International Journal of

Review Clinical Rheumatology

Therapeutic targets in psoriatic arthritis

Despite their common use in treating psoriatic arthritis, there is little evidence
supporting the use of conventional disease modifying agents such as methotrexate.
Although treatment with inhibitors of TNF-a has brought significant benefit to certain
patients with PsA, many do not respond. TNF-a inhibitors have also demonstrably
failed to prevent new bone formation, a critical aspect to the changes in PsA that
ultimately leads to joint destruction and disability. The identification of several
new targets in PsA, and the advent of recently approved compounds inhibiting
these targets, heralds a new dawn for PsA. The differential relevance of targets in
rheumatoid arthritis and PsA underlines the need for a paradigm shift in how we
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General considerations

Much has been learnt by the success of
highly specific cytokine targeting, using
biologic agents, in specific inflammatory dis-
eases. However, even more has been learnt
by noting the failure of these same agents in
other inflammatory conditions, especially
in instances where the responsive and the
unresponsive diseases are thought to have a
biological kinship. If Moll and Wright had
difficulty persuading their colleagues at the
time, of the existence of a phenotypically
distinct entity to rheumatoid arthritis (RA)
which we now know as psoriatic arthritis
(PsA), their case would have had no adversar-
ies today. The clinical phenotypic expression
of PsA is now recognized to be quite differ-
ent to that of RA. This is true at the micro-
scopic level as well as during synovial exami-
nation with an arthroscope, where differing
cellular infiltrates and vascular patterns are
recognized [12]. More importantly, however,
RA responds to a number of very specific
cytokine blockades, where PsA does not
(e.g., IL-6 receptor antagonism). Conversely,
PsA responds to alternative (but equally spe-
cific) cytokine blockade, where RA is does

not (e.g., IL-17 antagonism). This under-
lines the importance of a varying cytokine
hierarchy in the differing disease networks.

There is now a strong case to be made for
developing a taxonomy of diseases (inflam-
matory and others) based not on clinical
features, but rather on a more meaning-
ful biological basis. This might begin with
examining the varying levels of importance
of certain cytokines in a given pathology [3].
A more advanced nomenclature and classifi-
cations approach would develop from a clini-
cally and biologically meaningful system,
based on a complete understanding of the
disease networks [4].

The dawn of new era for PsA

Before late 2013, the last drug to be approved
in Europe targeting a novel pathway in PsA
was leflunomide, and even this was as far
back as 1999. Furthermore, this was not itself
a novel agent, simply an extension of existing
licensed indications. Therefore, although it is
true that over the last 15 years there have been
additional agents targeting the TNF-o path-
way, agents targeting truly novel pathways in
PsA have been lacking. Both the European
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Medicines Agency and the US FDA recognize that for
those with PsA who have not responded adequately to
TNF-a inhibition (TNFi), there are few alternatives.
However, these past 18 months have seen two truly
novel compounds meeting licensing requirements and
reaching market, and at least one agent very likely to
meet approval in the near future. All this makes for an
exciting new era in the treatment of PsA.

Is PsA an important pathology?

PsA is the second most common inflammatory
arthropathy [5], and it is now recognized that it is
still both under recognized and under treated [67].
To address this, efforts have been made to improve
recognition of PsA [8]. Since psoriasis precedes PsA
in approximately 80% of cases, many of these efforts
focus on the inflammatory dermatology clinics [9.10].
Importantly, PsA most frequently affects young people,
with most studies reporting an age of onset in the 4th
decade of life [11-13]. Quite apart from the short and
medium-term deleterious effects of PsA on patients,
as evidenced by measurements of pain and mental
well-being, the disease itself is inherently destructive
to bone, cartilage, enthesis and other soft tissues [14.15].
Furthermore, patients with PsA also have reduced
longevity, principally due to increased cardiovascular
mortality [16].

Understanding that PsA has a destructive nature
is important, as failure to achieve satisfactory abroga-
tion of the aberrant inflammatory response, may result
in disability, with further implications for quality of
life and the ability to remain in employment. In fact,
patients with PsA have similar HAQ scores (a validated
measure of disability) as patients with RA (17]. There is
now some evidence suggesting that the same ‘window-
of-opportunity’ exists early in the natural history of
PsA asin RA, and it is therefore becoming increasingly
important to treat these patients as quickly as possible
after the diagnosis has become established [6].

Why is there a need for novel targets?

PsA has been shown to be painful, destructive, dis-
abling, and patients have a decreased life expectancy.
The disease is, therefore, not dissimilar in many of
these parameters to RA, but in RA, B-cells, IL-6 (IL-
6) and the T-cell co-stimulatory molecule CD80/86,
have all been shown to be relevant targets that have
been exploited by approved biological therapies. In
PsA, none of these agents have been approved. Despite
the presence of B-cells in abundance in the synovium
of patients with psoriatic arthritis (18], the results of
an initial pilot study of rituximab in PsA was disap-
pointing. No clinical trials have yet been performed
evaluating tocilizumab for PsA, but there are a num-

ber of case reports with varying results (19-21]. There
is already some evidence to support the use of abata-
cept to treat patients with PsA. In a phase IIb study of
abatacept in PsA, a 3 mg/kg dose was associated with
better skin response, while 10 mg/kg dose (the dose
approved for RA) was associated with better ACR20
response [22]. Abatacept is now being studied, delivered
subcutaneously, in a Phase III trial.

It is also worth noting that the primary outcome for
most RCTs in PsA is ACR20, a very modest treatment
benefit, and only 40—-60% of patients achieve this.

PsA is, therefore, a significant burden to patients
and a costly disease to the wider healthcare system,
but has not been witness to the expansion of drugs
with novel targets that RA has been the beneficiary
of. Indeed, existing first-line therapies for PsA such as
methotrexate and leflunomide lack an evidence base
from randomized controlled trials (RCTs) [23].

Immunopathogenesis of PsA

The centrality that TNF-a and related Thl response
cytokines have in the immunopathogenesis of PsA
is well recognized and exploited by targeted thera-
pies. TNF-o is a critically important cytokine in
PsA, and its presence has been demonstrated in the
inflamed synovium, the enthesis, as well as in psori-
atic skin [2425]. TNFi has offered the most significant
advance in treatment of PsA witnessed to date. TNF-a
appears to be a key player operating as a ‘node’ in the
disease network, and is responsible for the production
of several other proinflammatory cytokines including
IL-1, IL-6, IL-8 and IL-12, although it appears that
these cytokines play a more minor role in the PsA
phenotype than in the RA disease network [3.26,27].

The most promising novel targets that have been
identified over the last decade concern protagonists in
the IL-6 and the IL-23/IL-17 pathways.

IL-17 was first identified as inducing the produc-
tion of IL-6 and IL-8 in human RA synoviocytes and
skin fibroblasts from normal individuals, betraying its
inherent proinflammatory characteristics [28.29]. It was
then demonstrated that IL-17 was produced by RA
synoviocytes, and that blockade 7 vitro (using specific
IL-17 monoclonal antibody) could significantly reduce
the production of IL-6 30]. This set of experiments
also demonstrated an important relationship concern-
ing synergy between cytokines. In this case, it was
observed that IL-17 must be in the presence of IL-1 and
TNEF-a, to maximize production of IL-6 [31]. The sig-
naling of IL-17 through its major receptor (IL-17RA)
is unique because it does not utilize JAK and STAT
pathway, instead favoring an association of receptor
with adaptor protein ACT1. The binding of IL-17 to
its receptor thus activates NF-kB [3233]. Quite apart
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from increasing proinflammatory cytokine expression
in this manner, IL-17 receptor activation results in the
stabilization of mRNA encoding for growth factors
and chemokines [34,35].

A major source of IL-17 is a set of helper T cells quite
distinct from the classical Thl and Th2 types, known
as Thl7, after their signature cytokine [3637). These
cells do not produce IFN-g or IL-4, thus distinguish-
ing them from classical helper T cells. Their differen-
tiation from naive T cells to specific Th17 cells is more
complicated than originally thought. IL-23 increases
the levels of IL-17 in naive T cell culture [38], but there
is no IL-17 receptor on naive T cells. However, it has
become clear that IL-23, which is produced by acti-
vated dendritic cells, is nonetheless important in TH17
cell differentiation, but that it is not the only pathway
supporting this differentiation.

IL-23 is closely related to IL-12, sharing a common
p40 subunit. Given the known importance of IL-12 in
Thl responses, it has been thought that targeting the
shared p40 subunit may abrogate both Thl and Th17
responses.

One theoretical attraction of this axis is the realiza-
tion that this pathway can lead to the expression of
all four features typical of psoriatic arthritis: skin and
joint inflammation, erosive bone disease and patho-
logical new bone formation. Thus by inhibiting the
IL-23/17 axis at any of several levels, improvements in
each parameter may be expected (see Figure 1).

TNF-a

There are now five TNFi agents approved in Europe
for PsA, and their efficacy in treating the disease has
a good evidence base, whether used with or without
conventional DMARD:s [23.39.40]. However, despite the
availability of five individual TNFi, collectively they
target a single pathway, and there is no evidence to sup-
port significant differences in their efficacy on articu-
lar, enthesial or axial disease, or indeed any major
differences in safety profiles [41-44].

The use of TNFi has the additional benefit of effi-
cacy in treating spinal symptoms where conventional
DMARD:s show little efficacy [45], however, whether
this symptomatic improvement is reflected in a true
retardation of the destructive process in the axial spine
is contested. There certainly appears to be a reduction
in axial inflammation as evidenced by decreased pain,
decreased acute phase reactants and greater lumbar
spine flexibility, but the progression of radiographic
findings is a more complicated mactter.

One important consideration regarding the use of
TNFi in PsA relates to the differences observed in bone
changes between RA and PsA, in the natural history of
the respective diseases. In contrast to RA where only
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erosive changes are seen in bone, both anabolic and
catabolic effects on bone are observed in PsA, and can
be assessed using widely available imaging modalities.

Firstly, the bone erosions are architecturally distinct
in PsA where the erosions are themselves associated
with new bone formation, resulting in smaller erosions
with significant periosteal bone proliferation, thereby
giving them an ‘inverted omega’ appearance [46]. Sec-
ondly, new bone formation also tends to occur at the
site of the enthesis, distal from the erosive sites. The
effects of the new bone formation in PsA must at least
be considered of equal importance in the development
of functional impairment as the development of ero-
sions. For example, in severe cases proliferating bone
develops over the entire circumference of a small joint,
giving the appearance of the so-called ‘bony corona’
on imaging, and resulting in significant disability 47].
In addition, since the enthesis is the principal site of
new bone formation, and is also the junction where
inflamed periarticular tissue and the bone surface
meet, changes here effecting the attachment of ten-
dons and their muscles to bone can lead to significant
disability [48].

We concentrate here on the anabolic effects observed
in PsA, because it is increasingly recognized that pre-
venting this will be as important as preventing erosive
disease in treating PsA. However, the TNFi have con-
sistently failed to demonstrate any efficacy in achiev-
ing a reduction in the progression of new bone forma-
tion, and this is now seen as a significant failing of
TNFi [47]. Moreover, radiographic scores in PsA focus
on bone erosions, and will need to address the issue of
new bone formations as well [49].

There is a clear biological basis for the lack of effi-
cacy of TNFi on new bone formation. While TNF-a
promotes osteoclast differentiation by inducing the
expression of receptor activator of NF-kB ligand in
the joints [50] (the essential differentiation factor for
osteoclasts), it is also a potent suppressor of osteoblast
differentiation [51]. Consist with this biology, the
antagonism of TNF-a in PsA does not retard new
bone formation [4¢], and indeed similar results are
seen in ankylosing spondylitis (AS), where new bone
formation has long been understood to be an impor-
tant pathological process [52,53]. The importance of
IL-22 in promoting new bone formation via activa-
tion of STAT3 and subsequent upregulation of genes
regulating bone formation has only recently begun to
be understood, and thus far, no agents have specifi-
cally targeted this pathway [s4]. However, one report
over a longer period of time (8 years) in AS, with a
retrospective design and small numbers, suggests
there may be less new bone growth in those treated

with TNFi [55].
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Figure 1. Resident DCs when activated secrete IL-12 and IL-23. IL-12 facilitates differentiation of Th1, IL-23,

together with other cytokines facilitate differentiation of Th17 cells, which in turn secrete IL-17 as well as IL-21,
IL-22 and IL-23. Inflammatory effects are seen at skin and synovium due to the actions of the proinflammatory
cytokines IL-1, IL-6 IL-8 as well as TNF-a. Cartilage and bone degradation occurs due to the production of MMPs
by synovial fibroblasts and macrophages. New bone formation occurs via IL-22 phosphorylation of STAT3 which
activates expression of genes regulating bone formation.

Knowing the centrality that TNF-a occupies in
the inflammatory cascade of PsA, and witnessing the
success TNFi has on the abrogation of the inflamma-
tory disease in patients, it is clearly disappointing that
little or no effect is seen on new bone formation. This
may be evidence of ‘uncoupling’ of inflammation from
radiographic progression. However, it has also been
suggested that there must be other cytokines involved
(such as IL-22), that are important to this critical
manifestation of PsA. Other than the role IL-22 plays,
remarkably little is known about the biological mecha-
nisms underlying the development of new bone in PsA,
and while serum CRP and TNF-a are soluble markers
of erosive disease, no such markers have yet been devel-
oped to measure new bone formation in PsA, which
might allow the identification of potential therapeutic
targets.

Questions remain about whether monotherapy
with TNFi is any different than combination therapy
(TNFi with methotrexate), and it is hoped that more
data will be available on this in the near future. The
design of trials to date do not allow for a comparison

of monotherapy with combination therapy. From the
limited data available, Mease’s and Gladman’s group’s
found no difference in structural progression between
etanercept and adalimumab, respectively, each alone or
in combination with methotrexate [56,57]. Others have
found that there was no clinical benefit to the addi-
tion of methotrexate to TNFi, but that TNFi survival
may be increased in those receiving combination ther-
apy [58.59]. Another interesting concept is the selective
targeting of more than one cytokine in a disease pro-
cess, usually selecting cytokines that act synergistically.
This might be achieved by combining existing biologic
therapies [60]. To date, safety fears in relation to the risk
of infections and neoplasms have meant that studies
involving a combination of biological therapies are few.
Ustekinumab antagonizes both IL-12 and IL-23, and
is the first licensed biologic with more than one target.

IL-12/-23

Our understanding of the pathophysiology of PsA, and
in particular the recognition of role that the IL-17 and
IL-12/1L-23 axis plays, has provided for an exciting
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era in treating PsA. Indeed, it is this pathway that has
provided the first new biologic target in PsA since the
advent of TNFi, in the form of ustekinumab, and this
brings with it the potential promise of further agents
to come.

Ustekinumab is a fully human monoclonal antibody
that binds to the common p40 subunit of IL-12 and
IL-23. IL-12 is a key cytokine in the Thl inflamma-
tory response, and IL-23 is involved in the activation
of Th17 cells and the subsequent production of IL-17.
There is evidence that IL-23 is essential for enthesitis
to develop by acting on a specific T-cell subset. This
subset, (IL-23R(+), RAR-related orphan receptor yt
(ROR-y1)(+) CD3 (+) CD4(-) CD8(-), stem cell antigen
1 (Scal)(+)) was identified at the entheseal insertion
in an animal model of enthesitis by Sherlock ez al.,
and this finding underlines the importance IL-23 may
have as a target in PsA [54]. These cytokines occupy an
important place in the inflammatory network of PsA.

The efficacy and safety of ustekinumab in patients
with PsA has been established in the PSUMMITT1 trial
in patients naive to TNFi [61]. However, arguably more
importantly, in PSUMMIT?2 clinical efficacy was dem-
onstrated in those who have not responded to TNFi. In
PSUMMIT?2, most patients who have been included
in the TNF experienced arm of the study discontin-
ued TNFi because it was ineffective (between 64 and
72%). In fact, the majority of these patients had previ-
ously been on at least two TNFi, and 25% had been
on 3 TNFi. Just over a third (35.6%) of patients who
were TNFi experienced went on to achieve an ACR20
response. Although somewhat less than the results of
TNFi naive patients (46% meeting ACR20 in PSUM-
MITT1 and 54.4% in PSUMMIT2), it is likely that this
cohort represent more recalcitrant disease, or perhaps a
subset of PsA patients whose disease is phenotypically
distinct and not primarily driven by TNF-a.. On the
strength of these studies both the EMA and the FDA
have approved ustekinumab for treatment of PsA, at
last providing an option (and truly novel target) for
those with PsA who have not responded to TNFi.

Safety data regarding ustekinumab was available
from studies of its use in psoriasis (PsO), with no
new signals emerging from the study of ustekinumab
in PsA. However, the duration of the trials limit a
definitive conclusion in relation to potential long-term
effects, and these questions can only be answered by
post marketing surveillance by the biologic registries.

The question of radiographic progression in those
treated with ustekinumab is also partly addressed by
the two trials, where radiographic data were analyzed
together demonstrating that, at 24 weeks, ustekinumab
decreases radiographic progression as measured by the
PsA modified vdH-S scoring method [62]. The pre-
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planned integrated analysis was reported using data
from the two studies together because radiographic
outcomes required higher numbers to be enrolled to
be appropriately powered. This is a challenge in clini-
cal trials where the primary or secondary outcomes are
measured by radiographic scores over a relatively short
period of time. However, there are important points
to note here; again no radiological study examining
axial progression is reported, and the scoring method
of plain films of hands and feet is imperfect, not taking
full account of new bone formation [49]. In the end,
only long-term follow will be able to make a determi-
nation as to whether inhibition of IL-12/IL-23 can
retard new bone formation, and have a truly disease
modifying effect on the axial skeleton.

IL-17

Secukinumab is a fully human anti-IL-17A monoclo-
nal antibody, already licensed for psoriasis in Europe
earlier this year. Importantly, secukinumab at two
doses performed better than etanercept for psoriasis
in the FIXTURE head-to-head trial [¢3]. This is not
only important from a drug selection and marketing
point of view, but also informs us on the hierarchy of
cytokines in specific inflammatory diseases, although
we cannot extrapolate anything from this in relation
to PsA.

There is now a growing body of evidence to suggest
that secukinumab is efficacious in PsA. An initial small
proof-of-concept study including 42 patients for 24
weeks, although failing to meet the primary endpoint
(ACR20 at week 6), reported significant improvements
in secondary outcomes [64]. The subsequent FUTURE
1 and 2 phase III RCTs have met their primary end-
points of ACR20 response at week 24, FUTUREI1
demonstrating a 50.5 and 50.0% ACR20 response
to secukinumab at 75 mg and 150 mg, respectively,
and FUTURE2 demonstrating 29.3, 51.0 and 54.0%
ACR20 response for doses at 75, 150 and 300 mg,
respectively, versus 15.3% for placebo [65.66].

The two studies differed in their methodology for
loading doses, as well as in subsequent dosing regimen,
which may in part account for the differences in response
rates seen at the 75-mg dose between the two studies.
Data presented at EULAR’s annual congress in 2015
reported on response rates to secukinumab in patients
naive to prior treatment with TNFi, compared with
those TNFi nonresponders. As might be expected, bet-
ter responses were seen in the naive group overall. Only
those TNFi nonresponders receiving the 300-mg dose
saw a statistically significant benefit when compared
with placebo [67]. Notwithstanding the problems report-
ing radiographic outcomes in PsA discussed earlier, fur-
ther data suggest that secukinumab may be able to retard
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certain aspects of radiographic progression in PsA [¢s]. A
host of secondary outcomes of these two trials have also
been presented. The safety was similar to the data in pso-
riasis. Most adverse events related to upper respiratory
tract infections, which were only slightly increased in
incidence in the secukinumab arm, without an apparent
dose relationship. Importantly no cases of tuberculosis
were reported. Candida infections were more common
in the secukinumab group, perhaps highlighting the
importance in IL-17 host defense against fungi.

Two other monoclonal antibodies, brodalumab tar-
geting the IL-17 receptor, and ixekizumab targeting
IL-17A, have also been shown in short phase II stud-
ies to be significantly beneficial in plaque PsO [69.70].
Early data on the efficacy of brodalumab in PsA is now
available with the results of an open label extension to
the phase II study of brodalumab. During the Phase II
trial period (to week 12), ACR20 responses were simi-
lar in the two studied doses (37 and 39%), and in the
extension phase to week 108 this response was main-
tained [71]. Studies of ixekizumab in PsA are awaited.

Some have been disappointed by the observation
that exploitation of these novel targets do not improve
on ACR responses of TNFi. One possible theoretical
reason for this may the considerable level of redun-
dancy in the individual cytokine pathways, such that
when one target is blocked, other cytokine pathways
that remain uninhibited perpetuate the inflamma-
tory response. One potential strategy to circumvent
this problem of redundancy may be to rationally com-
bine agents so that more than one molecular target is
inhibited. However, where this has been attempted in
RA, the results of combining anakinra with etanercept
perhaps surprisingly, failed to yield an improvement
in efficacy compared with monotherapy with etan-
ercept, and the occurrence of infections was signifi-
cantly increased [72]. Similarly, combination treatment
with abatacept and etanercept also failed to improve
efficacy, with a similar marked increase in infection
incidence [73]. While these studies were in RA, there is
no biological basis for a belief that there would be any
difference in PsA. Perhaps what we witness as frustrat-
ing redundancy in our attempts to abrogate inappro-
priate inflammatory responses in PsA, actually repre-
sents important failsafe immune mechanisms in host
protection. In this manner, blockading two cytokines
such as TNF-a and IL-1, which have broadly simi-
lar effects, will not increase efficacy of treatment, but
could predictably increase incidence of infections [74].

Other cytokines

There is no doubt that other cytokines appear to be
important in PsA pathogenesis, but their apparent pres-
ence at the scene of the crime is not necessarily indica-

tive of their relevance as a therapeutic target. Clearly
studies with both rituximab and tocilizumab, and to
a lesser extend abatacept, have shown disappointing
results, making B cells, IL-6 and T cells a less promising
set of targets. Why biologically plausible targets, present
at important sites at such abnormally high concentra-
tions should not offer relevant approaches, is currently
unclear, but may owe to our incomplete understanding
of the disease network.

There may be some case for considering redressing
the balance of differential T cell activation in PsA.
Recent data suggest that IL-4 (the prototypical Th2
cytokine) can reduce levels of proinflammatory cyto-
kines when lesional psoriatic skin is cultured in the
presence of 1L-4, although the mechanisms appear to
be more complicated than simply induction of the Th2
response [75].

Small molecular inhibitors

Apremilast is a small molecular inhibitor (compounds
with a molecular weight of less than 1 kDa) licensed in
Europe since February 2015, and it constitutes another
major advance in the treatment of PsA. Small molecu-
lar inhibitors have the benefit of being delivered orally,
and are expected to be produced at a much lower cost
that biological compounds (76]. Their targets in inflam-
mation are usually intracellular signaling, principally
kinases, which represent an attractive therapeutic tar-
get. These kinases act upstream of mediators such as
TNF-a, and thus selective inhibition may inhibit sev-
eral inflammatory processes [7778]. The most notable
success in this regard has been tofacitinib, where efficacy
in RA has been established, and the agent is licensed
in the USA (but not in Europe) for this indication [79].
Although many compounds have been studied, few
have made it as far as phase I1I study.

Apremilast inhibits phosphodiesterase 4 (PDE4),
one of 11 phosphodiesterases widely expressed in a
heterogeneous array of cell types, and it hydrolyses
and degrades cyclic AMP [80.81. PDE4 is involved in
modulating inflammatory processes downstream from
protein kinase A, changing the cytokine profile in vary-
ing cell types (82]. Apremilast inhibits the production
of TNF-a., IL-12, as well as the chemokines CXCL9,
CXCL10 and CCL4, in human peripheral mononuclear
cells stimulated with bacterial lipopolysaccharide. In T
cells, apremilast decreases the expression of IFN-y, and
in neutrophils inhibits the production of IL-8 [83.84].

The PALACE Phase III trials compared two doses
of apremilast with placebo in those with active disease
despite prior treatment with DMARDs or biolog-
ics, and each demonstrated better performance than
placebo in reaching ACR20 [s5]. Two-year follow-up
data presented recently, in open label extension for
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the PALACE3 trial demonstrated sustained ACR20
responses [86]. There were no new safety concerns,
although tolerability due to GI disturbances can be an
issue in the short-term, and there was a less pronounced
effect on dactylitis and enthesitis when compared with
ustekinumab and secukinumab [87].

There is a biological basis that tofacitinib may be
beneficial in PsA, with recent data demonstrating that
it inhibits proinflammatory mechanisms in both iz
vitro and in vitro synovial models (s8]. There are cur-
rently three clinical trials of tofacitinib in PsA, and it
is hoped that they will validate the JAK-STAT path-
way as a relevant target in PsA. Tofacitinib has been
shown to inhibit IL-4 dependent Th2 differentiation. It
also interferes with Th17 differentiation, inhibiting the
expression of the IL-23 receptor and the signature cyto-
kines of Th17 cells including IL-17, and IL-22, when
naive T cells were stimulated with IL-6 and IL-13., but
this was rescued when the same cells were stimulated
in the presence of TGF-f. In a model of established
arthritis, tofacitinib improved disease, inhibiting the
production of inflammatory mediators and suppress-
ing STAT1-dependent genes in joint tissue [89]. There
is very limited data on the effect the small molecular
inhibitors have on radiographic progression in the con-
text of PsA. The biology of small molecular inhibitors
is complex as their targets often represent ubiquitous
intracellular signaling pathways that are incompletely
understood and are essential for both physiological
and pathological processes. Some concern exists about
how truly selective these molecular inhibitors are, and
about the safety in relation to both serious infection and
malignancy risks.

As outcomes such as resolution of dactylitis and
enthesitis have been reported as secondary outcomes in
the trials of both the biologic agents and small molecu-
lar inhibitors, it is not possible to draw conclusions as
to which agent performs best for patients with a high
burden of a specific presentation of the disease. Only
ustekinumab has data on radiographically detected
bone changes in Phase III trials [62].

Conclusion

PsA is an important disease and is still underrecognized.
Our recent advances in understanding the underlying
pathophysiology of this disease have contributed to
our understanding of inflammatory biology in general.
The recognition of the differences in cytokine biology,
as well as in molecular networks between differing
inflammatory diseases, underscores the inadequacies of
current disease taxonomy. A complete understanding of
these networks, and knowledge of the important nodal
differences between them, promises to allow better
prognostication, the identification of better biomarkers,
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as well as more rational selection of treatments. Map-
ping these networks may also reveal further putative
targets.

For now, however, the emergence of drugs target-
ing IL-12/23 and IL-17 represents the most significant
advance in recent years, and together with the more
recent emergence of apremilast as a proven agent, these
agents represent an exciting dawn of a new age in PsA.

Future perspective

Although discreet phenotypes of PsA are well described
based on their clinical features, a more meaningful cat-
egorization of these may be achievable by a fuller under-
standing of the disease network(s). It no longer makes
sense to pursue the established clinical nomenclature,
and this should be dispensed with in favor of describing
diseases by their disease network. An understanding of
the importance of the cytokine hierarchy is the first step
toward this more meaningful classification system.

It is also notable that current strategies at identify-
ing targets in PsA are still focusing on treatment, rather
than prevention. Isolating the biological processes
around the time of loss of self-tolerance, may introduce
the possibility cure, or even prevention in the future.

What is clear is that for the moment, physicians and
patients must employ a treatment strategy that is ratio-
nal, and evidence-based, utilizing therapies that are
already available and maximizing the benefit that these
can offer. Unfortunately, there is a dearth of evidence to
inform physician. For example:

e Which DMARD

commenced as first line therapy.

should be

nonbiological

e Whether to switch to biologic therapy after failure
of a single nonbiological DMARD, or add/change
another DMARD.

*  What novel agent is best (lack of head-to-head
trials).

However, new evidence suggests that even with the
currently limited (though expanding) armamentarium,
regular review using an aggressive treat-to-target strat-
egy in PsA, results in better outcomes [90].
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Executive summary

A significant number of patients with psoriatic arthritis do not respond adequately to TNFi.

PsA is an inherently destructive disease, which causes articular changes early in the disease course and results
in disability, with patients reporting similar HAQ scores to RA patients.

The number of targets therapeutically exploited in PsA has failed to keep pace with those in RA.

A novel approach to classification and nomenclature in describing rheumatic diseases is required. This must
take account of new developments in our understanding of rheumatic diseases, as technologies advance and
provide a more complete understanding of disease molecular networks. Such a system must integrally apply a
biologically meaningful template to describe disease.

Undoubtedly the most important development in our understanding of the pathogenesis of PsA concerns
the IL-17 inflammatory pathway. There are clearly important differences in the nature of the inflammatory

process in PsA when compared with other inflammatory conditions such as RA, and it is necessary to
investigate these further to fully understand the disease network.
The IL-23/-17 pathway is an attractive target in PsA because the downstream molecules all participate in at

least one of the key pathological features of PsA.

New agents will hope to tackle the characteristic pathological new bone formation which is peculiar to the
spondyloarthropathies, and leads to deformity and disability.

There is likely significant functional redundancy in the pro-inflammatory cytokine networks, leading to
similar results in inflammatory indices and other outcomes between TNFi and inhibition of novel molecular

targets such as IL-17.

References 8  Tom BD, Chandran V, Farewell VT, Rosen CF, Gladman
P ¢ 21 note have been hiehlichted DD. Validation of the Toronto Psoriatic Arthritis Screen
apers of special note have been highlighted as: .

. o[;interes[t)- oo of considerable integrestg Version 2 (ToPAS 2). J. Rheumatol. 42(5), 841-846 (2015).

1 Reece R, Canete ], Parsons W, Emery P, Veale D. Distinct ’ lell HS’ ‘KIE G¥, Cho' H_H “ ?/' Screfﬁnmifor Psérlfmc
vascular patterns of early synovitis in psoriatic, reactive, and art r%tfs " or.ean PSOHQS}S patlent.s usm.g the psoriatic
theumatoid arthritis. Arthritis Rheum. 42(7), 14811484 arthritis screening evaluation questionnaire. Ann. Dermatol.
(1999) ’ ' ’ 27(3), 265-268 (2015).

2 Bacten D, Demetter P, Cuvelier C et al, Comparative 10 Raposo I, Torres T. Nail psoriasis as a predictor of the
study of the synovial histology in theumatoid archritis, development of psoriatic arthritis. Actas Dermosifiliogr.
spondyloarthropathy, and osteoarthritis: influence of disease 106(6), 452-457 (2015).
duration and activity. Ann. Rheum. Dis. 59(12), 945-953 11 Gladman DD, Shuckett R, Russell ML, Thorne JC,
(2000). Schachter RK. Psoriatic arthritis (PSA) — an analysis of 220

3 Schett G, Elewaut D, Mcinnes IB, Dayer ]-M, Neurath patients. Q. /. Med. 62(238), 127-141 (1987).

ME. How cytokine networks fuel inflammation: toward a 12 Helliwell P, Marchesoni A, Peters M, Barker M, Wright V. A
cytokine-based disease taxonomy. Nat. Med. 19(7), 822—824 re-evaluation of the osteoarticular manifestations of psoriasis.
(2013). Br. J. Rheumarol. 30(5), 339-345 (1991).

ee A clear description of the relevance of cytokine hierarchies 13 Veale D, Rogers S, Fitzgerald O. Classification of clinical

in various inflammatory diseases. subsets in psoriatic arthritis. Br. /. Rheumatol. 33(2),
133-138 (1994).

4 Menche J, Sharma A, Kitsak M et a/. Disease networks. ¢ ) ) ] o N
Uncovering disease—disease relationships through the 14 Vea‘le DJ. The epidemiology of psoriatic arthritis: fact or
incomplete interactome. Science 347(6224), 1257601 (2015). fiction? /. Rheumatol. 27(5), 1105-1106 (2000).

ee  Seminal paper demonstrating the utility of mapping the 15 KaneD, Stafford L, Bresnihan B, Fitzgerald O. A
disease networks, even incompletely. prospective, clinical and radiological study of early psoriatic
Clad DDA ’ C Mease P C.l 5O WP arthritis: an early synovitis clinic experience. Rheumatology

> adman DD, Antoni C, Mease P, Clegg DO, Nash P (Oxford) 42(12), 14601468 (2003).

Psoriatic arthritis: epidemiology, clinical features, course, and i " " . £
outcome. Ann. Rheum. Dis. 64(Suppl. 2), iil4—iil7 (2005). 16 Mok CC, Kwol CL, _HO Ly, C an PT’V Yip SE. Life

6  Hatoon M. Gallashet P. Fitzgerald O. Disenostic delay of expectancy, standardized mortality ratios, and causes of

aroon v, fxatlagher 1, Tutzgerald L. Llagnostic defay o death in six rheumatic diseases in Hong Kong, China.
more than 6 months contributes to poor radiographic and Arthritis Rheum. 63(5), 1182-1189 (2011).
functional outcome in psoriatic arthritis. Ann. Rheum. Dis. . . o
74(6), 1045-1050 (2015) 17 Sokoll KB, Helliwell PS. Comparison of disability and
" B 4 S ) ; | . quality of life in rheumatoid and psoriatic arthritis.

7 Villani AP, Rouzaud M, Sevrain M ez al. Prevalence o J. Rheumatol. 28(8), 1842-1846 (2001).
undiagnosed psoriatic arthritis among psoriasis patients: .

18 Veale DJ, Barnes L, Rogers S, Fitzgerald O.

systematic review and meta-analysis. /. Am. Acad. Dermatol.

73(2), 242-248 (2015).

Immunohistochemical markers for arthritis in psoriasis. Ann.

Rheum. Dis. 53(7), 450—454 (1994).

496

Int. J. Clin. Rheumatol. (2015) 10(6)

fsg

future science group



Therapeutic targets in psoriatic arthritis

Review

19 CostaL, Caso F, Cantarini L, Del Puente A, Scarpa R, 35 Hartupee J, Liu C, Novotny M, Li X, Hamilton T. IL-17
Atteno M. Efficacy of tocilizumab in a patient with refractory enhances chemokine gene expression through mRNA
psoriatic arthritis. Clin. Rheumatol. 33(9), 1355-1357 (2014). stabilization. /. Immunol. 179(6), 4135—-4141 (2007).

20  Hughes M, Chinoy H. Successful use of tocilizumab in a 36 Park H, Li Z, Yang XO ez al. A distinct lineage of CD4 T
patient with psoriatic arthritis. Rheumatology (Oxford) 52(9), cells regulates tissue inflammation by producing interleukin
1728-1729 (2013). 17. Nat. Immunol. 6(11), 1133-1141 (2005).

21 Ogata A, Umegaki N, Katayama I, Kumanogoh A, Tanaka T. 37  Harrington LE, Hatton RD, Mangan PR ez /. Interleukin
Psoriatic arthritis in two patients with an inadequate response 17-producing CD4+ effector T cells develop via a lineage
to treatment with tocilizumab. Joint Bone Spine 79(1), 85-87 distinct from the T helper type 1 and 2 lineages. Nat.
(2012). Immunol. 6(11), 1123-1132 (2005).

22 Mease P, Genovese MC, Gladstein G ez a/l. Abatacept in 38 Aggarwal S, Ghilardi N, Xie MH, De Sauvage FJ,
the treatment of patients with psoriatic arthritis: results of a Gurney AL. Interleukin-23 promotes a distinct CD4 T
six month, multicenter, randomized, double blind, placebo cell activation state characterized by the production of
controlled, Phase I1 trial. Arthritis Rheum. 63(4), 939-948 interleukin-17. /. Biol. Chem. 278(3), 19101914 (2003).
(2010). 39  Glintborg B, estergaard M, Dreyer L ¢z a/. Treatment

23 Mease P. Update on treatment of psoriatic arthritis. Bull. NYU response, drug survival, and predictors thereof in 764
Hosp. Jt. Dis. 70(3), 167-171 (2011). patients with psoriatic arthritis treated with anti-tumor

24 Ricchlin C, Haas-Smith SA, Hicks D, Cappuccio J, Osterland necrosis factor a therapy: results from the nationwide
CK, Looney R]J. Patterns of cytokine production in psoriatic Danish DANBIO registry. Arthritis Rheum. 63(2), 382-390
synovium. /. Rheumatol. 25(8), 1544-1552 (1998). (2011).

25 Braun J, Bollow M, Neure L ez a/. Use of immunohistologic 40 Ritchlin C, Kavanaugh A, Gladman D ez al. Treatment
and in situ hybridization techniques in the examination of recommendations for psoriatic arthritis. Ann. Rheum. Dis.
sacroiliac joint biopsy specimens from patients with ankylosing 68(9), 1387-1394 (2009).
spondylitis. Arthritis Rheum. 38(4), 499-505 (1995). 41 Goulabchand R, Mouterde G, Barnetche T, Lukas C, Morel

26 Punzi L, Podswiadek M, Sfriso P, Oliviero F, Fiocco U, J, Combe B. Effect of tumour necrosis factor blockers on
Todesco S. Pathogenetic and clinical rationale for TNF- radiographic progression of psoriatic arthritis: a systematic
blocking therapy in poriatic arthritis. Auzoimmun. Rev. 6(8), review and meta-analysis of randomised controlled trials.
524-528 (2007). Ann. Rheum. Dis. 73(2), 414—419 (2014).

27 Palazzi C, D’angelo S, Leccese P, Padula A, Olivieri I. Safety 42 Acteno M, Peluso R, Costa L ez al. Comparison of
of anti-tumor necrosis factor agents in psoriatic arthritis — an effectiveness and safety of infliximab, etanercept, and
update. Expert Opin. Drug Saf 13(2), 191-196 (2014). adalimumab in psoriatic arthritis patients who experienced

. . . . an inadequate response to previous disease-modifying

28 .Fosswz F, Djossou O, Chomarat P e‘zlf al. T cell interleukin-17 antitheumatic drugs. Clin. Rheumatol. 29(4), 399-403
induces stromal cells to produce proinflammatory and (2010).
hematopoietic cytokines. /. Exp. Med. 183(6), 2593-2603
(1996). 43 Fenix-Caballero S, Alegre-Del Rey EJ, Castano-Lara R,

. . Puigventos-Latorre F, Borrero-Rubio JM, Lopez-Vallejo JF.

29 Miossec P, Korn T, Kuchroo VK. Interleukin-17 and type 17 Di dindi . f the efficacy and safet

irect and indirect comparison o y y
helper T cells. N. Engl. ]. Med. 361(9), 888898 (2009). of adalimumab, etanercept, infliximab and golimumab in

30 Chabaud M, Durand JM, Buchs N ez 2/. Human psoriatic arthritis. /. Clin. Pharm. Ther. 38(4), 286-293
interleukin-17: a T cell-derived proinflammatory cytokine (2013).
produced by the rheumatoid synovium. Arthritis Rheum. 44 Thorlund K, Druyts E, Avina-Zubicta A, Mills EJ. Anti-
42(5), 963-970 (1999). tumor necrosis factor (TNF) drugs for the treatment of

31 Miossec P, Kolls JK. Targeting IL-17 and THI7 cells in psoriatic arthritis: an indirect comparison meta-analysis.
chronic inflammation. Naz. Rev. Drug Discov. 11(10), Biologics 6, 417-427 (2012).

763776 (2012). 45 Gossec L, Smolen J, Gaujoux-Viala C ez al. European League
ee  Excellent overview of IL-17 biology. Against Rheumatism recommendations for the management
32 Chang SH, Park H, Dong C. Actl adaptor protein is an of psoriatic arthritis with pharmacological therapies. Ann.

immediate and essential signaling component of interleukin-17 Rheum. Dis. 71(1), 4-12 (2012).

receptor. /. Biol. Chem. 281(47), 3560335607 (2000). 46 Finzel S, Englbrecht M, Engelke K, Stach C, Schett
33 QianY, Liu C, Hartupee ] ez al. The adaptor Actl is required G. A compararive study of periarticular bone lesions in

for interleukin 17-dependent signaling associated with rheumatoid arthritis and psoriatic arthritis. Ann. Rheum.

autoimmune and inflammatory disease. Naz. Immunol. 8(3), Dis. 70(1), 122-127 (2011).

247-256 (2007). 47 Schett G. Bone formation in psoriatic arthritis: a report from
34 Henness S, Johnson CK, Ge Q, Armour CL, Hughes JM, the GRAPPA 2013 Annual Meeting. /. Rheumarol. 41(6),

Ammit AJ. IL-17A augments TNF-alpha-induced IL-6 1218-1219 (2014).

expression in airway smooth muscle by enhancing mRNA *  Review of the problem of pathological new bone formation

stability. /. Allergy Clin. Immunol. 114(4), 958-964 (2004). in PsA.

fsg www.futuremedicine.com 497

future science group



Review oOrr & Veale

48

49

50

51

52

53

54

55

56

57

58

59

60

61

Bywaters EG, Dixon AS. Paravertebral ossification in
psoriatic arthritis. Ann. Rheum. Dis. 24(4), 313-331 (1965).

Van Der Heijde D, Sharp J, Wassenberg S, Gladman DD.
Psoriatic arthritis imaging: a review of scoring methods. Ann.

Rheum. Dis. 64(Suppl. 2), ii61-64 (2005).

Ritchlin CT, Haas-Smith SA, Li P, Hicks DG, Schwarz
EM. Mechanisms of TNF-alpha- and RANKL-mediated
osteoclastogenesis and bone resorption in psoriatic arthritis.
J. Clin. Invest. 111(6), 821-831 (2003).

Walsh NC, Reinwald S, Manning CA ez al. Osteoblast
function is compromised at sites of focal bone erosion in
inflammatory arthritis. /. Bone Miner. Res. 24(9), 1572-1585
(2009).

Van Der Heijde D, Salonen D, Weissman BN ez al.
Assessment of radiographic progression in the spines

of patients with ankylosing spondylitis treated with
adalimumab for up to 2 years. Arthritis Res. Ther. 11(4),
R127 (2009).

Van Der Heijde D, Landewe R, Einstein S ¢z al.
Radiographic progression of ankylosing spondylitis after up
to two years of treatment with etanercept. Arthritis Rheum.

58(5), 13241331 (2008).

Sherlock JP, Joyce-Shaikh B, Turner SP ez al. IL-23 induces
spondyloarthropathy by acting on ROR-[gamma] t* CD3*
CD4-CD8-entheseal resident T cells. Nat. Med. 18(7),
1069-1076 (2012).

Demonstrates the presence of IL-23 + cells at the enthesis,
underlying the importance of both the enthesis and the IL-
23 pathway in PsA.

Baraliakos X, Haibel H, Listing J, Sieper J, Braun J.
Continuous long-term anti-TNF therapy does not lead to
an increase in the rate of new bone formation over 8 years

in patients with ankylosing spondylitis. Ann. Rheum. Dis.
73(4), 710715 (2014).

Mease PJ, Kivitz AJ, Burch FX ez a/. Continued inhibition of
radiographic progression in patients with psoriatic arthritis
following 2 years of treatment with etanercept. /. Rheumatol.

33(4), 712-721 (2006).

Gladman DD, Mease PJ, Ritchlin CT ez 2/. Adalimumab for
long-term treatment of psoriatic arthritis: forty-eight week
data from the adalimumab effectiveness in psoriatic arthritis

trial. Arthritis Rheum. 56(2), 476—-488 (2007).
Fagerli KM, Lie E, Van Der Heijde D e a/l. The role of

methotrexate co-medication in TNF-inhibitor treatment in
patients with psoriatic arthritis: results from 440 patients
included in the NOR-DMARD study. Ann. Rheum. Dis.
73(1), 132-137 (2014).

Behrens F, Canete JD, Olivieri I, Van Kuijk AW, Mchugh N,
Combe B. Tumour necrosis factor inhibitor monotherapy vs
combination with MTX in the treatment of PsA: a systematic
review of the literature. Rheumatology (Oxford) 54(5),
915-926 (2015).

Isaacs JD, Morgan AW, Strand V. Combination biologic
therapy. Clin. Exp. Rheumatol. 17(6 Suppl. 18), S121-S124
(1999).

Mcinnes IB, Kavanaugh A, Gottlieb AB ez al. Efficacy

and safety of ustekinumab in patients with active psoriatic

62

63

64

65

66

67

68

69

70

71

72

arthritis: 1 year results of the Phase 3, multicentre, double-
blind, placebo-controlled PSUMMIT 1 trial. Lancet
382(9894), 780-789.

Kavanaugh A, Ritchlin C, Rahman P ez al. Ustekinumab,

an anti-IL-12/23 p40 monoclonal antibody, inhibits
radiographic progression in patients with active psoriatic
arthritis: results of an integrated analysis of radiographic data
from the Phase 3, multicentre, randomised, double-blind,
placebo-controlled PSUMMIT-1 and PSUMMIT-2 trials.
Ann. Rheum. Dis. 73(6), 1000—1006 (2014).

Langley RG, Elewski BE, Lebwohl M ¢ a/. Secukinumab
in plaque psoriasis—results of two Phase 3 trials. V. Engl. /.
Med. 371(4), 326-338 (2014).

Mcinnes IB, Sieper J, Braun J ¢t al. Efficacy and safety

of secukinumab, a fully human anti-interleukin-17A
monoclonal antibody, in patients with moderate-to-severe
psoriatic arthritis: a 24-week, randomised, double-blind,
placebo-controlled, Phase II proof-of-concept trial. Ann.
Rheum. Dis. 73(2), 349-356 (2014).

Mcinnes IB, Mease PJ, Kirkham B ez 4/. Secukinumab, a
human anti-interleukin-17A monoclonal antibody, in patients
with psoriatic arthritis (FUTURE 2): a randomised, double-
blind, placebo-controlled, Phase 3 trial. Lancer 386(9999),
1137-1146 (2015).

Mease P, Mcinnes IB, Kirkham B ez 2/. Sekukinumab
inhibition of interleukin-17A in patients with psoriatic

arthritis. N. Engl. . Med. 373(14), 1329-1339 (2015).

Kavanaugh A, Mcinnes Ib, Hall S ez /. Secukinumab
efficacy in anti-TNF naive and anti-TNF IR patients with
psoriatic arthritis: results of a phase 3 multicenter, double-
blind, placebo-controlled study. Presented at: European
League Against Rheumatism Annual Congress. Rome, Italy,
10-13 June 2015.

Van Der Heijde D, Landewé R, Mease P ¢z al. Secukinumab
inhibits radiographic progression in patients with psoriatic
arthritis: data from a Phase 3 randomized, multicenter,
double-blind, placebo-controlled study (Future 1). Presented
at: European League Against Rheumatism Annual Congress.
Rome, Italy, 1013 June 2015.

Papp KA, Leonardi C, Menter A ez al. Brodalumab, an anti—
interleukin-17-receptor antibody for psoriasis. N. Engl. J.
Med. 366(13), 1181-1189 (2012).

Leonardi C, Matheson R, Zachariae C e a/. Anti-
interleukin-17 monoclonal antibody ixekizumab in chronic
plaque psoriasis. V. Engl. J. Med. 366(13), 1190-1199
(2012).

Mease P, Genovese Mc, Greenwald Mw ez al. Two-year
clinical response to brodalumab, an anti-Il-17 receptor
antibody, in patients with psoriatic arthritis. Presented at:
European League Against Rheumatism Annual Congress. Rome,
Italy, 10-13 June 2015.

Genovese MC, Cohen S, Moreland L ez 2/. Combination
therapy with etanercept and anakinra in the treatment of
patients with rheumatoid arthritis who have been treated
unsuccessfully with methotrexate. Arthritis Rheum. 50(5),
14121419 (2004).

Weinblatt M, Schiff M, Goldman A ez al. Selective
costimulation modulation using abatacept in patients with

498

Int. J. Clin. Rheumatol. (2015) 10(6)

fsg

future science group



Therapeutic targets in psoriatic arthritis

Review

active rheumatoid arthritis while receiving etanercept: a 83  Schafer PH, Parton A, Gandhi AK ez 2/. Apremilast, a
g P p
randomised clinical trial. Ann. Rheum. Dis. 66(2), 228—-234 cAMP phosphodiesterase-4 inhibitor, demonstrates anti-
7). inflammatory activity in vitro and in a model of psoriasis. Br.
(2007) infl y activity in vi di del of psoriasis. B

74 Feldmann M, Maini RN. Perspectives from masters in J. Pharmacol. 159(4), 842-855 (2010).
rheumatology and autoimmunity: can we get closer to a 84  Schett G, Sloan VS, Stevens RM, Schafer P. Apremilast: a
cure for rheumatoid arthritis? Arthritis Rheumatol. 67(9), novel PDE4 inhibitor in the treatment of autoimmune and
2283-2291 (2015). inflammatory diseases. 7%er. v. Musculoskelet. Dis. 2(5),

(2015) infl y di Ther. Adv. Musculoskelet. Dis. 2(5)

75 Onderdijk AJ, Baerveldt EM, Kurek D ez al. TL-4 271-278 (2010).
downregulates IL-1beta and IL-6 and induces GATA3 in 85 Kavanaugh A, Mease PJ, Gomez-Reino JJ ¢# al. Treatment
psoriatic epidermal cells: route of action of a Th2 cytokine. /. of psoriatic arthritis in a Phase 3 randomised, placebo-

mmunol. , - . controlled trial with apremilast, an oral phosphodiesterase
I L. 195(4), 1744-1752 (2015) lled trial with apremil | phosphodi 4

76 Stanczyk J, Ospelt C, Gay S. Is there a future for small inhibitor. Ann. Rheum. Dis. 73(6), 10201026 (2014).
molecule drugs in the treatment of rheumatic diseases? Curr. 86  Edwards C, Blanco F, Crowley ], Hu C, Shahk CB. Disease
Opin. Rheumatol. 20(3), 257-262 (2008). activity and safety during long-term (104-week) treatment

77 Bonilla-Hernan MG, Miranda-Carus ME, Martin-Mola with apremilast, an oral phosphodiesterase 4 a Phase III,

E. New drugs beyond biologics in rheumatoid arthritis: the randomized, controlled trial and open-label extex?sion
kinase inhibitors. Rheumatology 50(9), 1542-1550 (2011). (PALACE 3). Presented at: European League Against
Rheumatism Annual Congress. Rome, Italy, 10-13 June 2015.

78  Palfreeman AC, Mcnamee KE, Mccann FE. New ) )
developments in the management of psoriasis and psoriatic 87 Ramiro S, Smolen Js, Landewé R ez al. Pharmacological
arthritis: a focus on apremilast. Drug Des. Devel. Ther. 7 treatment of psoriatic arthritis (PsA): systematic literature
201-210 (2013). review for the update of the EULAR recommendations
B GR Bl R Charles-Sch Cotal for the management of PsA. Presented at: European League

& urm‘e?te‘r > blanco 1, . ar es-. ¢ ?emafl et at. Against Rheumatism Annual Congress. Rome, Italy, 10-13
Tofacitinib (CP-690,550) in combination with methotrexate June 2015
in patients with active rheumatoid arthritis with an ' o
inadequate response to tumour necrosis factor inhibitors: 88  Gao W, McGar‘ry T’ Orr C, Yealfz D], F'eafon U. "'l"?fac1t1n1b
a randomised Phase 3 trial. Lancer 381(9865), 451-460 regulates synovial inflammation in psoriatic arthritis,
(2013). inhibiting STAT activation and induction of negative
Conti M. B Biochemi d ohvsiol ¢ evdli feedback inhibitors. Presented at: European League Against

80 ont o cavo J. I?C emustry an P ystology © cy.c 1 Rheumatism Annual Congress. Rome, Italy, 10-13 June 2015.
nucleotide phosphodiesterases: essential components in ) ] ) )
cyclic nucleotide signaling. Annu. Rev. Biochem. 76, 481-511 89 Ghoreschi K, Jesson MI, Li X ez a/. Modulation of innate and
(2007). adaptive immune responses by tofacitinib (CP-690,550). /.

. Immunol. 186(7), 4234—4243 (2011).

81  Houslay MD, Schafer P, Zhang KY. Keynote review: ] ) o -
phosphodiesterase-4 as a therapeutic target. Drug Discov. 90  Coates LC, Helliwell PS. Treat to target in psoriatic arthritis-
Today 10(22), 1503-1519 (2005). evidence, target, research agenda. Curr. Rheumatol. Rep.

. . o 17(6), 517 (2015).

82  Page CP, Spina D. Phosphodiesterase inhibitors in the
treatment of inflammatory diseases. Handb. Exp. Pharmacol. *  Summary of evidence for adopting a treat-to-target
204, 391-414 (2011). approach in PsA.

fsg www.futuremedicine.com 499

future science group





