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Abstract: Psoriatic arthritis (PsA) is a frequent chronic inflammatory disease characterized by
joint and skin involvement, and by typical extra-articular manifestations. Although the patho-
genesis of PsA is still under investigation, the available evidence suggests the importance of
the patient’s genetic background, microbial or environmental triggers, and an imbalance in the
adaptive and acquired immune system, resulting in the production of inflammatory mediators.
New therapeutic approaches have been proposed, among them the use of modulators of intra-
cellular signals and gene transcription such as PDE4-inhibiting compounds, which are able
to modulate the activity of transcription factors such as CREB and NF-kB and therefore the
synthesis of inflammatory mediators, resulting in immunoregulation. This paper summarizes
the mechanism of action of apremilast, a PDE4 inhibitor, and the clinical data available on its
clinical efficacy and safety profile in the treatment of PSA patients.
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Introduction
Psoriatic arthritis (PsA) is a frequent inflammatory disease that affects both periph-
eral and axial joints, enthuses, and the skin (psoriatic dermatitis, Ps). It is usually
seronegative for rheumatoid factor and it has been included in the spectrum of the
spondyloarthropathies (SpA). According to the traditional Moll and Wright clas-
sification,! PsA clinical subsets, often overlapping, can be classified as follows:
peripheral joint arthritis (polyarticular, oligoarticular, distal, or mutilans) and inflam-
matory axial disease. Enthesitis, dactylitis, and uveitis are common features that are
shared with the other spondyloarthropathies such as ankylosing spondylitis (AS), reac-
tive arthritis (ReA), and SpA associated with inflammatory bowel disease (IBD).>
PsA pathogenesis is believed to be deeply influenced by genetic susceptibility,*
immune system imbalance, and environmental triggers. It is mainly mediated by T cells®
interacting with antigen-presenting cells (APC) and other cells of the inflammatory
milieu,” giving rise to the inflammatory cascade that leads to joint damage and repair
mechanisms. In this context, increasing evidence has recently suggested the importance
of a new subset of T lymphocyte, named Th17 according to its signature cytokine.®
The initial treatments of PsA are non-steroidal anti-inflammatory drugs (NSAIDs),
steroid intraarticular injections if a single joint is affected, shortly followed by one or
more disease-modifying anti-rheumatic agents (DMARDs) in peripheral joint disease
subsets. In clinical practice, and according to international and national guidelines,’'’
the most widely used DMARDs are methotrexate (effective both in skin and joint
manifestations), sulfasalazine, leflunomide, and cyclosporine A.!'"13
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In “non-responders” and in the axial subset, anti-TNFo.
agents are indicated in order to suppress inflammation and
stop structural changes. It is recommended not to delay the
switch from a traditional DMARD to the “biologic treatment”
when needed in order to avoid erosive changes and joint
damage.”!

However, a proportion of patients does not respond or
develop side effects to traditional or biologic DMARD:s;
therefore, alternative drugs with different mechanisms of
action are needed. Among the new molecules which have
been recently proposed to the clinical community, apremilast
is the most promising and attractive because of its novel
mechanism of action.

Cyclic adenosine monophosphate
and phosphodiesterase-4

in the inflammatory milieu

Biologic DMARDs available for chronic arthritis specifi-
cally target a single cytokine, receptor, or surface antigen
in order to influence the inflammatory cascade and milieu.
Another approach is to act at an earlier point, interfering
with intracellular signaling that controls gene expression
of cytokines and inflammatory mediators involved in the
disease mechanisms.

Second intracellular messengers, such as cyclic adenosine
monophosphate (CAMP), are involved in responses to vari-
ous stimuli (endogenous and exogenous) in almost all types
of cells, such as lymphocytes, monocytes, APCs, and vari-
ous cells involved in immune responses. The intracellular
concentrations of cAMP represent the balance of formed
and degraded cAMP by means of the activity of the adenylyl
cyclases (mainly activated via G protein-coupled receptors
[GPCRs]) and the family of phosphodiesterases (PDEs),
some of them expressed in a tissue-specific distribution.'
Phosphodiesterase-4 (PDE4) is well-expressed in dendritic
cells, T cells, macrophages, and monocytes.!*'® PDE4 is also
expressed in keratinocytes, smooth muscle cells, vascular
endothelium, and chondrocytes.!”!*? It is noteworthy that
PDE4 is also expressed in the central nervous system, and
particularly in the area postrema which controls the emetic
reflex?! (see also side effects of inhibitor compounds).

The reduction in intracellular concentration of cAMP, by
means of PDE4, induces the secretion of pro-inflammatory
cytokines and decreases the synthesis of anti-inflammatory
mediators. On the other hand, inhibition of PDE4 determines
the increase of cAMP and the inhibition of the secretion of
cytokines, such as tumor necrosis factor-o. (TNF-a), inter-
feron gamma (IFN-y), and interleukin-1 (IL-2) from immune

cells,” and the increase in cytokines such as IL-10, which
are characterized by anti-inflammatory properties.”* On the
basis of the important role of PDE4 in regulating the balance
of inflammatory cytokines, specific molecules have been
investigated as potential therapeutic drugs capable of modu-
lating this enzymatic activity; among these, apremilast has
emerged as the most successful one and has been proposed
for the treatment of psoriasis and PsA.

Apremilast: mechanism
of action (MOA)

Apremilast specifically inhibits the enzymatic activity of
PDE4, and therefore influences the expression of several
pro- and anti-inflammatory cytokines.?* Pro-inflammatory
signals, such as those derived by toll-like receptors in
monocytes and dendritic cells, activate transcription fac-
tor nuclear factor-kappa B (NF-kB) and the expression of
pro-inflammatory cytokines such as IL-23, tumor necrosis
factor-o. (TNF-a), and interferon gamma (IFN-y). Moreover,
GPCRs trigger the activation of adenylyl cyclase, resulting
in an increased concentration of cAMP.!16:17:22-24

In monocytes and dendritic cells, cAMP is degraded
to AMP mainly by PDE4. PDE4 inhibition by apremilast
increases intracellular cAMP levels, which regulates the
activation of protein kinase A (PKA). PKA activation
induces the phosphorylation of transcription factors such as
cAMP responsive element-binding protein (CREB), cAMP
responsive element modulator (CREM), and activating
transcription factor 1 (ATF-1). These transcription factors
also bind to CRE sites within promoters of IL-10, increas-
ing IL-10 expression. Transcriptional co-activators such as
CREB-binding protein (CBP) or the homologous protein
p300 are also involved in these processes, resulting in inhibi-
tion of NF-xB transcriptional activity, and reduced expression
of IL-23, TNF-a, and IFN-y. The decreased production of
inflammatory mediators reduces cellular infiltration in the
target tissue and the activation and proliferation of keratino-
cytes and synoviocytes in the psoriatic skin and synovium.
This may reduce epidermal thickening in psoriasis and
decrease synovitis and articular damage in the affected joints.
Direct effects of apremilast on keratinocytes and synoviocytes
are also under investigation (see Figure 1).16:17:22-24

Efficacy of apremilast
in PsA clinical studies
Following early evidence of the therapeutic potential of
apremilast in the treatment of PsA, Schett et al performed
a Phase II randomized, double-blind, placebo-controlled
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clinical trial in order to study the efficacy and safety of apre-
milast in active PSA.? Two hundred and four patients with
active PsA, defined as having at least three swollen joints
and at least three tender joints at the time of recruitment,
were involved in the study. All patients had discontinued
immunosuppressant drugs, including traditional and bio-
logic DMARDs (with the exception of methotrexate) and
phototherapy in patients with extensive skin involvement,
according to a definite scheduled washout period, before
being treated with apremilast. Stable therapy with methotrex-
ate, corticosteroids, and/or nonsteroidal anti-inflammatory
drugs (NSAIDs) was permitted. Recruited patients were
randomized in three arms to receive placebo, apremilast
20 mg twice daily (BID), or apremilast 40 mg once daily
(QD) for 12 weeks. Following the first 12 weeks, all patients
could exit the trial, enter a 4-week observational phase or
enter into a 12-week treatment extension phase. Patients
originally randomized to receive placebo rather than active
drug were re-randomized to apremilast 20 mg BID or 40 mg
QD treatment arms. The primary endpoint was clinical
response as measured by ACR 20 (American College of
Rheumatology 20% improvement response) at week 12,
while secondary endpoints were: evaluation of PsA response
criteria (PsARC), disease activity score28 (DAS28), ACR
50, ACR 70, Functional Assessment of Chronic Illness Ther-
apy-Fatigue (FACIT-F), Health Assessment Questionnaire-
Disability Index (HAQ-DI), pain visual analog scale (VAS),
36-Item Short-Form Health Survey (SF-36), and assessment
of the incidence of side effects and general safety issues.?
One hundred and sixty-five patients completed the treatment
phase at week 12 (out of 204). Almost half of the patients
(43.5%) receiving apremilast 20 mg BID (P<<0.001) and
35.8% of patients receiving 40 mg QD (P=0.002) reached
an ACR 20 response compared with 11.8% in the placebo
group. At week 24 (end of the treatment extension phase),
more than 40% of all treatment groups fulfilled the ACR
20 response criteria. Reported adverse effects were mild
or moderate and included diarrhea, headache, nausea,
fatigue, and nasopharyngitis. On the basis of these results,
the authors concluded that apremilast, at the dosage of 20
mg twice per day or 40 mg once a day was effective and
well-tolerated in the treatment of active PsA.?

On the basis of the promising results of this Phase II study,
four Phase I1I studies (psoriatic arthritis long-term assessment
of clinical efficacy [PALACE]) were designed and conducted
in order to assess the long-term clinical efficacy and safety
of apremilast. In all these trials, around 500 patients were
randomized into three arms to receive apremilast 30 mg BID,

apremilast 20 mg BID, or placebo. After 24 weeks of treat-
ment, patients might enter, on a voluntary basis, an extension
phase where patients in the placebo arms were re-randomized
to one of the apremilast active drug arms. In the extension
phases, the recruited patients are planned to be followed for 2
or 4.5 additional years, in the PALACE 4 trial and PALACE 1,
2, 3 trials, respectively. The primary endpoint of the PALACE
studies is fulfillment of ACR 20 response criteria. Secondary
endpoints include ACR 50, ACR 70, Health-Related Quality
of Life questionnaire, and assessment of treatment safety.
Treatment with methotrexate, leflunomide, or sulfasalazine
was allowed in PALACE 1, 2, and 3, while patients in
PALACE 4 were DMARD therapy-naive. The results of
these trials have been presented at international meetings
and published only in abstract form.?* The data publicly
available in October 2013 support the efficacy of apremilast
in the long term (52 weeks), showing that in patients who
received apremilast from baseline, an ACR 20 response
was achieved by 63% and 54.6% in the apremilast 20 mg
and 30 mg arms, respectively. At week 52, PASI-75 (Psoriasis
Area and Severity Index score) was achieved by 25% and
37% of patients who received apremilast 20 mg and 30 mg
BID, respectively, compared with baseline (PALACE 1).”
Preliminary results from PALACE 2, 3, and 4 studies® > are
shown in Table 1.

Long-term data also confirm the efficacy of apremilast
in treating typical manifestations of PsA such as enthesitis
and dactylitis. Pooled results from three Phase III RCT were
analyzed by Gladman et al*® and presented at the ACR 2013
annual meeting, demonstrating that in patients randomized
to apremilast and completing 52 weeks of study, a MASES
(Maastricht Ankylosing Spondylitis Enthesitis Score) score
of 0, indicating no pain at any of the entheses assessed, was

Table | Detailed preliminary results of ongoing randomized
double-blind controlled trials PALACE 2, 3, and 4 at primary
endpoint (week |6, placebo-controlled) and long-term (52 weeks)
data, which include patients originally randomized to apremilast
and completing 52 weeks of study

ACR 20 (20 mg) ACR 20 (30 mg) Placebo
Week 16 and Week 16 and Week 16
week 52 week 52

PALACE 2 38.4% (P=0.0002) 34.4% (P=0.0024) 19.5%
52.9% 52.6% NA

PALACE 3 29.4% (P<<0.0001) 42.8% (P<<0.0001) 18.9%
56.0% 63.0% NA

PALACE 4 29.9% (P=0.0076) 32.3% (P=0.0011) 16.9%
53.4% 58.7% NA

Note: Data from Cutolo et al,*' Edwards et al*2 and Wells et al.**
Abbreviations: ACR, American College of Rheumatology score; PALACE, psoriatic
arthritis long-term assessment of clinical efficacy, NA, not available.
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Figure | Magnifying glass on the mechanism of action of apremilast, simplified and schematic representation. In monocytes and dendritic cells, cAMP is degraded to AMP
mainly by PDE4. PDE4 inhibition by apremilast increases intracellular cAMP levels and determines the activation of PKA. PKA activation induces the phosphorylation of
transcription factors such as CREB. These transcription factors also bind to sites within promoters of IL-10, increasing IL-10 expression. Co-activators are also involved
resulting in the inhibition of NF-kB transcriptional activity and expression of IL-23, TNF-c, and IFN-}. The decreased production of inflammatory mediators reduces cellular
infiltration in the target tissue and the activation and proliferation of keratinocytes and synoviocytes in the psoriatic skin and synovium.

Abbreviations: cAMP, cyclic adenosine monophosphate; CREB, cAMP responsive element-binding protein; IFN, interferon; IL, interleukin; NF-xB, nuclear factor-kappa B;

PDE, phosphodiesterases; PKA, protein kinase A; TNF-oi, tumor necrosis factor-alpha.

achieved by 41.4% and 37.4% of patients treated with 20
or 30 mg BID, respectively.** At week 52, dactylitis count
decreased to 0 in 66.9% and 65.9% of patients (apremilast 20
or 30 mg, respectively). The authors concluded that apremi-
last confirmed its efficacy in the treatment of PsA, including
improvements in enthesitis and dactylitis.

Further evidence of the efficacy of apremilast in the
treatment of psoriatic skin dermatitis comes from a Phase I1
randomized study, performed by Papp et al: patients treated
with apremilast at 10 mg, 20 mg, and 30 mg BID reached
PASI-75 in a dose-dependent fashion (11%, 29%, and 41%,
respectively, compared to 6% in the placebo group).* More-
over, Gottlieb et al demonstrated a reduction in epidermal
thickness, T cells, and CD11c¢ cell infiltration in patients
with psoriasis only, following treatment with apremilast.>

Safety profile of apremilast

The overall safety and tolerability of apremilast was well
assessed in a pooled analysis of PALACE 1, 2, and 3 performed
by Mease et al.?*** No new safety findings were identified
compared with previous reports from early time points assess-
ment. The most commonly reported side effects were diarrhea
(14.3%), nausea (12.6%), and headache (10.1%), which were
dose-dependent, as well as upper respiratory tract infection
(10.3%) and nasopharyngitis (7.4%). The majority of adverse
effects were mild/moderate and discontinuation of treatment
due to side effects was low (7.5% and 8.3% in patients receiv-

ing apremilast 20 or 30 mg BID, respectively) and occurred
mainly in the first 24 weeks of treatment. Nausea and diarrhea
were predominantly mild and occurred mainly in the first 2
weeks of treatment. The majority of cases resolved within 4
weeks despite continued therapy. Remarkably, incidence rates
of serious infections, major adverse cardiac events, or occur-
rence of malignancies were comparable to the incidence in
the placebo group. There were no clinically relevant changes
in laboratory markers, suggesting that laboratory monitoring
may be not indicated. Of note, no novel or reactivation cases
oftuberculosis (TB) were reported in the apremilast treatment
groups and TB screening was not required per protocol. In
summary, apremilast demonstrated a satisfactory safety profile
and was generally well-tolerated for up to 52 weeks with no
concerns in the long-term exposure. The good safety profile
and tolerability of apremilast is also confirmed in other clini-
cal studies, including those performed in patients with skin
psoriasis without joint involvement.?5-3%

Conclusion

The precise pathogenesis of PsA is still under investigation,
but the evidence so far available supports an important role
of the individual’s genetic background, environmental trig-
gers, and an imbalance in the adaptive and acquired immune
system resulting in the production of inflammatory mediators.
New therapeutic approaches have been proposed, among
them the use of modulators of intracellular signals and gene
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transcription such as PDE4-inhibiting compounds, being
PDE4 involved in degrading cAMP and therefore altering the
activity of transcription factors such as CREB and NF-kB.
The reduction of the inflammatory mediators like TNF-o. and
IL-23, and the increase of anti-inflammatory mediators like
IL-10 have proved beneficial in animal models and clinical
trials. The data available on the PDE4 inhibitor apremilast,
summarized in this review, support its role as an immuno-
regulator, as well as its clinical efficacy, good tolerability,
and safety profile in the treatment of PsA.
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