between scans.

2.4 Treatment of PSA

2.4.1 Current treatment options
2.4.1.1 Non-steroidal anti-inflammatory drugs

The use of NSAIDs to treat PsA has been recommefwdedany years, and in
mild cases, they are often recommended as thetbahapy (Cuellar et al. 1994).
However there is a lack of randomised trials topsuptheir use. Only one RCT has
compared a standard NSAID (nimesulide) to placétmwig reduce pain, stiffness
and active joint counts (Sarzi-Puttini et al. 200jowever this drug has caused
many cases of hepatotoxicity and is not licensedige in most countries (Soriano
and McHugh 2006). There have been four RCTs camgpatifferent NSAIDs
(Lassus 1976; Lonauer and Wirth 1980; Leatham.et382; Hopkins et al. 1985),
but none of them have shown a clear superioritg phrticular drug (Soriano and
McHugh 2006).

In addition to the standard concerns about gaséesiimal (Gl) toxicity caused
by NSAIDs and their risks in renal impairment, #hés a concern about NSAIDs
worsening skin psoriasis. The potential for thesd of skin lesions was highlighted
by dermatologists in case reports (Griffiths 1997lowever in the five RCTs
discussed above, there was no evidence of an effegbsoriasis (Soriano and
McHugh 2006).

More recently, one RCT comparing celecoxib to pbacan 608 patients with

PsA has been published. This study evaluated $keofi celecoxib in PsA flare,
therefore all patients had their NSAID and analgéserapy withdrawn at screening
and had to demonstrate a flare in their diseasthenensuing week. Celecoxib
treatment resulted in a significant number of pasieachieving an improvement in
disease activity (ACR20 response) at week two, fother improvements in the
placebo arm by week 12 meant that there was nafisgm difference between the
groups at the end of the 12 week study. Therenmasignificant difference in the
proportions of patients achieving ACR50 or 70 res@s. Importantly celecoxib
was well tolerated with less than 3% of patientgping therapy due to Gl side
effects. Only two patients experienced a worserohgheir skin psoriasis and
stopped therapy, while change in PASI scores shomeddifference between
treatment or placebo (Kivitz et al. 2007).



-79 -

2.4.1.2 Steroids — systemic

The use of systemic steroids (either given oralljnramuscularly) in PsA has
always been controversial. There are no studiesesaslg the efficacy of
corticosteroids in PsA, but they have been widskydiin the past and continue to be
used today. A multicentre study of 10 rheumatologmgtres in Italy between 1990
and 1992 revealed that 24% of PsA patients weagetlewith average daily doses of
5mg methylprednisolone. Interestingly there waside range between different
centres from none to 55% of patients reflectingrgd variation in treatment (Grassi
et al. 1998). This variation is likely to represeghe uncertainty over the best
treatment for patients with PsA and the lack ofdewce for standard treatments at
that time.

Obviously, the long term side effects of steroids aell recognised and
therefore prolonged use is not recommended. lremqatwith PsA, there may be
additional concerns. The concern from colleagnedermatology is that systemic
corticosteroids can cause a flare of skin psoriagien they are withdrawn.
Dermatologists have argued that systemic corticoste should not be used in PsA,
and have blamed their use for an increase in tidence of treatment-resistant skin
psoriasis and pustular psoriasis (Griffiths 1997However, there is a lack of
prospective studies in PSA assessing the use ti€asteroids and further research is
required to evaluate the risk/benefit ratio in PSA.

2.4.1.3 Steroids — local

Despite widespread use, there is little data t@suphe use of intra-articular
(IA) steroids in PsA. Expert opinion is that IAugbcorticoid injections may be
used in persistent mono or oligoarthritis with godahical results (Soriano and
McHugh 2006). Evidence from studies in a rangelajoarthritic patients have
shown a benefit with IA steroid treatment but omysmall proportion of the
populations had PsA (Green et al. 2001; Marzo-Qrtdgal. 2007).

An analysis of the observational Toronto PsA coli@s also attempted to
address the issue of efficacy of 1A steroids. Tregewed the notes of 220 patients
who received 579 IA steroid injections, particwaid finger, knee and wrist joints.
They found that the probability of remission inttiparticular joint at three months
follow up was 41%, and a third of these relapsethiwil2 months (Eder et al.
2010). Unfortunately, as this data was collectedmf the clinic database
retrospectively, most patients only have data edrat their regular clinic visits
every 3-6 months. This study was unable to addressesponse rate in the shorter
term and cannot differentiate how many of the 60B® wdid not achieve remission
had no response to steroids, and how many had mdegdoand relapsed quickly.
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While these data do suggest a role for IA sterdigsy also highlight the need for
additional therapy to treat active arthritis andvyant relapse.

2.4.1.4 Disease-modifying anti-rheumatic drugs

Methotrexate

Interest in methotrexate for the treatment of Pgéleed following its use in
RA. However, the evidence from RCTs has always baeking. Only two RCTs
have ever been published on this topic and they lealuated entirely different
regimes (Black et al. 1964; Willkens et al. 1984)he first, published in 1964,
investigated the use of IV pulsed methotrexatespde an improvement seen with
treatment versus placebo, the side effects othilgis dose IV regime were high. In
particular, one patient died of marrow aplasia sewkeral other adverse events were
reported (Black et al. 1964).

The second study evaluated low dose oral methdeexséh a weekly dose of
7.5-15mg spread over three consecutive days. dilishow a superior response
with methotrexate in terms of a physicians assessmiearthritis activity and the
BSA of psoriasis (Willkens et al. 1984). A few ontrolled studies have shown
improvement in a variety of outcomes. Espinozaletlescribed the use of oral
methotrexate in 40 patients for a mean period ofri@dhths. The majority (n=38)
were reported to have shown an excellent or gosgorese, with just two non-
responders.  Despite significant numbers of patiedeveloping liver test
abnormalities, the incidence of cirrhosis or liugtammation was low (Espinoza et
al. 1992). A later Cochrane review calculated a enatk effect size of 0.65 based
on both patients and physicians global assessrenthe confidence intervals did
just overlap zero (Jones et al. 2000). This syatenreview also highlighted the
improvement seen in the placebo groups of all R@TBsA. There is a similar
improvement seen in all placebo groups over theetiof the study, and the
magnitude of improvement is similar to that seemRik (Jones et al. 2000). They
therefore guard against the use of evidence froconmmolled trials in PsA.

Later studies have compared methotrexate to oth&ARDs. A controlled
trial of methotrexate vs cyclosporin A showed comapée efficacy in most outcome
measures, and a superior effect of methotrexateSi. They also saw a significant
increase in liver enzymes with methotrexate, busiptence of methotrexate therapy
was better than cyclosporin (72.2% vs 58.8% atyma#) (Spadaro et al. 1995). A
retrospective case note review comparing IM gold arethotrexate also showed
superior effects with methotrexate therapy. P#tievere nearly nine times more
likely to respond to methotrexate than gold (resgodefined az50% reduction in
active joint count) and were five times more likédypersevere with methotrexate
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therapy (Lacaille et al. 2000). Patients with ager disease duration were less
likely to respond to either drug, suggesting a fidsdenefit in early treatment.

A case-control study utilising the Toronto PsA daise in 1995, compared 38
patients treated with methotrexate and their madoatrols. The analysis revealed
no significant benefit in terms of clinical respen@5% showed improvement of
>40% in active joint counts) or radiographic damagenpared to controls, even
after two years of therapy (Abu-Shakra et al. 1995 further analysis was
undertaken using the same cohort, but includingepts treated with methotrexate
between 1994 and 2004. Comparison to the ea®i@b study showed that patients
were being treated with methotrexate earlier indberse of their disease and using
higher doses. The clinical response rate (usiegsime definition as above) was
68% and there was a trend towards a reduced ratadafgraphic joint damage
progression. However the differences between ti®rts were not found to be
significant, probably due to the small numbershia ¢riginal study (Chandran et al.
2008).

The increasing emphasis on earlier treatment, ded trial of immediate vs
delayed methotrexate in early psoriatic oligoatthri Patients were randomised to
methotrexate for six months or to NSAID therapy foree months, followed by
methotrexate therapy from month three to six. @dih both groups showed a
significant improvement in disease activity fronsélne, the improvement in both
tender and swollen joint count was significantlyttée at three months in those
treated with methotrexate compared to NSAID. Theass a similar improvement in
other measures of disease activity, such as inflatory blood tests and pain VAS
when comparing NSAID to methotrexate at three manthhe authors suggest that
this may be due to an incomplete response to nrettaie with partial control of
disease (Scarpa et al. 2008Db).

To assess effectiveness of methotrexate and arfit{hBrapies, an analysis of
the Norwegian DMARD (NOR-DMARD) register was cadieut. They identified
526 cases treated with methotrexate (n=380) orTaxi +/- methotrexate (n=146).
Due to selection bias, patients treated with ahtFTherapies had a generally more
active and severe disease compared to patierte iméthotrexate group. Although
the adjusted changes in the group receiving ant-Tiherapies were significantly
higher than those in the methotrexate group fdamimatory blood results, patients
derived outcomes and quality of life, those patientthe methotrexate group did
show a similar improvement in both tender and ssvoljoint counts. The drug
adherence rates at six months were similar in gathps, with adverse event being
the commonest reason for withdrawal in both grqifesberg et al. 2007).
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Sulfasalazine

Sulfasalazine is probably the most studied stand#vwARD in PsA with
multiple RCTs. A meta-analysis performed as p&r €ochrane review assessed
six RCTs (Farr et al. 1990; Fraser et al. 1993; d2olos et al. 1995; Gupta et al.
1995; Clegg et al. 1996; Combe et al. 1996), anthdoa significant benefit of
sulfasalazine over placebo (Jones et al. 2000 pwadih effect sizes were small
(Soriano and McHugh 2006). Five of these studiesevgpecific to PsA, but one
included patients with a mixture of spondyloarthathpes of whom 136 had PsA
(Dougados et al. 1995). They found that sulfasa¢éaappeared to be more effective
in patients with PsA than in those with reactivinatis (Dougados et al. 1995).

Later studies have been open-label in design and lmked at efficacy in
daily practice. A more randomised controlled tnieed three arms to compare
sulfasalazine, cyclosporin and standard treatmd®A(Ds, analgesics and/or low
dose prednisolone). This study did not show agwicant differences associated
with sulfasalazine therapy when compared to stahdi@atment with regard to
arthritis activity or global assessments (Salvaetnal. 2001). However the study
only included a total of 99 patients and may hasenbunderpowered.

Data from the Toronto observational database tsask@en used to investigate
the use of sulfasalazine. They identified 36 pasidreated with sulfasalazine, but
only 20 of them continued treatment for over thmeanths. Fourteen of the 16 who
discontinued therapy did so due to adverse eveitse 20 patients treated with
sulfasalazine for over three months were comparétmatched controls who were
not treated with sulfasalazine. There was no Bggmt difference in disease
activity or radiographic score between the two g(Rahman et al. 1998a). This
is the only study that has attempted to assessintipact of sulfasalazine on
radiographic damage, therefore there is no evidératesulfasalazine slows or stops
the progression of radiographic joint damage.

Leflunomide

Leflunomide was approved for use in RA in 2000 amdrest grew in whether
this could be an effective treatment for PsA. Anlyeopen label study with just 12
PsA patients using leflunomide either alone orambination with other DMARDs,
suggested a role for leflunomide and the needddhér trials. Despite the small
numbers there were significant improvements in Tgp strengths and patient’s
global assessments. Other outcomes showed a tosvatds improvement but
without statistical significance (Liang and Barr02(. A case report in 2002 (Reich
et al. 2002) highlighted the use of leflunomideairpatient with PsA and pustular
psoriasis. Following addition of leflunomide, teevas a striking improvement seen
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in her arthritis activity and in the pustular ska&sions. This patient had stable liver
function throughout treatment despite previous tiegaxicity with methotrexate
(Reich et al. 2002).

A further small open label study in psoriasis paggn=10) confirmed a mild-
moderate improvement in joint swelling, pain anggbal activity in patients with
PsA (n=3) but did not show any significant improwsr in plaque or pustular
psoriasis (Thami and Garg 2004).

Following on from this selection of positive cagparts and small open-label
studies, a large multinational randomised trial wesnducted comparing
leflunomide and placebo (Treatment of PsoriatichAtis Study or TOPAS). One
hundred and ninety patients with active psoriast RsA were randomised to either
leflunomide (100mg/day loading dose for three ddalyen 20mg daily) or placebo
for 24 weeks. There was a significant benefit ithratis activity (PSARC and
ACR20 responses), skin disease activity (PASIG@)ction and quality of life seen
with leflunomide treatment (Kaltwasser et al. 2004jowever the effect sizes in
most of these outcomes were relatively small (®ariand McHugh 2006),
indicating that although leflunomide is significenbetter than placebo, the benefit
seen with treatment is not that large.

A high number of patients withdrew from the stu@dyle (leflunomide n=38,
placebo n=51) and the majority withdrew due to laflefficacy. Unsurprisingly
more of patients withdrew due to lack of efficacythe placebo group and more
patients withdrew due to adverse events in thenreat group (Kaltwasser et al.
2004). The commonest adverse event reported veashdea (23/92 patients on
leflunomide), which is a recognised side effect leflunomide, particularly
precipitated by the initial three day loading regim An increase in liver
transaminases was seen in 12 of the leflunomideetepatients compared to five of
the placebo treated patients. All five of the @ats on placebo had only mild
elevations of ALT. In the leflunomide group, threa&tients were withdrawn due to
raised transaminases, and all of these elevatiens feund to be reversible. There
were no cases of severe liver toxicity (Kaltwassteal. 2004).

A further 24 week open label study was completdibviong this to further
evaluate the efficacy and safety of leflunomidelaily clinical practice (Behrens et
al. 2007). The treatment regime was identical hat tof the TOPAS study
(Kaltwasser et al. 2004) with a three day loadira@ped initially. This study
confirmed a significant PSARC response rate of %3 Aigher than the double-blind
RCT. They also showed significant differences leetv pre and post-treatment
measures of pain, dactylitis, skin disease anguatialthough many non-validated
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outcome measures were used in these analyses.n,Abai commonest adverse
event was diarrhoea, with a very low rate of heptxicity (Behrens et al. 2007).

One of the major limitations of the TOPAS studytimt there was no
assessment of radiographic outcomes to analysabihty of leflunomide to impact
on joint damage progression (Kaltwasser et al. ROOA case report of a patient
with PsA treated with leflunomide suggested thfitil®mide may have an impact
on structural damage progression (Cuchacovich atd 3002). This particular
patient had evidence of erosive disease on plaliogeaphs of the feet prior to
treatment with leflunomide. After one year of traant, there were no new erosions
and partial filling of a subchondral cyst seen @peat radiographs. Clearly
although this suggests a role for leflunomide idiographic progression, this does
not provide substantial evidence that leflunomide ceduce erosive progression.
Further investigations, preferably in controlledals are required to answer this
guestion.

Cyclosporin

At the time of analysis (2004), there were no stsdio be included in the
Cochrane review and there have been no RCTs comgpayiclosporin to placebo
(Jones et al. 2000). However a number of studs® ltompared cyclosporin with
other DMARDs either alone or in combination.

In 1995, the effectiveness and toxicity of cyclasponvas compared with
methotrexate in a small RCT of 35 patients. Bottlasporin (3-5mg/kg/day) and
methotrexate (7.5-15mg/week) showed a significarirovement in measurements
of disease activity. The changes in laboratorystegere similar in both groups,
except for a significant increase in liver enzynreshe methotrexate group. After
one year of therapy, 41% of patients had stoppetbsyorin with a trend towards
better persistence in the methotrexate group (Spaelaal. 1995). Although this
study showed a benefit associated with cyclospdhme, study was not placebo
controlled and the numbers are too small to asgk&h treatment is better.

An open-label comparison of cyclosporin, sulfasak@zand standard therapy
was undertaken in 99 PsA patients. The cyclosparin showed a significant
improvement in joint counts, pain scores, globateasments and CRP when
compared with the standard therapy arm, and impnew in pain scores was also
significantly better than sulfasalazine. In thisdy, cyclosporin was well tolerated
despite development of a mild, reversible kidnefdgction in a minority of
patients (Salvarani et al. 2001).

The final RCT using cyclosporin assessed the beonéfadding cyclosporin
into the treatment regime of methotrexate pargaponders. Patients continued on
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a stable dose of methotrexate and were randonuoseteéive cyclosporin or placebo
in addition to this. In addition to clinical outoes, a sub-group of patients were
also assessed using high resolution US to lookyoovitis. Although both groups
showed a significant reduction in joint tendernab® methotrexate/cyclosporin
group also showed a significant reduction in SJIRP@nd PASI. When comparing
the two groups, significant differences were notedthe PASI score and US
detected synovitis, in favour of combination treatma Although the patients
treated with cyclosporin had a very slight increisklood pressure and serum urea,
there were no significant differences between W@ groups in these measures. In
keeping with results from the previous studies,uanber of patients discontinued
therapy due to adverse events (13/38 in the cyolasprm) (Fraser et al. 2005).

None of the RCTs discussed above included radibigameasures of joint
damage. One small open-label study (n=15) didsasdee change in radiographic
scores over a two year treatment period, but theeno control group. Macchioni
et al found an increase in the number of jointhwédiographic erosions over the
time period, but some patients developed far lesst jdamage than others
(Macchioni et al. 1998). Nine patients developddnew eroded joint while the
remaining six patients had five or more new ero@edts. The progression of
erosion was correlated with levels of serum solubterleukin 2-receptor (IL2-R)
which is inhibited by cyclosporin. This study tbfare suggested that cyclosporin
could partially control the progression of jointnad@zge based on these results
(Macchioni et al. 1998). However the sample sizemall with no control group. It
is well known that PsA is a heterogenous diseask thare is great variation
between natural disease progression in differesesa There is certainly no
significant evidence to confirm that cyclosporiririgly disease-modifying.

2.4.1.5 Biologics

Tumour Necrosis Factor Inhibitors

TNF is a key pro-inflammatory cytokine, and blockaaf TNF in-vitro causes
a down regulation of multiple pro-inflammatory ciioes. TNF and TNF receptor
were shown to be present in joint tissue in RA gsmmunohistochemistry, and
studies using TNF blockade were initially performieanouse models (Feldmann et
al. 2005). Early clinical trials in RA showed inggsive clinical benefit with TNF
blocking agents (Elliott et al. 1993) and led onlamge randomised clinical trials.
Research in PsA found high levels of TNF in botbrjagic plagues in the skin and
in synovial fluid taken from active arthritic jog{Partsch et al. 1997), providing a
rationale for treatment of PsSA with this class ofigk. A summary of the results
from the key trials of TNF blockers is shown inl&B.
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Table 9 —Summary of results from key anti-TNF therapy RCTs
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Etanercept

Etanercept was the first anti-TNF therapy to bdetksn a randomised trial in
patients with PsA. The first study was published®000 and included 60 patients
with active PsA and psoriasis who were randomigedeteive etanercept (25mg
subcutaneous injections twice a week) or placefdiis showed an impressive
response to treatment with 87% of etanercept-tleptgients achieving a PSARC
response compared with 23% of placebo-treated rgatie There was also a
significant improvement in patient-reported dis@pi{as measured by the HAQ-DI)
following treatment with etanercept and those pdievith substantial skin psoriasis
also showed a significant improvement in PASI ssor@éhe safety profile seemed
acceptable with no significant increase in advensents (Mease et al. 2000). The
major issue with this publication was the lack oflear case definition for PsA.
Patients all had psoriasis, but the high numbexrctfe joints at baseline (mean TJC
20, mean SJC 14) raised the concern that someesé thatients may have RA with
coexistant psoriasis (Marzo-Ortega et al. 2000]jdragt al. 2000). Mease et al later
stated that all recruiting doctors were aware @f Moll and Wright criteria (Moll
and Wright 1973) and the Gladman modification (Glad et al. 1987) to these
(Marzo-Ortega et al. 2000; Taylor et al. 2000), ibimas not been clearly stated that
all patients fulfilled these criteria at study gmntr

Following on from this phase Il study, a larger ghall study involving 205
patients was published in 2004. In addition to ficoning the articular and
cutaneous response to etanercept, this study alslmated its effect on joint
damage. Radiographic disease progression at 12hmaras halted by etanercept
treatment (mean annualized rate of change in mT&S-&03 compared to +1.00 in
the placebo group). Again etanercept was wellratdel with similar low rates of
adverse events in both treatment and placebo giddpase et al. 2004). A follow-
up of these patients, with an open label treatregté@nsion, also confirmed the long
term inhibition of joint damage. Patients treateith etanercept throughout the
study showed no damage progression over the 2 pedod. Patients initially
treated with placebo developed progressive joimatge over the first year, but this
damage was halted when they switched to open ¢&dheércept (Mease et al. 2006).

Infliximab

Following on from successful trials of infliximah the treatment of psoriasis,
a phase Il study of infliximab in PsA (Infliximab Wtinational Psoriatic Arthritis
Controlled Trial or IMPACT) was published in 2003 his recruited 104 patients
with PsA who had double-blind placebo-controlleshtment for 14 weeks followed
by an open label extension up to one year. Theoowts at 14 weeks showed a
significant benefit with infliximab therapy in tesvof ACR and PSARC responses,
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HAQ-DI, PASI scores, enthesitis and dactylitis (&mt et al. 2005b). Again the

case definition for PSA was not clarified (“estabkd diagnosis of PsA of six

months duration or longer”), but all patients wezquired to be RF negative. The
outcome measures used for dactylitis and enthes#ie not stated in the paper and
are not validated scoring systems.

Further analysis on this trial examined the eft@anfliximab on radiographic
progression. This showed a halt in radiographagpession with infliximab therapy
over the 12 month treatment time, but there wadirext comparison with a placebo
group as placebo patients had the option of switchd open label therapy at from
16 weeks. They estimated a projected annual Haprogression of 5.8 mS-vdH
points per year by dividing the baseline xray scbse the disease duration
(Kavanaugh et al. 2006). This method may not bacrate representation of the
potential damage, without treatment, as there is ewadence that damage
progression is linear in PsA.

Following on from the success of the IMPACT studyarger phase Il study
(IMPACT 2) was performed. This recruited 200 patisewith active PsA. Although
specific classification criteria were not stateltipatients had to have “active plaque
psoriasis” and “a negative test for RF in theiuset, therefore they all would have
met the Moll and Wright criteria (Moll and Wrigh©13) and the later CASPAR
criteria (Taylor et al. 2006). This study confirdnéhe efficacy of infliximab in
terms of improving peripheral joint disease, skaonmasis, dactylitis, enthesitis and
physical and mental function (as measured by tbet $brm 36 or SF-36) compared
to placebo (Antoni et al. 2005a). Again the outeomeasures for dactylitis and
enthesitis were non-validated, using a simple camtactylitic digits and an
assessment of enthesitis only in the feet. Thgelagroup also allowed a more
thorough assessment of safety. The overall inceler adverse events was similar
in both groups, although a higher rate of liverdumn test abnormalities was seen in
the infliximab group (Antoni et al. 2005a).

The analysis of joint damage for the IMPACT 2 stwdys more robust than
the previous IMPACT study and used analysis ofagdiphs at baseline, week 24
(prior to cross-over) and week 54. These showesigaificant reduction in
radiographic damage in the infliximab group comgaeplacebo between baseline
and week 24. This is despite the fact that ndaaly of the placebo-treated patients
actually entered an “early escape” arm at week rid \&ill have received eight
weeks treatment with infliximab at this timepoifntoni et al. 2005a). Repeat
radiographs at week 54 showed continued inhibitadnjoint damage in the
infliximab/infliximab group and no further damage ithe placebo/infliximab
crossover patients (van der Heijde et al. 2007).
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Adalimumab

Adalimumab has also been tested in PsA following plublication of the
above trials. The first study was a placebo-cdiettloRCT of 100 patients with
active PsA. This study only included patients wiaal failed DMARD therapy, in
comparison with other anti-TNF trials which usualglude NSAID failures. The
study did show a significant difference in favo@iadalimumab, but the proportions
of patients achieving PSARC and ACR outcomes wagtdhan in other anti-TNF
trials (Genovese et al. 2007). The ADalimumab &feness in Psoriatic arthritis
Trial (ADEPT) was a 24 week double-blind placebatcolled study of 315 patients
with active PsA with an open label extension pHaesgond week 24. Patients were
required to have either active skin psoriasis doeumented history of psoriasis. A
positive RF was not included in the exclusion cigéor the study, and around 10%
of the patients did have a positive RF at baselidewever this paper did report the
sub-type of PsA within their patient populationdaround 25% of patients did have
a typical asymmetrical oligoarthritis. A signifitaimprovement with adalimumab
was noted in peripheral joint disease, skin dise&s®Q-DI, SF-36 and fatigue
scores. They also confirmed the inhibition of jodamage seen with anti-TNF
treatment, showing a halt in radiographic progmssis measured by the mS-vdH
score. The safety profile of adalimumab was alsoila to other anti-TNF
therapies with similar numbers of adverse event®ih groups, but a small increase
in liver enzymes seen with adalimumab-treated ptii§Mease et al. 2005b).
Subsequent analyses, after week 48 and 144 of pke-label extension study,
showed continued inhibition of disease activity ajotht damage as well as
sustained improvements in assessments of disaf@igdman et al. 2007c; Mease
et al. 2009c).

Golimumab

Golimumab is a newer anti-TNF agent recently lieghfor PsA. Itis a human
monoclonal antibody which can be given by IV intusior by four weekly
subcutaneous injection. A large phase Il stu@yiéd GO-REVEAL) recruited 405
patients with active PsSA to receive placebo orrgatnab in doses of 50 or 100mg.
All patients fulfilled the Moll and Wright and th@éASPAR criteria as they had to
have active skin psoriasis and a negative RF.eRatihad active disease and were
either NSAID or DMARD non-responders. Around halfthe population were on
concomitant methotrexate. At week 14, 48% of gaohmab treated patients
achieved an ACR20 compared to 9% of placebo trgaadiénts (p<0.001). There
was no statistical difference dependent on whaihgents were taking methotrexate
and there was no marked difference between thegbhimumab doses. In addition
to improvement in function and quality of life, tkewas also an improvement in
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enthesitis (measured at the MASES sites plus balapantar fascia), the dactylitis
score (measured by the IMPACT semi-quantitativeisgessystem), and the NAPSI
score for nail psoriasis (Kavanaugh et al. 2009b).

Ongoing analysis from this study has shown impwesslinical responses up
to week 104 (Kavanaugh et al. 2009c¢) and has eoatira reduction in radiographic
progression in the one year data for golimumab é&Rawugh et al. 2009d).
Additional analyses have investigated the effecga@fmumab treatment in health
economic terms showing benefit even in the shateido-controlled phase of the
GO-REVEAL study (Kavanaugh et al. 2009a).

Ustekinumab

Ustekinumab is a human monoclonal antibody thatidito the p40 subunit
present on both human interleukin 12 and 23. didfore prevents binding of these
interleukins to the interleukin 1R receptor blocking this signalling pathway.
Studies in skin psoriasis have shown a significasponse to ustekinumab (Papp et
al. 2008), and therefore trials in PsA were coneldict

The phase Il trial of ustekinumab in PsA recruiietb patients to a double-
blind crossover design randomised trial where theyre randomised into two
groups. Patients in the group one received weekigions of ustekinumab for four
weeks only (weeks 0, 1, 2 and 3) and were then tovaa for response. At week
12, patients “crossed over” to the other arm araljgrone then received placebo
infusions. Group two were given four placebo imdas at weeks 0, 1, 2, and 3, but
were then treated with two infusions of ustekinupgiben at week 12 and week 16
(Gottlieb et al. 2009).

At week 12, a greater proportion of patients inugrane (who had received
ustekinumab) achieved the ACR20, 50 and 70 responsasures (table 10).
Although all patients had to have skin psoriasienter the study, PASI responses
were analysed for only those patients who had a BSAt least 3%. PASI
responses were also significant for both PASI75 BA&I90. The proportion
meeting these response criteria peaked at weeks l&hd then showed a very
gradual decline to week 36. At week 24, afterdtass-over, patients in group two
showed similar ACR20 responses following 2 dosesisiekinumab to those in
group one.
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Endpoint Group 1 (ustekinumab)  Group 2 (placebo) valbe
ACR20 n (%) 32 (42%) 10 (14%) 0.0002
ACR50 n (%) 19 (25%) 5 (7%) 0.0038
ACR70 n (%) 8 (11%) 0 (0%) 0.0055
PASI75 n (%)  33/63 (52%) 3/55 (5%) <0.0001

Table 10 — Results of ustekinumab study at week 12
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In addition to these responses, improvement was sg#&n in patients with
enthesitis (measured at the plantar fascia and llashtendons) and dactylitis
(measured with a non-validated semi-quantitative3 Gcore). Significant
improvement in function, as measured by the HAQW&s also seen following
treatment with ustekinumab. Ustekinumab also sdetmde well tolerated in this
short study. Rates of adverse events and infectegre similar in both groups,
although it was noteworthy that three patients bgexl abnormal fasting blood
glucose levels during the study (Gottlieb et alo@20 This may be a reflection of
the high rate of metabolic syndrome seen in paienth psoriasis and PsA but it
does require further evaluation in larger prospecstudies.

Phase lll trials of ustekinumab are planned tohientevaluate optimal dosing
regimens and safety in PsA. This is the firstdmadal drug to show efficacy in PSA
that is not a TNF blocker. Although TNF blockingeats are remarkably effective
in PsA, there is a subgroup of patients who seelmetoesistant to these drugs or
who lose efficacy over time. Newer therapies sashustekinumab with different
modes of action may help us to treat these patigitksresistant disease. However
as newer modes of action become available, reseauast help clinicians to
evaluate which therapies should be used first-ind subsequently. From this
study, it seems possible that ustekinumab may $sed#ective in treating PsA than
the TNF blockers, however this is a small study #re populations in all of the
individual RCTs differ significantly. At presenho head to head trials exist
comparing biological therapies in PsA meaning tletisions about which therapies
to use have a poor evidence base.

Abatacept

Abatacept (CTLA4IQ) is a selective T-cell co-stimtibn modulator. A phase
Il study investigating its use in PsSA has recebin presented. One-hundred and
seventy patients with PsA and active skin psoriagee recruited and randomised
1:1:1:1 to placebo, abatacept 3mg/kg, abatacepgM@ror abatacept 30/10mg/kg.
The final group received two loading doses of 3kggabatacept followed by
subsequent 10mg/kg doses for the rest of the stdde drug was well tolerated
with only 17 discontinuations for inefficacy (n=@) adverse events (n=10) by the
six month timepoint. At six months, there was gngicant difference in the
proportion of patients achieving the ACR20 respoimsthe two groups receiving
10mg/kg when compared to placebo (table 11). Aelokesponse rate was seen in
the 3mg group and this was not significantly higtiean the placebo rate. When
considering skin responses, both 3mg and 10mg/lsgsdgignificantly improved
psoriasis target lesion scores (Mease et al. 2009a)
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Outcome Placebo Abatacept
3mg/kg 10mg/kg 30/10mg/kg

ACR20 (%)

All patients (%) 19 33 48 42

No prev TNF (%) 20 35 56 48

Prev TNF (%) 17 31 31 36
Target lesion 50 (%) 17 36 33 30
Target lesion 75 (%) 10 29 10 16
Improvement in HAQ- 19 36 45 35

DI (%)

Table 11 — Results of the abatacept in PsA trial atay 169
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During sub-analysis, it was noted that patients viaal previously been
exposed to anti-TNF therapy had poorer responses.rat This is clearly
demonstrated in table 11 where ACR20 responsesaagpeer for this group.
Investigators also used this as a reason to extilaimelatively poorer responses in
the 30/10mg/kg group as this group had a higher eaprior TNF exposure (51%
vs 29-36%) (Mease et al. 2009a). Although thigpeshaps not surprising, it is
disappointing, as it was hoped that drugs with féedint mode of action would
work in TNF resistant patients.

At present this trial has only been presented strabt form and the full paper
is not available. It is disappointing that theules given in the table above (taken
from the published abstract) only include ACR20aasarthritis response measures
and do not include any results for higher respoases (ACR50 and 70). It appears,
like ustekinumab, that the response rates seenr lihaa expected when compared
to studies of TNF blockers. Further data from 8gtisgdy and larger future trials are
necessary to characterise the response rate indaetag.

Apremilast

Apremilast is a new phosphodiesterase-4 (PD4) iwdnibwhich is orally
active. The inhibition of PD4 causes suppressidnmultiple inflammatory
cytokines including TNF. Studies in psoriasis sedwnoderate activity, similar in
response rate to ciclosporin (Gottlieb et al. 200Bphase Il trials in PSA have now
been completed. Although the response rates gmédisantly lower than those seen
in a trial of anti-TNF therapy, it does show effigan arthritis (see table 12). There
were significant differences in the proportions people achieving ACR20 and
ACR50 response rates when compared with placeldee{Set al. 2009).
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Treatment Groups

Placebo Apremilast 20mg Apremilast 40mg
BD oD
ACR20 (%) 11.8 43.5 35.8
ACR50 (%) 2.9 17.4 13.4
ACR70 (%) 1.5 5.8 75

Table 12 — 12 week results from the apremilast indA trial
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2.4.2 Early treatment

For around 15 years, the concept of early treatnfentRA has been
considered and has become the established managehaen for those newly
diagnosed with RA. Multiple studies have shownt thggressive early treatment
can improve outcome in the medium to long termméta-analysis, including six
follow-up studies and six cohort studies, showed #arly treatment with DMARDs
resulted in a significant 33% reduction in longneradiographic damage when
compared with a later initiation of treatment (khet al. 2006). This has informed
the concept of the “therapeutic window of opportyihiwhere treatment is more
effective if given early in the course of diseas®llowing on from the data using
traditional DMARDs, TNF blocking therapies have aalfeen used in early
interventional studies. These studies have showenerkable benefit with high
rates of remission (Emery et al. 2008).

This concept has not previously been well investigan PsA. The only
equivalent paper concerning PsA, is a small unblindtudy which was published
by Scarpa et al in 2008. They enrolled a smallbdobf 35 patients with a recent
onset (<12 weeks) psoriatic oligoarthritis. Pasemere randomised to either daily
NSAIDs for three months followed by methotrexatatment, or to a combination
of NSAIDs and methotrexate from baseline. At thremnths, both groups showed a
significant improvement compared to baseline, het tombination therapy group
had a significantly greater improvement in theinder and swollen joint counts
(p<0.05). Other parameters including CRP and EBRndt differentiate the two
treatment groups. At six months, there was noifstgmt difference between the
groups in terms of joint counts, blood results bygcian/patient global disease
activity VAS. The authors concluded that methadtexwas only providing partial
disease control, and recommended treatment withbo@tion TNF blocking
therapy and methotrexate (Scarpa et al. 2008loweder the dose of methotrexate
given is not specified and the study was only &frapnths duration. Long term
outcome in this small cohort is unknown.

An observational cohort study comparing RA and Rsénd a surprisingly
high frequency of remission using a modificationtlod ACR remission criteria for
RA. These patients were treated with methotrexatea methotrexate/CyA
combination in the case of resistant disease. F20@3, infliximab and etanercept
were also used in the case of non-response to imethate or multiple DMARDS.
They found that 57/236 patients (24%) with PsA aeéd remission (defined as low
VAS scores, no active joints, CRP<0.5mg/dl, no ga/enthesitis/inflammatory
spinal pain). Although the frequency of remisswas higher in those treated with
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TNF blocking therapy (79.5% vs 20.4%, p<0.001),dheation of remission did not
differ depending on treatment (Cantini et al. 2008)

To date, only one study, the RESPOND (REmicade\SitudPsA patients Of
methotrexate-Naive Disease) trial, has investig#teduse of early TNF blocking
therapy in PsA. A cohort of 110 DMARD-naive patgewith polyarticular PsA (>5
active joints) of less than two years duration, evesandomised to receive either
methotrexate or a combination of methotrexate arftiximab. There was a
significant improvement in all outcomes in favodriofliximab with an ACR20
response of 86% and an ACR70 response of 50%dbte13). This study has also
provided evidence for the benefit of methotrexatearly PsA with an ACR20 of
66.7% (Nasonov et al. 2009).



-08 -

Infliximab+ Methotrexate
methotrexate alone
Baseline
TJC (mean) 21 20
SJC (mean) 5 4
CRP (mg/L) 29 25
DAS 5.16 5.07
PASI 8.27 11.62
Follow up
ACR20/50 /70 (%) 86/72/50 66.7/39.6/18.8
Good / Mod EULAR (%) 82.4/15.7 33.3/39.6
DAS28 response (reduction of 1.2) (%) 68.6 29.2
PASI 50/ 75 /90 (%) 100/97/70.6 80 / 54 B28.

Table 13 — Results of the RESPOND trial



-99-

2.4.3 Tight control

In addition to early treatment with disease-modifyiherapies, the concept of
“tight control” has also revolutionised care in RMultiple studies have confirmed
that sustained inflammation causes joint damage tla@ aim of disease-modifying
therapy in RA is to control inflammation and prevench ongoing damage. The
concept of tight control was introduced to RA by tRICORA study. This study
randomised 111 patients with active RA to eitheandard care or intensive
management. Intensive management involved momrtsdgssments and a protocol
led treatment algorithm where therapy was escaltix@ patient had a DAS score
of >2.4 (moderate disease activity). Despite arding conventional DMARDSs in
established disease, the study was able to deratmstrsignificant benefit in terms
of reduction in clinical disease activity and ragti&phic progression for those
treated in the intensive management arm. Howeegegn in the intensive
management group, significant progression in joi@amnage was seen over the 18
month study period (increase in total Sharp scdsg (@&rigor et al. 2004).

Since this demonstration of “tight control”, largambers of studies in RA
have adopted the use of DAS within a treatmentogait The BeSt study, which
compared four different treatment strategies ihyedA also used a DAS44 of <2.4
as a target for treatment. Treatment adjustmeptge \made every three months if
this low level of disease activity was not achiey@dekoop-Ruiterman et al. 2005).

Observational data in PsA has indicated that tier@ similar link between
inflammation and damage. Cohort studies have shbatnumber of active joints
at baseline and follow up visits predicts long tgomt damage in terms of both
clinically assessed and radiographic joint damdgladman et al. 1987; Gladman
and Farewell 1999; Bond et al. 2007). As in oth@lammatory arthritides,
remission is the ultimate goal of therapy in PsAl an definition proposed by
Kavanaugh et al suggested that remission in PsAlldhoe characterised by “a
complete absence of disease activity, with no sansymptoms of active disease”
(Kavanaugh and Fransen 2006). However, this palperrecognised that remission
was not only difficult to achieve and maintain, dbat, in some patients, mild
disease activity in one domain may be acceptaldeen this, they concluded that
“near remission” or “low disease activity” could lken appropriate goal for
individual patient’s treatment (Kavanaugh and Fean2006).

The concept of “tight control” has never previoubBen investigated in PsA.
The obvious limitation in designing such a studyhat there is no measure of an
acceptable disease state available for PsA thadl dmuutilised instead of the DAS
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low disease activity state. Whilst DAS responsagehbeen partially validated in
polyarticular PsA (Fransen et al. 2006), the cunfsdfor disease activity have never
been investigated. Until such a measure existsetlis no objective target for
treatment in such a study.
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3 Validation of the CASPAR criteria in early disease

3.1 Introduction

The CASPAR criteria were developed as new clasdiba criteria for PSA
using a large cohort of patients with PsA and adstwith other inflammatory
arthritides. They include characteristic featuotPsA and have been shown to
have a high sensitivity and specificity in a popioka with established disease
(Taylor et al. 2006).

The main limitation of the CASPAR criteria is th#tey have not been
validated in early disease. Research done by thenim group found that the
CASPAR criteria had a high sensitivity for identify early disease within their PSA
clinic population (Chandran et al. 2007b). Howewris study only included
patients referred to a specialist tertiary refectalic; therefore there is a significant
risk of overestimating the sensitivity of the cnge Studies in Sweden and lItaly
have also investigated the sensitivity of the datén early PSA (D'Angelo et al.
2008; Lindqvist et al. 2008; D'Angelo et al. 2008)it as yet no studies have been
completed with a control population to addresssiesitivity and specificity of the
CASPAR criteria in early disease. At present, thegnnot currently be
recommended for use in studies of early PsA fa thason. This study aimed to
emulate the methodology of the original CASPAR gtadd to recruit both early
PsA cases and controls with other inflammatoryrdidles to allow calculation of
the sensitivity and specificity of the criteriathis group.

The other key issue raised with the CASPAR critegithe entry criteria that
state that the patients must have “Inflammatorjcaldr disease (joint, spine, or
entheseal)”. Particularly in early PsA, the pattef disease may be evolving and
may be different from that of established diseaSer that reason, an assessment of
arthritis, enthesitis and axial involvement waduded to investigate the pattern of
disease in treatment-naive early arthritis patients

3.2 Methods

3.2.1 Patient and control selection

Patients and controls were recruited from EarlyhAtis Clinics and from new
referrals to rheumatology clinics in four hospitélased in the Yorkshire region.
Clinic attendees with a new diagnosis of PSA wem®léed in the study. For each
case enrolled, the consecutive patient with neweondglammatory arthritis was
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enrolled also. All cases and controls were reguicehave disease duration of less
than 2 years (from onset of symptoms) and to be RidAvaive.

3.2.2 Data collection

Data were recorded on standardised proformas imgudemographics, date
of onset of arthritis, duration of early morningffaess, activity of arthritis,
enthesitis and axial disease, and application efGASPAR criteria. Activity of
arthritis and enthesitis was assessed using diregamination. All patients
underwent a 66/68 swollen/tender joint count arsessment of entheses including
those entheseal sites required for the LEI (Healy ldelliwell 2008), the MASES
(Heuft-Dorenbosch et al. 2003) and sites used & IMPACT and IMPACT2
clinical trials (bilateral Achilles tendon and ptan fascia) (Antoni et al. 2005a,;
Antoni et al. 2005b). Results of any relevant Btigations were also recorded
including presence or absence of periosteal neve limmation on radiographs and
evidence of axial involvement identified by plaadrography or MRI.

3.2.3 Statistical methods
3.2.3.1 Power calculation

Figures for sensitivity and specificity for the CR&R criteria in established
disease are 0.91 and 0.99 respectively. Prior éodt#tvelopment of the CASPAR
criteria, the Moll and Wright criteria have tradiially been used in both early and
late disease and the figures for these criteria GB® and 0.92 respectively.
Assuming that in early case definition the emphasion specificity the null
hypothesis is that the specificity for the CASPARecia will be equivalent to that
for the Moll and Wright (H = Ho). The alternative hypothesis is that the spetyfici
of CASPAR differs from that of Moll and Wright (H> Hp). From Obuchowski
(Obuchowski 1998) the number of patients requiredeist the alternative (two
tailed) hypothesis, with an alpha value of 0.05 arzkta of 0.20 is 111. Therefore
111 cases and 111 consecutive controls are required

3.2.3.2 Results Analysis

Sensitivity and specificity of the CASPAR and Mahd Wright criteria were
compared using McNemar's tests for paired variableRReceiver operator
characteristic (ROC) curves were used to estinteteatea under the curve (AUC)
for both criteria and the optimal cut-point for tGASPAR criteria for the diagnosis
of early PsA. Univariate and multivariate forwastep-wise binary logistic
regression was used to identify which featuresumhetl in the CASPAR criteria
were independently associated with PsA.



- 103 -

When considering patterns of arthritis, oligoatierwas defined as less than 5
active joints and polyarthritis as 5 or more jointSmall joints were defined as
temperomandibular joints, sternoclavicular joirdsromioclavicular joints, carpo-
meta-carpal joints, MCP joints, PIP and DIP joilN&[P joints and IP joints of the
toes (total 58 joints). Large joints were defiredthe glenohumeral joints, elbows,
hips, knees and ankle joints (total 10 joints).e Bymmetry number was calculated
as the number of joints as symmetric pairs/totahiper of joints involved. Each
joint pair (n=34) was assessed for symmetry indiglty. Symmetry was defined as
a symmetry number of0.5. Significance testing was performed using Muolsgs
tests for categorical variables and Mann-Whitnetgsis for continuous variables.

3.3 Results

In total, 111 cases of early PSA and 111 controlth wather forms of
inflammatory arthritis were recruited to the studyhe baseline features of these
patients are shown in table 14.

The sensitivity of the CASPAR criteria (scot®) in classifying early PsA was
87.4% compared to 80.2% for the Moll and Wrighttesta (p=0.008). The
specificity for both criteria was 99.1%, with onlycontrol patient fulfilling both
criteria for PsA.

Using ROC analysis, the AUC for the CASPAR critesias 0.991 compared
to 0.896 for the Moll & Wright criteria. When cadsring different cut-points for
the CASPAR criteria, the best cut-point for classaifion remained a score 88 as
in the original CASPAR analysis (table 15 and feg8). Considering a score o2
gave a higher sensitivity but resulted in a drogpecificity that would not be ideal
for classification criteria.
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PsA Cases Controls

Median age, years (IQ range)
Median disease duration, months (IQ range)
Consultant Diagnosis (n)
Psoriatic arthritis
Rheumatoid arthritis
Undifferentiated arthritis
Spondyloarthritis
Inflammatory OA
Crystal arthritis
Percentage with
Arthritis
Enthesitis

Axial Symptoms

44 (34-55) 52 (38-66)
8 (5-14) 5 (3-9.25)

111 0
0 82
0 13
0 9
0 4
0 3
100 99
67 52
5 1

Median early morning stiffness, minutes (1Q range)60 (20-120) 60 (30-120)

% fulfilling Moll and Wright criteria for PsA
% fulfilling CASPAR criteria for PSA

80 1
87 1

Table 14 - baseline features of cases and controéruited to the CASPAR study
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Criteria Score Sensitivity Specificity
Moll & Wright Positive 80.2 99.1
CASPAR >1 100 42.3

>2 99.1 94.6

>3 87.4 99.1

>4 42.3 100

>5 15.3 100

Table 15 - ROC analysis of Moll & Wright and CASPARcriteria
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Figure 3 - ROC curve for CASPAR and Moll & Wright criteria predicting PsSA diagnosis
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When considering the individual components of tiR&SEAR criteria, 96.4%
of cases had current, previous or a family histofypsoriasis with 84% having
current psoriasis. Dactylitis and nail psoriasisrevhighly discriminatory as only
one control patient had dactylitis and another bad nail psoriasis. Univariate
binary logistic regression analysis identified taHtof the features of the CASPAR
criteria, with the exception of radiographic newnbdormation were significant in
differentiating between PsA and controls. Multiage forward step-wise logistic
regression identified that current psoriasis, negaRF, nail psoriasis, family
history of psoriasis and dactylitis were all asatenl with PsA. Table 16 shows in
more detail what proportion of the patients fulfdl each individual aspect of the
CASPAR criteria.

When considering the diagnosis of inflammatorycattr disease (joint, spine
or entheseal) required for the first aspect of IASPAR criteria, there were some
minor differences between the cases and contidisarly all patients had arthritis.
Presence of enthesitis was significantly more feeqiun the PsSA patients compared
to controls (67% vs 52%, p=0.029). There was adir@wards higher enthesitis
counts in PsA cases compared to control patientghisi was not significant (see
table 17). Spondylitis appeared more frequent @RBA patients but the difference
was not significant due to small numbers (5% vs 186),.055).
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PsA Cases (%)

Controls (%)

Any psoriasis 96
Current psoriasis 84
Previous psoriasis 6
Family history of psoriasis 18

Nail psoriasis 38

Negative RF 96

Current or previous dactylitis 28

Xray evidence of new bone formation 2

12

4

Table 16 - Proportion of cases and control fulfiling each aspect of the CASPAR criteria
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Cases Controls RA controls
(n=111) (n=111) (n=82)

Proportion with arthritis (%) 100 99 100
Oligoarthritis 30 24 15
Polyarthritis 70 76 85
Median TJC (IQ range) 7 (13) 8 (15) 12 (16)
Median SJC (IQ range) 5(7) 5(9) 7 (11)
Median active joint count (IQ range) 9 (13) 10)(1512.5 (16.25)

Proportion with enthesitis (%) 67 52 52
Median enthesitis count (1Q range) 24 1(3) a1 (

Proportion with spondylitis (%) 5 1 0

Table 17 — disease patterns in cases, controls aRé controls
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Further analysis examined the pattern of arthisgen in PsA and other
inflammatory arthritides (Table 18). The averageder and swollen joint counts
and the proportions of people with oligoarticuladgpolyarticular disease did not
differ significantly between cases and controlshéw comparing PsSA cases to only
controls with RA (n=82), PsA cases had significafdglver joint counts (p<0.008).

The higher number of joints involved in RA when qmared to PsA was
principally due to an increased number of smatit®involved. In PsA cases, there
were a similar proportion of patients with predoarmtly large and predominantly
small joint disease. However in RA controls, 0886 had predominantly small
joint disease. There was no significant differese®n in large vs small joint
arthritis when comparing PsA cases to all contrmisyhen comparing PsA patients
with RA controls. Specifically in small joint aritis, DIP joint involvement was
significantly more common in PSA cases than cost{82% vs 16%, p=0.007).

A symmetry number o£0.5 defines symmetrical disease. The symmetry
number was significantly higher in controls thanAPsases (p=0.003) and this
difference was even more pronounced when compdRAgcontrols with PsA
(p<0.0001). The remaining control patients hadveer median symmetry number
but this was not significant to PsA cases (0.20)s p=0.58). Analysing this in
another way, when comparing the proportion of pasievith symmetrical disease,
the controls, particularly those with RA, had ahag proportion of symmetrical
disease when compared to PsA. Comparing PsSA teaaltrols, there was no
significant difference in the proportion with symimeal disease (p=0.11), however
when comparing PsA to RA controls, there was aifsogimt difference (p=0.001).
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Cases Controls RA controls
(n=111) (n=111) (n=82)

Predominantly small joint arthritis, 59 (54) 59 (54) 50 (62)
N (%)
Predominantly large joint arthritis, 51 (46) 50 (45) 31 (38)
N (%)
Median no of small joints involved 7 (12) 9 (16) 11.5(20)
N (% of total)
Median no of large joints involved 1 (10) 1 (10) 1.5 (15)
N (% of total)
DIP involvement, N (%) 35 (32) 18 (16) 15 (18)

Median Symmetry Number (1Q 0.5 (0.78) 0.67 (0.54) 0.73 (0.39)
range)

Symmetrical disease, N (%) 58 (52) 72 (65) 62 (76)

Table 18 — Patterns of arthritis in cases, controland RA controls
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3.4 Discussion

These data confirm that the CASPAR criteria haveatgr sensitivity
compared to the Moll and Wright criteria in the ntiécation of early PSA. The
most important difference between the two critegahat the CASPAR criteria
allow a diagnosis of PsA to be made in patienthout skin psoriasis. These
criteria utilise additional features such as daitsylnail psoriasis and positive family
history to increases the sensitivity of the CASPAMReria. This is particularly
relevant in early disease when not all featurePseA may have manifest. In
particular, 20% of people presenting with PsA do meve skin psoriasis, therefore
excluding them from a diagnosis using the Moll adght criteria. All patients
who fulfil the Moll and Wright criteria with a negae RF will also fulfil CASPAR
so there is significant overlap between the twteda.

In comparison with established disease, sensitigtyains slightly lower. A
short duration of disease means that many patvweilitaot yet have experienced all
of the typical features of PsA that they may depetturing the course of their
disease. In particular, there is a much lowerdecce of typical radiographic
changes that can be identified in early patiefthe vast majority of patients with
new onset of inflammatory arthritis have normal iogdaphic appearances at
presentation. This problem has been identifiedre@vious early PSA cohorts where
little new bone formation could be identified (D'delo et al. 2009).

When considering the pattern of inflammatory atacuisease, there was a
higher proportion of patients with active enthesitn PSA cases compared to
controls. There were also more patients in the B®Ap who had axial disease,
although this difference was not significant duestoall numbers affected in both
groups. Patterns of arthritis showed that PsAepédi have a lower total number of
joints involved compared to RA controls and thidfedence was principally
explained by a higher number of small joints inemlvin RA patients, confirming
the identification of RA as a predominantly smabini polyarthropathy.
Symmetrical joint disease was less common in Pgiems compared RA controls,
and there was a significant difference in symmetwynber between the patient
groups.

3.5 Limitations

The most significant limitation of this study redatto the selection of the
cases. Cases were recruited only if they had auttamt diagnosis of PsA and few
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patients presenting with undifferentiated arthntisre included in this study. This
may be less important when considering the usehef CASPAR criteria as
classification criteria, as originally intendedhelresults of this study support their
use as inclusion criteria for future research gsiadvith recent onset PsA. However
these data will result in an overestimate of thassmity of the criteria if
considering their use as a diagnostic tool in aeganearly arthritis clinic
population.

In this circumstance, the CASPAR criteria remaipesior to the Moll and
Wright criteria because they allow other charasterifeatures of the disease to
identify PsA in patients without psoriasis. Howeveey still do not account for
patients who initially present as undifferentiatadhritis and later evolve into a
typical psoriatic phenotype. Patients who are wrawof their family history of
psoriasis or who may have had dactylitis, but remt this confirmed by a specialist
may be left undiagnosed using these criteria.

The other limitation is the identification of ideabntrols. Again, controls are
more likely to have a certain diagnosis, such as &#d undifferentiated arthritis
patients were not seen in significant numbers. r&he also a difficulty in
identifying controls with axial SpA who were eliggbfor this study, as patients were
required to have a disease duration of less thanywars. A significant number of
cases with axial disease present to rheumatolodly @xer two years symptom
duration, thus making them ineligible.

Future research ideally should apply these criteagatinely to all new
rheumatology referrals within an early arthritis samilar clinic. They should be
recorded at presentation and then long term follpwmust be completed to ensure
that patients are accurately classified as PsAootrals. This is particularly crucial
in the undifferentiated arthritis cohort where aiddial diagnostic tools are required
to predict what type of arthritis may develop.

3.6 Conclusion

This work supports the use of the CASPAR crites&lassification criteria for
future research in early PsA. Although the sewisjtis slightly lower than that in
established disease, the specificity is reassurifigeir use as diagnostic criteria in
cases where diagnosis is unclear cannot be recodaddmased on this study, but
future work evaluating their use in an unselectadyearthritis clinic population
would address this issue.

Different clinical phenotypes cannot be relied uponisolation to identify
early PsA, but different patterns are seen in Ps#iepts compared to other
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inflammatory arthritides. Enthesitis and DIP joimtolvement are more frequent in
early PsA compared to other forms of inflammatathriis, however a significant
proportion of controls (including a significant partion of patients with RA) also
have enthesitis. Spondylitis is likely to be mdrequent in PSA than in RA,
however it cannot be relied upon to differentiatenf other forms of inflammatory
arthritis. Patterns of arthritis confirm the typicview that RA is a symmetrical
small joint predominant polyarthropathy, whereadigpés with PSA generally
present with fewer joints involved, particularly alnjoints, and, as a consequence,
with less symmetrical disease (Helliwell et al. @D0
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4 Imaging in Early Psoriatic Arthritis — the extent of sub-clinical
disease

4.1 Introduction

Since the seminal works of Moll and Wright (MolldaiVright 1973), it has
been customary to divide patients with PsA intosthawith polyarticular and
oligoarticular disease. Research has shown thetnttimber of active joints at
presentation influences the long term outcome eféhpatients (Gladman et al.
1987), and therefore this subdivision may have posgc value. Traditionally,
assessment of joint involvement has been donecallgiusing tender and swollen
joint counts. However, research in mixed oligoatith cohorts has shown that a
significant proportion of patients have subclinigaht involvement, identifiable on
US, that would result in their re-classificatiororir oligoarthritis to polyarthritis
(Wakefield et al. 2004).

US has been validated in PsA as a method for asgegsnt inflammation.
Two studies have compared US with other imaging ahtiels in PsA. The first
imaged 13 patients with established PsA using USRI,Mradiography and
scintigraphy in addition to clinical assessment®ifWer et al. 2008). This showed a
sensitivity of 40% and specificity of 91% for joirosions when compared to
conventional radiography. When assessing joitamimation, MRI was used as the
gold standard. US showed a sensitivity of 48% argpecificity of 91% for the
detection of joint inflammation. Unfortunately, shstudy used only GS or B-mode
US and did not utilise PD.

A second study imaged 15 PsA patients in additm® tRA patients and 5
healthy controls for comparison. This study usethllGS and PD US giving an
optimal assessment of this technique. US and Nt@wsd good agreement in the
assessment of bony changes (absolute agreeme@086)and synovitis (absolute
agreement 73-100%) but with variable kappa stasistWWhen looking at sensitivity
and specificity in this study, MRI was used as gwd standard for both bone
changes and inflammatory changes. US showed gawitivity and specificity for
synovitis (sensitivity 40-70%, specificity 87-88% % well as high specificity for
bone erosions (88-99%). However there was lowasigeity of US for erosions (0-
57%) (Wiell et al. 2007).

Little research is available in PSA comparing datiand imaging findings. Of
the 80 patients imaged in the previous paper imyatstg sub-clinical arthritis in
oligoarthritis, only 6 had a clinical diagnosisRgA (Wakefield et al. 2004). One of
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the validation studies discussed above comparedimgaand clinical examination
but only in 13 cases. They found that 17% of pishowed US abnormalities
despite being clinically normal (Weiner et al. 2D08lowever this study did not use
PD which may have affected the specificity of th& Bndings. Further data in
larger cohorts is required to improve our underditag of the relationship between
clinical examination and US in early PsA.

No longitudinal studies exist in PsA or oligoartisri to establish the
significance of this sub-clinical synovitis. Hovexstudies following patients with
RA who were considered to be in remission (i.ehvaw numbers of active joints)
have shown that sub-clinical US evidence of PD amfination correlates
significantly with progressive radiographic damagjeer 12 months of follow up
(Brown et al. 2006).

In addition to evidence of sub-clinical arthritithere are many papers
identifying the presence of significant levels afbsclinical enthesitis in patients
with established PsA and other SpA which is deldetby US (D'Agostino et al.
2003). Some theories of pathogenesis in PsA hasgtulated that inflammation
starts at the enthesis in early SpA and PsA patibatore spreading to the joint
(McGonagle et al. 1999). This suggests that theran entheseal initiation of
disease, meaning that scanning patients with edidgase could be crucial in
identifying early sub-clinical inflammation thatyet to spread to the joints to create
further synovitis. Unfortunately the majority ofgwious studies with PSA and SpA
patients have recruited patients with establisheelde.

One study has looked at enthesitis using US and bomtigraphy imaging of
patients with early PsA (Scarpa et al. 2008a).coltfirmed the existence of both
sub-clinical arthritis and enthesitis on bone sgmaphy and then used US in these
areas to confirm their findings. All patients haittasonography on the joints and
entheses that showed increased tracer uptake wigsaphy (both those that were
clinically involved and those that were not clifiganvolved) and on two control
joints with normal clinical examination and normedcer uptake. It reported that
US showed some abnormal changes in all articuldresmtheseal sites identified on
scintigraphy. Only 2 of the 94 control joints tlvegére examined with US showed
any degree of joint involvement. In 71% of thenally involved joints there was
evidence of PD but in the “sub-clinically” involvgdints, they did not find any
evidence of PD in the areas of tracer uptake. Theee is some doubt cast over
whether this truly represents “sub-clinical inflamtmon” where both GS and PD US
signal would be expected, or whether some of thgsges could be either
mechanical or within normal physiological limits.Other studies comparing
scintigraphy and US showed a similar lack of agemmon the presence of
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synovitis where tracer uptake can be found ateavgith normal US assessment and
where joints with no tracer uptake had evidencsyoiovitis on US (Weiner et al.
2008).

4.2 Methods

Patients with new onset PsA, according to the CASRAteria (Taylor et al.
2006), were recruited. They were all required & MVARD naive and have a
disease duration of less than 2 years. All patibaid active disease (defined>ds
active joint, active entheseal site or BASDAI >4 &xial disease). All patients had
a clinical assessment including a 66/68 swollenlkemoint count and assessment of
entheses including those entheseal sites requirethé LEI (Healy and Helliwell
2008), the MASES (Heuft-Dorenbosch et al. 2003) aites used in the IMPACT
and IMPACT?2 clinical trials (bilateral Achilles tdan and plantar fascia) (Antoni et
al. 2005a; Antoni et al. 2005b). In addition testtdactylitis was assessed using a
simple dactylitic digit count and the LDI (Helliweadt al. 2005).

4.2.1 Ultrasound

US was performed using a Philips HDI 5000 machinéh & 12-5 or 13-7
MHz probe as appropriate. For PD scanning a medvaihfilter was applied. All
scans were performed by a rheumatologist experieimceusculoskeletal US (Dr J
E Freeston). Gel was applied to the skin to p@wad acoustic interface.

All patients underwent GS and PD US of the mostmpmatic hand and wrist
(11 joints per patient) and additional target jsirthat the patients identified as
symptomatic. The digits of the 4 fingers on themt were also scanned for FT
(defined as presence of GS and/or PD). GS and &B scored separately on a 0-3
semi-quantitative scale for each joint imaged. 8 $§&ore o2 and/or a PD score
>0 were used to identify US active joints.

All patients underwent GS and PD US of bilater&trdal epicondyles of the
elbow, Achilles tendons and plantar fascia. GS RDdwere scored separately on a
0-3 semi-quantitative scale for each enthesis ithage GS score ot2 and/or a PD
score >0 were used to identify active US enthesitis

4.2.2 Statistical analysis

Joints, entheses and digits were all consideregithaally to compare clinical
and imaging assessment of arthritis, enthesitisdatlylitis. A prevalence and bias
adjusted Kappa (PABAK) was used to compare agreerwenclinical and US
assessment of active disease. This statistic tadjiie raw kappa value for
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differences in prevalence and bias. This is paldity relevant when the
distributions of positive and negative resultsraseequally split in the population.

4.3 Results

40 patients (18 male, 22 female) with new onset, ABD naive PsSA were
recruited. Their average age was 47 years (ra®9géllyears) and they had a
median disease duration of 10 months (IQ range Babths). All of the patients
were negative for RF and anti-CCP tests. On d@dinrexamination, they were found
to have a mean of 10.7 tender joints and 6.2 swgdlmts. Nineteen patients were
classified as having oligoarthritis (<5 active jsiron clinical examination) and 21
were classified as having polyarticular disease.

When considering joint inflammation at the patiégel, only one of the 19
oligoarthritic patients had 5 or more involved fsiron US and was therefore re-
classified from oligoarticular to polyarticular.

When considering each joint individually, a totél431 joints were assessed
by both clinical and US examination. Of these §®i168.9% had imaging findings
consistent with their clinical examination (tabl®)1 A substantial agreement
(Kappa =0.36, PABAK =0.38) was identified betwednical assessment of activity
(tender and/or swollen) and imaging assessmentcfity. The agreement over
active joints was 60.1% whereas the agreement maative joints was 74.5%.
Clinical examination rarely over-estimated actiyityarticularly the SJC where
95/100 swollen joints show imaging activity. Howey subclinical disease was
present with 93 clinically inactive joints scannstowing significant imaging
findings.

Dactylitis was less common with only 10 patientwvihg dactylitis in the
fingers or toes. Those who had dactylitis had\aerage of two digits involved. A
total of 160 digits (fingers only) were examined ¢tinical dactylitis and FT on US.
Of these, 88% had consistent findings (two digiesenclinically dactylitic with FT
on US). FT was found in an additional 20 digit8%d that were not clinically
considered to be dactylitic.
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US active US inactive Total
CE active 101 (23%) 41 (10%) 142
CE inactive 93 (22%) 196 (45%) 289
Total 194 237 431

Table 19 - Comparison of clinical and US assessmeaf disease activity by individual

joint (CE=clinical examination, US=ultrasound).
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Clinically, enthesitis was common with 31/40 patsehaving clinical evidence
of tender enthesitis using any of the clinical sodiscussed above, and an average of
three sites involved per patient. Consideringlith@teral lateral epicondyles of the
elbow, Achilles tendons and plantar fascia whiclremexamined by both clinical
examination and US, 34/202 entheses were foundetdebder, but none were
clinically swollen. Using combined GS and PD, D®2ad active enthesitis on US.
Of all entheses examined, 85% had imaging findiogssistent with clinical
examination. A substantial correlation (PABAK =/0Q) was identified between
clinical assessment of activity (tender enthesig) naging assessment of activity
(see table 20).

In this early cohort, there was little evidencesob-clinical enthesitis with
only 2% (5/202) of non-tender entheses showingifsegmt US changes. All of the
5 non-tender, US active entheses were in the Idwdy, and there was no sub-
clinical disease seen at the lateral epicondyléswever, clinical examination over-
estimated activity in 12% of entheses. Of theétider but US inactive entheses, 7
were adjacent to clinically tender joints. Bongson was only present in 8 of 202
entheses.
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Type of assessment US active US inactive Total
Tender 9 (4%) 25 (12%) 34
Non-tender 5 (2%) 163 (81%) 168
Total 14 188 202

Table 20 — Comparison of clinical and US assessmeot disease activity by individual

entheses
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4.4 Discussion

When comparing US and clinical examination of atithat the patient level in
this cohort, there was only one patient identifigldlo was clinically diagnosed as
having oligoarthritis which was reclassified as yaothritis following US
assessment. The other nineteen patients withastigiatis did not have evidence of
significant sub-clinical arthritis that would resut their reclassification. This is in
contrast to previous research in oligoarthritis artd (Wakefield et al. 2004). This
may be due to the fact that previous research beketl at undifferentiated
oligoarthritis rather than concentrating on onetipalar subtype. These previous
cohorts of undifferentiated oligoarthritis may haegolved to other forms of
arthritis, including even RA which was undiagnosgdhe time. There is also the
issue of clinical skill effect. All of these paties underwent clinical examination as
part of a research procedure by two examiners epexd in PsSA. In this setting, it
is possible that more involvement is identifiedndally when enough time is
available for assessment and examiners are expedemm performing full joint
counts.

Considering arthritis at the joint level, there wesasonable correlation
between US and clinical examination particularly ewhcompared to previous
research in other inflammatory arthritides. Howewveubclinical arthritis was
identified using PD US, particularly in patientsthvimultiple joints involved
clinically. This is in keeping with previous resefa showing a higher sensitivity of
US to detect clinical synovitis.

When considering enthesitis, there was surprisihglg evidence of enthesitis
in this early PsA cohort. Considering stated hlgpsees that PsA originates in the
enthesis and then spreads to the joint, it is gingr that only 9 of 202 entheses
assessed had evidence of US enthesitis. Thistmirdg a very different picture to
that seen in established disease where signifid@abnormalities are identified in
PsA and SpA cohorts (D'Agostino et al. 2003). Timgy reflect the difference
between early and established disease patterni$ @y also be explained partially
by an increase in entheseal abnormalities withessing age. All of the non-tender
entheses with US changes were in the lower limbrevimechanical factors are
likely to be a larger issue. No subclinical enttiesvas identified at the eloow. The
data seem to suggest an overestimate of enthaesitig clinical examination with a
number of tender entheses showing no US abnormalitys may represent disease
not identified by US (such as bone oedema) or ¢émeldrness identified may be
related to other pathologies such as fibromyalgia.
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4.5 Limitations

This study represents a step forward in assessmgra homogeneous cohort
of patients, all with PsA and all with less thagears disease duration. This allows
us to look in detail at the presentation of theséiepts. However due to time
limitations, US examination was not complete for jaints and entheses. It
therefore raises the possibility that some submindisease could have been missed.
Ideally all patients should have had US assessofeait of their joints and entheses,
but this would be extremely time-consuming for boltinasonographer and patient.

All patients were required to have active diseas# le2e DMARD naive. A
selection bias therefore exists in this cohort whaatients with borderline or very
little disease activity were not included. The relegeristics of this cohort also
define how this data can be extrapolated. Alll@fse patients were off treatment
with active disease. Therefore such data cannoéxbepolated to patients on
treatment. Ideally, a similar study needs to bpeated, to scan patients on
treatment, particularly those whose disease coms¢rahought to be adequate to
identify if subclinical disease is an importantuesin such a cohort. If significant
subclinical disease is identified, then longitudidata will be required to assess the
long term implications of such findings.

4.6 Conclusion

In early PsA there is a significant correlationvibetn clinical examination and
US of joints and entheses. Around one-fifth oihfsihave subclinical synovitis
which can be detected on US using PD and this iemsommon in those with
clinically-identified polyarticular joint involventd. Enthesitis was not identified in
the majority of patients; indeed clinical examipatiseemed to overestimate the
involvement of these structures. Further resemrcbquired to address whether this
sub-clinical synovitis persists in patients onceythare started on therapy and
whether this has any prognostic implications.
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5 Defining Minimal Disease Activity in PSA — a proposd objective
target

5.1 Introduction

The conceptual definition of MDA was agreed at@ERACT 6 conference
as “that state of disease activity deemed a udafget of treatment by both the
patient and physician, given current treatmentipdgges and limitations” (Wells et
al. 2005). MDA encompasses both remission and “khigease activity” as
acceptable targets for therapy.

Any criteria for disease activity in PSA must assesany aspects of this
complex disease and a core set of measures faefl®A research was agreed at
OMERACT 8 in 2006. The six core measures agreae yweripheral joint activity,
skin activity, patient's assessment of pain, paeassessment of global disease
activity, physical function and HRQOL (Gladman ét 2007d). Other important
domains included spinal disease, dactylitis, ertisesfatigue, nail disease,
radiography, physician global assessment and gh#se reactants (Gladman et al.
2007d). Using these core and important measuhes,study was designed to
develop criteria for MDA in PSA, using expert omnion real-life cases.

5.2 Methods

5.2.1 Domains to be included

Firstly, a decision was taken on which aspectshef RsA disease spectrum
needed to be included to create the MDA definitiddeally, any criteria need to
contain the minimum of measurements (to allow tahAfsi) but must incorporate
measures of all of the important aspects of theadis. The starting point was the
OMERACT agreed core set of domains for PsA (as @bo¥nalysis of PSA cases
with a low disease activity (defined as physiciéwbgl disease activity VAS of <3)
showed large variation in HRQOL (measured by theriBSc arthritis Quality Of
Life scale or PsQOL). HRQOL was excluded becaudseoncerns that it may be
unrelated to disease activity and unduly influeniop@xternal factors.

As recommended by OMERACT, peripheral joint acyivitas measured using
the 68 tender/66 swollen joint count. Skin acyiwtas initially planned to be
represented by a PASI score as this is the mostnooty used outcome measure for
psoriasis. However, concern was raised by key d@lwogists within GRAPPA that
the PASI was not representative in patients with fgsoriasis disease activity, in
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particular with a PASI of <10. Therefore both PAfid BSA were included. The
aim of this was to allow physicians to use eith&SPor BSA depending on their
personal preference, and to provide a maximum ffueweel for each. Pain and
patient’s global assessment were measured usingrhO@AS scales, and the HAQ-
DI was used as a measure of physical function.

Next, the five domains of PsA, peripheral joint edise, skin, enthesitis,
dactylitis and axial disease, were considered éohsav they would be represented
by these core measures. Peripheral joint and attimity were included, but there
was no specific measure of dactylitis, enthesitismpnal disease. The concern was
that activity in any of these domains would notreeognised by the MDA criteria,
allowing a person to be incorrectly classified &nlg in MDA. Minimising the
likelihood of false positives is particularly imgant in this exercise to ensure that
patients with active disease are not undertrealattylitis is identified as part of a
peripheral joint count, where dactylitic digits Wrkesult in a quantifiable tender
and/or swollen joint count. Therefore further mgament was not felt necessary.

Enthesitis was felt to be an important measure thay not be accurately
identified using any of the other core measureberd@fore a decision was made to
include an enthesitis count. Multiple enthesitistcome measures have been
proposed for clinical research, some “borrowedfr&S and other SpA research,
but there is no clear optimal measure for use . PSherefore, the design of the
MDA criteria did not specify a certain enthesitig@mme measure but was designed
to be used with any of the commonly used enthesitises in PSA. As such, a raw
enthesitis count was included with a maximum vabfel3 representing the
maximum score of these commonly used measures (MPA4, LEI — 6, MASES
— 13). This allows the criteria to be used withy af the enthesitis outcome
measures.

Spinal disease is particularly under-researchdesih and no validated disease
activity measures are available. The BASDAI hasnbevaluated in PSA and was
not shown to correlate with doctor’'s perceptiordisiease activity or with treatment
decisions (Taylor and Harrison 2004). Interestinglwas found to correlate highly
with the patient’'s global disease activity VAS iotlb axial and peripheral joint
disease, which is a core set measure in PsA andeedy planned to be included
in the profiles. Given the lack of outcome measuevailable, no specific
measurement of axial disease activity was includéidwas felt that active axial
disease would be identified by the patient's assess of pain, global disease
activity and physical function.
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5.2.2 Materials

A questionnaire was compiled consisting of 40 PsAiemt profiles, using
measures agreed above (TJC: 0-68, SJC: 0-66, d@rglmaint: 0-13, PASI: 0-72,
BSA: 0-100, patient VAS pain: 0-100, patient VADIlghl disease activity: 0-100
and HAQ-DI: 0-3). The profiles were created usiiaga from real patients with PsA
selected from a prospective longitudinal databadee profiles included a full range
of disease activity but with additional patientdhnmiow disease activity (based on
physician’s assessment). The questionnaire indluide OMERACT definition of
MDA and the instructions stated “this patient corteesee you in clinic. He/she has
been on a stable dose of disease modifying antisnaéic drug (DMARD) therapy
for over 6 months.” They were then asked “Do youasider this patient to be in a
‘minimal disease activity’ state?”. This was tharculated to rheumatologists and
dermatologists with an interest in PsA, identifigdrough the GRAPPA
membership.

5.2.3 Statistical methods

Summary statistics were calculated for differemels of consensus (>90%,
>80% and >70%). Providing there were no majoredéghces between these values,
the >70% agreement would be used to maximise tineébau of cases for further
analysis. Assuming this is the casez % of respondents classified the profile as
MDA, then it was taken to correspond to a patienMDA, the other profiles were
not. Summary statistics for each outcome meassreg the profiles agreed to be in
MDA, were calculated including mean, rounded meapper 95% confidence
interval (Cl), rounded upper 95% CI and maximumhe3e were investigated as
potential cutpoints to define a maximum value facle of the outcome measures.
Then the number of outcome measure results that maiexceed this cutpoint for
the patient to be considered as in a MDA state weasstigated. There were 7
measures creating 7 variations on the number gfomuis that must be met. This
created 35 possible definitions for MDA when eaélihe five possible cutpoints
were combined with the 7 variations in the numbdesutpoints to be met. For each
definition, sensitivity and specificity was calctdd using receiver operating curves.
From these, the best definition was selected.

5.3 Results

A total of 60 respondents (82% rheumatology, 18¥%ndéology background)
completed the questionnaire. Nearly all were ptigas, but one was a
rheumatology specialist nurse with an interest 8A.P There was substantial
consensus between the experts who completed tlsti@u®aire on the profiles that
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represented MDA. There wa$80%,>80% and>70% agreement that 7, 10 and 13
profiles, respectively, were in MDA. Summary stats are shown for each of these
levels of agreement and show little variation (@abl).

In view of this, the 70% consensus was used to migei the number of cases.
Therefore 13 cases were taken as being in MDA, taedother 27 cases were
considered not to be in MDA. Using these 13 caSesitpoints were calculated for
each core measure (table 22). Application of thagpoints with 7 variations
depending on the number of cutpoints achieved g®l85 definitions which were
tested using receiver operating curves. ROC cushesved high sensitivity and
specificity and an AUCG0.895 for all definitions (figure 4).

The maximum value, rounded mean and rounded ugg8ér® were felt to be
more practical for use in a criteria as they waneegers and were therefore
considered preferentially. The definition basedaghieving 7/7 of the maximum
tolerated values had the best combination of geitgiand specificity (100% for
both) and the highest area under the curve (AUC #+gwever these maximums
included outlying values (in particular, patientlghl disease activity VAS 87 and
enthesitis 6) that were felt to be unrepresentativeninimal disease activity. The
best criteria using the rounded mean cutpoint (AJ2216) was with 5/7 criteria met
(sensitivity 92%, specificity 89%, AUC 0.946). Twamssible criteria using the
rounded 95% CI (AUC 0.974) were identified with Sgiteria met (sensitivity
100%, specificity 82%) and 6/7 criteria met (semsit 85%, specificity 96%).
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TJC SJC PASI BSA Pain Global HAQ-DI  Enthesitis
VAS VAS

>70% agreement (n=13)

Mean (SD) 046 031 055 208 143 235 0.36 0.46 (1.66)
(0.88) (0.48) (0.70) (2.93) (8.53) (23.0) (0.31)

95% ClI -0.07, 0.02, 0.13, 0.31, 9.11, 9.57, 0.17, -0.54, 1.47
099 060 098 385 194 374 0.54

Min, max 0,3 0,1 0,17 0,8 0, 28 0, 87 0,1.130,6

>80% agreement (n=10)

Mean (SD) 0.10 0.10 0.46 160 149 25.7 0.40 0 (0)
(0.32) (0.32) (0.69) (2.76) (9.60) (25.8) (0.34)

95% CI -0.13, -0.13, -0.03, -0.37, 8.04, 7.27, 0.16, n/a
033 033 095 357 218 44.1 0.64

Min, max 0,1 0,1 0,1.7 0,8 0, 28 0, 87 0,1.130,0

>90% agreement (n=7)

Mean (SD) 00) 0() 041 200 11.1 14.6 0.29 0 (0)

(0.61) (3.21) (8.41) (13.0) (0.26)
95% ClI n/a n/a -0.15, -0.97, 3.29 2.55 0.05 n/a
0.98 497 (18.9) (26.6) (0.52)
Min, max 0,0 0,0 0,13 0,8 0, 20 0, 39 0,0.750,0

Table 21 - Average value for each outcome measurerfprofiles designated as MDA by

different levels of agreement by respondents

TJC SJC PASI BSA VAS VAS HAQ-DI  Enthesitis
pain  global
mean 0.462 0.308 0.554 2.08 143 235 0.356 0.462
rounded mean 1 1 1 3 15 25 0.5 1
95% ClI 0.992 0.598 0.975 3.85 194 374 0.541 1.47
rounded 95% ClI 1 1 1 4 20 40 0.75 2
maximum 3 1 1.7 8 28 87 1.13 6

Table 22 - Possible cut points of each outcome meas for the different potential

definitions of MDA
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Figure 4 - ROC curve for candidate definitions of nmimal disease activity
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When considering these three candidate definititmayght was given to the
ideal characteristics of the criteria. When bailagcsensitivity and specificity, it
was felt that specificity was of more importanc&his is because it would be
preferable to miss a few patients who were trulyMDA, than to misclassify
patients with significant disease activity into MDA group where they may
potentially be undertreated. Therefore the de@initbased on meeting 5/7 of the
cutpoints based on the upper 95% CI was discarsiéchad a lower specificity.

The final decision was between using the roundednmmaitpoint with 5/7
criteria met (sensitivity 92%, specificity 89%) tre rounded 95% CI with 6/7
criteria met (sensitivity 85%, specificity 96%).gain, there was concern that one of
the rounded 95% CI cutpoints may be too high tdytrepresent MDA (global
disease activity VAS 40) and so the final defimt®elected used the rounded mean
values.

Therefore, a core set definition places patienth WwisA in MDA when they
meet 5 of 7 of the following criteria

« TJCxA1

+ SJC1

* PASI<1 or BSA<3

e patient pain VAS15

e patient global activity VAS20
* HAQ-DI<0.5

» tender entheseal poirtd

5.4 Discussion

The aim of this study was to produce clinical cragdor MDA in PsA, and it
provides the first measure of state in PSA as aposite outcome. Such measures
of state defining remission, low and high diseadevity have been available in RA
for some time and have been shown to be importanide in research trials and in
daily clinical practice.

Research in RA supports the link between inflamomaind subsequent joint
damage. It has been established in both cliniced anaging studies that
inflammation in the joints, in the form of synosgitiresults in subsequent bony
damage (Conaghan et al. 2003; Forslind et al. 2004¢ concept of “tight control”
was originally introduced by the TICORA study. 3hidemonstrated that tight
control of disease utilising pre-defined, objectaativity levels to guide therapeutic
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changes resulted in significantly better clinicatlaadiographic outcomes compared
to routine care with no formal therapeutic proto@stigor et al. 2004). Following
on from this research, many studies in RA have ttbghe use of an objective
measure of response to guide therapeutic decigi@Gagkoop-Ruiterman et al.
2005).

Observational data in PSA has also suggested dé&tween inflammation and
damage as it has been shown that clinical andlcgéal joint damage is related to
the number of actively inflamed joints as a timeywag indicator (Gladman et al.
1995; Gladman and Farewell 1999),. Therapeutialstriof highly effective
biological therapies such as TNF blockers in Psyehghown a reduction in disease
activity and a corresponding reduction in radiotadjiprogression (Mease et al.
2004; Mease et al. 2005b). However the lack aftar@ or cut-off for remission or
low disease activity in PSA has meant that the epnhof ‘tight control’ of disease
activity using objective measures has never bealuaied.

5.5 Limitations

This study is based on a questionnaire using pobf patients sent to experts
in PsA including both rheumatologists and dermajisks. This raises some
limitations in the research. In RA, research hhsws that there is a high
correlation between judgments made on “paper fdatieand those based on real
patients seen in clinical practice (Kirwan et @83). However it is not known in
PsA whether judgments about these profiles or “ppp#ients” are truly reflective
of clinical assessments. Our profiles also coethimore information than that
given in the validation study in RA (Kirwan et 4B83) to counteract the problem of
a more complex and heterogeneous disease. ThabNigy of disease patterns with
different aspects of the disease involved may makerder to make judgments
about “paper patients”.

A link to the questionnaire was sent to all memiodtGRAPPA with a request
for their participation. A follow up email was alsent two weeks later when the
response rate had started to decrease. This textr60 respondents and the
response rate is similar to that of previous GRARR&mbership surveys. The
online tool used to complete the questionnairesamiliar to many GRAPPA
members and allowed respondents to link to thetoumsire on repeated occasions
if they did not have time to complete it in onetisg. It also ensured that
respondents could not answer the questionnaire thareonce. A lower proportion
of dermatologists completed the questionnaire, abb partially because
dermatologists constitute a minority of the expevtedo were contacted. However
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analysis has not shown a significant differencéhair responses. Interestingly the
possible cutpoints for skin disease are identichldth groups’ assessments.

The number of profiles included is limited in thegaestionnaire based
exercises by the number of profiles that physicieans be expected to rate reliably.
All profiles contained 7 variables resulting in tisands of possible combinations in
different profiles. Using random sampling of pbésiprofiles (according to Hahn
and Shapiro) across a range of disease activityceztlthe minimum number of
profiles to 32 and a compromise at 40 was reachBake results of this study are
based on a particular sample of 40 patients anskethesults need validating on
larger and distinct samples.

Importantly, this analysis of expert opinion re@nes current views and may
change in the future. The OMERACT definition of MDs “that state of disease
activity deemed a useful target of treatment byhlibe patient and physician, given
current treatment possibilities and limitations”.This relationship to current
treatment possibilities means that acceptable tagfetreatment are likely to have
changed rapidly in the last few decades as nevapies have become available.
Studies in RA have shown a lowering target for smion and low disease activity
based on expert opinion over time, and it is suggeshat this is related to the
increasing potential to achieve these states wawen therapies (Aletaha et al.
2005). Similarly, in future, the acceptable lev&islisease activity may drop further
as the quest for remission becomes increasinglpitapt.

5.6 Conclusion

In summary, this study provides the first defimtiof a “state” of disease
activity in PsA and defines a target for treatmedit.is based on current expert
opinion and uses a composite of key outcome measniesA to encompass all of
the domains of the disease. Given the new thet@paptions in PSA, patients with
PsA are likely to benefit if these disease actidtgtes are targeted, rather than
simply looking for a clinical response.
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6 Validation of the Minimal Disease Activity Criteria

6.1 Introduction

Before a new outcome measure can be recommendeduiine use, it must
prove to be valid in assessment. The OMERACT rfilt®mains of truth,
discrimination and feasibility provide a framewdik assess new tools for use in
research trials and clinical practice. These tldemains can be summarised as
follows. Truth aims to assess whether the measurglevant and truthful and can
measure what is intended without bias. Discrimamagssesses the ability of the
measure to discriminate between states at one amulifferent times as well as
assessing reliability and sensitivity to changeeadibility assesses whether the
measure is easy to use, quick and inexpensive $Bxiex. 1998).

The truth domain includes face, content, critef@nconcurrent) and construct
validity.  Face validity provides evidence that tloeiteria are sensible to
practitioners who will use them. Content validagks if the criteria include the
most relevant characteristics of the condition ahceach variable contributes
something distinct and important to facilitate sifisation of the patient. Criterion
validity asks if the criteria produce the same onilar results as does a gold
standard criterion. If no gold standard is avadalzoncurrent validity can be
assessed to ask if the criteria agree with othtariar designed to measures the same
or similar constructs. Overall do the criteria quigely measure the underlying
construct? This is based on an accumulation of kedge about the criteria and
their relationship to other tests.

Discrimination asks if the criteria are able totitiguish between states of
interest and can be further sub-divided into cfasgion, prognosis, responsiveness
and reliability. Classification represents theision of patients according to the
criteria into two or more groups, in this case MDA not. Prognosis questions
whether the states defined by the criteria havecal relevance. This is clearly key
to their usefulness in research and clinical pcactiResponsiveness is the ability of
subjects to change disease states over time. Tdm@osed criteria must allow
patients to shift from one disease state to anothBeliability measures how
concordant different assessors are when classifyatgnts with the same clinical
picture into the same disease state category.

Feasibility asks three questions: can it be donekfy easily and cheaply?
This is a key component of the filter as unfeasdalécome measures will never be
routinely adopted into practice.
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The new MDA criteria developed for PsA are a conitpasieasure. Patients
must fulfil 5 or more of the 7 following criteridlJC<1; SJC<1; PASI<1 or BSA
<3; patient pain VAS15; patient global disease activity VAR0; HAQ-DI <0.5;
tender entheseal pointd (Coates et al. 2010b) to be classified as in MDFie
work in this chapter aims to provide preliminaryligation work for the criteria
using the OMERACT filter framework.

6.2 Methods

6.2.1 Observational Cohort Data

The observational cohort study was conducted atUhieersity of Toronto
PsA clinic. Patients were evaluated using a stahgeotocol every 6-12 months.
Clinical assessments include a 68 tender/66 swgbém count, the SPARCC
enthesitis instrument and dactylitis using the I(Bladman et al. 2007a; Healy and
Helliwell 2007). Skin assessment includes bothBB& and the PASI (Fredriksson
and Pettersson 1978). A clinically damaged joinintas recorded in addition to
tender and swollen joint counts at each visit. Thenber of damaged joints
includes those that have a reduced range of mo6&o of the range that cannot be
explained by joint effusion, joints showing defotynisubluxation, loosening or
ankylosis or that have undergone surgery. Thabiilly of this measure in PsSA has
been demonstrated both in the Toronto clinic andsscCanada (Gladman et al.
1990; Gladman et al. 2004). A physician global sssent is completed and
patients complete self reported questionnairesudiefy the HAQ-DI and patient
global assessments routinely. Blood results inopdESR are recorded at each
visit. ESR levels are recorded as a continuousbig and also as normal or raised
(>15 for male patients, >20 for female patients).

As the MDA criteria require data on joint countsythesitis counts, skin
activity, pain, patient's assessment of global a@kse activity and HAQ-DI, the
analysis was restricted to those visits occurriibgr 2003 when all information was
available. Patients were classified as achievii@AMf they achieved the criteria at
consecutive visits for a minimum of 12 months. Jé@atients were compared to
controls who had persistently active disease oreael the criteria for less than 12
months. The change in the clinically damaged joount was measured from the
first visit in which patients achieved MDA to thast visit or from the prior visit
closest to the median time of achieving MDA for tbentrols. Progression of
clinical damage was said to have occurred if amyt johanged from being ‘non-
damaged’ to ‘damaged’.
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6.2.1.1 Statistical Analysis

Patients achieving MDA and the control group (noBA) were compared
using descriptive statistics. Factors affecting likelihood of patients achieving
MDA were investigated using logistic regression mied Three outcomes were
defined based on the change in damaged joint cRegression models were fitted
for the raw change in damaged joint count, the ghastandardized by the patient-
years at risk, and a binary response indicatingtiidreone or more joints became
damaged. Linear regression was used for the fwst dutcomes and logistic
regression for the latter. The independent vaemlnhvestigated were MDA status,
age at onset of PsA, and ESR, duration of PsA,amnahdicator of having at least
one damaged joint as measured at the first visioviitng January 1, 2003. In
addition, we examined the role of anti-TNF agerdthtbefore and after the time of
MDA for those achieving MDA or the median time ofDM for controls.
Univariate and multivariate regression models wditteed, with backwards
elimination carried out to identify variables thaere independently predictive of
joint damage.

6.2.2 Randomised Controlled Trial Data

The trial data available for this analysis includetbst patients in the
previously published phase 1l and Il randomiseécpbo-controlled trials of
infliximab in PsA (IMPACT 1 and 2). In both studiepatients with active PsA
were treated with infliximab 5mg/kg or placebo,ld@ed by open label treatment.
The data from a randomly selected 80% of patiewots both studies were available
for analysis.

The IMPACT1 study recruited 104 patients with ekshled PsA who had
active arthritis X5 tender and swollen joints and raised inflammatmrkers or
significant early morning stiffness) and had faikdleast one DMARD. Patients
received infliximab or placebo infusions at week2,06, and 14 before switching to
open label infliximab therapy up to week 46.

The IMPACT?2 study recruited 200 patients with vemyilar inclusion criteria
except that these patients had to have failed reitheDMARD or >1 NSAID,
meaning that some of the patients were DMARD naiRatients in the IMPACT2
study received infliximab or placebo infusions aeks 0, 2, 6, 14, and 22, but were
eligible for “early escape” to open label infliximat week 16 if they had <10%
improvement in both tender and swollen joint counts

A comparison was made of the proportion of patieathieving MDA in
treatment and placebo groups at the primary entdpd@WPACT 1- week 16,
IMPACT 2 — week 24) using intention-to-treat anaysLong term outcome was
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also analysed by assessing the proportion of éikma achieving MDA at the end
of one year in both studies.

Radiological progression was assessed using mSsedkes for the hands and
feet. Radiographs were performed at baseline aeksv52 and 104 (IMPACTL1) or
weeks 24 and 54 (IMPACT2). For this report, baselione and two year
radiographs were analysed where available.

6.2.2.1 Statistical analysis

All analysis was on an intention-to-treat basigjuding the analysis of those
patients who entered the “early escape” arm oflIMH@ACT2 study. Radiological
progression was defined as an increase in the rSsabre of>0. Significance
testing was performed using Chi-squared tests dtegorical variables and Mann-
Whitney U tests for continuous variables. All ais&8 was performed using SPSS
12.

6.2.3 Application of the OMERACT filter

Face and content validity were assessed when fteri@rwere designed.
Criterion validity is difficult to assess as ths the first such measure of minimal
disease activity in PsA, and therefore there iganmal outcome measure that can
be used as a gold standard. The gold standaldsicdse is physician opinion. The
criteria were created using the gold standard a®maparison but need further
evaluation against physician opinions in other cttho Using longitudinal
observational or trial datasets provides an oppdstuo test concurrent validity. In
both of these datasets, the criteria were testeddiocordance with other prognostic
measures and with other response measures. AQ@Bnsss have been shown to be
useful in PsA clinical trials (Fransen et al. 2086y correlation of achieving MDA
with achieving high ACR responses can be used sesasconcurrent validity.
Construct validity represents a broad view of ttaltvalidity of the criteria. It can
be summarised by investigating convergent and gerdrvalidity in relationship to
other criteria developed to measure similar oredédht constructs. In PsA, this
remains difficult as no other validated measuresdifease state have been
developed to date. A literature review was perftnio identify criteria used in
previous publications for various disease acti8tates such as remission, and
convergent validity with these other definitionssnassessed.

During the development of the criteria, their dbilto classify patients
correctly was assessed using the sensitivity aedifsgty of the criteria compared
to the physician’s opinion. Further confirmationasv performed using the
observational dataset investigating the charatiesi®of those patients who were
classified as being in MDA.
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Whether the criteria have prognostic ability (rethtto joint damage
progression) was tested using the observational s dataset. In the
observational cohort there is an element of condéat this is testing only
discrimination between different groups of patiemtsd not changes within patients
related to time or therapy. Patients with leseseWPsA are more likely to achieve
MDA and have less joint damage but this may noteteted to treatment, just their
natural disease course. To investigate the diggaition within patients, the clinical
trial dataset was used. In this case, all patieat® high levels of disease activity at
entry and usually have severe disease accorditrgddional prognostic indicators,
such as polyarticular disease and high inflammaitoaykers. The responsiveness
was also analysed using data from the observataatabase and the trial datasets.
Analysis of observational data investigated whetbatients move in and out of
MDA as their disease and treatment varies. RCT davestigated whether a
significantly higher proportion of patients withtae disease who start a therapeutic
trial in the active drug arm can achieve MDA whemgpared to those on placebo.

The reliability of this criteria set relies uponethreliability of all of its
component outcome measures. A literature review pexformed to assess the
reliability of the outcome measures included in tmgeria. The assessment of
feasibility is made during development of the créeand with ongoing use.
Feasible outcome measures should be quick, easghaagh.

6.3 Results

6.3.1 Truth
6.3.1.1 Face validity

Face validity provides evidence that the criteni@ sensible to practitioners
who will use them. The MDA criteria were developé&mlowing extensive
discussion with members of the GRAPPA executivestadring committee, a panel
of international experts in the field of PsA (HeMill 2007). This discussion
informed the choice of which domains should beudel in the consensus exercise
to ensure that all aspects of the disease wersseske The creation of the criteria
was then performed using expert consensus on atiseleof “paper cases”
representing real-life patients with PsA.

6.3.1.2 Content validity

Content validity is a measure of whether the aat@rclude the most relevant
characteristics of the condition and if each vdeatbntributes something distinct
and important to facilitate classification of thatignt.
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The criteria were developed using commonly usedané measures in a
composite definition. The outcome measures tbkided and excluded from the
criteria were based on international experts’ apirnas discussed at the OMERACT
PsA group (Gladman et al. 2007d) and by carefulemevof other important
domains. Discussion was facilitated through theABRA group of international
experts and the outcome measures used cover e oklevant core domains plus
one other important domain (enthesitis). This @nwecover all aspects of psoriatic
disease (peripheral joints, skin, enthesitis, ddisty pain, function and a global
measure). They also represent the minimum nunfb@easures that could do this.
The only aspect of disease not specifically meakuse spinal disease, as no
validated disease activity measures are availablee BASDAI has been evaluated
in PsA and was not shown to correlate with doctpe€rception of disease activity or
with treatment decisions (Taylor and Harrison 200Hiterestingly, it was found to
correlate highly with the patient’s global diseas#ivity VAS, which is included in
the profiles. The group felt that active axialedise would be identified by the
patient’s assessment of pain, global disease gcaad physical function.

6.3.1.3 Ciriterion validity

As this is the first such measure of minimal digeastivity in PSA, there is no
formal outcome measure that can be used as a goldasd. Concurrent validity is
therefore tested as an alternative to criteriorditgl

Those patients who achieved MDA were significamtigre likely to achieve
all of the ACR outcome measures (ACR20, ACR50 a@RA0 - p<0.001 — see
figure 5 and 6).

In addition to the relationship with composite meas, there was an
association seen between achievement of MDA and I¢hels of systemic
inflammatory response. There was a significanfetdhce between the levels of
CRP in patients who achieved the MDA criteria amose who did not (median (1Q
range) CRP 0.4mg/L (0.4, 0.6) vs 0.5mg/L (0.4, te3pectively, p=0.019). There
was also an association seen with the physicisssssment of disease where there
was a significant difference in the physicians’ lglb assessment of disease in
patients who achieved the MDA criteria and thos® wid not (median (IQ range)
VAS 0.5 (0.1, 1.0) vs 2.4 (0.8, 5.4) respectively0.001).
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Figure 5 - Percentage of MDA & non-MDA patients ackeving ACR responses at wk 24
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Figure 6 - Percentage of MDA & non-MDA patients ackeving ACR responses at wk 52
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6.3.1.4 Construct validity

Three previous studies investigating the frequesicyemission in PsA were
identified in the literature review. There are publications investigating minimal
or low disease activity. Two of the published stgdassessed remission in the
peripheral joints and did not take into account ahthe other aspects of the disease
(Gladman et al. 2001; Lindgvist et al. 2008). Ipravious Toronto study, it was
shown that 18% of patients achieved remission @i gheripheral joint activity (no
actively inflamed joints) for at least 12 monthg B2% of these patients relapsed
during follow up (Gladman et al. 2001). In the S\gé early PsSA cohort, 17% were
found to be in remission at 2 years (no tender wollen joints and normal
inflammatory markers) (Lindqvist et al. 2008). érther study of remission in early
disease used more stringent criteria requiring nthesitis or dactylitis disease
activity, in addition to peripheral joint diseadayt did not include skin disease
(Cantini et al. 2008). This showed a higher fregueof remission, 24%, which
may partially represent the changing availabilityreatments over the last decade.

These rates of remission compare to a rate of 3épatents achieving MDA
in the Toronto observational study. This highderean be accounted for as the
MDA criteria should encompass both remission and M[disease activity. The
remission criteria used for peripheral diseaseviigtand enthesitis are lower than
the domain cut-point used in the MDA criteria, iaebing with the fact that the
remission criteria should be more stringent. Pé&ielassified as remission would
achieve the cut points for the joint and enthesewains in the MDA criteria.
However it is impossible to say if they would act@ghe full MDA criteria as there
was no inclusion of PROMSs.

6.3.2 Discrimination
6.3.2.1 Classification

Although the sensitivity and specificity of the teria whilst in development
were high, there is always a risk of misclassifamatof patients, particularly those
who are “borderline” on the criteria. The mostaal part of classification of these
criteria is their specificity, to ensure that patgewith active disease are not falsely
classified as MDA which may result in a suboptitraatment. Analysis of data
from the observational cohort has examined theadhearistics of those patients who
met the MDA criteria. This showed that of the Zi8ients who achieved MDA at
one or more visit, 110 patients (37%) met fivelt# seven criteria, 114 (38%) met
six criteria and 76 (25%) fulfilled all seven crite Of those who did not fulfil all
seven criteria, the most common active domain Was ssoriasis (n=44) followed
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by patient global VAS (n=17). None of the patiehted a SJC of >1. Of the
patients maintaining MDA, only 15 patients (12.98@d escalation of their drug
therapy made during their time in MDA.

6.3.2.2 Prognosis

Firstly, the prognostic ability of the criteria wasalysed in the observational
cohort. Patients in sustained MDA were compare@@0 controls who did not
achieve the MDA criteria for >12 months. The averdgllow up time to assess
progression of disease was matched at 34 monthmtbrgroups. The mean change
in damaged joint counts over the study period w88 (range 0 to 12) in the MDA
group and 2.25 (range 0 to 17) in the controls (peD). Of the MDA patients, 69%
showed no progression of joint damage, compareflléh in the control group.
Reduced multivariate regression models looking eddigtors for changes in
damaged joint counts identified that those patierite achieved the MDA state had
a lower rate of progression of clinical damage (P30

Prognosis was addressed in the trial data usinggeaphic evidence of
progressive joint damage. In the IMPACT1 study%:96f those patients who
achieved MDA showed no progression of radiologdiakase at week 52 (increase
in mS-vdH score of0), compared to 67% of those who did not achieveAMD
(p=0.012). At week 104 numbers were greatly redumed 12/37 (30%) were in
MDA. All patients who achieved MDA at week 104 slemlvno progression of
radiological disease, compared to 58% of those ditiaot achieve MDA (p=0.03).

In the IMPACT2 study, 78% of those patients whoieetd MDA showed no
progression of radiological disease at week 52,pa0ed to 57% of those who did
not achieve MDA (p=0.009). There was a trend talwaa reduced progression in
total mS-vdH score and the erosion score at weak patients who achieved MDA
at this time (p=0.052, p=0.053 respectively) but significant difference in
progression of JSN. There was no significant céffiee seen at week 24 related to
MDA.

Cumulative probability plots of changes in mS-vdiére through week 54 are
shown (figure 7). The curve for patients considyeim MDA (at week 24 and 52)
lies to the right of the control curve indicatirgg$ radiographic progression and a
smaller amount of radiographic progression perepain MDA patients.
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6.3.2.3 Responsiveness

Firstly, the number of patients achieving the MDA&ezia in the observational
cohort was studied. Of the 344 patients, 208 (6&éhjeved MDA at one or more
visit, and 116 (34%) achieved MDA on consecutivatsifor a minimum duration
of 12 months. The median duration of MDA was 2&the (range 12 to 48). The
characteristics of the patients who met and susdlaine MDA criteria are shown in
Table 1. After the minimum 12 month period reqdifer inclusion, twelve patients
(10%) experienced a flare of their disease andecktsfulfil the MDA criteria after
an average of 34 months in MDA. The remainder vatitein MDA at their most
recent follow-up.

When considering the trial data, the responsiver@sghe criteria was
confirmed by comparing the proportion of patienthiaving MDA in the placebo
and treatment groups. In the IMPACTL1 study dataevavailable for 63 patients.
Of those receiving infliximab, 48% (15/31) achiewd®A at week 16 compared to
3% (1/32) on placebo (p<0.0001). At week 52, whkpatients were treated with
infliximab, 42% were in MDA. In the IMPACT2 studjata were available on 157
patients. At the primary endpoint (week 24), 52%9/{7) of the patients
randomised to receiving infliximab achieved MDA quemed to 21% (17/80)
randomised to placebo (p<0.001). At week 52, wladin patients were on
infliximab, 40% were in MDA.

6.3.2.4 Reliability

The literature review identified previous evidermdeaeliability for each of the
outcome measures included in the criteria. Thid baen assessed in previous
studies including INSPIRE and IMPART (InternatiorMulticentre Psoriasis and
Psoriatic Arthritis Reliability Trial) which analgdl the reliability of TJC, SJC,
PASI, BSA and a variety of enthesitis measuresd@kn et al. 2007a; Chandran et
al. 2009). The HAQ-DI is self-administered by fragient and has been shown to be
reliable in PsA without modification (Leung et &008). The patient reported
outcomes such as the VAS scales are again selfrgtaered by the patients and
they have been shown to be reliable in PsA (Caudil.e2007). Further reliability
data are therefore not required.

6.3.3 Feasibility

All of these outcome measures included within thiéeiga are considered
routine to researchers in this field. Three of #®ven outcome measures are
completed by the patient and can be done in thdingaroom prior to their
appointment. As part of the assessment, the assemst complete a joint count,
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PASI or BSA and enthesitis count all of which cam ¢dompleted within 5-10
minutes in the clinic setting. Where doubt exatsut the best outcome measure to
apply, the criteria have been left open so thataedhers can use the outcome
measure that they are familiar with (eg PASI vs BBW different enthesitis scores).
None of the outcome measures included require pegia equipment to perform,
so the only significant cost to the assessor ifmé. As stated above, the time
needed to complete these measures is minimal.

6.4 Discussion

Until recently, there were no composite diseaswiicineasures available to
measure a “state” of disease in PsA. The propaskeria for minimal disease
activity in PsA encompass different aspects of hi@erogeneous disease, and could
provide a new outcome measure for future clinicells in PsA (Coates et al.
2010b). Preliminary validation work, highlighte@rk, provides support for their
further investigation and use.

The data in this study show that sustained MDA oxau approximately one-
third of the PsA population. The higher prevalerscaot surprising as the criteria
are less strict than those used for remission evipus studies. Low levels of
disease activity are allowed in all domains ang dink of the seven cut points must
be met. As seen in the previous remission stuflee® of disease occurred after a
significant duration of time in MDA in around 10% the patients demonstrating
the variable activity of disease both on and offrdpy. The vast majority of
patients in MDA stayed on stable therapy, but 1b live an escalation of their
treatment. This may represent specific treatmentaf certain high domain (e.qg.
active skin psoriasis only) or an increasing fobyghe PsA clinic on the target of
remission.

Although there is a marked reduction in progressibjoint damage, there is
still evidence of some progression despite patieatsistently achieving MDA. It
must be noted that these criteria are not remissrdnria but minimal disease
activity and therefore a small amount of diseasgviac may be present. The
patients achieving the MDA criteria can have actiigease in one or two domains
whilst still fulfilling the criteria and even in éhother domains, low disease activity
is considered acceptable by the criteria (e.g.ntlée joint). This may account for
the lower rate of joint damage. We also know ttlatical examination does not
identify all inflamed joints and it is particularljnsensitive to low levels of
inflammation (subclinical disease) (Wakefield et 2004). Even in patients with
RA who are in remission (as defined by DAS), jallaimage progression has been
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shown to occur and is related to subclinical inflaation seen on imaging (Brown
et al. 2006).

6.4.1 Truth

Face and content validity were carefully considededing the design and
development phase of the MDA criteria. Internagiotonsensus from members of
GRAPPA provides support of this. Assessment aéan validity in trial data has
shown evidence of concurrent validity with otherasigres used to identify disease
activity including composite disease activity measusuch as ACR outcomes,
laboratory tests such as CRP and physician assetsofedisease activity. Ideally
convergent and divergent validity should be assebgecomparing the new criteria
to criteria measuring similar disease states (ftsctow disease activity/remission)
and those measuring different disease states (gsicctive disease). The only
criteria available for comparison are previous migfins of remission used in
publications. Patients in remission should be ergassed within MDA, but the
MDA criteria should also include patients who haseme low disease activity.
There is some evidence for convergent and divengaidity with remission criteria
in PsA but direct comparisons with these cannotubed as they use distinct
conceptual definitions. Therefore there is venmyited evidence for construct
validity at this time.

6.4.2 Discrimination

The ability of the criteria to classify patientsMBA seemed high in the initial
development of the criteria when compared to pligsicopinion. However
misclassification is always a risk. As stated pyaesly, the risk to the patient of
misclassification is particularly important whennsalering patients with active
disease who are misclassified as MDA and potentiddinied additional therapy.
Observational cohort data has been reassuringisnréigard as it has shown that
none of the MDA patients had swollen joints and trexy few had an escalation of
therapy providing some reassurance that there i@as eate of misclassification in
this cohort. Ideally further validation should bedertaken in a prospective cohort
with borderline patients.

The impact of MDA on prognosis in terms of jointakage has been confirmed
in both the observational (with regard to clinigatlamaged joint counts) and trial
cohort data (with radiographic outcomes). It isacly shown that patients can
change states over time both in the observatioolabrt and in a randomised trial
where drug and placebo groups are compared. Téeresignificant difference in
the achievement of MDA between patients treatech vaihti-TNF therapy and
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placebo, suggesting that this could be used asalawtcome measure for new
therapies.

Reliability of the individual outcome measures ud#d in the criteria has been
confirmed in a literature review. In this situatjahe reliability of the MDA criteria
are validated by the reliability of their constitigarts.

6.4.3 Feasibility

All of these outcome measures included within thega are quick and easy
to perform with no equipment required, and threthefseven outcome measures are
completed by the patient. The criteria are beisgdun further ongoing studies and
have proved easy to integrate into a standardcolisit.

6.5 Limitations

Although provisional data are available to addmessh of the constituents of
the OMERACT filter, further data are required beftiney can be classified as valid.
Ongoing use in prospective studies should providéhér evidence towards their
suitability as an outcome measure. Specificallthler evidence is required of their
classification ability, construct and criterion iitly. There is no confirmed gold
standard of MDA limiting the assessment of critericalidity. Ideally a further
study should be performed in an independent padpulatomparing the criteria
against physician and patient opinion. The assestf convergent and divergent
validity are also limited at present as no othéeda for minimal disease activity or
low disease activity at present. If other criteara developed, further testing could
be done.

There are some limitations introduced by the typelaiasets used to assess
validity. Some of these are overcome by the ugavofdifferent data cohorts. The
advantage of using observational data from a cosueh as the PsSA program in
Toronto is that it provides relevant information osal-life patients all treated
according to their clinical need rather than anytsal protocol. However exactly
because of this, there are some limitations oncthreclusions that can be drawn
from the data.

There is a significant potential for confounding data from observational
cohorts. PsA is known to be a heterogeneous dis@ud the progression of joint
damage is highly variable between individuals. idPd$ presenting with active
disease and joint damage are highly likely to besgribed biological therapies
given their active disease, but also have a moversedisease phenotype and a
higher potential for damage progression. Although have shown an improved
prognosis in those patients achieving a state ofAM@e cannot be sure what
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proportion of this is due to the natural history tbé disease and what impact
successful treatment has on outcome. Also,arotyservational study, a clinically
damaged joint count was used, rather than assestsaofejpint damage on

conventional radiography. This outcome measures lieen validated against
conventional radiography (Gladman et al. 1990; @lad et al. 2004), but is
probably less sensitive to early joint damage anahinor changes than radiography.
Therefore the progression in both groups may beuaderestimate of the
progression of damage in PsA.

Analysis of interventional therapeutic trials camove much of the potential
for confounding and can provide stronger evidemeelie prognostic ability of the
MDA criteria. Data for prognosis in this study dsediological outcomes with a
validated scoring system providing a more robustessment of joint damage.
However, the assessment of joint damage is onlyaspect of prognosis. Further
long term research is required to look at othersuess of impact on patients’ long
term outcome, such as functional ability, qualityife and work status.

Finally, the development of the criteria based apeet opinion represents
current views and these may change in the futdree OMERACT definition of
MDA is “that state of disease activity deemed afulserget of treatment by both
the patient and physician, given current treatmmogsibilities and limitations”.
This relationship to current treatment possib#itmeans that acceptable targets of
treatment may drop further as additional therapeyttions are available.

6.6 Conclusion

Data from both observational and controlled clihi¢aal cohorts have
provided initial evidence supporting the validitiytbe MDA criteria as an outcome
measure. Although further work is required in s@aneas, initial assessments of the
truth, discrimination and feasibility of the PsA MDxcriteria are positive and the
MDA criteria can be recommended for use in futwsearch. Further use of these
criteria in prospective studies will provide furthalidation evidence.
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7 Tight Control of Psoriatic Arthritis

7.1 Introduction

Since the TICORA study highlighted the benefitight control in RA (Grigor
et al. 2004), it has become standard of care imtagrity of RA clinical trials and
is gradually becoming adopted in clinical practidéhe use of an objective target to
guide treatment decisions has been shown to beiatswb with improved clinical
and radiographic outcomes in RA.

Until recently, there were no objective targetsiglesd specifically for PsA.
With the development and validation of the MDA eria (Coates et al. 2010a;
Coates et al. 2010b; Coates and Helliwell 2010)lisease specific target for
treatment has been established in PsA and it sildedo investigate the use of tight
control in PsA. The aim of this study was to g#lithe MDA criteria in a tight
control protocol to treat newly diagnosed PsA.

7.2 Methods

The TICOPA study is a multicentre national triatremtly running at 6 sites.
It is designed as a randomised, controlled, pargttaip, open label, clinical trial of
206 patients with recent onset PsA. Patients anelamised on a 1:1 basis to
receive either standard care or tight control fpedaod of 48 weeks. The study was
approved by national and local ethics committeed alh patients gave written
consent before inclusion.

7.2.1 Patients

Recruitment started in May 2008 and inclusion oat@re PsA of less than
two years symptom duration with active arthritisemthesitis. As the CASPAR
criteria were unvalidated in short disease durafeA at the time of study design, a
consultant diagnosis of PsA was used as the imslusiiteria. Exclusion criteria
included age less than 18 years, previous treatrimenarthritis with DMARDSs,
recent or concomitant use of an experimental dwigh to conceive during the
study period or within 6 months of the end of thelg or inadequate contraception.
Patients are also required to have an adequatelingastill blood count
(haemoglobin > 8.5 g/dL, white cell count > 3.5&/L, neutrophils > 1.5 x 0L,
platelets > 100 x L) and hepatobiliary function (aspartate aminasfarase or
alanine aminotransferase (ALT) <3 times the upjpeit bf normal).
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7.2.2 Treatment allocation and intervention

Patients are randomised 1:1 using dynamic allogatioorporating a random
element, via a computer-generated programme, tareneatment groups are well-
balanced for randomising centre and pattern of riigh (oligoarticular vs
polyarticular). The trial uses a dynamic allocatiprocess to allocate the
interventions and thus minimise imbalance betwlertwo trial arms.

Patients assigned to the intensive group are sesy d weeks by the study
physician at each centre. A strict treatment malt¢see figure 8) is followed for
treatment. At each visit, from three months onwatkde MDA criteria (Coates et al.
2010b) are assessed. These criteria include assessf 66/68 joint count, PASI,
enthesitis count, patient global and pain VAS andQ-DI. Treatment with
DMARD:Ss is escalated to the maximum dose accordnpe protocol in figure 1 if
patients do not achieve the MDA criteria. In tlese of intolerance, that drug is
discontinued and the next step on the protocaliteted. Any patient who cannot
tolerate the maximum dose specified in the protdo@ to toxicity or intolerance, is
permitted to continue on the highest tolerable dosgthen progress to the next step
in the protocol if required. 1A and intra-muscutderoids are also permitted in the
intensive group arm to control disease. Patiergéered local joint injections to
active joints and/or intramuscular steroid by théysicians if considered
appropriate.
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Figure 8 — Protocol for treatment in the TICOPA stuly
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Patients randomised to the standard therapy groeipreated in a general
rheumatology outpatient clinic supervised by a attast rheumatologist and
including trainee rheumatologists working underesufsion. These participants are
reviewed as directed by the physician but genermlbry 12 weeks, with no formal
measures of disease activity used in clinical decismaking. There is no
requirement or restriction on prescribing withirstarm of the study.

7.2.3 Assessment of end-points

Every 12 weeks, clinical assessments are perfornyed research nurse or
metrologist blinded to the allocated treatment grouThese include 66/68 joint
count, PASI (Fredriksson and Pettersson 1978), psokiasis scoring using the
MNAPSI (Cassell et al. 2007) and a comprehensivaesament of enthesitis
including entheseal sites required for the LEIl (Meand Helliwell 2008), the
MASES (Heuft-Dorenbosch et al. 2003) and sites usedhe IMPACT and
IMPACT?2 clinical trials (bilateral Achilles tendaand plantar fascia) (Antoni et al.
2005a; Antoni et al. 2005b) and dactylitis assessmsing the LDI (Helliwell et al.
2005).

At baseline and 48 weeks, plain radiographs ofhtlieds and feet and an US
scan of the most symptomatic or dominant hand wertormed. Radiographs were
scored using the mS-vdH scoring system for PsA (@anHeijde et al. 2005b).
They were scored as paired images but assessadliated to patient identity and
timepoint. US was performed using a Philips HDOG@nachine with a 12-5 or 13-
7 MHz probe as appropriate. For PD scanning a unedvall filter was applied.
All scans were performed by a rheumatologist exgmeed in musculoskeletal US
(Dr J E Freeston). Gel was applied to the skiprtavide an acoustic interface. All
patients underwent GS and PD US of the most symgttiorhand and wrist (wrist,
MCP2-5 and PIP2-5 joints - 11 joints per patient}sS and PD were scored
separately on a 0-3 semi-quantitative scale foh ¢aiat imaged. A GS score oR
and/or a PD score >0 were used to identify US agtints

The primary endpoint of the study is achievemenAGR20 response at 48
weeks. This was chosen as research has showih ithegsponsive in PSA and has a
lower placebo response than is seen with the PsfRé&hsen et al. 2006). This
analysis also identified the EULAR responses basethe DAS as being responsive
in PsA, but there was concern about using an owcm@asure based on a 28-joint
count in oligoarticular disease. Secondary endpaat week 48 include ACR50,
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ACR70, achievement of MDA criteria and radiograpjumt damage according to
change in mS-vdH score.

7.2.4 Statistical analysis

The primary outcome in this study is the proportdmpatients who achieve an
ACR 20 response at 48 weeks from baseline. Prswilatia for patients with PsA
(Healy and Helliwell 2007) starting on DMARDSs (poedinantly methotrexate) has
shown ACR 20 at 3 and 6 months to be 50% and 43%ectively. We have
therefore assumed that the proportion of patieatseaing ACR20 in the standard
care arm will be approximately 50% at 48 weeks.ahsolute difference in ACR20
rates of 20% has been deemed to be a clinicallyifeignt difference. Therefore,
with 80% power and based on a chi-squared tesbuitbontinuity at the 2-sided
5% significance level, 93 patients per arm (18Gepds$ in total) are required to
detect and increase on ACR 20 rates of 20%. Taevdibo a 10% drop-out rate, 206
patients will be recruited in total.

This large RCT is currently ongoing and therefonalgsis for this thesis has
been restricted to blinded data. To date 40 patibave been randomised into the
study and have completed their 48 week follow upata regarding treatment is
provided in summary form for the cohort, but detdibinalysis comparing treatment
and response has been limited to ensure that teeagnoups remain unblinded.

Significance testing was performed using Chi-sodiatessts for categorical
variables, Mann-Whitney U tests for independent tioolwus variables and
Wilcoxon signed rank tests for paired continuousialdes. Univariate forward
step-wise binary logistic regression was used entifly which baseline features
were associated with achievement of MDA at the 4@kvtimepoint. All analysis
was performed using SPSS 16.

7.3 Results

To date, in the main RCT, 96 patients have beeruited. A flowchart
detailing their recruitment and follow up is shoimrfigure 9. The remainder of this
chapter includes the analysis of the first 40 pésieto be randomised and to
complete follow-up.
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Figure 9 —Enrolment flow diagram for TICOPA study
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7.3.1 Baseline Demographics

Of the 40 patients completing TICOPA to date, aldl la consultant diagnosis
of PsA, but only 34 met the CASPAR criteria. Thenaining 6 patients all scored 2
points in the CASPAR criteria. These patientsrtbtl have current psoriasis, but all
had 2 indicators of PsA from the other featuredunhed in the CASPAR criteria.
Baseline characteristics of the cohort are showabie 23.

Considering imaging at baseline, plain radiographihe hands and feet were
available for 29 patients and US of the most affiécor dominant hand was
available for 38 patients. At baseline, the m&oof patients had little or no
evidence of radiographic damage (median mS-vdHestpiQ range 0-4.5). JSN
was seen in around half of the cohort (n=15) amdntiedian score for those with
JSN was 4 (IQ range 1 to 5). Erosions were idextiin only 5 patients (17%) with
a median score of 4 (IQ range 1 to 6.5). US aelbas identified relatively low
levels of disease in the hand and wrist with predamt GS synovitis and low levels
of PD. The median total GS score was 11.5 (IQeahtp 18.25) with a median PD
score of 0 (IQ range 0 to 3.25). When the numlbés® active joints (GS score of
>2 and/or a PD score >0) was considered, only liémtathad active disease in the
one hand that was scanned at baseline, and thésatpdad a median active US
joint count of 2.
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Number of joints involved N
Oligoarthritis 20
Polyarthritis 20

Subtypes of disease N
DIP disease predominant 2
Axial disease 2
Mutilans 0
Active dactylitis 7

Skin disease N
Current psoriasis 32
Plaque 21
Scalp 18
Flexural 5
Erythrodermic 1
Pustular 2
Previous psoriasis 4
Family history of psoriasis 10
Nail disease N
Nail psoriasis 22
Onycholysis 16
Pitting 12
Nail plate crumbling 6
Leukonychia 4
Antibodies N
RF negative 40
40

Anti-CCP negative

Table 23 — baseline characteristics of the TICOPAahort
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7.3.2 Treatment during study period

During the 48 week study period, the majority ofigrats received one or more
DMARDs and the frequency chart of drug prescriggiangiven in table 24. Details
about the doses of DMARDs are provided in table E6r all of the drugs except
methotrexate, doses given were standard and theesgust a short titration period at
the start of treatment in the case of sulfasalazie#unomide and cyclosporin.
Maximum doses of sulfasalazine prescribed variethf2-3g per day. In the case of
methotrexate, doses were more variable given tbeesl| titration and different
target doses chosen by different physicians.

Of the eight patients who received treatment withiaddogic drug, there were
five patients who received one anti-TNF drug eauth three patients who received
two different anti-TNF drugs due to primary ineffcy or adverse events.
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Treatment Prescribed

Number of patients - N (%)

No DMARD treatment
1 synthetic DMARD only
Multiple synthetic DMARDs

Biologics

5 (12.5%)
20 (50%)
15 (37.5%)
8 (20%)

Table 24 — frequency of patients receiving synthatiand biologic DMARDs

Drug Number of patients — N (%) Average dose
Methotrexate 34 (85%) 20.7mg per week
Sulfasalazine 15 (38%) 2.1g daily

Leflunomide 1 (3%) 18.3mg daily
Cyclosporin 2 (5%)

Etanercept 6 (15%) 50mg weekly
Adalimumab 4 (10%) 40mg every other week
Infliximab 1 (3%) 5mg/kg every 8 weeks

Table 25 — frequency and average doses for DMARDsgscribed
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7.3.3 Response measures
7.3.3.1 Minimal Disease Activity

The proportion of patients achieving the MDA stak@eased steadily over the
48 week study period (table 26) to a maximum of 53%nivariate logistic
regression analysis identified that a low patiemfisbal disease activity VAS at
baseline (OR=0.96; 95% CI = 0.93, 0.99; p=0.02@) tre absence of enthesitis at
baseline (OR=10.46; 95% CI = 1.16, 94.48; p=0.0@®&ye associated with a
increased chance of achieving MDA at 48 weeks. eOthctors investigated were
not significant including joint counts, pattern drthritis (oligoarthritis or
polyarthritis), presence of dactylitis, baselineyghians global disease activity
VAS, quality of life (PsQOL), function (HAQ-DI) dvaseline CRP levels.

7.3.3.2 Outcome measures for individual domains of PsA

All patients had arthritis at study entry and sb vaére assessed for the
composite ACR and EULAR joint response measuresablel 27 shows the
proportion of patients achieving both the ACR resmmeasures and the EULAR
response criteria based on the DAS28 score. T8ponse rates improved over the
course of the 48 week study period.

Both the ACR and EULAR outcomes have been validate@olyarticular
PsA, but less is known about their responsivenesdigoarticular disease. The 20
patients with oligoarticular disease at baselingewsmpared to those presenting
with polyarticular disease, to identify any diffatel response in these outcome
measures at 48 weeks (table 28). For all of taparder indices (ACR and EULAR
outcomes), a slightly higher proportion of patiem#th polyarticular disease
achieved the outcomes, with a difference that wasenpronounced for ACR70 in
comparison to ACR20. In contrast, the MDA critefA®ere more commonly
achieved by patients with oligoarthritis at baselin
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Week 12 Week 24 Week 36 Week 48

Number (%) acheiving MDA 10 (25) 12 (30) 15(38) (3B)

Table 26 — proportions of patients achieving MDA akey timepoints

Number (%) achieving outcome

Timepoint ACR20 ACR50 ACR70 Mod Good
EULAR EULAR
response response

Week 12 22(55) 8 (20) 1(3) 9 (23) 3(8)
Week 24 17 (43) 12 (30) 6 (15) 12(30) 10 (25)
Week 36 18 (45) 11 (28) 7 (18) 12(30) 10 (25)
Week 48 23(58)  18(45)  15(38)  16(40) 16 (40)

Table 27 — Composite arthritis outcomes at key tinmints

Number (%) achieving outcome at 48 weeks

Subtype ACR20 ACR50 ACR70 Mod/Good MDA
EULAR
response
Oligoarthritis 11 (55) 8 (40) 6 (30) 6 (30) 12 (63)
Polyarthritis 12 (60) 10 (50) 9 (45) 10 (50) 9 (45)

Table 28 — composite arthritis outcomes and MDA bjyoint disease subtype
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In addition to clinical outcome measures for atdcudisease, data are
available for imaging with plain radiographs and. USadiographic data identified
that the majority of patients had no change in mdB-score during the 48 week
period. There was no significant difference folbetween baseline and week 48
scores for erosions, JSN or total score (p>0.9%)week 48, the median mS-vdH
score was 2 (IQ range 0-4) with an erosion scoi@ afhd JSN of 2. Only 3 patients
changed their status from non-erosive to erosigea$ie during the time period and
their erosion scores remained low (median 1, rdngg

US data at baseline and 48 weeks were availablé8af the 40 patients. US
showed a significant reduction in imaging acti\biyth in terms of GS synovitis and
PD score (p<0.002). When the number of US actiugg (GS score 02 and/or a
PD score >0) was considered, only 16 patients ltégleadisease in the hand at
baseline. Again there was a significant reductionJS activity seen in these
patients with a reduction in the median joint cofuoin 2 to 0.5 (p=0.008).

Whilst peripheral joint outcome measures detaileova were calculated using
all patients, the outcomes for the other domainPoA (skin, nails, enthesitis and
dactylitis) have been restricted to those with Imgment of that particular domain
at baseline. Skin psoriasis was documented in @ris at baseline and PASI
scores at baseline were low (median 2.3) with ddlypatients with PASt 3 and
only one patient who had a baseline PASI scoraedtgr than 10. PASI responses
for both of these groups (all patients with psasiasd those with baseline PASI
3) are given in table 29.
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Number (%) achieving outcome

Timepoint
PASI50 PASI75 PASI90

All patients Week 12 12 (38) 6 (19) 3(9)
with Week 24 15 (47) 9 (28) 5 (16)
psoriasis at
baseline Week 36 15 (47) 11 (34) 9 (28)
(n=32) Week 48 17 (53) 13 (41) 7 (22)
All patients Week 12 5 (36) 1(7) 0 (0)
with Week 24 8 (57) 6 (43) 3 (21)
baseline
PASI> 3 Week 36 7 (50) 5 (36) 3(21)

Week 48 8 (57) 6 (43) 3(21)

Table 29 — PASI responses at key timepoints
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Enthesitis, dactylitis and nail disease were lesgalent in the cohort affecting
31, 12 and 20 patients respectively. Enthesitisesshown in figure 10 relates to a
total sum of all enthesitis sites examined (n=1B)dividual results are also shown
for the MASES, LEI and IMPACT enthesitis indice§he LEI and MASES scores
all showed a reduction in enthesitis activity otlee 48 week study period, but the
IMPACT index did not identify significant amount§enthesitis.

Results for count of dactylitic digits and LDI seaare shown in figure 11. A
significant improvement in dactylitis outcomes wated within the first 12 weeks
(p=0.002 for dactylitic digit count and LDI scone@)th median scores of 0 after this
timepoint. The decrease in MNAPSI scores for paibriasis was rapid and
sustained to the 6 month timepoint when a slowihgnmgprovement was noted
(figure 11).
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7.3.4 Patient reported outcomes

All patients completed PROMs at 12 weekly intervaBBver the study period,
there was a reduction in VAS scores for pain, dlalisease activity, fatigue and
global health, all indicating an improvement in ltfleatatus (figure 12). Quality of
life, as measured by the PsQOL, and functionalitgpiheasured by the HAQ-DI,
also showed an improvement over the study perada&t30).
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Baseline Week 12 Week24 Week36 Week 48

Median PsQOL 6 4 2 3 2

Median HAQ-DI 0.75 0.44 0.13 0.38 0.13

Table 30 — Quality of life and functional questionaire scores at key timepoints
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7.3.5 Relationship between MDA and other outcome measures

There was a strong association seen between acdithe MDA disease state
and the ACR outcome response rate from week 24 rmsw@<0.004 for all except
ACR20 at week 24, see figure 13). This was moskethat week 48. However,
even at week 48, there was not total agreementdeetVy CR outcome measures and
the MDA state. When considering the ACR70 respaoass there was one patient
who achieved this response but was still not in MD2onversely there were seven
patients in MDA who did not achieve a 70% reductiorihe ACR outcome (table
31). The majority of patients (6 of 7) who achi@wdDA but did not achieve an
ACR70 response were patients with oligoarthritSome patients had shown an
improvement in joint counts but not a 70% reduciieg from three tender joints to
one tender joint), and some fulfilled the MDA critedespite activity in the TJC
which prevented them from achieving the ACR outcome

When comparing blood levels of inflammatory markens patients with
different MDA outcomes, the association was lessrcl There was no significant
difference between CRP, plasma viscosity (PV) a8® Eesults for those in MDA
and those who were not at any of the key timepoiktswever, there were a number
of patients in the cohort who did not demonstratsed inflammatory markers, even
at baseline. Analyses were repeated, limiting thaients to those with
inflammatory markers greater than the normal refegerange (CRPLO, ESR-20,
PV>1.72) at baseline. CRP levels were significantiywdr at week 48 for those
patients in MDA (p=0.03), although a significantfelience was not found at other
timepoints. ESR levels were significantly differext week 24 (p<0.03) but not at
other timepoints. There were no significant relaships between PV and MDA
found at any of the key timepoints.

US data was also used to compare to different MDfa@mes. At week 48
there was a trend towards lower US scores for tho8#DA (median GS score 9.5
vs 11, p=0.48, median PD score 0 vs 1.5, p=0.10)Hrudifference did not reach
significance. Similarly, there was a trend towaedfower number of US active
joints at week 48 in those with MDA compared toshaovho were not (median no O
vs 1, p=0.23) but this was not significant, prolyadhlie to the low numbers in this
subanalysis (n=15).
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MDA Non-MDA
ACR20 Yes 19 4
No 2 14
ACR50 Yes 16 2
No 5 16
ACR70 Yes 14 1
No 7 17

Table 31 — Comparison of patients achieving MDA andCR outcome measures
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7.4 Discussion

The TICOPA study is a large RCT designed to ingaséi the benefits of early
and tight control in PsA. There are few studieanexing such an early PsA cohort
particularly of the planned recruitment size (n=R0&he patients all had a disease
duration of less than 2 years and the majorityilfetf the CASPAR criteria. Those
who did not, had other typical features of PsA alidvere found to be seronegative
for both RF and anti-CCP antibodies. The vast ntgjbad normal or near-normal
radiographs at baseline compatible with early disea

As the study is currently ongoing, and recruitmsrlanned to continue until
April 2011, unblinded data are not available foelgsis. However, of interest, is
the fact that this study is the first to prospesivuse the newly developed MDA
criteria and the blinded data can be used to furgvaluate the validity of these
criteria.

In this small cohort (n=40), over 50% of the patsecombined from the
intensive and standard arm achieved MDA over the wkek study period.
Interestingly this exceeds the number seen in theiqus validation studies (both
observational cohort data (Coates et al. 2010ayeswlts of the anti-TNF drug trial
(Coates and Helliwell 2010)). There are two likebasons that may contribute to
this increased proportion in MDA. Firstly, the ieats in TICOPA had early disease
and were DMARD naive prior to starting treatmentthie study. They therefore
represent a different population from those seethénestablished disease cohort in
Toronto and the patients recruited to the IMPACH @#MPACT2 studies who had
established polyarticular disease and many of whathpreviously failed synthetic
DMARDs. The other key difference is the use of MB#\a target for treatment for
those patients treated in the intensive arm offtl@OPA study. Half of the patients
in this cohort had their treatment escalated uhély achieved MDA, so the rate of
MDA at the end of the study is expected to be highe

When considering all of the individual aspects &AP there were good
responses seen in all of these areas. Compositesfires showed an impressive
improvement in arthritis over the study period. particular, the proportion of
patients achieving good responses (such as the B@GRJ EULAR good response)
were higher than expected when compared to othelished data (Nasonov et al.
2009). There was no significant change identifiedmeasures of radiographic
damage over the study period. There are two likedsons for this. Firstly, in a
cohort of PSA patients, even those with establistisdase, the rate of radiographic
progression is not particularly rapid with an agerancrease of around 1 in the mS-
vdH score in one year (Ravindran et al. 2010). o8dky, in contrast to the
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population of patients recruited to many drug $ripteviously reported in PsA, this
study recruited all patients with any active digeaand did not select for
polyarticular disease or raised inflammatory maskem herefore the likelihood of
radiographic progression over 48 weeks is lowen that seen in previous studies.

Unlike radiographs, US has the ability to measute/a inflammation and was
able to identify a change in imaging assessmendiggase activity in the study
period. To maintain feasibility within the studynly one hand was scanned using
US at both baseline and follow up. Due to theroggeneity of PSA phenotype, only
16 patients had involvement seen in the hand atlibas but despite the low
numbers a significant change in US disease activity seen over the 48 weeks.

There were good proportions achieving PASI respoespite low levels of
skin psoriasis involvement at baseline. Intergdfirsimilar PASI response rates
were seen in those with baseline PASI>3 and intated cohort with skin disease.
Although PASI is recognised to be less responsivhelower end of the scale, it
can clearly identify responses in a proportion atignts.

When considering the responses in other domaingpa and significant
improvement in both dactylitis and nail psoriasissvgeen within the first 12 weeks
of the study period. During this time, patientsd hanly received synthetic
DMARDSs, with no prescriptions given for anti-TNFetfapy at this stage. The vast
majority of patients were treated only with meteaate which has not been
recognised as a treatment for dactylitis or nafledse previously (Cassell and
Kavanaugh 2006; Helliwell 2006). The improvementeanthesitis was slower,
showing some improvement within the first 12 wedks, ongoing improvement up
to the 48 week visit. Although these data relatepgen label treatment in a small
number of patients, they suggest efficacy of DMARParticularly methotrexate, in
many domains of PsA.

PROMs showed a steady improvement over the courdbeostudy period
with the largest change seen in the first 12 weekhere was a significant
improvement in patients’ VAS scales for global dse activity, pain and global
health in addition to questionnaires assessingtguallife and function.

In further investigation of the MDA criteria as antcome measure, response
rates of other outcome measures were comparedcdsetin MDA and those not
achieving the target. There is a clear link betwd#DA and composite joint
outcomes such as the ACR outcomes confirming pusvialidation work. Not
surprisingly, the correlation appears strongestlerhigher level of responses such
as ACR70 where the majority of patients achieviaghsa significant improvement,
also achieve MDA. However there were some discreipa seen with one patient
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achieving the ACR70 response but not in MDA andesgyatients in MDA who did
not achieve a 70% reduction in the ACR outcome.

When considering the different outcome measureddetail, this is not
particularly surprising. Firstly, the MDA criterencompass other aspects of disease
such as enthesitis and skin disease that are ke iato account in the composite
arthritis outcomes. This may account for somehefdiscrepancies. Secondly, the
ACR outcome measures are response measures in sompgp MDA which is a
measure of a certain disease state. Patientgwaititularly active disease can show
an improvement of 70% in their arthritis outcomeaswees, but still have residual
active disease that prevents them from being ¢iedsas in MDA. Conversely
patients with oligoarticular disease at baseling @ able to achieve MDA but do
not have such a reduction of 70% in their jointrdsu This differential response
between oligoarticular and polyarticular diseasétygues is highlighted by
comparing the proportions achieving each of theaues. For all of the response
measures, a higher proportion of polyarticular ggg8 met these outcomes
compared to those with oligoarticular diseasecdntrast, the MDA criteria, which
measure an absolute level of joint involvement,enapore likely to be met by those
with oligoarticular disease. This has importanplications for choice of outcome
measures in psoriatic disease. Arthritis responddices are likely to be less
sensitive to change in patients with oligoarticuleease at baseline.

Relationships between MDA and other measures @fadis activity including
systemic markers of inflammation and US evidenceswfovitis showed some
trends but few significant differences. In thisadincohort, these analyses are
limited due to the small numbers of patients inellid Many patients with PsA do
not have a significant acute phase response desgitee disease. US scans at
baseline and follow up were only available for tjeints of one hand. The
heterogeneity of PSA means that many patients lideeor no disease in the small
joints of the hand and therefore in a small grosignhificant associations are
unlikely to be demonstrated. Baseline predictdr81DA were briefly addressed
using univariate analysis but due to the small nensibn the cohort, multivariate
analysis could not be attempted. There was sondemee that patient global
disease activity VAS and presence of enthesitimatline were predictors of MDA,
but this is difficult to interpret as both of theseeasures are included in the
assessment of MDA. Given the small numbers andlittkebetween predictive
baseline factors and the outcome measures incliddéee MDA criteria, it seems
that no clear conclusions can be drawn regardiisg tBata from the full TICOPA
study with 206 patients will allow a future multnate analysis of multiple factors
and this may provide information on predictors dDM
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7.5 Limitations

The principle limitations of this analysis are tkenall nhumbers and the
restriction to blinded data to preserve the bligdof the main study. The small
numbers analysed mean that predictors of MDA couolnt be accurately
investigated. Only univariate regression could gerformed and with small
numbers, subtle influences will not have been ifiedt As discussed above, the
associations identified are not truly independenhthe assessment of the MDA
criteria so they should be interpreted with cauti@etailed analysis of medications
used are not available as this would lead to armblfoding” of the data, so only
summaries of treatment data are available to bsepted.

However this is the first study using MDA prospeety and offers some
insight into outcomes in early PsA treated withtbgtic and biologic DMARDs as
required. The large range of outcome measuresatel covering all domains of
psoriatic disease allow assessment of respondkareas of the disease.

7.6 Conclusion

This interim analysis of the larger TICOPA RCT pd®s insight into the
outcomes seen in multiple domains of early PsA.high proportion of patients
achieve the MDA state within the 48 week studygeand good responses are seen
in all domains of disease and in PROMs. Furthédaton of the MDA criteria is
provided by their concurrent validity with the AGRIitcome measures as seen in
previous validation work. Due to the small sizetleg sample, it is not possible, at
this stage, to properly investigated predictorgesponse. However in future this
should be possible with the full TICOPA dataset.
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8 Conclusions and Future Directions

This thesis is concerned with developing clinical$ and methodology to
improve the outcome of PsA. This final chapterl yilesent an overview of the
results of the thesis, looking at all of the stsdigerformed and analysing the
findings in the context of current literature. Tih@tential research questions arising
from the work in this thesis will then be considere

PsA is now recognised as a potentially damagingdesdructive disease and
the aim of this research was to provide tools tprowe disease management and
optimise outcome. The first priority is to idegtfatients early in the course of their
disease so that assessment and therapy can la¢ethitiHowever it was identified
that there was a lack of validated classificatioiteda to aid identification of
patients with early PsA for both clinical interviemts and future research. The
recently developed CASPAR criteria have both highsgivity and specificity in
established disease (Taylor et al. 2006), butstated in the paper that less than 5%
of the original study population had a disease tthieof less than 12 months. A
few small studies have suggested that the CASPARriar may be useful in early
disease but no properly powered studies have azklidbeir validity in early PsA.

Once identified, the next challenge was to optinmssnagement for patients
with early PsA. In RA, management has focusedaoly éntervention in the course
of disease with “tight control” of inflammatory diase to improve prognosis.
However, this concept of “tight control” has notebeinvestigated in PsA. In the
RA studies, validated outcome measures such as EliR&al disease activity index
(CDAI) and simplified disease activity index (SDAJive definitions of low disease
activity or remission that can be used as a taigetherapy. One of the major
issues preventing research in this area, perhdlpstrieg a lack of research in PsA,
was the lack of validated criteria to define anc&mable” disease state. The
concept of minimal disease activity had been defibg OMERACT but validated
criteria had only been developed for RA using trasnework.

This thesis therefore concentrated on these twomeapllenges to the optimal
management of early PsSA, and aimed to provide éagilinical solutions to the
early identification of PSA and management usingnogl treatment targets.

Chapter Three  The validity of the CASPAR criteria in early PsA

In Chapter Three, the CASPAR criteria were fountiécsensitive and specific
in identifying early PsA. Although their sensitiviis slightly lower than that found
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in established disease, they performed better than previous gold standard
classification criteria developed by Moll & WrightDetailed assessment of the
patients and controls included in this study higied some of the clinical
phenotypical differences between early PsA andrditren of early inflammatory
arthritis. However, there were no individual featithat could be relied upon to
differentiate diagnosis between PsA and other fasmsflammatory arthritis.

Chapter Four Imaging in early PsA — the extent of sub-clinical disease

Modern imaging is more sensitive than clinical exation for detecting a
variety of important joint pathologies. A detailedsessment of a sub-group of
patients with early PsA investigated the US eviéefar arthritis and enthesitis.
There were low levels of sub-clinical arthritis apdrticularly low levels of US-
identified enthesitis. Similarly, the correlatibetween clinical and US assessment
was high suggesting that, in most cases of eady Elgical examination provides a
reasonable assessment of disease activity fordyoibvitis and enthesitis.

Chapter Five Defining MDA in PsA

MDA criteria were developed for use in PsA usingeb-based questionnaire
of international experts. The criteria includenidal measures of arthritis, enthesitis,
skin disease and PROMs to ensure that all aspdctgsariatic disease are
encompassed.

Chapter Six Validation of the MDA criteria for PSA

Following on from the development of the MDA criterin the previous
chapter, validation work was completed followinge tmethodology of the
OMERACT filter. This analysis provided evidencethim the domains of truth,
discrimination and feasibility proving the perfornca metrics of the PsA MDA
criteria. A large observational cohort and twogtamdatasets from interventional
randomised controlled trials were utilised in ortelassess their validity in routine
clinical practice and as a potential outcome mesagurfuture interventional trials.

Chapter Seven Tight Control of PsA — preliminary analysis of a large RCT

The TICOPA study is the first prospective studytitise the MDA criteria as
a target for treatment in an intensive treatmegime. The study is ongoing and
therefore data are limited within this thesis clapt The preliminary analysis
identified significant clinical improvements seerthwtreatment of early PsA in all
domains of the disease. It also confirmed the worat validity of the MDA
criteria with significant agreement seen betwe@se¢hand other composite outcome
measures used in PsA that were designed to mesisuilar constructs.
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In summary, the work in this thesis provides a gimesand specific tool for
early identification of PsSA patients and a validatarget for treatment that can be
utilised in clinical practice, while also presemgtipreliminary data from a study of a
tight-control treatment regimen.

Discussion and limitations of current work

Research addressing the use of the CASPAR critariaarly disease in
Chapter Three provides evidence for their use assification criteria in early
disease. Early diagnosis of PsA is recognisecttdifficult due to the heterogeneity
in clinical phenotype, the potential for patientspresent “sine psoriasis” and the
lack of confirmatory blood tests. Prior studiesveleping and validating the
CASPAR criteria have concentrated on establishestadie. The few studies
addressing their use in short duration disease baMeincluded a small number of
patients and the majority have lacked controls,mmgathat only sensitivity and not
specificity can be calculated. The sensitivity fioe CASPAR criteria was found to
be slightly lower in early disease than that inabkshed PsA. Previous authors
have predicted this finding as there is little at®rof patients fulfilling the
radiological element of the CASPAR criteria at amle stage in disease (D'Angelo
et al. 2009). However, the criteria do have bestnmsitivity than the Moll and
Wright criteria as they allow a diagnosis of PsAhsut a requirement to have both
arthritis and current evidence of psoriasis. The af other typical features of PSA
to make a diagnosis using the CASPAR criteria mehasthese criteria are more
inclusive when classifying PsA.

The main limitation of the work in Chapter Thredhat it does not address the
need for diagnostic criteria in an unselected eartyritis population. The ideal
characteristics for such criteria are defined atiogr to their planned use.
Classification is a separate issue to clinical s, although following the
publication of classification criteria, cliniciafi®quently misuse them for diagnosis.
Classification criteria, used in research, shoulveh a greater emphasis on
specificity to ensure a homogeneous populatiorifferapeutic trials and laboratory
and genetic studies. Diagnostic criteria shouldié&gigned with a higher sensitivity
to ‘screen’ for a particular disease. In diagndkesimpact of misclassification for
an individual may have a great impact on their feitware and is therefore
significant. However in classification, the critelare applied to a group recruited
for research where misclassification of one indinaldwill have less impact.

There are therefore two issues which prevent thek woChapter Three from
addressing this need for diagnostic criteria. thirdhe CASPAR criteria were
developed as classification criteria rather thagudostic criteria and have also been
tested as such in this cohort. The high spegffictind in this study means that the
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criteria are ideal for the classification of pategefor future clinical trials. However,
their lower sensitivity means that their use agulastic criteria is limited.

Secondly the selection of patients used to testtiteria creates limitations.
Patients were assigned to either the case or dadhort if the consultant felt they
had a diagnosis of PsSA or an alternative inflammyaswothritis. Therefore there will
have been some patients excluded from the recroitmweere the diagnosis was
more uncertain. This results in a higher sengytiand specificity when testing the
criteria in this cohort, compared to their trueiddy in a mixed undifferentiated
arthritis population.

The development, subsequent validation and prospeobutine use of the
MDA criteria has provided a tool for future resdaend clinical assessment of PsA
patients. There is evidence provided in Chapter Baat clinical assessment shows
good correlation with US for both arthritis and esgitis activity suggesting that
clinical assessment is reliable in PsA. The conaépMIDA was developed by
OMERACT, firstly in the field of RA (Wells et al.ab5), and has now been utilised
in other forms of arthritis (Magni-Manzoni et aD@). The conceptual definition
was agreed by a large international group of espevithin the OMERACT
framework. The development of the MDA criteria 8BsA was done with the
assistance and expertise of the GRAPPA steeringnitbe® and wider membership.
The criteria are based on “paper cases” of reaical patients and were created
using expert consensus of a worldwide sample afimaology and dermatology
experts in psoriasis and PsA.

In Chapter Six the validity of the MDA criteria watested in both
observational cohorts and interventional trial dats. Using both of these settings
allows evaluation of multiple aspects of the OMERAfIter and provides evidence
of their utility both as an outcome measure foufatresearch and as a tool for
clinical practice. Importantly, their prognostibility was identified in both cohorts
providing encouraging evidence that treating toobjective target can impact on
long term outcome. Some aspects of the OMERAG®@rflhave not been assessed
or could benefit from further work. The assessmantriterion validity is not
possible as there is no recognised gold standéndthese situations, concurrent
validity is assessed as an alternative. Howewverithalso difficult as it requires
comparing the MDA criteria against other criteri@aanuring similar constructs. The
level of agreement between certain response @i{guch as the ACR measures)
and other measures of disease activity has be@ssask in the IMPACT data in
Chapter Six as well as in the preliminary analygishe TICOPA data in Chapter
Seven. However, at present, there are few congpd®sease activity measures that
encompass all aspects of psoriatic disease ane #nesstill in development.
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8.1 Recent research developments relevant to thesis wor

8.1.1 Novel diagnostic tools

During the course of this PhD, additional studies/eh confirmed a high
sensitivity and specificity of the CASPAR criterraestablished PsA in a variety of
populations (Congi and Roussou 2010; Leung et@OP However, no further
studies evaluating the use of classification orgdastic criteria, such as the
CASPAR criteria, have been published in early disea No other potential
diagnostic or classification criteria have beengasged. Work in the current
literature aiming to identify PsA early has concatdd on the use of screening
tools, particularly aimed at dermatology clinics.

There are four PsA screening tools available; thsoriBtic Arthritis
Questionnaire (PAQ) (Alenius et al. 2002), the Rsimr Arthritis Screening and
Evaluation tool (PASE) (Husni et al. 2007), the dmp Psoriatic Arthritis
Screening tool (ToPAS) (Gladman et al. 2009) arel Bsoriasis Epidemiology
Screening Tool (PEST) (lbrahim et al. 2009a). @&k paper-based questionnaires
with 5-15 questions designed for completion by tbatient prior to their
dermatology appointment. All have been testedeinmatology clinics and found to
be sensitive and specific as screening tools fhwriis. Some of the questionnaires
have also been used in other settings such as WKrgepractice populations and
US family medicine clinics. These screening tocds then be used as a brief
intervention by dermatologists or primary care ptigeis to identify which patients
should be referred to a rheumatologist. A healblead study comparing three of
these questionnaires (PASE, ToPAS and PEST) inatetagy clinics is currently
underway in the UK with the aim of identifying whictool performs the best
(Helliwell 2010). Patients in the study will théwe assessed by a physician for the
presence of PsA and will also have the CASPAR raaitapplied as classification
criteria. This will allow further validation of &¢h CASPAR criteria compared to
physician diagnosis in an independent national dakfamewly diagnosed PsA.

8.1.2 Novel composite outcome measures in PsA

The MDA criteria developed as part of this PhD halg® been assessed in the
current literature by other groups. In particulanalyses of adalimumab clinical
trials have looked at the proportion of patientsiagng MDA in the ADEPT study
(Mease et al. 2009b). The authors reported afgignt difference in the proportion
of patients achieving MDA after treatment with asalmab when compared to
placebo (p<0.001) in keeping with the results & #malysis of the IMPACT and
IMPACT?2 studies shown in Chapter Six. Interestmghe authors of the ADEPT
study have also proposed a modification to use l@mnative psoriasis measure.
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The original MDA criteria were developed for usehweither BSA or PASI score.
The researchers from the ADEPT study have suggdbtedise of the physicians
global assessment (PGA) of psoriasis score of ftlad'nearly clear” as a cut point
for MDA in the skin domain and have analysed thgsia in the ADEPT data
(Mease et al. 2010). This may be particularly uis@i patients with little skin
psoriasis where PASI in particular can be mislegdilt also makes the tool more
feasible for routine clinical use as the PGA iscfub complete.

Over the duration of this thesis, there has begmifssant work in the
development of composite disease activity meastoegsoriatic arthritis. The
CPDAI uses a grid system to assess disease adtivégich of the five domains of
PsA (arthritis, skin disease, enthesitis, dacgylitixial disease) and this can be
summed to a disease activity score (Mumtaz etGllOp The DAPSA (originally
the DAREA) is a composite measure of peripherdireis activity validated in PsA
following its original development in reactive aitls (Nell-Duxneuner et al. 2010).
Both of these are summarised in section 2.3.1.6godg work under the umbrella
of the OMERACT PsA and GRAPPA groups is providingrenevidence comparing
these existing measures of disease activity. Tisedata to support the use of the
CPDAI and DAPSA within the GRACE dataset and fratraspective analyses of
clinical trials. Both perform well but the DAPSA recognised as a peripheral
arthritis measure only; there is no attempt to tjladisease activity in the other
domains of PsA. There is also work developing wehoomposite index using data
from the GRACE initiative (Coates et al. 2010c).

The advantages of the CPDAI, DAPSA and future GRAG&Nposite
measures in comparison to that of MDA, is that thdgw assessment of a full
range of disease activity rather than one particsti@e. In the future, potential cut
offs could be defined for these measures to defmassion, low disease activity
and high disease activity. However, at presengrethare no other proposed
definitions of disease states and therefore notthag could be used as a target for
treatment.

8.1.3 Novel treatment regimens in PSA

Investigation of treatment algorithms for PsA i#l & its infancy. To date,
there have been few studies comparing differerdtirent algorithms, with the
majority of studies concentrating on proving thicaty of individual drugs against
placebo. A small open label study attempted taesfdthe issue of immediate vs
delayed prescription of DMARDSs. This showed a Higant difference at 12 weeks
after the differing treatment regimens but did sledbw any prolonged benefit once
the delayed group had commenced on methotrexarpg&et al. 2008b). One
study, the RESPOND study, has compared methotregatdliximab for early PsA
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(Nasonov et al. 2009) but this study was open label is likely to be affected by
bias introduced by this study design.

There is growing interest in the investigation ptimal treatment for patients
with PsA, and the TICOPA study should provide digant insight regarding
treatment outcomes with tight control of diseasitvélg. The study is recruiting at
six UK sites. It is estimated that recruitmentiviaé complete by July 2011 with
results in available in 2012. The comprehensiiea@ue measures included in the
blinded assessments may also shed some light dwtoefficacy of synthetic
DMARDs in PsA, particularly in less researched domwmasuch as enthesitis and
dactylitis.

8.2 Potential research questions arising from this thes

8.2.1 Diagnosis and classification

Some of the future research questions arising tft@mwork in this thesis have
been highlighted in the preceding chapters. Theranow evidence that the
CASPAR criteria are valid as classification crigefor use in future early PsA
research. However, the selection of cases andraieninay mean that their
sensitivity may have been overestimated. |de&kydriteria should be tested on all
consecutive patients attending an early arthritrsacwith prospective follow up to
ensure accurate diagnosis and to identify poteatialution of disease.

The CASPAR criteria were designed for use as d¢leason criteria rather
than as diagnostic criteria. However, given theklaf diagnostic criteria or
algorithms for PsA, there is a risk that they Wil used to aid diagnosis. The recent
development of screening questionnaires, discugsseller, will aid appropriate
referrals to rheumatology, but validated diagnostiteria for use in rheumatology
clinics could then support an accurate diagnosisPeA. Although different
performance characteristics are required for diaasion and diagnostic functions,
it is likely that similar ‘typical’ features of Ps#ould be used for diagnostic criteria.
The ROC curve analysis of the CASPAR criteria ira@tier Three identified that a
lower CASPAR score of 2 or more was associated avitigh sensitivity (99%) and
slightly lower specificity (95%) than the origiléalproposed score of 3. As stated
above, these are likely to be overestimates dileetgelection of cases and controls
and the possible exclusion of grey cases. HowaMeture prospective study with
longitudinal follow up of early arthritis patiemgould be able to investigate the use
of the CASPAR criteria with a lower required scaediagnostic criteria for early
PsA
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8.2.2 Assessment of disease activity in PSA

In the future, work on composite measures withiae @RACE dataset will
allow a powerful comparison of many different dseactivity measures including
the CPDAI, DAPSA and the eventual GRAPPA-develomernposite disease
activity measure. As the aim of the GRACE studyoisaddress the validation of
proposed composite disease activity measures araogenew measures, there may
also be opportunities to compare the MDA criterighviuture proposed measures.
At present, there are no other definitions of disestate related to these proposed
composite indices. However, any proposed defimitioould be compared against
the MDA criteria to provide evidence of their crim and concurrent validity
against a previously validated measure.

At present there is little longitudinal data regagdthe use of US and MRI as
outcome measures in PsA. Multiple imaging outcomwdk be available in the
TICOPA study to compare these different imaging alitids in early PsA.
Definitions and semi-quantitative scoring systeragetoped in RA will be utilised
for scoring US as an outcome measure in the stéddyseen in Chapter Seven, only
16 of the 38 patients had active disease identiiied)S of one hand (wrist, MCP
and PIP joints), potentially limiting the sensitywiof this measure. It will be
interesting to investigate the sensitivity to chaued this measure at the group level
in a heterogeneous disease where involvement isrttadl joints of the hand is less
universal than in RA.

In recent years, the OMERACT MRI in inflammatorythaitis group has
developed and provided initial validation data foe PSAMRIS (McQueen et al.
2009; Ostergaard et al. 2009). Again this is base@RA scoring methods but has
been modified to include typical MRI features ofAPsThe TICOPA study will
provide a large cohort to investigate the use ©f $lsoring system using both high
field (3 tesla) and low field MRI (0.2 tesla) scan¥he PSAMRIS system scores
disease activity in one hand (MCP, PIP and DIPt®irand therefore similar
limitations in its sensitivity may exist in PSA g the low proportion of patients
with hand involvement seen in Chapter Seven.

8.2.3 Defining disease activity states

Although development and preliminary validation tbe MDA criteria has
been completed within this PhD, further studies Mqurovide further validation
with additional supporting data. There is a planftirther validation of the MDA
criteria within the GRACE dataset. To provide addaial data on the classification
aspect of the OMERACT filter, the MDA criteria wilbe compared to both
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physicians’ and patients’ opinion of disease attivi When the criteria were
developed, they were based on physician’s opinidriisease activity state, but no
subsequent testing against physician’s opiniorbleas conducted in an independent
cohort. Correlation with patient's opinion of dise activity has not been
investigated previously. This is crucial as theaptual definition of MDA states
that it should be an acceptable disease stateotbrgatient and physician.

As part of the questionnaire sent to GRAPPA memteidevelop the MDA
criteria, the respondents were also asked themapiof whether or not the patients
presented were in remission. The concept of reomss distinct from that of MDA
which aims to combine remission and low diseaswifct Other research groups
have suggested remission criteria (Gladman et @012 Cantini et al. 2008;
Lindgvist et al. 2008), but all of these still reguvalidation. Experts in PSA have
suggested previously that remission should be défias an absence of disease
activity in any of the domains of PsA includinghaitis, enthesitis, dactylitis, axial
disease, skin and nail disease (Kavanaugh and dfra@606). The data on
remission as part of the questionnaires have nobgen analysed. However, the
data are available to perform a similar exercissnd@hapter Five to define clinical
criteria for remission.

The current concern preventing progress with thigegt is related to the
conceptual definition of remission and whetherichhcriteria can accurately reflect
this. Remission has been a commonly used concepgears in RA, related to
certain DAS, CDAI or SDAI scores. However, studiefRA have shown that these
clinical definitions have significant limitationgjven that residual disease activity,
identified with imaging, can be present (Brown le2806). For this reason, clinical
disease activity measures developed more recexttyy as the ASDAS in AS, have
specifically avoided the term remission when defindisease states. Although the
burden of subclinical disease in recent onset Rg#ears far lower than that in RA
from the work in Chapter Four, there is evidencedome subclinical disease in
active treatment-naive PsA. The prevalence of Isubal disease in patients with
PsA in remission, and its prognostic significanisestill unknown and this may
present similar limitations in clinical assessmeApplying a similar approach with
imaging in patients who have achieved MDA at thd efthe TICOPA study will
allow the extent of subclinical arthritis and ersitis to be assessed in such a cohort.
Assuming that subclinical disease is identifiedy anteria for PSA remission based
on clinical assessments of disease activity shaadclearly labelled as clinical
remission criteria to recognise this limitation.

Developing criteria that more accurately represti@ concept of disease
remission is likely to require imaging techniqudsatt can accurately assess
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inflammation. At present, ultrasound imaging kely to be the best modality as it
allows a relatively quick assessment of synovitisd aenthesitis at multiple
anatomical sites using GS and PD. However it d@e its limitations. As the
sound waves are unable to penetrate the bone ctider marrow oedema (BMO)
cannot be assessed, meaning that BMO would natdsified using this technique.

The other limitations in the development of ultnasd remission criteria relate
to feasibility. Ultrasound is also both machingeledent and operator-dependent
meaning that significant training is required andndardisation across different
clinical locations would be difficult. Current nedevelopments in ultrasound
techniques, particularly the advent of automateantjtication of volumes and 3D
scanning, may allow easier standardisation of tegctes. Time is also a concern as
scanning multiple joints to assess disease activityld result in a total time for US
assessment that may limit its practical use. Wearch groups have developed a
reduced 12 and 7 joint ultrasound counts for RAr@da et al. 2008; Backhaus et al.
2009) that show excellent correlation with botmical disease activity measures
and with a full US assessment of 60 joints. Thigvjales a feasible method for
longitudinal assessment of disease activity withitdRA. It still requires further
testing in patients in clinical remission to enstinat these reduced joint counts
identify all subclinical disease. Similar methaatpy could be applied in PsA to
attempt to define a feasible US joint assessmétdwever, the heterogeneity of
joint and entheseal involvement in PsA is likelymi@an that more sites need to be
assessed to ensure an accurate reflection of dise#igity. This will be particularly
true in attempting to define remission to ensueg &l disease activity is excluded

MRI allows 3D assessment of inflammatory diseask taas the advantage of
visualising changes within bone such as BMO. Tikigherefore an attractive
imaging option for the assessment of remission wdleaspects of disease should
be considered. However, at present MRI scans obrate on one anatomical area
to allow adequate resolution of images. It is aldatively time consuming, taking
between 30 and 45 minutes to scan one particuktoancal area. In parallel with
US, research in MRI has investigated which joirgagr must be scanned in RA to
identify disease activity and progression. Longjal studies frequently image one
hand (wrist, MCP and PIP joints) to assess disaaBeity and progression in RA
(Olech et al. 2008). As for US in the discussibowae, similar research in PSA may
identify key sites for assessment. However, therbgeneity of joint and entheseal
involvement in PSA means that it is likely thatw@mnber of anatomical areas would
have to be scanned to ensure that there was nasdisactivity, limiting the
feasibility of MRI in assessing remission. New heicues have the greatest
potential to alter this, particularly with the advef full body MRI scanning. This
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technique is still in development with little vadiion at present, but potentially
means that a full body MRI scan to be performeddHi60 minutes allowing
assessment of multiple joint and entheseal sites.

8.2.4 Future directions for therapeutic studies

The TICOPA study is ongoing and follow-up is exgecto be completed in
2012. The analysis of this study will address igsie of tight control and the
potential benefits of protocol-led treatment in Pa# its primary outcome with
multiple clinical and imaging outcome measures. attdition, the study should
provide valuable data to assess the use of nondgeDMARDS in PSA. There are
very few placebo-controlled studies of these meiina and therefore the open-
label data from TICOPA will provide important clues the effectiveness of these
drugs in the different domains of psoriatic diseaSéven the comprehensive nature
of the outcome measures collected, future outcomeasares currently in
development, such as the future GRAPPA compositesare, will be tested within
this dataset.

Further research will be needed beyond TICOPA dmab treatment regimes
for PSA using DMARDs and anti-TNF therapies tha emrrently available. Other
algorithms for treatment will need investigatingastablish the future direction of
clinical care in PsA. Following on from the exammph RA, it may be that earlier
treatment with combination therapy or more potenigd may be beneficial in
comparison to the step-up approach in treatmeligadiin TICOPA. The TICOPA
treatment protocol was deliberately designed tlmfolcurrent National Institute for
Clinical Excellence (NICE) guidance (National Ingste for Clinical Excellence
2010) for the use of biologics in PsA with the diadl of two synthetic DMARDs
prior to their use. This ensures that patient§I{fDOPA who respond well to these
drugs can continue on them in the long term. H@wéve early use of biologics has
been shown to be beneficial in PSA compared to otegtkate in an open label study
(Nasonov et al. 2009) and further research in®ithwarranted.

In the future, as newer therapies become availdige role will also require
further investigation. Drugs such as abatacepenajpast and ustekinumab have all
been tested in PsA in phase Il clinical trials &nther studies are underway. Other
drugs, including tociluzimab (anti-IL6) and drugsdeting IL17, are also being
trialled but no results are available at presemiologic drugs directed against
targets other than TNF have not shown results coatiga to anti-TNF therapies to
date, so it seems likely that anti-TNF drugs wdhyain the first line choice for
biologic therapies in PsA. Often the response mtearticularly low in those
patients who have previously failed treatment wWitNF. This is particularly
disappointing as options are limited for this resis group of patients. Switching to
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an alternative anti-TNF therapy is the only optiumrrently available and this is
likely to remain the treatment of choice until amat drug proves efficacy in this
subgroup of patients.

The next question raised is whether a rigid treatnaéggorithm is optimal in a
heterogeneous disease such as PsA. The aim #1@@PA study is to assess the
benefit of objective disease assessment linked geescriptive treatment protocol.
Although objective assessment has logical concegianefits, particularly in a
disease which can involve many domains, a singésqpiptive treatment protocol
may not be optimal for all patients with differgsttenotypes of PsA. The TICOPA
protocol has attempted to address this partiallyelaying some choices in therapy
to the discretion of the treating physician as lagytreatment is changed and
escalated for those not achieving MDA. However paotential for differential
treatment responses means that future studies mag b develop different
treatment regimes for different subtypes of PsAisTdea of individualised medical
care is has obvious benefits but means that muale mesearch is required to find
optimal regimes for different subtypes of disease.

The first potential way of addressing the ideamafividualised care in PsA is
to use prognostic features as a guide to a treatakgorithm. Research in
observational cohorts has identified clinical featuthat can be used to stratify
patients into different prognostic categories. isltrecognised that patients with
polyarthritis and high systemic levels of inflamimathave a poorer prognosis with
progressive joint damage and disability. Patiemtis category are more likely to
benefit from intensive therapy with multiple DMARDs early use of biologics in a
“step-down” approach. However, those with a mozaign disease subtype could
be treated with a gradual “step-up” approach tngll local therapy with
corticosteroids and escalating to DMARDs as requlire

The second possible approach would be to investiggtimal treatment
regimens separately for different clinical subtypéd$’sA. This has some overlap
with the use of prognostic features discussed abdwveoutine practice, it is likely
that clinicians use this methodology already tadguheir therapy. It is likely that
most rheumatologists would use different therafoesasymmetrical oligoarthritis,
symmetrical polyarthritis and psoriatic spondylbaitts in routine clinical practice.
However, this idea also raises further issues wifinitions of disease subtype
which would have to be addressed prior to furthesearch being conducted.
Although there have been many different subtypeBs# proposed and described,
there are no clear definitions to classify such ypajoons. Another potential
complication is that previous observational studiage also shown that patients can
move between different subtypes over time, relaiditer to treatment or differing
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natural progression of the disease. This may b#&cpkrly important in early
disease when a patient’s disease phenotype mhbjgesgholving.

Beyond the use of clinical features and subtypeguiole therapy, newer
techniques such as genetics and translational baigince research may open up far
more sophisticated methods for identifying persisedl therapies. Very little
research has addressed the issue of identifyinghwpatients will respond to
different therapies in PSA. To date, little is limoabout predictors of response to
synthetic DMARDs in PsA, although a model combinidgical features and
pharmacogenetic markers has been shown to be usdRA (Wessels et al. 2007).
When investigating the response to anti-TNF theraggnetics research has
identified a polymorphism at position -308 in themoter of the TNF gene which is
associated with a differential response in both && SpA patients (Seitz et al.
2007). Specific antibodies for IL6, 1L17, 1L12/2®d other cytokines are available
and undergoing testing in PsA. A number of theseliss are collecting tissue
samples within the clinical trial to investigatengéic and cytokine markers and their
correlation with clinical response. With the adivehthese newer cytokine-specific
targeted therapies, there is great potential foochemical markers and
pharmacogenetics to provide a personalised chdicedication.

Assuming that the prognosis for patients can beowgd by the investigation
of personalised treatment regimens, the next questised will be that of treatment
continuation. In RA, the concept of remission icitlin has been established, where
initial use of intensive therapy with biologics @wmbination DMARDSs to achieve
remission or low disease activity has then beelovi@d by a successful reduction
or withdrawal of treatment. Potentially this haneéfits for the patients who require
less dramatic long-term immune-suppression andr atisks related to ongoing
therapy. It also has obvious positive cost impiares due to reductions in ongoing
drug prescribing. In the UK, due to the relativligh costs, the use of biologic
drugs is restricted in PsA to those patients wheetfailed two standard DMARD
therapies. However, assuming a positive respquesggnts are then permitted to
stay on lifelong therapy with anti-TNF treatmentiwa significant cost of around
£10,000 per year. If remission induction couldbdie achieved in PsA, the earlier
use of anti-TNF therapy for a limited time perici¢h as 12 months or after six
months in a pre-defined low disease activity statay be more cost-effective in the
longer term. It has been shown that health cast®sSA are closely related to
functional ability (as measured by the HAQ-DI) (Roet al. 2010), so prevention of
deteriorating function will significantly reduceetloverall cost burden of PsA.

Dose reduction and withdrawal of therapy have regnbinvestigated in PsA.
In some patients, PsA is characterised by a reigpand remitting course where
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uninterrupted long term therapy may not be requir€derefore, the natural history
of PSA in some patients may point to a successfittame. Many patients ask
about withdrawing therapy if they have felt wellr fa period of time, but their
guestions regarding the outcome of this have nehl@swered. Understandably,
patients want to know how likely it is that theiselase will flare given treatment
withdrawal or reduction. There are no studies iogkat the likelihood of flare
given treatment withdrawal in a significant cohofithe other crucial data currently
outstanding would address whether there any baspétient characteristics that can
be used to predict disease flare. Informationngigg this in a large cohort would
allow a more specific prediction of risks for indlual patients rather than for a
large cohort of patients with different phenotypéslisease. Finally, the other issue
that must be investigated is whether re-introductad prior therapy can regain
control of disease activity so that if PSA becoraetive again, it can be successfully
treated.

Summary

In conclusion, the future clinical research ageimdBsA needs to continue to
address the issues of early diagnosis and optimatment algorithms. There is a
need to develop diagnostic algorithms for use imicdl practice, in addition to the
classification criteria now validated. Current Wwan composite disease activity
measures must be completed with subsequent validdt create a definitive
measure for use in future clinical trials. Finailyvestigation of different treatment
algorithms, with potential withdrawal of treatmémtselected individuals, will allow
optimal, evidence-based clinical care of patierite WsA in the future.
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