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REVIEW

Psoriatic arthritis (PsA) is an inflammatory syno-
vitis and/or enthesitis that may occur in nearly
30% of individuals with skin psoriasis. The exact
prevalence is uncertain, mainly because of the
application of varying definitions for the disease,
different population settings (e.g., community vs
hospital), the lack of a specific diagnostic
biomarker and the presence of subclinical unrec-
ognized disease. An incidence of approximately
6 per 100,000 has been reported in some studies,
with a population prevalence of 1 per 1000 [1,2].
Original notions that PsA is a benign form of
arthritis have been reconsidered in the light of
studies that demonstrate progressive joint dam-
age, loss of function and enhanced mortality in
patients followed in hospital clinics (3,.4. There-
fore, the need for effective treatments for
patients at risk of a poor outcome is apparent.
Most treatments for PsA have been carried
over from experience in rheumatoid arthritis
(RA). However, there are several features that
make PsA a distinct entity that does not guaran-
tee a similar therapeutic response to that seen in
RA. There are important genetic and pathologi-
cal differences between PsA and RA that need
consideration (Table 1). PsA itself is a heterogene-
ous disorder that can affect one or multple
peripheral joints, has a predilection to enthesitis
and may also affect the spine, causing spondylitis
either alone or together with peripheral joint
involvement. Historically, PsA has been classified
into five subgroups [5], although these groups
may often overlap and, with time, one group
may evolve to another. Also, a broader classifica-
tion would encompass less common conditions,
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The effectiveness of antitumor necrosis factor treatment for psoriatic arthritis has invigorated
research into the many dimensions of this intriguing condition. Awareness of the need for
better outcome measurements and for the evaluation of traditional freatments, many
borrowed from the field of rheumatoid arthritis, has spurned new initiatives and
collaborations. Insights into the pathogenic pathways can be explored by studying
changes in the involved tissue following effective interventions, such as cytokine blockade.
The heterogeneity of disease expression poses challenges for those interested in studying
the genetics involved. The presence of disease pathology at separate sites in the same
individual, including involvement of the skin, synovium and the enthesis, offers unique
opportunities to investigate tissue-specific mechanisms of inflammation. Patients with
psoriatic arthritis can expect improvements in their wellbeing from newer approaches to
treatment, which should be aimed at effective remission for both skin and joint disease.

such as synovitis, acne, pustulosis, hyperostosis
and osteolysis (SAPHO), which may share
important pathogenic features with PsA, such as
enthesopathy [6]. Another important issue is the
presence of concomitant skin psoriasis that may
influence the choice of treatment. Although
there may be common pathogenic mechanisms
operating between skin psoriasis, synovitis and
enthesitis in the same patient, there are clear dif-
ferences in the pattern of response at these sites
to certain medications.

The advent of targeted treatments, such as
cytokine blockade, has brought the need to
develop a more rational approach to the treat-
ment of PsA and better ways of assessing out-
come into focus. Herein, the unique genetic and
pathological features that may have a bearing on
the treatment of PsA are reviewed, the effective-
ness of newer versus conventional treatments is
compared and consideration is given to future
approaches to therapy.

Pathological features

The presence of a predominant T-cell infiltrate is
a central feature in the immunopathogenesis of
PsA, enthesitis and psoriasis. A greater oligo-
clonality of CD8* T cells than CD4* T cells has
been demonstrated in psoriatic fluid 71 and
CDS8* cells predominate in epidermal lesions of
psoriasis [8], suggesting a role for major histo-
compatibility complex (MHC) Class I-driven
immune reactions. Therapeutic responses to
methotrexate correlate with the suppression of
nonclonal T-cell populations that may have more
of a regulatory role [9]. Treatments aimed at
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Table 1. Key genetic and pathological differences between psoriatic and rheumatoid arthritis.

Psoriatic arthritis

Association with MHC Class | haplotype (HLA-Cwe6)

Low frequency of rheumatoid factor and anti-CCP levels [43]
Increased synovial vascularity

Increased infiltration of CD163* macrophages in synovial

sublining [10]

Rheumatoid arthritis

Association with MHC Class Il haplotype containing DR4

‘shared epitope’

synovium [10]

High frequency of rheumatoid factor and anti-CCP levels
Increased synovial lining layer thickness
Increased frequency of intracellular citrullinated proteins in

CCP: Citric citrullinated peptide; HLA: Human leukocyte antigen; MHC: Major histocompatibility complex.
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suppressing or anergizing activated T cells have
a good rationale, as do those that may influ-
ence T-cell adhesion and recruitment to
inflammatory sites.

Synovial tissue from PsA patients has less lining
layer thickness and greater vascularity than that
seen in RA [10], suggesting angiogenic factors, such
as vascular endothelial growth factor (VEGF), may
be attractive targets for therapy. VEGF and other
vascular growth factors are increased in psoriatic
synovium [11,12]. There are increased levels of
macrophage-derived cytokines, such as tumor
necrosis factor (TNF), interleukin (IL)-1, 6 and 8
and Th1-derived cytokines, such as IL-2 and inter-
feron-y in the synovial fluid and membranes of
affected joints [13]. IL-18 may also have an impor-
tant pathophysiological role and is increased in
PsA serum and synovial tissue [14. Mediators of
cartilage degradation and tissue remodeling, such
as matrix metalloproteinase (MMP)1 and 3 are
also increased in psoriatic joints.

Box 1. Genes within the MHC region on

chromosome 6 that may be associated
with psoriatic arthritis.

HLA-Cwé6

Ancestral haplytypes containing HLA-Cw6
AH13.1 (A30; B13; Cw6; DR7; DQ2)
AH47.1 (A3; B47; Cw6; DR7; DQ2)
AH57.1 (A1; B57; Cw6; DR7; DQ2)

Tumor necrosis factor-a
Lymphotoxin-a

MICA

MICB

Corneodesmosin
SEEK-1

OTF-3

HCR

HCR: Alpha-helix coiled-coil rod homolog; MHC: Major
histocompatibility complex; MICA: MHC Class 1 chain-
related gene A; MICB: MHC Class 1 polypeptide-

related sequence B; OTF: Octamer transcription factor.

The receptor activator of nuclear factor
(NF)-xB ligand (RANKL) is found on osteo-
blasts, stromal cells, T cells and synoviocytes and
binds to RANK, a TNF-like receptor that is
present on osteoclasts. Osteoprotegerin is a solu-
ble decoy receptor that can deactivate RANKL
and inhibit osteolysis and osteoclast precursors
in peripheral blood. The RANKL-RANK sys-
tem is an important regulatory system for bone
remodeling. An attractive model has been pro-
posed that may explain the distinctive spectrum
from osteolysis to new bone formation that
occurs within psoriatic joints, based on observa-
tions including increased expression of RANKL
on synovial lining cells (15]. Furthermore, part of
the effectiveness of anti-TNF agents in PsA may
be explained by down-regulation of TNF-medi-
ated osteoclast recruitment and activation. The
transcription factor NF-kB has a pivotal role in
osteoclastogenesis and  inflammation-related
bone loss.

Genetic factors

There may be an interplay of several genetic
factors controlling immune responses and
inflammatory mediators that influence the sus-
ceptibility of an individual developing arthritis
in addition to psoriasis alone. The strongest
known association with psoriasis is with
human leukocyte antigen (HLA)-Cw6 and
many candidate genes along an extended
ancestral haplotype containing Cw6 (Box 1).
Reported associations with TNF promoter
polymorphisms and MICA genes are of inter-
est, but difficult to differentate from other genes
on the same haplotype [16]. However, it is conceiv-
able that polymorphisms in genes such as TNE IL-
1,-6 and other proinflammatory cytokines may
influence the likelihood of responses to the biolog-
ical therapies. Understanding the role of the innate
immune system in the development of PsA may
lead to new insights into treatment. There have
been reports of associations of PsA with genes that
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are involved with innate immunity, such as
CARD15, that determine responsiveness to bacte-
rial lipopolysaccharide (17], and killer cell immu-
noglobulin-like receptors (KIR) that are present on
natural killer (NK) cells and form part of the early

immune defense mechanisms [18].

Traditional treatments for PsA

The evidence base for the use of most of the tra-
ditional treatments for PsA is scarce and mostly
based on assumptions that PsA will respond in a
similar manner to that seen in RA. For reasons
touched upon previously, such notions are open
to challenge. Nonetheless, there are probably suf-
ficient studies backed by clinical experience to
support the continued use of nonsteroidal anti-
inflammatory drugs (NSAIDs) with appropriate
gastric protection as a reasonable starting point
for symptom relief (note that there have been no
published studies of cyclooxygenase (cox) II inhi-
bition for PsA). The risk of a psoriasis flare related
to a buildup of leukotrienes in the skin with
NSAID use is reported but not commonly
encountered. The use of intra-articular corticos-
teroid injections is based on expert opinion as
there have been no clinical trials. Similatly, there
have been no studies of oral corticosteroids,
which are thought to be contraindicated because
of the risk of severe psoriasis flare with cortico-
steroid withdrawal. It is unlikely that agents such
as oral or intramuscular gold, penicillamine or
antimalarials will be used widely in the future for
PsA. The place of other, more traditional disease
modifying agents needs at least a brief mention.

Sulphasalazine, methotrexate

& cyclosporin

There is a paucity of evidence for the effective-
ness of most of the commonly used disease-
modifying agents for PsA (19]. There have been
more studies of sulphasalazine than of other
agents. At best, sulphasalazine has a modest
effect on improving joint symptoms and does
not appear to halt radiological progression.
Considering the widespread use of methotrexate
in PsA, there is little published evidence from
clinical trials. Cyclosporin is used more com-
monly for the treatment of psoriasis than PsA,
and is more often used in cycles of treatment for
psoriasis that may be less appropriate for the
control of arthritis. All these agents have signifi-
cant problems with toxicity, including gastro-
intestinal side effects for sulphasalazine, liver
toxicity for methotrexate and renal toxicity for
cyclosporine. Overall, it seems likely that the
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prolonged use of these agents in patients with
persistently active disease will be superseded by
more targeted therapies that become available
over the next 5-10 years.

Newer treatments

Leflunomide

Leflunomide is licensed for use in adults with
active PsA. It is an isoxazol derivative that in its
active form inhibits dihydro-orotate dehydro-
genase, a mitochondrial enzyme essential for
the de novo synthesis of pyrimidines. It prefer-
entially inhibits the activation and prolifera-
tion of T that, as noted
previously, are important in the pathogenesis
of both psoriasis and PsA. Modest efficacy has
been demonstrated in PsA with some improve-
ment in psoriasis 20, but further studies on
psoriasis would be helpful, as would informa-

lymphocytes

tion regarding the prevention of radiological
progression. The main limitations to its use are
gastrointestinal side effects, liver toxicity and
hypertension. Leflunomide would be a good
choice as a comparator with TNF antagonists
in future clinical trials.

Mycophenolate

Mycophenolate mofetil (MMF) inhibits inos-
ine monophosphate and the subsequent de novo
guanine synthesis necessary for DNA replica-
tion in lymphocytes but not neutrophils. MMF
is most commonly used to prevent organ-graft
rejection and is gaining more widespread use
for maintaining disease remission in a range of
autoimmune disorders. Small studies in PsA
have been promising [211. MMF is converted
rapidly to its active metabolite, mycophenolic
acid, which may have fewer gastrointestinal side

effects than MMFE.

Bisphosphonates

In addition to their potent action as inhibitors
of osteoclastic bone resorption, bisphosphonates
have anti-inflammatory effects that may be due
to the downregulation of proinflammatory
cytokines and inhibition of antigen presentation
by macrophages, which may make them useful
agents in PsA. Indeed, early studies of pamidro-
nate infusion have shown some efficacy in
patients with ankylosing spondylitis  [22].
Furthermore, refractory cases of SAPHO have
responded to pamidronate infusion [23]. Further
studies of bisphosphonates in patients with PsA,
especially those with osteolysis, would be of
considerable interest.
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Biological treatments

TNF antagonists

TNF-a is a potent proinflammatory immuno-
modulatory cytokine that is produced mainly by
monocytes/macrophages. Cytokines such as
TNF-a play a pivotal role in the pathogenesis of
PsA. Recent studies with TNF-o antagonists
have shown that TNF-a blockade is an effective
treatment for both PsA and psoriasis [24-29). His-
tologically, anti-TNF treatment is associated
with a reduction of synovial layer thickness, vas-
cularity, cell adhesion molecules (e.g., vascular
cell adhesion molecule [VCAM]-1, intracellular
cell adhesion molecule [I[CAM]-1 and E-selec-
tin), inflammatory cell infiltration and growth
factors (e.g., VEGF) 301.

Currently, there are three TNF-a antagonists
licensed for use in patients with active PsA who
have not responded to traditional treatment.
Etanercept (Embrel®) is a recombinant molecule
comprising part of the human TNF receptor
plus the constant region of human immunoglob-
ulin (Ig)G. The licensed dose is 25 mg twice
weekly, administered subcutancously. Infliximab
(Remicade®) is a chimeric human—murine mon-
oclonal antibody directed against TNF-o. It is
licensed (for use in combination with methotrex-
ate) at a dose of 5 mg/kg, administered by intra-
venous infusion at 0, 2, 6 and 8-weeks thereafter.
Adalimumab (Humira®) is a fully humanized
antibody directed
against TNF-a. The licensed dose is 40 mg every
other week, given subcutaneously. All anti-TNF
antagonists have proven efficacy in reducing the

recombinant monoclonal

signs and symptoms of joint inflammation,
improving quality-of-life measures and slowing
radiological progression, and they are also effec-
tive in improving psoriasis. There have been no
head-to-head comparisons of anti-TNF agents.
A summary of findings at a common end point
time from relevant studies is shown in Table 2.
Another anti-TNF-o antagonist, onercept, is a

recombinant human p55 TNF-binding protein
that can be administered subcutaneously at a
dose of 50 or 100 mg/week and has been shown
to be effective in a Phase II study [31].

It is likely that TNF antagonists will be much
more widely used for the treatment of PsA. As
treatment is expensive, more information on
cost effectiveness is urgently needed, with eco-
nomic modeling encompassing quality-of-life
measures for both joint disability and skin dis-
ease. Another issue is whether there is justifica-
tion for switching patients to an alternative
anti-TNF antagonist should the first agent be
ineffective. Experience from RA suggests that
there is a good rationale for doing so, most
likely based on differences in pharmacokinetics
and mechanisms of action. For instance, etaner-
cept is able to neutralize TNF-B (lympho-
toxin-o.), whereas infliximab and adalimumab
are directed selectively at TNF-a. Conversely,
infliximab is able to lyse TNF-producing cells
in vitro, whereas etanercept does not [32] and
infliximab may also act by disrupting cognate
CD40/CD40L-dependent cognate interaction
between T cells and the microvasculature [33].
Such differences may explain why conditions
such as Crohn’s disease are more amenable to
treatment with infliximab than etanercept. Fur-
ther studies investigating the effectiveness of
sequential therapy are needed.

Other cytokine inhibitors

Anakinra is an IL-1 receptor antagonist admim-
istered daily by subcutaneous injection that
ameliorates synovitis and prevents joint erosion
in RA but has not been evaluated in PsA. Simi-
larly, studies of other anticytokine blockade
therapies, such as those directed against IL-6,
-12, -15 and -18, have been undertaken in RA
and may prove effective for PsA. Conversely,
IL-10 is an anti-inflammatory cytokine that
inhibits the production of IL-1 and TNF-o.

Table 2. Outcome data at 24 weeks from recent anti-TNF studies in PsA

(active vs placebo).

Outcome measure [44] Etanercept [25]

(n = 205)
PSARC 70 vs 23%
ACR20 50 vs 13%
HAQ score (%change) 54 vs 6%
PASI-75 (score) 23 vs 3%

Infliximab [27] Adalimumab [29]

(n = 200) (n =313)

70 vs 32% 60 vs 23%
54 vs 15% 57 vs 15%
-0.2vs 0.5% -0.4vs-0.1%
60 vs 1% 42 vs 0%

ACR20: American College of Rheumatology response criteria, 20% improvement in composite measures;
HAQ: Health assessment questionnaire; n: Number of patients; PASI-75: Psoriasis area severity index, 75%
improvement; PsA: Psoriatic arthritis; PSARC: PsA response criteria; TNF: Tumor necrosis factor.
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Recombinant human IL-10 administered daily
over 28 days to patients with PsA was associated
with the suppression of Type I cytokine produc-
tion 7z vitro, decreased markers of endothelial
cell activation and decreased T-cell and macro-
phage infiltration of synovial tissue [34]. There
was a modest improvement in skin, but not
articular, measures of outcome; however, the
study was of short duration.

Antilymphocyte treatments

T-cell activation requires engagement of the
T-cell receptor with the MHC and a second
co-stimulatory signal delivered by interaction of
several ligand—receptor pairs. Agents targeted at
blocking the co-stimulatory signal may have the
consequence of inducing T-cell anergy or apop-
tosis and have been actively pursued as a strategy
for treating T-cell driven diseases such as PsA and
psoriasis. Co-stimulatory pathways include the
interaction of leukocyte function-associated
antigen (LFA)-3 with CD2, ICAM-1 with LFA1
and CD80/CD86 with CD28/cytotoxic T-lym-
phocyte antigen (CTLA)4. Biological therapies
for blocking all three pathways are available and
have been used in trials of PsA and/or psoriasis.

Alefacept

Alefacept is a humanized fusion protein of
LFA-3 with Fc fragments of IgG, that has been
approved for the treatment of psoriasis. By
binding to CD2 on T cells, it blocks CD2
engagement with LFA-3 on antigen-presenting
cells (APCs). The IgG, portion binds to FcgRIII
IgG receptors on NK cells, resulting in the
apoptosis of T cells that express high levels of
CD2. A small, open-label study suggested that
alefacept may be an effective agent for PsA [35].
In a more recent, larger, Phase II study, the com-
bination of alefacept with methotrexate was
more effective than methotrexate alone for both
peripheral arthritis and psoriasis [36]. In the
former study, there was a decline in CD4, CD8
and CD68 positive macrophages within the syn-
ovial lining. An expected decline in peripheral
blood CD4 counts occurs and needs monitor-
ing. Intermittent courses are given to allow the
recovery of CD4 counts, which correlate with
activity of the psoriasis.

Efalizumab

Efalizumab is humanized form of a murine anti-
body directed against the CD11la subunit of
LFA-1. By binding LFA-1 on memory T cells,
efalizumab inhibits LFA-1 engagement with
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ICAM-1 and thus T-cell activation, as well as the
migration of T cells into tissue. Efalizumab when
given at its licensed weekly dose of 1 mg/kg by
subcutaneous injection, is effective for moderate-
to-severe psoriasis, with approximately a third of
patients becoming clear after 12 weeks [37.38]. Pre-
liminary studies of PsA showed less benefit, but
further studies are awaited.

Abatacept

CD28 is an activating receptor on T cells that
engages CD80 (B7-1) and CD86 (B7-2) on
APCs, although with less affinity than the inhib-
itory receptor CTLA-4. Abatacept is a soluble
receptor composed of CTLA-4 and the Fc frag-
ment of IgG. It blocks the interaction of CD80
(B7-1) and CD86 (B7-2) with CD28 on T cells
and may also have a CD28-independent mecha-
nism of action that causes inhibition of lym-
phocyte activation and T-cell death. Abatacept
has been an effective treatment in trials of RA,
for which it is now approved, and has shown
benefit in an open-label study of psoriasis [39].

Rituximab

The effectiveness of targeting B cells in psoriasis
or PsA has not been evaluated. Rituximab is a
human-mouse, chimeric, monoclonal antibody
directed against the B-cell CD20 antigen and
causes rapid and specific B-cell depletion. Ritux-
imab does not deplete mature plasma cells but
may diminish antigen-presenting B cells that
support the activation of autoreactive T cells.
Such a mechanism may well be effective in PsA
given the evidence for oligoclonal expansion of
T cells in psoriatic synovial tissue.

Emerging therapies

Biological therapies are expensive to manufacture
and need to be administered by injection, with
the possibility of adverse reactions. An alternative
approach is to inhibit the enzymes that generate
proinflammatory cytokines with smaller mole-
cules. Two such approaches under development
are for the metalloproteinase TNF-o. converting
enzyme (TACE) and the cysteine protease cas-
pase-1 (IL-1B converting enzyme, [ICE]) o).
Inhibitors of these enzymes may provide less
expensive, orally bioavailable agents in the future.
Another target that seems attractive for therapy
in PsA is the RANKL-RANK signaling pathway
and the associated transcription factor NF-xB
that play a pivotal role in osteoclast differentiation
and activation. In particular, RANKL production
by activated T cells and subsequent signal
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pathogenesis.

Traditional treatments

Future perspective
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Pathological features & genetic factors of psoriatic arthritis

Newer emerging treatments

e Psoriatic arthritis (PsA) affects approximately 30% of individuals with psoriasis and is usually a progressive condition, associated
with significant morbidity in those patients needing treatment in a hospital setting.

Distinctive clinical and radiological features separate PsA from other forms of arthritis, such as the frequent involvement of distal
interphalangeal joints, entheseal inflammation, osteolysis and a tendency to bony ankylosis of both peripheral and axial joints.

Key pathological features include enhanced synvovial vascularity, T-cell infiltration of synovium with evidence of CD8 oligoclonality
and the upregulation of macrophage-derived cytokines.

The receptor activator of nucelar factor kB (RANK)-RANK ligand (L) system that regulates bone remodeling may play a critical role
via osteoclast recruitment and activation, and interaction with proinflammatory cytokines such as tumor necrosis factor (TNF)-a

Genetic associations with major histocompatibility complex (MHC) Class | alleles, MHC class 1 chain-related gene A, killer cell
immunoglobulin-like receptor polymorphisms and CARD genes may point to an involvement of the innate immune response in

¢ The evidence base for the use of traditional medications, including nonsteroidal anti-inflammatory agents, corticosteroids and
disease-modifying agents, is not well established because of a lack of well-controlled clinical trials. Sulphasalazine, methotrexate,
cyclosporine and more recently leflunomide constitute the most widely used traditional disease-modifying agents and have
generally modest efficacy and frequent toxicity.

¢ The advent of anti-TNF antagonists, such as etanercept, infliximab and adalimumab, has provided an important advance in
effective treatment for both PsA and psoriasis.

¢ Other novel therapies are emerging that need further evaluation and include cytokine blockade, targeting T-cell trafficking and
activation, B-cell ablation, inhibition of osteoclast recruitment and activation, and small molecule inhibitors.

¢ Challenges for the immediate future are the development of better methods for assessing disease outcome, including all
dimensions of involvement, accurate profiles for those patients at risk of severe outcome and evidence-based algorithms for
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transduction leading to NF-xB activation is likely
to be an important mechanism accounting for the
bone remodeling and resorption that occurs in
psoriatic joints. Suppression of NF-xB activation
may account partially for many of the therapeutic
effects of traditional disease-modifying agents
such as sulphasalazine and corticosteroids. How-
ever, specific and selective inhibition of kinases,
such as inhibited(I)xB kinase, that are involved in
NF-«B activation pathways is possible with pep-
tide kinase inhibitors [41], and may be very effec-

tive for therapy in bone resorbing inflammatory
disorders such as PsA.

Combination therapy

In contrast to RA there have been very few stud-
ies looking at combination therapy in PsA. In
one recent study, 72 patients with an incomplete
response to methotrexate were randomized to
receive either cyclosporine in addition to meth-
otrexate or placebo plus methotrexate [42].

Patients on cyclosporine had significant clinical
improvements from baseline in swollen joint
count and C-reactive protein levels that were not
evident in the placebo group. Many of the stud-
ies of anti-TNF antagonists in PsA have allowed
patients to remain on conventional disease-mod-
ifying agents, such as methotrexate, and more
data on additive efficacy are needed. Part of the
rationale for using a conventional disease-modi-
fying agent, such as methotrexate, with mono-
clonal anti-TNF drugs has been to lessen the
chance for the development of antichimeric anti-
bodies, which may be associated with a greater
chance of an infusion reaction, although this
seems less of a problem in patients with psoriasis.

Conclusion & future perspective

The concept of an early, aggressive approach
aimed at inducing complete remission in PsA
should be achievable with the advent of more
effective treatments. Mechanisms for measuring

Future Rheumatol. (2006) 1(3)
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disease activity and remission in all dimensions,
including peripheral joint disease, enthesopa-
thy, spinal disease and skin psoriasis, will be of
fundamental importance and may well include
the use of new imaging modalities, as clinical
observation alone is unlikely to be sensitive
enough. Composite measures to reflect the total
impact of therapy on skin and joint disease will
require closer collaboration between the health
professions involved. Better knowledge of risk
factors for adverse outcomes in any individual
may include the use of biomarkers, genetic

profiling, microarray and proteomic technol-
ogy, and will provide additional insights into
pathogenesis and treatment. Recent break-
throughs using effective biological agents for
psoriasis and PsA have set a new bench mark.
No doubt the concurrent or sequential use of
multiple agents dependent on the stage and
patterns of disease, and including strategies
such as cytokine blockade, lymphocyte deple-
tion, antiosteoclast therapy, angiogenesis inhi-
bition and small peptide inhibitors, is a
challenging agenda for the future.
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